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ABSTRACT

Introduction. Acute ischaemic stroke (AIS) is caused by significant disturbances in the cerebral bloodflow (CBF) that lead to 
brain ischaemia and eventually result in irreversible brain tissue damage. The main goal of its treatment is to restore bloodflow 
to the areas at risk of necrosis. Intravenous thrombolysis (IVT) and mechanical thrombectomy (MT) are the mainstay of current 
therapy, with the latter being widely employed in selected patients with radiologically proven large vessel occlusion (LVO). 
Despite convincing evidence of its efficacy, up to half of patients undergoing endovascular treatment (EVT) still do not achieve 
a beneficial functional outcome; this is mainly due to unfavourable brain tissue sequelae. Therefore, factors associated with 
known adverse brain changes, such as larger infarct size or haemorrhagic and oedematous complications, should be adequately 
addressed. 

Objectives. To review the available literature describing AIS brain tissue outcome assessed by computed tomography (CT) and/ 
/or magnetic resonance imaging (MRI) in patients undergoing MT treatment. Additionally, to evaluate the association of post-
-MT tissue changes with short- and long-term prognosis.

Material and methods. We searched the PubMed, Scopus, EMBASE, and Google Scholar databases according to established 
criteria.

Results. We found a total of 264 articles addressing the most common types of AIS tissue sequelae after EVT (i.e. MT with or 
without IVT as bridging therapy) by brain CT and MRI. These were: follow-up infarct volume (FIV), cerebral oedema (COD) and 
haemorrhagic transformation (HT). As the next step, 37 articles evaluating factors associated with defined outcomes were se-
lected. Several non-modifiable factors such as age, comorbidities, pretreatment neurological deficit, and collateral circulation 
status were found to affect stroke tissue sequelae, to varying degrees. Additionally, some factors including time to treatment 
initiation, selection of treatment device, and periprocedural systemic blood pressure, the modification of which can potentially 
reduce the occurrence of an unfavourable tissue outcome, were identified. Some recently revealed biochemical and serological 
parameters may play a similar role. 

Conclusions. The identification of factors that affect post-MT ischaemic area evolution may result in studies assessing the ef-
fects of their modification, and potentially improve clinical outcomes. Modifiable parameters, including periprocedural systemic 
blood pressure and some biochemical factors, may be of particular importance.
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Introduction

Stroke is the second most common cause of death world-
wide after ischaemic heart disease [1]. It disables several mil-
lion people every year, resulting in a significant global econom-
ic burden. Therefore, advances in therapy and the identification 
of factors that could improve stroke survivors’ prognoses are 
important objectives of healthcare organisations [2].

Acute ischaemic stroke (AIS) is associated with a signifi-
cant cerebral bloodflow (CBF) impairment that leads to brain 
ischaemia [3, 4]. The area of tissue damage with irreversible 
bioenergetic failure and necrosis is called the ischaemic 
core. The functionally impaired surrounding zone, called the 
penumbra, can potentially be saved by restoring local perfu-
sion. Without prompt reperfusion, this salvageable area will 
eventually turn into a necrotic ischaemic core [5]. Therefore, 
a swift restoration of bloodflow to the penumbra zone is the 
main goal of AIS therapy [6]. The two currently recommended 
reperfusion treatment methods are intravenous thrombolysis 
(IVT) and mechanical thrombectomy (MT). The latter has 
been shown to have higher recanalisation rates and provide 
better functional outcomes than IVT alone in the setting of 
radiologically confirmed large vessel occlusion (LVO) [7, 8]. 
It is thus considered as the mainstay of therapy in this selected 
group of patients [9]. IVT is recommended as the bridging 
therapy for MT treatment [10]. 

Despite the convincing evidence of the efficacy of endovas-
cular treatment (EVT) in the management of LVO-caused AIS, 
up to half of patients treated with this method do not achieve 
a favourable functional outcome [11]. Tissue changes that 
can be easily assessed by noninvasive imaging methods soon 
after MT treatment may potentially serve as a rapidly available 
and convenient surrogate marker for short- and long-term 
functional outcomes. These markers may include infarct size 
and haemorrhagic or oedematous changes. 

Therefore, the aim of our review was to analyse the availa-
ble literature that describes the influence of selected factors on 
the tissue sequelae of AIS evaluated by neuroimaging studies 
in patients treated with MT. At the same time, we evaluated 
the role of these changes in the patient’s short- and long-term 
prognoses.

Material and methods

An electronic literature search and review was performed 
in April 2022 to evaluate the most common AIS tissue sequelae 
of post-MT treatment noninvasive assessment with widely 
available imaging studies: computed tomography (CT) or 
magnetic resonance imaging (MRI). They were: final infarct 
volume (FIV), cerebral oedema (COD), and haemorrhagic 
transformation (HT). The scientific databases PubMed, Em-
base, and Scopus were searched using the following searching 
terms: ‘acute ischaemic stroke’; ‘infarct volume’; ‘haemor-
rhagic transformation’; ‘brain oedema’; ‘thrombectomy’; 

‘endovascular therapy’; , and ‘predictors’. Bolean operators 
‘AND’ were used to combine search terms in different lists. In 
addition, all selected articles were scanned for references to 
other potentially relevant papers.

Results 

A total of 264 articles that met the criteria were identified. 
As the next step, 37 articles presenting the association of 
modifiable and non-modifiable parameters with the radio-
logically evaluated tissue sequelae of AIS were selected and 
analysed in detail. 

In all of the reviewed articles, post-treatment follow-up 
imaging (CT or MRI) was performed 24–36 hours after the 
initiation of therapy, or earlier if there was significant neuro-
logical deterioration. It is worth noting that we found no paper 
summarising all these correlations together in the available 
literature. The review results are set out in Tables 1–3.

Additionally, the relationship between identified AIS 
post-MT tissue sequelae and patient functional outcomes was 
reviewed. This is set out in Table 4. 

Discussion 

Factors associated with acute ischaemic stroke 
tissue sequelae after EVT

Follow-up Infarct Volume 
Recanalisation of LVO with brain tissue reperfusion is 

thought to be the strongest predictor of FIV. In post-hoc anal-
ysis of the MR CLEAN trial, patients who underwent EVT 
had smaller infarct size on follow-up imaging compared to the 
controls [12]. Post-MT FIV has been shown to be closely re-
lated to the degree of recanalisation [13]. The median FIV was 
found to be smaller, with at least a 2b score on the Treatment 
in Cerebral Ischaemia (TICI) scale (successful reperfusion) 
compared to only partial or no reperfusion (TICI 0-2a) [14]. 
A larger reduction of FIV has been observed in patients with 
greater neurological deficit [> 14 points assessed by National 
Institutes of Health Stroke Scale (NIHSS)]. Therefore, NIHSS 
score on admission, as a surrogate marker of tissue-at-risk 
size, may also be associated with FIV [15].

Time to reperfusion is another pivotal parameter affecting 
the final size of the ischaemic area. Rapid recanalisation helps 
to reduce infarct growth and limits eventual volume of the ne-
crotic zone. This association may be even more pronounced in 
subjects with moderate-to-poor collateral circulation that ac-
celerates the infarct growth [16]. Similarly, good collateral flow 
has been shown to be associated with smaller initial infarct 
core and lower FIV [13, 17]. Both high hypoperfusion index 
ratio (HIR) and lower relative cerebral blood volume (rCBV) 
have been shown to be independent predictors of increased 
FIV in the subgroup of endovascularly treated patients [16]. 
Therefore, assessing the quality of collateral circulation may 
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Table 1. Factors affecting follow-up infarct volume in patients treated with mechanical thrombectomy

Parameter Publication Factor Correlations

 FIV

Demeestere et al. 2021 [23] Gender Lower infarct progression and FIV in women (median 26 mL vs. 50 mL for men,  
p < 0.001)

Arenillas et al. 2018 [16] Collateral circulation Higher FIV values with high HIR and lower rCBV

Al-Dasuqi 2020 [13] Collateral status is predictor of FIV (p < 0.001)

Compagne et al. 2019 [12] Treatment used Lower values in patients treated with MT

Boers et al. 2019 [14] Degree of 
recanalisation 
achieved

Lower values are associated with successful recanalisation (28 mL ≥ 2b vs. 86 mL 
< 2b, p  < 0.001)

Al-Dasuqi et al. 2020 [13] Patients with successful reperfusion had smaller FIV (p < 0.001)

Simonsen et al. 2018 [18] Type of anaesthesia Lower values with GA.  
No significant differences of infarct progression between GA and CS subgroups

Pikija et al. 2018 [20] Haemodynamic 
parameters

Lower values correlate with higher SBP deviation rates during MT  
(to > 120% of pretreatment values)

Petersen et al. 2019 [21] Higher values correlate with higher ∆MAP (difference between MAP on admission 
and lowest MAP during EVT until recanalisation). Each 10 mmHg decrease in MAP 
before reperfusion increased risk of worse outcomes by 22%

Maglinger et al. 2021 [22] Biomarkers Intracranial VCAM1 correlates with infarct volume

CS — conscious sedation; EVT — endovascular therapy; FIV — follow-up infarct volume; GA — general anaesthesia; HIR — hypoperfusion index ratio; MAP — mean blood pressure; MT — mechanical 
thrombectomy; rCBV — relative cerebral blood volume; SBP — systolic blood pressure; VCAM 1 — vascular cell adhesion molecule 1

Table 2. Factors affecting haemorrhagic transformation in patients treated with mechanical thrombectomy

Parameter Publication Factor Correlations

Hemorrhagic 
transformation

Broussalis et al. 2013 [32] Type of MT device used Greater risk with older Merci-type systems

Feng et al. 2020 [33] Collateral status Higher risk associated with lower collateral status

Cao et al. 2020 [34] Lower risk associated with good collateral status (OR 0.76, 95% CI 0.73–0.80)

Enomoto et al.2020 [30] Comorbidities Higher risk in patients with diabetes (30.1% vs. 17.2%; p  = 0.006) and with 
anticoagulant therapy (30.1% vs. 19.3%; p  = 0.026)

Feng et al. 2020 [33] Higher risk in patients with atrial fibrillation (61.8% vs. 37.5%, p = 0.025) and 
coronary artery diseases (61.8% vs. 25.0%, p = 0.001)

Cao et al. 2020 [34] Atrial fibrillation (OR 2.35, 95% CI 1.96–2.82), and higher serum glucose levels (OR 
1.70, 95% CI 1.57–1.85) are independent risk factors of haemorrhagic transformation

Enomoto et al.2020 [30] Time to recanalisation Higher risk in patients with longer onset to reperfusion time [294.5 (195–461) min 
vs. 241 (185–354) min; p = 0.017]

Honig et al. 2022 [29] Time to admission Longer time from symptom onset to admission (OR 1.002 per minute 95% CI 
1.001–1.003) independently associated with parenchymal haematoma

Lee et al. 2019 [27] Thrombectomy 
procedure duration

Longer procedure duration (OR = 1.046, 95% CI 1.016 to 1.077, p = 0.003) 
independently associated with higher chance of parenchymal haematoma

Rizvi et al. 2019 [28] Efficiency of 
recanalisation

Higher risk with lower TICI score

Lee et al. 2019 [27] Successful reperfusion (OR = 0.246, 95% CI 0.093 to 0.651, p = 0.005) 
independently associated with lower chance of parenchymal haematoma

Feng et al. 2020 [33] Biochemical 
parameters

Higher risk with higher PLR

Lee et al. 2019 [27] Hyperlipidemia (OR = 0.221, 95% CI 0.064 to 0.767, p = 0.017) independently 
associated with lower chance of parenchymal haematoma

Honig et al. 2022 [29] Hyperlipidemia (OR 3.12; 95% CI 1.12–8.7) independently associated with risk of 
parenchymal haematoma (PH 2)

Jian et al. 2020 [46] Elevated admission bilirubin is independent predictor of haemorrhagic 
transformation

Lin et al. 2021 [47] Lower fibrinogen levels (OR, 0.41; 95% CI, 0.23–0.72; p = 0.002) and platelet counts 
(OR, 0.58; 95% CI, 0.33–0.99; p = 0.048) independently associated with higher risk 
of haemorrhagic transformation

Kim et al. 2020 [48] Higher risk correlates with higher values highsensitivity CRP (≥ 3 mg/L)

Diestro et al. 2021 [50] Higher neutrophil counts, low WBC counts, low lymphocyte counts, and low PLR 
associated with haemorrhagic transformation

Qiu et al. 2022 [49] Lower baseline serum magnesium levels (< 0.80 mmol/L) on admission associated 
with increased risk of HT

Æ
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Parameter Publication Factor Correlations

Pikija et al. 2018 [20] Haemodynamic 
parameters

Lower risk with higher mean SBP/MAP during MT

Feng et al. 2020 [33] Higher risk correlates with higher systolic blood pressure on admission (155.8 vs. 
137.8 mmHg, p = 0.001)

Mistry et al. 2017 [41] Higher values of SBP independently correlated with higher rate of haemorrhagic 
complications

sICH Jiang et al. 2015 [52] Gender Higher incidence in women (OR 8.50, 95% CI 1.71–42.17)

Zang et al. 2021 [24] Comorbidities Higher risk in patients with diabetes and hyperglycaemia on admission

Huang et al. 2021 [44] Increased rate of sICH in patients with AF after MT compared to those without AF

Lasek-Bal et al. 2022 [45] AF did not increase risk of sICH

Cabrera-Maqueda et al. 
2021 [37]

Bridging therapy MCA had higher risk of sICH after bridging therapy than without (16.4% vs. 8.6%, 
p = 0.038)

Chen et al. 2021 [38] No significant difference in clinical effect between direct EVT and bridging therapy

Qian et al. 2020 [35] Neurological deficit More frequent in patients with greater neurological deficit (NIHSS)

Tian et al. 2021 [36] Higher risk in patients with greater neurological deficit (NIHSS) — adjusted OR, 
1.06 (95% CI, 1.10–1.12)

Aly et al. 2021 [51] Biochemical 
parameters

Lower risk with lower NRL values

Lasek-Bal et al. 2021 [64] Elevated CRP and leukocytosis on first day of stroke increases risk of sICH

Tian et al. 2021 [36] Higher risk with higher glucose levels on arrival at hospital — adjusted OR, 1.14 
(95% CI, 1.00–1.29)

Li et al. 2020 [43] Postoperative glucose values independently associated with sICH

Anadani et al. 2019 [40] Haemodynamic 
parameters

Higher risk with higher mean and maximum SBP

AF — atrial fibrillation; CRP — C-reactive protein; EVT — endovascular therapy; HT — haemorrhagic transformation; MAP — mean blood pressure; MCA — middle cerebral artery;
MT — mechanical thrombectomy; NIHSS — National Institutes of Health Stroke Scale; NRL — neutrophil-to-lymphocyte ratio; PLR — platelet-to-lymphocyte ratio; SBP — systolic blood pressure; sICH — 
symptomatic intracranial haemorrhage; TICI — Treatment in Cerebral Ischaemia; WBC — white blood cell

Table 2. cont. Factors affecting haemorrhagic transformation in patients treated with mechanical thrombectomy

Table 3. Factors affecting cerebral oedema in patients treated with mechanical thrombectomy

Parameter Publication Factor Correlations

Cerebral oedema Du et al. 2020 [56] Comorbidities Higher risk in patients with hypertension, atrial fibrillation and diabetes

Malignant cerebral 
oedema

Huang et al. 2021 [44] Haemodynamic 
parameters

Higher risk with higher mean SBP and increased SBP variability during first 
24 hours after EVT (especially > 165 mmHg)

Kauw et al. 2022 [55] Cerebrospinal fluid 
volume

Lower CSF/ICV ratio associated with occurrence of malignant cerebral 
oedema (OR per percentage point, 1.2; 95% CI 1.1–1.3, p < 0.001).

Tracol et al. 2020 [53] Time to thrombectomy 
treatment 

Time to MT (p = 0.018) independent predictor of malignant cerebral oedema

Huang et al. 2019 [54] Collateral status Worse collateral score  significantly associated with risk of malignant brain 
oedema (grade 1 vs. grade 0: OR = 0.727; 95% CI 0.192 to 2.753; p = 0.638; 
grade 2 vs. grade 0: OR = 0.130; 95% CI 0.021 to 0.819; p = 0.030)

Huang et al. 2019 [54] Occlusion localisation ICA occlusion is associated with risk of malignant brain oedema (OR = 3.746; 
95% CI 1.169 to 12.006; p = 0.026)

Huang et al. 2021 [44] Efficiency of 
recanalisation

Lower risk in patients with successful recanalisation (14% vs. 34.3%)

CSF/ICV — intracranial cerebrospinal fluid/intracranial volume; EVT — endovascular therapy; ICA — internal carotid artery; MT — mechanical thrombectomy; SBP — systolic blood pressure
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Table 4. Acute ischaemic stroke sequelae affecting functional outcome

Parameter Publication Correlations

FIV Compagne et al. 2019 [12], analysis of 
randomised clinical trials

Smaller FIV associated with better outcome (acOR per 10 mL 0.60, 95% CI 0.52–0.68)

Boers et al. 2018 [58], analysis of 
randomised clinical trials 

Large FIV associated with worse functional outcome [OR = 0.88 (95% CI 0.87 to 0.89)  
per 10 mL]

FIV of ≥ 133 mL specific for unfavourable outcome

Al-Aljani et al. 2016 [57], analysis of 
randomised clinical trials

FIV independently associated with 90-day modified Rankin Scale

Haemorrhagic 
transformation

Kaesmacher J et al. 2017 [59], 
retrospective analysis 

Haemorrhagic infarction and parenchymal haematoma independently associated  
with lower rates of good neurological outcome (aOR 0.086, 95% CI 0.008–0.902, 
p = 0.041 and aOR 0.282, 95% CI 0.131–0.606, p = 0.001)

Li et al. 2020, [43] retrospective analysis Parenchymal haematoma associated with mortality at 90 days

Shen et al. 2022, [60] retrospective 
analysis 

Mortality higher for patients with sICH (54.8 vs. 25.4%, p < 0.001)

NIHSS score within 24 h after EVT higher in patients with sICH than in patients  
without sICH [16 (12, 25) vs. 13 (8, 18), p < 0.001]

Patients with sICH showed worse functional outcomes (93.5% of cases)

Cerebral oedema Davoli et al. 2018 [63], observational 
study 

Malignant cerebral oedema may reduce beneficial effects of EVT

EVT — endovascular therapy; FIV — follow-up infarct volume; NIHSS — National Institutes of Health Stroke Scale; sICH — symptomatic intracranial haemorrhage

be helpful in estimating the tissue-at-risk size and functional 
treatment effect.

The type of anaesthesia may be another modifiable factor 
associated with post-MT follow-up infarct size. In one study, 
FIV was smaller in a group of patients undergoing EVT under 
general anaesthesia (GA) compared to conscious sedation 
(CS), but without statistically significant differences of the 
infarct progression between both groups [18]. 

The role of periprocedural haemodynamic parameters on 
treatment outcomes of MT is now widely discussed. Dynamic 
autoregulation of the cerebrovascular circulation maintains 
a relatively constant CBF over a wide range of systemic blood 
pressure (BP). In AIS, the focal cerebral autoregulation within 
the ischaemic area may be impaired, exposing the penumbra 
zone to the deleterious fluctuations of systemic BP. Its ex-
cessive variability may, therefore, lead to faster infarct core 
progression and larger FIV [19]. It has been shown that higher 
intraprocedural SBP deviation rate (a value assessed before the 
start of the procedure and the induction of anaesthesia) was 
associated with lower FIV and better functional outcome [20]. 
Petersen et al. highlighted that up to 87% of patients during 
EVT may experience a reduction in MAP, potentially affecting 
clinical outcomes. One study found that ∆MAP (defined as 
the difference between MAP on admission and the lowest 
MAP during EVT until recanalisation) was associated with 
increased infarct growth and larger final infarct volume [21]. 

One study has shown increased levels of systemic and 
intracranial vascular cell adhesion molecule 1 (VCAM1) to be 
associated with larger infarct volume and worse prognosis in 
MT-treated patients [22]. Although the nature of this association 
is not fully understood, it points to some promising new bio-
markers of ischaemic brain tissue damage and clinical outcome. 

Demographic factors affecting FIV, such as age and sex, 
have been addressed by several studies. In some analyses, 
women were found to have better collateral circulation, which 
probably accounted for smaller ischaemic lesions on baseline 
perfusion imaging. Females also had a slower progression of 
ischaemic core and lower FIV [23]. According to the same 
study, the smaller infarct volume in women correlated with 
better mRS scores and a lower likelihood of severe disability 
or death. This suggests that women may have better clinical 
outcomes following EVT. Despite the fact that older patients 
have a worse prognosis than younger ones, age does not appear 
to be related to infarct growth or larger FIV after EVT [24, 25]. 
This could modify the association between FIV and functional 
outcome, indicating a lesser FIV threshold for poor prognosis 
among older people [26].

Factors affecting the follow-up infarct volume in patients 
treated with endovascular treatment are set out in Table 1.

Haemorrhagic transformation
Similarly to final infarction size, haemorrhagic transfor-

mation (HT) of AIS has been found to be associated with 
the degree and timing of reperfusion in MT-treated patients. 
Successful recanalisation has been shown to be an indepen
dent protective factor for parenchymal haematoma (PH). 
Even within the cohort of successful reperfusion, intracerebral 
haemorrhage (ICH) rates were found to be significantly lower 
in cases of TICI-3 compared to TICI-2b  [27, 28]. Longer time 
from symptom onset to hospital admission, longer time from 
symptom onset to reperfusion time, and longer EVT procedure 
duration are all associated with higher HT incidence [27, 29, 
30]. Such findings point to the protective effect of promptly in-
troduced MT on haemorrhagic stroke complications, although 
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metanalysis of five randomised clinical trials (RCTs) assessing 
MT versus controls did not show statistically significant dif-
ferences in the incidence of PH or symptomatic intracranial 
haemorrhage (sICH) between both groups [31]. These effects 
may be also influenced by the type of MT device used, with 
older Merci-type systems posing a greater risk of HT [32].

The association of timely reperfusion with a lower risk 
of HT suggests that other factors influencing the pace of 
progression of penumbra to infarct core could play a similar 
role. This was confirmed by two studies finding poor collateral 
status to be an independent risk factor of post-MT HT [33, 
34]. Similarly, haemorrhagic complications of EVT might be 
affected by the size of tissue at risk, as neurological deficit 
on admission measured by NIHSS score has been  found to 
increase the risk of sICH after EVT [35, 36]. 

Therefore, it appears that the size of hypoperfused brain 
tissue, the volume of ischaemic core at the time of reperfusion, 
and the degree of recanalisation may be the primary factors 
affecting the risk of post-MT HT, with timing of successful 
recanalisation, baseline NIHSS score, and collateral status 
being their surrogate markers in the assessment of brain tissue 
dynamic changes [27, 28].

There is contradictory data regarding an association 
between IVT bridging therapy and post-MT haemorrhagic 
complications. Some authors have found the risk of sICH to 
be higher with bridging IVT administration, but others did 
not show such a relationship [37, 38]. In one study, bridging 
IVT significantly increased the risk of sICH in patients with 
less than 6 points in the Alberta Stroke Programme Early CT 
Scores (ASPECTS) scale on pretreatment imaging [39]. 

EVT is associated with significant variability of systemic 
BP. Systemic BP changes may affect local haemodynamic pa-
rameters within brain vasculature and increase the incidence 
of haemorrhagic treatment complications. It has been shown 
that higher values of pretreatment SBP and mean SBP/MAP 
during intervention are associated with a lower likelihood of 
HT [20, 33]. On the other hand, patients with higher mean and 
maximum post-treatment SBP have a higher risk of ICH and 
sICH [40, 41]. The protective effect of higher intraprocedural 
systemic BP on haemorrhagic complications may be explained 
by avoiding the deleterious consequences of systemic hypo-
tension, which is thought to accelerate penumbra to infarct 
core progression by compromising collateral flow. On the 
other hand, hypertension after MT treatment has been found 
to elevate the HT risk [42]. Bloodflow restoration, in terms 
of previous ischaemic endothelial injury and increased tissue 
permeability, may explain this observation.

There is some data showing that several comorbidities and 
biochemical parameters affect the incidence of HT after MT 
treatment. A prior-to-stroke diagnosis of diabetes and higher 
admission blood glucose levels significantly elevate the risk 
of both HT and sICH [24, 34, 36]. Post-procedural hyper-
glycaemia was also found to be an independent risk factor 
of a latter haemorrhagic post-treatment complication [43]. 

Several studies have shown that the incidence of HT may also 
be increased in patients with a diagnosis of atrial fibrillation 
(AF) [33, 34], whereas data on sICH frequency in this group 
of patients is contradictory. Some authors have found AF to 
be associated with sICH occurrence [44], while others have 
not [45]. Coronary artery disease is another comorbidity that 
may affect post-MT HT occurrence [33].

Other biochemical factors found to elevate the risk of 
post-MT HT are: high levels of bilirubin and C-reactive protein 
(CRP), and low fibrinogen and magnesium (< 0.80 mmol/L). 
Higher levels of CRP also affected the sICH incidence [46–49]. 
An association of some serological markers with post-EVT 
haemorrhage has also been demonstrated, with, among these, 
low platelets and white blood cells, along with high neutrophil 
counts, being risk factors of HT [50]. 

A promising indicator of neuroinflammation that can 
effectively predict the radiological outcome in patients with 
AIS is the neutrophil-lymphocyte ratio (NLR). Its lower value 
and slower progression over time is an independent predictor 
of reduced risk and mortality from sICH [51]. Conflicting 
data exists on the association of hyperlipidemia and plate-
let-to-lymphocyte ratio (PLR) with HT. Both high and low 
values of these parameters have been indicated as risk factors 
for haemorrhagic AIS transformation by different authors [27, 
29, 33, 50]. The exact mechanisms of how biochemical and se-
rological parameters influence post-EVT HT occurrence is not 
well understood. Hyperglycaemia probably aggravates ischae-
mic injury by promoting neuronal death due to intracellular 
metabolic disturbances, while other abovementioned factors 
(e.g. NRL) may be surrogate markers for neuroinflammation. 

Some authors have found women to have a higher risk of 
sICH after AIS endovascular management [52]. To the best of 
our knowledge, no other demographic factor has been found 
to influence HT after MT.

The factors affecting HT in patients treated with MT are 
set out in Table 2.

Cerebral oedema
Considering that COD is a natural consequence of focal brain 

ischaemia that primarily results from tissue necrosis (cytotoxic 
oedema), factors influencing post-treatment infarct size should 
also play a significant role in its formation and eventual extent. 

This hypothesis is confirmed by several observations that 
include: the association of malignant brain oedema (MBO) 
incidence with size of diffusion-weighted imaging (DWI) infarct 
volume on pre-treatment imaging, the time to MT treatment 
initiation, and the degree of recanalisation achieved [44, 53]. 
Similarly, poor collateral flow has been found to be an independ-
ent risk factor of MBO [54]. Another factor observed to be an 
independent MBO predictor was LVO localisation, with intrac-
ranial ICA occlusion associated with its higher occurrence [54].

Another possible mechanism of COD formation is the 
reperfusion syndrome that results from bloodflow restora-
tion into the area of the disrupted blood-brain barrier due to 
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prior ischaemia [4]. This process might be intensified by high 
post-reperfusion systemic BP. It has been shown that patients 
with higher mean SBP in the first 24 hours after recanalisation 
and those with its increased variability are at higher risk of 
MBO [44]. This finding may suggest that close BP monitoring 
and management after EVT can be potentially beneficial in 
terms of improving outcome.

Recently, another interesting factor has been shown to be 
associated with MBO. A lower ratio of cerebrospinal fluid to 
intracranial fluid volume has been found to be an independent 
risk factor [55].

Several comorbidities, such as hypertension, atrial fi-
brillation, and diabetes have been found to be associated 
with MBO formation, and a similar effect was described for 
hyperglycaemia [56].

Factors influencing COD magnitude among patients 
treated with MT are set out in Table 3.

Acute ischaemic stroke tissue sequelae  
and functional outcome

Prevention of FIV progression may at least partially ex-
plain the beneficial effect of MT on patients’ prognoses [57]. 
This was confirmed by the pooled analysis of data from seven 
RCTs by Boers et al.  that showed MT to be independently 
associated with lower FIV, which in turn appeared to be a pre-
dictor of functional outcome. Larger FIV was also associated 
with a poorer prognosis, with its threshold value of 133 mL. 
being highly specific for an unfavourable clinical outcome 
[58]. Similarly, post-MT parenchymal haematoma has been 
shown to be independently associated with lower rates of good 
neurological outcome and higher 90-day mortality [42, 59].  
SICH is associated with poorer short- and long-term func-
tional outcomes and higher mortality [60].

Another post-EVT unfavourable brain tissue conse-
quence affecting clinical outcome is COD. Increased in-
tracranial pressure secondary to oedema is associated with 
a poor prognosis, and in case of mass effect that can lead 
to brain herniation is an important element in determining 
the immediate risk of mortality. This is especially true for 
extensive hemispheric strokes or those located in the pos-
terior cranial fossa. MBO, which occurs when most of the 
middle cerebral artery is involved, is associated with an up 
to 80% risk of death [61]. If conservative treatment fails, 
and the patient’s condition deteriorates, this is an indication 
for urgent surgical decompression [62]. Therefore, COD is 
considered an important factor that may reduce the benefit/ 
/risk ratio of EVT [63]. 

The most common AIS sequelae affecting functional 
outcome in patients treated with EVT are set out in Table 4.

There are several limitations of our review: they prima
rily include the scarcity of evidence from prospective RCTs 
assessing presented associations. Secondly, there is limited 
data confirming that the modification of presented factors 
would affect tissue changes and clinical prognosis. The exact 

mechanisms of outlined interactions between presented fac-
tors and outcomes are mostly speculative, rather than based 
on solid evidence.

Conclusions 

Post-MT treatment AIS sequelae can be noninvasively 
evaluated by neuroimaging studies. The most commonly 
assessed characteristics of brain tissue outcomes are: final 
volume of cerebral ischaemia, the extent of local oedema, 
and haemorrhagic complications. All of these show a strong 
association with functional outcome. 

Data presented in our review emphasises the importance of 
identifying factors that influence these parameters. Potentially 
modifiable factors such as the choice of anaesthesia method, 
periprocedural systemic blood pressure, or blood glucose 
levels, are of particular importance. Further research on inter-
ventions modifying these parameters should be encouraged, 
as they may reduce the occurrence of unfavourable AIS tissue 
outcome that would improve prognosis.

Conflicts of interest: None.
Funding: None.

References

1.	 GBD 2016 Stroke Collaborators. Global, regional, and national burden 
of stroke, 1990-2016: a systematic analysis for the Global Burden 
of Disease Study 2016. Lancet Neurol. 2019; 18(5): 439–458, doi: 
10.1016/S1474-4422(19)30034-1, indexed in Pubmed: 30871944.

2.	 Herpich F, Rincon F. Management of Acute Ischemic Stroke. 
Crit Care Med. 2020; 48(11): 1654–1663, doi: 10.1097/CCM. 
0000000000004597, indexed in Pubmed: 32947473.

3.	 Attwell D, Laughlin SB. An energy budget for signaling in the grey 
matter of the brain. J Cereb Blood Flow Metab. 2001; 21(10): 1133–
1145, doi: 10.1097/00004647-200110000-00001, indexed in 
Pubmed: 11598490.

4.	 Tomaszewska-Lampart I, Lisak M, Bartosik-Psujek H. Zespół hiper-
perfuzji mózgowej jako następstwo zabiegów reperfuzyjnych. Pol-
ski Przegląd Neurologiczny. 2019; 15(3): 139–150, doi: 10.5603/
ppn.2019.0026.

5.	 Baron JC. Protecting the ischaemic penumbra as an adjunct to throm-
bectomy for acute stroke. Nat Rev Neurol. 2018; 14(6): 325–337, 
doi: 10.1038/s41582-018-0002-2, indexed in Pubmed: 29674752.

6.	 Zhang Z, Pu Y, Mi D, et al. Cerebral hemodynamic evaluation after ce-
rebral recanalization therapy for acute ischemic stroke. Front Neurol. 
2019; 10: 719, doi: 10.3389/fneur.2019.00719, indexed in Pubmed: 
31333570.

7.	 Emberson J, Lees KR, Lyden P, et al. Stroke Thrombolysis Trialists’ 
Collaborative Group. Effect of treatment delay, age, and stroke sever-
ity on the effects of intravenous thrombolysis with alteplase for acute 
ischaemic stroke: a meta-analysis of individual patient data from ran-
domised trials. Lancet. 2014; 384(9958): 1929–1935, doi: 10.1016/
S0140-6736(14)60584-5, indexed in Pubmed: 25106063.

8.	 Mao YT, Mitchell P, Churilov L, et al. Early recanalization postintra-
venous thrombolysis in ischemic stroke with large vessel occlusion: 
a digital subtraction angiography study. CNS Neurosci Ther. 2016; 

http://dx.doi.org/10.1016/S1474-4422(19)30034-1
https://www.ncbi.nlm.nih.gov/pubmed/30871944
http://dx.doi.org/10.1097/CCM.0000000000004597
http://dx.doi.org/10.1097/CCM.0000000000004597
https://www.ncbi.nlm.nih.gov/pubmed/32947473
http://dx.doi.org/10.1097/00004647-200110000-00001
https://www.ncbi.nlm.nih.gov/pubmed/11598490
http://dx.doi.org/10.5603/ppn.2019.0026
http://dx.doi.org/10.5603/ppn.2019.0026
http://dx.doi.org/10.1038/s41582-018-0002-2
https://www.ncbi.nlm.nih.gov/pubmed/29674752
http://dx.doi.org/10.3389/fneur.2019.00719
https://www.ncbi.nlm.nih.gov/pubmed/31333570
http://dx.doi.org/10.1016/S0140-6736(14)60584-5
http://dx.doi.org/10.1016/S0140-6736(14)60584-5
https://www.ncbi.nlm.nih.gov/pubmed/25106063


396

Neurologia i Neurochirurgia Polska 2022, vol. 56, no. 5

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

22(8): 643–647, doi: 10.1111/cns.12549, indexed in Pubmed: 
27165451.

9.	 Wiącek M, Kaczorowski R, Sieczkowski B, et al. Mechanical throm-
bectomy: determining the proportion of eligible acute ischemic stroke 
patients in the cohort of single academic stroke center. Neurol Neuro-
chir Pol. 2018; 52(3): 359–363, doi: 10.1016/j.pjnns.2017.12.010, 
indexed in Pubmed: 29331206.

10.	 Wahlgren N, Moreira T, Michel P, et al. Mechanical thrombectomy in 
acute ischemic stroke: Consensus statement by ESO-Karolinska Stroke 
Update 2014/2015, supported by ESO, ESMINT, ESNR and EAN. Int 
J Stroke. 2016; 11(1): 134–147, doi: 10.1177/1747493015609778, 
indexed in Pubmed: 26763029.

11.	 Jing M, Yeo JYP, Holmin S, et al. Preprocedural imaging : a review of 
different radiological factors affecting the outcome of thrombectomy. 
Clin Neuroradiol. 2022; 32(1): 13–24, doi: 10.1007/s00062-021-
01095-1, indexed in Pubmed: 34709411.

12.	 Compagne KCJ, Boers AMM, Marquering HA, et al. MR CLEAN Investi-
gators. Follow-up infarct volume as a mediator of endovascular treat-
ment effect on functional outcome in ischaemic stroke. Eur Radiol. 
2019; 29(2): 736–744, doi: 10.1007/s00330-018-5578-9, indexed 
in Pubmed: 29987421.

13.	 Al-Dasuqi K, Payabvash S, Torres-Flores GA, et al. Effects of collat-
eral status on infarct distribution following endovascular therapy in 
large vessel occlusion stroke. Stroke. 2020; 51(9): e193–e202, doi: 
10.1161/STROKEAHA.120.029892, indexed in Pubmed: 32781941.

14.	 Boers AMM, Jansen IGH, Brown S, et al. Mediation of the relationship 
between endovascular therapy and functional outcome by follow-up 
infarct volume in patients with acute ischemic stroke. JAMA Neu-
rol. 2019; 76(2): 194–202, doi: 10.1001/jamaneurol.2018.3661, 
indexed in Pubmed: 30615038.

15.	 Nogueira RG, Jadhav AP, Haussen DC, et al. DAWN Trial Investigators. 
Thrombectomy 6 to 24 hours after stroke with a mismatch between 
deficit and infarct. N Engl J Med. 2018; 378(1): 11–21, doi: 10.1056/
NEJMoa1706442, indexed in Pubmed: 29129157.

16.	 Arenillas JF, Cortijo E, García-Bermejo P, et al. Relative cerebral blood 
volume is associated with collateral status and infarct growth in stroke 
patients in SWIFT PRIME. J Cereb Blood Flow Metab. 2018; 38(10): 
1839–1847, doi: 10.1177/0271678X17740293, indexed in Pubmed: 
29135347.

17.	 Bang OhY, Saver JL, Kim SJ, et al. Collateral flow predicts response 
to endovascular therapy for acute ischemic stroke. Stroke. 2011; 
42(3): 693–699, doi: 10.1161/STROKEAHA.110.595256, indexed in 
Pubmed: 21233472.

18.	 Simonsen CZ, Yoo AJ, Sørensen LH, et al. Effect of general anesthesia 
and conscious sedation during endovascular therapy on infarct growth 
and clinical outcomes in acute ischemic stroke: a randomized clinical 
trial. JAMA Neurol. 2018; 75(4): 470–477, doi: 10.1001/jamaneu-
rol.2017.4474, indexed in Pubmed: 29340574.

19.	 de Havenon A, Bennett A, Stoddard GJ, et al. Determinants of the im-
pact of blood pressure variability on neurological outcome after acute 
ischaemic stroke. Stroke Vasc Neurol. 2017; 2(1): 1–6, doi: 10.1136/
svn-2016-000057, indexed in Pubmed: 28959484.

20.	 Pikija S, Trkulja V, Ramesmayer C, et al. Higher blood pressure during 
endovascular thrombectomy in anterior circulation stroke is associ-
ated with better outcomes. J Stroke. 2018; 20(3): 373–384, doi: 
10.5853/jos.2018.01305, indexed in Pubmed: 30309232.

21.	 Petersen NH, Ortega-Gutierrez S, Wang A, et al. Decreases in blood pres-
sure during thrombectomy are associated with larger infarct volumes 

and worse functional outcome. Stroke. 2019; 50(7): 1797–1804, doi: 
10.1161/STROKEAHA.118.024286, indexed in Pubmed: 31159701.

22.	 Maglinger B, Sands M, Frank JA, et al. Intracranial VCAM1 at time of 
mechanical thrombectomy predicts ischemic stroke severity. J Neuro-
inflammation. 2021; 18(1): 109, doi: 10.1186/s12974-021-02157-4, 
indexed in Pubmed: 33971895.

23.	 Demeestere J, Christensen S, Mlynash M, et al. Effect of sex on clinical 
outcome and imaging after endovascular treatment of large-vessel 
ischemic stroke. J Stroke Cerebrovasc Dis. 2021; 30(2): 105468, doi: 
10.1016/j.jstrokecerebrovasdis.2020.105468, indexed in Pubmed: 
33227604.

24.	 Zang L, Zhang D, Yao Y, et al. Symptomatic intracranial hemorrhage in 
patients with admission hyperglycemia and diabetes after mechanical 
thrombectomy: A systematic review and meta-analysis. Am J Emerg 
Med. 2021; 45: 23–28, doi: 10.1016/j.ajem.2021.02.032, indexed 
in Pubmed: 33647758.

25.	 Simonsen CZ, Mikkelsen IK, Karabegovic S, et al. Predictors of in-
farct growth in patients with large vessel occlusion treated with 
endovascular therapy. Front Neurol. 2017; 8: 574, doi: 10.3389/
fneur.2017.00574, indexed in Pubmed: 29163339.

26.	 Ribo M, Flores A, Mansilla E, et al. Age-adjusted infarct vol-
ume threshold for good outcome after endovascular treatment.  
J Neurointerv Surg. 2014; 6(6): 418–422, doi: 10.1136/neurint-
surg-2013-010786, indexed in Pubmed: 23832414.

27.	 Lee YuB, Yoon W, Lee YY, et al. Predictors and impact of hemorrhagic 
transformations after endovascular thrombectomy in patients with 
acute large vessel occlusions. J Neurointerv Surg. 2019; 11(5): 469–
473, doi: 10.1136/neurintsurg-2018-014080, indexed in Pubmed: 
30291207.

28.	 Rizvi A, Seyedsaadat SM, Murad MH, et al. Redefining ‘success’: 
a systematic review and meta-analysis comparing outcomes between 
incomplete and complete revascularization. J Neurointerv Surg. 2019; 
11(1): 9–13, doi: 10.1136/neurintsurg-2018-013950, indexed in 
Pubmed: 29802163.

29.	 Honig A, Molad J, Horev A, et al. Predictors and prognostic implications 
of hemorrhagic transformation following cerebral endovascular throm-
bectomy in acute ischemic stroke: a multicenter analysis. Cardiovasc 
Intervent Radiol. 2022; 45(6): 826–833, doi: 10.1007/s00270-022-
03115-0, indexed in Pubmed: 35296934.

30.	 Enomoto M, Shigeta K, Ota T, et al. Predictors of intracra-
nial hemorrhage in acute ischemic stroke after endovascular 
thrombectomy. Interv Neuroradiol. 2020; 26(4): 368–375, doi: 
10.1177/1591019920926335, indexed in Pubmed: 32475194.

31.	 Goyal M, Menon BK, van Zwam WH, et al. HERMES collaborators. 
Endovascular thrombectomy after large-vessel ischaemic stroke: 
a meta-analysis of individual patient data from five randomised tri-
als. Lancet. 2016; 387(10029): 1723–1731, doi: 10.1016/S0140-
6736(16)00163-X, indexed in Pubmed: 26898852.

32.	 Broussalis E, Trinka E, Hitzl W, et al. Comparison of stent-retriever 
devices versus the Merci retriever for endovascular treatment of acute 
stroke. AJNR Am J Neuroradiol. 2013; 34(2): 366–372, doi: 10.3174/
ajnr.A3195, indexed in Pubmed: 22790249.

33.	 Feng X, Ye G, Cao R, et al. Identification of predictors for hemorrhagic 
transformation in patients with acute ischemic stroke after endovas-
cular therapy using the decision tree model. Clin Interv Aging. 2020; 
15: 1611–1624, doi: 10.2147/CIA.S257931, indexed in Pubmed: 
32982196.

34.	 Cao R, Ye G, Wang R, et al. Collateral vessels on 4D CTA as a pre-
dictor of hemorrhage transformation after endovascular treatments 

http://dx.doi.org/10.1111/cns.12549
https://www.ncbi.nlm.nih.gov/pubmed/27165451
http://dx.doi.org/10.1016/j.pjnns.2017.12.010
https://www.ncbi.nlm.nih.gov/pubmed/29331206
http://dx.doi.org/10.1177/1747493015609778
https://www.ncbi.nlm.nih.gov/pubmed/26763029
http://dx.doi.org/10.1007/s00062-021-01095-1
http://dx.doi.org/10.1007/s00062-021-01095-1
https://www.ncbi.nlm.nih.gov/pubmed/34709411
http://dx.doi.org/10.1007/s00330-018-5578-9
https://www.ncbi.nlm.nih.gov/pubmed/29987421
http://dx.doi.org/10.1161/STROKEAHA.120.029892
https://www.ncbi.nlm.nih.gov/pubmed/32781941
http://dx.doi.org/10.1001/jamaneurol.2018.3661
https://www.ncbi.nlm.nih.gov/pubmed/30615038
http://dx.doi.org/10.1056/NEJMoa1706442
http://dx.doi.org/10.1056/NEJMoa1706442
https://www.ncbi.nlm.nih.gov/pubmed/29129157
http://dx.doi.org/10.1177/0271678X17740293
https://www.ncbi.nlm.nih.gov/pubmed/29135347
http://dx.doi.org/10.1161/STROKEAHA.110.595256
https://www.ncbi.nlm.nih.gov/pubmed/21233472
http://dx.doi.org/10.1001/jamaneurol.2017.4474
http://dx.doi.org/10.1001/jamaneurol.2017.4474
https://www.ncbi.nlm.nih.gov/pubmed/29340574
http://dx.doi.org/10.1136/svn-2016-000057
http://dx.doi.org/10.1136/svn-2016-000057
https://www.ncbi.nlm.nih.gov/pubmed/28959484
http://dx.doi.org/10.5853/jos.2018.01305
https://www.ncbi.nlm.nih.gov/pubmed/30309232
http://dx.doi.org/10.1161/STROKEAHA.118.024286
https://www.ncbi.nlm.nih.gov/pubmed/31159701
http://dx.doi.org/10.1186/s12974-021-02157-4
https://www.ncbi.nlm.nih.gov/pubmed/33971895
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2020.105468
https://www.ncbi.nlm.nih.gov/pubmed/33227604
http://dx.doi.org/10.1016/j.ajem.2021.02.032
https://www.ncbi.nlm.nih.gov/pubmed/33647758
http://dx.doi.org/10.3389/fneur.2017.00574
http://dx.doi.org/10.3389/fneur.2017.00574
https://www.ncbi.nlm.nih.gov/pubmed/29163339
http://dx.doi.org/10.1136/neurintsurg-2013-010786
http://dx.doi.org/10.1136/neurintsurg-2013-010786
https://www.ncbi.nlm.nih.gov/pubmed/23832414
http://dx.doi.org/10.1136/neurintsurg-2018-014080
https://www.ncbi.nlm.nih.gov/pubmed/30291207
http://dx.doi.org/10.1136/neurintsurg-2018-013950
https://www.ncbi.nlm.nih.gov/pubmed/29802163
http://dx.doi.org/10.1007/s00270-022-03115-0
http://dx.doi.org/10.1007/s00270-022-03115-0
https://www.ncbi.nlm.nih.gov/pubmed/35296934
http://dx.doi.org/10.1177/1591019920926335
https://www.ncbi.nlm.nih.gov/pubmed/32475194
http://dx.doi.org/10.1016/S0140-6736(16)00163-X
http://dx.doi.org/10.1016/S0140-6736(16)00163-X
https://www.ncbi.nlm.nih.gov/pubmed/26898852
http://dx.doi.org/10.3174/ajnr.A3195
http://dx.doi.org/10.3174/ajnr.A3195
https://www.ncbi.nlm.nih.gov/pubmed/22790249
http://dx.doi.org/10.2147/CIA.S257931
https://www.ncbi.nlm.nih.gov/pubmed/32982196


397www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Izabella Tomaszewska-Lampart et al., Risk factors of unfavourable AIS tissue sequelae in endovascularly-treated patients

in patients with acute ischemic stroke: a single-center study. Front 
Neurol. 2020; 11: 60, doi: 10.3389/fneur.2020.00060, indexed in 
Pubmed: 32117022.

35.	 Qian Yu, Qian ZT, Huang CH, et al. Predictive factors and nomogram 
to evaluate the risk of symptomatic intracerebral hemorrhage for 
stroke patients receiving thrombectomy. World Neurosurg. 2020; 144: 
e466–e474, doi: 10.1016/j.wneu.2020.08.181, indexed in Pubmed: 
32889180.

36.	 Tian B, Tian X, Shi Z, et al. DIRECT-MT Investigators. Clinical and imaging 
indicators of hemorrhagic transformation in acute ischemic stroke after 
endovascular thrombectomy. Stroke. 2022; 53(5): 1674–1681, doi: 
10.1161/STROKEAHA.121.035425, indexed in Pubmed: 34872341.

37.	 Cabrera-Maqueda JM, Alba-Isasi MT, Díaz-Pérez J, et al. Bridging 
therapy and occlusion site influence symptomatic hemorrhage rate 
after thrombectomy: a daily practice study in 623 stroke patients. 
Cerebrovasc Dis. 2021; 50(3): 279–287, doi: 10.1159/000512604, 
indexed in Pubmed: 33706319.

38.	 Chen ZJ, Li XF, Liang CY, et al. Comparison of prior bridging intravenous 
thrombolysis with direct endovascular thrombectomy for anterior cir-
culation large vessel occlusion: systematic review and meta-analysis. 
Front Neurol. 2021; 12: 602370, doi: 10.3389/fneur.2021.602370, 
indexed in Pubmed: 33995238.

39.	 Kaesmacher J, Meinel TR, Nannoni S, et al. BEYOND-SWIFT Inves-
tigators†. Bridging may increase the risk of symptomatic intracra-
nial hemorrhage in thrombectomy patients with low alberta stroke 
program early computed tomography score. Stroke. 2021; 52(3): 
1098–1104, doi: 10.1161/STROKEAHA.120.030508, indexed in 
Pubmed: 33504188.

40.	 Anadani M, Orabi MY, Alawieh A, et al. Blood Pressure and Out-
come After Mechanical Thrombectomy With Successful Revas-
cularization. Stroke. 2019; 50(9): 2448–2454, doi: 10.1161/
STROKEAHA.118.024687, indexed in Pubmed: 31318633.

41.	 Mistry EA, Mistry AM, Nakawah MO, et al. Systolic blood pressure 
within 24  hours after thrombectomy for acute ischemic stroke cor-
relates with outcome. J Am Heart Assoc. 2017; 6(5), doi: 10.1161/
JAHA.117.006167, indexed in Pubmed: 28522673.

42.	 Krishnan R, Mays W, Elijovich L. Complications of mechanical throm-
bectomy in acute ischemic stroke. Neurology. 2021; 97(20 Suppl 2): 
S115–S125, doi: 10.1212/WNL.0000000000012803, indexed in 
Pubmed: 34785610.

43.	 Li F, Ren Yi, Cui X, et al. Postoperative hyperglycemia predicts symp-
tomatic intracranial hemorrhage after endovascular treatment in pa-
tients with acute anterior circulation large artery occlusion. J Neurol 
Sci. 2020; 409: 116588, doi: 10.1016/j.jns.2019.116588, indexed 
in Pubmed: 31837537.

44.	 Huang K, Zha M, Gao J, et al. Increased intracranial hemorrhage of 
mechanical thrombectomy in acute ischemic stroke patients with 
atrial fibrillation. J Thromb Thrombolysis. 2021; 51(2): 536–544, 
doi: 10.1007/s11239-020-02269-3, indexed in Pubmed: 32918671.

45.	 Lasek-Bal A, Żak A, Binek Ł, et al. The effect of atrial fibrillation on 
the safety and efficacy of mechanical thrombectomy in patients with 
stroke. Pol Arch Intern Med. 2022; 132(2): 16148, doi: 10.20452/
pamw.16148, indexed in Pubmed: 34845899.

46.	 Jian Y, Zhao L, Wang H, et al. Bilirubin: a novel predictor of hemor-
rhagic transformation and symptomatic intracranial hemorrhage after 
mechanical thrombectomy. Neurol Sci. 2020; 41(4): 903–909, doi: 
10.1007/s10072-019-04182-x, indexed in Pubmed: 31828679.

47.	 Lin C, Pan H, Qiao Y, et al. Fibrinogen level combined with platelet 
count for predicting hemorrhagic transformation in acute ischemic 

stroke patients treated with mechanical thrombectomy. Front Neurol. 
2021; 12: 716020, doi: 10.3389/fneur.2021.716020, indexed in 
Pubmed: 34531815.

48.	 Kim S, Yi HoJ, Lee DH, et al. Association of High-sensitivity C-reac-
tive Protein with Patient Prognosis Following Mechanical Thrombec-
tomy for Acute Ischemic Stroke. Curr Neurovasc Res. 2020; 17(4): 
402–410, doi: 10.2174/1567202617666200517110949, indexed 
in Pubmed: 32416678.

49.	 Qiu H, Shen R, Chen L, et al. Low serum magnesium levels are as-
sociated with hemorrhagic transformation after mechanical throm-
bectomy in patients with acute ischemic stroke. Front Neurol. 2022; 
13: 831232, doi: 10.3389/fneur.2022.831232, indexed in Pubmed: 
35401415.

50.	 Diestro JD, Parra-Farinas C, Balas M, et al. Inflammatory biomark-
ers and intracranial hemorrhage after endovascular thrombectomy. 
Can J Neurol Sci. 2021 [Epub ahead of print]: 1–7, doi: 10.1017/
cjn.2021.197, indexed in Pubmed: 34548113.

51.	 Aly M, Abdalla RN, Batra A, et al. Follow-up neutrophil-lymphocyte ratio 
after stroke thrombectomy is an independent biomarker of clinical 
outcome. J Neurointerv Surg. 2021; 13(7): 609–613, doi: 10.1136/
neurintsurg-2020-016342, indexed in Pubmed: 32763917.

52.	 Jiang S, Fei A, Peng Ya, et al. Predictors of outcome and hemorrhage 
in patients undergoing endovascular therapy with solitaire stent for 
acute ischemic stroke. PLoS One. 2015; 10(12): e0144452, doi: 
10.1371/journal.pone.0144452, indexed in Pubmed: 26642052.

53.	 Tracol C, Vannier S, Hurel C, et al. Predictors of malignant middle cere-
bral artery infarction after mechanical thrombectomy. Rev Neurol (Par-
is). 2020; 176(7-8): 619–625, doi: 10.1016/j.neurol.2020.01.352, 
indexed in Pubmed: 32624178.

54.	 Huang X, Yang Q, Shi X, et al. Predictors of malignant brain ede-
ma after mechanical thrombectomy for acute ischemic stroke.  
J Neurointerv Surg. 2019; 11(10): 994–998, doi: 10.1136/neurint-
surg-2018-014650, indexed in Pubmed: 30798266.

55.	 Kauw F, Bernsen ML, Dankbaar JW, et al. Cerebrospinal fluid vol-
ume improves prediction of malignant edema after endovascu-
lar treatment of stroke. Int J Stroke. 2022 [Epub ahead of print]: 
17474930221094693, doi: 10.1177/17474930221094693, indexed 
in Pubmed: 35373655.

56.	 Du M, Huang X, Li S, et al. A nomogram model to predict malignant 
cerebral edema in ischemic stroke patients treated with endovascu-
lar thrombectomy: an observational study. Neuropsychiatr Dis Treat. 
2020; 16: 2913–2920, doi: 10.2147/NDT.S279303, indexed in Pu-
bmed: 33293816.

57.	 Al-Ajlan FS, Goyal M, Demchuk AM, et al. ESCAPE Trial Investigators. 
Intra-Arterial therapy and post-treatment infarct volumes: insights 
from the ESCAPE randomized controlled trial. Stroke. 2016; 47(3): 
777–781, doi: 10.1161/STROKEAHA.115.012424, indexed in Pu-
bmed: 26892284.

58.	 Boers AMM, Jansen IGH, Beenen LFM, et al. Association of follow-up 
infarct volume with functional outcome in acute ischemic stroke: 
a pooled analysis of seven randomized trials. J Neurointerv Surg. 
2018; 10(12): 1137–1142, doi: 10.1136/neurintsurg-2017-013724, 
indexed in Pubmed: 29627794.

59.	 Kaesmacher J, Kaesmacher M, Maegerlein C, et al. Hemorrhag-
ic transformations after thrombectomy: risk factors and clini-
cal relevance. Cerebrovasc Dis. 2017; 43(5-6): 294–304, doi: 
10.1159/000460265, indexed in Pubmed: 28343220.

60.	 Shen H, Ma Q, Jiao L, et al. Prognosis and predictors of symptomatic 
intracranial hemorrhage after endovascular treatment of large vessel 

http://dx.doi.org/10.3389/fneur.2020.00060
https://www.ncbi.nlm.nih.gov/pubmed/32117022
http://dx.doi.org/10.1016/j.wneu.2020.08.181
https://www.ncbi.nlm.nih.gov/pubmed/32889180
http://dx.doi.org/10.1161/STROKEAHA.121.035425
https://www.ncbi.nlm.nih.gov/pubmed/34872341
http://dx.doi.org/10.1159/000512604
https://www.ncbi.nlm.nih.gov/pubmed/33706319
http://dx.doi.org/10.3389/fneur.2021.602370
https://www.ncbi.nlm.nih.gov/pubmed/33995238
http://dx.doi.org/10.1161/STROKEAHA.120.030508
https://www.ncbi.nlm.nih.gov/pubmed/33504188
http://dx.doi.org/10.1161/STROKEAHA.118.024687
http://dx.doi.org/10.1161/STROKEAHA.118.024687
https://www.ncbi.nlm.nih.gov/pubmed/31318633
http://dx.doi.org/10.1161/JAHA.117.006167
http://dx.doi.org/10.1161/JAHA.117.006167
https://www.ncbi.nlm.nih.gov/pubmed/28522673
http://dx.doi.org/10.1212/WNL.0000000000012803
https://www.ncbi.nlm.nih.gov/pubmed/34785610
http://dx.doi.org/10.1016/j.jns.2019.116588
https://www.ncbi.nlm.nih.gov/pubmed/31837537
http://dx.doi.org/10.1007/s11239-020-02269-3
https://www.ncbi.nlm.nih.gov/pubmed/32918671
http://dx.doi.org/10.20452/pamw.16148
http://dx.doi.org/10.20452/pamw.16148
https://www.ncbi.nlm.nih.gov/pubmed/34845899
http://dx.doi.org/10.1007/s10072-019-04182-x
https://www.ncbi.nlm.nih.gov/pubmed/31828679
http://dx.doi.org/10.3389/fneur.2021.716020
https://www.ncbi.nlm.nih.gov/pubmed/34531815
http://dx.doi.org/10.2174/1567202617666200517110949
https://www.ncbi.nlm.nih.gov/pubmed/32416678
http://dx.doi.org/10.3389/fneur.2022.831232
https://www.ncbi.nlm.nih.gov/pubmed/35401415
http://dx.doi.org/10.1017/cjn.2021.197
http://dx.doi.org/10.1017/cjn.2021.197
https://www.ncbi.nlm.nih.gov/pubmed/34548113
http://dx.doi.org/10.1136/neurintsurg-2020-016342
http://dx.doi.org/10.1136/neurintsurg-2020-016342
https://www.ncbi.nlm.nih.gov/pubmed/32763917
http://dx.doi.org/10.1371/journal.pone.0144452
https://www.ncbi.nlm.nih.gov/pubmed/26642052
http://dx.doi.org/10.1016/j.neurol.2020.01.352
https://www.ncbi.nlm.nih.gov/pubmed/32624178
http://dx.doi.org/10.1136/neurintsurg-2018-014650
http://dx.doi.org/10.1136/neurintsurg-2018-014650
https://www.ncbi.nlm.nih.gov/pubmed/30798266
http://dx.doi.org/10.1177/17474930221094693
https://www.ncbi.nlm.nih.gov/pubmed/35373655
http://dx.doi.org/10.2147/NDT.S279303
https://www.ncbi.nlm.nih.gov/pubmed/33293816
http://dx.doi.org/10.1161/STROKEAHA.115.012424
https://www.ncbi.nlm.nih.gov/pubmed/26892284
http://dx.doi.org/10.1136/neurintsurg-2017-013724
https://www.ncbi.nlm.nih.gov/pubmed/29627794
http://dx.doi.org/10.1159/000460265
https://www.ncbi.nlm.nih.gov/pubmed/28343220


398

Neurologia i Neurochirurgia Polska 2022, vol. 56, no. 5

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

occlusion stroke. Front Neurol. 2021; 12: 730940, doi: 10.3389/
fneur.2021.730940, indexed in Pubmed: 35126278.

61.	 Heiss WD. Malignant MCA infarction: pathophysiology and imaging 
for early diagnosis and management decisions. Cerebrovasc Dis. 
2016; 41(1-2): 1–7, doi: 10.1159/000441627, indexed in Pubmed: 
26581023.

62.	 Torbey MT, Bösel J, Rhoney DH, et al. Evidence-based guidelines for 
the management of large hemispheric infarction: a statement for 
health care professionals from the Neurocritical Care Society and the 
German Society for Neuro-intensive Care and Emergency Medicine. 

Neurocrit Care. 2015; 22(1): 146–164, doi: 10.1007/s12028-014-
0085-6, indexed in Pubmed: 25605626.

63.	 Davoli A, Motta C, Koch G, et al. Pretreatment predictors of malig-
nant evolution in patients with ischemic stroke undergoing mechan-
ical thrombectomy. J Neurointerv Surg. 2018; 10(4): 340–344, doi: 
10.1136/neurintsurg-2017-013224, indexed in Pubmed: 28798267.

64.	 Lasek-Bal A, Binek Ł, Żak A, et al. Clinical and non-clinical determinants 
of the effect of mechanical thrombectomy and post-stroke functional 
status of patients in short and long-term follow-up. J Clin Med. 2021; 
10(21), doi: 10.3390/jcm10215084, indexed in Pubmed: 34768603.

http://dx.doi.org/10.3389/fneur.2021.730940
http://dx.doi.org/10.3389/fneur.2021.730940
https://www.ncbi.nlm.nih.gov/pubmed/35126278
http://dx.doi.org/10.1159/000441627
https://www.ncbi.nlm.nih.gov/pubmed/26581023
http://dx.doi.org/10.1007/s12028-014-0085-6
http://dx.doi.org/10.1007/s12028-014-0085-6
https://www.ncbi.nlm.nih.gov/pubmed/25605626
http://dx.doi.org/10.1136/neurintsurg-2017-013224
https://www.ncbi.nlm.nih.gov/pubmed/28798267
http://dx.doi.org/10.3390/jcm10215084
https://www.ncbi.nlm.nih.gov/pubmed/34768603

