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ARTICLE INFO ABSTRACT

Keywords: Purpose: The purpose of this study was to assess the efficacy of transarterial embolization in COVID-19 patients
Angiography with an arterial bleeding and to investigate differences between various patient groups concerning survival.
COVID 19

Method: We retrospectively reviewed COVID-19 patients undergoing transarterial embolization due to an arterial
bleeding in a multicenter study from April 2020 to July 2022 and analyzed the technical success of embolization
and survival rate. 30-day survival between various patient groups was analyzed. The Chi- square test and Fisher’s
exact test were used for testing association between the categorical variables.

Results: 53 COVID-19 patients (age: 57.3 + 14.3 years, 37 male) received 66 angiographies due to an arterial
bleeding. The initial embolization was technically successful in 98.1% (52/53). In 20.8% (11/53) of patients,
additional embolization was necessary due to a new arterial bleeding. A majority of 58.5% (31/53) had a severe
course of COVID-19 infection necessitating ECMO-therapy and 86.8% (46/53) of patients received anti-
coagulation. 30-day survival rate in patients with ECMO-therapy was significantly lower than without ECMO-
therapy (45.2% vs. 86.4%, p = 0.004). Patients with anticoagulation did not have a lower 30-day survival
rate than without anticoagulation (58.7% vs. 85.7%, p = 0.23). COVID-19 patients with ECMO-therapy devel-
oped more frequently a re-bleeding after embolization than non-ECMO-patients (32.3% vs. 4.5%, p = 0.02).
Conclusions: Transarterial embolization is a feasible, safe, and effective procedure in COVID-19 patients with
arterial bleeding. ECMO-patients have a lower 30-day survival rate than non-ECMO-patients and have an
increased risk for re-bleeding. Treatment with anticoagulation could not be identified as a risk factor for higher
mortality.
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1. Introduction

Coronavirus disease 2019 (COVID-19) is a viral disease caused by the
severe acute respiratory distress coronavirus 2 (SARS-CoV-2) firstly
detected in Wuhan, China, in December 2019 [1]. Although the majority
of patients experience a rather mild illness with cough and fever, up to
5% develop severe clinical symptoms with respiratory failure, shock, or
multiorgan dysfunction [2]. In patients with severe acute respiratory
distress syndrome (ARDS), extracorporeal membrane oxygenation
(ECMO) is the sole therapeutic option necessitating anticoagulation to
prevent thrombosis and potential lethal device failure [3].

Due to a frequent underlying coagulopathy, anticoagulation therapy
is a delicate balancing act in COVID-19 patients. Especially at the
beginning of the pandemic, deep vein thrombosis, pulmonary embolism,
and arterial thrombosis were frequently observed in COVID-19 patients
[4,5]. Hence, the increased risk of thromboembolic events associated
with SARS-CoV-2 [6,7] and the additional benefit of early anti-
coagulation [8] was debated extensively in the literature. A possible
mechanism might be either endothelial dysfunction where an increased
release of Angiotensin 2-converting enzyme (ACE2) by epithelial cells
leads to reduced levels of angiotensin I which acts as a vasodilator and
probably causing direct damage or a strong inflammatory response
leading to the so called “cytokine storm” imbalancing platelet produc-
tion and disruption [9-11]. Besides the well-known risk factors associ-
ated with hospitalization such as immobilization, mechanical
ventilation, and ICU treatment, COVID-19 induced coagulopathy plays a
crucial role in development of thromboembolic events [4,9,12].

The increased bleeding risks in COVID-19 patients aroused less
attention [13]. Still, disseminated intravascular coagulation is
frequently found in deceased COVID-19 patients [9]. In the literature,
bleeding rates of 3.5-8% have been reported in COVID-19 patients,
more often in elderly, male, and critically ill patients [14,15]. The ma-
jority of bleedings were observed in the gastrointestinal tract, bron-
chopulmonary system, intracranial and in the soft tissue [16,17]. These
bleedings are of considerate interest, as recent studies found an associ-
ation between an increased bleeding rate and a higher mortality in
COVID-19 patients [18,19].
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Although the complex interplay of COVID-19 infections and co-
agulations is still under investigation, active bleeding remains an
important complication in the treatment of COVID-19 patients. As sur-
gical management is associated with a considerate mortality and con-
servative management might not be sufficient due to the underlying
coagulative disorder, transarterial embolization has been advocated as a
swift and minimally invasive treatment option in these cases [10,20].
However, the reported case number is still too low to derive general
recommendations. Therefore, the aim of the present study was to assess
the safety and outcome of transarterial embolization of arterial bleed-
ings in COVID-19 infected patients and to investigate differences be-
tween various patient groups concerning survival.

2. Materials and methods

For this retrospective study, data from nine university hospitals in
Germany were collected. COVID-19 patients <18 years with arterial
bleeding referred to the radiological department that underwent a
diagnostic angiography for interventional treatment were included.
COVID-19 had to be confirmed either by an antigen test or polymerase
chain reaction with a nasal and/or oropharyngeal swab Exclusion
criteria were a patient age of less than 18 years, the termination of the
procedure prior to the acquisition of angiographic images, missing
clinical or radiological records and the lack of a positive COVID-19 test.
Datasets from nine tertiary care hospitals in Germany from April 2020 to
July 2022 were analyzed. All required data were obtained from the
clinical, radiological, and laboratory reports. Ethical approval was
confirmed by the respective ethic committees of the participating cen-
ters, which was in accordance to the Declaration of Helsinki. The
requirement to obtain informed consent was waived due to the retro-
spective nature of this study (approval number: 22-10857-BO, approval
date: 02.08.2022).

2.1. Bleeding diagnostics and treatment

By default, patients with clinical suspicion of active bleeding un-
derwent CT imaging of the chest and/or abdomen with intravenous

n=>54

Patients with active bleeding

Patients excluded (n=1)

*  Patient died before angiography

n=>53

Final study cohort

—

—

Embolization successful, no additional
intervention necessary
(n=30)

Second embolization
(n=11)

Additional surgery (n=13)

*  Active bleedingn=4

* Hematoma evacuationn=8
+  Small bowel perforation n =1

Third embolization (n=2)

Fig. 1. Flowchart of the study cohort.
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Table 1
Baseline characteristics of the study cohort.
Demographics All patients Patients with Patients without Pvalue  Patients with Patients without P
(n =53) ECMO (n = 31) ECMO (n = 22) Anticoagulation (n = Anticoagulation (n = 7) value
46)
Age (years) 57.3 £14.3 56.7 £ 9.3 58.1 £19.5 0.74 59 +12.9 46.3 £ 19.2 0.03
Sex 30.2% (16/ 29% (9/31) 31.8% (7/22) 1 30.4% (14/46) female 28.6% (2/7) female 1
53) female female female
Height (cm) 173.8 £10.5 174.5 £ 9.5 172.7 £ 12.2 0.58 172.6 +10.1 180 £+ 10.8 0.04
Weight (kg) 85.1 £ 20.5 87.2 £22.4 81.5+17.1 0.35 84.6 +£21.3 88 +14.7 0.7
Comorbidities
None 34% (18/53) 38.7% (12/31) 27.3% (6/22) 34.8% (16/46) 28.6% (2/7)
Yes 66% (35/53) 61.3% (19/31) 72.7% (16/22) 0.56 66.4% (31/46) 57.1%% (4/7) 1
Diabetes 30.2% (16/ 29% (9/31) 31.8% (7/22) 32.6% (15/46) 28.6% (2/7)
53)
Hypertension 49.1% (26/ 48.4% (15/31) 50% (11/22) 50% (23/46) 42.9% (3/7)
53)
Cardiovascular 35.8% (19/ 35.5% (11/31) 36.4% (8/22) 39.1% (18/46) 14.3% (1/7)
disease 53)
Kidney disease 15.1% (8/ 9.7% (3/31) 22.7% (5/22) 15.2% (7/46) 14.3% (1/7)
53)
Oncological 3.8% (2/53) 3.2% (1/31) 4.5% (1/22) 2.2% (1/46) 14.3% (1/7)
disease
Organ 3.8 (2/53) 0% (0/31) 9.1% (2/22) 4.3% (2/46) 0% (0/7)
transplantation
02 treatment during
hospitalization
None 15.1% (8/ 0% (0/31) 36.4% (8/22) 8.5% (4/46) 57.1%% (4/7)
53)
0? treatment 84.9% (45/ 100% (31/31) 63.6% (14/22) <0.001 91.5% (42/46) 42.9% (3/7) 0.007
53)
Dialysis
Yes 47.2% (25/ 58.1% (18/31) 31.8% (7/22) 0.09 46.8% (21/46) 57.1% (4/7) 1
53)
No 52.8% (28/ 31.7% (13/31) 68.2% (15/22) 53.2% (25/46) 42.9% (3/7)
53)
COVID-19 specific
medication
None 67.9% (36/ 67.7% (21/31) 68.2% (15/22) 68.1% (31/46) 71.4% (5/7)
53)
Yes 32.1% (17/ 32.3% (10/31) 31.8% (7/22) 0.63 31.9% (15/46) 28.6% (2/7) 1
53)
contrast media and at least an arterial and venous phase in a multi- 2.2. Statistics

detector CT to confirm a bleeding and identify its origin. If a bleeding
was detected, the therapeutic concept was discussed between the
responsible physician, surgeons, and an interventional radiologist. Pa-
tients considered as eligible for embolization were transferred to the
angiographic suite for treatment. In exceptional cases, the patients were
transferred to the angiography suite without prior CT diagnostics
because the bleeding location was already known, and further di-
agnostics and treatment was performed.

Femoral or radial access was used for sheath insertion. Through a
guiding catheter, a microcatheter was navigated to the previously
identified vascular territory and angiography was performed. The target
vessel was catheterized selectively for embolization. The choice of the
embolizing agent depended on the interventional radiologists’ prefer-
ences and experience as well as the on the patient’s anatomy and the
position of the bleeding site. Here, either glue (e.g. Histoacryl, B. Braun,
Melsungen, Germany; Glubran, GEM Srl, Viareggio, Italy; Onyx Liquid
Embolic System, Medtronic, Dublin, Ireland), particles (uncalibrated
particles e.g. Contour PVA Embolization particles, Boston Scientific,
Marlborough, UAS, or calibrated particles e.g. Embozene Microspheres,
Boston Scientific, Marlborough, USA), micro coils (e.g. IDC Detachable
Embolization Coils, Boston Scientific, Marlborough, USA; Hilal Embo-
lization Cook Coils, COOK Medical, Bloomington, USA), gelantine
sponge, or a mixture of the previously mentioned materials was used. At
the end of the intervention, the puncture site was closed either by a
vascular closure device (Angioseal, Terumo Corporation, Japan or Per-
close ProGlide, Abbott Vascular, Redwood City, USA) or by manual
compression.

Continuous variables are presented as mean with standard deviation
in case of normal distribution or as median with range. Categorical
variables are presented as count. The Chi-square test and Fisher’s exact
test were used for testing association between categorical and the Mann-
Whitney-U test or t-test for continuous variables. To assess the influence
of ECMO-treatment, anticoagulation, intensive care unit (ICU) treat-
ment, COVID-19 specific medication, comorbidities, and the need for
additional treatment on survival, a comparison between the different
subgroups was compared concerning the 14-day and 30-day survival
rate. Additionally, Kaplan Meyer curves were used to assess the impact
of ECMO-treatment and anticoagulation on survival and analyzed using
the log-rank test. p < 0.05 was considered as statistically significant.
Because of the exploratory nature of this study, no correction for a-error
accumulation was performed. All statistical analyses were carried out
with SPSS 28.0 (IBM, Chicago, USA) and R4.2.0 (R Core Team, 2022).

3. Results
3.1. Patients’ characteristics

The initial dataset consisted of 54 patients. One patient died in the
angiography suite prior to any kind of invasive maneuver and was
therefore excluded from further analysis. Hence, this retrospective study
included 53 patients (16 female, 37 male), aged from 23 to 90 years
(mean 57.7 + 14.3 years) from nine different university hospitals in
Germany (Fig. 1). In 15.1% (8/53), patients experienced a mild course of
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Table 2
Site of active arterial bleeding in COVID-19 patients.

Site of bleeding Interventions (n = 66)

Thoracic wall

Head and neck
Bronchopulmonary system
Lumbar artery
Gastrointestinal tract
Inguinal region
Abdominal wall

27.3% (18/66)
12.1% (8/66)
10.6% (7/66)
9.1% (6/66)
9.1% (6/66)
6.1% (4/66)
6.1% (4/66)

Pelvis 6.1% (4/66)
Gynecological tract 4.5% (3/66)
Retroperitoneum 3% (2/66)
Liver 3% (2/66)
Splenic artery 1.5% (1/66)
Kidney 1.5% (1/66)

the disease with symptoms such as cough and/or fever without the need
for oxygen treatment during hospitalization. In 84.9% (45/53), a more
severe course was observed and oxygen treatment (e.g. via nasal can-
nula, high flow ventilation, mechanical ventilation) was necessary. In
total, 90.6% (48/53) of patients required ICU treatment and 58.5% (31/

European Journal of Radiology 165 (2023) 110892

53) necessitated ECMO-therapy. 86.8% (46/53) of patients received
anticoagulation therapy. Except for one patient (3.2% (1/31)) who did
not receive anticoagulation as an individual therapy concept due to a
spontaneous prolonged activated clotting time, all other ECMO-patients
received anticoagulation (96.8% (30/31)). On average, embolization
was performed 19 + 16.7 days after admission (see Table 1 for further
patient characteristics).

3.2. Bleeding diagnostics and treatment

In total, 66 endovascular interventions were performed in 53 pa-
tients. In 20.8% (11/53) of patients, a second embolization was neces-
sary after initial embolization. On average, the additional intervention
was performed 7.1 + 11 days after the initial procedure. A third
embolization was necessary in selected cases (3.8%, 2/53). In the ma-
jority of cases, re embolization was performed at the same location in
76.9% (10/13). Before the angiography, in 95.5% (63/66) of cases a CT
scan was performed, 4.5% (3/66) were directly transferred to the
angiographic suite. The bleeding site was most often localized in the
thoracic wall in 27.3% (18/66), head and neck in 12.1% (8/66), fol-
lowed by the bronchopulmonary system in 10.6% (7/66), the lumbar

Fig. 2. A 66-year-old male patient with COVID-19 infection necessitating ECMO treatment developed a multifocal, active arterial bleeding from the right deep
circumflex iliac artery with a large hematoma in the CT in the arterial (A) und porto-venous phase (B). (C) In the angiography, extravasation of contrast media from
the deep circumflex iliac artery could be seen and endovascular treatment was performed. The deep circumflex iliac artery was occluded with coils and glue to stop
the bleeding. (D) In the control series, no extravasation of contrast media could be detected.
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Fig. 3. A 60-year-old male patient with COVID-19 infection without ECMO or anticoagulation treatment developed an active arterial bleeding from the inferior
gastric artery with a large hematoma in the CT in the arterial (A) und porto-venous phase (B). (C) In the angiography, extravasation of contrast media from the
inferior gastric artery could be seen and endovascular treatment was performed. The inferior gastric was occluded with coils gelantine sponge to stop the bleeding.

(D) In the control series, no extravasation of contrast media could be detected.

arteries and the gastrointestinal tract in 9.1% (6/66), respectively. The
bleeding was localized in 6.1% (4/66) either in the pelvis, the inguinal
region or in the abdominal wall and in 4.5% (3/66) in the gynecological
tract. Less frequently, bleeding was found in the retroperitoneum or in
the liver (3% (2/66), respectively), or arising from the splenic artery or
the kidney (1.5% (1/66), respectively, see Table 2). Spontaneous
bleeding was observed in 69.7% (46/66). Iatrogenic bleeding occurred
in 30.3% (20/66), most frequently after chest tube placement in 50%
(10/20), placement of central venous catheters in 25% (5/20), and in
5% (1/20) after ECMO cannulation, kidney biopsy, trauma, TIPPS, and
reanimation, respectively.

In all 66 interventions, a transfemoral access was used. An additional
transradial access was necessary in one patient for additional stent im-
plantation to stop the bleeding. Various embolic agents were used: glue
31.8% (21/66), micro coils 51.5% (34/66), particles 51.5% (34/66),
and a gelatin sponge in 10.6% (7/66). A mixture of the above-mentioned
products was used in 69.7% (46/66). In 98.1% (52/53) of patients, the
embolization was technically successful, and the patients could be
transferred to the ward afterwards (Figs. 2, 3, 4). One patient died in the
angiographic suite from a cardiogenic shock (1.9% (1/53)). In 24.5%
(13/53) of patients, additional surgery was needed. However, only in

7.5% (4/53) of patients, surgery was necessary to control the bleeding.
In the other cases, surgery was necessary for hematoma evacuation in
15.1% (8/53) and because of small bowel perforation in 1.9% (1/53).
Additional re-embolization was significantly more frequent in ECMO-
patients than in non-ECMO-patients (32.3% (10/31) vs. 4.5% (1/22),
p = 0.02).

3.3. Survival analysis

A total of 52.8% (28/53) of patients were alive at the cutoff date of
the analysis (01.09.2022). The average time to discharge was 38 + 49
days after the initial intervention. 47.2% (25/53) of patients died. The
average timepoint of death was 12 + 25 days after the intervention. The
causes of death were either multiorgan failure in 44% (11/25), different
types of shock (hemorrhagic, septic, or cardiogenic) in 32% (8/25), or
respiratory insufficiency in 12% (3/25). In 12% (3/25) of patients, the
causes of death was unclear. In the entire study population, 14-day
survival rate was 75.5% (40/53) and 30-day survival rate was 67.9%
(36/53) after the initial procedure.

In ECMO-patients, 14-day survival rate was 67.7% (21/31) and 30-
day survival rate was 45.2% (14/31). According to Fisher’s exact test,
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Fig. 4. A 59-year-old male patient with a COVID-19 induced ARDS necessitating venous-venous-ECMO treatment (yellow arrow pointing at the cannulas in A, non-
contrast enhanced CT) developed a spontaneous active arterial bleeding and large thoracic hematoma probably originating from a subclavian artery side branch
(yellow arrow in B, contrast enhanced CT). After access via the right groin, the bleeding was confirmed via aortography and an origin from of a lateral branch of the
thyrocervical trunk was identified as a bleeding source (C, yellow circle). By selective probing of the mentioned branch with a microwire and catheter, the catheter
was advanced to the bleeding source. Combined particle and coil embolization was performed until stasis in the target vessel was reached (D).

no significant differences were observed for the 14-day survival rate
(ECMO-patients 67.7%, non-ECMO-patients 90.1%; p = 0.09). However,
the 30-day survival rate (ECMO-patients 45.2%, non-ECMO-patients
86.4%; p = 0.004) was significantly lower in ECMO-patients
compared to the rest of the analyzed cohort. According to the log rank
test, survival was significantly longer in non-ECMO than in ECMO-
patients (xz = 3.9897, p = 0.046, Fig. 5A).

If patients receiving anticoagulation therapy, 14-day survival rate
was 76% (35/46) and 30-day survival rate was 58.7% (27/46) after the
initial intervention. No statistically significant differences between pa-
tients with or without anticoagulation were observed regarding the 14-
day survival rate (anticoagulation 76%, no anticoagulation 85.7%; p =
0.68), the 30-day survival rate (anticoagulation 58.7%, no anti-
coagulation 85.7%; p = 0.23) and the log rank test (y2 = 0.038732, p =
0.0844, Fig. 5B).

In patients with and without the need for ICU treatment, similar 14-

day (ICU treatment 74.4%, no ICU treatment 100%, p = 0.32) and 30-
day survival rates (ICU treatment 57.4%, no ICU treatment 100%, p
= 0.07) were found according to Fisher’s exact test. No significant dif-
ferences concerning the two survival rates were observed concerning the
presence of comorbidities (14-day survival: with comorbidities 71.4%,
no comorbidities 88.9%, p = 0.19; 30-day survival: with comorbidities
62.9%, no comorbidities 61.1%, p = 1) as well as COVID-19 specific
treatment (14-day survival: with COVID-19 specific treatment 64.7%, no
COVID-19 specific treatment 83.3%, p = 0.17; 30-day survival: with
COVID-19 specific treatment 52.9%, no COVID-19 specific treatment
66.7%, p = 0.38) according to the Fisher’s exact test.

There was no statistically significant difference in 14-day und 30-day
survival if a second treatment (e.g. embolization or surgery) was
necessary according to Fisher’s exact test (14-day survival rate: addi-
tional therapy (e.g. embolization or surgery) needed: 88.9%, no addi-
tional therapy needed 68.6%, p = 0.18; 30-day survival rate: additional
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Fig. 5. Kaplan-Meyer analysis of survival in COVID-19 patients with arterial bleeding undergoing transarterial embolization (A: ECMO-therapy B: anticoagulation).

therapy needed 72.2%, no additional therapy needed 57.1%, p = 0.37;
see Table 1).

4. Discussion

In the present study, we aimed to assess the safety and outcome of
transarterial embolization of bleedings in COVID-19 patients. The
pooled data from nine tertiary care centers yielded two major findings.
First, we could show that COVID-19 patients with ECMO-therapy
necessitating embolization had lower survival rate after transarterial
treatment compared to non-ECMO-patients. Additionally, repeated
embolizations were significantly more frequent in ECMO-patients than
in non-ECMO-patients. Anticoagulation therapy, however, did not seem
to have a significant impact on survival rates or the need for repeated
treatment in COVID-19 patients undergoing transarterial embolization.

COVID-19 induced coagulopathy does not only increase the risk of
thromboembolic events, but also for the development of major bleedings
[14]. This major complication is discussed less in the current literature
and its multifactorial etiology is, to date, not fully understood [9].
COVID-19 induced coagulopathy does not only increase the risk of
thromboembolic events, but also for the development of major bleedings
[14]. In addition, despite the positive effects of anticoagulation therapy
associated with the reduced occurrence of thromboembolic events, the
negative side effects of this therapy increase the risk for arterial bleed-
ings [18]. Therefore, the dosage of anticoagulation is key to minimize
the risk of major bleedings and to ensure patient safety [10,14]. Anti-
coagulation treatment was administered in 86.8% of patients in our
study. However, a significant impact on survival rates was not observed
here. Additionally, we did not find significant differences in the need for
repeated transarterial embolizations between patients with and without
anticoagulation therapy. Still, it remains difficult to identify risk factors
leading to major bleedings, and consequently, to a potentially worse
outcome in a multimorbid patient group. Consecutively, the prevention
of bleedings is of special interest in patients necessitating ICU treatment
or even ECMO-therapy, which is known to be associated with increased
bleeding risk [12].

ECMO therapy is associated with a high mortality ranging from 45%
to 55.6% [3,21]. Even before the COVID-19 pandemic, major bleeding

was a relevant problem in ECMO-patients. The incidence of major
bleedings was described with 39.4% in patients with venous-venous and
with 51% in patients with veno-arterial ECMO [22].

In COVID-19 patients with respiratory failure, ECMO-therapy is a
frequent rescue therapy and is associated with a survival rate between
51% and 62.9% [23,24]. COVID-19 patients necessitating ECMO-
therapy have higher mortality rates compared to non-COVID-19 pa-
tients which is well documented in the literature [23]. This increased
mortality rate is not only attributable to ECMO-associated thrombosis,
but also to bleeding events (e.g. caused by the need for anticoagulation,
thrombozytopenia, hypofibrinogenemia etc). Here, the probability of
bleeding events is associated to the duration of ECMO treatment
[25,26]. The results of our study demonstrate the significant negative
impact of ECMO treatment on survival, which can be also observed in
patients requiring transarterial embolization. However, these results
must be interpreted with caution. In multimorbid patients, it is difficult
to identify an isolated cause of death. As ECMO treatment is only per-
formed in patients with severe COVID-19 infections, it is highly possible
that the cause of death could not only be attributed to the bleeding, but
to other factors caused by the infection as well. Hence, ECMO treatment
could be considered an important confounder in the present scenario.
Another indicator for this interpretation is the fact that we observed a
significant increase in the need for repeated embolizations in ECMO-
patients compared to non-ECMO-patients. However, patients necessi-
tating repeated interventions did not show lower survival rates. As the
success rate was very high in the present analysis, transarterial embo-
lization should be considered the method of choice to treat bleedings in
COVID-19 patients, if technically feasible. As a variety of embolic agents
was used in most cases, these interventions have to be considered as
challenging, underlining the need to treat severely ill COVID-19 patients
in tertiary care centers.

In addition to COVID-19 induced coagulopathy, there are several
factors which have an effect on the severity of the disease and the
mortality rate [27]. Studies show that especially older patients, patients
with comorbidities, and critically ill patients needing ICU treatment
have a higher mortality rate [27-29]. Furthermore, the literature de-
scribes the presence of chronic renal failure or the development of acute
renal failure with dialysis as a factor associated with increased mortality
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[30,31]. However, this factor could not be identified as a risk factor in
critically ill patients [32], which represent the majority in our study
population. Furthermore, neither comorbidities, nor dialysis could be
identified as a risk factor with a lower survival rate. Therefore, ECMO-
therapy might be the most important confounder associated with the
illness severity in COVID-19 patients. Further analyses might be neces-
sary to specify further predictive factors.

Our study has some limitations. Due to the retrospective and multi-
center design, differences in patient selection, interventional technique,
and the interventionalists’ experience level might have a potential
impact on the treatment results. Additionally, our conclusions are
limited by the missing control groups receiving either sole conservative
or surgical treatment, as well as control group consisting of non-
infectious patients. However, the severity of the disease requires a
maximum treatment effort, thus, reducing the clinical and ethical
practicability of these study designs. A further limitation of the pre-
sented study is the difficulty to assess the cause of death as well as the
cause of bleeding in a retrospective study design. In patients with iat-
rogenic bleedings, for example, it is impossible to decide whether the
bleeding was caused by the procedure alone or occurred due to COVID-
19 associated coagulopathy after an intervention, which would have
been tolerated in patients without COVID-19 infection. Therefore, this
differentiation was not made in the present analysis.

Our results shows that transarterial embolization is a feasible, safe,
and effective procedure for treatment for active arterial bleeding in
COVID-19 patients. Critically ill patients necessitating ECMO-therapy
have a lower 30-day survival rate than non-ECMO-patients and have a
higher risk to develop re-bleeding needing additional interventions.
Anticoagulation could not be identified as a risk factor for survival.
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