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Summary (German)

Trotz  des  nachgewiesenen  Vorteils  der  mechanischen  Thrombektomie  (MT)  bei  akutem 

ischämischem Schlaganfall  erreicht ein erheblicher Anteil  der Patienten keine funktionelle 

Unabhängigkeit,  und  die  Sterblichkeitsrate  bleibt  hoch.  Eine  der  schwerwiegendsten 

Komplikationen  ist  die  symptomatische  intrakranielle  Blutung.  Mehrere  klinische  und 

radiologische  Faktoren  konnten  als  Risikomarker  identifiziert  werden,  wie  die  Zeit  vom 

Auftreten der Symptome bis zur Rekanalisation, die Höhe des basalen Glukosespiegels, die 

Infarktgröße und die Anzahl der Rekanalisationsversuche. Trotz dieser Bemühungen ist das 

Auftreten von intrakraniellen Blutungen nach wie vor beachtlich. Das bei der MT verwendete 

Kontrastmittel  ist  bekanntermaßen  neurotoxisch  und  kann  zu  fokalen  neurologischen 

Symptomen, epileptischen Anfällen und kontrastmittelinduzierten Enzephalopathien führen. 

Obwohl  der  pathophysiologische  Zusammenhang  zwischen  der  Verwendung  von 

Kontrastmitteln  und  intrakraniellen  Blutungen  bereits  in  der  Ära  der  intraarteriellen 

Thrombolyse beschrieben wurde, ist er in der modernen Ära der Thrombektomie noch nicht 

umfassend untersucht worden.

Insgesamt wurden 236 Patienten analysiert,  von denen 22 (9,3 %) eine symptomatische 

intrakranielle  Blutung  entwickelten.  Logistische  Regressionsmodelle  ergaben,  dass  ein 

größeres Ausmaß des Infarkts (gemessen anhand des ASPECT-Scores) negativ mit einer 

symptomatischen intrakraniellen Blutung assoziiert war (OR 0,75, 95% CI 0,63-0,90, p=0,002), 

während eine größere Menge des verwendeten Kontrastmittels positiv assoziiert war (OR 

1,13, 95% CI 1,02-1,25, p=0,02). Darüber hinaus war ASPECTS ≤6 mit einem erhöhten Risiko 

einer symptomatischen intrakraniellen Blutung im Vergleich zu ASPECTS >6 assoziiert (OR 

3,67, 95% CI 1,06-12,79, p=0,04). Patienten, die eine hohe Kontrastmittelmenge (≥140 ml) 

erhielten, hatten ein signifikant höheres Risiko einer symptomatischen intrakraniellen Blutung 

im Vergleich zu denen mit einer niedrigen Kontrastmittelmenge (<140 ml) (OR 5,41, 95% CI 

1,77-16,55, p=0,003).

Diese Ergebnisse deuten auf einen möglichen dosisabhängigen Zusammenhang zwischen 

Kontrastmittelgabe und sICH hin. Angesichts der Limitationen durch das retrospektive Design 

und die begrenzte Fallzahl sollten die Resultate in größeren, multizentrischen Studien validiert 

werden.
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Summary (English) 

Despite the positive effect of mechanical thrombectomy on functionality, quality of life, and 

reduced mortality in patients with acute ischemic stroke, approximately one-third of patients 

do  not  achieve  a  functional  independence,  and  mortality  rates  remain  high.  Intracranial 

hemorrhage,  particularly  symptomatic  intracranial  hemorrhage,  is  the  most  feared 

complication.  Efforts  have  been  made  to  identify  patients  at  higher  risk  of  suffering  an 

intracranial hemorrhage. Several clinical and radiological factors such as a symptom-onset-to-

recanalization time, baseline glycemia, extensive infarction, and the number of recanalization 

attempts  had  been  found  to  be  associated  with  an  increased  risk.  However,  despite 

improvement of these factors, the occurrence of intracranial hemorrhages remains notably 

high. The contrast medium used during mechanical thrombectomy is known to be neurotoxic 

and  can  lead  to  focal  neurological  symptoms,  epileptic  seizures,  and  contrast-induced 

encephalopathies.  Although  the  association  between  contrast  use  and  intracranial 

hemorrhage had been described in  the era of  intraarterial  thrombolysis,  it  has not  been 

extensively investigated yet in the era of mechanical thrombectomy. 

This retrospective, single-center study aims to reconfirm known risk factors associated with 

intracranial hemorrhage, but also to investigate other factors as well, with a particular focus on 

the amount of contrast medium used during the thrombectomy procedure. 

A total of 236 patients who underwent mechanical thrombectomy were included, 22 (9.3%) of 

whom suffered a symptomatic intracranial hemorrhage. Logistic regression models revealed 

that a greater extent of infarction (measured by ASPECTS) was negatively associated with 

symptomatic intracranial hemorrhage (OR 0.75, 95% CI 0.63-0.90, p=0.002), while a greater 

amount of contrast medium used (measured as a continuous variable in ml) was positively 

associated (OR 1.13, 95% CI 1.02-1.25, p=0.02). Furthermore, ASPECTS ≤6 was associated 

with an increased risk of symptomatic intracranial hemorrhage compared to ASPECTS >6 (OR 

3.67, 95% CI 1.06-12.79, p=0.04). Patients receiving a high contrast medium amount (≥140 

ml) had a significantly higher bleeding risk compared to those with a low contrast medium 

amount (<140 ml) (OR 5.41, 95% CI 1.77-16.55, p=0.003). While the value of this study may 

be limited due to a relatively small sample size, it provides evidence of the association between 

contrast use and symptomatic intracranial hemorrhage in patients undergoing mechanical 

thrombectomy.  This  study  should  serve  as  a  basis  for  future  research,  exploring  this 

association in more detail using different populations and scenarios and with more rigorous 

control of the variables.
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1 Introduction 

In 2019 the incidence of ischemic stroke (IS) was 7.63 million (equivalent to 94.51 IS per 

100,000 people), and the prevalence of stroke victims was 77.19 million globally  (G. B. D. 

Stroke Collaborators, 2021). In relation to the prevalence of ischemic stroke in Europe, reliable 

data  is  currently  unavailable;  however,  the  combined  worldwide  prevalence  of  both 

hemorrhagic and ischemic strokes was reported to be 9.3 million cases in 2017 (Wafa et al., 

2020). In the United States of America, approximately 795,000 persons are diagnosed with a 

new or recurrent stroke per year, and 87% of them are of the ischemic type.(Tsao et al., 

2022) Acute Ischemic Stroke (AIS) is defined as an acute focal neurological symptom resulting 

from cerebral ischemia or necrosis due to abrupt occlusion of a cerebral vessel (Lee and Lee, 

2020). According to the International Statistical Classification of Diseases and Related Health 

Problems (ICD-11), acute infarction can be diagnosed if either neurological symptoms persist 

for ≥24 hours or if neuroimaging demonstrates evidence of acute infarction  (World Health 

Assembly, 2020).

AISs due to occlusion of large vessels (internal carotid artery (ICA), medial cerebral artery 

(MCA), anterior cerebral artery (ACA), posterior cerebral artery (PCA) or basilar artery (BA)) 

are of essential importance since they involve greater loss of brain tissue and, consequently, 

more significant neurological deficits and worse functional outcomes. In a French population-

based study, of all 971 registered AIS in five years, 284 (29.2%) had a proximal large vessel 

occlusion (LVO) (Duloquin et al., 2020). With the advent of mechanical thrombectomy (MT) 

the rapid detection of LVO infarcts is crucial. The positive impact of MT is unquestionable; in a 

meta-analysis of  five randomized pivotal  trials  for mechanical  thrombectomy, the number 

needed to treat to achieve one patient with reduced disability of at least one point in the 

modified Rankin Score (mRS) was 2.6.(Goyal et al., 2016) Nevertheless, 39% of the patients 

who underwent MT still had a poor functional outcome (mRS >2) and a mortality of 15%.(Goyal 

et al., 2016). This unsuccessful portion of patients may be due to the natural course of the 

disease or due to clinical, radiological, and interventional factors.

1.1 Intracranial Hemorrhage 

Intracranial  hemorrhage  could  be  classified  clinically  (symptomatic  vs.  asymptomatic), 

radiologically (hemorrhagic infarct (HI) vs. parenchymal hemorrhage (PH)), or according to 

time of apparition (early vs. late) (Trouillas and von Kummer, 2006). The radiological evaluation 

of  intracranial  hemorrhages  after  recanalization  therapies  dates  to  the  early  1990s  and 

distinguished HI and PH) (Pessin et al., 1990, Maïer et al., 2020).

One of  the most feared complications of  MT is the symptomatic intracranial  hemorrhage 

(sICH). There are several ways to determine if the intracranial hemorrhage is symptomatic, 
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and  the  rate  of  sICH  varies  according  to  the  definition.  The  definitions  of  symptomatic 

intracranial hemorrhage were based on clinical trials of revascularization therapies in acute 

cerebral infarction. Levy et al. firstly introduced the concept of sICH in this context (Levy et al., 

1994). In the NINDS (National Institute of Neurological Disorders and Stroke) trial (1995), sICH 

was defined as any evidence of hemorrhage on computed tomography (CT) associated with 

neurological deterioration within the first 36 hours after treatment initiation (National Institute 

of Neurological Disorders Stroke rt-PA Stroke Study Group, 1995). The PROACT II study 

defined neurological deterioration more precisely as an increase of ≥4 points in the NIHSS 

score, or worsening of one point in the level of consciousness within the first 24 hours of 

treatment (Furlan et al., 1999). Because the neurological deterioration in the NIHSS score may 

be due to other factors such as epilepsy, mass effect, and ischemic lesion growth, more recent 

studies specified symptomatic intracranial hemorrhage as the presumed responsible cause for 

neurological deterioration  (Maïer et al., 2020, Hacke et al., 2008). The SITS-MOST (Safe 

Implementation of Thrombolysis in Stroke-Monitoring Study) definition of sICH is a local or 

remote parenchymal hemorrhage type 2 (PH-2) combined with a neurological deterioration of 

4 or more points in the NIHSS score or leading to death (Wahlgren et al., 2007).

Recent data showed a rate of symptomatic intracranial hemorrhage after MT of 6% (van der 

Steen et al., 2022), but this rate varies considerably and ranges from 4-16% (Goyal et al., 

2016,  Mokin  et  al.,  2019,  Hao  et  al.,  2017,  Ospel  et  al.,  2021,  Venditti  et  al.,  2021). 

Symptomatic  intracranial  hemorrhage in  the  present  study  was defined according to  the 

European Cooperative Acute Stroke Study (ECASS) III as “apparently extravascular blood in 

the brain or within the cranium that was associated with clinical deterioration, as defined by an 

increase of ≥4 points of the NIHSS score or that lead to death and that was identified as the 

predominant cause of the neurological deterioration” (Hacke et al., 2008).
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Table 1 summarizes the different definitions of symptomatic intracranial hemorrhage.

Study Year Definition of symptomatic intracranial hemorrhage 

(sICH)

NINDS 1995 Any hemorrhage visible on CT scan associated with 

neurological deterioration within the first 36 hours after 

thrombolysis(National Institute of Neurological Disorders 

Stroke rt-PA Stroke Study Group, 1995)

PROACT II 1999 Neurological deterioration of ≥4 on the NIHSS with any 

evidence of hemorrhage (Furlan et al., 1999) 

SITS-MOST 2007 local or remote PH-2 on the 22–36 hours post-treatment 

CT scan, combined with a neurological deterioration of 

≥4 points on the NIHSS or leading to death (Wahlgren et 

al., 2007)

ECASS II 1995 blood at any site on the CT scan and clinical 

deterioration of ≥4 points on the NIHSS (Hacke et al., 

1998)

ECASS III 2008 blood at any site on the CT scan associated with clinical 

deterioration (increase of ≥4 points of the NIHSS) or that 

lead to death and that was identified as the predominant 

cause of the neurological deterioration (Hacke et al., 

2008)

CT: computed tomography, ECASS: European Cooperative Acute Stroke Study, NIHSS: National Institutes of 

Health Stroke Scale, PH-2: parenchymal hemorrhage type 2, PROACT II: Prolyse in Acute Cerebral 

Thromboembolism II, sICH: symptomatic intracranial hemorrhage, SITS-MOST: Safe Implementation of 

Thrombolysis in Stroke-Monitoring Study

Table  1. Definitions of symptomatic intracranial hemorrhage after recanalization therapies in  
acute ischemic stroke

Factors Associated with sICH after mechanical thrombectomy

Several factors have been associated with sICH, such as older age (Cappellari et al., 2019), 

renal impairment (Laible et al., 2019), high National Institutes of Health Stroke Scale (NIHSS) 

on admission  (Cappellari et al., 2019), grade of recanalization  (van der Steen et al., 2022, 

Cappellari et al., 2019, Montalvo et al., 2019), angiographic poor collateral status  (van der 

Steen et al., 2022, Zhang et al., 2020b), baseline hyperglycemia (van der Steen et al., 2022, 

Montalvo et al., 2019, Zhang et al., 2020b), high systolic blood pressure (van der Steen et al., 

2022), prior antiplatelet use (van der Steen et al., 2022), myocardial infarction (van der Steen 

et al., 2022), ICA occlusion (van der Steen et al., 2022), low Alberta Stroke Program Early CT 

Score (ASPECTS) (meaning greater infarct size) (Montalvo et al., 2019, Zhang et al., 2020b), 

number of passes with catheter to achieve recanalization  (Zhang et al., 2020b), time from 
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symptom onset to groin puncture  (Zhang et al., 2020b), and duration of the endovascular 

procedure (van der Steen et al., 2022).

Risk assessment for sICH

In an attempt to predict the risk of sICH after mechanical thrombectomy some predictive scores 

have been evaluated in patients after MT. Although some of these scores have been validated 

externally, they have not achieved generalizability, and their use in clinical practice is nearly 

null.

The Italian Registry of Endovascular Stroke Treatment in Acute Stroke (IRETAS) collected 

data prospectively from patients with LVO in anterior circulation who received MT from 2011 

to 2016. After multivariate logistic regression, the nomogram (IER-SICH) was generated. The 

predictor factors for sICH were higher NIHSS score, long onset-to-end-procedure time, high 

age,  unsuccessful  recanalization (TICI  <2b),  and poor  collateral  status  (Cappellari  et  al., 

2019).

Montalvo et al. retrospectively analyzed patients in the United States of America with AIS who 

underwent MT. Clinical, radiological, and interventional variables were compared between the 

sICH-group  and  the  non-sICH  group.  In  the  univariate  analysis,  basal  glucose,  lower 

ASPECTS,  and  unsuccessful  recanalization  (TICI  <2b)  were  statistically  different.  In  the 

regression analysis, these variables remained significant and were associated with sICH. The 

results were validated in another cohort, and the TAG (TICI-ASPECTS-Glucose) score was 

derived (Montalvo et al., 2019).

Another retrospective study was conducted in a Chinese population to investigate the factors 

influencing  the  risk  of  sICH  in  AIS.  The  study  derived  the  ASIAN Score,  composed  of 

ASPECTS, baseline glucose, poor collateral circulation, number of passes with Retriever, and 

Onset-to-Groin time as predictors of bleeding in AIS patients (Zhang et al., 2020b).

Another study on a French population retrospectively analyzed several clinical and radiological 

variants. Time from symptom onset to recanalization, low ASPECTS, baseline glycemia ≥7 

mmol/L, and early venous filling (EVF) (defined as an early opacification at the arterial phase 

of a cortical or deep vein, which presumably leads to hyperemia and a reperfusion injury) were 

associated with increased risk of  symptomatic intracranial  hemorrhage. The studies were 

validated with two other French cohorts. The score was called TAGE for Time of Onset to 

Recanalization – ASPECTS – Glycemia – EVF (Janvier et al., 2022).

In  addition  to  optimizing  current  thrombectomy  approaches  and  developing  innovative 

interventional strategies, it is crucial to identify modifiable preclinical and periprocedural factors 

that can reduce the risk of sICH and improve functional outcomes.
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1.2 Ethical clearance 

The Ethics Committee of the Heinrich Heine University Faculty of Medicine received an ethics 

application.  According to the Ethics Committee’s statement,  there are no ethical  or legal 

concerns about implementing the planned retrospective pseudonymized study. The favorable 

vote with the number 2020-1131 was issued on September 9th, 2020.

1.3 Aim of Thesis

This retrospective study aims to identify predictive factors for a sICH in patients with acute 

ischemic  stroke  undergoing  MT.  We  intended  to  confirm  the  already  known  factors  for 

symptomatic intracranial hemorrhage and hoped to identify novel factors with the help of this 

analysis.

Instead of a full-text thesis, a recent paper authored by Promovendus in a peer-reviewed 

journal will be presented.
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2  Contrast  Neurotoxicity  and  its  Association  with  Symptomatic 

Intracranial  Hemorrhage  After  Mechanical  Thrombectomy.  Lopez-

Navarro ER, Delfs C, Jarre A, Sanio V, Greif G, Gutierrez J, et al. Clin 

Neuroradiol. 2022.

10



11



12



13



14



15



16



17



18



3 Discussion

Of 236 patients with acute ischemic infarct and undergoing MT, 22 (9.3%) suffered from sICH. 

In  the  univariate  analysis,  we  found  that  blood  glucose  level  ≥11.1  mmol/L,  creatinine 

clearance (CrCl) of ≤30 ml/min/1.73, ASPECTS (as a continuous variable and dichotomized), 

ipsilateral ICA occlusion, cerebral stent implantation during the procedure, tirofiban use, time 

of symptom onset to groin puncture >4.5 hours and higher contrast medium amount were 

statistically  significant  between  sICH-group  and  non-sICH-group.  In  subsequent  logistic 

regression models, we found that only the parameters ASPECTS and amount of contrast 

medium (OR 1.13, 1.02-1.25, p=0.02) were independent predictive factors for sICH (Lopez-

Navarro et al., 2022).

Elevated basal glucose levels have been associated with intracranial bleeding after MT (van 

der Steen et  al.,  2022, Montalvo et  al.,  2019, Janvier et  al.,  2022).  In an animal model, 

hyperglycemia  was  associated  with  a  significant  blood-brain  barrier  (BBB)  rupture  and 

hemorrhagic transformation of the infarcted area  (Desilles et al.,  2017). In our study, this 

statistically significant difference was seen only when blood glucose values were dichotomized 

(≥11.1mmol/L or  <11.1 mmol/L),  and no association was seen any longer in  the logistic 

regression analysis. However, there was a trend towards higher blood glucose levels in the 

sICH group.

Regarding renal dysfunction, literature results are contradictory. One study did not show an 

association between renal dysfunction and the risk of an intracerebral hemorrhage in patients 

with anterior circulation stroke (Laible et al., 2017). However, another study in patients with a 

stroke of the vertebrobasilar circulation showed that renal dysfunction was associated with any 

intracranial hemorrhages but not specifically with symptomatic ones, although these results 

have to be interpreted carefully due to the low rate of symptomatic intracranial hemorrhages 

(only three out of 106 patients, i.e. 2.8%) (Laible et al., 2019).

The Alberta Stroke Program Early CT Score (ASPECTS) measures early ischemic changes in 

CT and is a surrogate of infarct size. Several studies and trials have shown an association 

between lower ASPECTS (greater infarct size) and worse functional outcomes or intracranial 

hemorrhage (Boisseau et al., 2019, Montalvo et al., 2019, Zhang et al., 2020b). Recent clinical 

trials have demonstrated that patients with large infarct cores (ASPECTS 3–5) may benefit 

from MT, even though the rates of sICH were higher compared than in the medical treatment 

arm—though this increase was not statistically significant (Yoshimura et al., 2022, Huo et al., 

2023). Another retrospective study did not show this association (van der Steen et al., 2022). 

Our results are concordant with most of the studies and demonstrate a significant association 

between ASPECTS, both as a continuous variable (ranging from 0 to 10) (OR 0.749, 0.625-

0.899, p=0.002) and as a dichotomized variable (ASPECTS ≤6 vs ASPECTS >6) (OR 3.673, 

1.055-12.792, p=0.041) and the occurrence of sICH (Lopez-Navarro et al., 2022).
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Ipsilateral carotid stent implantation during MT is currently a common practice (Simonato et 

al., 2022). A carotid stent study of 23 patients with tandem lesions showed a sICH rate of 22%. 

Although a favorable outcome was achieved in 52%, the 90-day mortality was as high as 39%, 

so there is strong concern about both, the effectiveness and safety of carotid stent implantation 

in this context (Heck and Brown, 2015).

A recent randomized study in China included 950 patients who underwent MT in the anterior 

circulation. The study aimed to compare the administration of tirofiban versus placebo after 

thrombectomy. The results indicated significantly higher rates of any radiological intracranial 

hemorrhage among patients who received tirofiban. Although there was a trend towards more 

cases of sICH and higher rate of ninety-day mortality in the tirofiban group, these differences 

were not statistically significant (Rescue BT Trial Investigators et al., 2022). A meta-analysis 

of  12  studies  of  tirofiban  use  in  patients  who  underwent  MT  showed  no  difference  in 

symptomatic intracranial hemorrhage between patients who received tirofiban and patients 

who did not. Only three trials reported "fatal intracranial hemorrhage," and patients having 

been treated with tirofiban turned out to be at higher risk of a fatal intracranial hemorrhage. 

There was no difference in terms of mortality between tirofiban use and no use (Zhang et al., 

2020a). We observed a difference between the two groups in the univariate analysis, but the 

logistic regression model could not demonstrate an association (Lopez-Navarro et al., 2022).

The documentation of the timespan between symptom onset and initiation of the recanalizing 

procedure (referred to as onset-to-groin time) was limited to a dichotomized variable in our 

study, categorizing it as either greater than 4.5 hours or less than or equal to 4.5 hours (Lopez-

Navarro et al., 2022). Unfortunately, we were unable to analyze this variable as a continuous 

measure. Nevertheless, existing evidence suggests that delayed treatment, measured from 

the onset of symptoms to groin puncture, is associated with an increased risk of sICH (Zhang 

et al., 2020b, Cappellari et al., 2019).

We did not find any difference between the two groups in terms of intravenous thrombolysis 

(Lopez-Navarro  et  al.,  2022).  This  is  in  accordance  with  the  current  guidelines,  which 

recommend thrombolysis, MT, or both (if eligible) in the acute treatment of AIS (Powers et al., 

2019, Ringleb et al., 2022).

To the best of our knowledge, since MT has become a standard therapy for AIS, no studies 

have analyzed the role of contrast medium for the risk of sICH. As we cited in our article, 

contrast neurotoxicity has already been well-described in diagnostic neurointerventions and 

during cardiac catheterizations (Lopez-Navarro et al., 2022). Contrast agents are neurotoxic 

for the basal lamina and favor BBB disruption  (Khatri et al., 2012). Injury of basal lamina 

increases the risk of intracranial hemorrhage  (Rosenberg, 2009). Contrast neurotoxicity is 

caused by the hyperosmolarity of contrast agents as compared to the blood(Lopez-Navarro et 

al., 2022), and may also result from the chemotoxic properties of the contrast agents (Wilson 

et al., 1991). In 2008, Kathri et al. demonstrated that a higher number of contrast injections 
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with microcatheter during intraarterial thrombolysis was associated with a higher intracranial 

bleeding risk  (Khatri et al., 2008). In the present study and in the univariate analysis, the 

amount of contrast used during MT was significantly higher in the sICH group than in the non-

sICH group (median 73.5 ml vs. 42 ml, respectively). The total contrast medium used during 

the diagnostic procedure (CT-angiography with or without CT Perfusion) and during the MT 

was 160 ml in the sICH group as opposed to 118 ml in the non-sICH group, resulting in a 

statistically  significant  difference  of  p=001.  Our  logistic  regression  models  revealed  a 

significant association between the amount of  contrast  medium and an increased risk of 

intracranial  hemorrhage,  both as a continuous variable  (OR 1.129,  95% CI  1.019-1.250, 

p=0.020) and when dichotomized with a threshold of CM ≥ 140 ml (OR 5.412, 95% CI 1.770–

16.551, p=0.003) (Lopez-Navarro et al., 2022).

We observed a total of 47 (19.9%) cases of intracranial hemorrhages when considering any 

intracranial bleeding. After excluding the 22 sICH, 25 cases of asymptomatic hemorrhages 

remained (25 asICH among 236 patients, 10.6%). The clinical and prognostic significance of 

these asymptomatic hemorrhages remains to be explored in further research. There is a 

theoretical possibility that asymptomatic bleeding may impact the disease's progression and 

long-term prognosis. A Chinese trial provided evidence suggesting that patients with asICH 

are more likely to experience less excellent outcomes, measured by mRS scores of 0-1, 

compared  to  those  without  intracranial  hemorrhage.  However,  that  trial  did  not  find  any 

differences in mortality rates or overall favorable outcomes (mRS scores from 0 to 2) (Hao et 

al., 2019).

In  summary,  we  can  conclude  that  the  hemorrhagic  transformation  and  intracranial 

hemorrhage may result from or may be enhanced by a blood-brain barrier disruption caused 

in part by neurotoxic effects of contrast media used for diagnostic purposes. 

Hemorrhagic transformation after an ischemic stroke is multifactorial and can be considered 

as part of the natural history of the disease (Khatri et al., 2012), but it appears to be precipitated 

by reperfusion therapies, a phenomenon well known as reperfusion injury (Bernardo-Castro et 

al., 2020).

Reperfusion achieved through MT or thrombolysis) is necessary to preserve brain tissue for 

a better clinical prognosis. However, it is also true that reperfusion, whether attained by MT or 

thrombolysis, may contribute to enhanced cerebral tissue damage due to increased hyperemia 

and direct endothelial compromise from the catheters utilized in MT (Bernardo-Castro et al., 

2020).

In this study, we found an association between a higher amount of contrast agent with an 

increased risk of sICH. To illustrate this relationship and emphasize the need for cautious 

contrast  use,  we present  our  findings in  Figure 1.  The contrast  medium,  with  its  known 

neurotoxic effect plays a major role in order to caution its overuse. Other factors, such as renal 

impairment, may also contribute by delaying the elimination of contrast medium, which thus 
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could contribute indirectly to the pathophysiology of intracranial hemorrhage. In addition, a 

hyperglycemic state could enhance the degradation of the blood-brain barrier.

Image 1 shows the proposed mechanisms that lead to intracranial hemorrhage after cerebral 

infarction and mechanical thrombectomy.

Image 1. Cerebral ischemia, potentiated by clinical factors such as large infarction, hyperglycemia, and 
renal dysfunction, leads to disruption of the blood-brain-barrier (BBB), which in turn causes intracranial  
hemorrhage. Contrast neurotoxicity through hyperosmolarity, chemotoxicity and higher contrast media 
(CM) amount also favors a disruption of the BBB. Mechanical thrombectomy, when effective, could also 
promote the appearance of intracranial hemorrhage through a reperfusion injury.

Our  study  has  several  limitations.  Firstly,  the  sample  size  is  small,  and  the  design  is 

monocentric  and  retrospective.  We  could  not  capture  other  essential  variables  such  as 

collateral status, the number of passes during MT to achieve reperfusion, time of onset-to-

groin puncture, and procedure time. The last two were not consistently recorded for all patients 

and  were  therefore  excluded  from  the  analysis  to  preserve  statistical  power.  The  non-

availability of these parameters is undoubtedly a drawback since these variables had been 

described in the literature as factors increasing the risk of intracranial hemorrhage. These 

limitations could bias our results.

It is difficult to demonstrate an association between the amount of contrast medium used and 

an increased risk of intracranial bleeding because of its impact on other essential cofactors. 

As soon as a greater amount of contrast medium was used, automatically more attempts of 

recanalization (i.  e.  number  of  passes)  and consequently  longer  intervention  times were 

implicated. More passes during an intervention imply more manipulation of the affected vessel, 

which  means  more  injury  to  the  vessel  wall,  specifically  of  the  endothelial  cells  and 
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consecutively of the brain-blood barrier. Thus, determining whether the number of passes, the 

amount  of  contrast,  or  both  factors  are  responsible  for  brain-blood  barrier  injury  and 

consecutively cause a higher risk of intracranial bleeding is not reliably possible with the 

available data set.

Regarding contrast agents, it is impossible to determine the exact amount of CM that was used 

in the individual patient; for instance, it is well-known that some milliliters of contrast will be 

discharged when mixed with blood. However, the number of vials used during the procedure 

allowed for a reasonable estimate of the contrast medium used. 
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4 Conclusions

Our study provides preliminary  evidence that  the  contrast  medium used during MT may 

exacerbate BBB damage and increase the risk of sICH. Although these findings must be 

interpreted cautiously due to study limitations, they underline the need to optimize contrast 

usage during MT.

Furthermore, emerging data suggest that selected patients with lower ASPECTS might still 

benefit from mechanical thrombectomy. These observations highlight the complex interplay 

between  contrast  neurotoxicity,  infarct  size,  and  other  patient-specific  factors  such  as 

hyperglycemia  or  renal  impairment.  Ultimately,  our  results  call  for  further  multicenter, 

prospective studies to better define the optimal contrast volume and refine patient selection 

criteria, thereby improving the safety and efficacy of thrombectomy.
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