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Abstract

Purpose Despite improved techniques and sophisticated postinterventional care, symptomatic intracranial hemorrhage
(sICH) remains the most feared complication of mechanical thrombectomy (MT). Based on peri-interventional parameters,
we aimed to discover which patients have a higher risk of sICH.

Methods From March 2017 until March 2020 consecutive patients with acute ischemic stroke (AIS) and confirmed
large-vessel occlusion who underwent MT were analyzed retrospectively. Demographic, clinical, and radiological variables
and parameters specific to thrombectomy were reviewed. A univariate analysis was performed and statistically significant
variables were included in a logistic regression model to identify independent factors predictive of sICH.

Results A total of 236 patients with confirmed large-vessel occlusion were included and 22 (9.3%) had sICH. Univari-
ate predictors of sICH included diabetes mellitus, glucose >11.1 mmol/L, creatinine clearance (CrCl) <30ml/min/1.73,
ASPECTS indicating pretreatment infarct size, acute internal carotid artery (ICA) occlusion, stent implantation, tirofiban
use, time from symptom onset to groin puncture >4.5h and high contrast medium consumption. In the adjusted analysis,
ASPECTS <6 (OR 3.673, p=0.041), and amount of contrast injected = 140ml (OR 5.412, p=0.003) were independent
predictors of sICH, but not any more baseline glucose >11.1 mmol/L. (OR 1.467, p=0.584), CrCl <30ml/min/1.73 (OR
4.177, p=0.069), acute ICA occlusion (OR 2.079, p=0.181), stent implantation (OR 0.465, p=0.512), tirofiban use (OR
5.164, p=0.167), and time from onset-to-groin puncture (OR 1.453, p=0.514).

Conclusion The amount of contrast medium used is a modifiable factor associated with sSICH. This association is novel
and may be related to the neurotoxicity of the contrast medium disrupting the blood-brain barrier.
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Abbreviations
AIS Acute ischemic stroke

ASTAN Alberta Stroke Program Early CT Score,
Baseline Glucose, Poor Collateral Circula-
tion, Passes with Retriever and Onset-to-
Groin Puncture Time

ASPECTS  Alberta Stroke Program Early CT Score

CIE Contrast-induced encephalopathy

CM Contrast medium

CrCl Creatinine clearance

ICA Internal carotid artery

LVO Large vessel occlusion

MT Mechanical thrombectomy

NIHSS National Institutes of Health Stroke Scale

SAVE Stent retriever assisted vacuum-locked ex-
traction

sICH Symptomatic intracranial hemorrhage

STROBE Strengthening the Reporting of Observational
Studies in Epidemiology

TAG Thrombolysis in Cerebral Ischemia Score,
Alberta Stroke Program Early CT Score, and
Glucose Level.

Introduction

In real-world practice, the rate of symptomatic intracranial
hemorrhage (sICH) after mechanical thrombectomy (MT)
varies from 4% to 16% [1-4]. Several factors have been
associated with sICH, such as older age [5, 6], high glu-
cose levels [7, 8], low Alberta Stroke Program Early CT
Score (ASPECTS) [5, 7, 8], high National Institutes of
Health Stroke Scale (NIHSS) on admission [6], grade of
recanalization [6, 7], angiographic poor collaterals [5, 8],
treatment with intra-arterial thrombolytics (GPIIb/IIIa in-
hibitor) [9], and renal impairment [10]. Given the severe
short-term and long-term consequences of sICH, including
higher mortality [2], it is essential to identify modifiable
factors associated with the risk of sICH to optimize current
procedures.

The administration of iodine-containing contrast media
(CM) in radiological interventions is related to adverse re-
actions, such as transient cortical blindness (most com-
mon), transient focal neurological deficits, seizures [11],
and in some instances, cerebral edema [12] and death [13].
These manifestations are also known as contrast-induced
encephalopathy (CIE), which has primarily been studied
in patients undergoing coronary angiography [11], and it
can radiologically mimic subarachnoid hemorrhage [11, 14,
15]. CIE is a rare condition during neuroradiological inter-
ventions with an incidence as low as 0.38% [16]. CIE was
also observed after MT: out of 421 patients who underwent
this procedure, CIE was seen in 7 patients (1.7%) [17]. Con-
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trast extravasation (CE) indicates blood-brain barrier dam-
age [18] and has been reported as an independent risk factor
of hemorrhagic transformation and poor outcome after MT
[19]. Prior to the MT era, a study in acute ischemic stroke
(AIS) and intra-arterial thrombolysis with recombinant tis-
sue plasminogen activator (rtPA) showed that contrast injec-
tion through the microcatheter was associated with intracra-
nial hemorrhage. The higher the number of injections via
the microcatheter, the higher the intracranial bleeding rate,
suggesting a dose-dependent effect [20]. The elimination of
contrast medium by renal excretion is delayed in patients
with renal failure. Delayed excretion causes a greater ex-
posure of the BBB to CM, contributing again to a vicious
circle with greater BBB permeability and increased risk of
sICH.

However, the role of CM dosage during MT and its im-
pact on the risk of sICH has not been well established.

Material and Methods

Data collection and retrospective analysis was approved by
the ethic committee of the Heinrich-Heine-University Diis-
seldorf (2020-1131). We used the STROBE case-control
checklist [21]. We retrospectively analyzed all patient files
with AIS and proximal large vessel occlusion (LVO) on the
computed tomography (CT) or magnetic resonance (MR)
angiogram who underwent MT in our institution (Kliniken
Maria Hilf) between March 2017 and March 2020. Patients
with symptom onset within 24 h from the last known normal
time and follow-up imaging within 36 h after thrombectomy
were included. Patients with symptom onset within 4.5 h be-
fore admission and without any contraindications to throm-
bolysis were primarily treated with intravenous alteplase
according to national [22] and international guidelines [23].

For diagnostic CT-Angiography (CT-A), all patients re-
ceived a 60ml bolus of the non-ionized contrast medium
Iomeprol. For CT-Perfusion (CT-P) imaging, a dose of
40ml of the same contrast medium was given.

During the study period 263 acute ischemic stroke pa-
tients with LVO were diagnosed, out of which 236 patients
were included in this study. Reasons for exclusion were
lack of follow-up CT imaging or MRI within 36h after
thrombectomy, spontaneous recanalization, recanalization
due to thrombolysis before thrombectomy, or early death
before control imaging (Fig. 1).

Mechanical Thrombectomy

The MT was performed by an experienced neuroradiolo-
gist (AR) or by a neuroradiologist in training under the
experienced neuroradiologists’ supervision. The MT was
performed with the direct aspiration first pass technique
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Fig. 1 Flow chart of patients
who were eligible for mechan-
ical thrombectomy between

263 patients with LVO were eligible to undergo
mechanical thrombectomy

March 2017 and March 2020.
CT computed tomography,

2 patients were transported to another
hospital due to lack of capacity

LVO large-vessel occlusion,
MRI magnetic resonance imag-
ing

1 patient revealed already hemorrhagic
transformation

suite

260 patients were transported to the angio

2 patients showed recanalization after
thrombolysis
4 patients showed spontaneous

recanalization
11 patients did not show evidence of
acute occlusion

243 patients underwent thrombectomy

4 patients did not have CT/MRI follow-up|
3 patients died before CT/MRI imaging

after thrombectomy

236 patients were included in the study

(ADAPT), rarely with a stent retriever alone, or mainly
with the stent retriever-assisted, vacuum-locked extraction
(SAVE) technique. If the ipsilateral internal carotid artery
(ICA) was occluded, the decision of carotid stent implan-
tation and the use of an intra-arterial antiplatelet agent
(tirofiban) was left to the judgment of the treating neurora-
diologist. For the MT the contrast medium Iomeprol with
350 mg iodine/ml (Imeron 350®, Bracco Imaging Deutsch-
land GmbH, Konstanz, Germany) was used. Iomeprol is
a non-ionic iodinated and low-osmolar (618 mosmol/kg)
contrast agent. The contrast medium was administered via
the guide catheter. During thrombectomy with a stent re-
triever, a super-selective angiogram was additionally per-
formed with the help of a microcatheter.

Data Collection and Variables

We analyzed age and sex as demographic variables, and
history of diabetes mellitus, arterial hypertension, atrial fib-
rillation, and stroke severity according to the National Insti-
tutes of Health Stroke Scale (NIHSS) as clinical variables.
The laboratory variables considered were blood glucose,
hemoglobin, white blood cell count, platelet count, crea-
tinine, creatinine clearance, and international normalized
ratio (INR). We also considered the medication prior to ad-
mission, particularly the use of antiplatelet agents (yes or
no; and if yes, monotherapy or dual therapy) and oral anti-

coagulants. The radiological variables were the size of the
pretreatment infarction core measured with ASPECTS [24]
for anterior circulation stroke and pc-ASPECTS [25] for
posterior circulation infarcts, the site of occlusion (internal
carotid artery, anterior cerebral artery, M1 or M2 segment
of the middle cerebral artery, posterior cerebral artery or
basilar artery) and time from symptom onset to groin punc-
ture. After the procedure, the reperfusion rate was evalu-
ated with the modified thrombolysis in cerebral infarction
(mTICI) score [26]. In addition, the door to groin time and
the amount (ml) of contrast agent administered during MT
and for diagnostic CTA and CT perfusion were evaluated.

Symptomatic Intracranial Hemorrhage

A sICH was defined according to the European Cooperative
Acute Stroke Study (ECASS) III as “apparently extravas-
cular blood in the brain or within the cranium that was
associated with clinical deterioration, as defined by an in-
crease of >4 points of the NIHSS score or that lead to
death and that was identified as the predominant cause of
the neurological deterioration” [27]. The clinical diagnosis
of sICH was made by the treating physician and confirmed
by a stroke neurologist.
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Statistical Analysis

The statistical analysis was performed with SPSS software
Version 27 (IBM Corp, Armonk, NY, USA). Shapiro-Wilk
test was used to check for normal distribution. Differences
between the groups were analyzed with the Mann-Whitney
U-test for continuous variables without normal distribution,
and t-test was used for continuous variables with normal
distribution. For categorical variables, x? test or Fisher’s
exact test was used. P values <0.05 were considered sta-
tistically significant. For statistically significant variables,
binary logistic regression models were applied.

Results

A total of 236 patients were included in the final study anal-
ysis. The mean age at AIS was 73+ 13 years (range 23-99
years), and 134 (56.8%) were women. 22 patients (9.3%)
had post-MT sICH. 189 patients (80.1%) underwent CT-
A as a diagnostic tool; 87 (36.9%) received a CT-P addi-
tionally. In 47 patients (19.9%), an MRI was performed be-
fore MT. The median dose of contrast used during MT was
42 ml in the non-sICH group and 73.5 ml in the sICH group,
p=<0.001. The total median contrast applied for diagnostic
(CT-A with or without CT-P) plus contrast amount used in
the MT was 118 ml in the non-sICH group and 160ml in
the sICH group, p=0.001.

The mean number of passes, which refers to the number
of attempts to recanalize the occluded vessel, with available
data of 134 (57%) patients, was 2.04 (standard deviation,
SD + 1.35). Subgroup analyses revealed that the non-sICH
group had a mean of 1.95 passes (SD+ 1.29), and the sICH
group of 2.80 passes (SD+1.61, p=0.018). The difference
between the two groups was statistically significant and
is worth considering for further considerations; however,
since the available data only corresponded to 57% of the
total cohort, we decided not to include them in the final
statistical analyses.

In univariate analysis, variables associated with sICH
included history of diabetes mellitus (36.4% vs. 17.8%,
p=0.036), blood glucose >11.1mmol/L on admission
(22.7% vs. 7.5%, p=0.033), CrCl <30 (18.2% vs. 5.6%,
p=0.025), ASPECTS (median 7 vs. 9, p=0.008), ASPECTS
dichotomized <6 (45.5% vs. 17.3%, p=0.002), acute ICA
occlusion (50% vs. 25.2%, p=0.013), carotid stent implan-
tation (31.8% vs. 14%, p=0.029), tirofiban use (27.3% vs.
8.4%, p=0.005), time from onset-to-groin >4.5h (36.4%
vs. 16.2%, p=0.021) and total volume of contrast medium
administered for diagnostic imaging and during MT (me-
dian 160ml vs. 118 ml, p=0.001), as well as total volume
of contrast medium administered only during the MT
procedure (median 73.5ml vs. 42ml, p=<0.001) (Table 1).
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Because of the wide overlap between baseline glucose
>11.1 mmol/L and diabetes mellitus, we arbitrarily decided
to include only baseline glucose > 11.1 mmol/L for the sub-
sequent regression analysis. We could not document the
number of maneuvers to achieve reperfusion in all patients,
but the median time of the duration of MT in the non sICH
group was 34 min vs. 48.5min in the sICH group, p=0.003.

Variables with a P value of <0.05 in the univariate
analysis were included in the multivariable logistic re-
gression model (Table 2). Model 1 included ASPECTS
and CM amount as continuous variables: baseline glu-
cose >11.1mmol/L (OR 1.401, 95% CI 0.354-5.540,
p=0.630), CrCl <30ml/min/1.73 (OR 4.445, 95% CI
0.969-20.391, p=0.055), ASPECTS (OR 0.749, 95% CI
0.625-0.899, p=0.002), acute ICA occlusion (OR 1.529,
95% CI 0.511-4.578, p=0.448), stent implantation (OR
0.475, 95% CI 0.045-4.964, p=0.534), tirofiban use (OR
6.750, 95% CI1 0.615-74.134, p=0.118), time from onset-
to-groin >4.5h (OR 1.121, 95% CI 0.317-3.964, p=0.859),
and amount of CM used (OR 1.129, 95% CI 1.019-1.250,
p=0.020).

In model 2, ASPECTS score and contrast media amount
were dichotomized (ASPECTS <6 or =6 and contrast me-
dia with a predefined cut-off of = 140 ml) with the following
results:

baseline glucose >11.1mmol/L (OR 1.467, 95% CI
0.373-5.775, p=0.584), CrCl <30ml/min/1.73 (OR 4.177,
95% C10.894-19.528, p=0.069), acute ICA occlusion (OR
2.079, 95% CI 0.711-6. 079, p=0.181), stent implantation
(OR 0.465, 95% CI 0.047-5.576, p=0.512), and tirofiban
use (OR 5.164, 95% CI 0.505-52.863, p=0.167) were no
longer significant, whereas ASPECTS <6 (OR 3.673, 95%
CI 1.055-12.792, p=0.041), CM amount =140ml (5.412,
95% CI 1.770-16.551, p=0.003) were still significantly
associated with sICH.

In a model where only the contrast medium used during
MT (per 10ml) is taken into account, its association with
the risk of sICH remained significant (OR 1.445 95% CI
1.028-1.275, p=0.014).

In summary, according to the logistic regression,
ASPECTS <6 and procedural contrast media dose = 140 ml
were independent predictors of sSICH in our cohort.

Discussion

Following acute ischemic stroke, hemorrhagic transforma-
tion of the brain parenchyma is multifactorial and, in some
cases, represents part of the natural history of reperfusion
and the ischemic process per se [18]. Disruption of the BBB
after reperfusion treatment is associated with hemorrhagic
transformation [28] but may even lead to pronounced in-
tracerebral bleeding. Which modifiable factors play a role
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Table 1 Univariate analysis of demographic, clinical and radiological variables

No sICH sICH P value

n=214 n=22
Sex (% women) 118 (55.1%) 16 (72.7%) 0.113
Age (years, mean, SD) 73.1 (£13.6) 71.8 (£14.3) 0.831
Diabetes mellitus (%) 38 (17.8%) 8 (36.4%) 0.036
Arterial hypertension (%) 163 (76.2%) 18 (81.8%) 0.791
Atrial fibrillation (%) 72 (36.3%) 10 (45.5%) 0.268
Baseline glucose mmol/L (mean, SD) 7.5 (£2.8) 8.8 (x4.3) 0.373
Glucose = 11.1 mmol/L (%) 16 (7.5%) 5 (22.7%) 0.033
WBC count K/ml (mean, SD) 9.16 (£3.28) 9.24 (£3.25) 0.607
Hemoglobin g/dl (mean, SD) 13.3 (=1.8) 12.4 (£2.7) 0.086
Creatinine umol/L (median, IQR) 89.30 (71.62-115.17) 84.44 (69.63-123.12) 0.871
CrCl ml/min/1.73 (mean, SD) 63.56 (+22.22) 60.05 (+31.99) 0.621
CrCl <30ml/min/1.73 (%) 12 (5.6%) 4 (18.2%) 0.049
INR (median, IQR) 1.0 (0.99-1.08) 1.05 (0.99-1.27) 0.404
Platelets x 10°/L (mean, SD) 265.7 (96.1) 252.5 (76.6) 0.835
Antiplatelet therapy (%) 67 (31.3%) 6 (27.3%) 0.697
Dual antiplatelet therapy (%) 6 (2.8%) 2(9.1%) 0.165
Anticoagulation (%) 47 (22%) 7 (31.8%) 0.295
NIHSS (median, IQR) 13.5 (8-19) 14 (7.5-17.8) 0.931
CT-Angiogram 171 (79.9%) 18 (81.8%) >0.999
CT-Perfusion 75 (35%) 12 (54.5%) 0.071
ASPECTS (median, IQR) 9 (7-10) 7(5-9) 0.008
ASPECTS <6 (%) 37 (17.3%) 10 (45.5%) 0.002
ICA occlusion (%) 54 (25.2%) 11 (50%) 0.013
M1 occlusion (%) 102 (47.7%) 6 (27.3%) 0.068
M2 occlusion (%) 64 (29.9%) 11 (50%) 0.054
BA occlusion (%) 18 (8.4%) 0(0%) 0.388
ACA occlusion (%) 5(2.3%) 0(0%) >0.999
PCA occlusion (%) 8 (3.7%) 1 (4.5%) 0.592
Tandem occlusion (%) 32 (15%) 6 (27.3%) 0.134
tPA thrombolysis (%) 116 (54.2%) 8 (36.4%) 0.111
Time from onset-to-groin puncture >4.5h 35 (16.2%) 8 (36.4%) 0.021
Door-to-groin time (min) (median, IQR) ? 85 (72-104) 84 (63.5-116) 0.841
Length of Procedure (min) (median, IQR) ® 34 (19-63) 48.5 (33.75-111.75) 0.003
TICI Score (mean, SD) 4 (x1.5) 4 (x1.3) 0.129
TICI=2b (%) 186 (86.9%) 19 (86.4%) >0.999
Stent implantation (%) 30 (14%) 7 (31.8%) 0.029
Tirofiban (%) 18 (8.4%) 6 (27.3%) 0.005
CM dosage (ml) (median, IQR) 42 (28-70) 73.5 (52.5-112) <0.001
CM total (diagnostic+ MT) (ml) (median, IQR) 118 (81-142) 160 (134-195) 0.001
CM dosage = 140ml (%) 57 (34.6%) 16 (72.7%) <0.001

ACA anterior cerebral artery, ASPECTS Alberta Stroke Program Early CT Score, BA basilar artery, CM contrast medium, CrCl creatinine
clearance, ICA internal carotid artery, /NR international normalized ratio, /QR interquartile range, M1 M1 segment of the medial cerebral artery,
M2 M2 segment of the medial cerebral artery, NIHSS National Institutes of Health Stroke Scale, PCA posterior cerebral artery, sICH symptomatic

intracranial hemorrhage, TICI thrombolysis in cerebral infarction, tPA tissue plasminogen activator, WBC white blood cell count
“Data from 201 patients (184 no sICH, 17 sICH)
"Data from 235 patients (213 no sICH, 22 sICH)
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Table 2 Regression model with continuous and categorical independent variables and symptomatic intracranial hemorrhage

Multiple regression model

Regression coefficient SE OR (95% CI) P Value
Model 1 Glucose = 11.1 mmol/L 0.337 0.701 1.401 (0.354-5.540) 0.630
CrCl <£30ml/min/1.73 1.492 0.777 4.445 (0.969-20.391) 0.055
ASPECTS -0.289 0.093 0.749 (0.625-0.899) 0.002
ICA occlusion 0.425 0.559 1.529 (0.511-4.578) 0.448
Stent implantation -0.745 1.197 0.475 (0.045-4.964) 0.534
Tirofiban 1.909 1.223 6.750 (0.615-74.134) 0.118
Time from onset-to-groin >4.5h 0.114 0.664 1.121 (0.137-3.964) 0.859
CM amount (per 10ml) 0.121 0.052 1.129 (1.019-1.250) 0.020
Model 2 Glucose = 11.1 mmol/L 0.383 0.699 1.467 (0.373-5.775) 0.584
CrCl <30ml/min/1.73 1.430 0.787 4.177 (0.894-19.528) 0.069
ASPECTS <6 1.301 0.637 3.673 (1.055-12.792) 0.041
ICA occlusion 0.732 0.547 2.079 (0.711-6.079) 0.181
Stent implantation -0.765 1.166 0.465 (0.047-4.576) 0.512
Tirofiban 1.642 1.187 5.164 (0.505-52.863) 0.167
Time from onset-to-groin >4.5h 0.374 0.573 1.453 (0.472-4.470) 0.514
CM dosage = 140ml 1.689 0.570 5.412 (1.770-16.551) 0.003

ASPECTS Alberta Stroke Program Early CT Score, CM contrast medium, CrCI creatinine clearance, /CA internal carotid artery

in sICH is not entirely clear but identifying these factors
could reduce the risk of sICH and its associated morbidity
and mortality. In particular, the abrupt increase in perfusion
pressure following MT may lead to a reperfusion injury
enhancing tissue damage [18, 29]. Another intriguing risk
factor appears to be the amount of CM given during the
MT procedure. This study reports an independent associa-
tion between CM amounts > 140ml and sICH. In addition,
we replicated the impact of several known predictors of
sICH.

Contrast media are considered neurotoxic since they in-
crease the BBB permeability due to their toxic effect on the
basal lamina [18]. Contrast media neurotoxicity is thought
to be due to their hyperosmolarity compared to blood. Non-
ionized CM have less osmolarity than ionized ones. Due to
their safer profile, non-ionized CM are preferred for most
radiological interventions. Intra-arterial hyperosmolar so-
lutions cause the exit of water from the endothelial cells,
thus opening the tight junctions and allowing BBB damage
[30]; however, a study in rabbits demonstrated greater BBB
permeability with non-ionized CM than with mannitol, the
osmolarity of which is twice that of the CM, suggesting that
BBB damage occurs mainly due to their chemotoxic prop-
erties rather than due to hyperosmolarity [31]. Moreover,
some evidence suggests that contrast-induced adverse reac-
tions are related to injection dosage and speed. Patients with
injection doses =100ml and an injection speed of =5ml/s
were at higher risk of experiencing contrast-induced ad-
verse reactions [32]. Although Kathri et al. demonstrated
an association between higher numbers of contrast injec-
tions via microcatheter and intracranial hemorrhage, they
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could not demonstrate an association with the total dose of
CM applied [20]. Therefore, our study adds a novel aspect
regarding the CM used during MT and its association with
sICH.

In animal studies, hyperglycemia has been associated
with more extensive cerebral infarction, severe BBB dis-
ruption, and greater hemorrhagic transformation than nor-
moglycemia [33]; however, unlike other studies in which
baseline glucose was an independent predictor for sICH
(such as the ASIAN score [8] or TAG score [7]), we were
not able to prove baseline glucose as an independent pre-
dictive factor of sSICH; however, in the univariate analysis,
a subgroup with admission glucose =11.1 mmol/l showed
a statistically significant increase in bleeding complications
but statistical significance could not be replicated in the
logistic regression.

Lower ASPECTS (<6) is another well-known predictive
factor for sICH and our findings are in concordance with
previous studies [5, 7, 8].

Amazingly, incomplete reperfusion (TICI score <2b)
was not associated with sICH in the present study. A pos-
sible explanation for the lack of association in our study
may relate to the low rates of incomplete reperfusion in
both groups (13.6% vs. 13.1% in patients with and without
sICH, respectively) as compared to the TAG score deriva-
tion study, where the incomplete reperfusion rates were
much higher (15.3% in the no sICH group vs. 47.4% in
the sICH group) [7].

We can deduce that patients with large cerebral infarcts
leading to a severe disruption of the BBB, combined with
high doses of CM for diagnostic and procedural purposes,



Contrast Neurotoxicity and its Association with Symptomatic Intracranial Hemorrhage After Mechanical Thrombectomy 967

are at particular risk of sICH because both these factors
potentiate their damaging effect.

Based on our results, we hypothesize that patients with
large cerebral infarction (ASPECTS <6) and high amounts
of CM used during MT are at higher risk of sICH.

The group of sICH, as shown in Table 1, had higher glu-
cose levels at presentation, had more frequent renal failure
(measured by CrCl £30ml/min/1.73), had lower ASPECT
scores, and had more ICA occlusions. Those patients with
ICA occlusion received an ICA stent and were treated with
tirofiban post-procedurally, and the time from onset to groin
puncture was >4.5h. One explanation why the sSICH group
received more CM is that these patients underwent signif-
icantly more stent implantations than the non-sICH group,
and this intervention directly implies more lengthy proce-
dures.

Limitations of our study include its relatively small sam-
ple size and retrospective, single-center design. We could
not accurately document the time from onset to groin in an
ordinal manner, only as categorical variable as (> or <4.5h),
and the number of passes during MT to achieve reperfu-
sion. The generalizability of our results without these de-
tails could be limited, and even though our sICH ranges
are consistent with other publications [2, 4, 8], our results
should be interpreted carefully. Since there is only evidence
that microcatheter injections of CM are associated with in-
tracranial hemorrhage, and no studies compared the CM
amount with the incidence of sICH so far, it is impossible
to reliably generate a cut-off value beyond the risk of sICH
increases. The cut-off value we used (=140ml) was arbi-
trarily predefined. It is well-known that not all of the CM
used is administered entirely to the patient; for example,
some milliliters will be discarded when mixed with blood,
and the difficulty of precisely measuring the amount of CM
administered is also a limitation to consider. We do not in-
clude the number of passes or maneuvers in the statistical
analysis because this information was only available in 57%
of the cohort population.

Another point to consider is that in patients with more
complicated interventions, the procedure takes longer. This
is precisely the case in our study, where the procedures in
the SICH group were significantly longer (p=0.003), im-
plying more maneuvers (passes) to achieve reperfusion and
a more significant amount of CM complicating the inter-
action of adverse factors. Logically, the more passes for
reperfusion are needed, the greater the amount of CM ad-
ministered.

The collateral status is another important point that could
not be evaluated in this retrospective study but should be
considered in future prospective clinical trials since there is
evidence that good collaterals are associated with decreased
rates of sSICH [34].

A crucial question for future clinical trials is whether the
number of maneuvers needed for recanalization primarily
facilitates intracranial bleeding due to mechanical side ef-
fects of the catheter leading to endothelial injury or whether
the amount of CM favors intracranial bleeding as the main
culprit.

Our study shows a clear association between the amount
of CM used during MT with sICH, especially in patients
with large infarcts.

Our main findings may also be of scientific relevance in
that they could stimulate researchers to investigate the toxic
role of CM during MT prospectively.

Summary

Although the scientific value of this study could be limited
due to the small sample size, retrospective design, and lack
of control of all potentially relevant factors, our study shows
some evidence that the administration of CM should be
carefully controlled both in the diagnostic and therapeutic
part in patients with AIS.

This paper provides evidence that the amount of CM
used during MT impacts the risk of sICH after that. Stroke
teams should be aware that the dose of CM is an indepen-
dent risk factor for SICH. More validation studies are nec-
essary to clarify prospectively what amount of CM could be
used safely in order to avoid intracranial hemorrhage after
MT.
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