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Chloé Extrat, Sylvain Grange, Alexandre Mayaud, Loı̈c Villeneuve, Clément Chevalier,

Nicolas Williet, et al.

Transarterial Embolization for Active Gastrointestinal Bleeding: Predictors of Early Mortality
and Early Rebleeding
Reprinted from: J. Pers. Med. 2022, 12, 1856, doi:10.3390/jpm12111856 . . . . . . . . . . . . . . . . 106

Pierre-Antoine Barral, Mariangela De Masi, Axel Bartoli, Paul Beunon, Arnaud Gallon,

Farouk Tradi, et al.

Angio Cone-Beam CT (Angio-CBCT) and 3D Road-Mapping for the Detection of Spinal
Cord Vascularization in Patients Requiring Treatment for a Thoracic Aortic Lesion:
A Feasibility Study
Reprinted from: J. Pers. Med. 2022, 12, 1890, doi:10.3390/jpm12111890 . . . . . . . . . . . . . . . . 119

Eva Jambon, Yann Le Bras, Gregoire Cazalas, Nicolas Grenier and Clement Marcelin

Pelvic Venous Insufficiency: Input of Short Tau Inversion Recovery Sequence
Reprinted from: J. Pers. Med. 2022, 12, 2055, doi:10.3390/jpm12122055 . . . . . . . . . . . . . . . . 129
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The field of vascular interventional radiology has witnessed remarkable advancements,
transforming the landscape of patient care for both vascular and non-vascular pathologies.
Through minimally invasive techniques, we can now offer therapeutic alternatives with
reduced complications to patients who are not eligible for conventional treatments. With
the emergence of personalized therapies tailored to specific pathologies, disease stages, and
patient characteristics, we find ourselves at the forefront of a new era in medicine where
treatments are uniquely tailored to each individual.

This Special Issue of the Journal of Personalized Medicine features a comprehensive
collection of 16 articles, primarily focusing on embolization, a major theme in vascular
interventional radiology. Embolization techniques have revolutionized the field, providing
effective treatment options for various conditions. Within this issue, we delve into various
aspects of embolization, including the embolization of the prostatic artery [1], splenic
trauma [2], polycystic liver disease [3], soft tissue hematomas [4], pulmonary arteriovenous
malformation [5], gastrointestinal bleeding [6], and even emerging themes such as muscu-
loskeletal embolization [7]. These articles showcase the breadth and depth of research in
the field, offering insights into the latest advancements and personalized approaches in
embolization therapies.

One prominent focus of this issue revolves around prostatic artery embolization, an
increasingly promising technique for treating benign prostatic hyperplasia. The articles
within this issue present invaluable insights, offering tips and tricks to enhance the precision
of the procedure using real-time navigation [8] devices and showcasing the benefits of
radial access in facilitating outpatient management [9]. These techniques not only bolster
the safety and efficiency of the procedure but also lead to reduced patient recovery times.

While embolization techniques have effectively addressed vascular pathologies, in-
terventional radiology goes beyond vessel occlusion to include vessel recanalization. In
cases of mesenteric ischemia, for instance, revascularization procedures have offered new
avenues for treatment, restoring blood flow to ischemic organs and improving patient
outcomes [10]. Furthermore, interventional radiologists have played a crucial role in en-
hancing vascularization by deploying stents in carotid arteries to improve blood supply to
the brain [11,12]. Hence, interventional radiology not only occludes vessels but also serves
as a powerful tool to reestablish perfusion, ultimately enhancing the overall management
of various medical conditions.

In addition to its therapeutic applications, vascular interventional radiology is crucial
in the diagnostic realm. By integrating the latest guidance technologies, such as cone beam
CT, interventional radiologists can obtain detailed preoperative mapping for complex aortic
surgeries [13]. New game-changing technologies such as 4DCT are helping to optimise
patient exposure to X-rays for increasingly complex treatments [14]. In the same vein,
this issue shows the contribution of MRI in diagnosing pelvic congestion syndrome, a
condition often misdiagnosed or misunderstood, causing chronic pain and significant health
challenges [15]. The synergy between advanced imaging techniques and interventional
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radiology empowers clinicians to make informed decisions, resulting in safer and more
effective patient treatments.

Beyond vascular pathologies, several articles shed light on the application of vascular
interventional radiology in treating non-vascular pathologies, including tendon pathol-
ogy [7] and hepatocellular cancer [16]. These contributions underscore the importance
of comprehending the underlying pathophysiology of these conditions and developing
personalized therapeutic approaches.

Collectively, the articles published in this Special Issue of the Journal of Personalized
Medicine underscore the pivotal role of vascular interventional radiology in contemporary
clinical practice. These advances provide patients with innovative, minimally invasive
treatment alternatives that reduce complications and enhance their overall quality of life.
As personalized medicine continues to evolve, vascular interventional radiology is poised
to play an increasingly significant role in delivering tailored treatments that cater to the
specific requirements of individual patients.

In conclusion, we extend our gratitude to the authors for their valuable contributions
to this Special Issue. Their research and insights hold immense potential to shape the
future of vascular interventional radiology, driving the paradigm of personalized medicine.
We encourage readers to delve into the articles and embrace the transformative power of
innovative interventions in their pursuit of enhanced patient care.
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Abstract: Objectives: To evaluate short- and long-term safety and efficacy of embolization with Onyx®

for recurrent pulmonary arteriovenous malformations (PAVMs) in hereditary hemorrhagic telangiectasia
(HHT). Methods: In total, 45 consecutive patients (51% women, mean (SD) age 53 (18) years) with
HHT referred to a reference center for treatment of recurrent PAVM were retrospectively included from
April 2014 to July 2021. Inclusion criteria included evidence of PAVM recurrence on CT or angiography,
embolization using Onyx® and a minimal 1-year-follow-up CT or angiography. Success was defined based
on the standard of reference criteria on unenhanced CT or pulmonary angiography if a recurrence was
suspected. PAVMs were analyzed in consensus by two radiologists. The absence of safety distance, as
defined by a too-short distance for coil/plug deployment, i.e., between 0.5 and 1 cm, between the proximal
extremity of the primary embolic material used and a healthy upstream artery branch, was reported.
Results: In total, 70 PAVM were analyzed. Mean (SD) follow-up was 3 (1.3) years. Safety distance criteria
were missing in 33 (47%) PAVMs. All procedures were technically successful, with a short-term occlusion
rate of 100% using a mean (SD) of 0.6 (0.5) mL of Onyx®. The long-term occlusion rate was 60%. No
immediate complication directly related to embolization was reported, nor was any severe long-term
complication such as strokes or cerebral abscesses. Conclusions: In HHT, treatment of recurrent PAVM
with Onyx® showed satisfactory safety and efficacy, with an immediate occlusion rate of 100% and a
long-term rate of 60%.

Keywords: hereditary hemorrhagic telangiectasia; Rendu–Osler–Weber disease; thorax; arteriovenous
malformations; embolization

1. Introduction

Arteriovenous malformations are defined as abnormal connections between an artery
and a vein and are a common symptom of a rare autosomal dominant orphan disease, the
hereditary hemorrhagic telangiectasia (HHT) [1]. Pulmonary arteriovenous malformations
(PAVMs) are reported in 30–50% of HHT patients [2]. Because of their abnormal connection,
PAVMs bypass the filter of the capillary bed, causing a right-to-left shunt with a high risk
of embolic strokes and cerebral abscesses for the patients [3–6].

J. Pers. Med. 2022, 12, 1091. https://doi.org/10.3390/jpm12071091 https://www.mdpi.com/journal/jpm4
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Embolization is the standard of care for PAVM treatment [7–9]. However, up to
25% of successful embolizations require second treatment due to PAVM recurrence [9,10].
The embolization agents used in the treatment of recurrent PAVMs are solid embolic
materials such as coils or plugs. Embolization may be performed according to two different
techniques: embolization upstream of the previous embolic materials, more common
and technically easier, or embolization downstream of the previous embolic materials,
technically difficult but more effective [11]. However, in some cases, retreatment may not
be possible because of a too-short afferent artery in case of failure of repeated embolizations
(use of numerous coils) or difficult access through the pre-implanted materials [12]. In
these cases, the last resort is then surgery.

An ethylene vinyl alcohol copolymer (Onyx®), a liquid embolic agent with physico-
chemical properties allowing safe and distal embolization, was recently validated in the
treatment of cerebral arteriovenous malformations [13]. It was shown to be non-adherent,
to have a progressive solidification, a good cohesion, a high vascular penetration and a very
weak inflammatory effect on the endothelium [14]. In the lungs, its use for the treatment of
naïve treated PAVM is deemed at too high a risk because of its specific architecture showing
high flow in the shunt. However, in the case of recurrent PAVM with a lower flow because
of the pre-implanted materials, its use may be an appropriate alternative to solid embolic
materials and may allow overcoming inaccessible PAVM embolization.

The objectives of this study were to evaluate in the short- and long-term the safety and
efficacy of embolization with Onyx® for recurrent pulmonary arteriovenous malformations
in HHT.

2. Materials and Methods

2.1. Study Design

This was a monocentric retrospective study in a reference center. It was approved by
the local institutional review board; written consent was waived in accordance with the
retrospective character of the study. Clinical, biological and imaging data for all the patients
included were extracted from the HHT National Reference Centre database (CIROCO).

2.2. Study Population

In total, 62 consecutive patients were retrospectively reviewed from April 2014 to
July 2021; 45 patients were eligible for the study, consisting of 70 embolization procedures
(flow chart). Inclusion criteria were the following: HHT diagnosis based on the Curaçao
criteria [1], evidence of PAVM recurrence on CT and/or angiography, embolization using
Onyx® and a 1-year follow-up CT or angiography examination.

2.3. Clinical and Biological Data

The standard clinical follow-up consisted of an annual consultation with an HHT
specialist at our center, with a pneumologist or with organ specialists when necessary
(e.g., hepatologist, cardiologist or neurologist). Clinical and biological parameters were
recorded during hospitalization and during follow-up to evaluate the embolization safety
and efficacy.

2.4. Follow-Up Imaging Protocol

Standard imaging follow-up consisted of unenhanced chest CT one year after em-
bolization. Recurrence was diagnosed based on the standard of reference criteria [8]:
efferent vein longer than 2.5 mm and/or increased diameter of the efferent vein or aneurys-
mal sac. A pulmonary CT angiography or a pulmonary angiography was then performed
to conclude the presence of recurrence. This allows defining two groups, i.e., a long-term
occlusion (LTO) group for patients with persistent occlusion at follow-up and a short-term
occlusion (STO) group for patients with occlusion immediately after embolization but with
recurrence at follow-up.
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2.5. Pulmonary Arteriovenous Malformation Imaging

Two radiologists (with 1 and 6 years of experience) reviewed in consensus, in a random
order, all imaging data, i.e., CT before embolization, follow-up CT, pulmonary angiography
during embolization and recurrence follow-up pulmonary angiography. In case of difficulty
in reaching a consensus, a third radiologist with 15 years of experience was consulted.
The radiologists were blinded to patient, PAVMs status and patient’s clinical history for
all evaluations. Among the multiple PAVM characteristics collected on CT images, the
radiologists recorded the absence of safety distance defined as a too-short distance for
coil/plug deployment, i.e., between 0.5 and 1 cm, between the proximal extremity of the
primary embolic material used and a healthy upstream artery branch. Recurrence was
defined on pre-embolization pulmonary angiogram as recanalization (on the axis perfused
by flow through a previously placed coil nest), reperfusion (embolized feeder occluded but
presence of small feeders from adjacent normal pulmonary arteries) or both.

Further methods details are provided in Appendix A.

2.6. Embolization

Embolization was performed using the routine procedures of our institution, via a
common femoral venous access, under local anesthesia. Catheterization was performed
using a 5 French catheter through the pulmonary artery and then with a microcatheter to
reach a point as distal as possible within the feeding artery so as to deposit the embolic
material (Onyx® 18 or coils).

Concerning the embolic material, a dimethyl sulfoxide compatible microcatheter
was required to perform supra-selective catheterization of the feeding artery. Onyx®

embolization needed flushing of the microcatheter with a saline solution and then with
dimethyl sulfoxide to fill the microcatheter’s “dead space”. Onyx® was injected slowly
into the feeding artery. It was stopped if a leakage in the upstream arterial branches
or in the aneurysmal sac downstream of the embolic materials* was identified on non-
subtracted angiography. Immediately after embolization, the efficiency of the treatment
was evaluated on a selective non-subtracted angiography to confirm the correct deployment
of the embolic material (within, downstream or upstream of the previous embolic material)
and on angiography to confirm the complete occlusion (absence of vein opacification) and
the pulmonary vascularization in the non-involved arterial territory.

2.7. Statistical Analysis

Statistical analyses were performed using the Prism software package (version 8,
GraphPad) and the SPSS software (IBM_SPSS Statistics 21; 2020).

All p-values < 0.05 were considered significant. Data are expressed as means ± stan-
dard deviations (SD) for normally distributed variables and as medians and interquartile
ranges (IQR). Categorical variables are described as frequencies and percentages. Differ-
ences in diameter for the efferent vein and the aneurysmal sac between pre-embolization
and follow-up CT were calculated. Ordinal qualitative variables were compared between
the two groups using a non-parametric Mann–Whitney test, and continuous variables using
a two-paired Student t-test or a Wilcoxon rank-sum test, and as function of the normality
of the variables using the d’Agostino–Pearson test.

3. Results

3.1. Study Population

In total, 45 consecutive patients (51% women, mean (SD) age 53 (18) years) were
retrospectively included from April 2014 to July 2021; 70 embolization procedures were
analyzed, corresponding to a mean of 1.4 PAVM per patient (Table 1 and Figure 1). Six
PAVMs were treated a second time because of an iterative recurrence after a mean (SD)
period of 1.9 (0.7) years. The mean (SD) follow-up period was 3 (1.3) years. Seventeen (24%)
PAVMs were treated with a combination of coils and Onyx® because of the poor efficacy of
the coils and the absence of distance safety after their deployment.
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Table 1. Characteristics of patients.

Population 45

Women 23 (51)
Mean age (SD) (years) 53 (18)

Mean BMI (SD) 25.8 (6.2)
Diabetes mellitus 4 (9)

Tobacco 18 (40)
Mean oxygen saturation (range) 96.3 (92–100)

Curacao criteria
Family history of HHT symptoms 45

Epistaxis 43 (96)
Telangiectasia 41 (91)

Liver AVM 7 (16)
Gastro-intestinal AVM 5 (11)

Brain AVM 3 (7)
HHT severe complications

Hemoptysis 3 (7)
Brain abscess 5 (11)

Stroke 7 (16)
Mutation

HHT1/ENG 36 (80)
HHT2/ALK1 5 (11)

SMAD4 0 (0)
Unknown/unconfirmed 4 (9)

Unique PAVM 18 (40)
Multiple PAVM 27 (60)

PAVM—pulmonary arteriovenous malformation; HHT—hereditary hemorrhagic telangiectasia; ENG—endogline;
SD—standard deviation. Unless otherwise indicated, data are numbers of patients, with percentages in parentheses.

Figure 1. Study flowchart.

3.2. PAVM Characteristics before Embolization

All PAVMs were initially treated with coils. In total, 55 (86%) PAVMs were simple and
similarly distributed in the short- and long-term occlusion groups (STO and LTO groups,
respectively) (Table 2). The number of embolizations before Onyx® use was significantly
higher in the STO group (2.5 ± 1.3 versus 1.8 ± 1.1 in the LTO group, p = 0.01). The vein
diameter was significantly higher in the STO group, 5.5 ± 5.6 mm versus 3.4 ± 1.0 mm in the
LTO group (p < 0.01), as well as the aneurysm diameter, 8 ± 6.1 mm versus 3.4 ± 4.1 mm in
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the LTO group (p < 0.01). Recanalization through the embolic materials was found in 98% of
the cases in the LTO and 100% in the STO group. On pulmonary angiography, there was no
safety distance in 33 (47%) PAVMs, 17 (60%) PAVMs in the LTO group and 16 (43%) PAVMs in
the STO group (Table 2).

Table 2. Pulmonary arteriovenous malformation data before embolization in the overall population
and in the two groups (short- and long-term occlusion).

Criteria Total Long-Term Occlusion Short-Term Occlusion p

Previous procedures 70 (100) 42 (60) 28 (40) NA
PAVMs naive from Onyx® 64 (91) 40 (95) 24 (86) 0.166

PAVMs previously treated with Onyx® 6 (9) 2 (5) 4 (14) 0.166
Simple PAVMs 61 (87) 36 (86) 25 (89) 0.664

Complex PAVMs 9 (14) 6 (15) 3 (13) 0.664
Mean number of embolizations before onyx per PAVM (SD) 2.0 (1.1) 1.8 (1.1) 2.5 (1.3) 0.01

Mean number of recurrence before Onyx® per PAVM 0.9 (1.1) 0.7 (1.0) 1.4 (1.2) <0.01
PAVMs first treated with coils 70 (100) 42 (100) 28 (100) 1.00

PAVMs first treated with plugs and coils 2 (3) 2 (5) 0 0.245
Length between aneurysm and plug/coil < 10 mm 43 (61) 27 (64) 16 (57) 0.550

Vein diameter (mm) 4.2 (3.7) 3.4 (1.0) 5.5 (5.6) <0.01
Aneurysm diameter (mm) 5.1 (5.4) 3.4 (4.1) 8 (6.1) <0.01

Lobar location
Upper right lobe 13 (19) 9 (21) 4 (14) 0.455

Middle lobe 7 (10) 4 (10) 3 (11) 0.872
Lower right lobe 22 (31) 11 (26) 11 (39) 0.251
Upper left lobe 6 (9) 5 (12) 1 (4) 0.226
Lower left lobe 22 (31) 13 (31) 9 (32) 0.917

Absence of safety distance 33 (47) 17 (60) 16 (43) 0.174
Mechanism of recurrence

Recanalization 69 (98) 41 (98) 28 (100) 0.414
Reperfusion 10 (14) 7 (17) 3 (11) 0.489

Both 9 (13) 6 (67) 3 (23) 0.664
Incomplete primary treatment 0 0 0 1.000

Territory potentially at risk
Lobar 2 (3) 1 (2) 1 (4) 0.771

Segmental 18 (26) 9 (21) 9 (32) 0.318
Sub-segmental 50 (71) 32 (76) 18 (64) 0.284

PAVM—pulmonary arteriovenous malformation. Unless otherwise indicated, data are numbers of initially treated
PAVMs with percentages in parentheses.

3.3. Safety

No immediate complication related to the injection of dimethyl sulfoxide and Onyx®

was reported. A mild anaphylactic reaction was reported during the pulmonary angiogra-
phy, which did not require the arrest of the procedure.

No downstream leak in the aneurysmal sac or in the efferent vein or upstream leak
in the healthy lobar arteries was reported (Table 3). Upstream leaks in the sub-segmental
arteries were reported in 39 (56%) PAVMs and in the segmental arteries in 4 (6%) PAVMs.

Table 3. Onyx® embolization data and immediate complications in all PAVMs and in the two groups,
short- and long-term occlusion.

Immediate Embolization Characteristics Total Long-Term Occlusion Short-Term Occlusion p

Per-embolization occlusion 70 (100) 42 (60) 28 (40) 1.00
Treatment type

Onyx® only 53 (76) 31 (74) 22 (79) 0.65
Onyx® + coils 17(24) 11 (26) 6 (21) 0.65

Onyx® volume, mL (SD) 0.6 (0.5) 0.5 (0.3) 0.7 (0.6) 0.23
Onyx® distribution **

Upstream 48 (69) 30 (71) 18 (64) 0.53
Inside coiling 51 (73) 28 (67) 23 (82) 0.16
Downstream 13 (19) 7 (17) 6 (21) 0.62

Upstream + inside 29 (41) 16 (38) 13 (46) 0.49
Downstream + inside 13 (19) 7 (17) 6 (21) 0.62

Upstream + inside + downstream 5 (7) 2 (5) 3 (11) 0.35
Upstream leak outside the target

At a lobar level 0 0 0 1.00
At a segmental level 4 (6) 2 (5) 2 (7) 1.00

At a sub-segmental level 39 (56) 25 (60) 14 (50) 0.68
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Table 3. Cont.

Immediate Embolization Characteristics Total Long-Term Occlusion Short-Term Occlusion p

Perfusion defect in healthy territory
Lobar territory 0 0 0 1.00

Segmental territory 0 0 0 1.00
Sub-segmental territory 20 (29) 13 (31) 7 (25) 0.59

Downstream leak in draining vein or aneurysmal sac 0 0 0 1.00
Downstream leak in systemic circulation 0 0 0 1.00

Procedure time, min (SD) 105 (34) 110 (33) 99 (35) 0.15
Volume of contrast agent, mL (SD) 110 (49) 116 (50) 102 (47) 0.19

Adverse events during
hospitalization time 5 (7.1) 2 (2.8) 3 (4.3) 0.35

Allergy 1 (20) 0 1 (33.3) 0.22
Chest pain 1 (20) 0 1 (33.3) 0.22

Pleural effusion 0 0 0 1.00
Lung distal infarction 3 (60) 2 (100) 1 (33.3) 0.81

Lung infection 0 0 0 1.00
Brain abscess 0 0 0 1.00

Stroke 0 0 0 1.00
Access site complication 0 0 0 1.00

** Onyx distribution was characterized according to its presence within the pre-implanted embolic materials
and/or downstream and/or upstream of it. Unless otherwise indicated, data are numbers of pulmonary arteri-
ovenous malformations, with percentages in parentheses.

No pulmonary perfusion defect was reported in the lobar and segmental lung territo-
ries, and 20 (29%) defects were reported in sub-segmental territories. Lung infarctions were
reported in three (7%) patients. They resolved spontaneously without requiring longer
hospitalization or level 3 analgesics except for one patient for whom it was symptomatic
with a 3-day hospitalization. All patients experienced a garlic smell following the dimethyl
sulfoxide injection for a couple of days, with no other side effects.

No long-term migration of the Onyx® in the thoracic region was reported, neither
brain abscess nor strokes. Hemoptysis due to systemic recruitment of the bronchial arteries
from the PAVM was reported in two cases, 3.5 years after retreatment by Onyx® in the first
case, related to the systemic reperfusion of a PAVM treated with coils only for the second
case. Both were treated by embolization using coils in the bronchial territories.

3.4. Short-Term Efficacy

All procedures were technically successful with complete occlusion of the feeding
artery. Procedure times were comparable between the LTO and STO groups (110 ± 33 min
versus 99 ± 35 min, p = 0.15), as well as the volume of Onyx® delivered (0.5 ± 0.3 in the
STO versus 0.7 ± 0.6 mL in the LTO group, p = 0.23) (Table 3). Onyx® filled the inside of
the previously delivered coils in 73% of cases and the upstream artery in 69% of cases. Case
examples are provided in Figures 2–6.

9



J. Pers. Med. 2022, 12, 1091

 

Figure 2. Case examples of a 68-year-old man (A–C) and 48-year-old man (D–F) treated for a simple
recurrent pulmonary arteriovenous malformation. In both cases, digital subtraction angiography
unsubtracted images showed a distance >10 mm between the first coil and the aneurysmal sac, which
is considered a risk factor for recanalization. (A–C). Embolization was performed using Onyx®

(0.3 mL) to fill the afferent artery in and downstream of the pre-implanted coils and resulted in an
immediate complete occlusion, maintained after 23 months follow-up. No leak in the aneurysm or
in the vein was reported. (A). Opacification of the afferent artery showed a recanalization through
the pre-implanted coils (full arrowhead). (B). Opacity within, downstream and upstream of the
coils (empty arrowheads) showed the distribution of Onyx® without any evidence of a leak in the
aneurysmal sac. (C). Opacification of the afferent artery showed the absence of opacification of
the aneurysmal sac and the efferent vein in favor of immediate occlusion. The opacification of the
healthy arterial branch did not reveal any perfusion defect. (D–F). Embolization was performed
using Onyx® (0.4 mL) to fill the afferent artery in and downstream of the pre-implanted coils and
resulted in an immediate complete occlusion, with a recurrence 36 months after the procedure. No
leak in the aneurysm or in the vein was reported. (D). Opacification of the afferent artery showed a
recanalization through the pre-implanted coils (full arrowhead). (E). Opacity within, downstream and
upstream of the coils (empty arrowheads) showed the distribution of Onyx® without any evidence
of a leak in the aneurysmal sac. (F). Opacification of the afferent artery showed the absence of
opacification of the aneurysmal sac and the efferent vein in favor of immediate occlusion.
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Figure 3. Case example of a 57-year-old woman treated for a simple recurrent pulmonary arteriovenous
malformation (PAVM) in the lower left lobe. Digital subtraction angiography unsubtracted images showed
a distance between the last coil and a healthy arterial branch too short to add additional coils. Embolization
was thus performed using Onyx® (0.4 mL) to fill the afferent artery within the pre-implanted coils and
resulted in an immediate complete occlusion, maintained after 13 months follow-up. No leak in the
aneurysm or in the vein was reported. A leak upstream the coils in the segmental artery was reported
without any consequence on lung perfusion (empty arrowhead). (A). Opacification of the afferent artery
of a PAVM showed a recanalization through the pre-implanted coils (arrowhead). (B). Opacity in the
coils and afferent artery showed the distribution of Onyx®, with an upstream leak in a segmental arterial
branch (empty arrowhead). (C). Opacification of the afferent artery showed the absence of opacification of
the aneurysmal sac and the efferent vein in favor of immediate occlusion. The opacification of the healthy
arterial branch did not reveal any perfusion defect.

 

Figure 4. Case example of an 18-year-old man treated for a complex recurrent pulmonary arteriove-
nous malformation in the middle lobe. Digital subtraction angiography unsubtracted images showed a
recanalization in two different segmental feeder arteries (A–F). Embolization was performed using Onyx®
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(0.5 mL in each artery) to fill the afferent artery upstream and within the pre-implanted coiling and
resulted in an immediate complete occlusion, maintained after 43 months follow-up. No leak in
the aneurysm or in the vein was reported. (A). Opacification of an afferent artery (full head arrow)
showed a recanalization through the pre-implanted coils. (B). Opacity upstream and in the last
coil (empty arrowhead) showed the distribution of Onyx® without any evidence of a leak in the
aneurysmal sac or proximal arterial branch. (C). Opacification of the afferent artery showed the
absence of opacification of the aneurysmal sac and the efferent vein in favor of immediate occlusion.
The opacification of the healthy arterial branch did not reveal any perfusion defect. (D). Opacification
of a second afferent (full head arrow) artery showed a recanalization through the pre-implanted coils.
(E). Opacity upstream of the coils showed a leak of Onyx® (empty arrowhead) without evidence
of any leak in the aneurysmal sac. (F). Opacification of the afferent artery showed the absence of
opacification of the aneurysmal sac and the efferent vein in favor of immediate occlusion. The
opacification of the healthy arterial branch did not reveal any lung perfusion defect.

 

Figure 5. Case example of a 37-year-old woman treated for a simple recurrent pulmonary arteriove-
nous malformation in the lower right lobe. Embolization was performed using Onyx® (0.5 mL) to fill
the afferent artery within the pre-implanted coils and resulted in an immediate complete occlusion,
maintained at 34 months follow-up. No leak in the aneurysm or in the vein was reported, but a leak in
the upstream sub-segmental arteries was identified. (A). Opacification of the afferent artery showed a
recanalization through existing coiling. (B). Opacity within and upstream of the pre-implanted coils
(empty arrowheads) showed the distribution of Onyx®, with a leak in a proximal arterial branch.
(C). Opacification of the afferent artery showed the absence of opacification of the aneurysmal sac and
the efferent vein in favor of immediate occlusion. An altered opacification in the upstream branch
(full arrowhead) was identified due to the leak of Onyx®. (D). The one-year follow-up chest CT
showed a distal lung infarction related to embolization. Of note, the patient did not suffer from chest
pain or pleural effusion after the embolization procedure.

 

Figure 6. Case example of a 35-year-old man treated for a recurrent simple pulmonary arteriovenous
malformation in the right lower lobe. The pulmonary angiograph showed a distance between the last coil
and a healthy arterial branch too short to add additional coils. Embolization was thus performed using
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Onyx® (0.4 mL) to fill the afferent artery upstream and in the pre-implanted coils, without any
leak neither in the aneurysm nor in the vein. It resulted in an immediate complete occlusion until
46 months after the procedure when a recurrence was reported. (A). Opacification of the afferent
artery of a PAVM in the lower right lobe showing a recanalization through the pre-implanted coils.
(B). Opacity in and upstream (empty arrowheads) the coils showing the distribution of the Onyx®,
without any evidence of a leak in the aneurysmal sac, but with a leak in the small arterial branches.
(C). Opacification of the afferent artery showing the absence of opacification of the aneurysmal
sac and the efferent vein in favor of immediate occlusion. A perfusion defect was identified in a
sub-segmental territory (full head arrow), not related to a symptomatic lung infarction.

3.5. Long-Term Efficacy

Recurrence was suspected on CT in 27 patients (60%), a total of 42 PAVMs. Recurrence
was further evaluated with pulmonary angiography for 30 PAVMs (25 examinations,
71%), among which 13 (43%) did not show evidence of recurrence, or with pulmonary
CT angiography for 12 PAVMs (29%), among which one (8%) did not report recurrence
evidence. Overall, 14 (47%) PAVMs showed no evidence of recurrence despite a non-
reduction of the vein or aneurysm diameter (Table 4).

Table 4. PAVM follow-up data in the overall population and in the two groups, short- or long-
term occlusion.

Long Time Follow-Up Total Long-Term Occlusion Short-Term Occlusion p

Number of PAVMs 70 (100) 42 (60) 28 (40)
Follow-up time, months (SD) 34.8 (15.3) 25.2 (13.0) 34.1 (16.7) 0.5

Tobacco consumption 28 (40) 14 (33.3) 14 (50) 0.111
Pack-year of tobacco (SD) 9.3 (17.3) 8.8 (2.8) 11.8 (3.1) 0.133

PAVM characteristics
Aneurysm diameter, mm (SD) 3.9 (4.7) 2.1 (3.2) 7.0 (5.1) <0.001

Vein diameter, mm (SD) 2.9 (1.2) 2.4 (0.9) 3.8 (1.0) <0.001
Difference in aneurysm

diameter, mm (SD) * 22.9 (37.2) 40.5 (39.1) 4.4 (24.4) <0.01

Difference in vein diameter,
mm (SD) * 18.7 (21.7) 29.9 (18.2) 0.04 (12.1) <0.001

Complications
Brain abscess 0 0 0

Stroke 0 0 0
Hemoptysis 2 0 2
Hemothorax 0 0 0

PAVM—pulmonary arteriovenous malformation; SD—standard deviation. Unless otherwise indicated, data are
numbers of patients, with percentages in parentheses. * Difference in size was calculated as a proportion of size
reduction between baseline and follow-up CT.

A persistent occlusion with a mean reduction between before and after embolization
of the aneurysm and vein diameter of 40% and 30% were reported in 42 (60%) PAVMs. On
CT follow-up, the vein was significantly larger in the LTO group (3.8 ± 1.0 mm diameter
versus 2.4 ± 0.9 mm in the STO group, p < 0.001) as well as the aneurysm (7.0 ± 5.1 mm
versus 2.1 ± 3.2 mm, respectively, p < 0.001). To note, the after rate of success was 56.2% in
PAVM treated only once with Onyx®.

4. Discussion

In this retrospective study conducted in an expert center, the safety and efficacy of
the Onyx® liquid embolic agent were demonstrated for the embolization of recurrent pul-
monary arteriovenous malformation in a hereditary hemorrhagic telangiectasia population.
This technique allowed distal endovascular embolization, particularly for PAVMs not eli-
gible for additional coils or plug embolization because of a high risk of occlusion of the
collateral branch. All procedures were technically successful, with an immediate occlusion
rate of 100%. In the long term, a 60% occlusion rate was reported, with no complications
related to the embolization procedure.

Treatment of recurrent PAVM is a challenge. The success rates found in the literature
vary from 0 to 80% [11,12,15,16]. In the present study, the long-term occlusion rate was
60%, with a specific 58% rate for recanalized PAVMs and 67% for both recanalized and
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reperfused PAVMs, in accordance with previous studies. Woodward et al. showed a 66%
occlusion rate in 38 PAVMs and 83% for recanalized PAVMs [10]. Another team, Milic et al.,
showed a 42% occlusion rate in 33 PAVMs (19 patients) [12]. Additionally, embolization
failed in 20% of the cases due to the absence of distance safety.

Some baseline variables were significantly different in the success and failure groups
and may be determinant factors to consider before embolization. Recurrent PAVMs of
the failure group presented the highest number of embolotherapy before retreatment
with Onyx®, which may indicate a complicated and refractory type of PAVMs. They also
presented large veins and aneurysms, which was not found in a previous study that showed
that smaller PAVMs were associated with a higher rate of reperfusion [17]. The presence of
a large feeding artery was shown to be a factor of recurrence [12] but was not evaluated
in this study because of the pre-implanted embolic materials. Last, the proportion of
PAVMs with coils deployed at more than 10 mm from the aneurysm, considered a factor
of recurrence [12], was slightly higher in the STO group. Altogether, in our study, the
recurrent PAVMs treated with Onyx® were comparable to those treated with standard
embolic materials in previous studies.

This study reports, to our knowledge, for the first time, results of embolization of
recurrent PAVMs using Onyx®. The choice of this embolic material was supported by the
need to fill the pre-implanted materials, as shown in more than 70% of cases in which
Onyx® filled the coils packing. Contrary to the glue, Onyx® does not present adhesive
properties when in contact with the arterial walls but has “filling” properties which may
have facilitated its use for slow and controlled distribution around the pre-implanted
materials. It was supported by the lack of a safety distance between the pre-implanted
materials and healthy collateral, as reported in 47% of the PAVMs treated. The criteria
for embolization arrest were defined before the study started in consensus by our team,
based on previous data of Onyx® embolization in other locations and on our experience in
limiting the risk of a leak in the systemic circulation and in healthy pulmonary territories.
Despite the evidence for treating the nidus in addition to the feeding artery in PAVM
naïve of embolization [18,19], we avoided downstream leakages by stopping the procedure
when Onyx® would go past the materials, which occurred in 19% of cases. However, no
further leak was reported neither in the aneurysm nor in the efferent vein or in the systemic
circulation, as confirmed during angiography or follow-up chest CT. The procedure was
also stopped when Onyx® would go upstream of the pre-implanted embolic material
in a healthy arterial branch. Nevertheless, in 69% of cases, an upstream leak in a non-
involved arterial branch was reported, which opens to injection techniques under flow
control [20]. Despite this high proportion, only 29% of these cases presented a perfusion
defect on pulmonary angiography, from which only 4% of the patients reported a distal
lung infarction, which was quasi-asymptomatic and resolved spontaneously. This low rate
of perfusion defect, compared to the number of leaks in collaterals, may be explained by the
non-obstructive deposition of Onyx® within the healthy artery, hardly differentiable from
an obstructive deposition due to the opacity of this material on pulmonary angiogram. In
addition, the low rate of lung infarctions, compared to the number of perfusion defects, may
be explained either by the presence of asymptomatic infarctions or secondary recurrences
of the embolized territory. Nevertheless, this complication is well-known and frequently
reported in the endovascular treatment of PAVM [7] and would probably have been more
frequent using coils or plugs because of the absence of a significant safety distance [21].
Finally, follow-up of some PAVMs showed no reduction in vein diameter or aneurysm
size despite persistent occlusion, which raises the question of the expected reduction in
PAVM size [8]. In our practice, we hypothesized this by a loss in vascular compliance after
iterative embolization, opening to furthermore investigations.

According to our experience, the success of the procedure was defined according to
the standard of reference, i.e., the absence of vein opacification during pulmonary angiogra-
phy [8]. All procedures resulted in a complete occlusion immediately after Onyx® injection.
The mean injected volume was 0.6 mL, low compared to that injected for cutaneous or
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cerebral arteriovenous malformations [13]. This may be explained by the specific angioar-
chitecture of PAVMs with a limited volume spare of a recanalized feeding artery and the
absence of a nidus. That may explain that contrary to certain techniques of embolization
with Onyx® that require a waiting time for polymerization before a second injection, we
injected Onyx® continuously until the endpoint was reached.

This study has some limitations, mainly its retrospective and monocentric character.
Additionally, the lack of a reference method for the diagnosis of persistent occlusion, i.e.,
pulmonary angiography, is a limitation. This choice was based on both the current practice
in our expert center and on previous results showing sensitivity for recurrence of 98.4%
for PAVMs with a vein diameter larger than 2.5 mm (10). Nevertheless, in case of a vein
diameter higher than 2.5 mm and/or a recurrent diameter of the aneurysm sac and vein,
we performed an injected examination in order to confirm the recurrence.

5. Conclusions

Embolization with Onyx® of recurrent pulmonary arteriovenous malformations al-
lowed a short-term occlusion rate of 100% and a long-term rate of 60%, offering an addi-
tional option for the treatment of challenging recurrent pulmonary arteriovenous malfor-
mations in HHT.
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Appendix A

The images were displayed on the PACS workstation in a core lab and were analyzed
using the native images, the maximum intensity projection mode and multiplanar recon-
structions (MPRs). For CT, analysis was first performed in parenchymal window (WW:
1600 Hounsfield units (HU), WL: −600 HU); the reader was then free to adjust the window
width and the level values.

Before embolization, the following variables were collected on CT images lobar lo-
cation and morphology (simple or complex), length between aneurysm and first embolic
material, efferent vein diameter, largest aneurysm diameter, absence of safety distance (too
short distance for coil/plug deployment between the proximal extremity of the primary
embolic material used and a healthy upstream artery branch). The mechanism of recurrence
(recanalization, reperfusion or both) was collected on the pre-embolization pulmonary
angiogram. The following criteria were collected on the post-embolization pulmonary
angiogram: leak outside the target and perfusion defect in healthy zone at a lobar, seg-
mental or sub-segmental level and leak downstream in the draining vein and/or in the
systemic circulation. On the follow-up, CT and pulmonary angiogram were collected for
the following variables, the largest diameter of the aneurysmal sac and of efferent vein.
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Abstract: Background: to evaluate the safety and feasibility of a shorter time to hemostasis applied
to outpatient transradial (TR) Prostatic Artery Embolization (PAE). Methods: a retrospective bi-
institutional study was conducted between July 2018 and April 2022 on 300 patients treated by
outpatient TR PAE. Indications included lower urinary tract symptoms, acute urinary retention, and
hematuria. Mean patient height was 176 ± 6.3 (158–192) cm. The primary endpoint was safety of a
45 min deflation protocol for hemostasis. The secondary endpoint was the feasibility of PAE using TR
access. Results: technical success was 98.7% (296/300). There was one failure due to patient height.
Mean DAP/fluoroscopy times were 16,225 ± 12,126.3 (2959–81,608) μGy·m2/35 ± 14.7 (11–97) min,
and mean time to discharge was 80 ± 6 (75–90) min. All access site and embolization-related adverse
events were minor. Mild hematoma occurred in 10% (30/300), radial artery occlusion (RAO) in
10/300 (3.3%) cases, and history of smoking was a predictor for RAO. There was no major event.
Conclusion: the safety of TR PAE using a 45 min time to hemostasis was confirmed, and TR PAE is
feasible in most cases. Radial artery occlusion was still observed and may be favored by smoking.

Keywords: prostatic hyperplasia; embolization; therapeutic; endovascular procedure; radiology;
interventional; prostate

1. Introduction

Prostatic Artery Embolization (PAE) has been proposed for several years as an alterna-
tive treatment to surgery for symptomatic Benign Prostatic Hyperplasia (BPH) [1,2]. This
endovascular intervention performed by interventional radiologists (IR) has shown safety,
efficacy, and comparable outcomes to surgical results [3–6].

PAE was routinely performed during a short hospital stay using transfemoral access
(TFA). However, ambulatory PAE is spreading in most IR institutions, as immediate post-
operative symptoms are mild and well tolerated. A few reports on the use of transradial
access (TRA) in IR procedures showed safety and multiple benefits for the patient [7,8],
such as gains in per- and post-procedural comfort (less discomfort during local anesthesia
delivery; possibility for elevation of the legs during the procedure, to relieve back pain;
possibility for immediate resumption of standing position and ambulation) [9], decreased
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rate of hemorrhagic adverse events compared to TFA [10], possibility to maintain antiaggre-
gant or anticoagulant medication, shorter time to hemostasis, and faster discharge during
ambulatory stays [8].

TRA for PAE has been described with promising initial experiences in terms of feasibil-
ity and safety [9,11]. Hemostasis is obtained using a compressive band, with a step-by-step
deflation protocol, the duration of which is not yet standardized in IR procedures. As the
main challenge is avoiding subsequent post-compression radial artery occlusion (RAO),
reflections have been raised on how to reduce the incidence of this complication, among
them being the duration of compression.

In this study, an assessment of the feasibility and safety was conducted on a cohort of
patients who benefited from outpatient Transradial (TR) PAE, using a shortened deflation
protocol, with the objectives to lower the incidence of RAO and to shorten the patients’
hospital stay.

2. Materials and Methods

This retrospective, bi-institutional study was conducted on 300 male patients, mean
age 68 ± 9.7 (47–102) years, who underwent TR PAE between July 2018 and April 2022.
This TRA cohort belonged to a population of 311 consecutive patients treated with PAE,
using either TRA or Transfemoral access (TFA), all performed as an outpatient procedure.

Indications for PAE included symptomatic BPH with moderate-to-severe lower urinary
tract symptoms and failure of medical treatment, acute urinary retention or macroscopic
hematuria due to BPH, and were validated in clinic by a urologist and an IR. Pre-procedural
patient assessment was performed as previously described [12].

Ambulatory PAE was performed under local anesthesia (center 1) or anesthesia and
neurolept analgesia (center 2) using a subcutaneous peri arterial 4 mL injection of licodaïne
mixed with 1 mg of isosorbide dinitrate.

All patients were treated with the intent to use TRA to increase patient comfort and
shorten ambulatory stay. Choice for TFA was made only in cases where TRA faced a risk of
failure or morbidity, such as excessive height (>195 cm); mental condition unfit for TRA
patient installation, such as agitation or dementia; advanced atherosclerosis (defined by
a combination of at least 3 factor risks among diabetes, arterial hypertension, smoking,
and dyslipidemia in addition to a history of cardiovascular acute event); or obstacles for
catheterization in the thoracic or abdominal arterial territory.

In case of TRA, antiaggregant, Direct Oral Anticoagulant (DOA), or Vitamin K Agonist
(VKA) medications were not discontinued. When TFA was used, aspirin was maintained;
clopidogrel, ticagrelor, or DOA medications were discontinued at least 5 days prior to
embolization; and VKAs were transitorily replaced by heparin.

Oxymetric Barbeau test was performed to rule out contraindication for radial puncture,
followed by pre-operative left radial artery Doppler Ultrasound (DUS): caliber of the
radial artery at puncture site, radial artery patency (RAP), and presence of radial loop
were monitored.

Baseline characteristics of the population are presented in Table 1. At time to proce-
dure, 26/300 patients (8.7%) were under anticoagulant medication and 27/300 (9%) under
antiaggregant medication. Mean radial artery diameter at puncture site was 2.5 mm ± 0.3
(1.7–3.6), and mean patient height was 176 ± 6.3 (158–192) cm.

TRA was always performed on the left side, as previously described [9,11], using
a dedicated 5-Fr sheath for radial puncture (Merit medical, Salt Lake City, UT, USA),
composed of a 21-G needle and a 0.018-inch guide wire. In rare situations of a radial
artery diameter between 1.7 and 2 mm, a dedicated thinner 5-Fr sheath was used (Terumo
Corporation, Tokyo, Japan). Sheath was inserted under ultrasound guidance according to
the Seldinger technique.

When patient height was between 175 and 195 cm, “proximal” TRA (pTRA) was
performed: radial artery puncture was performed 5 to 10 cm proximally to the usual radial
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puncture site at an extra-muscular location. When patient height exceeded 195 cm, TFA
was chosen.

Table 1. Baseline characteristics of study cohort prior to PAE.

Variable Study Cohort (n = 300)

Age, years 68 ± 9.7 (47–102)
Height, cm 176 ± 6.3 (158–192)

Radial artery diameter at puncture site, mm 2.5 ± 0.3 (1.7–3.6)
Medication at procedure 53 (17.7)

Aspirin medication 22 (7.3)
Clopidogrel medication 1 (0.3)

Aspirin and clopidogrel medication 2 (0.7)
Aspirin and ticagrelor medication 2 (0.7)

DOA/VKA/Heparin 26 (8.7)
Indication for PAE
Bothersome LUTS 241 (80.3)
Urinary retention 51 (17)

Macroscopic hematuria 8 (2.7)

IPSS 19 ± 6.9 (4–35)
QOL score 6 ± 1.1 (2–7)

IIEF-15 45 ±19.3 (4–77)
Prostate volume, mL 92 ± 45.2 (22–280)

Maximum urinary flow, mL/s 8 ± 5 (2.4–31)
Post-voiding residue, mL 98 ± 123 (0–810)

Total PSA, ng/mL 7 ±5.6 (0.31–28)
Note: values are presented as mean ± SD (range) or as number, n (%). PAE: prostatic artery embolization; DOA:
direct oral anticoagulant; VKA: vitamine K ntagonist; LUTS: lower urinary tract symptoms; IPSS: international
prostatic symptoms score; QOL: quality of Life; IIEF: international index of erectile function; PSA: prostatic
specific antigen.

Following sheath insertion, an antispasmodic and antithrombotic mix of 1 mg of
isosorbide dinitrate, 2.5 mg of verapamil, and 3000 IU of heparin was injected in the radial
artery through the sheath, after dilution in 20 mL of blood. No additional heparin was
injected during the procedure.

TR PAE was performed using a 125 or, when needed, a 135-cm long 5-Fr catheter
(Merit medical), a hydrophilic angulated 0.035 guide wire (Terumo Corporation), a 150-cm
long microcatheter (Merit medical), a 0.014′ micro guide wire (Boston Scientifics,
Malborough, MA, USA), and 300–500 μm calibrated trisacryl microparticles (Merit Medi-
cal) until complete stasis, as previously described [13]. Coil protection was used in elective
cases to prevent extra-prostatic non-target embolization [14,15].

TFA was performed on the right side, using a 5-Fr sheath (Terumo Corporation, Tokyo,
Japan, or Cook Medical, Bloomington, IN, USA), a 100-cm long 5-Fr catheter (Terumo
Corporation), and a 130-cm long microcatheter (Merit Medical).

Technical success for TRA was defined as completion of the procedure and at least
unilateral prostatic artery embolization. Failure was defined as an incapacity for internal
iliac or prostatic artery catheterization due to insufficient device length. In case of failure of
TRA, the procedure was completed after conversion to TFA.

After complete TR PAE, hemostasis was performed using a hemostatic band (TR
Band®, Terumo Corporation, or Prelude Sync®, Merit Medical) as follows: initial inflation
of 20 mL of air in the compressive valve was performed to permit a bleeding free sheath
retrieval, followed by progressive deflation according to the “patent hemostasis protocol”,
previously described [16]: when pulsatile reflux of blood was observed through the arteri-
otomy, 0.5 mL of air was re-inflated to stop the reflux, and palpation of distal radial pulse
was reached to confirm artery patency. A first 5 mL deflation was performed at 30 min of
compression and a final deflation of the remaining volume at 45 min. In case of bleeding
at puncture site during deflation, 2 mL was re-inflated to stop the bleeding, and deflation
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was reinitiated 15 min later until complete hemostasis. At time to hemostasis, band was
retrieved, puncture site cleaned, and a bandage was put on. Prior to this study, the deflation
protocol recommended in both institutions for 5-Fr TR embolization procedures was of a
90 min duration, with increments in deflation of 3 mL and the remaining volume at 60, 75,
and 90 min.

When patients showed arterial hypertension during hemostasis, no measure was taken
to lower blood pressure. Control ultrasound before discharge was performed in selected
cases, when radial/distal pulses were not palpated after hemostasis (suspicion of RAO) or
when bleeding occurred during/following deflation, in order to rule out pseudo-aneurysm
at the puncture site.

Patients were discharged after voiding > 200 mL, 30 to 45 min after hemostasis, and a
form was provided to report any adverse event occurring after discharge.

Follow-up consult was performed at 1, 6, and 12 months to assess clinical improvement
and monitor adverse events: severity was defined according to the Society of Interventional
Radiology Clinical Practice Guidelines [17]. The same documentation as in pre-operative
evaluation was obtained, and radial access site DUS monitored RAP and absence of pseudo-
aneurysm at one month. Criteria for clinical success were IPSS score decrease of 8 points,
QoL score decrease of at least 1 point or value ≤3, increase of 2.5 mL/s of Qmax, and
successful retrieval of indwelling catheter 15 days after PAE or resolution of hematuria.

Agreement of the Institutional Review board was obtained for this study.
The primary endpoint was safety of a 45 min deflation protocol for hemostasis, de-

scribed as absence of major adverse events, such as acute hematoma or hand pain requiring
hospitalization, and comparable rates of minor adverse events to what was previously
described in literature. The secondary endpoint was the feasibility of PAE using TRA,
consisting of technical success and no need for conversion to TFA.

Statistical Analysis

Logistic regression was used to determine predictors for access site adverse events.
Univariate and multivariate analyses were performed using R software, version 4.1.1.
Results are expressed as Odd Ratio (OR) value [95% Confidence Interval, IC] and their p
value. A p value < 0.05 was considered significant.

3. Results

Among the cohort of consecutive patients referred for PAE, TFA was chosen over TRA
in 11/311 (3.6%) patients: one patient was 197 cm tall, one had a history of kinking of
the abdominal aorta, one had a history of occlusion of the left subclavian artery, and the
8 remaining patients had advanced atheroma. Among the TRA cohort, technical success
was achieved in 296/300 (98.7%) cases. Bilateral embolization was achieved in 294/296
(99.3%) cases. The four cases of failure of TRA included one case of a painful radial loop
preventing completion of the procedure through TRA under local anesthesia, one case
showing undocumented occlusion of the left subclavian artery preventing catheterization,
one case of combined subclavian artery kinking and aortic aneurysm/tortuosity preventing
catheterization of the descendant thoracic aorta, and one case where cannulation of the
internal iliac artery was not achieved on one side because of significant iliac tortuosity
making the 135-cm long 5-Fr catheter too short for selective angiography (patient’s height
was 185 cm). Procedural characteristics of the cohort are presented in Table 2.

An angiography review revealed that 48/300 (16%) patient had an accessory prostatic
artery originating from a distal branch of the internal pudendal artery (“distal accessory
PA”) (Figure 1). No lack of microcatheter length was observed, and all but one were
successfully catheterized and embolized.

The mean procedure time was 95 ± 26.1 (45–195) min, mean fluoroscopy time and dose-
area product (DAP) were 35 ± 14.7 (11–97) min and 16,225 ± 12,126.3 (2959–81,608) μGy·m2.
Mean time to discharge was 80 ± 6 (75–90) min. Clinical success at one month following
TR PAE was 258/300 (86%).
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Table 2. Procedure characteristics of the study cohort.

Variable Study Cohort (n = 300)

Technical success 296 (98.7)
Conversion to TFA 4 (1.3)

Proximal TRA 149 (49.7)
Distal accessory PA 48 (16)

Procedure time, min 95 ± 26.1 (45–195)
Fluoroscopy time, min 35 ± 14.7 (11–97)

DAP, μGy·m2 16,225 ± 12,126.3 (2959–81,608)
Radiation skin entry, mGy 1557 ± 1098.6 (238–5958)

Closure device
TR Band 199 (66.3)

Prelude sync 101 (33.7)
Mean time to discharge after completion of

procedure, min 80 ± 6 (75–90)

Note: values are presented as mean ± SD (range) or as number, n (%). DAP: dose-area product; min: minute;
Gy: Gray; PA: prostatic artery.

Figure 1. Selective prostatic artery angiograms during transradial prostatic artery embolization. All
angiograms are performed on anteroposterior view. (a) Selective digital subtraction angiography of
the left prostatic artery, showing a full uptake of the left hemi-prostate. (b) Selective digital subtraction
angiography of the left prostatic artery following embolization, confirming complete stasis in the
artery and disappearance of the uptake. (c) Selective digital subtraction angiography of an accessory
right prostatic artery, arising from the distal part of the internal pudendal artery, and feeding both
sides of the prostate. (d) Post-embolization selective digital subtraction angiography of the right
accessory prostatic artery, confirming complete stasis and absence of uptake.
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Adverse Events

There was no major adverse event. There was no case of stroke or any neurological
event, including acute pain in the left hand.

All radial pulses were palpated at time to hemostasis. DUS was performed in
2/300 patients prior to discharge because of bleeding during deflation. Mild hematoma
at the puncture site was observed in 30 (10/%) cases, and all appeared the next day after
discharge. Among them, 4/30 patients were under an anticoagulant and 3/30 patients
were under aspirine; none were under clopidogrel medication. Univariate or multivariate
logistic regression analysis did not find any significant predictor among age, height, radial
artery diameter, pTRA, history of diabetes, arterial hypertension, smoking, dyslipidemia,
anticoagulant, or antiaggregant medication for occurrence of hematoma.

There were 2/300 (0.7%) cases of asymptomatic thrombosed pseudo-aneurysm (P-A)
of the anterior wall of the radial artery at the puncture site, both diagnosed by DUS: one
was observed at day 2 in a patient under VKA medication, who presented in clinic because
of a mild hematoma occurring the day before. This P-A had disappeared at control DUS at
one month. The second P-A was observed at one-month follow-up DUS in a patient who
was under DOA medication.

There were three cases (1%) of arteritis of the left radial artery, manifested by mild
swelling and pain in the left arm and wrist along the artery pathway. All three cases
occurred after discharge, between day 3 and day 5 following PAE, and one was associated
with RAO, which was diagnosed by DUS at the clinic at day 5. After infection was
ruled out, they were treated by oral non-steroidal anti-inflammatory drugs, antibiotics,
and painkillers and subcutaneous heparinotherapy for the case of associated thrombosis.
All evolved favorably under medical treatment within 10 days, but RAO resolved only
subcompletely because the patient decided to stop heparinotherapy at day 15.

There were 10/300 (3.3%) cases of radial artery occlusion: nine were asymptomatic
and monitored at one month by DUS, and the last one was the one associated with arteritis
and diagnosed at day 5 by DUS. No medication was given at one month to treat the
asymptomatic occlusions because the diagnosis was considered too late for initiating
anticoagulant treatment and because occlusions were asymptomatic. Two RAOs persisted
at the 6-month control DUS, one persisted at one-year, the seven other patients were
lost to follow-up. Among them, the radial artery diameters varied between 1.85 and
3 mm. Univariate logistic regression analysis found that history of smoking, radial artery
diameter < 2 mm (compared to diameter between 2 and 3 mm or <3 mm), and occurrence of
hematoma were significant predictive factors for the occurrence of occlusion (OR = 5.63 CI
[1.56; 22.62], p = 0.009; OR = 4.51 CI [0.92; 17.75], p = 0.04 and OR = 4.17 CI [0.86; 16],
p = 0.046). Multivariate logistic regression found smoking to be a significant predictive
factor for the occurrence of RAO (OR = 6.52 CI [1.49; 31.15], p = 0.013).

Access site and overall embolization-related adverse events are shown in Tables 3 and 4.
Post-embolization syndrome, including mild fever, fatigue, pelvic/anal pain, urethral burn-
ing, pollakiuria, and constipation occurring during the first 10 days were not considered
adverse events.

Table 3. Access site adverse events.

Variable Cohort (n = 300)

Stroke 0
Hand pain 0

Hematoma after discharge 30 (10)
Thrombosed pseudo-aneurism at puncture site 2 (0.7)

Arteritis 3 (1)
Radial artery occlusion 10 (3.3)

Note: values are represented as mean ± SD (range) or as number, n (%).

22



J. Pers. Med. 2022, 12, 1138

Table 4. Embolization-related adverse events.

Variable Cohort (n = 300)

Acute urinary retention 0
Urinary tract infection 2 (0.7)

Hematuria 5 (1.7)
Bladder ischemia 0

Rectorrhagia 0
Rectal ischemia 0

Balanitis 2 (0.7)
Penile glans necrotic ulcer 0

Erectile dysfunction 0
Hematospermia 6 (2)
Anejaculation 0

Note: values are presented as mean ± SD (range) or as number, n (%).

4. Discussion

4.1. Transradial Access

This study confirmed feasibility and safety of TRA during PAE. There was a low rate
of technical failure leading to the conversion to TFA (1.3%). Over the two studies available
in the literature on TRA during PAE, Isaacson et al. [9] and Bhatia et al. [11] reported no
conversion to TFA in 19 and 32 patients, respectively, but their cohorts were smaller. Still,
Bhatia reported 2/32 (6%) conversions to transulnar access.

The results in this study are similar to those of two recent studies on TRA during IR
procedures, reporting a 1/91 (1%) [18] and 4/749 (0.5%) [8] rate of conversion to TFA. In
the present study, patients in whom TRA failed were 64, 76, 81, and 91 years old. This
might suggest that risk for failure may increase with advanced age, but it needs to be
confirmed by additional studies. A 1.3% rate of failure in TRA may be of debate, but it is
to be balanced with the many benefits of this approach: in addition to those previously
described [8], significantly lower DAP and faster ambulatory discharge may be observed
compared to TFA [11].

Procedure characteristics were not compared to those of the 11 patients treated using
TFA because this TFA cohort was too small for a comparison.

4.2. Adverse Events

This study showed that access site and overall adverse events following a 45 min time
to hemostasis in TRA were all minor. To our knowledge, there is no recommended time to
hemostasis for 5-Fr TRA in IR procedures. Even though the basic deflation protocol that
was locally recommended for previous 5-Fr TR embolization procedures was of a 90 min
duration, all TR PAE procedures were performed in both institutions of this study using
this 45 min deflation protocol, and the results could therefore not be compared to those
of PAE procedures using a 90 min deflation protocol. Isaacson et al. described a deflation
protocol, but the total duration was not detailed [9]. Nakhaei et al. described in 91 TRA for
uterine fibroid embolization (UFE) a 40 min deflation protocol, with deflation increments
at 30, 35, and 40 min and with safe results [18], which supports our results.

Hematoma occurred in 10% of patients in this study. Isaacson et al. reported 11%, and
Bhatia et al. 9.4% (TRA) and 12.5% (TFA) [9,11].

In patients manifesting hematoma, anticoagulant, aspirine, or clopidogrel medication
were not predictive factors. Still, patients under DOA or VKA medications may be at
increased risk of peudoaneurysm at the puncture site. These findings need to be confirmed
in further studies.

To our knowledge, there is no report describing pTRA in the literature. pTRA is of
benefit when the patient’s height is at least 175 cm, as it may prevent the lack of catheter
length for cannulation of the IIA or distal accessory PA. Findings in this study suggest that
the safety of this puncture seems acceptable. Further studies are needed on this topic.
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There was a 3.3% rate of RAO. Isaacson et al. and Bhatia et al. reported none, but
their cohorts were smaller (n = 19 and n = 32) [9,11]. Thakor et al. reported a 0.3% of
RAO (n = 749) [8], using “patent hemostasis” [16] during TR embolization procedures.
These previous results on RAP following TRA were based on post-procedural or follow-up
clinical examination, which may underestimate the incidence of RAO compared to DUS, as
collateral supply via the superficial palmar arcade may provide retrograde arterial flow in
the radial artery at palpation site, distally to the occlusion and maintain distal pulse. This
hypothesis may explain why all patients in this study, including those who encountered
RAO, had a pulse palpated at time to discharge. Immediate RAO may not be excluded,
and control DUS prior to discharge may be of interest to unmask this event. RAO could
then be treated early by anticoagulants with a high chance of resorption of the thrombosis.
The results in this study may suggest that part of RAO persist in time, when diagnosed
“too late” at one month. Some studies in the literature reported the opposite: most cases
spontaneously resolved between discharge, 24 h, 1-, and 3-months control DUS [18,19].

This finding on RAO indicates the need for adapted deflation protocols for TR PAE:
shorter time to first increment in deflation and/or overall time of compression may
be considered.

Alternative maneuvers to reduce RAO were previously described in 5–6F cardiology
procedures in randomized studies, such as subcutaneous preprocedural injection at punc-
ture site (n = 188) [20] or intra-arterial pre-hemostasis injection (n = 1706) [21] of 500 μg
of nitroglycerin, ipsilateral ulnar artery compression adding to patent artery compression
(n = 3000) [19], with significant reduced incidence of RAO (5.4 vs. 14.4%, 8.3 vs. 11.7%, and
0.9% vs. 3%). Heparin sheath injection may play a role [22] (5000 IU in most cardiology
procedures vs. 3000 in our study). At last, additional IV injections of 1000 units of heparin
every 30 to 60 min during the procedure, to reduced risk of clotting, may be considered.

History of smoking, small caliber artery, and occurrence of hematoma were found
to be predictors for RAO. Elective control DUS prior to discharge or within the first days
following the procedure for patients in these situations may be of interest in order to early
diagnose asymptomatic RAO and start anticoagulant treatment to recover artery patency.

This study reported short-term clinical improvement of 86%. These results are compa-
rable to data in the literature [4,5,9,11].

This study has its limitations, starting with its retrospective nature, its non-randomized
nature, the limited follow-up period, and its patients lost to follow-up. This study lacked
control groups: this cohort was not compared to another cohort of patients benefitting TRA
using a 90 min deflation protocol or TFA. RAP was not monitored at one year in all patients
encountering occlusion, which may overestimate the RAO.

5. Conclusions

The safety of transradial access during outpatient PAE using a 45 min time to hemosta-
sis was confirmed and may help to shorten the time to discharge. When purposely chosen,
TRA is feasible in most cases of PAE. A low incidence of radial artery occlusion was still ob-
served and may be favored by smoking patients, small caliber arteries, and the occurrence
of hematoma. These findings need confirmation by additional studies, and there is a need
for comparison between techniques for hemostasis in randomized designs.
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Abbreviations

BPH Benign Prostatic Hyperplasia
PA Prostatic Artery
PAE Prostatic Artery Embolization
LUTS Lower Urinary Tract Symptoms
AUR Acute Urinary Retention
IR Interventional Radiologist
IRB Institutional Review Board
DSA Digital Subtracted Angiography
AP view Antero-posterior view
CBCT Cone Beam Computed Tomodensitometry
IIA Internal Iliac Artery
TR Transradial
TRA Transradial Access
TFA Transrfemoral Access
pTRA Proximal Transradial Access
RAO Radial Artery Occlusion
DOA Direct Oral Anticoagulant
VKA Vitamine K Antagonist
DUS Doppler Ultrasound
RAP Radial Artery Patency
APA Accessory Pudendal Artery
IPA Internal Pudendal Artery
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Abstract: Background: to report the safety of outpatient prostatic artery embolization (PAE) after a
significant learning curve. Methods: a retrospective bi-institutional study was conducted between
June 2018 and April 2022 on 311 consecutive patients, with a mean age of 69 years ± 9.8 (47–102),
treated by outpatient PAE. Indications included lower urinary tract symptoms, acute urinary reten-
tion, and hematuria. When needed, 3D-imaging and/or coil protection of extra-prostatic supplies
were performed to avoid non-target embolization. Adverse events were monitored at 1-, 6-, and
12-month follow-ups. Results: bilateral PAE was achieved in 305/311 (98.1%). Mean dose area prod-
uct/fluoroscopy times were 16,408.3 ± 12,078.9 (2959–81,608) μGy.m2/36.3 ± 1.7 (11–97) minutes.
Coil protection was performed on 67/311 (21.5%) patients in 78 vesical, penile, or rectal supplies.
Embolization-related adverse events varied between 0 and 2.6%, access-site adverse events between
0 and 18%, and were all minor. There was no major event. Conclusion: outpatient PAE performed
after achieving a significant learning curve may lead to a decreased and low rate of adverse events.
Experience in arterial anatomy and coil protection may play a role in safety, but the necessity of the
latter in some patterns may need confirmation by additional studies in randomized designs.

Keywords: prostatic hyperplasia; embolization; therapeutic; endovascular procedure; radiology;
interventional; prostate

1. Introduction

For about ten years, prostatic artery embolization (PAE) has been described as a novel
mini-invasive procedure and alternative treatment to surgery for symptomatic benign
prostatic hyperplasia (BPH) [1,2]. To date, the literature has shown the efficacy of PAE on
lower urinary tract symptoms (LUTSs) close to similar to surgical options, and the majority
reports fewer minor events [3–6], its safety profile being mainly based on reports assessing
PAE from 2011 to 2016 [7–10].

New evidence has since been published on anatomy [11–13] and technical achieve-
ments, such as the coil/gelatin protection of extra-prostatic supplies during PAE [14,15],
and the use of different embolic types and sizes [16,17] or new devices, such as a balloon
occlusion micro catheter [18–21], all aiming to improve efficacy and decrease non-target
embolization. Obviously, in addition to these new tools/technical evolutions, another
major asset for safety in performing PAE is the learning curve.
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No recent experience of the overall adverse events has been reported since the im-
provement of knowledge and techniques. In the present study, the results of short-term
complications following PAE performed after a significant learning curve are assessed.

2. Materials and Methods

This bi-institutional retrospective study was performed on 311 consecutive male
patients between June 2018 and April 2022, with a mean age of 69 years ± 9.8 (47–102).
Indications for PAE were patients manifesting symptomatic BPH, described as prostatic
volume >35 mL associated with moderate to severe LUTSs, defined as an international
prostatic symptoms score (IPSS) > 8 or a quality-of-life score (QoL) > 3/7, and showing
failure of optimal medical treatment, or patients with acute urinary retention (AUR) due
to BPH and failure of trial without an outer catheter after at least 48 h of alpha-blocker
medication, or BPH leading to repeated episodes of bothersome macroscopic hematuria.
The exclusion criteria were prostate or bladder cancer, urethral stricture, complicated BPH
leading to the dilatation of urinary cavities, and factors preventing the performance of PAE,
such as the occlusion of any iliac artery or advanced dementia.

Indications were validated in the clinic by a urologist and interventional radiologist.
Institutional Review Board consent was obtained from each patient for this study. The

baseline characteristics of the population are presented in Table 1.

Table 1. Baseline characteristics of the study cohort.

Variable Study Cohort (n = 311)

Age, yrs 68.7 ± 9.8 (47–102)
Height, cm 176.4 ± 6.5 (158–192)

Radial artery diameter at puncture site, mm 2.5 ± 0.3 (1.7–3.6)
Indication of PAE

Bothersome LUTSs 246 (79.1)
Urinary retention 56 (18)

Macroscopic hematuria 9 (2.9)
IPSS 18.9 ± 7 (4–35)

QoL score 6 ± 1.1 (2–7)
IIEF-15 44.8 ± 19.5 (4–77)

Prostate volume, mL 91.9 ± 47.3 (22–360)
Maximum urinary flow, mL/s 8.1 ± 5 (2.4–31)

Post-voiding residue, mL 96.6 ± 122.3 (0–810)
Total PSA, ng/mL 6.4 ± 5.6 (0.3–28)

Note: Values are presented as mean ± SD (range) or as number, n (%). PAE: prostatic artery embolization; LUTSs:
lower urinary tract symptoms; IPSS: international prostatic symptoms score; QoL: quality of life (range: 1–7); IIEF:
international index of erectile function; PSA: prostatic specific antigen.

2.1. PAE Procedure

PAE was performed during ambulatory care for all patients, with the intent to use
transradial access (TRA), for comfort issues and in order to shorten their hospital stay.
When the left TRA was unfeasible, right transfemoral access (TFA) was used. No Foley
catheter was inserted for the performance of the intervention. All patients received per-
procedure antibiopropylaxy (intravenous, 1.5 g of cefazoline or 600 mg of clindamycin in
case of an allergy to penicillin); no pre- nor post-procedural antibiotherapy was provided.
PAE was performed in a 4D CT suite (center 1) or in a c-arm floor-mounted Angio suite
equipped with a cone-beam CT (center 2), using 5-Fr TRA or TFA under local anesthesia
(center 1) or local anesthesia and intravenous neurolept analgesia (center 2) composed of a
mix of intravenous ketamine, midazolam, and fentanyl.

Following selective internal iliac angiography using a 5Fr catheter (Merit Medical, Salt
Lake City, UT, USA), the super selective catheterization and angiography of the prostatic
artery (PA) was performed on each side using a 2.0-Fr micro catheter (Merit Medical) and
0.014′ micro guide wire (Boston Scientifics, Malborough, MA, USA).
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Angio CT or cone-beam CT were performed in selected cases for the detection of the
origin of PA, as guidance for selective catheterization, or when angiography alone could
not confirm the extra-prostatic supply from the PA.

Extra-prostatic vesical, penile, or rectal supplies were occluded prior to prostatic
embolization using coil protection, as previously described [14,15]. PA with penile supplies,
previously described as “pattern B PA” [12], were routinely occluded (after angiographic
confirmation of at least the unilateral patency of the internal pudendal arteries), except for
situations of a reversed flow in the penile arteries oriented toward the apex of the prostate,
preventing the anterograde delivery of the embolic agent in the penile arteries during
embolization. Rectal supplies from the PA, named “pattern C” [12], were occluded only
when selective prostatic catheterization could not prevent early reflux in the rectal artery in
pattern C1 and routinely in case of pattern C2 (distal origin of an accessory rectal artery). In
cases of an accessory inferior vesical artery (AIVA) or a vesical anastomose originating from
the distal part of the PA, coil protection was used only when early reflux was observed
during selective prostatic angiography to prevent non-target embolization (Figure 1).

 

Figure 1. Cases of coil protection of extra-prostatic supplies during PAE and prior to microparticle
delivery for safe embolization. (A–C) present a case of coil protection of a pattern B prostatic artery
(PA). (A): selective angiography of the right PA on an ipsilateral oblique view, originating from a right
accessory internal pudendal artery (APA). Penile arteries are visible at the end of the APA (white
arrow) and distally to the prostatic arterial branches (black arrows); the penile bed should be protected
from microparticle non-target prostatic embolization (the elective location of occlusion is marked
with white asterisks). (B): repeat angiography on ipsilateral oblique view, prior to microparticle
delivery, and after a 2 and 3 mm diameter detachable microcoil insertion (white arrow). Penile supply
is occluded (penile arteries are no longer opacified) and prostatic vessels are still patent (black arrows).
(C): repeat angiography on anteroposterior (AP) view prior to prostatic embolization for confirmation
of a full uptake of the right hemi prostate. Penile supply is still occluded. (D,E) present a case of
occlusion of an accessory inferior vesical artery (AIVA). (D): selective angiography of the right PA
on ipsilateral oblique view. The tip of the microcatheter is inserted in the medial branch of the PA
(marked by a black, dotted arrow) and the lateral prostatic branch is marked by a black arrow head.
Early reflux is observed in an ipsilateral AIVA (white arrow) originating from the PA, confirming
the risk of non-target embolization. (E): repeat angiography on AP view prior to PAE and after the
insertion of a 2 mm detachable coil in the AIVA (white arrow). The vesical supply is no longer visible
and there is a full uptake of the right hemi prostate. (F,G) present a case of occlusion of rectal and
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vesical supplies. (F): selective angiography on ipsilateral oblique view of a left prostatic artery, which
carries a common trunk with a rectal artery (black arrows), described as pattern C1. There is an
associated anastomosis (arterial loop marked by a white, dotted arrow) between the PA and left
inferior vesical artery (IVA, white arrow), which needs to be occluded prior to microparticle delivery
(elective location marked by white asterisks). (G): repeat angiography on oblique view prior to PAE
and after the insertion of 2 mm detachable micro coils in the anastomosis to the IVA (white arrow)
and in the rectal artery (black arrow), confirming the occlusion of vesical and rectal supplies.

After ruling out or occluding the extra-prostatic supply from the PA, super selective
proximal PAE was performed, using 300–500 μm calibrated trisacryl microparticles, until
complete stasis. At a complete bilateral PAE, catheters were retrieved and the access site
was closed using a hemostatic band for TRA (TR band®, Terumo Corporation, Tokyo, Japan,
or Prelude Sync®, Merit Medical), or a closure device (Exoseal® 5Fr, Cordis, Miami Lakes,
FL, USA) in case of TFA. Patients were discharged 75 to 90 min (TRA) or 180 to 240 min
(TFA) after the completion of PAE.

Technical success was defined as achieving at least unilateral PAE. Clinical success
was defined as an IPPS decrease of at least 8 points, a QoL score decrease of 1 point or
score <3, the ability to stop any medication later than 15 days following PAE, the successful
retrieval of the Foley catheter at day 15, or the disappearance of hematuria. The removal of
the indwelling catheter was delayed by 10 days in case of ongoing urinary tract infection
(UTI) after elective oral antibiotic treatment.

Follow-up was performed at 1, 6, and 12 months to assess clinical success using
identical documentation as pre-procedural workup. Post-embolization syndrome and
minor/major complications following PAE were defined according to the Society of Inter-
ventional Radiology classification of complications [22], and were monitored at one month
using a standardized questionnaire filled out by the patient. Additional left radial artery
Doppler ultrasound simultaneously monitored TRA adverse events. Mid-term adverse
events were monitored at a 6-month follow-up, when a short-term adverse event was
observed at the 1-month follow-up. Patients were deemed lost to follow-up when the
questionnaire regarding adverse events was not filled out at 1 month, or when no docu-
mentation regarding an ongoing adverse event or no follow-up exams were obtained at 6-
and 12-month visits.

2.2. Statistical Analysis

The differences between the baseline and 1-month data were assessed using Student’s
paired t-test and R software, version 4.1.1. The results are expressed as mean ± SD (range)
and their p-values. A p-value < 0.05 was considered significant.

2.3. Results

A total of 315 patients were referred by the urologist for PAE (Figure 2). Over the
course of the pre-procedural assessment, prostatic MRI revealed two cases of advanced
prostatic cancer extending to the bladder neck, one case of a T2a staged prostatic cancer,
and one case of advanced bladder cancer extending to the prostate. These four patients
did not undergo PAE and were referred back to the urologist, because LUTSs were not
caused by BPH but by locally advanced cancer (n = 3) or because prostatic cancer required
oncological treatment (n = 1).
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Figure 2. Patient flowchart. PAE: prostatic artery embolization; LUTSs: lower urinary tract symptoms;
AUR: acute urinary retention; IPSS: international prostatic symptoms score; QoL: quality of life; IIEF:
international index of erectile function; PVR: post-voiding residue; Qmax: maximum urinary flow.

31



J. Pers. Med. 2022, 12, 1261

A total of 300/311 (96.4%) patients underwent transradial outpatient PAE and 11/311
(3.6%) transfemoral outpatient PAE. Bilateral embolization was performed in 305/311
(98.1%) cases. Mean DAP/fluoroscopy times were 16,408.3 ± 12,078.9 (2959–81,608)
μGy.m2/36.3 ± 15.7 (11–97) minutes. Angio CT or CBCT was needed for 10/311 (3.2%)
patients; 6 mappings of the PA, 4 to rule out extra-prostatic supplies. The procedure char-
acteristics are presented in Table 2 and the distribution of prostatic arterial vasculature in
Table 2 and Figures 3 and 4, according to Assis’s and Amouyal’s classification [11,12].

Table 2. Procedure characteristics of the study cohort.

Variable Study Cohort (n = 311)

Transfemoral access 11 (3.6)
Transradial access 300 (96.4)

Unilateral embolization 6 (1.9)
Procedure time, min 96.5 ± 27.4 (45–195)

Fluoroscopy time, min 36.3 ± 15.7 (11–97)
DAP, μGy.m2 16,408.3 ± 12,078.9 (2959–81,608)

Radiation skin entry, mGy 1585.7 ± 1115.7 (238–5958)
Mean time to discharge after completion of procedure, min 80.3 ± 7.1 (75–240)

Angiographic review and 3D-angriographic guidance
Mapping of PA 6 (1.9)

Rule out extra-prostatic supply 4 (1.3)
Coil protection of extra-prostatic supply from prostatic artery

Vesical accessory artery 23 (7.4)
Prostato-penile anastomose (pattern B) 30 (9.6)

Middle rectal artery from prostato-rectal artery (pattern C1) 20 (6.4)
Accessory rectal artery from prostato-rectal artery (pattern C2) 5 (1.6)

Hemi-Pelvis (n = 622)

Solitary prostatic artery per side 493 (79.3)
Multiple prostatic arteries par side 129 (20.7)

Note: Values are presented as mean ± SD (range) or as number, n (%). Min: minute; DAP: dose-area product; Gy:
gray; PA: prostatic artery; patterns B, C1, and C2 refer to the classification proposed by Amouyal et al.

 

Figure 3. Distribution in study cohort of the origins of the solitary prostatic arteries according to the
different patterns. Types 1 to 5 represent the possible origins of the prostatic artery (PA), according
to the Assis classification. The values are presented as a number, n. Patterns A, B, and C1 and C2
correspond to the different intra/extra-prostatic supplies of the prostatic artery in case of a solitary
PA (one artery per side, n = 493/622 (79.3%) in this study), according to the Amouyal classification.
The values are presented as a number (n) and %.

32



J. Pers. Med. 2022, 12, 1261

 

Figure 4. Distribution in study cohort of the patterns of the solitary prostatic arteries according to
the different origins. Patterns A, B, and C1 and C2 correspond to the different intra/extra-prostatic
supplies of the prostatic artery in the case of a solitary PA (one artery per side, n = 493/622 (79.3%) in
this study), according to the Amouyal classification. The values are presented as number, n. Types
1 to 5 represent the possible origins of the PA, according to the Assis classification. The values are
presented as a percentage, %.

Coil protection was considered as necessary to prevent non-target embolization in
67/311 (21.5%) patients in 78 extra-prostatic supplies. Among pattern B PAs, 30/37 (81%)
benefited from coil protection: 4 did not because of a reversed flow in the penile arteries
and 3 because the coil protection of pattern B PA had already been performed on the
contralateral side. Among C1 and C2 pattern arteries, 20/62 (32%) middle rectal arteries
were protected because of early reflux from the prostatic branch (C1) and 5/12 accessory
rectal artery (42%) (C2) when its super selective catheterization was achievable. Among
AIVA/vesical anastomoses, 23/58 (40%) required protection.

Mean follow-up was 4.35 months.
Post-embolization syndrome was observed in 264/311 (84.9%) patients, and urethral

burning and pollakiuria were the predominant symptoms. The mean duration increased
for most symptoms with prostate volume (Table 3); the overall mean durations for urethral
burning and pollakiuria were 4 ± 3.9 (0–12) and 4.2 ± 3.4 (0–12) days. There were 8/311
(2.6%) cases of transient hematospermia that spontaneously resolved within 1 to 90 days.
For each patient, control MRI did not present a seminal vesicle signal or enhancement
abnormality. The overall post-embolization symptoms and their durations according to
prostate volume are presented in Table 3.
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Table 3. Duration of post-embolization syndrome according to prostate volume.

Variable Mean Duration, Days

PV < 40 PV (40–50) PV (50–80) PV (80–100) PV > 100 Overall PV

Mild fever 0 1.4 ± 3.1 (0–7) 0.1 ± 0.3 (0–1) 0.5 ± 1 (0–2) 0.5 ± 1.5 (0–5) 0.4 ± 1.4 (0–7)

Urethral burning 1 ± 1.4 (0–2) 4.2 ± 5.8 (0–11) 3.7 ± 3.8 (0–10) 3.8 ± 3.3 (0–10) 5.1 ± 4.1 (0–12) 4 ± 3.9 (0–12)

Pollakiuria 0 2 ± 3.9 (0–9) 3.8 ± 3.2 (0–10) 4 ± 2.3 (2–9) 6.2 ± 3.1 (3–12) 4.2 ± 3.4 (0–12)

Constipation 0 1 ± 1.4 (0–3) 0.8 ± 1.1 (0–3) 0.3 ± 2.8 (0–2) 1.2 ± 1.6 (0–3) 0.7 ± 1.2 (0–4)

Pelvic pain 1 ± 1.4 (0–2) 6.4 ± 6.3 (0–15) 2.8 ± 5.3 (0–20) 2.8 ± 3.2 (0–9) 2.6 ± 3.8 (0–12) 3.1 ± 4.5 (0–20)

Anal burning/pain 0 3 ± 6.7 (0–15) 2 ± 4.3 (0–15) 0.04 ± 0.8 (0–2) 1.2 ± 2.8 (0–10) 1.5 ± 3.7 (0–15)

Hematospermia 0 7 ± 12 (0–28) 12.4 ± 25.6 (0–90) 4 ± 6 (0–16) 0 6.5 ± 17.2 (0–90)

Note: Values are represented as mean ± SD (range) or as number, n (%). PV: prostatic volume (mL) represented
as range.

2.4. Adverse Events

All adverse events were minor, most occurred in the first 21 days (Tables 4 and 5), and
all but one were monitored at the 1-month follow-up control or reported by the patient prior
to the visit. There was no major adverse event. Access-site adverse events are presented in
Table 5 and are mostly represented by hematoma.

Table 4. Embolization-related adverse events.

Variable Study Cohort (n = 311)

Acute urinary retention 0
Foley catheter-related urinary tract infection 2 (0.6)

Urinary tract infection (catheter-free) 0
Hematuria 8 (2.6)

Rectorrhagia 2 (0.6)
Balanitis 2 (0.6)

Detachment of prostatic fragment 1 (0.3)
Worsening of erectile dysfunction 1 (0.3)

Transient ejaculate volume decrease 5 (1.7)
Anejaculation 0

Bladder ischemia 0
Rectal ischemia 0

Penile glans necrotic ulcer 0
Note: Values are presented as mean ± SD (range) or as a number, n (%).

Table 5. Access-site adverse events.

Variable TRA (n = 300) TFA (n = 11)

Stroke 0 0
Hand pain 0 0
Groin pain – 2 (18)
Hematoma 30 (10) 1 (9)

Pseudo-aneurysm at puncture site 0 0
Thrombosed pseudo-aneurysm at puncture site 2 (0.7) 0

Arteritis 3 (1) 0
Radial artery occlusion 10 (3.3) –

Note: Values are represented as mean ± SD (range) or as a number, n (%). TRA: transradial access; TFA:
transfemoral access.

Embolization-related complications ranged from 0.6 to 2.6%: there were 2/311 (0.6%)
cases of urinary tract infection in patients treated for AUR, for whom an indwelling catheter
was still in place, occurring at days 10 and 12, manifested by moderate fever and a positive
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urinary sample test. Both were successfully treated by oral antibiotics for 15 days. Catheter
removal was attempted 10 days after relief of fever: one was successful, the other failed,
and so did a second attempt 15 days later.

There were 2/311 (0.6%) cases of transient balanitis appearing at days 2 and 3, man-
ifested by bilateral asymptomatic zones of fibrin on the mucosa of the glans that were
successfully treated with local antiseptic and antibiotics and resolved within 15 days with
no sequelae.

An angiographic review of these two cases reported the presence for each patient of
an accessory PA supplying the gland from the apex (“distal pudendal PA”), originating
from the distal portion of the internal pudendal artery (IPA), in close proximity to the
penile vessels.

There were 8/311 (2.6%) cases of macroscopic hematuria occurring between days
1 and 20, except for one case associated with fragment detachment at day 90. All were
spontaneously resolved within 24 h. A retrospective angiographic review revealed a
bilateral type-1 origin of the PA according to De Assis (common origin with the vesical
arteries) in two patients and a unilateral type-1 origin in six patients. The coil protection of
an AIVA was performed on one patient.

There were 2/311 (0.6%) cases of a single episode of rectorrhagia manifested by traces
of blood in the stool occurring at days 1 and 3, in a context of constipation, also resolved in
24 h. An angiographic review reported bilateral pattern A origins for both patients and no
coil protection of rectal arteries.

There was one case (1/311, 0.3%) of transient worsening of erectile dysfunction fol-
lowing coil protection of a pattern B PA. In this patient, there was a short and proximal
occlusion of the ipsilateral IPA, whereas contralateral IPA was patent. As IPA was patent
on one side, the decision was made to use coil protection. The revascularization of the
occluded IPA was proposed to the patient at day 21 with the aim to improve erectile func-
tion, which he refused, and instead preferred tadalafil oral medication with limited efficacy.
LUTS improved within 15 days and erectile dysfunction spontaneously improved to reach
pre-embolization status within six months with no further need for tadalafil.

There was one case (0.3%) of detachment of the prostatic fragment occurring at three
months. At the 1-month follow-up, patient symptoms had improved: IPSS/QoL scores
and the prostatic volume changed from 26, 7, and 120 mL to 4, 1, and 80. Approximately
three months following PAE, the patient suddenly presented an episode of hematuria
associated with a recurrence of dysuria and pelvic pain during urination. He described
the spontaneous expulsion of several small fragments of prostatic tissue and a clot during
micturition, for 48 h. As the symptoms persisted, the patient visited the urology department
and a cystoscopic examination performed five days later revealed a clot and necrotic scar on
the median lobe wall, from which a centimetric fragment was removed with no subsequent
bleeding. No MRI was performed in this urgent context. Dysuria/pain disappeared after
the fragment removal and there was no anejaculation following this partial resection.

There were 5/311 (1.7%) cases of a transient reduction in ejaculate volume lasting
from 15 days to 4 months. There were no cases of anejaculation.

There was no case of acute urinary retention, glans, rectal or vesical partial ischemia,
or radiodermitis.

Apart from radial artery occlusion at the puncture site, no persistent adverse event
was observed at 6- and 12-month follow-up controls.

2.5. Clinical Success

The successful removal of the Foley catheter on day 15 for patients treated for AUR
was observed in 44/56 (78.6%) patients. Overall clinical success was 268/311 (86.2%) at
the 1-month follow-up control: mean IPSS and QoL scores decreased from 18.9 ± 7 (4–35)
and 6 ± 1.1 (2–7) to 8.7 ± 7.2 (0–35) (p < 0.001) and 3 ± 1.7 (1–7) (p < 0.001). There was
no significant change in mean IIEF score values (p = 0.83); mean maximum urinary flow
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increased from 8.1 ± 5 (2.4–31) mL/s to 13.4 ± 6.1 (3–32) (p < 0.001); and mean post-voiding
residue, prostate volume, and total PSA decreased significantly (p < 0.001) (Table 6).

Table 6. Baseline and follow-up characteristics in study cohort.

Variable Baseline 1 Month

IPSS 18.9 ± 7 (4–35) 8.7 ± 7.2 (0–35) (p < 0.001)
QoL score 6 ± 1.1 (2–7) 3 ± 1.7 (1–7) (p < 0.001)
IIEF-15 44.8 ± 19.5 (4–77) 47.6 ± 19.1 (5–72) (p = 0.83)
Prostate volume, mL 91.9 ± 47.3 (22–360) 69.4 ± 32 (20–190) (p < 0.001)
Maximum urinary flow, mL/s 8.1 ± 5 (2.4–31) 13.4 ± 6.1 (3–32) (p < 0.001)
Post-voiding residue, mL 96.6 ± 122.3 (0–810) 39.3 ± 59 (0–270) (p < 0.001)
Total PSA, ng/mL 6.4 ± 5.6 (0.3–28) 4 ± 3.1 (0.4–15) (p < 0.001)

Note: Values are presented as mean ± SD (range) (p-value). Comparison of the data is conducted from its baseline
value. p-values were obtained using Student’s paired t-test. A p-value < 0.05 represents a significant difference.
IPSS: international prostatic symptoms score; QoL: quality of life (range: 1–7); IIEF: international index of erectile
function; PSA: prostatic specific antigen; mL: milliliter; mL/s: milliliter/second.

3. Discussion

The present study of ambulatory PAE reported low rates (0.6 to 2.6%) of embolization-
related minor adverse events and no major adverse event. Major adverse events remain
rare and each one is estimated to occur in 0.08% to 0.24% of cases [7–10].

3.1. Embolization-Related Adverse Events

As most major and minor complications follow non-target embolization, a possible
explanation for their absence/low rate in this report may be the increased knowledge
concerning the management of extra-prostatic communications during PAE [14,15] and
prostatic arterial anatomy [11–13]. Three-dimensional imaging during selective angiogra-
phy used as a routine practice may help to rule out extra-prostatic supplies, and its need
may decrease over time and eventually be restricted to elective cases once a significant
learning curve is achieved.

Early minor events ranged from 0.6 to 2.6%, which were lower than those previously
reported [7–10]. Multiple adverse events previously described in the literature and meta-
analyses were not observed in this study, which may suggest a significant decrease in
non-target embolization and may be explained by the improvement of experience during
recent years.

There was no AUR compared to the 4.55, 7, 9 and 7.8% previously described [7–10].
AUR is favored by bladder distension during and after PAE and the increase in urethral
stricture and bladder outlet obstruction due to post-embolization intra-prostatic oedema.
Foley catheter insertion during PAE was not necessary as less invasive measures, such as
urinating moments prior to entering the Angio suite, a urinal at their disposal during the
procedure, and immediate voiding after PAE, were efficient to prevent retention. Further-
more, TRA permits urination in a standing position, moments after the procedure, which
facilitates micturition.

Hematuria occurred in 2.6%, which was lower compared to the 5.51, 9, 4.45, and 4.38%
previously reported [7–10]. As the angiographic review reported the close proximity of the
vesical arteries to the PA (at least one type-1 PA per patient), these events may suggest that
non-target vesical embolization due to reflux of the embolic agent was possibly the cause
of hematuria. Nonetheless, the short duration of this event (24 h in all cases except the one
associated with prostatic fragment detachment) may suggest the bleeding of prostate tissue
necrosis during its healing process following PAE.

One case of 24 h-lasting hematuria and no micturition symptom followed coil pro-
tection of an AIVA or a vesical anastomosis, which suggests the safety of this technique
for bladder viability and confirms the findings of a previous report in the literature [15].
On the other hand, the absence of coil protection of a vesical artery or anastomose in
proximity to the prostatic artery may lead to bladder ischemia: a previous case report
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reported focal bladder necrosis following non-target vesical embolization during PAE using
100–300 μm microparticles, that was successfully treated by Foley catheter placement for
several weeks [23].

There was a 0.6% rate of rectorrhagia, which was lower than the 4.8, 3.9, 3.02, and 3.02%
previously reported [7–10]. The hypothesis for rectal bleeding following PAE is non-target
embolization and ischemic ulceration of the rectum. This was previously described in a
case report for PAE using 100–300 μm particles, where coil protection was not performed,
with the spontaneous resolution of ulcerations within 5 days [24]. In this study, both cases
of rectorrhagia did not present arterial anatomy at risk of non-target rectal embolization. As
the amount and duration of bleeding were negligible, the traces of blood in stool that were
reported by the patients may instead be attributed to hemorrhoid hemorrhage provoked
by constipation. Furthermore, there were interestingly 7/12 (58%) cases of pattern C2
PA where the accessory rectal artery could not be coil-protected and was therefore fully
embolized with no post-operative complication. This may suggest that the embolization of
pattern C2 PAs using 300–500 μm particles does not necessarily require coil protection. This
supposition could have been stronger in case of a control group purposely not performing
coil protection, but the case report mentioned regarding the above [24] made the safety of
such a design questionable.

This hypothesis will need further comparative studies for confirmation, but the safety
profile of future study designs must be considered. As the size of the microparticles used
may play a role in the occurrence of adverse events [23,24], the choice of particle size of the
type of embolic should be carefully made, and choosing to use 300–500 μm particles may
be the best option for future randomized trials. In our opinion, the choice of a control group
performing the abstention of coil protection may be too risky, and coil protection should
be compared to the balloon occlusion micro-catheter technique. Concerning small rectal
arteries arising from the PA (pattern C2), the results of this study may suggest another
safety profile other than vesical, penile, or large rectal extra-prostatic supplies in case of
non-target embolization using 300–500 μm particles.

There was no sign of rectal ischemia following coil protection, which confirmed the
results of the previous reports [14,15].

Balanitis was observed in 0.6%, which is comparable to the 0.6, 0.3, and 0.7% re-
ported [8–10]. This event occurred in a particular anatomical pattern previously described.
Penile adverse events, secondary to non-target microparticle embolization, are more likely
to occur in situations where the PA is close to penile vessels, such as pattern B PA, accessory
distal pudendal PA, or type-4 PA, and, despite cautious microparticle delivery, can lead
to ischemic balanitis or, in the worst case, necrosis of the glans penis [25]. The findings in
this study may suggest cautious particle delivery when embolizing the PA in a situation of
distal pudendal PA: reflux during embolization may be at a higher risk of adverse events
and should be avoided. Coil protection of pattern B PA, when possible, was safe in this
study, as previously reported [14,15]. When coil protection is precluded, a balloon occlusion
micro catheter may be of use [21] to prevent reflux.

UTIs were found in 0.6% in this cohort, only in patients with a Foley catheter in place
because of an AUR, which was lower compared to the 3.1, 2.7, and 3.32% described in the
literature [7,9,10]. No distinction was made in previous reports between patients with a
Foley catheter or catheter-free. In several studies assessed in meta-analyses, Foley catheter
insertion during PAE was performed to facilitate the procedure [4,26,27], which was not
the case for patients from this cohort. The findings in this study suggest that the insertion
and/or presence of Foley catheter may increase the risk of UTIs.

There was one case of a transient worsening of erectile dysfunction (ED) following
the coil protection of a prostato-penile artery in a situation of ipsilateral IPA occlusion. De
novo ED following PAE is rare and has been reported [5], but never occurred after coil
protection [14,15,28–30].
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We believe that coil protection should be avoided in situations of poor IPA vasculature.
IPA revascularization may also be considered [31] to permit safe bilateral PAE in a two-step
process.

There was one case of the detachment of prostate fragments three months after PAE.
This rare event was reported in three case reports and a retrospective report in a total of
8 patients and occurred at 2 to 10 weeks: spontaneous tissue elimination of fragment(s)
ranging from a 10 to 15 mm diameter and up to 60 mm long was reported after PAE using
250 μm (1 case) [32] or 100–300 ± 300–500 μm microparticles (3 cases) [33], and 4 cases of
detachment following 250 μm particles PAE [34,35] required cystoscopic removal of multi-
ple fragments. In the latter (3/48 patients, 6.3%), predictors for the detachment of prostatic
tissue were proposed, such as indwelling catheter, high central gland index, and inflam-
mation. Detachment seems to be correlated with the use of small size embolics <300 μm.
Torres et al. reported in a randomized study no clinical benefit of 100–300 μm compared to
300–500 μm trisacryl microparticles, and more frequent minor adverse events [17].

Hematospermia was observed in 2.6%, compared to the 3.63, 4.09, and 5.2 reported [7–9].
Occurrence may vary from a study to another as its identification relies on sexual activity.
Previous reports link its occurrence to the non-target embolization of seminal vesicles [2].
Ischemia of the seminal vesicles following PAE was described [36,37], but as all control MRI
in this study did not show morphological/enhancement abnormalities of the SV in patients
manifesting hematospermia, bleeding from necrotic prostatic tissue during ejaculation may
not be excluded. This is why it was decided in this report to consider hematospermia as a
post-embolization symptom rather than an adverse event.

No case of anejaculation was reported. There is, to our knowledge, no report of
anejaculation following PAE using 300–500 μm trisacryl microparticles. Anejaculation
following PAE ranges in the radiologic literature from 0 to 2.3% [7–10]. The reasons are
unclear. A recent urological report of PAE using 250–400 μm polyzene microparticles [38]
reported an unexpected 4/25 (16%) rate of anejaculation and 40% of decreased ejaculation
volume assessed by a 4-item sexual questionnaire 3 months after PAE. Among patients
facing anejaculation, 3/4 had undergone endoscopic enucleation of the prostate following
symptomatic detachment of prostatic tissue after PAE. Furthermore, longer follow-up
(>3 months) on ejaculation was not available.

3.2. Access-Site Adverse Events

Complications concerning TRA during PAE in this study were comparable to the
previous reports on TRA during PAE: there [14,15] were 10% and 3.3% rates of hematoma
and radial artery occlusion. Bhatia et al. [39] and Isaacson et al. [40] described 9 and 11% of
hematoma and no radial artery occlusion; the number of patients (32 and 19) was lower.

3.3. Clinical Success

There was 86.2% of clinical success following PAE, and baseline characteristics evolved
favorably within one month with results comparable to what was previously described
in the literature [7–10]. As efficacy was not the topic of this study, and as clinical success
was previously shown to be similar between patients undergoing PAE using coil/gelatin
protection and the basic technique [14], clinical success was not compared in the population
of this study benefiting from coil protection with a control group.

3.4. Follow-Up

There was a 12.2% (38/311) rate of loss to follow-up at one month, and 84.9% and
85.2% (264/311 and 265/311) at 6 and 12 months. The amount of missing data after the one-
month follow-up needs to be considered. Still, as all but one adverse events were monitored
at one month because they occurred during the first days following PAE and had, except
for a few rare events, resolved within the first month prior to the one-month follow-up
visit, the loss of follow-up may not have a significant impact on estimating the overall
occurrence of adverse events and only limits the results on mid-term functional outcomes
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and clinical success. Furthermore, patients manifesting adverse events lasting longer than
one month or occurring between months 1 and 6, such as transient decreased ejaculate
volume, prostate fragment detachment, or radial artery occlusion, were all observed in the
clinic at 6- and 12-month visits.

This report has some limitations, including its retrospective nature, the limited number
of studied patients, the loss of follow-up at mid-term visits, and the short period of follow-
up time. Additionally, this study lacks control groups, especially concerning measures
used for the protection of extra-prostatic arterial supplies. Most adverse events were
retrospectively monitored and based on patient testimony only, and were not confirmed by
clinical examination or assessed by urinary/blood tests or imaging at the time of occurrence.
This may have led to the over- or underestimation of their occurrence.

4. Conclusions

This study showed that outpatient PAE using 300–500 μm calibrated microparticles
with improved anatomical knowledge and techniques can lead to fewer and lower rates
of minor embolization-related adverse events than previously reported. These findings
demand confirmation by complementary studies. The extensive use of coil protection
may be questioned, and its comparison to the balloon occlusion microcatheter or other
innovative techniques in randomized designs is necessary to assess its utility in different
situations of an acknowledged risk of non-target embolization. Furthermore, there is a
need to identify predictors for rare adverse events.

Author Contributions: Conceptualization, G.A. Methodology, G.A. Software, G.A. and L.T. Vali-
dation, E.D.K. Formal Analysis, G.A. and L.T. Investigation, G.A. Resources and Data Curation,
C.D.M.-M., D.B., A.P., J.A., C.D.B., F.M., S.L.S. and F.D. Writing—Original Draft Preparation, G.A.
Writing—Review and Editing, E.D.K. Visualization, E.D.K. Supervision, E.D.K. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board IRB00010835 of HOSPITAL
PRIVE GEOFFROY SAINT-HILAIRE, Ramsay Santé Recherche & Enseignement (protocol code:
COS-RGDS-2020-05-015-AMOUYAL-G; date of approval: 18 May 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: Data containing patient characteristics prior to and after the interven-
tion, in addition to procedure characteristic, are available and can be found in the PACS and RIS of
Hospital privé Geoffroy Saint-Hilaire and Hospital Saint-Louis, where the interventions occurred.

Conflicts of Interest: G.A. received financial support from Merit Medical (Salt Lake City, Utah)
for educational programs. L.T., C.d.M.-M., A.P., J.A., D.B., C.d.B., F.M., S.L.S. and F.D. declare no
conflicts of interest. E.d.K. received financial support from Canon Medical (Otawara, Japon) and
Boston Scientific (Malborough, Massachusetts) for attending/speaking at symposia/congresses and
educational programs.

Abbreviations

PAE Prostatic Artery Embolization
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Abstract: (1) Background: Conventional transarterial chemoembolization (cTACE) is the mainstay
treatment for patients with Barcelona Clinic Liver Cancer (BCLC) B-stage hepatocellular carcinoma
(HCC). However, BCLC B-stage patients treated with cTACE represent a prognostically heterogeneous
population. We aim to develop and validate a lipiodol-deposition-based nomogram for predicting
the long-term survival of BCLC B-stage HCC patients after sequential cTACE. (2) Methods: In this ret-
rospective study, 229 intermediate-stage HCC patients from two hospitals were separately allocated
to a training cohort (n = 142) and a validation cohort (n = 87); these patients underwent repeated
TACE (≥4 TACE sessions) between May 2010 and May 2017. Lipiodol deposition was assessed by
semiautomatic volumetric measurement with multidetector computed tomography (MDCT) before
cTACE and was characterized by two ordinal levels: ≤50% (low) and >50% (high). A clinical lipiodol
deposition nomogram was constructed based on independent risk factors identified by univariate
and multivariate Cox regression analyses, and the optimal cutoff points were obtained. Prediction
models were assessed by time-dependent receiver-operating characteristic curves, calibration curves,
and decision curve analysis. (3) Results: The median number of TACE sessions was five (range, 4–7)
in both cohorts. Before the TACE-3 sessions, the newly constructed nomogram based on lipiodol
deposition achieved desirable diagnostic performance in the training and validation cohorts with
AUCs of 0.72 (95% CI, 0.69–0.74) and 0.71 (95% CI, 0.68–0.73), respectively, and demonstrated higher
predictive ability compared with previously published prognostic models (all p < 0.05). The prog-
nostic nomogram obtained good clinical usefulness in predicting the patient outcomes after TACE.
(4) Conclusions: Based on each pre-TACE lipiodol deposition, two sessions are recommended before
abandoning cTACE or combining treatment for patients with intermediate-stage HCC. Furthermore,
the nomogram based on pre-TACE-3 lipiodol deposition can be used to predict the prognoses of
patients with BCLC B-stage HCC.

Keywords: transarterial chemoembolization; hepatocellular carcinoma; lipiodol; nomogram;
overall survival

1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most commonly diagnosed form of can-
cer and the second leading cause of cancer-related death worldwide [1]. Patients with
Barcelona Clinic Liver Cancer (BCLC) stage B disease are considered ineligible for surgical
resection, and the median overall survival (OS) is approximately 2 years, even after optimal
treatment [2]. Conventional transarterial chemoembolization (cTACE) is one of the most
widely performed digital subtraction angiography (DSA)-guided catheter-based therapies
for the treatment of BCLC stage B HCC, and a meta-analysis based on randomized con-
trolled trials showed that cTACE has a positive effect on survival in patients in this stage of
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disease [3]. cTACE generally uses ethiodized oil, or lipiodol, mixed with chemotherapeutic
agents. This mixed liquid is superselectively injected into tumor-feeding arteries, followed
by bland embolization of the tumor blood supply [4].

However, some questions remain to be addressed. First, resulting from the enormous
heterogeneity of BCLC stage B HCC patients, the prediction of outcome is also hetero-
geneous for patients treated with cTACE [5,6]. Various scoring systems predicting the
prognosis of HCC patients receiving cTACE are available, such as albumin-bilirubin (ABLI)
grade and up-to-7 criteria [5,7]. Unfortunately, these predictive models need sophisticated
calculation and are not fully validated. Second, a previous study by Hiraoka et al. [8]
concluded that repeated TACE gradually reduces hepatic reserve function. Moreover, in
clinical practice, some patients cannot tolerate TACE treatment, which may manifest as
TACE resistance. Thus, an appropriate judgment of the number of TACEs that should be
performed has become important to avoid harmful TACE and for less-effective patients
switching to multiple systemic therapies in a timely and effective manner.

Lipiodol, an injectable agent, can be visualized with pretreatment multidetector com-
puted tomography (MDCT). Several studies have shown that lipiodol can be detected
within a treated tumor for several months after injection [9–11]. Lipiodol deposition on
intraprocedural cone-beam computed tomography (CBCT) has been utilized to predict
treatment response [12–14]. Unfortunately, CBCT is not widely used, especially in develop-
ing countries. In routine clinical practice, MDCT is applied to guide treatment planning
before each TACE procedure. In this study, based on a 3D quantification of preoperative
lipiodol deposition, we develop and validate a new predictive nomogram for assessing the
prognoses of patients with BCLC B-stage HCC after sequential cTACE treatment, which
may be used to assess individualized prognosis and can help to select patients suitable for
sequential cTACE treatments.

2. Methods

2.1. Patients and Tumor Selection

The diagnosis of HCC was based on pathology or noninvasive imaging features
outlined by the American Association for the Study of Liver Disease guidelines [15,16].
Patients treated with TACE at Southern Medical University Nanfang Hospital from May
2010 to May 2017 were included in the training cohort. From May 2010 to May 2017, the
independent validation cohort consisted of patients who underwent TACE treatments at
the Affiliated Hospital of Chengdu University. The study included patients who were
partially reported by our recent research [17]. We used the following inclusion criteria in
both cohorts (Figure 1): (a) BCLC B-stage disease with preserved liver function (Child–Pugh
class A or B); (b) patients were ≥ 18 years old with a performance status (PS) score ≤ 2 at
the time of the first TACE treatment; (c) preoperative MDCT imaging was performed within
24 h–72 h prior to each TACE treatment; and (d) TACE was performed as monotherapy,
and at least four TACE sessions were performed by a single patient. Overall survival (OS)
was defined as the interval from the time of each cTACE session to the time of death or last
follow-up. This study was censored on 15 March 2020.

The study was approved by the Ethics Committee of the Affiliated Hospital of
Chengdu University and the Ethics Committee of the Southern Medical University Nanfang
Hospital. The study protocol conformed to the ethical guidelines of the 1975 Declaration of
Helsinki. All patients or their relatives provided written informed consent.

2.2. cTACE Protocol

Briefly, we performed superselective catheterization of the tumor-feeding branches
with a microcatheter, and an emulsion containing a 50 mg doxorubicin (Adriamycin;
Pharmacia & Upjohn, Peapack, NJ, USA) mixture with lipiodol (Lipiodol; Guerbet, Paris,
France) was infused with a microcatheter, followed by delivery of a gelfoam slurry (Upjohn,
Kalamazoo, MI, USA) or microsphere particles (Embosphere Microspheres; Biosphere
Medical, Rockland, MA, USA) until tumor blood flow stagnation was seen on DSA imaging.
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cTACE was performed by interventional radiologists with 10 years of experience in
hepatic interventions at each institution. The procedure was conducted on demand, and
cTACE was discontinued in the case of a complete radiological response. In addition, the
presence of Child–Pugh type C cirrhosis, vascular invasion, extensive liver involvement,
extrahepatic metastases, or a PS score >2 were considered contraindications to TACE
retreatment [18].

.
Figure 1. Flowchart for inclusion and exclusion of patients within the training and validation cohorts.
TACE: transarterial chemoembolization; BCLC: Barcelona Clinic Liver Cancer; MDCT: multi-detector
computed tomography; HCC: hepatocellular carcinoma.
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2.3. Quantification of Volumetric Oil Deposition

Unenhanced abdominal CT scans were performed 24 h–72 h before each cTACE proce-
dure with a multislice CT scanner (Discovery CT750 HD (GE Medical System), Sensation
64 CT (Siemens), Somatom Definition (Siemens)). Standard liver scan protocol was used in
the present study and can be seen in our recent research [17].

In the training cohort, images were interpreted independently by two radiologists
(who had experience interpreting liver images for at least 5 years). In the validation cohort,
images were interpreted by a single radiologist (who had experience in interpreting liver
images for at least 5 years). Overall tumor volumes, as well as the amount of lipiodol
deposition (in cm3), were measured using semiautomated quantification software (ITK-
SNAP software (http://www.itksnap.org/pmwiki/pmwiki.php)). The total tumor volume
was measured using pretreatment portal venous phase imaging, while the volume of
lipiodol deposition was determined using noncontrast imaging. The lipiodol deposition
rate was recorded as the ratio of the oil deposition volume to the total tumor volume. The
rate of lipiodol retention before each TACE was classified as follows: (1) high level: >50%
tumor volume and categorized as a responder; and (2) low level: ≤50% tumor volume and
categorized as a nonresponder (Figure 2). The index lesion method was used to determine
the tumor response [19–21]. The related clinical data were extracted from the electronic
medical record system at each institution. The characteristics of the tumors, including
the largest tumor size, number of lesions (with either three or more tumors, regardless
of size) [22], and tumor capsule, were determined by a radiologist with experience in
liver imaging.

2.4. Statistical Analysis

The clinical data and imaging characteristics were assessed by Student’s t-test, the
chi-squared test, or the Mann–Whitney U test, as appropriate. Interobserver reproducibility
was assessed using the intraclass correlation coefficient (ICC).

The Kaplan–Meier (KM) method was used for the survival curves and was compared
with the results of the log-rank test. Univariate and multivariate Cox regression analyses
were conducted to identify the independent predictive factors, and a nomogram was built.
For example, nomogram I represented the pre-TACE-2 lipiodol deposition combined with
pretreatment valuable predictors, and nomogram II represented the pre-TACE-3 lipiodol
deposition combined with pretreatment valuable predictors (Figure 3). The performance of
each model was evaluated with the concordance index (C-index). The highest diagnostic
nomogram was compared with eight well-recognized models (six-and-twelve, seven-
eleven criteria, hepatoma arterial embolization prognostic (HAP) score, modified HAP
3 score, BCLC-B subclassification system, ALBI grade, and assessment for retreatment
(ART); as well as the alpha fetoprotein, Barcelona Clinic Liver Cancer, Child–Pugh increase,
and tumor response (ABCR) score) by the time-dependent area under receiver-operating
characteristic curve (AUROC). The clinical utility of the nomogram in both datasets was
evaluated by calibration curve and a decision curve analysis (DCA).

In addition, the training set was divided into two subgroups (high- and low-score
groups) based on the best cutoff points obtained from the “surv_cutpoint” function of
the “survminer” R package. Patients in the validation sets were also categorized into two
subgroups based on the same best cutoff points used in the training set. OS rates at 1,
2, and 3 years were calculated for each group, and KM survival curves were generated.
Statistical significance was defined as p < 0.05. All statistical analyses were performed using
R software (version 3.6.2).
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Figure 2. 3D volumetric semi-automatic evaluation of diffuse lipiodol retention from one represen-
tative patient. (A): A large HCC in right hepatic lobe (red arrow) seen on preprocedural contrast-
enhanced CT images as a hypoattenuating tumor in the portal venous phase. (B): The red shaded area
depicts semi-automated segmentation of the tumor; the tumor volume on the pretreatment MDCT
was 512.6 cm3. (C): Lipiodol retention on noncontrast CT imaging in pre-TACE-2. (D): The red shaded
area depicts the lipiodol volume on noncontrast CT imaging of 121.7 cm3 in pre-TACE-2. (E): Lipiodol
retention on noncontrast CT imaging in pre-TACE-3. (F): The red shaded area demonstrates the
lipiodol volume on noncontrast CT imaging as 174.8 cm3 in pre-TACE-3. After two cycles of TACEs,
the volume of lipiodol was less than 50% of total tumor volume. TACE: transarterial chemoem-
bolization; BCLC: Barcelona Clinic Liver Cancer; MDCT: multi-detector computed tomography;
HCC: hepatocellular carcinoma.
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Figure 3. Study design for nomogram construction. Nomograms were built by Cox regression
analyses based on each pretreatment lipiodol deposition and clinical variables. TACE: transarterial
chemoembolization.

3. Results

3.1. Baseline Characteristics

A total of 510 patients with HCC received TACE as monotherapy between May
2010 and May 2017. A total of 142 patients were included in the training cohort, and
87 were enrolled in the validation cohort. The median follow-up time was 45.9 months
(interquartile range, 23.3–58.2 months) for the training cohort and 42.4 months (interquartile
range, 27.2–62.2 months) for the validation cohort. The median OS values of the training
and validation cohorts were not significantly different (median OS 31.4 [95% CI 23.2–36.2]
months vs. 29.6 [95% CI 23.7–37.1] months, p = 0.212). The median number of TACE
sessions for both cohorts was five (range, 4–7). Table 1 describes the baseline characteristics
of patients in these cohorts before the first cTACE treatment.
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Table 1. Patient characteristics.

Characteristic
Training Cohort Validation Cohort

p-Value
N = 142 % N = 87 %

Age (yr) 0.731
<60 90 63 52 60
≥60 52 37 35 40
Sex 0.329

Male 95 67 49 56
Female 47 33 38 44

HBsAg status 0.941
Positive 112 79 69 80

Negative 30 21 18 20
Child–Pugh class 0.881

A 89 62 54 62
B 53 38 33 38

Largest tumor size (cm) 0.227
<5

mean ± SD 96 67 47 54

≥5 46 33 40 46
Tumor number 0.258

≤3 91 64 49 56
>3 51 36 38 44

AFP ((IU/mL) 0.341
<200 40 28 27 31
≥200 102 72 60 69

AST (U/L) 0.319
<40 50 35 37 42
≥40 92 65 50 58

ALT(U/L) 0.431
<40 53 37 31 35
≥40 89 63 56 65

ALB (g/L) 0.351
<35 41 29 21 24
≥35 101 71 66 76

Capsule 0.239
Absent 67 47 32 36
Present 75 53 55 64

Up-to-seven criteria
Within 44 30 22 25 0.651
Beyond 98 70 65 75

BCLC: Barcelona Clinic Liver Cancer; HBsAg: hepatitis B surface antigen; AST: aspartate aminotransferase;
ALT: alanine transaminase; AFP: alpha fetoprotein; ALB: albumin.

3.2. Interobserver Agreement

Lipiodol retention levels were assessed by the ICC test, and excellent interobserver
reproducibility was demonstrated (ICC, 0.866; 95% CI, 0.812–0.914).

3.3. Consecutive Oil Deposition

For the training cohort, the response rate to the first cTACE was 76 of 142 (53.5%;
95% CI: 43.7, 67.7). Among patients who did not respond to the first cTACE, the response
rate after the second cTACE was 34 of 66 (51.5%; 95% CI: 47.8, 54.6). Among patients who
did not respond to second cTACE, the response rate after the third cTACE was 7 of 32
(21.8%; 95% CI: 18.7, 23.7). Subsequently, among patients who did not respond to third
cTACE, the corresponding rate after the fourth cTACE was low, at 3 of 25 (12%; 95% CI: 9.1,
15.2) (Table 2).
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Table 2. Nonresponders to previous cTACEs after next cTACE sessions in the training cohort.

Parameter
No. of

Patients
Responders Nonresponders

Response after Second
Chemoembolization
Response after First
Chemoembolization

Nonresponders 66 34 (51.5) (47.8, 54.6) 32 (48.5) (42.2, 52.3)
Response after Third
Chemoembolization

Response after Second
Chemoembolization

Nonresponders 32 7 (21.8) (18.7, 23.7) 25 (78.2) (71.3, 82.4)
Response after Third
Chemoembolization

Response after Fourth
Chemoembolization

Nonresponders 25 3 (12.0) (9.1, 15.2) 22 (88.0) (82.9, 91.4)
Data in parentheses are percentages; data in brackets are 95% CIs.

In the training cohort, the overall survival rates at 1, 2, and 3 years were significantly
lower for nonresponders to the first cTACE than responders (p < 0.001). For patients
who did not respond to the first cTACE but who underwent the second cTACE, overall
survival rates at 1, 2, and 3 years after a the second cTACE were significantly lower for
nonresponders than for responders (p < 0.001). For patients who did not respond to the
second cTACE but received a third cTACE, long-term survival outcomes were similar for
nonresponders and responders (p = 0.198). A similar trend was observed in patients who
did not respond to the third cTACE but received the fourth cTACE (p = 0.268) (Table 3).

Table 3. Survival outcomes for responders and nonresponders in the training cohort.

Parameter Median OS (mo) 1-Year OS 2-Year OS 3-Year OS p-Value

Survival outcomes
after cTACE-1

p < 0.001

Responders 39.2 ± 0.5 91.4 (82.6, 92.9) 56.2 (47.2, 60.4) 33.8 (28.2, 38.2)
Nonresponders 26.1 ± 1.2 88.4 (81.2, 91.3) 26.1 (21.1, 30.2) 13.4 (10.1, 18.8)

Survival outcomes
for nonresponders to

cTACE-1 who
underwent cTACE-2

p < 0.001

Responders 38.1 ± 0.9 90.2 (85.2, 94.1) 60.1 (56.2, 68.1) 36.2 (32.2, 40.1)
Nonresponders 24.2 ± 0.8 86.2 (81.3, 90.5) 28.9 (22.1, 31.3) 14.8 (11.2, 18.2)

Survival outcomes
for nonresponders to

cTACE-2 who
underwent cTACE-3

p = 0.198

Responders 31.2 ± 0.7 86.4 (81.2, 91.3) 57.1 (48.1, 62.2) 30.7 (26.4, 35.2)
Nonresponders 28.4 ± 0.9 85.2 (82.7, 90.2) 54.3 (48.1, 61.2) 26.5 (22.1, 30.4)

Survival outcomes
for nonresponders to

cTACE-3 who
underwent cTACE-4

p = 0.268

Responders 19.1 ± 0.9 61.4 (55.2, 66.3) 14.2 (10.9, 18.4) 8.2 (5.2, 11.7)
Nonresponders 17.4 ± 1.6 59.2 (54.9, 65.7) 10.8 (6.2, 14.3) 6.1 (2.2, 10.8)

Note: median data are means ± standard deviation; data in parentheses are 95% CIs. cTACE-1: first conventional
transarterial chemoembolization (cTACE) session; cTACE-2: second cTACE session; cTACE-3: third cTACE
session; cTACE-4: fourth cTACE session; OS: overall survival.
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3.4. Model Building and Evaluation

Based on the results of the Cox proportional hazards model, the largest tumor size (all
p < 0.001 for nomograms I, II, and III), the tumor number (all p < 0.001 for nomograms I, II,
and III), and the pretreatment lipiodol deposition (p = 0.032 and p < 0.001 for nomograms I
and II, respectively) were identified as independent predictors of survival for the training
cohort. Several prediction models (nomograms I, II, and III) were constructed to predict
patient prognosis (Table 4, Tables S1 and S2). Nomogram II had a higher predictive value
than nomograms I and III (Table 5) and is shown in Figure 4. In comparison to eight
other well-recognized prognostic models, the time-dependent AUROC analysis showed
that nomogram II had improved diagnostic performance in the training cohort (Table 6;
Figure 5A).

Table 4. Predictors of death for patients with intermediate-stage HCC before second TACE.

Variable Univariate Analysis Multivariate Analysis

Before Second TACE Hazard Ratio 95% CI p-Value Hazard Ratio 95% CI p-Value

Age (yr)
<60/≥60 0.68 0.32–1.03 0.171

Sex
male/female 0.81 0.42–1.27 0.233

HBsAg status
positive/negative 0.54 0.23–0.76 0.234

Child–Pugh class
A/B 1.32 0.63–1.34 0.338

Largest tumor size (cm)
<5/≥5 1.34 1.17–3.04 0.007 1.56 0.45–2.43 <0.001

Tumor number
≤3/m>3 1.31 1.01–2.98 0.004 1.45 1.07–3.00 <0.001

AFP (IU/mL)
<200/≥200 0.62 0.22–1.09 0.018 1.45 1.04–2.01 0.078

AST (U/L)
<40/≥40 0.54 0.27–0.94 0.081

ALT(U/L)
<40/≥40 0.53 0.12–0.78 0.079

ALB (g/L)
<35/≥35 1.34 0.82–2.34 0.043 1.45 1.01–1.71 0.073

Capsule
absent/present 1.87 1.34–3.97 0.018 1.46 0.09–2.76 0.093

Up-to-seven criteria
within/beyond 1.32 1.10–1.87 0.032 1.67 1.00–1.76 0.098

Pre-TACE-2 lipiodol deposition
responder/nonreponder

1.89 0.71–2.87 0.038 1.98 0.87–2.89 0.032

BCLC: Barcelona Clinic Liver Cancer; HBsAg: hepatitis B surface antigen; AST: aspartate aminotransferase;
ALT: alanine transaminase; AFP: alpha fetoprotein; ALB: albumin.

Table 5. Comparison of the performance and discriminative ability of constructed nomogram models.

Cohort Models
1-yr AUROC

(95% CI)
2-yr AUROC

(95% CI)
3-yr AUROC

(95% CI)
C-Index
(95% CI)

p-Value

Training Nomogram I 0.70 (0.69–0.73) 0.65 (0.63–0.67) 0.61 (0.60–0.63) 0.66 (0.64–0.68) 0.032
Nomogram II 0.74 (0.71–0.77) 0.71 (0.69–0.73) 0.67 (0.65–0.69) 0.72 (0.69–0.74) Ref.
Nomogram III 0.61 (0.59–0.66) 0.59 (0.53–0.63) 0.53 (0.50–0.57) 0.56 (0.52–0.62) <0.01

Validation Nomogram I 0.67 (0.65–0.69) 0.64 (0.61–0.67) 0.61 (0.59–0.63) 0.63 (0.60–0.65) 0.028
Nomogram II 0.72 (0.69–0.74) 0.70 (0.68–0.73) 0.65 (0.63–0.67) 0.71 (0.68–0.73) Ref.
Nomogram III 0.59 (0.53–0.63) 0.57 (0.53–0.61) 0.52 (0.50–0.57) 0.53 (0.51–0.57) <0.01

AUROC: area under receiver-operating characteristic curve; CI: confidence interval; Ref.: reference.
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Figure 4. Prognostic nomogram showing the assessment of 1-, 2-, and 3-year survival in patients
with intermediate-stage HCC after cTACE. (To use this nomogram in clinical practice, a vertical
line is first drawn from the factor axis to the “Points” scale to determine the number of points for
each factor (“Largest tumor size,” “Tumor number,” and “Pre-TACE-3 lipiodol deposition.”) Then,
these numbers are summed and located on the axis of the total points. Finally, a downward line is
drawn from the axis of the total points to the survival axes to calculate the 1-, 2-, and 3-year survival
probabilities.) TACE: transarterial chemoembolization.

Table 6. Comparison of the performance and discriminative ability between the current model and
other models.

Cohort Models
1-yr AUROC

(95% CI)
2-yr AUROC

(95% CI)
3-yr AUROC

(95% CI)
C-Index
(95% CI)

p-Value

Training Nomogram II 0.74 (0.71–0.77) 0.71 (0.69–0.73) 0.67 (0.65–0.69) 0.72 (0.69–0.74) Ref.
Six-and-Twelve 0.71 (0.69–0.73) 0.66 (0.64–0.68) 0.62 (0.60–0.65) 0.67 (0.65–0.69) 0.032

Seven-Eleven Criteria 0.69 (0.67–0.71) 0.63 (0.61–0.67) 0.59 (0.55–0.62) 0.63 (0.61–0.65) 0.023
HAP 0.55 (0.51–0.59) 0.54 (0.52–0.57) 0.53 (0.50–0.55) 0.56 (0.53–0.59) <0.01

mHAP 3 0.61 (0.59–0.63) 0.59 (0.54–0.62) 0.52 (0.50–0.55) 0.61 (0.58–0.64) <0.01
BCLC-B

subclassification 0.58 (0.56–0.63) 0.54 (0.52–0.58) 0.52 (0.50–0.56) 0.57 (0.55–0.61) <0.01

ALBI grade 0.66 (0.64–0.69) 0.61 (0.59–0.64) 0.59 (0.55–0.65) 0.63 (0.60–0.69) 0.038
ART score 0.61 (0.58–0.64) 0.59 (0.56–0.63) 0.57 (0.54–0.60) 0.60 (0.56–0.64) <0.01

ABCR score 0.67 (0.63–0.70) 0.65 (0.62–0.68) 0.61 (0.57–0.65) 0.65 (0.62–0.69) 0.036
Validation Nomogram II 0.72 (0.69–0.74) 0.70 (0.68–0.73) 0.65 (0.63–0.67) 0.71 (0.68–0.73) Ref.

Six-and-Twelve 0.70 (0.68–0.73) 0.65 (0.62–0.68) 0.61 (0.58–0.63) 0.66 (0.64–0.69) 0.048
Seven-Eleven Criteria 0.68 (0.66–0.71) 0.62 (0.59–0.65) 0.57 (0.55–0.61) 0.62 (0.60–0.64) 0.041

HAP 0.54 (0.51–0.56) 0.52 (0.50–0.55) 0.50 (0.49–0.53) 0.54 (0.52–0.56) <0.01
mHAP 3 0.60 (0.57–0.63) 0.56 (0.52–0.61) 0.51 (0.48–0.54) 0.60 (0.58–0.63) <0.01
BCLC-B

subclassification 0.56 (0.54–0.60) 0.52 (0.50–0.55) 0.50 (0.48–0.53) 0.55 (0.53–0.60) <0.01

ALBI grade 0.65 (0.62–0.67) 0.60 (0.58–0.63) 0.56 (0.54–0.60) 0.61 (0.58–0.64) 0.039
ART score 0.62 (0.57–0.66) 0.56 (0.52–0.60) 0.54 (0.51–0.58) 0.59 (0.56–0.63) <0.01

ABCR score 0.68 (0.64–0.71) 0.66 (0.62–0.70) 0.63 (0.59–0.67) 0.66 (0.62–0.70) 0.041

AUROC: area under receiver-operating characteristic curve; CI: confidence interval; HAP: hepatoma arterial
embolization prognostic; mHAP: modified HAP; BCLC: Barcelona Clinic Liver Cancer; ALBI: albumin-bilirubin;
ART: assessment for retreatment; ABCR: alpha fetoprotein, Barcelona Clinic Liver Cancer, Child–Pugh increase,
tumor response; Ref.: reference.
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(A) (B)

Figure 5. Time-dependent AUROC values of the current model and other available models.
(A): Time-dependent AUROC values in training set. (B): Time-dependent AUROC values in
validation set. HAP: hepatoma arterial embolization prognostic; mHAP 3: modified HAP 3;
ALBI: albumin-bilirubin; ART: assessment for retreatment; ABCR: alpha fetoprotein, Barcelona Clinic
Liver Cancer, Child–Pugh increase, tumor response; AUROC: area under receiver-operating charac-
teristic curve; BCLC: Barcelona Clinic Liver Cancer.

3.5. Validation

After the new prognostic model (nomogram II) was established, its performance was
evaluated. In the validation cohort, nomogram II maintained adequate discriminative
performance (C-statistic of 0.71; 95% CI, 0.68–0.73). Generally, the time-dependent AUROC
values of nomogram II were higher than those of the other models in the validation cohort
(Figure 5B). In addition, the calibration curves demonstrated the favorable calibration
of nomogram II in both cohorts (Figure 6A,B). The decision curves displayed a good
performance of nomogram II in terms of clinical utility (Figure 6C).

3.6. Survival Stratification

To identify the prognostic stratification of patients receiving cTACE, we calculated the
optimal cutoff points for nomogram II in the training set using the “surv_cutpoint” function
of the “survminer” R package, which was 70 points. Therefore, patients in the training
cohort were divided into two subgroups: the low-score group (total score ≤ 70) and the
high-score group (total score > 70). The KM survival analysis showed that the OS in the
training group was significantly different between the two subgroups (median OS values
of the low-score group and the high-score group were 42.1 months (95% CI 37.2–48.2) and
23.4 months (95% CI 17.2–28.2), respectively; log-rank test: p < 0.05) (Figure 7A). A similar
trend was observed in the validation set (median OS values of the low-score group and
high-score group were 43.4 months (95% CI 37.5–49.1) and 21.2 months (95% CI 16.9–26.3),
respectively; log-rank test: p < 0.05) (Figure 7B).
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(A) (B)

(C)

Figure 6. Calibration and decision curve analyses. (A): Calibration curves of the nomogram on
the training dataset. The Hosmer–Lemeshow test yielded a p-value of 0.121 in the training dataset.
(B): Calibration curves of the nomogram on the validation dataset. The Hosmer–Lemeshow test
yielded a p-value of 0.137 in the validation dataset. (C): Decision curve analysis for the newly
constructed nomogram (nomogram II) in the training cohort and the validation cohort. The y-axis
represents the net benefit, and the x-axis represents the threshold probability. The newly constructed
nomogram obtained more benefit than either the treat-all-patients scheme (gray line) or the treat-none
scheme (horizontal black dashed line) within certain ranges of threshold probabilities for predicting
therapeutic response to sequential cTACE in HCC.

(A) (B)

Figure 7. Kaplan–Meier survival curves for overall survival (OS) of patients according to the
nomogram-II-based subgroups in the training set (A) and validation set (B).
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4. Discussion

The majority of HCC patients who undergo TACE have varying degrees of cirrhosis,
which may limit the potential survival benefit of the procedure. This is further complicated
by the fact that HCC patients commonly need multiple TACE sessions to obtain an optimal
tumor response [23]. Hiraoka et al. [8] suggested that 9–14% of liver function deteriorates
to CP-B after each TACE procedure, and hepatic function is also essential in the tyrosine
kinase inhibitor (TKI) and immunotherapy eras. Therefore, evaluation of the benefits of
each TACE is critical to decision-making in clinical practice. Our study had two major
findings. First, we confirmed that approximately 50% of patients who were nonresponsive
to the first cTACE showed a significant response after the second TACE, which is consistent
with results by Georgiades et al. [24]. Second, the nomogram constructed by pre-TACE-3
lipiodol deposition combined with clinical variables could be used to predict relatively
long-term patient survival, and its diagnostic value was higher than that of other existing
clinical predictive models.

Lipiodol deposition has been proved to be strongly associated with OS in patients
with BCLC B-stage HCC treated with cTACE [12]. Several studies have shown that lipiodol
deposition on intraoperative CBCT can be utilized to predict tumor response [13,25]. How-
ever, CBCT has inherent shortcomings. CBCT clarity and real resolution are not equivalent
to CT; moreover, motion artifacts, especially from respiration, can affect imaging analysis.
As an alternative, magnetic resonance imaging (MRI) can be used to diagnose residual
tumors after cTACE in a timely manner, with superior performance compared to CT [26].
However, peritumoral inflammation due to TACE can also lead to a false-positive diagnosis
of tumor necrosis [27]. An inaccurate assessment of treatment response may have harmful
consequences, especially misleading the interventional radiologist to subsequently choose
an inappropriate TACE. Varzaneh et al. [28] reported that post-TACE lipiodol deposition in
MDCT could accurately predict tumor necrosis (treatment response) in treated HCC lesions.
Therefore, we used CT imaging to evaluate the tumor treatment response and found that
the lipiodol deposition level combined with pretreatment clinical data could be used to
predict HCC patients who underwent multiple TACEs.

It remains controversial whether treatment should be changed during repeated TACE
or whether the effect obtained at a certain time helps to predict patient survival [29]. The
optimal number of sessions before abandoning cTACE or requiring combined treatment
is also controversial. The Japan Society of Hepatology (JSH) proposed “TACE refractori-
ness” and recommended that at least two TACE treatments be performed before aban-
donment [30]. This TACE refractoriness concept has gradually been accepted by various
HCC panels [22,31,32]. Notably, in the present study, after the second TACE procedure,
approximately 50% of patients with BCLC B-stage HCC who did not respond to the first
chemoembolization procedure showed a significant response, while less than 25% of pa-
tients who did not respond to the second and third cTACE sessions responded to the
third and fourth sessions, respectively. Therefore, two sessions of TACE were sufficient to
evaluate the treatment response and, thereafter, patients could consider abandoning cTACE
or the need for combined treatment. This result was consistent with the recommendation
of the European Association for the Study of the Liver (EASL) guideline that cTACE should
be abandoned when a significant tumor treatment response has not been achieved after
two cycles of treatment [33]. Regarding survival analyses, the results showed that a largest
tumor size greater than 5 cm and a tumor number over 3 were independently associated
with inferior OS; these results are consistent with previous studies [34,35].

In recent years, several individualized prediction models have been established to
evaluate patient prognosis after cTACE, including tumor burden evaluation models such
as the six-and-twelve system and liver reserve evaluation systems such as ALBI grade.
Our present study proved that the nomogram based on pre-TACE-3 lipiodol deposition
had the highest value for predicting patient outcomes among all the analyzed models.
Compared with our constructed nomogram, current commonly used prediction models
were built by preprocedure clinical variables. The ALBI grade can provide an objective
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method for assessing liver function in HCC patients with good prognosis [36]. However, a
study by Chi et al. [37] demonstrated that “ALBI-grade migration” was an independent
risk factor associated with poor progress-free survival (PFS) and short-term OS. Research
by Hiraoka et al. [8] and Lin et al. [38] illustrated that dynamic changes in the ALBI score
are a good predictive parameter for prognosis in patients receiving cTACE. Therefore,
the application of pretreatment prediction (which cannot independently assess the effect
of predictor changes on outcome) and posttreatment prediction models (which cannot
independently evaluate the effect of a patient’s underlying condition on outcomes) alone
may not be sufficient to accurately predict outcome. Recent studies by Adhoute et al. [39]
and Wang et al. [40] concluded that pretreatment clinical variables (such as tumor size
and tumor number) combined with post-TACE data (presence or absence of radiological
response) could have higher values than other pretreatment prediction and posttreatment
prediction models. The newly built nomogram combined the best predictive variables in
the pretreatment and posttreatment periods to achieve the optimum prediction, which,
not surprisingly, was more efficient than other well-known prediction models. The recent
2022 BCLC guidelines were updated, and two novel concepts were introduced: treatment
stage migration (TSM) and untreatable progression [41]. Untreatable progression is defined
when either treatment failure or progression after the selected treatment approach occur,
but patients still fit into their initial BCLC stage, thus warranting the consideration of a
therapy corresponding to a more advanced stage. Given the Barcelona Clinic Liver Cancer
2022 update and the successful validation of our newly constructed model (nomogram II),
we proposed a novel algorithm for TACE retreatment (Figure 8).

Figure 8. Proposal for nomogram-II-guided retreatment strategy with TACE. TACE: transarterial
chemoembolization; BCLC: Barcelona Clinic Liver Cancer; HCC: hepatocellular carcinoma.

To guide the best options for TACE retreatment in HCC patients, Sieghart et al. [42]
developed a scoring system called the ART score. Another published scoring system,
known as the ABCR score, also aims to select patients who are not capable of benefitting
from continued TACE [43]. A time-dependent AUC curve analysis showed that the prog-
nostic value was significantly lower than that of our newly constructed model. There
are two major reasons to explain the results: (1) In our study, as well as in research by
Georgiades et al. [24], it was demonstrated that, after one TACE session, evaluating the
tumor response may not be appropriate. (2) The ART and ABCR scores use the EASL
criteria to assess tumor response; however, in tumors with patchy and irregular necrosis,
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compared to computer-assisted semiautomated measurement, the accurate determination
of the tumor border is problematic and susceptible to interobserver variation when using
the EASL criteria [10].

The present study has some limitations. First, this retrospective study had potential
patient selection bias. Second, the sample size was small; therefore, our results need to
be validated with a larger sample size. Finally, the accuracy of semiautomated volume
measurement is limited by computer technologies and is dependent on precise contour
delineation. Radiomics, a burgeoning technology that could transform potential patholog-
ical and physiological information from routine-acquired images into high-dimensional,
quantitative, and mineable imaging data, has been demonstrating great potential in the
survival predictions of HCC [17,44]. In the future, we aim to build a larger database and
use artificial intelligence (AI) for data processing.

5. Conclusions

In summary, based on pre-TACE lipiodol deposition, two sessions were recommended
before abandoning cTACE or considering the need for combined treatment for patients with
intermediate-stage HCC. Furthermore, we developed and validated a relatively reliable
prognostic nomogram to predict the long-term OS in patients with BCLC B-stage HCC
after cTACE. Subsequently, the use of this nomogram should be encouraged to improve
decision making by providing individualized survival information.
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Abstract: Targeting neovessels in chronic tendinopathies has emerged as a new therapeutic approach
and several embolization agents have been reported. The aim of this study was to investigate the
feasibility of embolization with different agents in a porcine model of patellar tendinopathy and
evaluate their safety and efficacy. Eight 3-month-old male piglets underwent percutaneous injection
of collagenase type I to induce patellar tendinopathies (n = 16 tendons). They were divided into four
groups (2 piglets, 4 tendons/group): the control group, 50–100 μm microspheres group, 100–300 μm
microspheres group, and the Imipenem/Cilastatin (IMP/CS) group. Angiography and embolization
were performed for each patellar tendon on day 7 (D7). The neovessels were evaluated visually with
an angiography on day 14. The pathological analysis assessed the efficacy (Bonar score, number of
neovessels/mm2) and safety (off-target persistent cutaneous ischemic modifications and presence
of off-target embolization agents). The technical success was 92%, with a failed embolization for
one tendon due to an arterial dissection. Neoangiogenesis was significantly less important in the
embolized groups compared to the control group angiographies (p = 0.04) but not with respect to
histology (Bonar score p = 0.15, neovessels p = 0.07). Off-target cutaneous embolization was more
frequently depicted in the histology of the 50–100 μm microspheres group (p = 0.02). Embolization of
this animal model with induced patellar tendinopathy was technically feasible with different agents
and allowed assessing the safety and efficacy of neovessel destruction. Particles smaller than 100 μm
seemed to be associated with more complications.

Keywords: tendinopathy; neovessels; embolization; imipenem/cilastatin

1. Introduction

Tendinopathy is a frequent pathology in the general population and especially in
athletes. The most significant symptom is pain; analgesic treatments include physical
therapy and icing, oral analgesics, peri-tendinous corticosteroid, or intra-tendinous platelet-
rich plasma injections [1,2]. They are generally effective, but up to 10% of patients report
chronic pain, with an impact on the patient’s quality of life and impairment of daily
activities. The therapeutic alternative is then surgery, which remains invasive with no
guaranteed results.

Chronic tendinopathy is accompanied by neoangiogenesis and neoinnervation [3]. A
similar mechanism has been reported in osteoarthritis where it was shown to be a cause of
chronic pain resistant to the usual analgesics, as it involves neuropathic signaling pathways [4].
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Destruction of these pathological neovessels may help break this neurogenic pain
cycle. Ultrasound-controlled injections of sclerosing agents targeting the neovessel area
have been reported in patients with patellar tendinopathy, with improvement in some
patients [5]. Recently, Okuno et al. [6] have shown that arterial embolization by an endovas-
cular approach in osteoarticular pathologies and tendinopathy, in particular, could be an
alternative analgesic therapy by targeting these neovessels [7]. To date, several emboliza-
tion agents of different sizes have been described [7–9] but no large randomized studies of
the embolization technique in osteoarticular pathologies have yet been reported. Among
them, an antibiotic that precipitates in the form of crystals, imipenem/cilastatin (IMP/CS),
has been reported with very good analgesic efficacy in patients with tendinopathy or knee
osteoarthritis [10–14]. Because of its resorbing nature and small size, it allows for the
destruction of neovessels without associated complications. Similar studies with defini-
tive microspheres (MS) have shown less conclusive results, with complications including
off-target embolization and skin modifications [15].

The identification of the most adequate embolization agents requires the use of animal
models that allow arterial catheterization. However, there are only a few large models
of tendinopathy allowing angiographic exploration for embolization. A porcine model
of patellar tendinopathy with neoangiogenesis was thus developed by our team [16]. A
previous study showed the feasibility and reproducibility of induced patellar tendinopathy
after collagenase injection. Neovascularization was confirmed by angiographic findings
and pathological analyses.

The main objective of the present study was to assess the feasibility of embolization in
this model with various embolization agents and to evaluate their safety and efficacy on
neovessel destruction via angiography and histology.

2. Materials and Methods

2.1. Patellar Tendinopathy Induction

Eight 3-month-old male piglets underwent percutaneous injection of collagenase
type I (Sigma-Aldrich, St. Louis, MO, USA) under ultrasound guidance at a dose of
25 mg, according to the model and protocol previously published [16]. It was performed in
accordance with the National Institute of Health guidelines for the use of laboratory animals.
Authorization of the local government animal rights protection authorities (Languedoc-
Roussillon No 36, ID number Nr 2018011916269335 #13156 v3) was obtained.

2.2. Angiography Explorations

Endovascular explorations were performed 7 days and 14 days after the collagenase
injection on a Fluorostar III (GE Healthcare) following the same protocol as previously
published [16]. Briefly, a left carotid arterial access was performed under ultrasound
guidance using the Seldinger technique. The femoral artery was catheterized with a 4Fr
catheter and the genicular arteries with a 2.0 microcatheter. Injections were performed
manually with a 5 mL syringe on DSA imaging. Neovascularization was graded as none,
mild, or important by two radiologists in consensus, blinded to the treatment group, in a
random order, three months after the procedure.

2.3. Embolization Procedure

The piglets were divided into four groups, with four patellar tendons per group
(Figure 1):

1. The control group (2 pigs, 4 tendons) underwent diagnostic angiography alone at D7
(no embolization) and D14.

2. Two groups (4 pigs, 8 tendons, 4 tendons in each group) were embolized with cali-
brated Embosphere® microspheres (Merit Medical, Paris, France) of either 50 to 100 μm
(50–100 μm group) or 100 to 300 μm (100–300 μm group) diameter at D7 after collagenase
injection. The microspheres were diluted to the 1/20th in NaCl and iodinated contrast
was injected 0.1 per 0.1 mL according to the “pruning” technique [17] (Figure 2).
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3. The fourth group (2 pigs, 4 tendons) was embolized at D7 using an emulsion of
imipenem/cilastatin (IMP/CS group) (500/500 mg) diluted in 10 mL of Visipaque
iodinated contrast (GE Healthcare, Marlborough, MA, USA). The mixture was in-
jected 0.1 per 0.1 mL until complete stasis of the feeding artery according to the
Martinez et al. technique [18] was achieved (Figure 2).

Figure 1. Flowchart of the study. US: ultrasound; D: day; DSA: digital subtraction angiography;
*: one tendon was not treated due to femoral artery dissection on D7 angiography.
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Figure 2. Embolization procedure at D7 using various embolization agents: microspheres (A–C)

and imipenem/cilastatin (D–F). (A) Initial digital subtraction angiography (DSA) of a right genic-
ulate artery showing neovascularization-related blush (white circle). (B) After embolization using
50–100 μm microspheres according to the “pruning” technique, DSA showed a “dead tree” aspect of
the embolized area with a filling area by collaterals (white arrow). (C) DSA control at D14 showed no
recurrence of neovascularization at the site of tendinopathy (white arrowhead). (D) The initial DSA
of a right geniculate artery showing a blush related to neovascularization (black circle). (E) After
embolization with an IMP/CS emulsion in an iodinated contrast medium, opacification revealed
a truncated appearance of the geniculate artery (black arrow). (F) The DSA control at D14 showed
repermeabilization of the native artery with no recurrence of neovessels (black arrowhead).

2.4. Histological Analyses

The analyses were performed following the same protocol as previously published [16].
Briefly, after surgical dissection and sacrifice, tendons and skin samples were taken from
the outer side of the thigh, near the tendon, in the area where a livedo was reported in
piglets. They were fixed in 4% formaldehyde and embedded in paraffin. A pathologist,
blinded to the groups, performed the examination on an Olympus BX51 microscope, with a
Bonar score [19–21] characterization focused on the vascularity subclass index. The number
of neovessels/mm2 and the presence of persistent embolization agents in the tendons and
the skin were also recorded.

2.5. In Vitro Analysis

A focus on the microscopy study of the crystallization and solubility of IMP/CS was also
carried out. Particle size distribution was microscopically evaluated in three samples of 50 mg
IMP/CS (Arrow, Lyon, France) suspensions with a mixture of Visipaque iodinated contrast
(GE Healthcare, Marlborough, MA, USA) and NaCl using a volume of 1000 μL and a vortex
mixing time of 10 s (Scientific Industries SI™ Vortex-Genie™ 2, Fisher Bioblock Scientific).

The longest diameter of the IMP/CS particles was manually measured using a digital
microscope (Keyence VHX-700 Digital Microscope) with an image analyzing software
(VHX Analyzer; Itasca, IL, USA). The solubility of IMP/CS in formaldehyde was tested
with 10 mg of IMP/CS in 10 mL of formaldehyde and stirred for 10 min. The suspension
was then filtered through a 0.45 μm syringe filter (Millipore Milliflex®-HV) and UV–Vis
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spectrophotometrically analyzed in the wavelength range of 200–400 nm using a Specord
200 Plus UV/Vis spectrophotometer (Analytik Jena, Jena, Germany).

2.6. Study Endpoints

The primary endpoint was the technical success of the embolization procedure defined
as efficient catheterization and embolization of the patellar artery with no neovessel opaci-
fication after embolization, as assessed on angiography imaging just after the procedure
and compared to the baseline angiography.

Secondary endpoints were the safety and efficacy of various embolization agents.
Efficacy was evaluated on neovessel destruction via angiography and histology on day
14, 7 days after embolization. The angiographic visual evaluation compared neovascular-
ization at day 14 versus controls (none, mild, and severe). In regards to the histology, the
evaluation of efficacy compared the number of neovessels/mm2 and the Bonar score of
embolized groups with the control group. Safety was assessed clinically with a behavior
scale previously reported [16], weight intake, and screening of off-target embolization
using post-embolization immediate clinical cutaneous evaluation (livedo) and delayed
histological analysis of the skin around the patellar tendon (inflammatory modifications
and persistent embolization agents in the skin). The last objective was to describe the
size distribution of the IMP/CS particles as close as possible to the conditions of use as
described in the literature in clinical practice [12] (50 mg of IMP/CS and 1 mL of iodinated
contrast) as described above.

2.7. Statistical Analyses

Quantitative variables are presented using medians and interquartile ranges (1st–3rd)
and qualitative variables with numbers and percentages. Quantitative values were com-
pared using the Kruskal–Wallis test when comparing the four groups and the Mann–
Whitney test when comparing two groups. Qualitative values were compared using
Pearson’s Chi-squared test. Tests were considered significant at the p < 0.05 level. Anal-
yses were performed on Excel® (version 16.49) and using Graph Pad Prism version 9.3
(GraphPad Software, San Diego, CA, USA).

3. Results

3.1. Technical Success

Embolization of the neovessels was successfully achieved in 11/12 patellar tendons
(92%). One procedure of the 50–100 μm microspheres group failed because of femoral
artery dissection without any clinical consequence.

3.2. Safety

No clinical sign of patellar tendinopathy was reported after collagenase injection in all
eight piglets. They all reported a walking score of 3/3. No weight loss was reported; the
median weight gain between baseline and day 14 was 12% {IQR: 9.3–16}. After embolization,
immediate transient livedo was recorded in 7/11 knees (64%), with no difference according
to the embolization agent used (p = 0.76). On pathological analysis, persistent cutaneous
ischemic modifications were more frequently reported in the 50–100 μm microspheres
group than in the two other groups (p = 0.02) (Table 1). Among the four knees with
persistent skin modifications at pathology, persistent embolic agents were depicted in
two skin samples (one piglet of the 50–100 μm microspheres group and one piglet of the
IMP/CS group) (Figure 3).
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Table 1. Safety of various embolization agents.

Clinical Findings Pathologic Findings at Day 14

Groups
Immediate

Transient Livedo
p-Value

Persistent
Intracutaneous

Ischemic Modifications
p-Value

Persistent
Intracutaneous

Embolization Agent
p-Value

Control (n = 4) NA

0.76

NA

0.02

NA

0.48
50–100 (n = 3) 2 3 1

100–300 (n = 4) 3 0 0

IMP/CS (n = 4) 2 1 1

IMP/CS: Imipenem/Cilastatin.

Figure 3. Histological evaluation of the safety of embolization. Using a standard stain (Hemathein
Eosin Saffron) at ×40 (A), ×100 (B,C), and ×200 (D) magnification on tendon and skin samples taken
7 days after embolization. (A,B) Tendon treated by 50–100 μm microspheres. The peritendinous
artery obliterated by the embolization material (arrows) with a granulomatous reaction. (C,D) Skin
samples in the area of a transient livedo episode during embolization with Imipenem/Cilastatin
(IMP/CS) emulsion. Dermohypodermal arteriole with granulomatous reaction with giant cells (black
arrowheads) resorbing exogenous debris (IMP/CS crystals).

3.3. Efficacy

Neovascularization was similar between the four groups on the baseline angiography
(day 7 after collagenase injection, just before embolization) (Table 2). On day 7 after
embolization (day 14 after collagenase injection), it was significantly higher in the control
group compared to the groups treated with embolization (microspheres groups or IMP/CS
group, p = 0.04).
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Table 2. Efficacy of various embolization agents.

Angiographic Neovascularization (Visual Evaluation)

Groups
Day 7 Day 14

None Mild Severe p-value None Mild Severe p-value

Controls (n = 4) 0 1 3

0.87

0 1 3

0.04
50–100 (n = 3) 0 1 2 2 1 0

100–300 (n = 4) 0 1 3 2 2 0

IMP/CS (n = 4) 0 2 2 3 1 0

Pathologic Findings on Day 14

Groups Bonar global
score p-value

Bonar
vascularity

subclass
p-value Neovessels/mm2 p-value

Intratendinous
embolization

agent
p-value

Controls (n = 4) 12 [10.5–13]

0.15

2.5 [1.8–3.0]

0.52

33 [29.5–36.8]

0.07

NA

0.02
50–100 (n = 3) 6 [6–7.5] 1 [1.0–1.5] 17 [16.5–20.5] 3

100–300 (n = 4) 9 [6.5–11] 2 [0.8–3.0] 26 [24.8–27.8] 3

IMP/CS (n = 4) 8.5 [6.8–9.5] 1 [1.0–1.3] 23 [18.3–27.3] 0

IMP/CS: Imipenem/Cilastatin.

There was no difference in the Bonar score (p = 0.15) or the Bonar vascular subclass
(p = 0.52) between the controls and embolized tendons. The number of neovessels/mm2

was lower in the embolized groups compared to the control group, although it was not
found significant (p = 0.07), especially in the 50–100 μm microspheres group
(17 neovessels/mm2 {IQR: 16.5–20.5}) as compared to the control group (33 neovessels/mm2

{IQR: 29.5–36.8}, p = 0.06).

3.4. In Vitro Analysis

Over 1500 particles were measured in each condition of the IMP/CS dilution with
contrast. More than 96.8% of IMP/CS particles were <40 μm in all conditions tested
(Figure 4). For the solubility of IMP/CS in formaldehyde, no absorption peaks were
observed, demonstrating the insoluble character of the IMP/CS at the concentration tested.

Figure 4. In vitro exploration. (A) Size distribution of 50 mg of imipenem/cilastatin (IMP/CS)
particles in 1 mL of iodinated contrast dispersed during 10 s. (B) ×400 magnification of 50 mg/mL
IMP/CS in iodinated contrast emulsion.

4. Discussion

Embolization of neovessels in this large animal patellar tendinopathy model was
feasible with three different embolization agents. Our results showed the efficacy of the
technique in terms of neovessel destruction. Embolization was safer with microspheres
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larger than 100 μm; with smaller embolization agents, microspheres, or IMP/CS reporting
off-target embolization inducing cutaneous ischemia.

4.1. Neoangiogenesis

Our results showed the efficacy of embolization with significant destruction of neoves-
sels in embolized piglets as compared to controls. They are in accordance with a rat
model of frozen shoulder treated by embolization with IMP/CS [22]. In their study, a
decreased number of mononuclear inflammatory cells was also described, suggesting that
transcatheter arterial embolization may also improve the inflammatory reaction in frozen
shoulder. Recently, a ram model of knee osteoarthritis was evaluated by intra-arterial
injection of mono-iodoacetate. Despite the limited number of treated knees (75 μm cali-
brated microparticles n = 2 and 250 μm calibrated microparticles n = 2), they showed the
slow-down of inflammation progression after embolization on MRI, angiographic, and
histologic analyses [23].

The Bonar score, and, in particular, its vascular subclass, has shown discordances and
limitations regarding correlation with therapeutic responses [24,25]. Our results add to these
limitations, as there was no difference in the vascularity subclass of the Bonar score after
embolization, although the number of neovessels was significantly different between controls
and embolized piglets. This score does not seem to be optimal in tendinopathy evaluation
and another tool to evaluate neoangiogenesis in a more adequate manner, through anatomical
imaging (DSA, MRI) or functional imaging (radiotracer), should be considered.

4.2. Safety

Persistent cutaneous ischemia was reported in our study in piglets injected with small
microspheres and IMP/CS, but not in those injected with larger microspheres (>100 μm).
Although the “pruning” technique was used and emboli were administered slowly and in
small amounts at a time, off-target embolization reports suggest that the emboli are passing
through the capillary network. The use of skin ice packs near the embolization area has been
reported with definitive microspheres to induce the vasoconstriction of collaterals and skin
vessels and decrease the risk of off-target embolization [17]. Given the size of the IMP/CS
crystals, it is logical that there would be non-target migration but the soluble nature of the
crystals makes it transient. Nevertheless, we found residual crystals in a skin territory one
week after embolization as reported in a frozen shoulder mouse model [22]. In contrast, a
study evaluating rat kidneys 48 h after embolization found no residual crystals in the renal
arteries [26]. A Japanese team recently compared IMP/CS embolization (six knees) versus
resorbing gel foam (six knees) in a porcine model of knee arthritis. No complication and no
off-target embolization agents were found 72 h after the procedure [27].

4.3. In Vitro Analysis

As previously reported [26], almost all IMP/CS particles were found to be smaller than
40 μm. The particle size distribution varied slightly between the emulsion with contrast and
NaCl, as it seems to vary with the amount of contrast or with the time after suspension [26].
The transient nature of IMP/CS embolization is related to its solubility, which probably
varies with its concentration and flow in the artery. In poorly vascularized terminal
territories, or in case of over-embolization (too many injected particles), it is likely that
the resorption time would increase. This could expose patients to ischemic complications
from definitive microspheres [13].Furthermore, optimization of the IMP/CS embolization
protocol should be performed, such as diluting the IMP/CS in contrast medium as well as
the amount and duration of IMP/CS injection, to ensure patient safety and homogenous
practices. Indeed, the protocol is likely to be different depending on the embolization
indications and the arteries treated, which will have to be clarified for future studies. If the
safety of the IMP/CS comes from its transient ischemic character, it is to be noted that in the
clinical uses reported, digestive embolization [28] and osteoarticular pathologies [11,12,18],
the arterial network is rich in collaterals and the risk of off-target embolization is higher.
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On the contrary, although less aggressive than definitive microparticles and despite its
transient character, in terminal vascularization, such as the kidney, IMP/CS seems to be
responsible for ischemic complications at 48 h [26]. Another hypothesis could be that the
endothelium of neovessels may be different from that of normal vessels and are thus more
sensitive to even a transient embolic agent and more at risk of thrombosis, whereas healthy
vessels would have a greater tendency to recanalization [29].

4.4. Limitations

Our study has some limitations, among which is the small number of piglets. In
addition, neovessel evaluation on angiography was performed visually. The use of software
to count neovessels induced by collagenase injection and destroyed after embolization may
strengthen the results and allow a more objective and reproducible evaluation. Lastly, this
piglet model injected with collagenase did not show any clinical signs of tendinopathy [16].
The effect of embolization on pain and the walking score was not assessed. It would
be interesting to study the clinical effects of these different embolization agents in other
tendinopathy models.

5. Conclusions

Embolization in this porcine model with induced patellar tendinopathy was technically
feasible with different embolization agents and allowed for assessing their safety and
efficacy on neovessel destruction. The use of particles smaller than 100 μm seems to be
associated with more complications than larger particles.
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Abstract: In this study, we aimed to determine the frequency and clinical impact of new ischemic
lesions detected with diffusion-weighted-imaging-MRI (DWI-MRI) as well as the clinical outcomes
after carotid artery stenting (CAS) using the simple flow blockage technique (SFB). This is a ret-
rospective study with data extraction from a monocentric prospective clinical registry (from 2017
to 2019) of consecutive patients admitted for symptomatic cervical ICA stenosis or web. Herein,
patients benefited from DWI-MRI before and within 48 h of CAS for symptomatic ICA stenosis or
web. The primary endpoint was the frequency of new DWI-MRI ischemic lesions and the secondary
(composite) endpoint was the rate of mortality, symptomatic stroke or acute coronary syndrome
within 30 days of the procedure. All of the 82 CAS procedures were successfully performed. Among
the 33 patients (40.2%) with new DWI-MRI ischemic lesions, 30 patients were asymptomatic (90.9%).
Irregular carotid plaque surface with (n = 13, 44.8%) or without ulceration (n = 12, 60.0%) was asso-
ciated with higher rates of new DWI-MRI lesions by comparison to patients with a regular plaque
(n = 7, 25%) (p = 0.048) using the univariate analysis. Less than half of this CAS cohort using the
SFB technique had new ischemic lesions detected with DWI-MRI. Among these patients, more than
90% were asymptomatic. Irregularity of the plaque seems to increase the risk of peri-procedural
DWI-MRI lesions.

Keywords: carotid; endovascular; stents; magnetic resonance imaging; diffusion-weighted-imaging

1. Introduction

Symptomatic carotid stenosis, defined as stenosis of the internal carotid artery (ICA)
leading to recent symptoms of amaurosis fugax, transient ischemic attacks or acute ischemic
stroke (AIS) ipsilateral to the lesion [1], carries a high risk of early recurrence and stroke
and carotid revascularization is recommended [2]. Randomized controlled trials (EVA-3S,
SPACE, and ICSS) comparing carotid endarterectomy (CEA) and carotid artery stenting
(CAS) have shown a higher periprocedural risk of stroke with CAS than with CEA [3–5].
However, risks of stroke or death in patients younger than 70 years were similar in both
treatment groups [6]. Therefore, CAS has been developed during the past two decades to
treat symptomatic carotid and is often chosen for anatomic reasons (contralateral occlusion),
for patients with high surgical risk (radiation injury, history of prior neck dissection,
presence of tracheostomy) or with severe medical comorbidities (high risk for open surgery).

Carotid web (CW) leads to ischemic stroke secondary to blood flow stasis and sub-
sequent embolization. In addition, optimal management strategies for secondary stroke
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prevention remain unclear. Due to the high stroke recurrence rate in medically man-
aged symptomatic CW patients, carotid revascularization is currently performed, with no
periprocedural complications or recurrent strokes in carotid revascularization management
with CAS or CEA [7].

Moreover, the recent numerous randomized controlled trials (RCT) established me-
chanical thrombectomy as the gold standard for the treatment of AIS with large vessel
occlusion, with the possibility of emergency carotid stenting in tandem occlusion [8]. This
post-thrombectomy era led to an increased number of endovascular treatments of AIS
during the past few years. Nevertheless, the current key point is the safety of CAS. During
these last years, the technical and medical experience of the operators, as well as new
innovative endovascular techniques, devices, and a better management of the antiplatelet
therapies could reduce this procedural risk.

Indeed, the embolic protection technique during CAS as proximal balloon occlusion
(PBA), and distal filter protection (DFP) can provide similar levels of protection from
periprocedural stroke and 30-day mortality [9]. In the dynamic of developing the safest
CAS procedure, an innovative approach (simple flow blockage technique [SFB]) was
reported as a combination of proximal balloon occlusion and flow blockage, which is
inspired from a mechanical thrombectomy technique [10].

Diffusion-weighted-imaging-MRI (DWI-MRI) remains the gold standard to evaluate
acute stroke lesions even without any clinical significance. The objective of this study is to
report the frequency of new ischemic lesions using DWI-MRI as well as their impact on
clinical outcomes after consecutive carotid artery stenting (CAS) is performed with SFB in
consecutive patients with AIS (without large vessel occlusion) and symptomatic carotid
artery stenosis or carotid web.

2. Materials and Methods

2.1. Study Design

We carried out a retrospective study with data extraction from our prospective clinical
registry of consecutive patients admitted for symptomatic ICA atherosclerotic stenosis or
carotid web to our Comprehensive Stroke Center (CSC) from January 2017 to September 2019.

This study (reference study RECHMPL 18 0236, No. ID-RCB: 2018-A02651-54) was
approved by a local ethics committee (Comité de Protection des Personnes (CPP) SUD-
MEDITERRANEE III, UFR MEDECINE 186, chemin du Carreau de Lanes CS 83021 30908
NIMES Cedex 2), and registered on clinicaltrials.gov (NCT04421326).

In the context of carotid stenting using the simple flow blockage technique, we previ-
ously reported data from January 2015 to 2018 in 75 patients, focusing on the angiographic
pattern [10]. In this previous study, only 40 patients (53.3% of the cohort) benefited from a
MRI follow-up [10].

For this current study, focusing on a routine MRI protocol follow-up implemented in
our center since January 2017 for CAS, we included 15 patients who were already analyzed
in the previous study (from year 2017).

2.2. Inclusion Criteria

Consecutive patients were included if they fulfilled the following criteria: (I) AIS
(hemispheric or retinal TIA), cerebral infarct in the anterior circulation without large vessel
intracranial occlusion <3 months before admission; (II) pre-procedural (<1 month) brain
DWI-MRI (diffusion-weighted-imaging-MRI) showing cytotoxic lesions of AIS and/or
perfusion-MRI showing brain hypoperfusion; (III) ipsilateral atheromatous internal carotid
artery stenosis >50% or carotid web. The diagnosis of carotid stenosis or web was performed
on noninvasive imaging (CT and/or MRI); (IV) CAS for ICA atheromatous stenosis ≤50%
was retained in the case of plaque instability as demonstrated by an intraplaque hemorrhage
on dedicated black-blood MRI; (V) post-procedural (<48 h) brain DWI-MRI. The decision
of endovascular treatment was retained after a multidisciplinary team meeting.
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The exclusion criteria were: (1) Patients with intracranial large vessel occlusion; (2) pa-
tients with pre-stroke dependency defined as a modified Rankin score > 2; (3) patients
with severe or fatal co-morbidities or life expectancy under 6 months; (4) patients treated
endovascularly using a DFP device; and (5) patients with carotid artery stenosis at the acute
phase of ischemic stroke caused by tandem occlusion.

2.3. Patient Management
2.3.1. Medical Management

All patients were hospitalized in the CSC for maintenance of hemodynamic function
(objective of systolic blood pressure > 120 mmHg), and close monitoring of any neurological
worsening. Anticoagulants and/or aspirin was left to the discretion of the stroke neurologist.

Clopidogrel (75 mg daily) was given within the days before CAS, with an assessment
of platelet inhibition (PRU, Platelet Reactive Units) (VerifyNow, Instrumentation Laboratory,
San Diego, CA, USA) before the procedure.

In cases of clopidogrel resistance (230–240 P2Y12 reaction units PRU by the VerifyNow
P2Y12 assay or platelet inhibition rate < 20%) [10], prasugrel (20 mg) was given the day
before the intervention and platelet inhibition was tested again before the procedure.

All patients had subsequently 3 months of dual antiplatelet medication (aspiring
75 mg), then lifelong aspirin.

In cases of emergency stenting for hemodynamic symptoms or early recurrence, a
loading dose of platelet inhibitor (300 mg of clopidogrel or 20 mg of prasugrel) was
administered and platelet inhibition was then assessed.

All procedures were performed via a femoral artery approach, and 150 IU/kg hep-
arin was administered intravenously after the placement of the 9-French balloon guiding
catheter (Concentric medical, Mountain View, CA, USA) into the targeted common carotid
artery. The balloon guiding catheter was prepared according to the instructions provided
by the manufacturer, using a combination of contrast agent with saline (50% by volume) to
prepare balloon inflation media.

Atropine (0.01–0.02 mg/kg) was administered intravenously at the time of angioplasty,
which was performed using a 4.0–7.0 mm balloon (Ultra-soft SV monorail balloon, Boston
Scientific, Marlborough, MA, USA).

2.3.2. Simple Flow Blockage (SFB) Technique

All procedures were performed under conscious sedation by experienced interven-
tional neuroradiologists. A baseline angiographic run was performed after the inflation of
the balloon guiding catheter in the common carotid artery, and was allowed to determine
the different angiographic patterns [10].

In all cases, flushing of the guiding catheter was temporarily interrupted during
the critical steps (crossing of culprit lesions, stent deployment, angioplasty) to avoid
antegrade embolization.

After a dangerous maneuver (crossing of culprit lesions, stent deployment, angio-
plasty), two steps were respected: (1) Pump aspiration (Penumbra, Alameda, CA, USA)
set on the recommended vacuum pressure of −25.5 inches Hg (−86.4 kPa) via a rotating
hemostatic valve (RHV) for approximately 10 s before balloon deflation, to avoid potential
embolization from the stagnating column of blood distal to the balloon or from the guid-
ing catheter itself; and (2) after balloon deflation, the RHV is opened for a few seconds
and closed progressively during activation of the flushing line, to assure that the RHV is
clean (aspiration is performed through it in prevention of the accumulated debris inside
the RHV).

A DFP device was not used during any procedures in this study. The type of stent and
the use of pre-dilation and post-dilation by balloon angioplasty were performed according
to neurointerventionalists’ discretion.

Balloon angioplasty was not performed for web cases.
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2.3.3. Follow-Up and Outcome

All patients were hospitalized in the CSC for at least 24 h following the intervention,
with strict blood pressure monitoring and management (target level of <140/90 mmHg)
and close monitoring of any neurological worsening.

Patients with preprocedural severe stenosis (>90%), severe contralateral stenosis or
occlusion, or with periprocedural arterial hypertension were considered at high risk of
reperfusion syndrome, leading to a stricter blood pressure monitoring and management
with a target level of <120/80 mmHg. Patients were treated after the procedure with
clopidogrel (75 mg daily) or with prasugrel (10 mg daily) in the case of clopidogrel resistance
(in the absence of contraindication). This treatment was delayed by 6 to 24 h for patients
treated with intravenous thrombolysis.

A post-procedural (<48 h) follow-up cerebral MRI was systematically performed
after stenting.

Patients were discharged 48–72 h post-treatment, after a comprehensive neurologi-
cal evaluation.

The primary endpoint was the retrospective assessment of new ischemic lesions
detected by DWI-MRI by two neurointerventionalists (JFH and CD) blinded to the clinical
outcomes and the procedure success (defined as the ability to successfully implant a carotid
stent with <30% residual stenosis). The secondary (composite) endpoint was the rate of
mortality, symptomatic stroke or acute coronary syndrome within 30 days of the procedure.

The new symptomatic stroke was defined as a neurological deficit, as explained by a
new ischemic lesion on DWI.

2.4. MRI Evaluation

MRI scans were performed using a Siemens Avanto 1.5 T.
On the 1.5 T scanner, the sequence parameters were: TR = 24 ms, TE = 6.00 ms,

flip angle = 90.3 directions of measurement, 16 cm FOV, 131 × 131 matrix, and 5 mm
section thickness. Twelve-channel head coils were used. Foci of diffusion were measured in
the longest axial axis. DWI b-value was b = 1000 for all studies. All patients were scanned
with the same protocol before CAS and within the 48-h following the CAS procedure.

2.5. Data Collection

Patient’s characteristics, imaging data, treatment, and follow-up were prospectively
collected at the CSC: (a) Clinical data: Age, gender, medication, and vascular risk factors
(hypertension, hypercholesterolemia, diabetes, current smoking); (b) imaging data: Type
of initial arterial imaging (MRA, CTA; type of carotid stenosis: Degree of stenosis, web,
plaque surface characteristics (ulcerated, irregular)).

Pre- and post-procedural (<48 h) DWI-MRI (diffusion-weighted-MRI) were performed
for all patients.

Data supplemental to the main text regarding data collection, patients’ manage-
ment (medical management and SFB technique, follow-up, and outcome) can be found
in Appendix A.

2.6. Statistical Analysis

Categorical variables were expressed as frequencies and percentages and continuous
as mean (standard deviation) or median (interquartile range, IQR) in the case of non-normal
distribution. Normality of distribution was assessed graphically and using the Shapiro-
Wilk test. Rates of outcomes were estimated by calculating exact binomial 95% confidence
intervals (CIs). Bivariate comparisons in main ICA lesions and treatment characteristics
between patients with and without new cerebral lesions at DWI-MRI were conducted using
the Chi-Square test (or Fisher’s exact test when the expected cell frequency was <5) for
categorical variables, and Mann-Whitney U test for continuous variables as appropriate.
Statistical testing was conducted at the two-tailed α-level of 0.05. Data were analyzed using
the SAS software package, release 9.4 (SAS Institute, Cary, NC, USA).

73



J. Pers. Med. 2022, 12, 1564

3. Results

3.1. Patient Characteristics and Angiographic Patterns

From January 2017 to September 2019, 82 patients with symptomatic carotid artery
atherosclerotic stenosis (n = 78) or symptomatic web (n = 4) were treated by CAS using
the SFB technique in our CSC and benefited from a DWI-MRI before and within 48 h of
the stenting procedure (see flowchart; Figure 1). Patient and treatment characteristics are
reported in Table 1. Overall, the median age was 68 years (IQR, 59 to 75), 37 patients (45.1%)
were men. Baseline median NIHSS was 5.6 (IQR, 1 to 18). CAS was performed after a
median time from symptom of 7 days (IQR, 3 to 30 days). Among the 78 patients with
atherosclerotic stenosis (95.1%), the median degree of carotid stenosis was 75% (IQR, 70 to
90), ulcerations were present in 63.7% of cases.

Table 1. Patient and treatment characteristics of the 82 included patients with symptomatic carotid
stenosis >50% or symptomatic web treated by CAS using SFB.

Characteristics n Values

Demographics
Age (years), median (IQR) 82 68 (59 to 75)
Men 82 37 (45.1)
Medical history
Hypertension 82 67 (81.7)
Diabetes mellitus 82 33 (40.2)
Dyslipidemia 82 47 (57.3)
Current smoking 82 45 (54.9)
Long-term antithrombotic use 82 26 (31.7)
Lesion characteristics
Location of lesion

Right ICA 82 47 (57.3)
Left ICA 34 (41.5)
Bilateral ICA 1 (1.2)

Degree of carotid stenosis, %, median (IQR) 78 75 (70 to 90)
0 to 49 (including web) 6 (7.7)
50 to 69 13 (16.7)
70 to 99 59 (75.6)

Etiology
Atherosclerosis 82 78 (95.1)
Web 4 (4.9)

Carotid plaque surface characteristics
Regular 77 28 (36.4)
Irregular without ulceration 20 (26.0)
Irregular with ulceration 29 (37.7)

Angiographic Pattern
Pattern 1 82 28 (34.3)
Pattern 2 27 (32.9)
Pattern 3 27 (32.9)

Treatment characteristics
Onset to endovascular procedure, days, median (IQR) 82 7 (3 to 30)
Duration of endovascular procedure, minutes, median (IQR) 82 35 (25 to 45)
Type of stent 1

Casper (Microvention, Aliso Viejo, CA, USA) 95 21 (22.1)
Xact (Abbott Vascular, Santa Clara, CA, USA) 56 (59.6)
Precise (Cordis, Milpitas, CA, USA) 18 (18.9)

1: Two patients with three stents (one with three Precise and one with three Xact), and nine patients with two
stents (six with Xact and Precise, two with Casper and Xact, and one with Precise). Pattern 1: No anterograde flow;
Pattern 2: Wash-out of the internal carotid artery by the external carotid artery; Pattern 3: Retrograde wash-out
of the internal carotid artery by the intracranial circulation. Abbreviations: CAS: Carotid artery stenting; ICA:
Internal carotid artery; IQR: Interquartile range; SFB: Simple flow blockage.
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Figure 1. Flow-Chart.

No resistance to clopidogrel was observed in this cohort.
Complete stagnation of the contrast column in the ICA (angiographic pattern 1) was

observed in 28 patients (34.1%), retrograde wash-out of the internal carotid artery from
the intracranial circulation toward the external carotid artery (pattern 2) in 27 patients
(32.9%), and antegrade wash-out of contrast toward the intracranial circulation, via the
external carotid artery or from the common carotid artery (pattern 3) was observed in
the remaining 27 cases (32.9%). CAS was performed using Casper (Carotid Artery Stent
designed to Prevent Embolic Release, MicroVention Inc., Tustin, CA, USA) (n = 18), Xact
(Abbott Vascular, Abbott Park, IL, USA) (n = 53) or Precise (Cordis, Warren, NJ, USA)
(n = 17) stents with a median procedure time of 35 min (IQR, 24 to 45 min). For 11 patients,
two or three stents were used (see footnote of Table 1). All the CAS procedures were
successfully achieved.

3.2. Clinical and DWI Outcomes

Within the 48 h after CAS, a total of 177 new cerebral lesions (134 punctiform lesions,
32 lesions ≤ 10 mm and 11 lesions > 10 mm) were detected by DWI-MRI in 33 patients
(40.2%, 95%CI: 29.5 to 51.7%, Table 2). Thirty-one patients (37.8%) had at least one puncti-
form lesion, thirty-one (37.8%) had at least one ipsilateral lesion, and seven (8.5%) had at
least one lesion > 10 mm.

Eight patients (9.8%) had contralateral lesions. Among these 33 patients, the baseline
median NIHSS was 7.2 (IQR, 1 to 18). Thirty patients (36.6%) had new ischemic DWI-
MRI lesions without new neurological symptoms or modification of the NIHSS during
periprocedural follow-up. An example of the new punctiform ischemic DWI-MRI lesions is
provided in Appendix B Figure A1.

Three patients had symptomatic ischemic strokes with NIHSS degradation in two
patients (respectively from NIHSS 6 and 7 to NIHSS 10 to 9) and death from the reperfusion
syndrome in one patient. The latter was known with history of hypertension and hyperc-
holesterolemia, and presented with a symptomatic 75% left ICA stenosis. Baseline NIHSS
was 18 and DWI-MRI showed no initial ischemic lesions and no intracranial large vessel
occlusion. The CAS procedure was successfully performed 1 day from symptoms onset,
but the patient presented pre-procedural hypertension leading to strict blood pressure
monitoring after the CAS with a target level of <120/80 mmHg. The DWI-MRI performed
25 h from the CAS revealed symptomatic new cerebral lesions (punctiform and >10 mm)
both in the ipsilateral and contralateral side without large intracranial vessel occlusion.
Dual antiplatelet medication was continued. A neurologic deterioration occurred, and
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the 30-h CT revealed an intraparenchymal hemorrhage corresponding to a reperfusion
syndrome. The patient died 34 h after the CAS (see Appendix B Figure A2).

Table 2. DWI-MRI new lesions and clinical outcomes in 82 patients with symptomatic carotid stenosis
>50% or symptomatic web treated by CAS using SFB.

Outcomes n (%) 95%CI

DWI-MRI new lesions
Patients with ≥ 1 lesions 33 (40.2) 29.5 to 51.7

Single 11 (13.4)
Multiple 22 (26.8)

Patients with punctiform lesions 31 (37.8) 27.3 to 49.2
Patients with ipsilateral lesions 31 (37.8) 27.3 to 49.2
Patients with contralateral lesions 8 (9.8) 4.3 to 18.3
Patients with lesions > 10 mm 7 (8.5) 3.5 to 16.8
Clinical outcomes
Composite endpoint at 30 days of intervention 3 (3.7) 1.3 to 12.0

Death 1 (1.2)
Acute coronary syndrome 0 (0.0)
Symptomatic ischemic stroke 3 (3.7)

≥1 Bleeding event 1 (1.2)
≥1 procedural complications 3 (3.7) 1.3 to 12.0

Cerebral emboli 3 (3.7)
Groin hematoma 0 (0.0)
Dissection 0 (0.0)

No acute coronary syndrome was observed. Overall, the 30-day composite endpoint
occurred in three patients (3.7%).

Association of ICA lesion and treatment characteristics with the presence of ≥1 new
DWI-MRI lesions are reported in Table 3. Only carotid plaque surface characteristics were
significantly associated with the presence of ≥1 new cerebral lesions; patients with irregular
plaque with (n = 13, 44.8%) or without ulceration (n = 12, 60.0%) had a higher rate of new
cerebral lesions by comparison to patients with regular plaque (n = 7, 25%) (p = 0.048).

Table 3. Comparisons of ICA lesion and treatment characteristics between patients with and without
new cerebral lesions detected by DWI-MRI.

No DWI-MRI
Lesions
(n = 49)

≥1 DWI-MRI
Lesions
(n = 33)

p-Value

ICA lesion characteristics
Stenosis degree, %

0 to 49 2 (4.4) 4 (12.1) 0.41
50 to 69 7 (15.6) 6 (18.2)
70 to 99 36 (80.0) 23 (69.7)

Carotid plaque surface
Regular 21 (46.7) 7 (21.9) 0.048
Irregular without ulceration 8 (17.8) 12 (37.5)
Irregular with ulceration 16 (35.6) 13 (40.6)

Angiographic Pattern
Pattern 1 18 (40.0) 8 (25.8) 0.30
Pattern 2 15 (33.3) 10 (32.3)
Pattern 3 12 (26.7) 13 (41.9)

Treatment characteristics
Number of stents

One 43 (87.8) 28 (84.9) 0.75
Two or three 6 (12.2) 5 (15.2)

Duration of endovascular procedure, minutes,
median (IQR) 38 (30 to 45) 29 (24 to 45) 0.17

Delay from symptoms onset to endovascular
procedure, days, median (IQR) 11 (3 to 30) 5 (0.8 to 31) 0.17

Values are % (n) unless otherwise as indicated. Abbreviations: DWI-MRI: Diffusion-weighted-imaging-magnetic
resonance imaging; ICA: Internal carotid artery; IQR: Interquartile range.

4. Discussion

In this large cohort of 82 consecutive patients with symptomatic severe carotid stenosis
or carotid web treated with a standardized procedure of stenting using the SFB technique,
less than half of this CAS cohort had new ischemic lesions detected with DWI-MRI (n = 33;
40.2%), asymptomatic in 30 patients (90.9%). Three (3.7%) patients had a newly onset
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symptomatic ischemic stroke and one (1.2%) had a transient focal neurological deficit.
Among the patients with newly onset symptomatic ischemic stroke, one patient (1.2%)
experienced reperfusion syndrome.

Both CEA and CAS are known to have increased periprocedural complications in
symptomatic patients. However, the risk-benefit balance tilts in favor of treatment, both
with CAE [1] and CAS [11].

In a meta-analysis of three RCT (EVA-3S, SPACE, and ICSS), any stroke or death
occurred significantly more often in the CAS group compared to the CEA group. Neverthe-
less, an analysis of individual patient data showed that risk with CAS was twice the risk of
CEA in patients greater than age 70 but was the same under 70 [6]. In the same line, the
risk for stroke, acute coronary syndrome or death with CAS significantly increased with
age according to the CREST investigators [12].

The CREST [13,14] demonstrated equivalent composite outcomes (stroke, myocardial
infarction, death) between CEA and CAS. However, the subgroup analysis suggested an
increased risk of stroke with CAS. Similarly, a recent meta-analysis (Carotid Artery Stenting
Versus Endarterectomy for Stroke Prevention: A Meta-Analysis of Clinical Trials) confirmed
these findings [15].

However, over the past two decades, embolic protection devices emerged for CAS and
allowed progressive improvements in terms of stroke and mortality rates [16].

More recently, and in contrast to the findings of CREST, Cole et al. suggested
that 378,354 patients undergoing CEA had a higher rate of perioperative stroke than
57,273 patients undergoing CAS, primarily among symptomatic patients (8.1% versus 5.6%;
odds ratio, 1.47 [CI: 1.29–1.68]; p < 0.001) [17].

Current guidelines advise proceeding with CEA for symptomatic carotid only if the
surgeon’s rate for perioperative stroke or death is <6% [2,18]. In our cohort, perioperative
stroke or death occurred for 3.7%, suggesting that progress of CAS, especially using the
SFB technique, led to a very attractive approach for symptomatic carotid stenosis.

4.1. DWI Lesions

Clinical series [19] and systematic review [20] showed that patients treated by CAS
have about three times more new ischemic lesions on DWI-MRI compared to the CAE
group, respectively 37% and 50% in the CAS group, and 10% and 17% in the CAE group
(p < 0.01).

However, the main weakness of these results is the heterogeneity in the use of the
protective device, as well as differences in the used material (balloon, DFP).

Interestingly, in the ICSS-MRI sub-study, Gensicke et al. found that there was no
significant difference in total lesion volume per patient between the CAS and CEA groups
in the entire study population (p = 0.18). Among these patients with silent ischemic DWI-
MRI lesions after treatment (CAS, n = 62 patients; CEA, n = 18), volumes of separate lesions
were significantly smaller in the CAS group (median volume, 0.02 mL) than the CEA group
(0.08 mL; p < 0.0001) [21].

In addition, it is known that a routine diagnostic angiography induces silent ischemic
lesions. Bendszus et al. showed that 44% of patients with vasculopathy who benefited
from a routine diagnostic angiography had silent embolisms compared to a group without
vascular risk factors (13%) [22]. Accordingly, the 40% rate of patients experiencing DWI-
MRI lesions after CAS in our cohort is comparable to what was reported in the literature.

4.2. Irregular/Ulcerated Stenosis and Degree of Stenosis

Our study suggests that plaque surface characteristics were significantly associated
with the presence of ≥1 new DWI cerebral lesions. Indeed, patients with irregular plaque
with (n = 13, 44.8%) or without ulceration (n = 12, 60.0%) had a higher rate of new cerebral
lesions in comparison to patients with regular plaque (n = 7, 25%) (Table 3).

This is in accordance with other studies suggesting that the irregular plaque surface was
associated with increased incidence of carotid stenting-associated ischemic lesions [23,24].
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Exploratory analyses from EVA-3S [3,25], SPACE [26], and ICSS [27] cohorts did not
show any significant association between the degree of stenosis and stroke after CAS or
CAE with a 70% stenosis [26,27] or a 90% stenosis cut-off [3,25]. Interestingly, the ICSS
cohort [27] evaluated fatal or disabling strokes of 3.9% and 6.7% after CAS and 9.6% and
6.2% after CAE, respectively, for an ipsilateral stenosis of 50–69% and 70–99% (p = 0.155).

According to our results using SFB and to the literature, the most important point as-
sociated with peri-procedural stroke in patients with stenosis > 50% may be the irregularity
and not the severity of the stenosis after CAS.

4.3. Timing of Angioplasty

It is interesting to note that the delay from AIS onset and treatment with CAS was not
associated with an increased risk of peri-procedural DWI-MRI lesions. Current guidelines
are to pursue early revascularization within 14 days of AIS [2]. Due to the increasing risk
of recurrence within the first 2 weeks after the first ischemic event of a symptomatic carotid
stenosis, Liu et al. showed improved functional outcomes without increasing the rate of
new AIS, myocardial infarction or death in the early CAS group (<1 week) compared to the
delayed CAS at 1 month [28]. On the contrary, Song et al. evaluated CAS for 206 patients
with moderate-to-severe stenosis and found a significantly higher rate of ipsilateral stroke
or death (at 30 days) of 12.8% in the early CAS group (within 14 days) compared to only
0.8% in the delayed CAS group (mean timing of CAS was 52.6 ± 36.94 days) [29]. However,
this finding did not extend beyond the 30-day follow-up period (31 days to 1 year), wherein
there was no significant difference between groups. A post-hoc analysis with the CREST
population did not find any relationship between timing and significant adverse events in
the 583 patients in the CAS group [30], and this was in agreement to what we found in our
study (Table 3).

Transcarotid artery revascularization (TCAR) with flow reversal was developed to
mitigate the maneuvers at highest risk for causing stroke during transfemoral CAS.

Comparing TCAR to CEA across different age groups showed no significant differ-
ences in outcomes [31,32].

In comparison to transfemoral CAS for patients ≥ 80 years, TCAR was associated
with a reduction in stroke risk, reduction in risk of stroke/death, and reduction in the
risk of stroke/death/myocardial infarction of respectively 72%, 65%, and 76% [31,32].
However, these results must be set against the advances in the experience of interventional
practitioners and their equipment, in particular the famous balloon-guiding-catheters. In
addition, aspiration is now possible with mechanical thrombectomy devices and confirms
the need to repeat randomized studies.

4.4. Study Limitations

There are several limitations in the current study. The number of patients in our
analysis was relatively small and there was no CAE group for comparison.

Moreover, this study only focused on patients who benefited from a DWI-MRI before
and within the 48-h following a CAS procedure.

However, this current CAS cohort only included symptomatic patients with symp-
tomatic carotid stenosis or web which carries higher risk than asymptomatic carotid, with
a known tendency for more silent ischemic lesions after CAS, suggesting that patients with
symptomatic carotid had an increased micro-embolic risk during the CAS procedure [24].

5. Conclusions

In this study, less than half of the CAS cohort using the SFB technique had new
ischemic lesions detected with DWI-MRI. Among these patients, more than 90% were
asymptomatic. As a result, irregularity of the plaque seems to increase the risk of peri-
procedural DWI-MRI lesions.
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Appendix A.

Appendix A.1. Data Collection

On the 1.5 T scanner, the sequence parameters were: TR = 24 ms, TE = 6.00 ms,
flip angle = 90.3 directions of measurement, 16 cm FOV, 131 × 131 matrix, and 5 mm
section thickness. Twelve-channel head coils were used. Foci of diffusion were measured
in the longest axial axis. DWI b-value was b = 1000 for all studies.

Appendix A.2. Patients’ Management

Appendix A.2.1. Medical Management and Simple Flow Blockage Technique (SFB)

Clopidogrel (75 mg daily) was given within the days before CAS, with assessment of
platelet inhibition (PRU, Platelet Reactive Units) (VerifyNow, Instrumentation Laboratory,
San Diego, CA, USA) before the procedure.

In cases of clopidogrel resistance (230–240 P2Y12 reaction units PRU by the VerifyNow
P2Y12 assay or platelet inhibition rate <20%), prasugrel (20 mg) was given the day before
the intervention and platelet inhibition was tested again before the procedure.

All patients had subsequently 3 months of dual antiplatelet medication (aspiring
75 mg), then lifelong aspirin.

In cases of emergency stenting for hemodynamic symptoms or early recurrence, a
loading dose of platelet inhibitor (300 mg of clopidogrel or 20 mg of prasugrel) was
administered and platelet inhibition was then assessed.

All procedures were performed via a femoral artery approach, and 150 IU/kg hep-
arin was administered intravenously after the placement of the 9-French balloon guiding
catheter (Concentric medical, Mountain View, CA, USA) into the targeted common carotid
artery. The balloon guiding catheter was prepared according to the instructions provided
by the manufacturer, using a combination of contrast agent with saline (50% by volume) to
prepare balloon inflation media.

Atropine (0.01–0.02 mg/kg) was administered intravenously at the time of angioplasty,
which was performed using a 4.0–7.0 mm balloon (Ultra-soft SV monorail balloon, Boston
Scientific, Marlborough, MA, USA).

All procedures were performed under conscious sedation by experienced interven-
tional neuroradiologists. A baseline angiographic run was performed after the inflation of
the balloon guiding catheter in the common carotid artery, and allowed to determine the
different angiographic patterns.

In all cases, flushing of the guiding catheter was temporarily interrupted during
the critical steps (crossing of culprit lesions, stent deployment, angioplasty) to avoid
antegrade embolization.

79



J. Pers. Med. 2022, 12, 1564

After a dangerous maneuver (crossing of culprit lesions, stent deployment, angio-
plasty), two steps were respected: (1) Pump aspiration (Penumbra, Alameda, CA, USA)
set on the recommended vacuum pressure of −25.5 inches Hg (−86.4 kPa) via a rotating
hemostatic valve (RHV) for approximately 10 s before balloon deflation, to avoid potential
embolization from the stagnating column of blood distal to the balloon or from the guiding
catheter itself; and (2) after balloon deflation, the RHV is opened for a few seconds and
closed progressively during activation of the flushing line, to assure that the RHV is clean
(aspiration is performed through it in prevention of accumulated debris inside the RHV).

Appendix A.2.2. Follow-Up and Outcome

Patients with preprocedural severe stenosis (>90%), severe contralateral stenosis or
occlusion, or with periprocedural arterial hypertension were considered at high risk of
reperfusion syndrome, leading to a stricter blood pressure monitoring and management
with a target level of <120/80 mmHg. Patients were treated after the procedure with
clopidogrel (75 mg daily) or prasugrel (10 mg daily) in the case of clopidogrel resistance
(in the absence of contraindication). This treatment was delayed by 6 to 24 h for patients
treated with intravenous thrombolysis.

Appendix B.

 

Figure A1. Example of new punctiform ischemic DWI-MRI lesions for a patient with fluctuant
left-sided hemiparesis. Initial MRI (5 h from onset) did not find any intracranial large vessel oc-
clusion, but DWI-MRI depicted punctiform ischemic lesions in the right anterior junctional area.
(A) Perfusion MRI showed a large right sylvian hypoperfusion (TMax > 6 s). (B) MR-angiography
of supra-aortic arteries objectified a severe proximal ICA stenosis (C; white arrow) confirmed by
DSA performed (130 h after onset) before (D; white arrow) a successful carotid artery stenting (E).
DWI-MRI performed 24 h after CAS objectified new silent punctiform DWI-MRI lesions in the same
right anterior junctional area (F).
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Figure A2. This patient presented right hemiparesis with a symptomatic 75% left ICA stenosis
confirmed with angio-MR (A) without any ischemic brain lesions on the DWI-MRI performed 8 h
from symptom onset (B,C), but perfusion MRI showed left sylvian hypoperfusion (TMax > 6 s) (D).
Carotid artery stenting performed 1 day after symptom onset confirmed the ICA stenosis (E) and the
stenting was successfully performed (F). However, the patient presented pre-procedural hypertension
involving strict blood pressure monitoring after the CAS with a target level of <120/80 mmHg. The
DWI-MRI performed 25 h from the CAS revealed symptomatic new cerebral lesions (punctiform and
>10 mm) in the ipsilateral side (G,H) without large intracranial vessel occlusion. Dual antiplatelet
medication was continued. However, the 30-h CT performed for a neurologic deterioration revealed
an intraparenchymal hemorrhage (I) corresponding to a reperfusion syndrome.
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Abstract: Purpose: We investigated the long-term safety and efficacy of hepatic transarterial em-
bolization (TAE) in patients with symptomatic polycystic liver disease (PLD). Materials and Methods:

A total of 26 patients were included, mean age of 52.3 years (range: 33–78 years), undergoing 32 TAE
procedures between January 2012 and December 2019 were included in this retrospective study. Distal
embolization of the segmental hepatic artery was performed with 300–500 μm embolic microspheres
associated with proximal embolization using microcoils. The primary endpoint was clinical efficacy,
defined by an improvement in health-related quality of life using a modified Short Form-36 Health
Survey and improvement in symptoms (digestive or respiratory symptoms and chronic abdominal
pain), without invasive therapy during the follow-up period. Secondary endpoints were a decrease
in total liver volume and treated liver volume and complications. Results: Hepatic embolization was
performed successfully in 30 of 32 procedures with no major adverse events. Clinical efficacy was
73% (19/26). The mean reduction in hepatic volume was −12.6% at 3 months and −27.8% at the last
follow-up 51 ± 15.2 months after TAE (range: 30–81 months; both ps < 0.01). The mean visual analog
scale pain score was 5.4 ± 2.8 before TAE and decreased to 2.7 ± 1.9 after treatment. Three patients
had minor adverse events, and one patient had an adverse event of moderate severity. Conclusion:

Hepatic embolization using microspheres and microcoils is a safe and effective treatment for PLD
that improves symptoms and reduces the volume of hepatic cysts.

Keywords: embolization; polycystic liver disease; safety; efficacy

1. Introduction

Polycystic liver disease (PLD) is a group of genetic disorders that manifest as the
progressive development of multiple cysts in the liver parenchyma [1,2]. Autosomal
dominant polycystic kidney disease (ADPKD) is the most frequent cause of PLD (80%), liver
cysts being the most common extrarenal manifestation [3]. Autosomal dominant polycystic
liver disease (ADPLD) is a separate entity with two different mutations, responsible for
20% of PLD, with a cystic disease restricted to the liver [4]. Molecular genetic testing is
available to look for mutations in the SEC63, LRP5, PRKCS, GANAB, ALG8, SEC61B PKD1,
PKD2, and PKHD1.

Gigot classification is now commonly used to define severity in PLD [5]. Type I is
defined by the presence of less than 10 large hepatic cysts measuring more than 10 cm in
maximum diameter. Type II is defined by a diffuse involvement of liver parenchyma by
multiple cysts with remaining large areas of non-cystic liver parenchyma. Type III is defined
by presence of diffuse involvement of liver parenchyma by small- and medium-sized liver
cysts with only a few areas of normal liver parenchyma. Cyst puncture, sclerotherapy, or
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fenestration are used to treat with success for Gigot type I. However, Gigot type II and III
are more difficult to treat.

Conversely to ADPLD, ADPKD causes progressive renal dysfunction, whereas liver
function remains normal in both diseases. However, up to 20% of patients with PLD may
require treatment because the compressive effects of cysts on adjacent structures cause
progressive symptoms [6]. Common symptoms include abdominal discomfort, such as
early satiety and postprandial fullness, chronic and acute pain, dyspnea, reduced mobility,
and fatigue [7]. Severe disease can lead to malnutrition and disability.

Different modalities have been reported for treating PLD, with the objective of re-
ducing the liver volume and relieving symptoms [8]. Treatment with somatostatin analog
appears to be insufficient, with a decrease in liver volume of only 1.99% after 2 years [9].

Percutaneous cyst aspiration associated with sclerotherapy and laparoscopic fenes-
tration are indicated in patients with superficial cysts and a limited number of large cysts
(Gigot classification type I). These treatments may temporarily relieve symptoms, but there
is a high recurrence rate of up to 80% [10].

Hepatic resection has been proposed to treat highly symptomatic patients, with dif-
fuse involvement of the liver parenchyma by multiple cysts and remaining large areas
of non-cystic liver parenchyma [8]. However, significant complications can occur, and
morbidity and mortality rates associated with this procedure can reach 50% and 3%,
respectively [11,12].

Hepatic transplantation has been published in cases of diffuse involvement of the liver
parenchyma by small and medium cysts with only a few areas of normal parenchyma with
good efficacy but a morbidity rate of 40–50% and a global mortality rate between 8% and
17% at 5 years [12].

Transarterial embolization (TAE) of hepatic arteries in PLD was first described as
a promising minimally invasive treatment for patients with abdominal discomfort due
to a distended abdomen or gastric compression [13]. Several embolization techniques
have been described, including coiling and the use of a mixture of N-butyl cyanoacrylate–
iodized oil [14] and polyvinyl alcohol [15], particles tris-acryl gelatin microspheres [16]. The
association between distal and proximal embolization was described in renal embolization
in cases of ADPKD, with good efficacy [17]. To date no study evaluated quality of life after
the TAE.

The present retrospective study was performed to assess the safety and clinical efficacy
of TAE using combined embolization with Tris-acryl gelatin microspheres and coils and its
long-term impact on reducing liver volume in patients with symptomatic PLD.

2. Patients and Methods

2.1. Patient Population

This retrospective study was approved by the institutional review board, and the
requirement for informed consent was waived. A total of 21 patients had PLD and
ADPKD (80.7%), whereas 6 had PLD alone. Indication of treatment was based on the
following criteria:

Clinically palpable liver hypertrophy responsible for symptomatic mass effects, such
as abdominal pain, dyspnea, early satiety, and physical disability

Diffuse disease (Gigot classification type II or III) on imaging precluding surgical
resection or percutaneous sclerotherapy

Exclusion criteria included liver cyst infection and the decision of hepatic transplanta-
tion taken before TAE.

The decision to perform TAE was made at a multidisciplinary committee based on the
patient’s degree of clinical discomfort and on liver imaging data on computed tomogra-
phy (CT).

All patients were followed until June 2020. Quality of life was determined with a
modified Short Form-36 Health Survey (SF-36) by mail or e-mail in June 2020 [18,19].
The SF 36 questionnaire is a health survey frequently used on clinical studies to assess
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health related quality of life. It included 36 questions in 8 domain scores of physical and
mental function.

Quality of life and the efficacy of TAE for treating digestive and respiratory symptoms
and chronic pain were evaluated retrospectively before and after TAE.

Patients’ demographic data, including weight (after dialysis in patients receiving
dialysis) and laboratory data were obtained from their electronic medical records. All data
were collected before TAE, 3 months after treatment, 2 years, between 2–5 years, and at
the last follow-up more than 5 years in June 2020. All medical and surgical treatments
undergone by patients before and after TAE were noted.

2.2. Imaging before the Procedure

Pre- and post-TAE total liver volume was calculated on CT with or without contrast
injection with validated open source image processing software (Osirix, Pixmeo Sarl,
Geneva, Switzerland) [20,21] from the set of contiguous images by the product of liver area,
traced manually on each CT with a slice thickness of 5 mm.

2.3. The TAE Procedure

All procedures were performed on two different angiographic units (Allura Xper
FD20, Philips, Best, The Netherlands; and Artis Pheno, Siemens Healthcare, Forchheim,
Germany) under sedation or general anesthesia. After percutaneous introduction of a
5-Fr sheath (Radifocus Introducer II, Terumo, Tokyo, Japan) into the right or left femoral
artery under ultrasound guidance, the celiac trunk and superior mesenteric artery were
catheterized with a 4-F artery catheter (SHK 1.0, Cordis, Miami, FL, USA; or Cobra C2
Glidecath, Terumo) and a 0.035” hydrophilic guidewire (Terumo). After contrast injection
in each trunk, digital subtraction angiography allowed visualization of the arterial anatomy,
and portal hepatography was used to determine the anatomy and permeability of the
intra- and extrahepatic portal system (Figure 1). Superselective catheterization of arterial
branches vascularizing hepatic segments containing liver cysts was achieved with a 2.7-Fr
microcatheter (Progreat, Terumo).

Figure 1. Cont.
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Figure 1. (a) arteriography of the coeliac artery showing well developed hepatic artery deviated by
the cysts without parenchymography of the left liver. (b) Portography showing permeable splenic
and portal vein, occlusion of the left portal and right anterior portal vein (arrow), and permeability of
the right posterior portal vein (Star). (c,d): CT scan showing good correlation with the arteriography
and portography. hepatic parenchyma is completely replaced by cysts in segment II, III and IV.

The hepatic regions for embolization were selected before the TAE procedure based
on the distribution of cyst density determined on CT. According to these criteria, total or
partial liver embolization was performed. Arterial occlusion of each segmental artery was
performed first by distal embolization with 300–500 μm Tris-acryl gelatin microspheres
(Embosphere, Merit Medical, South Jordan, UT, USA; or Embogold, Boston Scientific,
Natick, MA, USA). Particles were injected through the microcatheter until stasis of feeding
arterial flow without reflux. Subsequently, to ensure complete vascular occlusion and
prevent revascularization, embolization was completed with one or several microcoils of
suitable diameter and length (Tornado or Hilal, Cook Medical, Indiana, IN, USA). Diameter
of coils were between 2 and 6 mm. When necessary, extrahepatic collaterals, such as the
inferior phrenic or omental arteries, were also embolized.

2.4. Postprocedure Management

To prevent postembolization syndrome (PES), a combination of corticosteroid (methyl-
prednisolone 1 mg/kg) and an analgesic (acetaminophen 1 g) were injected intravenously
2 h before embolization. PES is characterized by moderate to severe epigastric pain, fever,
severe nausea, and vomiting that appear early after embolization. Biologically, there is a
biological inflammatory syndrome associated with elevated transaminases and bilirubin.
All these abnormalities are transient and spontaneously resolved in a few days. During
embolization, pain was managed with intravenous nonsteroidal anti-inflammatory drugs
and morphinic analgesic titration if necessary. After embolization, patients were admitted
to the nephrology department for 2 to 3 days, and analgesic and corticoid treatment was
maintained intravenously for at least 24 h. If additional analgesics were needed, morphine
was added and administered through a patient-controlled analgesia pump with antiemetic
treatment if necessary.

Laboratory data included Creat, Urea, AST, ALT, GGT, Bilirubin, and Alcaline phos-
phatase were examined on days 1 and 3 after TAE. After discharge, pain was controlled
with acetaminophen or tramadol, and prednisolone (20 mg/day) was given for 8 days.

2.5. Endpoints

The primary study endpoint was clinical success, defined as improvement in quality
of life (an increase in SF-36 score > 10 points) [22,23] and improvement in abdominal
pain, digestive and respiratory symptoms without invasive treatment throughout the
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follow-up period. The SF-36 was completed in consultation on the follow-up scan was
performed. Secondary outcomes were primary technical success, defined by complete
occlusion of targeted segmental hepatic arteries; a decrease in liver volume on CT with or
without contrast injection and complications according to the guidelines of the Society of
Interventional Radiology [24] and Clavien–Dindo [25], including cyst complications, such
as hemorrhage or infection during follow-up.

2.6. Statistical Analysis

Data are summarized as proportions and means ± standard deviations as appropriate.
Categorical variables were analyzed with the chi-square test, and continuous variables
were compared with Student’s t test or analysis of variance. In all analyses, p < 0.05 was
taken to indicate statistical significance. If patients could not visit the hospital at the time of
data collection, their data were imputed by linear regression based on the next visit.

3. Results

3.1. Population

From 1 January 2012, to December 2019, a total of 26 consecutive patients (21 women
[81%] and 5 men [19%]) with symptomatic PLD underwent a total of 32 TAE procedures
at a single institution. Before TAE, 7 patients received treatment with somatostatin for
12–24 months, which was considered ineffective; 11 patients had been treated by cyst punc-
ture and sclerotherapy, but no patients had undergone any previous surgical interventions.
Patient characteristics are summarized in Tables 1 and 2. The mean follow-up period was
51 months (range: 6–98 months). In this population, 16 and 10 patients had Gigot liver
type II and type III, respectively. Embolization was performed selectively in 23 procedures
(72%)—14 in the right liver (44%) and 9 in the left liver (28%)—and was global (right
and left) in 9 procedures (28%). The mean number of embolized segments was 4.0 ± 1.7.
Extra-hepatic arteries embolized were three left gastric arteries.

Table 1. Patient characteristics.

Patient Characteristics Mean (Range) or N (%)

Average age in years (range) 52.3 (33–78)
<50 years 10 (39%)
>50 years 16 (61%)

Gender
-Male 5 (19%)

Weight 86.6 (+/−12.8)
BMI 28.25 (+/−4.1)

-Female 21 (81%)
Weight 63,2 (+/−12.1)

BMI 23.4 (+/−2.4)
Mean time follow-up (months) 51 (6–98)

Type of PLD
-associated with ADPK 20 (77%)

-PLD isolated 6 (23%)
Laboratory
Creatinine 117.3 (+/−82)

>60 GFR 10 (38%)
<60 GFR. 13 (50%)

dialysis 3 (11%)
Urea 8.1 (+/−3.6)
AST 39.8 (+/−53)
ALT 33.2 (+/−36.5)
GGT 175.8 (+/−116.8)

Bilirubin 12.3 (+/−9.2)
Alcaline phosphatase 141.6 (+/−106)

TP 92.1 (+/−14)
Hemoglobin 12.7 (+/−1.5)

Platelets 230 (+/−77)
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Table 2. Patients characteristics.

Patient Characteristics Mean (Range) or N (%)

Liver volume
Total liver volume 6436 cc (2965–13,470)

Right liver 4058 cc (2073–9566)
Left liver 2377 cc (848–5776)

Symptoms
Abdominal Pain 24 (92%)

Dyspnea 21 (81%)
Dyspepsia 26 (100%)

Previous treatment
Medical treatment 7 (27%)

Cyst sclerosis 11 (42%)
Fenestration or hepatectomy 0

Anterior complications 13 (50%)
Infection 12 (46%)

Hemorrhage 3 (11%)

3.2. Technical Success

Primary technical success was achieved in 30 of the 32 procedures (93%). TAE was
stopped because of difficulty catheterizing segmental branches responsible for a high
radiation dose (4 Gy) in one case and dissection of the left liver artery in another case. These
two patients underwent a second TAE with effective technical success. Two procedures
were necessary in five patients and one patient underwent three procedures because of
insufficient reduction in volume. These 6 failures were due to recanalization of hepatic
arteries or embolization of insufficient hepatic volume but after the subsequent procedures
the secondary technical success rate was 100%.

The mean procedure time was 90.9 ± 28.8 min. The mean quantity of contrast injected
during the procedure was 134.5 ± 52 cc, the mean radiation dose area product (DAP) was
1146 ± 935 mGy, and the mean fluoroscopy time was 34.5 ± 14 min.

3.3. Safety

TAE postembolization syndrome occurred after all procedures despite medical prepa-
ration, but no patients developed hepatic insufficiency. The mean duration of hospital stay
was 4.25 ± 1.9 days (range: 2–10 days). No residual pain was reported after 1 month.

The total complication rate was 12.5%. Three patients presented pain recurrence
(grade I) justifying new hospitalization between 1 and 10 days. One patient had a cyst
infection (grade III-a) that occurred 20 days after TAE, treated successfully with puncture
and intravenous antibiotics over a 5-day hospitalization period.

3.4. Reduction in Hepatic Volume (Figure 2 and Table 3)

The mean decrease in total liver volume at 3 months was −12.6% (±8.01%) compared
to the pre-TAE value or a mean loss of −855 cc (p < 0.01). CT was performed more than
2 years after TAE in 12 patients, and the mean decrease in total liver volume ratio was
−27.8% (p < 0.01) (Table 4).
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Figure 2. Computed Tomography (CT) from a patient with polycystic liver disease before and after
transarterial embolization. (a,b) Pre-embolization CT showing a voluminous polycystic liver with a
compression of the stomach by the cysts. (c,d) CT at 3 months showing coils and reduction of cysts
volume. (e,f): CT at 4 years showing a significant liver volume reduction of 29% with a decompression
of the stomach.

Table 3. Liver volume reduction in sub group analysis.

Sex
Liver Volume

before TAE
(mL)

Liver Volume
after TAE (mL)

Difference p

Total liver men 8808.4 7441.1 −15.2% p < 0.01
women 5672.4 4932.7 −11.9% p < 0.01

Qobs = 0.90 IC95%
[−4.1169; 10.5965] p = 0.37

Embolized liver men 5894 4752 −17.8% p < 0.01
women 3906 3234.7 −24.3% p < 0.01

Qobs = −1.16 IC95%
[−17.4903; 4.7764] p = 0.25

Disease
Total liver ADPLD 8633 7174 −16.8% p < 0.01

ADPKD 5597 4916 −11.3% p < 0.01
Qobs = 1.64 IC95

[−1.3294; 12.3023] p = 0.11

Embolized liver ADPLD 5787 4398 −24% p < 0.01
ADPKD 3781 3291 −22% p < 0.01

Qobs = 0.39 IC95
[−8.6315; 12.6986] p = 0.69

Quality of life
Total liver Improved 6313 5322 −15.7% p < 0.01

Not improved 6420 5878 −8.1% p = 0.03
Qobs = −2.65 IC95

[−11.7682; −1.5267] p < 0.01

Embolized liver Improved 4708 cc 3811 cc −24% p < 0.01
Not improved 3543 cc 2857 cc −12% p < 0.01

Qosb = −3.12 IC95
[−11.7682; −1.5267] p < 0.01
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Table 4. Liver volume reduction at 3 months and 2 years after TAE.

Mean Vol. before TAE
(mL)

Mean Vol. after TAE
(mL)

Mean Reduction of Volume p

Scanner 3 months
after TAE

Total liver Volume 6438 (+/−2592) 5567 cc (+/−2122) −12.6% (+/−8)
−855 cc IC95% [570.88; 1140.55] p < 0.01

Liver embolized 4623 (+/−2916) 3692 cc (+/−2460) −22.7% (+/−12.5)
−930 cc IC95% [679.03; 1182.78] p < 0.01

2+ years of follow-up

Total Liver Volume
(n = 12 patients) 6275 (+/−2353) 4440 cc (+/−1302) −27.8%

−1863 cc IC95%
[757.7333; 2968.4889]

p < 0.01

Liver embolized
(n = 12 patients) 5001(+/−2157) 3546 cc (+/−1769)

−32.5% (+/−17)
−1544 cc IC95

[841.9154; 2246.0846]
p < 0.01

3.5. Clinical Efficacy

The primary clinical efficacy was 72% (19/26) at the date of evaluation in June 2020,
and the average follow-up time was 51 ± 15.2 months (range: 6–98 months). A total of
19 patients (72%) showed a significant improvement in their quality of life with an increase
in SF-36 score of >10 points, and 13 (52%) showed an increase of >20 points. No patients
reported a worsening of quality of life after embolization. Of the 26 patients, 23 (88%)
would recommend TAE for the management of PLD.

Clinical failure occurred in seven patients (27%) who experienced no improvement
in quality of life after TAE. Two of these patients (7%) required complementary surgical
treatment 7 and 11 months after TAE consisting of a right hepatectomy in one case and a
combination of a right hepatectomy and cyst fenestration in the other. Surgery was effective
in these two patients. Five patients did not benefit for another treatment. One patient
died of metastatic kidney cancer 2 years after treatment unrelated to TAE. The four other
patients who did not experience clinical success underwent repeated cyst aspirations or
symptomatic treatment and refused a second TAE or surgery.

3.5.1. Chronic Pain

Of the 24 patients (92%) who presented with chronic pain related to liver volume, 20
(83%) noticed an improvement after TAE. Pain evolved from a mean visual analog scale
score of 5.4 ± 2.8 before TAE to 2.7 ± 1.9 afterward.

3.5.2. Digestive Symptoms

All patients had digestive symptoms before TAE (moderate in 17 and severe in 9). After
TAE, 21/26 patients (81%) showed an improvement in symptoms, including 15 patients
(57%) who experienced a complete recovery. Only two patients (11%) had severe persistent
digestive symptoms.

3.5.3. Dyspnea

Before TAE, 21 patients (81%) had dyspnea, including 16 with symptoms that caused
problems in everyday life. A total of 14 of these patients (66%) reported improvement
after TAE.

4. Discussion

TAE using microspheres and coils is a safe and an effective treatment for patients with
diffuse and symptomatic PLD. These results confirm the findings of previous studies that
used different embolization techniques [14,26–29] (Table 5).
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Table 5. Summary of relevant studies on hepatic artery embolization in patients with polycystic
liver disease.

Authors Date Patient
Embolic
Material

Used

Reduction
in Liver

Volume at
6 Months

Reduction
in Liver

Volume at
1 Year

Reduction
in Liver

Volume at
2 Years

Mean Liver
Volume

before Em-
bolization

(mL)

Clinical
Success

Ubara et al. [13] 2004 1 Coils −46% 12,364 100%
Takei et al. [27] 2007 30 Coils −21.2% 7882 80%

Park et al. [15] 2009 3 PVA and
Coils −15% 9490 66%

Wang et al. [14] 2012 21 NBCA and
lipiodol

No signi-
ficative

difference
−25.7% 8270 85.3%

Hoshino et al. [26] 2014 221 Coils −5.3% −9.2% 7058 -
Yang et al. [29] 2016 18 Coils −7.6% 7767 31.4%

Zhang et al. [30] 2017 23 NBCA and
lipiodol −16.3% −29.7% −29.3% 8070 86%

Sakuhara et al. [16] 2019 5
Tris Acryl
Gelatin mi-
crosphere

−5.5% −6.7% 7406 60%

The rate of absence of clinical amelioration and cyst volume reduction was 27% in
our cohort compared to 0% reported by Ubara et al. [13], 15% reported by Wang et al. [14],
20% reported by Takei et al. [26], 34% reported by Park et al. [15], 40% reported by
Sakuhara et al. [16], and 69.6% reported by Yang et al. [29]. These differences could be
due to differences in treatment methodologies, including revascularization of embolized
arteries, the development of extrahepatic collaterals stimulated by the cyst and parenchy-
mal ischemia, and the development of intrahepatic collaterals when only one lobe was
embolized [16].

These possibilities prompted us to perform a second TAE if the first was ineffective.
The second TAE involved meticulously searching for and embolizing extrahepatic collater-
als to ensure that there was no residual flow in the embolized artery. Revascularization
of the hepatic artery seems to be the principal cause of failure [14,28]. The combination of
distal embolization using microspheres and proximal occlusion of the segmental artery
using microcoils seems to be very effective for producing irreversible occlusion of the
targeted artery.

Selecting the appropriate embolic agent is important. Recanalization is favored by the
presence of many intrahepatic collateral vessels (peribiliary vascular plexus) and extrahep-
atic collateral vessels (omental artery, gastric artery, inferior phrenic artery, etc.) [31].

Different embolic materials have been used in previous studies, with coils being the
most common [28]. Liquid adhesives and glue have also been used for distal and proximal
embolization with good efficacy [14,30], however, there are risks for polymerization [32]
and reflux in non-target areas [14,30], which can cause complications, such as biloma [14].
Calibrated microspheres are more precise and suitable than glue because of their ease of
delivery from the inserted microcatheter and the low levels of associated inflammation
compared to other liquid embolic agents [33,34].

In this study, the reduction in hepatic volume was −12.6% 3 months after embolization
and −27.8% at the last follow-up more than 2 years after TAE are similar to those reported
in the literature, that is, −7% to −21% with coils after 1 year [13,26], −25.7% and −29.3%
for glue associated with lipiodol [30], and −15% after 1 year for polyvinyl alcohol particles
and coils [15].

Neijenhuis et al. [35] showed that symptom reduction is a better outcome parameter
than cyst volume reduction for treatment success in patients treated by aspiration scle-
rotherapy. Indeed, cyst diameter reduction does not reflect treatment success in aspiration
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sclerotherapy from patients’ perspectives, while symptoms measured with the PLD-Q can
be used as a reliable outcome measure.

This procedure shows a low rate of complications (12.5%) compared to surgical ap-
proaches (50%) [8,36] and good tolerance as soon as postembolization syndrome could
be controlled. Cyst infection is a serious but rare complication that occurred in only 4%
of our cases and has previously been reported at rates between 0% and 2% [37]. The
mean duration of hospitalization for TAE is shorter than that required for hepatic surgery
(4.25 days vs. 15 days, respectively) [8,11].

Surgery can be performed after one or two TAE procedures. Indeed, embolization did
not complicate surgery, and the reduction in volume permitted better mobilization of the
liver and resulted in less risk for arterial bleeding during surgery.

In our study, two patients (7%) underwent partial hepatectomy after TAE because
of insufficient clinical results with good efficacy. Partial hepatectomy and cyst fenestra-
tion substantially improves symptom burden and quality of life in highly symptomatic
polycystic liver disease patients [38] with 11.1% of major complication.

This study is not without limitations. This was a retrospective, single center study with
a small population. Additionally, there was an absence of systematic late determination
of liver volume, an absence of a surgical control group, and the use of two types of
microspheres. Moreover, questionnaire PLD-Q was not used in this study, which was
validated by Neijenhuis et al. [39]. Due to the retrospective nature of this investigation,
there are missing data.

In conclusion, TAE appears to be a safe and effective noninvasive treatment for
patients with symptomatic Gigot 2 and 3 PLD. This study demonstrates a progressive
decrease in liver volume with clinical efficacy in 73% of patients after one or two TAE
procedures. This approach can improve the standard of care for patients with symptomatic
PLD and can be considered before more invasive surgical procedures, even in patients with
renal insufficiency.
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Abstract: Background: This study aimed to retrospectively analyze dosimetric indicators recorded
since 2012 for thoracic, abdominal or pelvic embolizations to evaluate the contribution of new tools
and technologies in dose reduction. Methods: Dosimetric indicators (dose area product (DAP) and
air kerma (AK)) from 1449 embolizations were retrospectively reviewed from August 2012 to March
2022. A total of 1089 embolizations were performed in an older fixed C-Arm system (A1), 222 in
a newer fixed C-Arm system (A2) and 138 in a 4DCT system (A3). The embolization procedures
were gathered to compare A1, A2 and A3. Results: DAP were significantly lower with A2 compared
to A1 for all procedures (median −50% ± 5%, p < 0.05), except for uterine elective embolizations
and gonadal vein embolization. The DAP values were significantly lower with A3 than with A1
(p < 0.001). CT scan was used for guidance in 90% of embolization procedures. Conclusions: The last
C-Arm technology allowed a median reduction of 50% of the X-ray dose. The implementation of a CT
scan inside the IR room allowed for more precise 3D-guidance with no increase of the dose delivered.

Keywords: embolization; dose optimization; interventional radiology; CT scan

1. Introduction

Thoracic, abdominal or pelvic embolizations represent an important proportion of
all procedures performed in interventional radiology (IR), with many indications [1–4].
Embolizations may be long and complex procedures, with high radiation doses delivered
to the patients, and it is possible that the patient skin dose may exceed the threshold of
deterministic effects (2 to 3 Gy), leading to radiodermatitis or alopecia [5–8]. Another issue,
even when relatively low doses are delivered in IR, is the risk of long-term stochastic effects,
including induced cancer [9,10]. Optimization of IR practices is thus needed to reduce these
risks [11].

The International Commission on Radiological Protection (ICRP) has recommended
the collection and monitoring of dose indicators for each patient exposed to ionizing
radiation [11]. In IR, this collection allows for improved detection and follow-up of patients
at risk of a deterministic effect to improve their therapeutic management. In addition, an
evaluation of the skin dose can be performed when the air kerma at the interventional
reference point (AK) or the dose area product (DAP) are high [12,13].

To reduce the doses delivered during interventional procedures, the optimization
principle must be applied with great rigor. Dose optimization consists in reducing radiation
doses as low as reasonably achievable while maintaining sufficient image quality. For this
purpose, the protocols are often optimized by the medical physicists and the resulting
image quality for each protocol is validated by the interventional radiologists [14]. Medical
physicists may also train radiologists on good patient radiation protection practices. Finally,
manufacturers develop new equipment to reduce the dose delivered to the patients, with
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a sufficient image quality, using new tools or new modalities to facilitate guidance and
improve patient management [15–21].

In our institution, dosimetric indicators have been collected daily by medical physicists
for all IR procedures since 2012 and methods to calculate or measure the skin dose have
been implemented since 2013 [22,23]. Between 2012 and 2020, all embolizations were
performed in a single vascular room equipped with a fixed C-arm. In 2020, this room was
replaced by two new IR rooms: a room with a fixed C-arm and equipped with the ClarityIQ
technology, which allows reducing the dose while maintaining an equivalent image quality,
and a second room with a fixed C-arm coupled with a CT-scan. The use of the CT-scan
in this new room allows improving percutaneous and vascular guidance, controlling the
environment of the treated area and performing a control at the end of the procedure. For
these two new equipped rooms, the protocols and practices have also been optimized. We
therefore assumed that the new features introduced in these two rooms may modify the
doses delivered and the management of the patients.

The purpose of our study was to retrospectively analyze the dosimetric indicators
recorded since 2012 and evaluate the contribution of the new tools and new rooms in dose
reduction and patient management.

2. Materials and Methods

2.1. Patient Study

The present retrospective study was approved by the local institutional review board
(Interface Recherche Bioethique Institutional Review Board, number 22.04.03) and patient
approval was waived due to the study retrospective character. The study was carried out
in accordance with current guidelines and regulations. Patients (or their legal guardians)
were systematically informed that their data were collected in an anonymous manner for
a retrospective study and that they could refuse at any time to participate in the study
(non-opposition statement).

Data were acquired consecutively for all adult participants undergoing thoracic or
abdomen-pelvic embolization from August 2012 to March 2022 in our institute. Ten
embolization procedures were studied (Table 1):

• Bronchial artery embolizations (BE);
• Abdominal elective embolizations for scheduled treatment and visceral aneurysm

(except for renal artery) treatments (AEE);
• Abdominal urgent embolizations for active bleedings or vascular injuries of digestive

arteries (AUE);
• Hepatic chemoembolizations (HCE);
• Radioembolization for primary and metastatic liver cancers (RaE);
• Renal artery embolizations (RE);
• Pelvic embolizations for planned prostatic embolizations (PE);
• Uterine elective embolizations for leiomyomas or vascular malformations (UEE);
• Uterine urgent embolizations for postpartum hemorrhages (UUE);
• Gonadal vein embolizations (GVE).

Patients were not included in the study if they were under 18 years old or if they
refused to participate in the study (opposition statement).

For all patients, the age, total dose area product (DAP), air kerma (AK), total fluo-
roscopy time (FT) and number of fluorography images were collected. The total dose length
product (DLP) was collected only for patients who had undergone a CT scan during the
procedure. For all procedures, the dosimetric indicators were collected daily from the dose
reports available in the Picture Archiving and Communication System (PACS) or in the
Dose Archiving and Communication System (DACS) by the medical physicists and were
archived in a database.
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Table 1. Patients’ characteristics.

Allura FD 20 (A1) Azurion 7 M20 (A2) Alphenix 4DCT (A3)

Procedures
Number of Sex Age Number of Sex Age Number of Sex Age

Patients (F/M) (Years) Patients (F/M) (Years) Patients (F/M) (Years)

AEE 203 58/145 60.4 ± 18.9 58 19/39 64.5 ± 17.7 - - -
AUE 123 38/85 66.5 ± 16.4 38 16/22 64.5 ± 17.3 - - -
GVE 156 32/124 36.4 ± 13.3 30 13/17 40.7 ± 13.1 - - -
RE 99 50/49 63.4 ± 18.0 25 6/19 67.7 ± 15.8 - - -
UEE 81 81/0 41.2 ± 12.4 18 18/0 46.9 ± 16.5 - - -
BE 44 9/35 61.9 ± 16.2 36 10/26 64.2 ± 15.9 - - -
UUE 60 60/0 31.8 ± 6.2 17 17/0 31.4 ± 7.8 - - -
HCE 158 22/136 70.3 ± 9.8 - - - 67 12/55 72.2 ± 9.6
PE 142 0/142 76.5 ± 10.1 - - - 47 0/47 76.5 ± 12.1
RaE 23 1/22 70.6 ± 6.8 - - - 24 10/14 66.8 ± 10.9

Total 1089 351/738 58.7 ± 20.2 222 99/123 57.6 ± 19.7 138 22/116 72.7 ± 11.2

Age values are expressed as means ± standard deviations. AEE: abdominal elective embolizations for tumors and
visceral aneurysms; AUE: abdominal urgent embolizations for active bleeding or vascular injuries of digestive
arteries; BE: bronchial artery embolizations; HCE: hepatic chemoembolizatiosn; PE: pelvic embolizations for
planned prostatic embolizations; RaE: radioembolisations; RE: renal artery embolizations; UEE: uterine elective
embolizations for leiomyomas or vascular malformations; UUE: uterine urgent embolizations for postpartum
hemorrhages; GVE: gonadal vein embolizations.

2.2. X-ray Sources

From August 2012 to September 2020, all embolization procedures were performed on
the fixed C arm Allura® Xper FD 20 (Philips Healthcare Systems, Best, The Netherlands)
system (A1). Since Sept ember 2020, the embolization procedures were performed on the
fixed C-arm Azurion 7 M20 (Philips Healthcare Systems, Best, The Netherlands) system
(A2) or on the Alphenix 4DCT (Canon Medical Systems, Otawara, Japan) system (A3),
which combines a flat-panel Angio C-arm (Alphenix) and a CT unit (Aquilion One Genesis).
Seven embolization procedures studied were preferentially performed using the A2 system
(BE, AEE, AUE, RE, UEE, UUE and GVE) and the three others preferentially using the A3
system (HCE, PE and RaE).

For the two Philips systems, the pulsed fluoroscopy mode (7.5 pulses) with an addi-
tional filtration of 0.9 mm Cu and 0.1 mm for the Al system were used. Digital subtraction
angiography images were used for all embolization procedures with a frame rate of 2 or
3 frames according to the procedure performed and an additional filtration of 0.1 mm Cu
and 0.1 mm for the Al system. Cone-beam CT acquisition was used for all PEs but not for
the other procedures.

For the C-arm of the 4DCT, the low-pulsed fluoroscopy mode (5 or 7.5 pulses) and
the additional filtration were used (from 0.2 to 0.5 mm Cu) depending on the procedure
type, the difficulties encountered and the operator. For all embolization procedures, digital
subtraction angiography images were used at a 3-frames rate and an additional 0.2 mm-Cu
filtration. CT acquisitions were usually performed during the procedure to assess the
proper vascular targeting of the embolization. CT acquisitions were initially performed for
planning, guidance or post-embolization control [15,22].

For the A1 and A2 systems, the detector was rectangular with a diagonal length of
48 cm while in A3, the diagonal length was 40 cm. Eight electronic zooms were available
in A1 and A2 (diagonals of 48/42/37/31/27/22/19/15 cm) and six in A3 (diagonals of
40/30/20/15/11/8 cm).

For the A1 and A2 systems, the AK was measured in air at a distance of 66 cm from the
X-ray tube. For A3, the AK was measured in air at 55 cm from the X-ray tube but took into
account the table and mattress attenuation. To compare the AK of the different systems, for
A3, AK was corrected to be obtained at a 66-cm distance from the X-ray tube (correction
factor of 0.694) and its measurement was performed in the air without taking into account
the table and mattress attenuation (correction factor of 1.225).
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The average field size during each procedure was calculated as the ratio of the total
DAP to the total AK (in air at 66 cm from the X-ray tube). The proportion of fluoroscopy in
the total dose was also calculated as the ratio of fluoroscopy DAP to total DAP.

2.3. Statistical Analysis

Statistical analyses were performed using the 3.5.1 version of R (R Core Team (2017);
R: A language and environment for statistical computing; R Foundation for Statistical
Computing, Vienna, Austria). For all quantitative data, normality was tested using the
Shapiro–Wilk test. Data are presented as means and standard deviations or medians and
1st and 3rd quartiles, according to the variable statistical distribution.

The comparison of dosimetric indicators between the A1 and A2 systems was per-
formed for the following embolization procedures: BE, AEE, AUE, RE, UEE, UUE and
GVE, and for HCE, PE and RaE for the comparison between the A1 and A3 systems. The
comparison between all dosimetric indicators was performed using the paired Mann–
Whitney–Wilcoxon test. A p-value less than 0.05 was considered significant.

3. Results

3.1. Patients

During the study period, 1449 procedures were performed. There were 472 women
and 977 men, of mean age 59.9 ± 19.9 (SD) (range: 18.0–99.8) years old (Table 1). A total of
1089 embolization procedures of all 10 procedure types were performed with the A1 system,
222 embolization procedures were performed with the A2 system, including 7 types of
procedures (BE, AEE, AUE, RE, UEE, UUE and GVE), and 138 procedures of 3 different
types (HCE, PE, and RaE) were performed with the A3 system. No adult patients objected
to their participation in the study but 26 pediatric patients were excluded.

3.2. Comparison of the Dosimetric Indicators between the Allura FD 20 (A1) and the Azurion 7
M20 (A2) Systems

The dosimetric indicator values obtained with the A1 and A2 systems for the 7 em-
bolization procedures performed with A2 are depicted in Table 2. The DAP values were
significantly lower with A2 compared to A1 for all procedures (p < 0.05), except for GVE
and UEE. For these two procedures, the differences between the medians were −32% for
GVE (p = 0.09) and −26% for UEE (p = 0.481) while they were on average of −50% ± 5% for
the 5 other procedures. AK values were lower with A2 compared to A1 for all procedures
(p < 0.05), except for UUE (p = 0.224). The average difference between the medians for the
6 procedures were −56% ± 8% but −23% for UEE. The average field size was higher with
A2 than with A1 (Figure 1A).

Table 2. Comparison of the dosimetric indicators between the Allura FD20 (A1) and Azurion 7 M20
(A2) C-arms systems for 7 embolization procedures.

Procedures Dosimetric Indicators Allura FD20 (A1) Azurion 7 M20 (A2) p-Values

AEE

Dose Area Product (Gy.cm2) 110.9 (54.6; 186.4) 48 (29.3; 85.9) p < 0.001
Air Kerma (mGy) 510 (264; 959) 207 (130; 337) p < 0.001
Fluoroscopy Time (min) 17 (11; 28) 17 (11; 23) 0.676
Number of graphy images 133 (84; 246) 109 (70; 190) 0.063

AUE

Dose Area Product (Gy.cm2) 126.0 (65.2; 238.9) 61.3 (36.5; 103.4) p < 0.001
Air Kerma (mGy) 566 (278; 1097) 216 (132; 375) p < 0.001
Fluoroscopy Time (min) 19 (9; 29) 17 (12; 27) 0.550
Number of graphy images 157 (93; 330) 148 (88; 216) 0.316
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Table 2. Cont.

Procedures Dosimetric Indicators Allura FD20 (A1) Azurion 7 M20 (A2) p-Values

GVE

Dose Area Product (Gy.cm2) 31.4 (20.1; 63.2) 21.5 (14.3; 52.5) 0.09
Air Kerma (mGy) 141 (87; 258) 66 (36; 105) p < 0.001
Fluoroscopy Time (min) 16 (11; 24) 29 (20; 38) p < 0.001
Number of graphy images 41 (22; 77) 66 (35; 107) 0.153

RE

Dose Area Product (Gy.cm2) 83.8 (41.7; 125.2) 42.8 (35.5; 98.3) 0.019
Air Kerma (mGy) 461 (273; 808) 207 (148; 381) 0.001
Fluoroscopy Time (min) 17 (11; 25) 16 (8; 22) 0.542
Number of graphy images 151 (91; 223) 105 (73; 182) 0.166

UEE

Dose Area Product (Gy.cm2) 92.1 (49; 161.9) 68.1 (35.5; 158.6) 0.481
Air Kerma (mGy) 417 (239; 862) 319 (189; 661) 0.224
Fluoroscopy Time (min) 17 (11; 27) 30 (20; 43) 0.001
Number of graphy images 112 (79; 208) 186 (133; 313) 0.022

BE

Dose Area Product (Gy.cm2) 49.4 (29.9; 79.6) 29.7 (20.5; 47.3) 0.010
Air Kerma (mGy) 288 (148; 478) 166 (114; 235) 0.012
Fluoroscopy Time (min) 24 (17; 40) 31 (21; 43) 0.319
Number of graphy images 131 (93; 196) 128 (101; 252) 0.315

UUE

Dose Area Product (Gy.cm2) 166.9 (86.3; 273.4) 80.3 (51.8; 130.4) 0.009
Air Kerma (mGy) 710 (423; 1092) 249 (161; 497) 0.002
Fluoroscopy Time (min) 14 (9; 22) 18 (9; 24) 0.815
Number of graphy images 108 (59; 182) 175 (121; 260) 0.032

p-values in bold italics are significant p-values (<0.05). AEE: abdominal elective embolizations for tumors and
visceral aneurysms; AUE: abdominal urgent embolizations for active bleedings or vascular injuries of digestive
arteries; BE: bronchial artery embolizations; RE: renal artery embolizations; UEE: uterine elective embolizations
for leiomyomas or vascular malformations; UUE: uterine urgent embolizations for postpartum hemorrhages;
GVE: gonadal vein embolization.

Figure 1. Average field size corresponding to the total dose area product (DAP) on total air kerma at
66 cm ratio (A) between Allura FD20 (A1) and Azurion 7 M20 (A2) for 7 embolization procedures
and (B) between Allura FD20 (A1) and 4DCT Alphenix (A3) for 3 embolization procedures (B).
Values are expressed as means ± standard deviations (error bars). DAP: dose area product; AK: air
kerma; AEE: abdominal elective embolizations for tumors and visceral aneurysms; AUE: abdominal
urgent embolizations for active bleedings or vascular injuries of digestive arteries; BE: bronchial
artery embolizations; HCE: hepatic chemoembolizations; PE: pelvic embolizations for planned
prostatic embolizations; RaE: radioembolisations; RE: renal artery embolizations; UEE: uterine
elective embolizations for leiomyomas or vascular malformations; UUE: uterine urgent embolizations
for postpartum hemorrhages; GVE: gonadal vein embolization.

For the fluoroscopy time, similar values were found between the A1 and A2 systems
for AEE, AUE and RE. FT were higher with A2 compared to A1 for the other 4 procedures
with significant differences for GVE (p < 0.001) and UEE (p = 0.001).

The number of fluorographies was significantly lower with A2 compared to A1 for
AEE, AUE and RE but the opposite for the other embolization procedures (GVE, UEE, BE
and UUE). The differences were significant for UEE (p = 0.022) and UUE (p = 0.032). The
proportion scopy DAP in the total DAP was greater with A2 than with A1 (Figure 2A).
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Figure 2. Comparison of the fluoroscopy dose area product (DAP) to total DAP ratio (A) between the
Allura FD20 (A1) and Azurion 7 M20 (A2) systems for 7 embolization procedures and (B) between
the Allura FD20 (A2) and 4DCT Alphenix (A3) systems for 3 embolization procedures. Values are
expressed as means ± standard deviations (error bars). DAP: dose area product; AEE: abdominal
elective embolizations for tumors and visceral aneurysms; AUE: abdominal urgent embolizations for
active bleedings or vascular injuries of digestive arteries; BE: bronchial artery embolizations; HCE:
hepatic chemoembolizations; PE: pelvic embolizations for planned prostatic embolizations; RaE: ra-
dioembolisations; RE: renal artery embolizations; UEE: uterine elective embolizations for leiomyomas
or vascular malformations; UUE: uterine urgent embolizations for postpartum hemorrhages; GVE:
gonadal vein embolization.

3.3. Comparison of the Dosimetric Indicators between the Allura FD20 (A1) and the 4DCT
Alphenix (A3) Systems

The dosimetric indicator values obtained with the A1 and A3 systems for HCE, PE
and RaE procedures are depicted in Table 3. The DAP values were significantly lower with
A3 than with A1 (p < 0.001). The corrected AK with the A3 system were significantly lower
than with A1 for PE and RaE (p < 0.001) but the opposite for HCE (p = 0.827). The average
field size was lower with A3 compared with A1, 120 ± 67 cm2 vs. 198 ± 49 cm2 for HCE,
130 ± 35 cm2 vs. 189 ± 45 cm2 for PE, 156 ± 52 cm2 vs. 248 ± 69 cm2 for RaE (Figure 1B).

Table 3. Comparison of the dosimetric indicators between the Allura FD20 (A1) and 4DCT Alphenix
(A3) C-arms systems for 3 embolization procedures.

Procedures Dosimetric Indicators Allura FD20 (A1) Alphenix 4DCT (A3) p-Values

HCE

Dose Area Product (Gy.cm2) 126.9 (72.7; 188.6) 91.4 (44; 127.5) p < 0.001
Air Kerma (mGy) 672 (365; 1074) 699 (391; 1005) 0.827
Fluoroscopy Time (min) 24 (16; 34) 37 (26; 48) p < 0.001
Number of graphy images 403 (144; 760) 80 (58; 139) p < 0.001
Dose Length Product (mGy.cm) (n = 61) - 267 (185; 629) -

PE

Dose Area Product (Gy.cm2) 239.1 (135.1; 322.7) 134.1 (96.2; 161.7) p < 0.001
Air Kerma (mGy) 1314 (735; 1849) 874 (629; 1306) 0.012
Fluoroscopy Time (min) 43 (30; 54) 50 (40; 60) 0.024
Number of graphy images 1018 (638; 1345) 191 (155; 280) p < 0.001
Dose Length Product (mGy.cm) (n = 43) - 228 (139; 392) -

RaE

Dose Area Product (Gy.cm2) 103.4 (78; 156.4) 36.6 (19.1; 56.1) p < 0.001
Air Kerma (mGy) 498 (305; 657) 258 (130; 319) 0.001
Fluoroscopy Time (min) 11 (8; 20) 20 (12; 25) 0.140
Number of graphy images 783 (662; 1067) 83 (48; 114) p < 0.001
Dose Length Product (mGy.cm) (n = 21) - 282 (189; 530) -

HCE: Hepatic chemoembolizations; PE: Pelvic embolizations for planned prostatic embolizations; RaE: Radioem-
bolisations.

The fluoroscopy time was higher with A3 than with A1 for the 3 procedures and the
differences were significant for HCE (p < 0.001) and PE (p = 0.024). The number of graphy
images was significantly lower with A3 than with A1 for all procedures. The proportion
was higher for A2 than for A1 (Figure 1B).
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With the A3 system, the CT-scan was used for 91% of HCE and PE procedures and
88% for RaE (Table 4). The median DLP were 267 (185; 629) mGy.cm for HCE, 228 (139; 392)
mGy.cm for PE and 282 (189; 530) mGy.cm for RaE. The median number of CT acquisitions
were 3 (2; 4) for HCE, 3 (2; 3) for PE and 2 (2; 4) for RaE.

Table 4. Dose length product and number of CT acquisitions.

Dosimetric Indicators HCE PE RaE

Number of embolizations 67 47 24
Number of procedures 61 43 21
Dose Length Product (mGy.cm) 267 (185; 629) 228 (139; 392) 282 (189; 530)
Number of CT acquisitions 3 (2; 4) 3 (2; 3) 2 (2; 4)

HCE: hepatic chemoembolizations; PE: pelvic embolizations for planned prostatic embolizations; RaE: radioem-
bolisations.

The proportion of CT acquisition types for the three embolization procedures studied
are depicted in Figure 3. Volumic CT acquisitions represented 65% of the total CT acquisi-
tions for HCE, 44% for PE and 52% for RaE. Perfusion CT acquisitions were used for HCE
(1%) and PE (9%).

Figure 3. Percentage of CT acquisition types for all 3 embolization procedures. (A) HCE: hepatic
chemoembolizations; (B) PE: pelvic embolizations for planned prostatic embolizations; (C) RaE:
radioembolisations.

3.4. Comparison of the Dosimetric Indicators with the Litterature

The dosimetric indicator values for the 5 embolization procedures studied (BE, UEE,
UUE, RE, HCE) were lower than the proposed DRL, except for the fluoroscopic time of BE
with A2 and that of HCE with A3, and for the number of graph images of HCE with A3
(Table 5).

Table 5. Comparison of dosimetric indicators with the reference levels proposed by Etard et al. [10].

Dosimetric Indicators Systems BE UEE UUE RE HCE

Dose Area Product (Gy.cm2)

Allura FD 20 (A1) 49 92 167 84 127
Azurion 7 M20 (A2) 30 68 80 43 -
4DCT Alphenix (A3) - - - - 91

DRL 135 175 255 325 250

Air Kerma (mGy)

Allura FD 20 (A1) 288 417 710 461 672
Azurion 7 M20 (A2) 166 319 249 207 -
4DCT Alphenix (A3) - - - - 699

DRL 830 800 930 1700 990
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Table 5. Cont.

Dosimetric Indicators Systems BE UEE UUE RE HCE

Fluoroscopy time (min)

Allura FD 20 (A1) 24 17 14 17 24
Azurion 7 M20 (A2) 31 30 18 16 -
4DCT Alphenix (A3) - - - - 37

DRL 38 29 25 22 28

Number of graphy images

Allura FD 20 (A1) 131 112 108 151 403
Azurion 7 M20 (A2) 128 186 175 105 -
4DCT Alphenix (A3) - - - - 80

DRL 240 160 260 210 200
BE: bronchial artery embolizations; RE: renal artery embolizations; UEE: uterine embolizations for leiomyomas
or vascular malformations; UUE: uterine urgent embolizations for postpartum hemorrhages; HCE: hepatic
chemoembolizations. DRL: dose reference levels proposed by Etard et al. corresponding to the third quartile
rounded to the nearest integer [10].

4. Discussion

A retrospective analysis of the doses delivered during 1449 thoracic, abdominal and/or
pelvic embolization procedures was performed over a 10-year period during which three
IR systems were used. The doses delivered in an older and a newer version of the IR system
were compared. The contribution of CT in a multimodal room equipped with a scanner
and a fixed C-arm was also compared to the older IR system.

The results of this study showed that the dosimetric indicator values collected for
7 embolization procedures were lower with the Azurion 7 M20 system (newer version)
than with the Allura FD20 system (older version). AK values measured at the same
interventional reference point were lower for the 7 embolization procedures studied. These
differences were not related to differences in additional filtration or cadence for scopy
(pulses/s) and graphy (images/s) as the same values were used with the two IR systems.
They were directly related to the use of the ClarityIQ technology available in the new IR
system. This technology was shown to reduce the image noise that improves image quality,
and therefore reduces the dose while keeping the same image quality [16–20]. In this study,
we found that the ClarityIQ technology reduced the AK by an average of 52% (24–65%),
and the DAP to a lesser extent. Similar outcomes were found for AK reductions in different
studies on uterine fibroid embolizations [16,18,19], bronchial artery embolization [20] and
transarterial chemoembolization [17]. However, the reductions in DAP were smaller than
those found in these studies [16–20]. This can be explained by the fact that the DAP variation
was related to the increase in mean field size values, which may be related to the new
service organization replacing a single room by two newly equipped rooms. Indeed, the
room with the C-arm alone, which was mainly dedicated to the emergency embolizations
and short-term endovascular procedures, was mostly used by junior radiologists (fellows
and trainees). The complex and time-consuming procedures were usually performed in the
4DCT room by the senior radiologists. In the older IR room, the procedures were performed
by both junior and senior radiologists. Junior radiologists often tend to use larger fields
of exposure and increase the number of X-ray control, which resulted in an increased
number of graphy images and a longer fluoroscopy time. This was reported for BE, UEE,
UUE and GVE procedures while the other studies found similar or decreased fluoroscopy
times using a C-arm system equipped with the ClarityIQ technology [16–18]. Training
junior radiologists to good patient radiation protection practices is therefore essential to
harmonize and improve practices, and thus reduce the doses delivered to the patients.
Furthermore, the DAP and AK values obtained in this study for these two IR systems were
lower than the national DRL values [10], which shows that the practices in our institution
were already optimized [14] and were even more so with the arrival of this new IR system.
Last, the median DAP values of UEE and BE for both C-arm systems used in our study
were lower than the DAP values found in the literature [16,18–20]. For these procedures,
our fluoroscopy times were within the range of those found in these studies [16,18,20].
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The variations in dosimetric indicators obtained between the older IR system and the
4DCT room depended on the procedure performed. The AK values were lower with the
4DCT than with the older IR system for PE and RaE procedures but for HCE AK values
were slightly higher with the 4DCT. These results are directly related to the use of CT
acquisitions during the procedure, which changes patient management. For PE and RaE
procedures, the helical and volume angiographic CT acquisitions were performed at the
beginning, during and at the end of the procedure. These images provide a more accurate
anatomy and a 3D artery volume, which could be merged with the IR images to improve
treatment planning and simplify the procedure. Conversely, for HCE procedures, the use
of CT angiography allows the treatment of several targets that could not be treated with
standard IR systems and CBCT acquisitions. An ancillary study could be carried out to
correlate the AK values with the number of targets treated. Additionally, the use of CT
during the procedure changed the operators’ practices. Compared to the older IR system,
the fluoroscopy times were increased but the number of graphy images were significantly
reduced. The radiologists do their planning under CT and their follow-up with fluoroscopy
with a sufficient and adapted image quality. This reduces the radiologist’s need for digital
subtraction angiography acquisitions, which significantly reduces the number of graphy
images. It should also be noted that the average field size was reduced using the Alphenix
C-arm. In contrast to Azurion 7 M20, the most complex procedures were performed in the
4DCT system with the help of CT and were performed by senior radiologists who were
more aware of the good practices. The AK and DAP values obtained for HCE were lower
than the national DRL values [10]. However, the DAP, AK and fluoroscopy time values
were higher in our study than those found by Piron et al. [15] for HCE. Although this result
may be explained by the differences in the complexity of the procedures and the number of
targets treated (not evaluated in this study), optimization of the procedure is required to be
implemented in our 4DCT system to reduce the dose delivered to patients. Additionally,
the dose reduction tools proposed by Canon “Live Zoom” and “Spot fluoro” were rarely
used in the 4DCT room whereas they were used for all HCE procedures in the Piron et al.
study [15]. Awareness of the use of these tools in the 4DCT room should be performed
by the interventional radiologists. On the other hand, the DLP values found in our study
were lower than those found by Piron et al. [15]. This result may be linked to the use of a
deep-learning image reconstruction algorithm (AiCE) in our CT system compared to the
iterative reconstruction algorithm (AIDR 3D) used in their study [24]. Indeed, this new
algorithm was shown to improve the image quality and have a high potential for dose
reduction compared to the iterative reconstruction algorithm.

This study has some limitations. It reflects the practices of a single center, with a
10-year experience of thorough optimization processes and the presence of two medical
physicists. As the two new IR systems were installed in September 2020, the patient samples
may be different from the older IR system. However, the number of patients was sufficient
to perform a statistical analysis. In addition, this study only focused on the dosimetric
indicators; clinical factors were not taken into account. Another limitation is that the
experience of the operators was only indirectly taken into account in the study of the new
organization with two new rooms dedicated to the junior and senior radiologists, unlike
the older room. The 4DCT, with its much higher anatomical precision, allows carrying
out more complex procedures which should impact the dose received by the patients [25].
Furthermore, we did not evaluate the differences in image quality between the different
rooms for the different procedures studied. Also, the acquisition protocols were defined
by the medical physicist and the application engineer and the resulting image quality was
validated by the interventional radiologists in each room. However, for some patients and
some complex procedures, the image quality proposed may not have been sufficient and
adapted, especially in scopy, which may explain the higher scopy time in the 4DCT room.
Further targeted studies will be carried out to validate the image quality. Last, ancillary
studies may now be performed to correlate the dose indicators with the number of targets
or with the type of arteries/veins or organs treated.
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5. Conclusions

This monocentric retrospective analysis of the doses delivered during thoracic, abdom-
inal and pelvic embolization procedures over a 10-year period showed the contribution of
the new IR tools in dose reduction and patient management. The last C-arm technology
reduced the image noise and improved image quality, allowing a 50% reduction of the air
kerma and showing a significant dose reduction. The implementation of a CT scan inside
the IR room allowed a more precise 3D guidance without increasing the dose delivered to
the patients.
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Abstract: Background: The aim of this study was to determine predictive factors of early mortality
and early rebleeding (≤30 days) following transarterial embolization (TAE) for treatment of acute
gastrointestinal bleeding. Methods: All consecutive patients admitted for acute gastrointestinal
bleeding to the interventional radiology department in a tertiary center between January 2012 and
January 2022 were included. Exclusion criteria were patients: (1) aged < 18-year-old, (2) referred to
the operation room without TAE, (3) treated for hemobilia, (4) with mesenteric hematoma, (5) lost
to follow-up within 30 days after the procedure. We evaluated pre and per-procedure clinical data,
biological data, outcomes, and complications. Results: Sixty-eight patients were included: 55 (80.9%)
experienced upper gastrointestinal bleeding and 13 (19.1%) lower gastrointestinal bleeding. Median
age was 69 (61–74) years. There were 49 (72%) males. Median hemoglobin was 7.25 (6.1–8.3) g/dL.
There were 30 (50%) ulcers. Coils were used in 46 (67.6%) procedures. Early mortality was 15 (22.1%)
and early rebleeding was 17 (25%). In multivariate analysis, hyperlactatemia (≥2 mmol/L) were
predictive of early mortality (≤30 days). A high number of red blood cells units was associated
with early rebleeding. Conclusion: This study identified some predictive factors of 30-day mortality
and early rebleeding following TAE. This will assist in patient selection and may help improve the
management of gastrointestinal bleeding.

Keywords: gastrointestinal bleeding; embolization; rebleeding; mortality; lactate

1. Introduction

Acute gastrointestinal bleeding (GIB) is a clinical situation that can lead to significant
mortality and morbidity without urgent care. Lower Gastrointestinal Bleeding (LGIB)
originates downstream of the Treitz ligament, while Upper Gastrointestinal Bleeding (UGIB)
originates upstream of the Treitz ligament. Despite advances in endoscopic hemostasis
and adjuvant pharmacologic treatment, the hospital mortality rate from UGIB remains
10% and has not significantly improved over the past 50 years [1]. Although surgery is
the historical treatment for GIB, it is associated with a high risk of complications and an
estimated mortality of 10–30% [2]. Immediate endoscopy is the examination of choice for
the diagnosis and treatment of gastrointestinal bleeding and should not be delayed for
more than 24 h following admission [3]. Rebleeding in UGIB occurs in 7–16% of cases
despite endoscopic therapy [4].

In patients with clinical evidence of rebleeding following successful initial endoscopic
hemostasis, the European Society of Gastroenterology recommends repeat upper endoscopy
with hemostasis if indicated. In the case of failure of this second attempt at hemostasis,
transarterial embolization (TAE) or surgery should be considered (strong recommendation,
high-quality evidence) [5,6]. For LGIB, TAE should be reserved for the treatment of acute
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potentially life-threatening GIB in hemodynamically unstable patients or in patients not
amenably treated by endoscopic interventions [5].

Studies on the efficacy of endovascular treatments have mainly focused on one lo-
cation [7] or on a type of embolic agent [8,9] by assessing clinical success. Evaluation of
prognostic factors is lacking. Additionally, few published series have analyzed factors
predicting early death after TAE. In addition, studies on predictive factors of early rebleed-
ing show contradictory results. Loffroy et al. reported that the use of coils in patients
with coagulation disorders is associated with rebleeding [10]. Mohan et al. reported that
patients with a history of malignancy were more likely to rebleed within 30 days and that
younger patients (<60 years) were significantly less likely to experience rebleeding within
30 days [11]. Finally, the rate of rebleeding varies between the studies, from 13% [12] to
46.8% [11].

The aim of this monocentric retrospective study was to determine predictive factors of
early mortality (≤30 days) and early rebleeding (≤30 days) following TAE in the treatment
of acute GIB during a 10-year period.

2. Materials and Methods

2.1. Study Population

All of the patients referred to our hospital for GIB who were treated by TAE based on
clinical decisions in emergency and CT scan between January 2012 and January 2022
were retrospectively reviewed. GIB was defined as intra luminal hemorrhage of the
gastrointestinal tractus diagnosed by endoscopy and/or CT scan. Inclusion criteria were
all patients with GIB who were treated by emergency TAE. Exclusion criteria were patients
(1) aged < 18 years old, (2) referred to the operating room and who did not have TAE,
(3) treated for hemobilia without associated GI lumen bleeding, (4) with isolated mesenteric
hematoma, and (5) lost to follow-up within 30 days of the procedure.

2.2. Clinical Data

The following data were collected from electronic medical records. The patient demo-
graphics included age, gender, and comorbid conditions prior to TAE. Comorbid conditions
included diabetes, coronaropathy, high blood pressure (HBP), chronic renal failure (CRF),
active cancer, cancer in remission, and anticoagulation or antiplatelet treatments. Biological
data included prior coagulopathy, lactate rate, transfusion requirements, and number of
RBC units transfused. Imaging data included endoscopic or angiographic findings, causes
of GIB, and CT findings (active bleeding, pseudoaneurysm, and location of bleeding).

Procedure data included angiographic findings, embolization material, vessel em-
bolized, and duration of procedure. The post-procedure data included the occurrence of
minor and major complications, rebleeding, type of management for rebleeding, length
of hospitalization, hospital admission, length of hospitalization in an intensive care unit,
and mortality.

2.3. Pre-Procedure

Pre-angiographic investigations sometimes involved an endoscopy performed at the
onset of acute gastrointestinal bleeding. We therefore recorded the number of gastroscopies
and colonoscopies performed before embolization. The endoscopy was considered positive
if acute bleeding was observed. Endoscopic treatment was considered as a failure if active
bleeding was not stopped.

Patients underwent an abdominal CT scan (SOMATOM DEFINITION AS 64, Siemens
AG, Medical Solution, Erlangen, Germany). Patients received ≥90 mL contrast medium
(Xenetix 350, Guerbet, Villepinte, France) with a flow rate ≥3 mL/s. Unenhanced and
contrast-enhanced liver CT at the arterial and portal phases were performed according
to the standard-of-care protocol of our hospital. A bleed was considered active when
iodine contrast was present at the arterial phase and increased at the portal phase. Pseu-
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doaneurysm was considered as a rupture of arterial caliber without an increase in the
portal phase.

2.4. Transarterial Embolization Methods and Techniques

TAE procedures were performed by 1 of the 10 interventional radiologists whose ex-
perience ranged from 2 to 30 years after multidisciplinary consultation (surgeon, clinician,
and radiologist). After local anesthesia with lidocaine, the right common femoral artery
was accessed routinely. Celiac, superior mesenteric, and/or inferior mesenteric angiograms
were performed to determine the focus of mesenteric injury using a 4F catheter and a
hydrophilic guidewire (Terumo®, Tokyo, Japan). Supraselective catheterization was sys-
tematically performed using a 2.7F microcatheter (Progreat®, Terumo, Tokyo, Japan). TAE
was performed under fluoroscopic monitoring using fibered microcoils (Interlock®, Boston
Scientific, Marlborough, MA, USA), N-butyl-2-cyanoacrylate-NBCA (Glubran2®, GEM,
Viareggio, Italy), gelatine sponge (Gelitaspon®, Gelita Medical, Amsterdam, Holland), or
microparticles (Embosphere® Microspheres, BioSphere Medical, Rockland) depending on
the vascular wound and at the discretion of the radiologist. After the procedure, complete
angiograms were performed to confirm that bleeding had been successfully controlled.

When angiography remained negative despite active bleeding in CT scans or en-
doscopy, “empiric” TAE of the suspected bleeding artery was performed at the discretion
of the interventional radiologist. No spasmolytic agents to reduce bowel peristaltic were
administrated, and no provocation test was conducted.

2.5. Patient Follow Up

After TAE, all the patients were closely monitored for clinical signs and symptoms
suggestive of ischemic complications or recurrent bleeding until discharge or death. These
clinical findings were supplemented by laboratory studies.

Patients’ long-term outcomes, specifically incidence of rebleeding, mortality, and
procedure-related complications, were collected from patient charts. CT follow-up and
endoscopic examination were not routine practices performed following TAE in our unit.

2.6. Definitions

Technical success was defined as the cessation of angiographic extravasation immedi-
ately after TAE based on angiographic findings. Clinical success was defined as resolution
of signs and symptoms of bleeding during the 30-day follow-up after TAE and without
required endoscopic treatment, surgery, or repeat TAE or death related to massive blood
loss during this period of time. Prior coagulopathy was defined as INR > 1.5, PT < 50%,
or PC < 150 G/L. Acute renal failure was defined as a rapid and reversible decline in
the glomerular filtration rate. Endoscopic treatment failure was defined as failure to stop
bleeding or early recurrence within 48 h of endoscopy. The number of RBDs transfused
was calculated from the day of embolization to 48 h after embolization.

Rebleeding events were classified as early events if they occurred ≤30 days following
TAE and as late events if they occurred >30 days following TAE. Complications were
defined as per operative complications if they occurred during TAE and as post-operative
complications if they occurred during follow-up. Minor and major complications were
separated using the CIRSE classification [13]. Grades I and II were considered minor
complications, and grades III, IV, and V were considered major complications.

2.7. Outcomes

The primary endpoint of our study was to identify any predictors of early death
(≤30 days) after TAE.

Secondary endpoints were to identify predictive factors of early rebleeding (≤30 days)
and clinical failure after TAE.
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2.8. Statistical Analysis

Results are presented as median and inter-quartile for continuous variables and as
number and frequency for categorical variables. Categorical variables were compared with
the Chi-squared test, and continuous variables were compared with Student’s t-test. A
univariate analysis was performed to assess the association between early mortality and
predictive factors. A multivariate regression analysis was performed using the backward
stepwise selection model. Variables with a p value < 0.1 in the univariate analysis were
entered into the multivariate analysis. The odds ratio (OR) and 95% confidence intervals
were reported. A statistically significant difference was considered for p < 0.05. Statistical
analyses were performed using the R software.

2.9. Ethical Considerations

This study was approved by the ethics committee of our institute (CHU de Saint-
Etienne “Terre d’Ethique”, IRBN112021).

3. Results

Between January 2012 and January 2022, 789 patients were referred for TAE in our
institute. A flowchart of the patient sample population is presented in Figure 1.

Figure 1. Flow chart of the study population.

3.1. Patient Characteristics

Sixty-eight patients admitted to our interventional department for GIB requiring TAE
were included. The detailed patient characteristics are presented in Table 1. The median
age was 69 (61–74) years, including 49/68 (72%) males. Regarding previous treatments,
14/68 (20.6%) patients had received antiplatelet therapy, and 19/68 (27.9%) had received
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anticoagulation therapy. There were 7/68 (10.3%) patients with a history of cancer, and
25/68 (36.8%) patients had an active cancer. There were 55/68 (80.9%) patients with UGIB
(Figure 2), including 45 with duodenal and 10 with gastric bleeding, and 13/68 (19.1%)
patients with LGIB, including six with colonic bleeding, four with jejunal bleeding, and
three with rectal bleeding (Figure 3).

The clinical presentation of the patients was hematemesis in 22/68 (32.4%) patients,
melena in 31/68 (45.6%) patients, and rectorragia in 27/68 (39.7%) patients. The main
causes of bleeding were ulcer (50%) and post-operative (20.6%). The causes of bleeding are
detailed in Table 2.

Table 1. Characteristics of the 68 patients included in the study.

Variable n = 68

Age, years 69 (61–74)
Male n (%) 49 (72)
Comorbidities n (%)

Diabetes 12 (17.6)
Coronaropathy 13 (19.1)

HBP 39 (57.3)
CRF 7 (10.3)

Cancer in remission 7 (10.3)
Active cancer 25 (36.8)

Anticoagulation therapy 19 (27.9)
Antiplatelet therapy 14 (20.6)

Clinical presentation n (%)
Melena 31 (45.6)

Rectorragia 27 (39.7)
Hematemesis 22 (32.4)

Biology n (%)
Lactate ≥ 2 mmol/L 25 (36.8)

Prior coagulopathy 24 (35.3)
Hb nadir 7.25 (6.1–8.3)

Acute renal failure 14 (20.5)
Pre-operative CT n (%) 62 (91.1)

Active bleeding 41 (60.3)
Pseudoaneurysm 9 (13.2)

Localization of bleeding n (%)
UGIB 55 (80.9)

Duodenal 45 (66.2)
Gastric 10(14.7)

LGIB 13(19.1)
Colon 6 (8.8)

Jejunum 4 (5.9)
Rectum 3 (4.4)

Ileum 0
Pre-operative gastroscopy n (%) 40 (58.8)

Active bleeding 38 (55.8)
Failure of endoscopic treatment 35 (51.4)

Pre-operative coloscopy 8 (11.8)
Positive coloscopy 4 (5.9)

Failure of endoscopic treatment 4 (5.9)
Transfusion n (%) 62 (91.2)

RBC units 5 (3–8)
Quantitative parameters are presented as median and interquartile range (IQR, 25th–75th percentile). RBC: Red
blood cell, CRF: Chronic renal failure, Hb: Hemoglobin.
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Figure 2. A 56-year-old male was referred to the emergency room for profuse hematemesis. Gas-
troscopy confirmed the presence of antral bleeding, with no possibility of stopping the bleeding.
(A) Axial section CT scan injected at the arterial phase, confirming the active contrast extravasation.
(B) Axial section abdominal CT scan injected at portal phase showing an increase of the leak of iodine
contrast. (C) Angiography performed within the superior mesenteric artery using a Cobra probe
showed an active contrast leak from a branch of the right gastroepiploic artery. (D) After embolization
with three coils, the angiographic control showed a clear stop of the bleeding.

 

Figure 3. A 73-year-old patient on anticoagulation was referred for profuse rectal bleeding.
Colonoscopy failed to stop the bleeding. (A) Axial section CT scan injected at arterial time confirming
the active contrast extravasation in the rectal lumen. (B) Arteriography of the inferior mesenteric
artery confirmed the presence of active bleeding from the left superior rectal artery. (C) Embolization
with three fibered coils allowed a complete stop of the bleeding.
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Table 2. Causes of bleeding in the study population.

Variable n = 68

Ulcer 34 (50)
Post operative 14 (20.6)

Duodeno pancreatectomy 7 (10.3)
Sphincterotomy 5 (7.4)

Gastrectomy 2 (2.9)
Cancer 13 (19.1)

Gastric cancer 8 (11.8)
Pancreatic cancer 4 (5.9)

Rectal Cancer 1 (1.5)
Pancreatitis 2 (2.9)
Idiopathic 2 (2.9)
Diverticulosis 2 (2.9)
Angiodysplasia 1 (1.5)

3.2. Pre-Procedure

Regarding pre-procedure investigations of the patients, 62/68 (91.1%) patients had a
pre-operative angiographic CT: active bleeding was detected in 41/68 (60.3%) patients, and
pseudoaneurysm was detected in 9/68 (13.2%) patients. In total, 40/68 (58.8%) patients had
a gastroscopy, of which 38 showed active bleeding; 35 experienced failure of endoscopic
treatment. On the three patients treated for rectal bleeding, two experienced failure of
endoscopy. The third patient had abundant active bleeding, which pushed us to perform
treatment by TAE directly. The embolized vessels were in the superior rectal artery in all
three cases.

3.3. Procedure Data

The details of the per-procedure data are presented in Table 3. Out of the patients,
12/68 (17.6%) had no abnormalities on fluoroscopic angiogram and were treated by empiric
embolization. Among the 12 patients treated by empiric TAE, seven patients had active
bleeding on CT, and three patients had active bleeding on endoscopy. These elements made
it possible to orientate TAE. Two patients had neither active bleeding on endoscopy nor on
CT but did have a duodenal ulcer: an occlusion of the gastroduodenal artery using coils
was performed.

TAE was performed using coils in 46/68 (67.6%) patients, NCBA in 8/68 (11.8%)
patients, a combination of coils and resorbable gelatine in 5/68 (7.4%) patients, gelatine
sponge in 3/68 (4.4%) patients, microparticles in 4/68 (5.9%) patients, and a combination
of microparticles and gelatine sponge in 2/68 (2.9%) patients.

The main artery embolized was the gastroduodenal artery, which was embolized in
43/68 (63.2%) patients. The median time for the procedure was 60 (40–87) min.

3.4. Post-Angiography Course

Detailed clinical outcomes after TAE are presented in Table 4. Technical success was
achieved in 68/68 patients. There were 7/68 (10.3%) complications per procedure, including
3/68 (4.4%) non-target embolizations, 1 (1.5%) coil migration, and 3 (4.4%) hematomas
at the puncture site. There were 13/68 (19.1%) post-operative complications. The most
common post-operative complication was acute renal failure in 9/68 (13.2%) patients,
which did not require dialysis.
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Table 3. Per procedure characteristics of the 68 patients.

Variable n = 68

Angiographic data. (%)
Pseudoaneurysm 11 (16.2)

Empirical Embolization 12 (17.6)
Arteries Embolized n. (%)
Gastroduodenal 43 (63.2)
Upper Mesenteric 8 (11.8)
Inferior mesenteric 5 (7.4)

Left colic 2 (2.9)
Superior rectal 3 (4.4)

Left Gastric 4 (5.9)
Splenic 2 (2.9)
Gastroepiploic 2 (2.9)
Pancreaticoduodenal 1 (1.5)
Left Hepatic 1 (1.5)
Right Gastric 1 (1.5)
Right Hepatic 1 (1.5)
Embolic Agents n. (%)

Coils 46 (67.6)
NCBA 8 (11.8)

Coils + Gelatine Sponge 5 (7.4)
Microparticles 4 (5.9)

Gelatine Sponge 3 (4.4)
Microparticles + gelatine sponge 2 (2.9)

Duration of procedure (min) 60 (40–87)
Quantitative parameters are presented as median and interquartile range (IQR, 25th–75th percentile). NBCA:
N-butyl Cyanoacrylate.

Table 4. Outcome of the 68 patients included in the study.

Variable n = 68

Technical Success n (%) 68 (100)
Clinical Success n (%) 50 (73)
Mortality during follow-up n (%) 32 (47)
Day-30 mortality n (%) 15 (22.1)
Per-operative Complications n (%) 7 (10.3)

Non-target embolization 3 (4.4)
Coil Migration 1 (1.5)

Hematoma at puncture site 3 (4.4)
Post-Operative Complications n (%) 13 (19.1)

Acute renal failure without dialysis 9 (13.2)
Bowel Ischemia 2 (2.9)

Splenic Ischemia 2 (2.9)
Recurrence of Bleeding n (%) 19 (27.9)

Early ≤ 30 days 17 (25)
Delayed > 30 days 2 (2.9)

Management of Early Rebleeding n (%) 17 (25)
Surgery 3 (4.4)

Repeat TAE 2 (2.9)
Endoscopy followed by Surgery 4 (5.9)

Endoscopy 3 (4.4)
TAE followed by endoscopy followed by surgery 2 (2.9)

Conservative treatment 3 (4.4)
Length of hospital stay (days) 12 (6–24)
Length of stay in intensive units (days) 3 (1–6)
Duration of follow-up (months) 5 (1–11)

Quantitative parameters are presented as median and interquartile range (IQR, 25th–75th percentile).
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The median length of stay in intensive care units was 3 (1–6) days. The median length of
hospital stay was 12 (6–24) days. The median follow-up time was 5 (1–11) months. During
the follow-up period, 32/68 (47.0%) patients died, including 15/68 (22.1%) patients who died
during the 30 days following the procedure. The clinical success rate was 50/68 (73%) patients,
and 17/68 (25%) patients experienced early rebleeding. Among these 17 patients, 3 were treated
by surgery, 3 were treated by endoscopy, 2 were treated by repeat TAE, 4 were treated by
endoscopy followed by surgery, 2 were treated by repeat TAE followed by endoscopy followed
by surgery, and 3 were treated by conservative treatment; 9/17 (53%) died within 30 days.

3.5. Predictors of Early Mortality

In the univariate analysis (Table 5), acute renal failure (OR = 3.75 CI = 1.02–13.7 p < 0.05),
lactate ≥ 2 mmol/L (OR = 6.8 CI = 1.37–33.2 p < 0.01), and ulcers (OR = 3.59 CI = 1.01–12.73
p < 0.05) were statistically associated with early mortality. Early mortality was not predicted by
age, sex, coagulopathy disorders, symptoms, location of bleeding, or any type of embolic agent.

Table 5. Univariate and multivariate regression analysis for early death and early rebleeding.

Early Death ≤ 30 Days
Early Rebleeding

≤ 30 Days

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

Characteristics OR p Value OR p Value OR p Value OR p Value

Demographics data
Age ≥ 70 0.99 (0.94–1.03) 0.64 – – 0.71 (0.23–2.25) 0.57 – –

Male 0.72 (0.21–2.47) 0.6 – – 0.62 (0.19–2.04) 0.43 – –
HBP 1.15 (0.36–3.69) 0.81 – – 1.5 (0.48–4.69) 0.48 – –

Diabetes 0.66 (0.13–3.41) 0.62 – – 1 (0.24–4.22) 1 – –
Chronic renal failure 1.48 (0.26–8.50) 0.66 – – 1.23 (0.21–6.99) 0.82 – –

Active cancer 0.55 (0.16–1.97) 0.36 – – 0.28 (0.07–1.1) 0.07 – –
Coagulation disorder

Prior coagulopathy 0.38 (0.12–1.22) 0.1 0.51 (0.17–1.68) 0.25
Curative Anticoagulation 0.31 (0.06–1.52) 0.15 – – 0.70 (0.19–2.49) 0.58 – –

Antiplatelet 0.20 (0.02–1.70) 0.14 – – 1.16 (0.31–4.37) 0.81 – –

Lactates ≥ 2mmol/L 6.3 (1.7–23.2) 0.006
6.10

(1.54–24.2) 0.01 2.76 (0.87–9.71) 0.08 – –

Clinical Presentation
Duodenal Bleeding 1.54 (0.43–5.50) 0.51 – – 1.92 (0.55–6.78) 0.31 – –

Hematemesis 1.41 (0.43–4.66) 0.57 – – 0.86 (0.26–2.87) 0.8 – –
Active infection 3.35 (0.77–14.56) 0.11 2.7 (0.63–11.58) 0.18

Acute renal failure 3.75 (1.02–13.7) 0.043 – – 1.94 (0.55–6.91) 0.3 – –
Pre-operative data

Active bleeding on CT 2.11 (0.59–7.48) 0.25 – – 0.92 (0.30–2.81) 0.89 – –
Failed pre-operative

gastroscopy 1.56 (0.49–5.00) 0.46 – – 1.08 (0.36–3.25) 0.89 – –

Hb and transfusion
requirement

Hb < 8 2.9 (0.89–9.48) 0.07 – – 2.86 (0.93–8.83) 0.07 –

Number of RBC 1.07 (0.94–1.2) 0.31 – – 1.19 (1.04–1.38) 0.011
1.17

(1.01–1.35) 0.037

Causes and arteries
embolized

Ulcer 3.59 (1.01–12.73) 0.048 – – 3.16 (0.97–10.3) 0.056 – –
Gastroduodenal Artery 0.35 (0.09–1.40) 0.14 – – 2.74 (0.75–5.48) 0.91 – –

Procedure
Empiric Embolization 0.66 (0.13–3.41) 0.62 – – 1 (0.23–4.2) 1 – –

Embolization with
Coils only 0.29 (0.06–1.48) 0.138 – – 0.42 (0.11–1.68) 0.22 – –

HBP: High Blood Pressure Hb: Hemoglobin.

In multivariate analysis, lactate ≥ 2 mmol/L (OR = 6.10 CI = 1.54–24.2 p = 0.03) was
associated with early mortality.
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3.6. Predictors of Early Rebleeding

In univariate analysis (OR = 1.19 CI = 1.04–1.38, p = 0.011) and multivariate analysis
(OR = 1.92 CI = 1.01–1.35, p = 0.037), higher red blood cell (RBC) units administered in a
transfusion was associated with early rebleeding. Early rebleeding was not predicted by
age, sex, comorbidities, symptoms, hemostasis anomalies, source of bleeding, embolized
artery, or embolic agent.

4. Discussion

Several authors have studied the prognosis of patients treated with TAE for gastroin-
testinal bleeding. However, most of these studies have focused on LGIB or UGIB [14],
on a particular embolizing agent [8], or a particular clinical situation [15] or have had
limited pre- or per-procedural clinical information [11,16]. Some studies include patients
with arterial splanchnic bleeding without intraluminal bleeding [9]. There is a lack of a
uniform reporting system because of the variety of definitions for clinical success. For
example, the Society of Interventional Radiology defined clinical success as resolution of
symptoms within 30 days after TAE, whereas other authors use 7 days after TAE as their
time cut-off [17–19]. Furthermore, studies do not systematically report the number of
patients lost to follow-up [20], nor do they report if these patients are excluded from the
study or included in the final statistical analysis. We believe that the study of rebleed-
ing and early mortality are the most appropriate to evaluate the effectiveness of TAE
for GIB.

Causes of early death following TAE are multifactorial and include acute renal failure,
infection, multiorgan failure, and bleeding. The early mortality rate (21.1%) is comparable
to other previous studies [10,16]. Lactate level is known to be a useful and rapid tool for
assessing severity of disease in critically ill patients [21]. It is also known as a predictor of
post-operative infection, cardiopulmonary dysfunction, renal impairment, and increased
mortality after elective cardiac surgery [22]; aortic dissection [23]; and liver transplanta-
tion [24]. Cellular stress, tissue hypoxemia, infection, and various critical illnesses are
triggers for the accumulation of serum lactate [25]. In the critically ill patient, normal blood
lactate is less than 2 mmol/L. Lactate ≥ 2 mmol/L was the only predictor of early mortality
≤30 days in the present study. To our knowledge, these biological data have never been
investigated in prognostic studies of TAE for GIB. To our knowledge, no previous study
has shown that hyperlactatemia is a predictor of early mortality after TAE. The advantage
of these data is that they are easy to use, are quickly accessible, and represent an objective
measure in patient assessment. They would allow clinicians to closely monitor patients
with GIB treated by TAE with hyperlactatemia ≥ 2 mmol/L.

In the present study, the early rebleeding rate (25%) was comparable to previous
studies and was approximately 33% (range 9–66%) for UGIB [26]. This is in line with other
studies, such as the study of Loffroy et al. in 2009 [10], in which among the 16 patients who
presented with early rebleeding, 3 (18.8%) were treated by repeat TAE, with a secondary
clinical success of 77.2%. The influence of rebleeding on patient outcomes is contradictory.
Mohan et al. [11] showed that rebleeding within 30 days was associated with increased
odds of 30-day mortality that were more than 45 times higher than normal. On the other
hand, Loffroy et al. [10] reported 28.1% (16/57 patients) mortality within 30 days of TAE,
with only three deaths caused by early rebleeding.

Regarding early rebleeding, a greater amount of RBC transfusion has been found as a
predictive factor. However, we did not find that the presence of coagulopathy was associ-
ated with early rebleeding, contrary to previous studies in the literature [20]. Lee et al. [27]
showed that coagulopathy is associated with rebleeding. In a retrospective study of 114
patients, Mohan et al. [11] identified two predictive factors of rebleeding: age > 60 years
and patients with known malignancy. A longer time to angiography, a greater number
of RBCs, the use of coils as the only embolic agent, and previous surgery have also been
found [28–30] to be predictive factors for early rebleeding in some studies.

115



J. Pers. Med. 2022, 12, 1856

We have shown that TAE can be performed successfully, even when angiography fails
to visualize active bleeding. Indeed, among the 12 empiric TAE, only 1/12 (8.3%) patients
died early from bleeding, with no statistical differences between empiric and targeted TAE
in terms of early rebleeding and mortality. This result is consistent with the meta-analysis
by Yu et al. [31], which found a clinical success rate of 74.7% for empiric TAE and no
statistically difference between empiric and targeted TAE in terms of rebleeding. However,
this result can also be explained by the potential spontaneous drying up of the bleeding,
explaining the absence of active bleeding.

In our study, embolic agents were not predictive of early rebleeding or early mortality.
Coils were the most common embolic agents used in this study. Several studies have
demonstrated a statistically significant association between the use of coils and higher
rebleeding rates [10,28,32]. In contrast, Kim et al. [33] showed a clinical success rate of 82%
for UGIB TAE using NCBA. Despite this, NBCA was used less frequently than coils because
NBCA can be challenging to use, especially in high-flow arteries such as the gastroduodenal
artery, and it requires extensive experience to be used successfully. The results of our study
temper the results of these previous studies, highlighting the influence of an embolic agent
on the risk of recurrent bleeding. This study shows that no single embolic agent should
be preferred in principle. However, the technical skill of all embolic agents, including
NBCA, allows the operator to adapt to all clinical situations and to avoid complications
such as non-target embolization or coil migration. Only two transient bowel ischemia
occurred in this study sample among patients with LGIB. Neither case required surgical
resection. This is in line with the systematic review of Beggs et al. [2], who did not report
any ischemic complications for UGIB, which can be explained by the rich collateral blood
supply of the gastro duodenal artery. In contrast, studies on LGIB showed higher rates of
ischemic complications in relation to a less developed anastomotic network. For instance,
Bua-Ngam et al. [34] showed an ischemic complication rate of 13%. Recently, interventional
teams have even used pre-operative splanchnic or inferior mesenteric artery TAE before
surgery for rectal cancer [35] or esophagus cancer [36] as pre-ischemic conditioning to
prevent post-operative anastomosis leakage. In addition, our study confirms the safety
profile of TAE for GIB, and no major complications were noted. The main complications
were acute renal failure, the causes of which were multifactorial and related to the contrast
injection and volume depletion.

This study has several limitations. First, this study was retrospective. Second, our
investigation represents the experience of a single institution. Third, because the patients
in this study were reviewed over a 10-year period, very minor technical differences in
TAE among the primary interventional operators as well as differences in medical care
during the study period could have contributed to disparities in clinical outcomes over time.
Additionally, there was no systematic scanning or endoscopic follow-up after the operation
to assess ischemic complications. Finally, the number of events, such as early death and
early rebleeding, are relatively small to ensure the robustness of our multivariate analyses.

In conclusion, this retrospective study suggests hyperlactatemia as a potential and
previously undocumented predictor for early mortality after TAE for GIB. As the blood
lactate level is easily evaluated in clinical practice, these findings have practical implica-
tions for clinicians’ early assessments of GIB so that they can adjust patient management
accordingly. Further prospective and larger multicenter studies are needed to support these
data. In addition, large-scale studies comparing risk factors for early mortality of TAE with
endoscopic and surgical treatment for GIB seem necessary.
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Abbreviations

CT Computed Tomography
GIB Gastrointestinal bleeding
INR International Normalized Ratio
ICU Intensive Care Unit
LGIB Lower Gastrointestinal Bleeding
NBCA N-butyl-2-cyanoacrylate
PC Platelet count
PT Prothrombin Time
TAE Transarterial Embolization
UGIB Upper Gastrointestinal Bleeding
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Abstract: Background: Spinal cord ischemia is a major complication of treatment for descending
thoracic aorta (DTA) disease. Our objectives were (1) to describe the value of angiographic cone-beam
CT (angio-CBCT) and 3D road-mapping to visualize the Adamkiewicz artery (AA) and its feeding
artery and (2) to evaluate the impact of AA localization on the patient surgical strategy. Methods:
Between 2018 and 2020, all patients referred to our institution for a surgical DTA disorder underwent
a dedicated AA evaluation by angio-CBCT. If the AA feeding artery was not depicted on angio-
CBCT, selective artery catheterization was performed, guided by 3D road-mapping. Intervention
modifications, based on AA location and one month of neurologic follow-up after surgery, were
recorded. Results: Twenty-one patients were enrolled. AA was assessable in 100% of patients and
in 15 (71%) with angio-CBCT alone. Among them, 10 patients needed 3D road-mapping-guided
DSA angiography to visualize the AA feeding artery. The amount of contrast media, irradiation
dose, and intervention length were not significantly different whether the AA was assessable or not
by angio-CBCT. AA feeding artery localization led to surgical sketch modification for 11 patients.
Conclusions: Angio-CBCT is an efficient method for AA localization in the surgical planning of
DTA disorders.

Keywords: interventional radiology; preconditioning; endovascular

1. Introduction

Neurological complications, such as spinal cord injury, remain a major concern in
the treatment of descending thoracic aortic (DTA) disease. Spinal cord ischemia arises
in between 1% and 8% of patients after treatment with DTA [1–3]. Several methods to
decrease the spinal cord injury rate have been described, including cerebrospinal fluid
(CSF) drainage, motor somatosensory-evoked potential, or surgical reimplantation of the
feeding artery of the Adamkiewicz artery (AA) [4,5].

The need for assessing the anatomical location of the feeding artery of the AA before
DTA treatment is debated in the literature for several reasons. The variability of its anatom-
ical origin is high, most commonly found between T8 and L1, and originates from the left
intercostal or lumbar artery in 70% to 85% of cases [6,7]. Additionally, the feeding artery of
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the AA is a small artery, and its anatomical location might be hidden with the deformation
of the aneurysmal aorta and aortic thrombus. However, a lower rate of postoperative
neurologic complications is observed in patients with DTA surgical repair if they benefit
from previous AA detection and preservation [8]. If the AA feeding artery is covered in
TEVAR, CSF drainage is associated with a lower incidence of symptomatic spinal cord
ischemia [9]. There is no consensus regarding spinal cord ischemia prevention before
surgical treatment of the descending thoracic aorta. The anatomical location of the AA
might help in decision-making before treatment. Selective DSA of each patent intercostal
artery could be very challenging in the case of large aortic aneurysms. New angiographic
techniques such as angio-CBCT might help in detecting small arteries such as the AA in
large aneurismal vessels.

Several invasive and noninvasive techniques to assess the AA location have been
described [10–14]. Noninvasive assessment methods involving the use of magnetic res-
onance (MR) angiography and multidetector row CT angiography have recently been
employed [15–17]. However, their wide adoption can be limited because of patient mor-
phology. On the other hand, digital subtraction angiography (DSA) is challenging to
perform, as it is difficult to catheterize the intercostal artery ostium in an aneurysmal sac.

The periprocedural use of cone beam CT (CBCT) has been described in many inter-
ventional radiology procedures [18]. The arm of the angio-suite can perform localized CT
acquisition by rotating around the patient in a cone-shaped beam. The acquisition, coupled
with vessel angiography, is called angio-CBCT. It allows small vessel detection with a higher
spatial resolution than CT–angiography and MRI acquisition. Additionally, angio-CBCT ac-
quisition can be used as a 3D road-mapping mask for the rest of the procedure. It was found
to be efficient in the detection of injured vessels for emergency embolization, transarterial
chemoembolization guidance, or the evaluation of spinal arteriovenous fistulas [19–21].
However, there is no evaluation of this technique in the preprocedural visualization of the
AA feeding arteries before DTA disease treatment. Therefore, our goals were to (1) describe
the value of contrast angio-CBCT and 3D road-mapping in locating the feeding artery of the
AA in patients with DTA disease requiring surgical treatment; (2) quantify the total amount
of contrast media, irradiation dose and intervention length required to locate the feeding
artery of the AA; (3) assess the impact of the preprocedural location of the feeding artery
of the AA on the treatment strategy; and (4) report the rate of one month postprocedural
neurologic complications.

2. Materials and Methods

2.1. Study Design

This single-center nonrandomized retrospective study included all patients being
followed in our center for DTA disorders with planned thoracic or thoracoabdominal
aortic repair with a risk of spinal cord infarction from February 2018 to April 2020 in the
Centre Aorte Timone. The exclusion criteria were patients referred for emergency and
contraindications for iodine injection. All patients included during this period underwent
angiography with angio-CBCT acquisition after iodine injection and, if needed, selective
opacification of selected patent intercostal artery-guided 3D road-mapping to detect AA
and AA feeding arteries. In the second phase, we evaluated our attitude toward surgical
treatment modification after AA detection. Ethical review and approval were not applicable
for this retrospective study.

2.2. Diagnostic Angiography Procedure

All angiographic procedures were performed in an angiography room (Discovery IGS
730, General Electric, Buc, France) under local anesthesia. The first phase of the intervention
was always angio-CBCT aortic acquisition. We performed a femoral approach with the
Seldinger technique (5F introducer sheath, Terumo Cardiovascular Systems Corporation,
MI, USA). A multipurpose 5F pig tail catheter was placed at the level of T9. Angio-CBCT
acquisition was then performed during a breath hold at a rotation speed of 40◦/s and during
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contrast media injection. A diluted bolus was used with 50% saline and 50% iodixanol
320 (Visipaque, Gerbet, Aulnay-sous-Bois, France). Seventy cc of this mixture was injected
with the following parameters: injection speed = 10 cc/s, delay between injection and
angio-CBCT acquisition: between 3 to 4 s, according to the volume of the aneurysm and
left to the judgment of the radiologist (Figure 1). In the case of a lack of opacification of the
feeding artery of the AA, a second angio-CBCT was performed at a different level of the
aorta depending on the aortic lesion anatomy (mostly involving a thoracic or abdominal
disorder). Following the acquisition, images were processed on a dedicated work station
AW Volume Share 4.6 (GE Healthcare, Chicago, IL, USA) to detect the feeding artery of
the AA using a double oblique view within MPR reconstruction and Volume Rendering
(Figure 1).

 

Figure 1. Different phases of angio-CBCT image acquisition: native images (upper section), MPR
reconstructions (middle section), and volume rendering and oblique reconstructions (lower section).

The AA was considered assessable on angio-CBCT and angio-CBCT positive if we
visualized an AA artery defined as “a collateral artery of the radiculomedullary artery
running obliquely along the anterior surface of the spinal cord with a classic hairpin turn
connection to the anterior spinal artery” (Figure 2).

If the feeding artery of the AA was clearly defined, exploration was considered complete.
The definition of the feeding artery of the AA was a continuous vascular route for the

anterior spinal artery, the AA, the radiculomedullary artery, the posterior branch of the
intercostal (or lumbar) artery, the intercostal (or lumbar) artery and the aorta.
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Figure 2. Examples of angio-CBCT reconstructions showing the Adamkiewicz artery (AA) (black
arrows) in three different patients. The AA is seen running obliquely along the anterior surface of
the spinal cord with a classic hairpin turn and connection to the anterior spinal artery (star). In
cases (A,B), the feeding artery of the AA was clearly depicted. In case (C), complementary selective
arteriography was performed.

If the feeding artery was not clearly visualized on angio-CBCT alone, selective DSA
angiography catheterization of the arteries at the probable origin of the AA was performed.
In this case, we used 3D road-mapping extracted from angio-CBCT, reconstructed in volume
rendering reconstructions, with the localization of the intercostals and lumbar artery ostia
to facilitate catheterization (Figure 3).

 

Figure 3. Three-dimensional road-mapping of the intercostal and lumbar artery ostia (red dots) and
aortic wall mask (yellow lines), extracted from angio-CBCT acquisition (A). Selective angiography of
a patent intercostal artery with visualization of the classic hairpin turns (black arrows) (B).

AA was considered not assessable on angio-CBCT and angio-CBCT negative if no
artery meeting the AA definition was visible, even after 2 angio-CBCT procedures. In this
situation, selective DSA angiography catheterization of the arteries was performed. The
3D road-map extracted from the angio-CBCT acquisition was also used, but in contrast to
the previous situation, catheterization was not guided by AA detection, and all intercostal
and lumbar arteries from the region were catheterized. Selective angiography of patent
intercostal/lumbar arteries requires different types of catheters, and the choice of catheter
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was left at the discretion of the radiologist. A manual injection of 4 cc of contrast media
iodixanol 320 (Visipaque, Gerbet, Aulnay-sous-Bois, France) was used for selective angiog-
raphy. Selective DSA was considered successful when the feeding artery of the AA was
located on the DSA. A procedure was considered unsuccessful if angio-CBCT and DSA
failed to locate the feeding artery of the AA.

The location of the ostium of the intercostal or lumbar artery, which feeds the AA, was
highlighted on the volume rendering reconstruction of angio-CBCT or on the preprocedural
CT acquisition. These images were used during multidisciplinary discussions to define the
surgical procedure.

2.3. Surgical Management and Neurological Follow-Up

Treatment decisions were standardized and validated in a multidisciplinary team
including vascular surgeons, cardiologists, anesthesiologists, and radiologists. Concerning
endovascular repair, if the AA arose near the stent graft ends, the preservation of the
ostium was maintained by stent graft length reduction. If the AA arose in the aneurismal
area and needed to be covered by TEVAR, preventive CSF drainage was performed. In
the case of open surgical repair, surgical reimplantation of the AA was performed. All
these procedure modifications based on AA localization were discussed and recorded
during multidisciplinary team meetings. One month after aortic intervention, a follow-up
examination recorded early neurological complications. All types of neurologic symptoms
were recorded: spinal cord ischemia, paresthesia or motor disorders of the lower limb,
and Parkinson’s syndrome. The amount of iodine contrast injected, irradiation dose,
fluoroscopy time, and procedure length were gathered. The continuous and categorical
variables are described by the mean, standard deviation (SD) and range or median (Q1-
median-Q3) and range, and n (%). The Mann Whitney U test was performed to evaluate
both groups.

3. Results

A total of 21 patients were included in the study. Patient demographic and clinical
characteristics are summarized in Table 1. All patients were able to benefit from the de-
scribed diagnostic procedure with angio-CBCT. The average duration of the procedure
was 48.7 ± 19.7 min for all 21 cases. In two cases, medullary arteriography was coupled to
another intervention in the same operating time. The first was iliac stenting for aneurys-
mal exclusion, and the second was subclavian artery occlusion. Both interventions were
performed in patients for whom angio-CBCT was positive and no extra DSA selective
catheterization was necessary. The doses of contrast media and irradiation were combined
in these two cases. No complications were noted during the procedure.

Table 1. Population characteristics (n = 21).

Variable Patient Characteristics

Age, years (mean ± SD) 68 ± 11
Male, n (%) 17 (81)
BMI, kg/m2 (mean ± SD) 27 ± 3.5
Hypertension, n (%) 17 (81)
Hyperlipidemia, n (%) 7 (33)
Diabetes, n (%) 2 (9)
Smoking, n (%) 14 (66)
Descending thoracic aorta pathology, n (%)

Aneurysm 19 (90)
Dissection 2 (10)

Aortic diameter, mm (mean ± SD) 61.6 ± 8.1

AA was assessable on angio-CBCT in 15/21 (71%) cases. Among them, the feeding
artery was undoubtedly visible in 5/15 patients (33%). For the remaining 10/15 patients
(67%), DSA selective angiography was needed to confirm the feeding artery. The AA was
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not assessable on angio-CBCT in 6/21 patients (29%). Three-dimensional road-mapping-
guided DSA angiography of all intercostals and lumbar arteries finally helped to visualize
the AA and the feeding artery in 6/6 patients (100%). These six patients with negative
angio-CBCT had bulky aneurysms with high diameters (64.6 ± 9.3 versus 60.33 ± 7.6;
p = 0.28) causing major flow turbulence after iodine injection. Figure 4 summarizes the
study flow-chart.

 

Figure 4. Study flow chart. DTA: descending thoracic aorta; AA: Adamkiewicz artery.

The median and interquartile irradiation dose was 25.5 (20.0–40.0) Gy/cm2 for the
positive angio-CBCT group and 70.4 (30.8–96.9) Gy/cm2 for the negative angio-CBCT
group (p = 0.16) (Table 2). There was no significant difference in fluoroscopy time or total
procedure time depending on the angio-CBCT result (Table 2). The difference in iodine
contrast dose was not statistically significant. In two cases, medullary arteriography was
coupled to another intervention in the same operating time. The first was iliac stenting for
aneurysmal exclusion, and the second was subclavian artery occlusion. Both interventions
were performed in patients for whom angio-CBCT was positive and no extra DSA selective
catheterization was necessary. The doses of contrast media and irradiation were combined
in these two cases.

Table 2. Results of angiographies according to the visualization of the anterior spinal artery on the
CBCT acquisition (n = 21). AA: Adamkiewicz artery.

AA Assessable on CBCT
(n = 15)

No AA Assessable on CBCT
(n = 6)

p

Second angio-CBCT, n (%) 2 (13%) 6 (100%)
Feeding artery visible on angio-CBCT, n (%) 5 (33) x
Feeding artery visible after selective guided
DSA catheterization, n (%) 10 (67) 6 (100)

Amount of iodine, mL (mean ± SD) 71.8 ± 38.7 90.0 ± 26.1 0.23
Fluoroscopy time, min (mean ± SD) 16.7 ± 10.8 13.1 ± 8.7 0.45
Length of the procedure, min (mean ± SD) 46.5 ± 17.2 47.9 ± 26.0 0.84
Irradiation, Gy/cm2 (med (IQR)) 25.5 (20.0–40.0) 70.4 (30.8–96.9) 0.41
Aortic aneurism diameter, mm (mean ± SD) 60.33 ± 7.6 64.6 ± 9.3 0.28

The anterior spinal artery originated in 70% of cases from a left intercostal or lumbar
artery and in 25% of cases from the 11th left intercostal artery. These data are presented in
Table 3 [7].
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Table 3. Distribution of the side and the level of the origin of the Adamkiewicz artery (AA) (n = 21).

Right (n = 6) Left (n = 15)

T7, n (%) 0 (0) 1 (5)
T9, n (%) 2 (10) 4 (20)
T10, n (%) 1 (5) 2 (10)
T11, n (%) 1 (5) 6 (25)
T12, n (%) 1 (5) 1 (5)
L1, n (%) 0 (0) 1 (5)
L3, n (%) 1 (5) 0 (0)

After presurgical planification, 16 out of 21 patients underwent aortic surgical repair
(Table 4). Eleven patients were treated with endovascular surgical repair (TEVAR), and
five were treated with open surgery. The identification of the AA artery led to eight
modifications of the surgical strategy for the endovascular population: decision for stent
graft length reduction in five (45.4%) of the patients to preserve the AA feeding artery
ostium and/or CSF monitoring for seven patients (64%). In the open surgery group,
bridging was chosen for three patients (60%) and/or CSF monitoring/drainage in two
(40%) patients after the visualization of the AA feeding artery.

Table 4. Procedure modifications following presurgical identification of the AA for both endovascular
and open surgery treatments and neurological complication follow-up (n = 16). CSF: cerebrospinal
fluid; AA: Adamkiewicz artery.

Endovascular
(n = 11)

Open Surgery
(n = 5)

Modification of the surgery, n (%) 8 (73%) 3 (60%)

- Stent graft length reduction, n (%) 5 (45%) x

- Monitoring/CSF drainage, n (%) 7 (64%) 2 (40%)

- AA reimplantation, n (%) x 3 (60%)

Neurologic complication, n (%) 0 1 (20%)

One month of follow-up revealed a unique severe neurologic complication described
as a spinal cord injury with permanent paraplegia. The patient was selected for open
surgery, and the feeding intercostal artery of the AA was reimplanted in association with
CSF drainage. During surgery, the patient suffered circulatory arrest due to occlusion of the
interventricular artery. The patient was resuscitated but exhibited permanent paraplegia in
the recovery room.

4. Discussion

Angio-CBCT and selective DSA guided by 3D road-mapping allowed the location of
the feeding artery of the AA in 100% of the patients included in the present study. Angio-
CBCT decreases the need for selective catheterization. Kieffer et al. described neurological
complications after selective catheterization of the spinal or intercostal artery [10,22]. These
types of complications were not reported in our series, and their exact prevalence is
difficult to evaluate with the use of up-to-date selective catheters. Three-dimensional road-
mapping allowed the location of the patent ostium of the intercostal artery for selective
catheterization. In our series, the addition of selective catheterization of the intercostal
or lumbar artery did not significantly increase the procedure length, showing that the
use of image 3D road-mapping and location of the patent artery might simplify image
acquisition and AA location. The presence of an aneurysmal sack thrombus may promote
ostial occlusion of the intercostal arteries arising from the aneurysm [23,24]. The precise
surgical location of the artery that feeds the AA plays a role in planning the surgical
strategy in our department. Matsuda reported that the estimated incidence of permanent
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and transient spinal cord injury was 3.7% in all TEVAR patients, 6.0% when part or all of
the distal aorta was covered and 12.5% when the patent intercostal or lumbar artery that
fed the AA was covered [25]. Preoperative identification of the feeding artery of the AA by
selective spinal arteriography has been proposed by other groups [10,26–29]. Briefly, their
procedure consisted of selective catheterization, usually by the femoral route, followed by
the manual injection of contrast material for the imaging of intercostal and lumbar arteries
until the arteries that supplied the anterior spinal artery were identified.

However, treatment of a DTA aneurysm might imply a voluntary occlusion of the
feeding artery of the AA to avoid the risk of aortic rupture. Several methods have been
developed to decrease the risk of spinal cord injury during treatment of a DTA aneurysm.
Sequential treatment avoiding extensive covering of the intercostal artery and collateral
of interest, such as the left subclavian artery or hypogastric artery, is recognized as an
efficient method [30]. Preoperative coiling of the lumbar arteries is also described as
a solution to reduce complications [31,32]. Curative treatment of spinal cord ischemia
has been shown to be effective [4,29,33,34]. The goal of the treatment is to increase the
medullary perfusion pressure and to increase the development of the collateral circulation.
Banga et al. [35] increased the mean arterial blood pressure (>80–90 mmHg) and used
cerebrospinal fluid drainage to increase the medullary perfusion pressure. Assessment of
motor evoked potentials allows the monitoring of the blood supply to the spinal cord in real
time during intervention and the adaptation of the arterial blood pressure to cerebrospinal
fluid drainage. This setting has been shown to reduce postoperative complications [5,36].
In our clinical practice, all these methods are used and personally adapted according to
the patient data. We thought that the precise location of the feeding artery of the AA could
help us to better decide on neurological risk reduction techniques during surgery.

Recent innovations in CT or MR technology have made it possible to noninvasively
identify the feeding artery of the AA. The detection rates for this artery have been reported
to be 80–90% using CT or MR angiography [25–29,33] in patients with thoracic aneurysm
or dissection. In fact, these noninvasive assessment methods are able to depict the morpho-
logic hairpin turn configuration of the AA. However, the entire course of the AA should be
identified by demonstrating continuity from the anterior spinal artery to the aorta via the
AA to avoid misinterpretation of the arterial vascularization of the spinal cord. The rate for
vascular continuity has been reported to be in the range of 25 to 60% for 16- or 64-detector
row CT [12,14,15,17]. The difficulty in demonstrating continuity can be attributed to the
small size of the artery and the proximity to the spine [37]. It is also important to empha-
size that many studies have been conducted in different ethnic groups [10,23,28], whose
physical characteristics differ from our population.

This study has some limitations, especially the small number of patients included.
Angiography is invasive and requires radiation exposure, iodine chelate injection into the
patient, and medical expertise and time. This was a proof-of-concept study, and we did not
prove that the proposed method is able to decrease the occurrence of spinal cord injury.

5. Conclusions

These results suggest that the combined use of angio-CBCT and 3D road-mapping
to guide the anatomical location of the feeding artery of the AA was feasible in all the
patients included in our series. In our team’s experience, precise knowledge of the arterial
vascularization of the spinal cord allowed us to modify and personalize the treatment of
DTA diseases.
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Abstract: Objectives: To evaluate indirect criteria of pelvic venous insufficiency (PVI) of a short tau
inversion recovery (STIR) sequence retrospectively compared with phlebographic findings. Methods:

Between 2008 and 2018, 164 women who had received MRI and phlebography for pelvic congestion
syndrome (60), varicose veins in the lower limbs (45), both (43), or other symptoms (16) were included.
The presence of periuterine varicosities and perivaginal varicosities were compared to the findings of
phlebography: grading of left ovarian vein reflux and presence of internal pudendal or obturator
leak. Results: There was a correlation between the grading of LOV reflux on phlebography and
the diameter of periuterine varicosities on STIR sequence (p = 0.008, rho = 0.206, CIrho [0.0549 to
0.349]). Periuterine varicosities had a positive predictive value of 93% for left ovarian reflux (95%
CI [88.84% to 95.50%]). Obturator or internal pudendal leaks were found for 118 women (72%)
and iliac insufficiency for 120 women (73%). Conclusions: Non-injected MRI offers a satisfactory
exploration of PVI with STIR sequence. STIR sequences alone enabled the detection of left ovarian
and iliac insufficiency.

Keywords: magnetic resonance imaging; pelvis; venous congestion; phlebography; varicose veins;
venous insufficiency

1. Introduction

Pelvic venous insufficiency (PVI) is a pathology of premenopausal and multiparous
women that is still poorly understood and frequently misdiagnosed [1]. Regularly respon-
sible for pelvic congestion syndrome (PCS), combining chronic pelvic pain, dysmenorrhea,
and dyspareunia, PVI induces recurrent varicose veins in the lower limbs (VVLL) and
unsightly varicosities on the buttock, perineal, or vulvar [2–4]. These interrelated symp-
toms were recently grouped under the term “Pelvic Venous Disorders” [5]. The diversity
of symptoms and the poor understanding of pathogenic mechanisms are major concerns.
Although first described by Taylor in 1949, PCS frequency remains unknown [6,7]. The
prevalence of retrograde flow in the ovarian veins has been estimated at 9.9% based on
273 angiographic studies including healthy female renal transplant donors, with 59% of
them reporting chronic pelvic pain compatible with PCS and 77% reporting improvement
after ovarian vein ligation [8,9]. A recent study on 2384 abdomino-pelvic computed to-
mography (CT) images found that 8% of premenopausal women had PCS with dilated left
ovarian veins (LOV) [10].

Non-invasive investigations are recommended as an initial assessment for PVI, but
phlebography remains the gold standard with a sensitivity and specificity of 91% and
89%, respectively [11–13]. However, phlebography is an invasive diagnostic technique,
exposes the pelvis of women of childbearing age to irradiation, is costly, and is time-
consuming [14,15]. Thanks to non-invasive diagnostic tools, pre-therapeutic phlebography
could be facilitated [15].

CT is an effective technique for this indication but it is irradiating [16–20]. MRI is the
imaging modality of choice for female pelvic exploration with an optimal exploration of
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internal genital organs [21] to eliminate differential diagnoses of chronic pain, in particular,
endometriosis with similar symptoms [15,22].

Many women with PVI had an important diagnostic delay, sometimes for many years.
A non-injected sequence could be added to MRI for “undetermined chronic pelvic pain”
suitable for PVI.

Short-tau inversion recovery (STIR) sequence is an IR technique that nulls fat signal
intensity based on T1 values. The STIR sequence uses an initial 180◦ RF pulse to invert spins
in the longitudinal plane. After a short time delay (known as inversion time (TI), this initial
RF pulse is followed by a conventional spin-echo. To achieve fat suppression, a TI should be
selected such that the longitudinal magnetization of the fat spins is zero when a subsequent
90◦ pulse is applied. The TI that will negate the signal from fat is equal to 0.69 times the Ti
relaxation time of fat, provided that the selected TA is significantly greater than Ti. As Ti
relaxation times are proportional to the applied magnetic field, the appropriate TI with a
STIR for nulling the signal from fat must be adjusted for a given magnet strength. Even at
a given magnetic field strength, the TI that maximally nulls the fat signal varies slightly
from patient to patient, possibly because of differences in fat composition. STIR pulse
sequences rely on the relatively short Ti relaxation time of adipose tissue to achieve fat
suppression. This technique is quite different from the frequency-selective fat suppression
technique, in which the signal from fat protons is selectively nulled on the basis of the
intrinsic chemical shift differences between lipid and water protons. As STIR sequences
will suppress the signal from any tissue or fluid that, like fat, has a short Ti relaxation time,
this technique of fat suppression may be considered nonselective [23]. The STIR sequence
allows unparalleled cartography of the pelvis. It is not yet evaluated despite its excellent
tissue contrast and spatial resolution. PVI induces important varicosities visualized like
hyperintense dilated tortuous structures around the uterus and vagina.

The aim of this study was to evaluate the indirect criteria of PVI of STIR sequences
retrospectively compared with phlebographic findings.

2. Material and Methods

2.1. Patients

This was a single-centre, retrospective study performed in a regional University
Hospital. Ethical approval was obtained by the Publication Group of the Ethics committee
of the University Hospital (CE-GP-2019-20). Using radiology databases and medical records
at our institution, from 2008 to 2018, we consecutively included all women who had MRI
and phlebography for suspicion of PVI based on clinical features, defined as chronic pelvic
pain (>6 months) with dysmenorrhea, dyspareunia, or post-coital pain, that typically
increased at the end of the day and while standing. Other signs could be associated with
dysuria, nocturia, or rectal symptoms. VVLL included were evaluated by US and pelvic
leaks were identified. Unsightly varicosities on the buttock, perineal, or vulvar were
described by the patients and clinically observed. A pelvic leak was defined as an abnormal
communication between VVLL and pelvic veins. Exclusion criteria were other aetiologies
of chronic pelvic pain (uterine fibroma, adenomyosis, or endometriosis).

2.2. Magnetic Resonance Imaging

Imaging was performed on a 1.5 Tesla instrument (Avanto, Siemens Healthcare,
Forchheim, Germany) The duration of the examination was 30 to 40 min. After the acqui-
sition of the scout images, 2-dimensional T2-weighted STIR BLADE sagittal and coronal
images were acquired as the detailed scout images. The acquisition parameters for STIR
images were as follows: TR, 4810 ms; TE, 82 ms; matrix, 256 × 256; slices, 30; slice thick-
ness/gap, 4.5 mm/10% and imaging time, 3 min 22 s. Then, 2-dimensional T2-weighted
STIR BLADE axial images were acquired. The acquisition parameters for axial STIR images
were as follows: TR, 5771 ms; TE, 82 ms; matrix, 256 × 256; slices, 35; slice thickness/gap,
4.5 mm/10% and imaging time, 4 min 02 s. After, the other sequences were realized: axial
T2 TRUFI, Axial T1 DIXON 3D VIBE, Angio Dynamic TWIST with coronal MIP recon-
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struction then 3D T1 VIBE. Dotarem© was injected at 3 mL/sec at the third dynamic for
2 mL/kg and flushed with 20 mL of NaCl.

A differential diagnosis or a type II or III venous compression, according to the
classification of Greiner et al., had to be eliminated [24]. Indirect criteria of PVI of STIR in
the 3 spatial planes with visualization of the top of the thighs were obtained to record the
diameter of periuterine veins and the presence of perivaginal or external varicosities. A
diameter > 5 mm was considered a periuterine varicosity, according to the Guidelines of
the Society of Interventional Radiology [12]. The presence of paravaginal, perineal, vulvar
varicosities or varicosities on the buttock was defined by abnormal dilated and tortuous
veins. The presence of a hyposignal STIR sequence within pelvic veins was noted like
“flow voids”.

2.3. Phlebography

All procedures were undertaken on the same angiographic unit (Philips Medical Sys-
tems). Phlebography was performed by two investigators with experience in interventional
radiology of 5 and 20 years before the embolization. A brachial or femoral venous approach
was used, using a 4- or 5-French sheath. LRV was catheterized with a 4-French Cobra
catheter and phlebography was performed. If a Nutcracker syndrome was suspected with
clinical symptoms (haematuria, lumbar pain), a measurement of the vena cava and renal
vein pressures was realized (Normal ≤ 3 mmHg) [24]. Then, LOV was catheterized and a
phlebography with Valsalva manoeuvre was realized with automatic injection (Visipaque®:
volume of 20 mL, rate of 10 mL/s). The internal iliac veins were catheterized with a Cobra
catheter or a UAC catheter and were looking for incompetent collectors, leaks to the legs,
and a May-Thurner syndrome with automatic injection (Visipaque®: volume of 20 mL, rate
of 10 mL/s).

LOV insufficiency was defined by reflux towards the pelvis. LOV diameter was noticed
and reflux was scored from 0 to 3 according to the description by Hiromura et al. [25].
In grade 1, retrograde flow remained in the LOV, not reaching the parauterine veins. In
grade 2, the retrograde flow advanced into the ipsilateral parauterine veins and no further.
In grade 3, the retrograde flow crossed the midline passing through the uterus from the left
into the right parauterine plexus [25].

Iliac insufficiency was defined by reflux into its tributaries. A superior gluteal leak
was visualized in front of the iliac wing, an inferior gluteal leak in front of the femoral head,
an obturator leak passed over the obturator foramen and a pudendal leak followed the
iliopubic rami. Irradiation data were not relevant because the embolization was performed
on the same day.

2.4. Imaging Analysis

Images were reviewed in a blinded fashion by one radiologist with five years of
experience and one radiologist with twenty years of experience. Inter-observer variability
was evaluated for dilatation of iliac tributaries. In case of disagreement, a consensus reading
was organized for a final decision. Only clinical patient information was available. To avoid
any recognition bias, the studies were presented in random order. All imaging investigation
data were assessed on a Picture Archiving and Communication system (PACS) station (Vue
PACS; Carestream Health, Rochester, NY, USA).

2.5. Statistical Analysis

Statistical analysis was performed with Excel and MedCalc® software version 12.3
(Ostend, Belgium). Qualitative variables are expressed as raw numbers, proportions, and
percentages. Quantitative variables are expressed as medians with 1st (Q1) and 3rd (Q3)
quartiles and ranges.

The positive predictive value was calculated for every criterion. The correlation
between reflux grading and periuterine varicosities was tested using Spearman’s rank
correlation. A p-value < 0.05 was considered statistically significant.
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The inter-observer variability coefficient was calculated by the Kappa Cohen coefficient.

3. Results

3.1. Patients and Anatomical Analysis

Two hundred and twenty-five women had a phlebography for suspicion of PVI
between 2008 and 2018 at our centre. One hundred and sixty-four women (median age:
39 years; Q1–Q3: 34–45) were included in the study (Table 1): 60 women for a PCS,
45 for VVLL, 43 for both, and 16 for other isolated symptoms (6 women with vulvar
varicosities, 4 patients with perineal varicosities, 1 patient with varicosities on the buttock
and 5 women suffering with lumbar pain and haematuria were included with suspicion of
Nutcracker syndrome).

Table 1. Patients’ characteristics. All quantitative variables are expressed in mean, SD, and range/
median (Q1–Q3); all qualitative variables are expressed with raw numbers, proportions, and
percentages.

164

Age (years) 39 ± 9 (21–69)/39 (34–45)

Number of pregnancies 2 ± 1 (0–6)/2 (2–3)

PCS 60 (60/164; 36.59%)

VVLL 45 (45/164; 27.44%)

PCS + VVLL 43 (43/164; 26.22%)

Presence of external varicosities *
Isolated

34 (34/164; 20.73%)
16 (16/164; 9.76%)

Dysuria 4 (4/164; 2.44%)
* Vulvar, perineal or on the buttock, isolated, or in association. N: Number of patients, PCS: pelvic congestion
syndrome, VVLL: varicose veins of the lower limbs.

Referrals were made by vascular specialists in 62% of cases, vascular surgeons in 26%,
and gynaecologists in 12%. The median time between MRI and phlebography was 41 days
(28–65). One patient had an angioedema caused by a Gadolinium injection that required a
short stay in intensive care.

Anatomical variability was found for 16 women (10%). Seven patients had LOV
variability: six women with two LOV (4%) and one woman with three. There were five
patients with LRV variability: one woman with two LRV, three with retroaortic LRV (2%),
and one with circumaortic. There were three ROV draining into the right renal vein (2%).

3.2. STIR and Phlebographic Findings

On the STIR sequence, the median diameter of periuterine veins was 7 mm (6–8). One
hundred and twenty-six women had periuterine varicosities with a diameter > 5 mm (77%).
Ninety-eight patients had “flow voids” in their pelvic varicosities (60%).

One hundred and twenty-nine patients had perivaginal varicosities (79%), thirty-nine
vulvar varicosities (24%), fifty-seven perineal varicosities (35%), and five varicosities on the
buttock (3%).

One hundred and forty-four women had left ovarian reflux on phlebography (88%).
Six reflux were grade 1 (4%), thirty-nine reflux were grade 2 (27%), and ninety-nine were
grade 3 (69%).

There was a correlation between the grading of LOV reflux on phlebography and the
diameter of periuterine varicosities on the STIR sequence (p = 0.008, rho = 0.206, CIrho
[0.0549 to 0.349]). Periuterine varicosities had a positive predictive value of 93% for left
ovarian reflux (95% CI [88.84% to 95.50%]).
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Obturator or internal pudendal leaks were found for 118 women (72%) and iliac insuf-
ficiency for 120 women (73%) (Figure 1). Inter-observer agreement for iliac insufficiency
was substantial (k = 0.72).

 

Figure 1. A 38-year-old woman who suffered from recurrent varicose veins in the lower limbs had
magnetic resonance imaging (MRI) and a phlebography for suspicion of pelvic venous insufficiency.
A/B: MRI coronal (A) and axial (B) T2 short inversion time inversion recovery (STIR) sequence:
Dilated left internal pudendal vein (white arrowhead). (C) Maximal intensity projection (MIP) coronal
reconstruction of MRI angiography sequence: Voluminous periuterine varicose (dotted arrow), reflux
in the left internal pudendal vein (white arrow), incompetent left ovarian vein (*), and vicarious right
ovarian vein (#). (D) Phlebography: Confirmation of an incompetent left internal pudendal vein
(black arrow). Visualization of important periuterine varicose (black arrowhead).
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Perivaginal varicosities had a positive predictive value of 78% for obturator or internal
pudendal leak (95% CI [64.41% to 78.68%]) (Figure 2). Perivaginal or external varicosities
had a predictive value of 76% for iliac insufficiency (95% CI [72.51% to 79.71%]) (Table 2).

 

Figure 2. (A) 50-year-old woman who suffered from pelvic pain and vulvar varicosities had mag-
netic resonance imaging (MRI). Maximal intensity projection (MIP) coronal reconstruction of MRI
angiography sequence: Voluminous left periuterine varicose with reflux in the internal pudendal
veins (white arrowhead), incompetent left ovarian vein, and vicarious right ovarian vein. (B) MRI
axial T2 short inversion time inversion recovery (STIR) sequence: Dilated left internal pudendal vein
with aneurysm (white arrowhead). (C) MRI coronal T2 short inversion time inversion recovery (STIR)
sequence: Flow voids in dilated pelvic varicose veins (dark arrow). (D) MRI sagittal T2 short inversion
time inversion recovery (STIR) sequence: Flow voids in dilated pelvic varicose veins (dark arrow) and
dilated left internal pudendal vein (*).

134



J. Pers. Med. 2022, 12, 2055

Table 2. Diagnostic performance of the STIR sequence.

Criterion Sensitivity Specificity PPV NPV

Detection of leaks 0.92 0.77 0.93 0.73
Iliac insufficiency by detection of leaks 0.91 0.27 0.68 0.63
Left ovarian insufficiency by detection of
Periuterine varicosities > 5 mm 0.82 0.53 0.93 0.26

Internal pudendal or obturator leak by
detection of perivaginal varicosities 0.87 0.56 0.78 0.62

PPV: positive predictive value; NPV: negative predictive value.

4. Discussion

Based on 10 years of experience reported here, these data confirm that the STIR se-
quence is indirectly reliable to detect PVI. Detection of periuterine varicosities had a positive
predictive value of 82% for LOV reflux. This result was according to the transvaginal US
findings in the literature relating a sensitivity and specificity of 100% and 83–100%, respec-
tively [26,27]. Pelvic US had many advantages: localization of pain at the passage of the
probe and use of a Valsalva maneuver to objective reflux. US had the main disadvantage of
being direct and operator-dependent. The STIR sequence allows for realistic cartography of
pelvic varicosities for optimal anticipation and processing of the procedure of embolization.
The iliac, ovarian, or mixt supply is visualized with the facility.

The presence of perivaginal varicosities had a 78% positive predictive value for ob-
turator or pudendal leaks. The composite criterion containing peri-vaginal and external
varicosities detected on the STIR sequence had a positive predicted value of 76% for
iliac insufficiency.

In the literature, the evaluation of PVI was limited to direct reflux analysis [9,14,28,29].
Asciutto et al. evaluated dynamic MRI versus phlebography in 23 patients with PCS. The
sensitivity and specificity of MRI were, respectively, 88% and 67% for ovarian veins, 100%
and 38% for hypogastric veins, and 91% and 42% for periuterine varicosity [14]. Yang et al.
compared the grading of reflux in the ovarian veins on dynamic MRI versus phlebography
in 19 patients: the sensitivity, specificity, and diagnosis relevance of MRI were 66.7%, 100%,
78.9%, and 75%, 100%, 84.2% for the two observers, respectively [29]. Meneses et al. used a
phase-contrast velocity mapping and found a sensitivity of 100% and specificity of 50%,
based on nine patients with suspected PCS [30].

Perivaginal varicosities were responsible for deep dyspareunia and post-coital pains.
Any radiologists could detect these varicosities with an endovaginal probe, with the
copying of usual pains [31]. The sagittal STIR sequence allows complete visualization of
peri-vaginal varicosities and these venous supplies. This criterion could be used to facilitate
the phlebography and to search for internal pudendal or obturator incompetency even if
the vein is valvulated.

External varicosities were visualized very well by the STIR sequence like a serpiginous
dilated hypersignal vein in subcutaneous tissue. These veins were often in communication
with varicose in the lower limbs. They could be treated directly by sclerotherapy with 2%
polidocanol (Aetoxisclerol, Kreussler, Wiesbaden, Hessen, Germany) under ultrasound and
X-ray guidance [32].

It is well known that PVI was a complex pathology and the ovarian vein reflux analysis
is not sufficient. The dynamic MRI sequence does not allow for analyzing the iliac vein and
afferents reflux [14]. STIR sequence allows a direct and indirect analysis of ovarian and
iliac veins with a good spatial resolution.

Our study has some limitations, notably with recruitment, as all symptomatic patients
had a final diagnosis of PVI. No patient had an MRI or phlebography that did not result
in a PVI diagnosis. The retrospective review of imaging examinations could lead to the
recognition of records. We have tried to minimize this bias by presenting the studies in
random order.
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In conclusion, non-injected MRI offers a satisfactory exploration of symptomatic PVI
with the STIR sequence. Indirectly, the STIR sequence alone enabled the detection of left
ovarian and iliac insufficiency.

Gynecological imaging included 3D T2 weight or sagittal T2 weight, however, these
sequences provide detection of anomalies in pelvic organs, but the pelvic fat avoids correctly
detecting varicose veins or they are likely sub-estimated.

The STIR sequence could be added as an option after a usual MRI protocol performed
for unexplained pelvic pain. After detection of symptomatic pelvic varicosities without
other etiology of pelvic pain on MRI, the patient should be addressed to an interven-
tional radiologist.
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Abstract: Introduction: The aim of this retrospective monocentric study was to assess the safety
and efficacy of spontaneous soft-tissue hematoma transarterial embolization (TAE) and to evaluate
predictive factors for early mortality (≤30 days) after TAE for spontaneous soft-tissue hematoma
(SSTH). Materials and methods: Between January 2010 and March 2022, all patients referred to our
hospital for spontaneous soft-tissue hematoma and treated by emergency TAE were reviewed. Inclu-
sion criteria were patients: ≥18-year-old, with active bleeding shown on preoperative multidetector
row computed tomography, with spontaneous soft-tissue hematoma, and treated by TAE. Exclusion
criteria were patients with soft-tissue hematomas of traumatic, iatrogenic, or tumoral origin. Clinical,
biological, and imaging records were reviewed. Imaging data included delimitation of hematoma
volume and presence of fluid level. Univariate and multivariate analyses were performed to check
for associations with early mortality. Results: Fifty-six patients were included. Median age was 75.5
[9–83] ([Q1–Q3] years and 23 (41.1%) were males. Fifty-one patients (91.1%) received antiplatelet
agent and/or anticoagulant therapy. All 56 patients had active bleeding shown on a preoperative CT
scan. Thirty-seven (66.0%) hematomas involved the retroperitoneum. Median hemoglobin level was
7.6 [4.4–8.2] g/dL. Gelatine sponge was used in 32/56 (57.1%) procedures. Clinical success was ob-
tained in 48/56 (85.7%) patients and early mortality occurred in 15/56 (26.8%) patients. In univariate
and multivariate analysis, retroperitoneal location and volume of hematoma were associated with
early mortality. Conclusion: Retroperitoneal location and volume of hematoma seem to be risk factors
for early death in the context of TAE for spontaneous soft-tissue hematoma. Larger multicenter
studies are necessary to identify others predictive factors for early mortality and to anticipate which
patients may benefit from an interventional strategy with TAE.

Keywords: hematoma; soft-tissue; embolization; anticoagulant; bleeding

1. Introduction

Spontaneous soft-tissue hematoma (SSTH) is a relatively rare but potentially life-
threatening condition [1]. The prevalence of SSTH is expected to increase due to the
increasing use of anticoagulants among older patients and its diagnosis due to routine
use of multidetector row computed tomography (MDCT) [2]. SSTH may cause pain,
deglobulization, hemodynamic instability, and death [3]. SSTH may cause hospitalization
or a clinically aggravating event in a hospitalized patient, especially in intensive-care units
(ICUs) [4]. Its diagnosis may be delayed in the absence of apparent symptoms. There
is no common consensus for appropriate SSTH management. Different options include
conservative treatment or transarterial embolization (TAE). Surgical treatment [5] should be
reserved as a last resort if TAE is unsuccessful. Moreover, depending on the clinical severity
and history of the patient, preservation, discontinuation, or reversal of anticoagulant
treatment should be discussed with the management team [6]. Preoperative MDCT plays a
central role in locating the hematoma by assessing its volume and muscular relationships
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and by anticipating emergency TAE [7]. Nevertheless, the injection of contrast media may
aggravate acute renal failure and require extracorporeal purification [8,9]. On the one hand,
TAE is effective in stopping SSTH bleeding [10,11] but may generate or aggravate acute
renal failure of multi-factorial origin in the aftermath of the acute bleed. On the other hand,
active bleeding may stop spontaneously, especially in the absence of fascial rupture by
intrinsic muscle compression. The clinical success rate of TAE for SSTH is estimated at
94.3% [3]. However, the mortality rate of these patients is high in 22.7% of the cases, with
an early rebleeding rate of 9.4% [3]. Even if there is no standard of care for the diagnosis
and treatment of SSTH, a management algorithm has been proposed [12]. Previous studies
have focused on the occurrence of SSTH in patients admitted to intensive care [13], in
patients treated with anticoagulants [6,14], and experiencing SARS-CoV-2 infection [15].
Moreover, studies on TAE in SSTH focused on a particular muscle [16] or a particular
embolic agent [17,18]. Evaluating predictive factors for early mortality after TAE of SSTH
has received little research attention: Barral et al. [7] showed that hematoma volume,
retroperitoneal hematoma, and simplified acute physiology score II were independent
predictors of early mortality after TAE. It is, therefore, essential to better understand the
predictive factors of mortality to improve the selection of patients who may benefit from
emergency TAE.

This retrospective monocentric study aimed to assess the safety and efficacy of sponta-
neous soft-tissue hematoma transarterial embolization and to evaluate predictive factors
for early mortality after TAE for SSTH.

2. Methods

2.1. Study Population

Between January 2010 and March 2022, we reviewed clinical decisions and MDCT
images for all patients referred to our hospital for SSTH treated by emergency TAE. The
inclusion criteria were: patients (1) ≥18 years old, (2) with active bleeding shown on MDCT,
(3) and treated by TAE. The exclusion criteria were: patients (1) <18 years old, (2) with
soft-tissue hematomas of traumatic, (3) iatrogenic, or (4) tumoral origin, and (5) without
preoperative MDCT angiography before TAE.

2.2. Patient Characteristics

We retrospectively reviewed medical records for old clinical history, including high
blood pressure, diabetes mellitus, chronic renal failure, cardiovascular diseases, cirrho-
sis, performance status, antiaggregant and anticoagulant treatments, and indications to
administer anticoagulant therapy. The recent clinical history included the presence and
reasons for hospitalization at the time of diagnosis. Biological variables were collected at
presentation, before TAE, including serum hemoglobin level, prothrombin time (PT), inter-
national normalized ratio (INR), and platelet count. The numbers of red blood cells, fresh
frozen plasma, and platelets transfused were also reported. We considered transfusions
performed within 24 h before and 48 h after the procedure. Hemoglobin drop was defined
as the difference between the baseline hemoglobin level and hemoglobin level at the time
of the procedure. Hemodynamic instability was defined as a decrease in blood pressure
requiring the use of amines. Discontinuation, reversion of anticoagulant therapy, and the
type of medication used to achieve reversion were reviewed.

2.3. Imaging and Procedure Data

All patients underwent an abdominal MDCT scan (SOMATOM SENSATION before
September 2014 and SOMATOM, Siemens® AG, Medical solutions, Erlangen, Germany).
Patients received ≥90 mL contrast medium (Xenetix 350, Guerbet®, Villepinte, France) with
a flow rate ≥ 3 mL/s. Acquisitions without and with the injection of iodinated contrast
medium at the arterial and portal phase were routinely performed in order to demonstrate
active bleeding, defined by the contrast medium leaking during the arterial phase in MDCT
images that grows during the portal phase. The location of and number of hematomas
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were recorded. Hematoma volume was evaluated by semi-automatic delimitation using
the Carestream® software (Rochestern, NY, USA) by one experienced radiologist. In the
case of multiple locations, the sum of the volume of all hematomas was calculated. The
presence of a fluid level within the hematoma was also assessed.

All emergency TAEs were performed by 5 interventional radiologists with at least
3 years of experience in performing TAEs, after a collegial discussion between the inter-
ventional radiologist, the intensive-care physician, and the surgeon. After local anesthesia
with 5% lidocaine, the right common femoral artery was accessed. First, global aortogra-
phy was performed with a Pigtail 5F probe and a hydrophilic guidewire (Terumo, Tokyo,
Japan). Then, a catheterization of the artery feeding the bleeding was performed with
a Cobra 5F probe, and a 2.7F supraselective microcatheteter (Progreat, Terumo®, Tokyo,
Japan) was used at the discretion of the interventional radiologist. TAEs were performed
under fluoroscopic monitoring using micro coils (Interlock and IDC, Boston® Scientifics),
N-butyl-2-cyanoacrylate (Glubran® GEM, Viareggio, Italy), gelatine sponge (Gelitaspon®),
or microparticles (Embosphere®, Microspheres, BioSphere Medical, Rockland, MA, USA),
depending on the location of the active bleeding, the intensity of the active bleeding, the
presence of collateral arteries, the clinical severity, and the habits of the interventional
radiologist. In the absence of active bleeding, an empirical TAE could be performed in
case of hemodynamic instability based on the data from the preoperative MDCT. Complete
fluoroscopic angiography controls were performed in order to confirm that bleeding had
been successfully controlled. After the treatment, the introducer was sutured to the skin and
removed the following day if there was no recurrence of bleeding. After TAE, all patients
were monitored closely in the ICU for clinical signs and symptoms that were potentially
suggestive of ischemic complication or recurrent bleeding until discharge or death.

2.4. Outcomes

These clinical findings were supplemented by laboratory studies. The long-term
outcomes of the patients, specifically the incidence of rebleeding, mortality, and procedure-
related complications, were determined by chart review. MDCT angiography following
TAE was not routine practice in the hospital unit during this period. Technical success
was defined as the stopping of active bleeding, based on the angiographic control findings.
Clinical failure was defined as bleeding-related death or rebleeding that required repeat
TAE during the 30-day follow-up period. In the case of suspected recurrent bleeding,
MDCT with contrast injection was performed. Recurrent bleeding was defined by the
presence of active bleeding on the follow-up MDCT after the TAE. Rebleeding was defined
as early if it occurred within 30 days of TAE and as a late rebleeding event if it occurred
after 30 days of TAE. Overall survival was calculated from the date of TAE until death
from any cause. Complications of TAE were defined as ischemic complication in embolized
territories, non-target embolization, or hematoma at the puncture site. Complications
were defined as early when they occurred within the first 2 h following TAE and late
complications at least 24 h after the procedure. Grades A and B were considered to be
minor complications and grades C, D, E, and F were considered to be major complications
according to the SIR classification [19].

2.5. Statistical Analysis

Data are presented either as absolute numbers with percentages for qualitative vari-
ables or as median (Q1–Q3) for quantitative variables. Univariable and multivariate
analyses were conducted by using the Cox proportional hazard model to identify potential
prognostic factors of survival and to estimate the adjusted odds ratio (OR) with 95% CI. R®

software 3.6.2(R Foundation for Statistical Computing, Vienna, Austria) was used for this
study. A Kaplan–Meier curve was created with Prism Graphpad® software 8.4.2 (GraphPad
Software Inc., San Diego, CA, USA).
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2.6. Ethical Considerations

This study was performed in accordance with the ethical standards of the Helsinki
Declaration and was approved by the ethic committee of the University Hospital of
Saint-Etienne.

3. Results

Between January 2010 and March 2022, 63 patients were referred to TAE for SSTH
in our institute. Seven patients had angiography without TAE: six patients had negative
angiography without TAE and one had a technical failure, resulting in a total of 56 patients
treated with TAE.

3.1. Patient Characteristics

Patient characteristics are detailed in Table 1. Our study population included 56 pa-
tients. The median age was 75.5 (39–83) years and 23/56 (41.1%) were men. Among the
population, 24/56 (42.8%) patients had a Performance Status ≥ 2. Regarding comorbidities,
27/56 (48.2%) patients had high blood pressure, 16/56 (33.9%) patients had diabetes, 32/56
(57.1%) patients had cardiovascular disease, 9/56 (16.1%) patients had chronic renal failure,
12/56 (21.4%) patients had a history of cancer, and 4/56 (7.1%) had cirrhosis. Before the
occurrence of SSTH, 24/56 (42.9%) patients were already hospitalized. In 26/56 (46.4%)
patients, no clinical symptoms except hypotension and/or blood loss were found. Of the 56,
5 (8.9%) patients received antiplatelet therapy, 39/56 (69.6%) patients received anticoagula-
tion therapy, 7/56 (12.5%) received both antiplatelet and anticoagulation therapy, and 5/56
(8.9%) did not receive antiplatelet or anticoagulation therapy. The two main indications
for antithrombotic therapy were cardiac arrhythmia in 27/51 (53.0%) patients and deep
vein thrombosis in 10/51 (19.6%). Overdosage was found in 13/51 (25.5%) patients. All
patients reported the discontinuation of antithrombotic therapy and 13/25 (25.5%) patients
reported the reversion of anticoagulation. A clinical symptom was present in 30/56 (53.6%)
patients, including abdominal pain (n = 26) and tumefaction (n = 4).

Table 1. Patient characteristics.

Variables 56

Age, years median [Q25–75] 75.5 [39–83]
Male n. (%) 23 (41.1)
Performance Status median [Q25–75] 1 [0–2]
Comorbidities n. (%)
Diabete 16 (33.9)
HBP 27 (48.2)
Chronic renal failure 9 (16.1)
History of cancer 12 (21.4)
Cirrhosis 4 (7.1)
Antithrombotic therapy, n. (%) 51 (91.1)
Indication for antithrombotic therapy, n. (%)
Atrial fibrillation 27 (53.0)
Deep venous thrombosis 10 (19.6)
Ischemic stroke 5 (9.8)
Cardiopathy 3 (5.9)
Mechanical valve prosthesis 2 (3.9)
Prophylaxy 2 (3.9)
Others 2 (3.9)
Hospitalized at the time of diagnosis n. (%) 24 (42.9)
Causes of hospitalization n. (%)
Infection 7 (12.5)
Surgery 8 (14.3)
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Table 1. Cont.

Variables 56

Cardiovascular disease 7 (12.5)
Infection and surgery 2 (3.6)
Hemodynamic instability n. (%) 30 (53.6)
Main symptom n. (%)
Abdominal pain 26 (46.4)
Tumefaction 4 (7.2)
No clinical symptom 26 (46.4)

Concerning biological data, the median Hb was 7.6 (4.4–8.2) g/dL, the median drop
of Hb was 3.45 (0.9–4.9) g/dL, and 41/56 (73.2%) patients received red blood cell (RBC)
transfusion. The median INR was 1.45 (1–2.7) the median PT was 65 (8–75)% and the
median platelet count was 180 (38–255) G/L. A total of 41 (71.9%) patients had red blood
cell transfusion and the median red blood cell units transfused was 4 (1–7.5) per patients. A
total of 25 (44.6%) patients had fresh frozen plasma and 7/56 (12.5%) patients had platelet
transfusion. The median fresh frozen plasma and platelet units transfused was 3 (1–6) and
2 [2,3] per patient, respectively. Biological data are detailed in Table 2.

Table 2. Patient biological data.

Variables 56

Antithrombotic therapy n. (%) 51
Antiplatelet 5 (8.9)
Clopidogrel 2
Aspirin 3
Anticoagulant 39 (69.6)
LMWH 7
UFH 14
VKA 12
Apixaban 3
Rivaroxaban 2
Antiplatelet and Anticoagulation 7 (12.5)
VKA + Aspirin 1
UFH + Aspirin 6
No antithrombotic therapy 5 (8.9)
Discontinuation of anticoagulant therapy n. (%) 51 (100)
Overdosage n. (%) 13 (25.5)
Reversion of anticoagulant therapy n. (%) 13 (25.5)
Prothrombin complex concentrates 10 (19.6)
K Vitamin 9 (17.6)
Tranexamic Acid 5 (9.8)
Biology, median [Q25–75]
INR 1.45 [1–2.7]
PT(%) 65 [8–75]
Platelet (G/L) 180 [38–255]
Hemoglobin (g/dL) 7.6 [4.4–8.2]
Drop of Hemoblogin (g/dL) 3.45 [0.9–4.9]
RBC Transfusion n. (%) 41 (71.9)
Number of RBC, median [Q25–75] 4 [1–7.5]
Fresh frozen plasma transfusion n. (%) 25 (44.6)
Number of fresh frozen plasma units, median [Q25–75] 3 [1–6]
Platelet transfusion n. (%) 7 (12.5)
Number of platelet units, median [Q25–75] 2 [2,3]

Abbreviations: INR: international normalized ratio, PT: prothrombin time test, UFH: Unfractionated heparin,
LMWH: Low-molecular-weight Heparin.

142



J. Pers. Med. 2023, 13, 15

3.2. Imaging and Procedure Data

On MDCT, the hematoma was located in the retroperitoneum in 37/56 (66.1%) patients,
the rectus sheath in 13/56 (23.2%) patients, and the thigh muscle in 3/56 (5.4%) patients.
Three patients (3.2%) had two SSTHs: one patient had psoas and thigh hematomas, one
patient had rectus and thigh hematomas, and one patient had thigh and retroperitoneal
hematomas. The median volume of SSTH was 1336 (135–1664) ml and 32/56 (57.1%)
patients had a fluid level within the hematoma(s). Pre-procedure data are detailed in
Table 2.

Angiographic active bleeding was detected in 50/56 (89.3%) patients, resulting in 6/56
(10.7%) patients being treated by empiric TAE. Procedures were performed using a gelatine
sponge for 32/56 (57.2%) patients, microparticles for 11/56 (19.6%) patients; N-Butyl
Cyanoacrylate (NBCA) for 4/56 (7.1%), with a combination of sponge and microparticles
for 2/56 (3.6%) patients; a combination of gelatine sponge and NBCA in 1/56 (1.8%)
patients; and a combination of coils, gelatine sponge, and particles for 1/56 (1.8%) patients
(Figure 1).

 

Figure 1. Isolated blood loss in a 74-year-old patient 2 days after cardiac surgery. (A) The MDCT
scan showed active bleeding (blue arrow) from a large left retroperitoneal hematoma. (B) Angiogra-
phy confirmed active multifocal bleeding from the left L5 lumbar artery (black arrows). (C) After
embolization with NBCA, the control showed no opacification of the distal branches of the left L5
lumbar artery.

The main arteries embolized were: the lumbar artery in 30/56 (53.6%) patients, the in-
ferior epigastric artery in 15/56 (26.8%) patients, and the ilio-lumbar artery in 14/56 (25.0%)
patients. Multiple arteries were embolized in 8/56 (14.3%) patients. Two hematomas at the
puncture site were reported (Grade A). Pre-procedure data are detailed in Table 3.

Table 3. Pre-procedure patient characteristics.

Variables 56

Preoperative CT n. (%)
Active bleeding 56 (100)
Volume of hematoma median [Q25–75)] 1336 [135–1664]
Fluid level 32 (57.14)
≥2 locations of hematoma 3 (5.4)
Location of hematoma n. (%)
Retroperitoneum 37 (66.0)
Rectus sheath 13 (23.2)
Thigh 3 (5.4)
Psoas + Thigh 1 (1.8)
Rectus sheath + thigh 1 (1.8)
Rectus sheath + retroperitoneum 1 (1.8)
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Table 3. Cont.

Variables 56

Angiographic data n. (%)
Active bleeding 50 (89.3)
Empirical Embolization 6 (10.7)
Arteries Embolized n. (%)
Lumbar 30 (53.6)
Ilio-lumbar 14 (25.0)
Epigastric inferior 15 (26.8)
Deep femoral 4 (7.1)
Number of embolized arteries n. (%)
1 48 (85.7)
≥2 8 (14.3)
Embolic Agents n. (%)
Gelatine sponge 32 (57.2)
Microparticles 11 (19.6)
Coils 5 (8.9)
NBCA 4 (7.1)
NBCA + gelatine sponge 1 (1.8)
Microparticle + gelatine sponge 2 (3.6)
Microparticle + gelatine sponge + coils 1 (1.8)
Time of procedure (min) median [Q25–75] 43 [16–60]

Abbreviations: NBCA: N-Butyl-Cyanoacrylate.

3.3. Outcomes and Prognostic Factors

Within 30 days, 8/56 (14.3%) patients had a recurrence of bleeding, all of whom were
treated by repeat TAE. A flowchart of the patient outcomes is illustrated in Figure 2. One
patient had a third TAE. During the follow-up period, 20/56 (35.7%) patients died. Of these,
15/56 (26.8%) deaths occurred ≤30 days and 5/56 (8.9%) deaths occurred >30 days after
TAE (Figure 3). Of the patients who had a bleeding recurrence, 4/8 (50%) died ≤30 days.
No surgical management or radiological drainage of the hematoma was performed. One
patient with a retroperitoneal hematoma had partial ischemia of the kidney on arterial
plication by extrinsic compression of the hematoma. The other patients did not present
symptomatic compression of the surrounding organs. No related TAE-delayed complica-
tions were noticed. Figure 4 shows a Kaplan–Meier survival curve of the study population.
Patient outcomes are detailed in Table 4.

Table 4. Patient outcomes.

Variables 56

Clinical Success n. (%) 48 (85.7)
Mortality during follow-up n. (%) 20 (35.7)
Day-30 mortality n. (%) 15 (26.8)
Day-3 mortality n. (%) 5 (8.9)
Per-operative Complications n. (%) 2 (3.6)
Post-Operative Complications n. (%) 0
Recurrence of Bleeding n. (%) 8 (14.3)
Early ≤ 30 days 8 (14.3)
Delayed > 30 days 0
Management of Early Rebleeding n. (%)
Repeat TAE 8/8 (100)
Duration of follow-up (days) median [Q25–75] 31 [0–210]

Abbreviations: TAE: Transarterial embolization.
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Figure 2. Flowchart of patient outcomes.

 

Figure 3. Back pain in a 45-year-old patient hospitalized for Sars-cov2 infection and pulmonary
embolism. (A) The MDCT scan showed active bleeding (white arrow) from a large left retroperitoneal
hematoma. (B) Angiography confirmed active unifocal bleeding (black arrow) from the left L5
lumbar artery, treated with gelatine sponge (C). On day 1, the patient presented with persistent
blood loss. The MDCT scan showed a persistent hematoma with active bleeding (white arrows).
(D) Angiography showed new multifocal active bleeding (black arrows) treated using 1 coil.
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Figure 4. Kaplan–Meier curve of overall survival during the first 100 days following TAE.

Univariate and multivariate analyses are detailed in Table 5. There was no association
between early death and age, sex, performance status, target artery, or the use of coils.

Table 5. Univariate and multivariate regression analysis for early death.

Early Death ≤ 30 Days

Univariate Analysis Multivariate Analysis

Characteristics OR p Value OR p Value

Demographics data
Age (years) 1.03 (0.98–1.10) 0.23 - -
Male 1.36 (0.41–4.50) 0.61 - -
HBP 1.40 (0.41–4.80) 0.59 - -
Diabetes 2.22 (0.61–7.81) 0.23 - -
Chronic renal failure 0.76 (0.13–4.19) 0.75 - -
Active cancer 0.91 (0.16–5.17) 0.92 - -
Antiplatelet therapy 0.66 (0.06–6.46) 0.72 - -
Anticoagulant therapy 0.82 (0.23–2.93) 0.77 - -
Hospitalization at diagnosis 1.23 (0.37–4.05) 0.72 - -
Coagulation disorder
INR 0.06 (0.76–1.46) 0.72 - -
Hb < 7 1.31 (0.38–4.69) 0.67 - -
MDCT Imaging data
Retroperitoneum 4.65 (1.32–16.31) 0.016 4.08 (1.01–61.4) 0.047
Volume of hematoma (ml) 7.7 (1.86–31.92) 0.004 1.01 (1.00–1.02) 0.023
Fluid level on CT scan 0.81 (0.24–2.66) 0.727
TAE data
Blush at angiography 1.82 (0–∞) 0.99 - -
Use of gelatine sponge 0.53 (0.61–1.78) 0.3 - -
Lumbar artery 2.1 (0.61–7.22) 0.24 - -
Number of embolized arteries 1.08 (0.23–5.04) 0.92 - -

Abbreviations: HBP: High Blood Pressure, INR: international normalized ratio, MDCT: Multidetector Row
Computed Tomography, TAE: Transarterial embolization, OR: odds ratio.
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In univariate analysis, the retroperitoneal location (OR = 4.65 (1.32–13.31), p = 0.016)
and the volume of hematoma (OR = 7.70 (1.86–31.92), p = 0.004) were associated with early
mortality.

In multivariate analysis, the retroperitoneal location (OR = 4.08 (1.01–61.4), p = 0.047)
and the volume of hematoma (OR = 1.01 (1.00–1.02), p = 0.023) were associated with early
mortality.

4. Discussion

This retrospective study showed that emergency TAE of SSTH allows for the rapid
control of bleeding, with high clinical success (85.7%), a relatively high early mortality
rate (26.8%), and a significant rebleeding rate (14.3%). Moreover, it demonstrated an
association between the hematoma volume, retroperitoneal location, and overall survival
in multivariate analysis.

There are no official recommendations for managing patients treated with SSTH,
especially those patients receiving thrombotic therapy. A review by Touma et al. [3]
reported a high clinical success (93.1%), a moderate overall mortality rate (22.8%), and
a significant recurrence rate (10.1%). This review showed that only 10 studies included
>4 patients.

In line with previous studies, the present one showed a significant rate of early mortal-
ity rate (26.8%) within the first 30 days following TAE in patients treated for SSTH. That
said, TAE was able to stop bleeding in all procedures. SSTH appears as a triggering event or
may aggravate a precarious clinical situation in polypathological patients. Barral et al. [7]
reported a 27% 30-day mortality rate following TAE for SSTH, despite high clinical success
(83%). Our study found a gap between significant technical success (98.2%), clinical success
(85.7%), and early mortality rate (26.8%). It is, therefore, essential to adopt an aggressive
strategy in patients experiencing recurrences of bleeding and to monitor them closely for
early recurrence.

We found that the retroperitoneal location and hematoma volume were associated with
early mortality following TAE. Barral et al. [7] also found that retroperitoneal hematoma
location was associated with mortality within 30 days. This can be explained by the higher
rate of fascia rupture, resulting in a larger hematoma volume and a delayed symptomatol-
ogy, leading to delayed medical management [7]. Volume measurement can be performed
semi-automatically or with three measures within seconds on the pre-therapeutic CT scan
and is a simple, quick way to argue for a therapeutic decision. The fluid level was not
associated with early mortality in our study. Nakayama et al. [20] showed fluid level in
28/47 (60%) MDCT of patients with coagulopathy-related SSTH and an association between
fluid level and active bleeding. However, the fluid level was only present in 32/56 (57.1%)
patients with active bleeding in this study and was not associated with early mortality after
TAE. Therefore, the relevance of its description in patients receiving preoperative MDCT
angiography seems modest.

Almost all patients included in the study had anticoagulant and/or antiplatelet ther-
apies at the time of TAE. This shows the important association between antithrombotic
use and the occurrence of SSTH, which has already received attention in the published
literature [3]. Barral et al. [7] and Popov et al. [12] recommended conservative treatment in
patients with spontaneous soft-tissue bleeding, with active bleeding on CT and/or hemo-
dynamic instability, and without fascia rupture. However, the withdrawal and reversal
of anticoagulants are subject to the benefit–risk balance in patients with cardiovascular
co-morbidities, particularly patients with cardiac rhythm disorders at risk of embolism. In
our study, the reversal of anticoagulant is moderate (25.5%), highlighting the apprehension
of reversing anticoagulants in patients with thrombogenic risk.

The present study showed a moderate rate of 14.3% of recurrent bleeding after TAE,
which is in line with previous literature. Dohan et al. [21] showed rebleeding in 9/34 (26.4%)
patients. This can be explained by the continued use of anticoagulants or by the delay in the
reversion of anticoagulants. It is worth noting that all eight patients who presented with
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recurrent bleeding had clinical success during a repeat TAE. However, the early mortality
rate in these patients is relatively high (50%), as was the case in Dohan et al.’s study [21],
which showed 4/9 (44.4%) patients who experienced early death after presenting with a
recurrence of bleeding after TAE.

MDCT angiography showed excellent sensitivity for detecting active bleeding of SSTH.
There is no consensus on the pertinence of preoperative MDCT, which is not routinely per-
formed. Vincenzo et al. [6] performed a systematic angiography in patients with persistent
bleeding requiring iterative transfusions but not necessarily preoperative MDCT, which
explains the large number of negative angiograms (25%) in their study. MDCT can limit
the injection of contrast medium during TAE, to limit irradiation and to accelerate the TAE
procedure by directly catheterizing the target artery. Contrary to Barral et al. [7], an MDCT
angiogram was performed before TAE for all patients in the present study. However, we re-
served iodine contrast injection for patients with hemodynamic instability and a glomerular
filtration rate <30 mL/min or for patients with a glomerular filtration rate ≥30 mL/min in
cases with a suspicion of active bleeding. The preoperative MDCT scan has a fundamental
role in the choice of the target artery. In addition, it can avoid unnecessary angiography
in patients without active bleeding. In fact, the sensitivity of MDCT is more effective at
detecting active bleeding than angiography (≥0.3 vs. 0.5 mL/min, respectively) [22,23].
The benefit–risk balance must be assessed, without underestimating the expected benefits
of the injection of iodine contrast on patient management, especially since iodine-induced
nephropathy has often been overestimated in studies [8].

Complications following TAE of SSTH are rare. Our study showed two puncture-site
hematomas, without any ischemic muscle complications or worsening of pain that might
suggest a muscle infarction, in line with the literature. However, cases of parietal muscle
necrosis have been described with NBCA [24].

In our study, using a non-absorbable agent was not associated with a worse clinical
prognosis than non-absorbable agents. This is in line with the literature, which does not
find any influence of the embolizing agent on the prognosis [3]. However, given the low
rate of ischemic complications [3] and the high risk of recurrence, a permanent embolizing
agent should be prioritized to avoid any recurrence of bleeding on the embolized artery, in
case the target artery can be selectively catheterized.

The present study has some limitations. It is a single-center retrospective study, with
a limited number of patients; therefore, the results must be interpreted cautiously. All
patients had pre-procedural MDCT, which does not reflect the habits of other hospitals and
may lead to a selection bias. We studied only patients treated with TAE. The severity of the
patients in this population does not reflect the population of patients followed for SSTH.

In conclusion, our study confirmed the safety and efficacy of TAE for SSTH. Neverthe-
less, early death remains high. The retroperitoneal location and hematoma volume seem
to be risk factors for early death. Future multicenter studies are necessary to stratify the
risk of early mortality and to anticipate which patients may benefit from an interventional
strategy with TAE.
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INR International Normalized Ratio
MDCT Multidetector row computed tomography
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PC Platelet count
PT Prothrombin Time
RBC Red Blood Cell
SSTH Spontaneous soft-tissue hematoma
TAE Transarterial Embolization
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Abstract: Background: Acute mesenteric ischemia (AMI) is a life-threatening condition resulting from
occlusion of the mesenteric arterial vessels. AMI requires immediate treatment with revascularization
of the occluded vessels. Purpose: to evaluate the technical success, clinical outcomes and survival
of patients receiving endovascular treatment for AMI followed by surgery. Material and Methods:
A search of our institution’s database for AMI revealed 149 potential patients between 08/2016
and 08/2021, of which 91 were excluded due to incomplete clinical data, insufficient imaging or
missing follow-up laparoscopy. The final cohort included 58 consecutive patients [(median age
73.5 years [range: 43–96 years], 55% female), median BMI 26.2 kg/m2 (range:16.0–39.2 kg/m2)].
Periinterventional imaging regarding the cause of AMI (acute-embolic or acute-on-chronic) was
evaluated by two radiologists in consensus. The extent of AMI and the degree of technical success
was graded according to a modified TICI (Thrombolysis in Cerebral Infarction scale) score (TICI-
AMI) classification (0: no perfusion; 1: minimal; 2a < 50% filling; 2b > 50%; 2c: near complete
or slow; 3: complete). Lab data and clinical data were collected, including the results of follow-
up laparoscopy. Non-parametric statistics were used. Results: All interventions were considered
technically successful. The most common causes of AMI were emboli (51.7%) and acute-on-chronic
thrombotic occlusions (37.9%). Initial imaging showed a TICI-AMI score of 0, 1 or 2a in 87.9% (n = 51)
of patients. Post-therapeutic TICI-AMI scores improved significantly with 87.9% of patients grade 2b
and better. Median lactate levels reduced from 2.7 (IQR 2.0–3.7) mg/dL (1–18) to 1.45 (IQR 0.99–1.90).
Intestinal ischemia was documented in 79.1% of cases with resection of the infarcted intestinal loops.
In total, 22/58 (37.9%) patients died during the first 30 days after intervention and surgery. According
to CIRSE criteria, we did not observe any SAE scores of grade 2 or higher. Conclusions: AMI is
a serious disease with high lethality within the first 30 days despite optimal treatment. However,
interventional revascularization before surgery with resection of the infarcted bowel can save two
out of three of critically ill patients.

Keywords: acute mesenteric ischemia; revascularization; laparoscopy

1. Introduction

Mesenteric ischemia is most often defined as a complex of symptoms resulting from acute
or chronic occlusion of the mesenteric vessels that supply the intestines. Occlusion initially
leads to cellular damage, tissue death due to ischemia and later to secondary inflammatory
changes [1]. In untreated cases, mesenteric ischemia leads to life-threatening intestinal necrosis.
Although the incidence of mesenteric ischemia is relatively low (0.09–0.2% of all acute surgical
hospital admissions), it should always be excluded as a differential diagnosis because
mortality is reported in the literature to be as high as 50–80% [2–5]. However, early
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diagnosis of mesenteric ischemia can significantly reduce mortality. Acute mesenteric
ischemia (AMI) can have a variety of causes: it may be non-occlusive (NOMI) or occlusive
and caused by either arterial embolism (50%), arterial thrombosis (15–25%) or mesenteric
venous thrombosis (5–15%) [6,7].

A mesenteric embolus may originate from the left atrium in cardiac arrhythmias or
in global heart failure with a poor ejection fraction. Less frequently, such emboli originate
from an arteriosclerotic aorta. These emboli typically attach to the narrowest part of the
vessel, making the superior mesenteric artery (SMA) a predestined site in addition to its
shallow angle of origin from the aorta and its relatively large lumen [8]. In particular, the
area 3–10 cm downstream of the SMA is particularly vulnerable to occlusions (>20% of
emboli), which supplies the main portion of the ileum.

Mesenteric arterial thrombosis is almost always associated with pre-existing chronic
atherosclerosis. The vast majority of these patients have a history of symptomatic chronic
mesenteric ischemia, such as postprandial pain and weight loss [8]. Because mesenteric
thrombosis of the SMA most commonly has an underlying calcified plaque, the truncus
is usually also involved [9]. However, SMA thrombosis may also occur in the setting of
vasculitis, dissection or aneurysm.

Once the diagnosis of acute mesenteric ischemia is made by contrast-enhanced com-
puted tomography, therapy should be initiated immediately. This includes the immediate
administration of fluids and broad-spectrum antibiotics, endovascular revascularization
and subsequent diagnostic laparoscopy, especially in patients with signs of peritonism [10].
In selected cases, surgical embolectomy may also be the procedure of choice.

To date, limited data is available for this therapeutic regimen. Hence, the aim of
this study was to evaluate patient outcomes after interventional revascularization of the
SMA, considering the degree and time of ischemia, as well as the technical success of
revascularization.

2. Material and Methods

This study was conducted retrospectively at a single center and was IRB approved.
Electronic medical records from our primary medical centre were screened in order to
identify patients who presented with the signs and symptoms of AMI due to occlusion of
the SMA between August 2016 and August 2021. We included consecutive patients with
either arterial thrombosis, arterial embolism or venous thrombosis. We excluded patients
with AMI with (A) non-occlusive mesenteric ischemia, (B) incomplete clinical data, (C)
insufficient imaging or (D) missing follow-up laparoscopy (see flow chart Figure 1). Other
data collected from the electronic medical records were: age at intervention, sex, weight,
height, access location and tool, type of thrombectomy or embolectomy, additional proce-
dures such as percutaneous transluminal angioplasty (PTA) or stents, reports of previous
abdominal surgery, lab work including lactate and partial thromboplastin time (PTT), med-
ication (e.g., amount of intraprocedural heparin or post-procedure anticoagulation) and
pre-existing medical conditions, such as coronary artery disease, hypertension, diabetes
and atrial fibrillation. Survial data were assessed after 30 days and 12 months.

All patients presenting to our clinic with clinical signs of AMI underwent contrast-
enhanced CT for primary evaluation. All CT scans were performed on a second or third-
generation CT scanner (Siemens Somatom Force or Somatom AS+, Siemens Healthineers,
Erlangen, Germany). Iodinated contrast medium (Imeron 400, Bracco Imaging Deutschland
GmbH) was administered at a dosage of 1.5 mL/kg and at a rate of 3.5 mL/s in every
patient. Image acquisition was performed in native, arterial and portal venous contrast
medium phases, respectively. Patients with imaging findings suggestive of acute mesenteric
ischemia were immediately discussed by an interdisciplinary team of radiologists and
abdominal surgeons and were included in the in-house treatment scheme of AMI.

152



J. Pers. Med. 2023, 13, 55

Figure 1. In-house procedure of treatment in patients presenting with AMI.

2.1. Endovascular Procedure

The patients were immediately transferred to the interventional radiology angiography
suite. All patients were treated either under general anesthesia or sedation. After sterile
draping, arterial access was made via the left brachial artery or the right common femoral
artery. The access site was chosen at the judgment of the executing interventionalist,
considering the steepness of the SMA origin. Accordingly, the access sheaths were either a
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wire-reinforced 6 French 60 cm sheath (Terumo) from the arm or a 6F 45 cm renal double
curved (Terumo) configured sheath from the groin. The occluded vessels were probed via
4F angiography catheters in a multipurpose configuration cranially or in C2 or S1 form
caudally (Cook). Angiograms were acquired before recanalization. A 0.018-inch wire
(Command 18, Abbott) was used for the initial crossing of the occlusion. Depending on
the aetiology of the occlusion, an interventional treatment regime was set. Thrombectomy
was performed with hydrodynamic thrombectomy, including power pulse spray lysis
with 10 mg of alteplase (AngioJet n = 21), rotational thrombectomy (Rotarex 6F n = 2)
or aspiration thrombectomy with a 6F guide catheter (VistaBrite 6F n = 28). Additional
short-term lysis with a 10 mg alteplase bolus was given in n = 36 cases. Stenting or PTA
of the underlying stenoses was performed as necessary. The interventional success of
recanalization was finally confirmed by angiography. The transbrachially inserted sheaths
were removed after successful PTA. The transfemoral accesses sheaths were often changed
to short 6F sheaths and remained in place until after surgery. The resected bowel parts
were documented and included in the further evaluation of this study.

2.2. Surgery

All patients were taken to the operating room following intervention and underwent
diagnostic laparoscopy. In cases with ischemic bowel loops, resection adapted to the extent
of irreversible ischemia was performed. Patients with bowel loops with possible reversible
ischemic damage underwent second-look laparoscopy after 24 h for definitive care.

2.3. Anticoagulation

In cases with remaining embolic occlusions, patients received therapeutic full hep-
arinization with a target PTT of 50 to 70 s. After final surgical treatment, the patients
were loaded with aspirin (500 mg) and clopidogrel (300 mg) orally. All patients were
recommended dual antiplatelet therapy with 100 mg of aspirin and 75 mg of clopidogrel
daily for four weeks. This was followed by single platelet inhibition with aspirin (100 mg).
All patients with a cardiogenic cause for an embolic event were subsequently treated with
an appropriate plasmatic anticoagulant.

2.4. Outcome Assessment

The extent of AMI and the degree of technical success was graded according to a modified
TICI-AMI (Thrombolysis in Cerebral Infarction scale) classification (0: no perfusion; 1: minimal;
2a: < 50% filling; 2b: > 50%; 2c: near complete or slow; 3: complete) [11]. Other important
parameters evaluated were the time from symptom onset to angiography and the time from
angiography to surgical evaluation of the necrotic bowel loops. Furthermore, a correlation
between the outcome and multiple parameters, including the TICI score, were established.

2.5. Statistical Analysis

Statistical evaluation was performed using SPSS Statistics 27 (IBM, Armonk, NY, USA)
and GraphPad (GraphPad Prism version 9.0.0 for Windows, GraphPad Software, San
Diego, CA, USA, www.graphpad.com accessed on 5 November 2008). In the descriptive
statistics, continuous values fulfilling a normal distribution were reported as mean values
including standard deviations. Ordinal data were reported as medians with the 10th to
90th percentiles in parentheses. The data were tested for normal distribution using the
Shapiro–Wilk test. p-values of α < 0.05 were considered statistically significant.

3. Results

A total of 58 patients (55% females) (median age 73.5 years [range: 43 to 96 years], 59%
female, median BMI 26.2 kg/m2 [range: 16.0 to 39.2 kg/m2]) were included in this study.

The patients’ characteristics are summarized in Table 1.
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Table 1. Patient characteristics at the time of mesenteric ischemia. All the values are given as median
± standard deviation. BMI: body mass index.

Age (mean years ± SD) 71.8 ± 14.4

BMI (mean kg/m2 ± SD) 25.8 ± 5.3

Sex (m/f) 32 females (55.2%)
26 males (44.8%)

Coronary heart disease present? n = 25 (43.1%)

Hypertension present? n = 33 (56.9%)

Diabetes present? n = 11 (19.0%)

Atrial fibrillation present? n = 21 (36.2%)

Chronic peripheral arterial occlusive disease present? n = 15 (25.9%)

Dialysis present? n = 9 (15.5%)

Of the 58 patients enrolled, 100% had acute occlusion with acute symptoms. The
predominant access site was brachial in 30 patients (51.7%) and femoral in 28 patients
(48.3%), and the maximum sheath size was 6F in the vast majority of patients (87.9%). Other
sheath sizes were 4F (n = 1, 1.7%), 5F (n = 3, 5.2%) and 7F (n = 2, 3.4%). The amount of
heparin administered varied between 2500 units (3.4%), 5000 units (60.3%), 7500 units (5.2%)
and 10,000 units (1.7%). A total of 17 patients (29.3%) received heparin via a perfusor during
the intervention. Abdominal 3-phase CT angiography was conducted in 100% of cases. The
extent of bowel ischemia was classified in the CT scan; the vast majority of patients had
<50% initial (pre-interventional) filling of the mesenteric branches (89.6%). Pre-existing
AMS stenosis was present in 74.1% of patients and a larger proportion of patients had
embolic occlusion (51.7%), followed by mesenteric (arterial) thrombosis (37.9%). Mesenteric
occlusion was often treated by a combined procedure of different recanalization methods,
with aspiration thrombectomy in 48.3% of patients, systemic lysis in 55.2% of patients and
hydrodynamic thrombectomy in 26.2% of patients. The mean time between the onset of
symptoms to intervention was 222 min (Table 2). The TICI-AMI score before recanalization
confirmed the CT results, with a large proportion of patients with <50% initially contrasted
mesenteric vessels. After the intervention, the TICI AMI improved in total (Table 3).

Table 2. Details of Intervention.

Access Vessel
• Brachial n = 31 (53.4%)
• Femoral n = 27 (46.6%)

Sheath size
• 4 French n = 1 (1.7%)
• 5 French n = 3 (5.2%)
• 6 French n = 52 (89.6%)
• 7 French n = 2 (3.4%)

Complications
• Access site n = 0 (0%)
• Mesenteric arteries n = 0 (0%)

Administered Heparin during procedure
• 2500 i.u. n = 2 (3.4%)
• 5000 i.u. n = 25 (60.3%)
• 7500 i.u. n = 3 (5.2%)
• 10,000 i.u. n = 1 (1.7%)
• Continuous therapeutic heparinization n = 17 (29.3%)

Pre-interventional imaging
• Abdominal CT Angiography n = 58 (100%)

155



J. Pers. Med. 2023, 13, 55

Table 2. Cont.

Extent of bowel ischemia on CT
• 0: no peripheral perfusion n = 22 (37.9%)
• 1: minimal n = 4 (6.9%)
• 2a: <50% filling n = 26 (44.8%)
• 2b: >50% filling n = 4 (6.9%)
• 2c: near complete n = 0 (0%)
• 3: complete n = 0 (0%)

Pre-existing AMS stenosis
• Yes n = 43 (74.1%)
• No n = 15 (25.9%)

Type of occlusion
• Embolus n = 30 (51.7%)
• Thrombosis n = 22 (37.9%)
• Dissection n = 4 (6.9%)
• Vasculitis n = 2 (3.4%)

Time onset of symptoms to intervention (mean min ± SD)
222 min ± 166 min

Method(s) of recanalization
• Primary stent n = 16 (27.6%)
• Hydrodynamic thrombectomy n = 21 (36.2%)
• Rotational thrombectomy n = 2 (3.4%)
• Aspiration thrombectomy n = 28 (48.3%)
• Lysis n = 32 (55.2%)

Additional
• Balloon angioplasty n = 31 (53.4%)
• Stent n = 14 (24.1%)

Table 3. Change in TICI AMI before and after recanalization.

TICI AMI before recanalization

• 0: no peripheral perfusion
• 1: minimal
• 2a: < 50% filling
• 2b: > 50% filling
• 2c: near complete or slow
• 3: complete

n = 2 (3.4%)
n = 24 (41.4%)
n = 25 (43.1%)
n = 6 (10.3%)
n = 1 (1.7%)
n = 0 (0%)

TICI AMI after recanalization

• 0: no peripheral perfusion
• 1: minimal
• 2a: < 50% filling
• 2b: > 50% filling
• 2c: near complete of slow
• 3: complete

n = 0 (0%)
n = 4 (6.9%)
n = 3 (5.2%)
n = 17 (29.3%)
n = 19 (32.8%)
n = 15 (25.9%)

In laparoscopy following the intervention, intestinal ischemia was present in 55.2% of
patients; a mean of 110 cm of ileum was resected (Table 4). Three patients even received a
complete colectomy in combination with partial ileum resection.

After intervention, serum lactate level dropped statistically significantly from a mean
value of 4.26 mmol/L initially to 1.8 mmol/L after 24 h (p < 0.001) (Figure 2).

There were statistically significant differences in the laboratory values of lactate and
PTT in relation to the arrival value at the hospital or at the onset of symptoms, and also
in relation to the course of laboratory values during the first 24 h (Figures 3 and 4). The
patients who died within the first 12 months after symptom onset had significantly higher
lactate and PTT initially and after 12 h (both p < 0.05).
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Table 4. Results of surgical follow up after intervention.

Time interval between end of intervention and start of
laparoscopy (mean min ± SD) 71 min ± 42 min

Bowel ischemia in laparoscopy
• Yes
• No

n = 32 (55.2%)
n = 26 (44.8%)

Extend of bowel resection
• Ileum
• Right hemicolectomy
• Total colectomy

Mean about 110 cm
n = 5
n = 3

Figure 2. Significant decrease in serum lactate levels (p < 0.001) and in serum PTT (p < 0.001).

 

Figure 3. Serum lactate levels on arrival at hospital (blue), after 12 h (red) and after 24 h (green).
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Figure 4. Serum PTT levels during angiography (blue), 12 h after angiography (red) and 24 h after
angiography (green).

Kaplan–Meier estimates showed a 50% mortality within 6.9 months, whereas 25%
mortality was already achieved at 0.67 months (Figure 5).

 
Figure 5. Kaplan–Meier mortality curve; x-axis: months; y-axis: probability of survival.

In our cohort, we did not find statistically significant correlations between the aetiology
of mesenteric ischemia and patient death using the log-rank test (Chi2 = 2.52, p = 0.28).
However, we found a statistically significant correlation with respect to the extent of
intestinal ischemia (see Figure 6 Chi = 12.25, p = 0.006). There were other factors that did
not have a statistically significant effect on death (see Table 5).
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Figure 6. Kaplan–Meier estimate of the aetiology of mesenteric ischemia and patient death. The green
line represents dissection, the blue line represents embolus and the red line represents thrombosis.
Chi2 = 12.25, p = 0.006; x-axis: months; y-axis: probability of survival.

Table 5. Log-rank test between several clinical parameters and death. All parameters were obtained
as part of the treatment regimen for mesenteric ischemia.

Death Chi2 p-Value

Aetiology of mesenteric ischemia 2.52 0.28

Extent of intestinal ischemia 12.25 0.006

Resection of colon 1.37 0.24

Patient history of coronary heart disease 0.76 0.09

Patient history of hypertension 0.51 0.43

Patient history of diabetes 0.38 0.54

Patient history of atrial fibrillation 0.49 0.48

Patient history of chronic peripheral occlusive disease 0.6 0.44

Patient history of dialysis 0.55 0.46

There was no statistically significant association between the aetiology of ischemia
and overall survival during the first 12 months (p = 0.28, see Figure 6). Although all
three aetiologies showed high initial mortality, mesenteric thrombosis showed a slightly
increased mortality compared with embolism.

An interesting side-fact resulting from our data was that resection of the ileum clearly
correlated with survival; patients who had a portion of ileum resected had a 2.3-fold
increased risk of death (p = 0.02). Furthermore, time from symptom onset statistically
significantly correlated with patient mortality (p = 0.043), whereas patients with a shorter
time period had a significantly longer survival (Table 6).

Table 6. Multivariate analysis of “time from symptom onset”, “resection of ileum” and “survival” of
patients.

Correlation Time from Symptom Onset Survival Resection of Ileum

Time from symptom onset x r = −0.220, p = 0.043 r = −0.047, p = 0.73

Survival r = −0.220, p = 0.043 x r = 0.316, p = 0.01

Resection of ileum r = −0.047, p = 0.73 r = 0.316, p = 0.01 x
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4. Discussion

Acute mesenteric ischemia is a life-threatening condition that requires immediate
treatment. Acute thrombosis of the ostia of the superior mesenteric artery has been de-
scribed to be associated with the worst prognosis, since the affected patient population is
mostly of advanced age with concomitant atherosclerosis and pre-existing stenosis of the
ostium [4,12,13]. In this retrospective analysis, 74.1% of patients had a pre-existing stenosis
of the ostium of the SMA. This, in the case of acute occlusion, usually involves a larger part
of the bowel, in contrast to the purely arterial embolus, which might usually be located
more distally in the vascular tree. Especially problematic in the context of mesenteric
ischemia are elderly patients with atrial fibrillation who develop an embolic occlusion.
In contrast to patients with chronic stenosis, these patients do not (yet) have any bypass
circuits. There was no statistically significant correlation between death and aetiology of
mesenteric ischemia (p = 0.28).

It is widely recognized that time is critical in the treatment of AMI. Therefore, the
restoration of blood supply to the bowel is the first priority in these patients in order to
avoid the occurrence of irreversible necrosis of the bowel wall. Nevertheless, the results of
delayed diagnosis or treatment in predicting mortality after AMI are controversial in the
literature [14,15], and current data suggest that ischemic changes are reversible in the first
6 h, although this is in contrast to ischemic stroke. Furthermore, current guidelines do not
provide precise information on the correct timing for revascularization. In our cohort, a
mean time between the onset of symptoms and revascularization of 222 min (=less than 4
h) could be achieved, which lead to improved survival compared to the existing literature.
In our cohort, there was a statistically significant difference in terms of patient survival and
the time from symptom onset to intervention.

Regarding the poor prognosis of patients with AMI and the fact that time plays a
crucial role in the prevention of intestinal necrosis and survival [16], it would be useful to
identify factors that can predict the outcome of patients after revascularization in order to
improve treatment.

Several studies have suggested that elevated serum lactate levels, which result from
anaerobic glycolysis, are associated with irreversible transmural necrosis [17,18] and a
worse outcome [19,20]. Our results indicate a clear distinction between the laboratory
parameters of lactate and PTT with respect to the subgroups “dead within 12 months” and
“alive after 12 months” (both p < 0.05). This distinction is associated with the extent of
mesenteric ischemia, as patients with extensive ischemia are also more likely to have a
shorter survival time.

These factors could be indicators for poor outcomes and alternative treatment options
as open surgery or hybrid retrograde open mesenteric stenting could be considered in
these patients, whereas retrograde stenting requires dedicated preparation, but has shown
promising results [21].

Another important predictor of the outcome for patients with mesenteric ischemia is
the presence of pre-existing co-morbidities. In our cohort, 50 out of 58 patients had various
pre-existing co-morbidities, of which 25 had CHD, 33 had hypertension, 11 had diabetes,
21 had cardiac arrhythmias, 15 suffered from chronic peripheral arterial occlusive disease
and 9 patients were undergoing dialysis. None of these proved to be reliable in predicting
the patients’ outcome, which is consistent with the literature [12].

The limitations of this study include its retrospective nature and limited cohort size, as
it was performed at a single centre and only in patients with clinically significant occlusion
of the SMA, whereas patients with occlusion of the celiac trunk were excluded. In addition,
all the patients were treated under emergency conditions by different interventionalists
and there was no standardized follow-up.

In conclusion, the 30-day mortality rate in patients with AMI (independent of aeti-
ology) remains high despite emergency endovascular revascularization/stenting of the
SMA. In the absence of statistically reliable prognostic factors for clinical outcomes in this
patient population that could potentially be used to guide patient management toward
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alternative treatments, we recommend immediate endovascular revascularization followed
by surgical screening for ischemic bowel parts in all patients.
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Abstract: In this study, we report our local experience of type A aortic dissections in patients with
cerebral malperfusion treated with carotid stenting before or after aortic surgery, and present a
systematic literature review on these patients treated either with carotid stenting (CS) before or after
aortic surgery (AS) or with aortic and carotid surgery alone (ACS). We report on patients treated
in our center with carotid stenting for brain hemodynamic injury of carotid origin caused by type
A dissection since 2018, and a systematic review was conducted in PubMed for articles published
from 1990 to 2021. Out of 5307 articles, 19 articles could be included with a total of 80 patients
analyzed: 9 from our center, 29 patients from case reports, and 51 patients from two retrospective
cohorts. In total, 8 patients were treated by stenting first, 72 by surgery first, and 7 by stenting after
surgery. The mean age; initial NIHSS score; time from symptom onset to treatment; post-treatment
clinical improvement; post-treatment clinical worsening; mortality rate; follow-up duration; and
follow-up mRS were, respectively, for each group (local cohort, CS before AS, ACS, CS after AS):
71.2 ± 5.3 yo, 65.5 ± 11.0 yo; 65.3 ± 13.1 yo, 68.7 ± 5.8 yo; 4 ± 8.4, 11.3 ± 8.5, 14.3 ± 8.0, 0; 11.8 ± 14.3 h,
21 ± 39.3 h, 13.6 ± 17.8 h, 13 ± 17.2 h; 56%, 71%, 86%, 57%; 11%, 28%, 0%, 14%; 25%, 12.3%, 14%,
33%; 5.25 ± 2.9 months, 54 months, 6.8 ± 3.8 months, 14 ± 14.4 months; 1 ± 1; 0.25 ± 0.5, 1.3 ± 0.8,
0.68 ± 0.6. Preoperative carotid stenting for hemodynamic cerebral malperfusion by true lumen
compression appears to be feasible, and could be effective and safe, although there is still a lack of
evidence due to the absence of comparative statistical analysis. The literature, albeit growing, is still
limited, and prospective comparative studies are needed.

Keywords: aortic; dissection; brain; malperfusion; carotid; stenting; surgery

1. Introduction

Type A aortic dissection (AAD) is a diagnostic and therapeutic emergency, always
needing an urgent surgical repair.

Left untreated, mortality is 1–2% per hour, 25% the first day, 50% in 48 h and 75% in
two weeks. Incidence is estimated at 3–6 people per 100,000 people per year [1].

Complications are related to extension of the dissection; retrograde extension to
the aortic ring can lead to acute aortic insufficiency and to an intra-pericardial effusion,
with cardiac tamponade, accounting for 70% of acute mortality. False lumen aneurysmal
evolution may be complicated by aortic rupture [2].
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Extension to visceral arteries, complicating 20–30% of AAD, may be responsible for a
malperfusion syndrome in downstream organs, including cerebral ischemia.

“Radiographic” malperfusion (evidence of an organ’s vascular compromise) should
be distinguished from “clinical” malperfusion or “malperfusion syndrome”, characterized
by clinical symptoms, indicating ischemia of downstream organs: the latter carries a much
worse prognosis [3].

Reperfusion can cause an increase in intracranial pressure. The brain, very sensitive
to ischemia, is susceptible to reperfusion-related edema or hemorrhagic infarction and its
complications. The longer the time to reperfusion, the more complications that may occur,
thus minimizing the time to reperfusion is therefore essential [3].

Strokes are the major neurological complication, affecting up to one-third of AAD
patients, occurring either initially or postoperatively; Zhao et al. reported an incidence of
36.7% of ischemic lesions on diffusion magnetic resonance imaging (MRI) [4]. Stroke is an
independent risk factor for early and mid-term mortality [5].

Strokes complicating AAD are of ischemic type, most often multifactorial, due to:

− An extension of the dissection to the supra-aortic branches, with carotid or vertebral
occlusion, by compression of the true lumen, or thrombo-embolic mechanism arising
from the false lumen;

− Often coexisting with systemic hypotension, resulting in decreased cerebral perfu-
sion [4,6].

Cerebral malperfusion (CM), to be distinguished from ischemic stroke, complicates
11% of AAD [3,7]. In the study by Geirsson et al., its presence in the preoperative period
increased in-hospital mortality from 9.5 to 50%, the risk of postoperative stroke from 4.5 to
46.7%, the occurrence of coma from 4.5 to 40%, and confusion from 29.6 to 73.3% [8].

Extension of dissection to the common carotid arteries (CCA) has an incidence of
30%. It is associated with a significant increase in preoperative neurological deficits (23%,
compared to 3% without extension) [9,10]. The right CCA is most frequently affected, in
conjunction with the brachiocephalic artery [11].

Appearance of new deficits postoperatively may result from the increase in preopera-
tive malperfusion, intraoperative hypoperfusion, or a perioperative embolic event [12]. A
transient deficit may be observed in association with reperfusion edema.

Aortic and carotid surgery is the standard treatment in case of cerebral malperfusion.
Amr et al. noted that isolated hypoperfusion should not be a contraindication for

surgery, regardless of its severity [13].
If CM occurs, the aim of surgery is to restore cerebral perfusion to minimize the

risk of long-term complications. The usual attitude is to replace the arch and repair the
dissected common carotid artery, hoping that repair of the dissection will correct the
malperfusion [10].

There is no definitive recommendation regarding the place of carotid stenting (CS) in
case of CM complicating an AAD extended to the carotid arteries [14].

Several authors have reported stenting management of the dissected carotid artery
before surgery for downstream CM, but data in the literature remain limited.

Carotid angioplasty can be performed more rapidly than surgery, under local anesthe-
sia. The goal is to cover the entire dissected portions with stents, allowing obliteration of
the false lumen and re-expansion of the true lumen.

On the other hand, the benefit of CS in the aftermath of aortic surgery (AS) has
also been reported, because of residual dissection with true lumen stenosis, resulting in
symptomatic cerebral hypoperfusion.

Postoperative malperfusion syndrome is an independent predictor of early mortality
according to the multicenter study by Czerny et al. [7,10]. Similarly, asymptomatic resid-
ual radiological malperfusion after surgical repair, has been associated with long-term
neurological sequelae, with a fourfold relative risk of transient ischemic attack or stroke [3].
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Our objective is to report our local experience of AAD patients with CM treated with
CS before or after AS and to perform a systematic literature review of AAD patients with
CM treated either with CS before or after AS or with aortic and carotid surgery alone (ACS).

2. Materials and Methods

2.1. Ethics

For the cohort study, as this was a non-interventional retrospective study of routinely
acquired data, written informed consent for this study was not necessary. The manuscript
was prepared following the Preferred Reporting Items for Systematic-Reviews and Meta-
Analyses (PRISMA) guidelines.

2.2. Local Center Patients’ Selection

We conducted a retrospective search in our center’s PACS database, from January 2018
to June 2022.

The inclusion criteria were: (1) adult patients, aged 18 years old or more, (2) with uni-
or bilateral carotid dissection, following acute type A aortic dissection, without intracranial
vessel occlusion, (3) associated with brain hypoperfusion in the territory of the dissected
vessels, attested by either hypoperfusion proved with perfusion–CT or perfusion–MRI
sequence, or typical junctional stroke pattern on diffusion MRI sequence, (4) patients who
underwent CS before or after AS.

Patients with carotid or large intracranial vessel occlusion due to an embolic mecha-
nism, or who were managed conservatively or with thrombolysis were excluded.

2.3. Literature Review

A systematic review of the literature was performed in the PubMed database separately
by two authors (J-FA and TA). The keyword associations used were “Aortic dissection
AND Carotid stenting”, “Aortic dissection AND carotid angioplasty”, “aortic dissection
AND carotid plasty”, “Aortic dissection AND stroke”, “Acute disease AND aneurysm,
dissecting AND cerebrovascular disorders”. All articles dating from 1990 to the research
date (February 2022) were included for screening.

The inclusion and exclusion criteria for selecting the articles were the same.
Titles and abstracts were screened. Studies meeting prespecified inclusion criteria

were reviewed in full. PRISMA guidelines were strictly adhered. Two authors completed
the quality assessment and evaluation of bias according to specific guidelines.

We evaluated the outcome of these patients in terms of mortality, residual disability,
and intra- and post-procedural complications.

Risk of bias was assessed according to the Joanna Briggs Institute Critical Appraisal
tools for case reports, and to the Cochrane Collaboration tool for cohort studies (details in
online Supplementary Tables S1 and S2).

2.4. Data Extraction and Expression of Results

Baseline characteristics were displayed as absolute number (percentage) or mean (SD)
or median (interquartile range [IQR], e.g., 25th–75th quantiles).

Extracted data included bibliographic information, type of paper, stated aim, topic/focus
of systematic review, study/review methodology, description of reported involvement,
baseline characteristics and results about treatment and outcome.

3. Results

3.1. Local Center Patients’ Selection (n = 9)

In total, nine patients were included in the study: four who underwent CS before
AS, and five following AS, all of them because of neurologic deficits, attributed to a
hemodynamic brain hypoperfusion. The characteristics of these patients are detailed in
Table 1.
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The nine patients managed in our center had a median age of 72 years (IQR 67.5–75.5),
with a male predominance.

All patients had an mRS score of 0 before dissection. The median ASPECTS score was
9 (IQR 8–10) (n = 3). Following CS, the neurological deficit partially regressed in 66.7%
of the patients. An increase in neurological deficit occurred in 11% for various reasons
detailed in Table 1. During carotid stenting, three patients presented with distal emboli,
e.g., a distal A2 embolus without endovascular rescue, a sylvian M2 embolus treated by
thrombectomy; multiple distal emboli were not accessible by thrombectomy.

Following CS, three patients (33%) presented new ischemic lesion: a junctional infarct
and a sylvian punctiform spot, distal diffuse ischemic lesions. Of these three patients,
one patient presented with clinical worsening. All surviving patients had good stent
permeability at follow-up.

3.2. Literature Review (n = 73)

A total of 5307 articles were identified. After exclusion based on the abstract, 703 arti-
cles were retained for detailed review. Finally, 19 articles matched all the criteria, 17 case
reports, and 2 retrospective series were included. None of the studies were prospective;
see flowchart of the included studies (Figure 1). The characteristics of included studies are
shown in Table 2.

Figure 1. Flowchart of included studies.

Patients had a median age of 64.5 years (IQR 57–70) for the case reports [11,13–28],
and 60.5 years and 68 years in the cohorts [12,17]; 52% were female. A history of arterial
hypertension (AH) was found in 83% of the cases.
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All patients had an mRS score of 0 before dissection. The mean initial NIHSS score (all
items combined) was 13.6 ± 11.2. The median time from symptom onset to treatment was
6 h (IQR 3.5–15).

Table 2. Summary of included studies.

Study Year Study Type Number of Patients Included First Treatment

Schönholz et al. [15] 2008 Case report 1 Surgery

Chahine et al. [16] 2018 Case report 2 Surgery

Morihara et al. [17] 2016 Case report 1 Surgery

Matsumoto et al. [18] 2016 Case report 2 Surgery

Amr et al. [13] 2016 Case report 2 Surgery

Hong et al. [19] 2005 Case report 1 Surgery

Karawabuki et al. [20] 2006 Case report 1 Surgery

Kim et al. [29] 2006 Case report 1 Surgery

Ueyama et al. [22] 2007 Case report 1 Surgery

Roseborough et al. [11] 2006 Case report 1 Surgery then stenting

Sakaguchi et al. [23] 2005 Case report 1 Surgery

Usui et al. [24] 2021 Case report 1 Surgery

Fukuhara et al. [25] 2021 Case report 1 Surgery

Funakoshi et al. [26] 2020 Case report 2 Stenting then surgery

Heran et al. [27] 2019 Case report 1 Stenting then surgery

Popovic et al. [14] 2016 Case report 1 Stenting then surgery

Casana et al. [28] 2011 Case report 1 Surgery then stenting

Fichadaya et al. [12] 2022 Cohort 10 Surgery

Morimoto et al. [30] 2011 Cohort 41 Surgery

3.3. Aortic and Carotid Surgery (ACS) Group (n = 72)

The mean age of the group was 65.5 ± 11.0 years; 53% were female.
The median initial NIHSS score was 16 (IQR 5–19) for the case reports and 8 for the

Morimoto et al. cohort [31]. The mean NIHSS for all articles was 11.3 ± 8.5. The median
time from symptom onset to treatment for the case reports was 5.5 h (IQR 3–12), and the
mean time for all articles was 21 ± 39.3 h.

One patient died during surgery [15] of an uncontrollable hemorrhage complication.
No other intraoperative complications were reported.

A new persistent neurological deficit occurred for 28% of the operated patients. A new
ischemic lesion on postoperative DWI–MRI occurred for 49% of the patients.

Overall, 13% of the patients (15/53) died during hospitalization (mRS 6). For the other
patients, the median mRS score was 3 (IQR 2–3) at discharge, and 0 (IQR 0–0.5) at last
follow-up. The mean follow-up time was 53.4 months.

Individual patient data for this group are available in Supplementary Table S3A.

3.4. Carotid Stenting (CS) before Aortic Surgery (AS) Group (n = 8)

The mean age of the group was 65.3 ± 13.1 years; 25% were female. A history of AH
was found in 66% of cases. All patients had an mRS score of 0 before dissection.

The median initial NIHSS score was 14 (IQR 11–21). The mean NIHSS was 14.3 ± 8.0.
The median time from symptom onset to treatment was 5.5 h (IQR 3–18), with a mean
duration of 13.6 ± 17.8 h.
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No deaths during CS or surgery occurred. No patient had any intra-CS or intra-
operative complication. Partial regression of neurological deficits was achieved in six
patients (86%). The median post-CS NIHSS was 4 (n = 3 patients).

A new ischemic lesion on post-CS imaging occurred in 2 patients.
One patient died before aortic surgery, at day 2, of mesenteric ischemia; 1 patient did

not undergo surgery because of a history of Bentall surgery. The other patients received
aortic replacement afterwards.

None of the operated patients presented new neurological deficits or new ischemic
lesions on postoperative imaging.

One patient died postoperatively during hospitalization from mediastinitis on day
35 [16]. For the other patients, the median mRS score was 2 at discharge, and 1 at follow-up.
The mean follow-up time was 6.8 ± 3.6 months. All stents were patented at follow-up.

An example of one of our treated patients is shown in Figure 2.
Individual patient data for this group are available in Supplementary Table S3B.

Figure 2. Local cohort case of a 72-year-old, who suffered a brutal left hemicorporal deficit. CT scan
showed an AAD extended to the LCCA, with a subocclusive compression of the true lumen (a–c).
Initial MRI showed a significant mismatch between the limited cytotoxic lesion of the rolandic area,
and the hypoperfusion of the entire sylvian territory (d). Preoperative angioplasty was decided
(e) The initial occlusion is shown. Stenting allowed to re-expand the true lumen, with coverage of the
entire carotid dissection (f). The patient underwent aortic surgery 6 h later, without complications,
and recovered gradually after. Post-surgical MRI (not shown) found no new cytotoxic lesion, and
showed complete resolution of the hypoperfusion.

3.5. Carotid Stenting (CS) after Aortic Surgery (AS) Group (n = 7)

The mean age of the group was 68.7 ± 5.8 years; 71% were female. A history of AH
was found in 66% of cases.

All patients had an mRS score of 0 before dissection.
The initial NIHSS score of all patients was 0. The median time from symptom onset to

surgery was 6 h (IQR 6–8), with a mean duration of 13 ± 17.2 h.
All patients presented a new neurological deficit postoperatively, with six of the

seven patients presenting new lesions and a hypoperfused cerebral territory on imaging,
justifying management by stenting.

The median surgery to stenting time was 3 h (IQR 1–14). During the procedure, three
patients presented distal emboli despite the use of an FilterWire EZ (Boston Scientific,
Marlborough, MA, USA) distal protection filter in all cases:

− A 78 yo patient presented with a distal A2 embolus, too distant to be accessible by
thrombectomy. Three 9 × 30 mm Carotid Wallstents were used, covering the entirety
of the brachiocephalic trunk and right common carotid artery. After deployment of the
first two Carotid Wallstents, an intra-stent thrombosis occurred, and was immediately
and successfully treated by aspiration, and was not recurrent. Antiplatelet treatment
was started the next day.
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− A 74 yo patient presented a sylvian M2 embolus at the end of the procedure, success-
fully treated by thrombectomy immediately after stenting with three Carotid Wallstent
(7 × 40 mm, 9 × 50 mm and 5 × 30 mm) and a Smart Control 14 × 40 mm. Antiplatelet
treatment and preventive low molecular weight Heparin were started the next day.

− A 62 yo patient presented multiple distal emboli not accessible to thrombectomy.
Antiplatelet treatment and curative low molecular weight Heparin were started 12 h
post-procedure.

On postoperative imaging, the last two patients presented, respectively, a junctional
infarct and distal embolic lesions.

Partial regression of neurological deficits was obtained in four patients (57%).
Only one patient presented a neurological worsening in the post-stenting period,

related to reperfusion edema, which rapidly completely resolved.
One patient was still hospitalized at the time of writing, a few days after stenting, and

the outcome could not be studied.
Two patients died during hospitalization. In the surviving patients, the median mRS

score was 2 at discharge and 1 at follow-up.
Individual patient data for this group are available in Supplementary Table S3C.

4. Discussion

Regarding the patients from our local cohort (n = 9), the mean age was 71.2 ± 5.3 years,
with a male predominance, a history of AH was found in 78%. The median ASPECTS
score was 9 (IQR 8–10). Following CS, neurological deficits partially regressed in 0.67%
(2/3) of the patients and remained stable in 0.33 (1/3) of the cases. During CS, three
patients presented procedural complications: multiple distal emboli, an A2 emboli, and a
homolateral sylvian M2 emboli, the latter being successfully treated by thrombectomy. The
first patient had an immediate intra-stent thrombosis, successfully treated by aspiration.
All surviving patients had good stent permeability at follow-up.

Experience in carotid stenting in the context of stroke derives from three situations:
thrombectomy in thromboembolic stroke, urgent carotid repair in a traumatic setting, and
isolated carotid artery stenosis or dissections (in rare cases).

The meta-analysis of Fabre et al. in the context of primitive carotid dissections, re-
ported a technical success rate of 99.1% in 201 patients, with rare complications, including
one embolic stroke, two subarachnoid hemorrhages, a transient vasospasm in two patients.

During follow-up, only 3.3% of patients developed intimal hyperplasia or intrastent
stenosis; 2.1% had recurrent TIA in the territory of the stented vessels [32].

In the context of AAD extended to the carotid arteries, a limited number of case reports
have been published in the literature, with stenting before [14,26,27], during [31,33,34], or
after [11,21,28,34–38] aortic surgical repair: in all reported cases, technical success was
achieved, with complete exclusion of false lumen, and stent patency at follow-up. All
patients showed improvement or complete resolution of neurological symptoms. Only one
case of death is reported, unrelated, from mediastinitis.

Recently, Mukherjee et al. reported three patients treated by retrograde carotid stenting
after aortic repair, with residual stenosing carotid or brachial artery dissections. Venous
stents (Boston Scientific VICI) were chosen because of their greater radial strength than the
stents normally used, with the goal of a better obliteration of the false lumen [34].

Carotid angioplasty can be performed more rapidly than surgery, under local anesthesia.
Funakoshi et al. summarized the various challenges of performing carotid angioplasty-

stenting preoperatively [26]:
(1) The need for double antiplatelet therapy in the immediate post-procedure period,

which may lead to postpone the urgent aortic replacement surgery, which can only be
carried out under mono-antiaggregation. (2) A risk of post-procedure reperfusion edema.

A prior perfusion imaging (CT or MRI) allows to evaluate this risk. (3) The technical
difficulty of catheterizing the true lumen. (4) Restriction of future surgical options: when
stents cover the origin of aortic branches total arch replacement is impossible. Both patients
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in the article were treated with hemi-arch replacement for this reason. (5) The risk of
per-procedure distal emboli. However, according to a meta-analysis by Fabre et al., the risk
of distal emboli is low for the treatment of dissections: for patients who benefited from a
stenting treatment of primary internal carotid dissections, only 1 out of 201 treated patients
presented an embolic stroke [32].

After the procedure, most patients are put on double antiplatelet therapy for 1–6 months,
then on permanent single antiaggregant [32].

A summary of the benefits and drawbacks of the procedure is presented in Table 3.

Table 3. Comparison of benefits and drawbacks.

Carotid Stenting First Aortic and Carotid Surgery First

Benefits
Local anesthesia Faster repair of ascending aorta
Faster installation (15 min of installation on table) Correction of systemic hypotension
Treatment of distal internal carotid
artery dissections
Complete exclusion of the false lumen
Drawbacks
Double antiaggregation post-procedure:
postponed surgery Longer preparation

Difficulty in catheterizing the true lumen General anesthesia
Restriction of surgical options: impossibility of
total arch replacement when stents cover the origin
of supra-aortic branches

Risk of intraoperative hypoperfusion under
cardiopulmonary bypass

Risk of distal embolization per procedure Risk of residual dissection and/or cerebral
malperfusion if distal repair is impossible

The study by Fukuhara et al. found a significant difference in morbidity and mortality
with ICA vs. CCA occlusion: every one of the ICA patients developed rapid cerebral
edema with herniation, and died during hospitalization, whereas 79% of patients with
occlusion limited to CCAs (uni- or bilateral) survived, and only one patient developed
cerebral edema. These results suggest that occlusion of an ICA may be a marker at risk for
cerebral edema and herniation [25].

The residual dissection of postoperative supra-aortic branches is associated with long-
term neurological complications [11]. The prospective study by Neri et al., which followed
42 of these patients for a median of 3.17 years, found an incidence of neurological events of
30.9%, including stroke in 18 patients, with a relative risk of 3.99, all of which occurred in
the territory of the initial dissected artery [39].

To the best of our knowledge, our study is the first aiming to synthesize the literature
on carotid stenting for hemodynamic injury in the context of AAD.

Our study has many limitations. The included articles were mostly case reports, a
source of important biases, notably publication bias. The patients’ selection from our center
was retrospective, non-randomized, and monocentric. Due to the small number of patients
included, statistics comparing the different groups could not be performed. All the articles
studied did not evaluate the long-term outcome of patients and did not allow us to obtain
any hindsight on mortality or recurrence of symptoms in the long term.

5. Conclusions

Preoperative carotid stenting for hemodynamic CM by true lumen compression ap-
pears to be feasible, and could be effective and safe, although there is still a lack of evidence,
due to the absence of comparative statistical analysis. The literature, albeit growing, is still
limited, and prospective comparative studies are needed.
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Abstract: Prostatic artery embolization (PAE) consists of blocking the arteries supplying the prostate
to treat benign prostate hypertrophia (BPH). Its effectiveness on both urinary symptoms and flowmet-
ric parameters has now been amply demonstrated by around a hundred studies, including several
randomized trials. The main advantage of this procedure is the very low rate of urinary and sexual
sequelae, including ejaculatory, with an excellent tolerance profile. The arterial anatomy is a key
element for the realization of PAE. Its knowledge makes it possible to anticipate obstacles and prevent
potential complications related to nontarget embolization. Nontarget embolization can occur with
a small intraprostatic shunt or reflux and has no consequences except some local inflammation
symptoms that resolve in a couple of days. Nevertheless, some situations with large arterial shunts
arising from the prostatic artery must be recognized (accessory rectal, bladder, or pudendal branches),
and must imperatively be protected before embolization, at the risk of exposing oneself to otherwise
ischemic complications that are more severe, such as bladder necrosis and skin or mucosal necrosis.
This article offers a step-by-step review of the various anatomical and technical key points to ensure
technical and clinical success, while avoiding the occurrence of adverse events.

Keywords: prostate adenoma; benign prostate hypertrophia; embolization; prostate artery emboliza-
tion; minigù mally invasive

1. Introduction

A lower urinary tract symptom (LUTS) is a very common condition with significant
socio-economic importance to the public health system. Benign prostatic hyperplasia (BPH)
is the first etiology of a LUTS in men, with an incidence of 50% among men in the fifth
decade [1]. The treatment is usually based on a conservative approach, pharmacological
therapy, and surgical procedures. Trans-urethral resection of the prostate (TURP) is the
standard therapy for the management of benign prostate enlargement (BPE), after the
failure of medical therapy. Nevertheless, TURP is associated with relevant morbidity,
including retrograde ejaculation and incontinence (early or permanent), and may present
an adverse event such as infection, bleeding, and urethral stricture [2,3]. In this context,
minimally invasive therapeutics emerged in the last decade, trying to ensure patients lower
adverse event rates. Among them, prostate artery embolization (PAE) was first described
in 2000 and consists of endovascular embolization of the prostate arteries with small,
calibrated particles, which leads to an interruption of blood supply and then to prostate
tissue necrosis and atrophy. This procedure offers advantages compared to surgery, such as
the possibility to perform embolization under local anesthesia, without a Foley catheter
or endourethral instrument insertion [4]. Additionally, PAE pretends to preserve sexual
and urinary function in almost all cases, which seems essential given the expectations
of patients [5]. On another hand, PAE remains less studied than TURP or other surgical
technics, such as laser ablation. The purpose of this paper is to review the technical aspect
and current perspective of PAE. Based on the experience and literature review, the authors
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provided a step-by-step approach with the first part of the manuscript focusing on technical
aspects and challenges during embolization, and the second part reviewing the current
evidence and controversies of this procedure.

2. Tips and Tricks to Perform Prostate Artery Embolization (PAE)

2.1. Perform an Arterial Mapping: Preoperative Computerized Tomography (CT) Angiogram or
Intraoperative Cone-Beam CT (CBCT)

Cross-sectional imaging with vascular opacification is necessary before embolization
for good anatomical understanding, the search for pitfalls, and the planning of the inter-
vention. This imaging can be a CT angiogram performed prior to intervention (at the time
of the pre-intervention assessment) or a CBCT angiogram performed at the beginning
of the procedure. There are no clear guidelines on this topic. We suggest favoring the
CT, given that it enables the easiest approach (radial or femoral) to be chosen before the
intervention, and that it avoids injection of iodinated contrast media at the time of the
procedure. Indeed, the accumulation of contrast in the bladder can prove to be problematic
due to the discomfort encountered and the risk of urinary retention (teams using CBCT can
have recourse to the placement of a penis sheath, or more rarely, an indwelling catheter,
which from our point of view, is too invasive and thus we are in favor of performing arterial
mapping by a pre-operative CT angiogram).

2.2. Manage Aortoiliac Anatomy

Aortoiliac imaging analysis is important for choosing the easier approach. In classical
situations, radial or femoral roads can be performed without differences, depending on
operator experience and preferences. For atheromatous patients, which commonly present
with very sinuous vessels, aortoiliac catheterism can be very complicated in particular cross-
over maneuvers or ipsilateral iliac catheterization. Similarly, an important iliac bifurcation
angulation can be conducted to a difficult homo-lateral internal iliac catheterization and
can request a second ipsilateral femoral puncture.

A radial approach should be considered in the following situations:

• Tortuous common iliac arteries (Figure 1);
• Aortic or iliac bifurcation forming a very acute angle.

Figure 1. A CT scan with a 3D reconstruction showing very tortuous iliac arteries and very acute
right internal/external iliac angulation. Upper radial access was privileged in the first intention.
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2.3. Identify the Origin of the Prostatic Artery

Many studies have been published on the anatomy of the prostatic arteries. The most
used classification is the one described by De Assis et al. (Figure 2), which classifies the
anatomy into five types, depending on the origin of the prostatic artery (type I, II, III, and
IV). Type V (5.6%) is a combination of situations that do not correspond to types 1 to 4
and correspond to prostatic arteries arising from a trifurcation of the anterior trunk of the
internal iliac artery, gluteal artery, accessory pudendal artery, or epigastric artery.

Figure 2. Prostatic artery origin description, from de Assis [6].

When no prostatic artery is found in the territory of the internal iliac, one should
always consider looking for a possible origin from the external iliac via an accessory
obturator artery (1.8% of patients [7]) or via the epigastric artery (the so-called “corona
mortis artery”). Additionally, in the cases of occlusion of the prostatic artery and, in
particular, of the central artery, the flow is usually supplied by collaterality, by a frequency
in the distality of the internal pudendal artery (Figure 3), the peripheral or contralateral
prostatic artery, and the obturator artery.
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2.4. Manage the Prostatic Artery Catheterism

For an operator accustomed to endovascular navigation, catheterization of the prostatic
artery is usually easy, once its origin has been identified. However, certain situations can
make this catheterism very delicate. The risk factors making this catheterization potentially
difficult have previously been reported [8]:

- Atheroma and sinuous arteries (increasing with age);
- Type 1 prostatic artery, with tight angulation between the anterior trunk of the internal

iliac and the inferior bladder artery (this situation also sometimes occurs with the
internal pudendal artery on type 4).

Here are some examples, as well as some tips to remedy them.

2.4.1. When the Internal Iliac Arteries Are Tortuous or When the Catheter Is Unstable

This situation can be solved

- with the use of a longer sheath (45 centimeters for example), when a femoral approach
is intended;

- with the “buddy-wire technic” [9]: the use of an increased sheath caliber (7 french)
and the positioning of a guidewire parallel to the catheter, to increase the stability of
this one;

- and with a radial approach [10], which can be considered to overcome the loss of
stability inherent in the cross-over.

2.4.2. When the Prostatic Artery Arises with a Very Acute Angulation

Pre-formed micro-catheters with significant terminal angulation can be used [9] (ter-
minal angulation can also be personally shaped with steam). Torqueable microcatheters are
also available [11]. The end of the microguide can also be modified (double curvature) to
allow the strong angulation to pass. Torque microcatheters are also available. Additionally,
the extremity of the microguide can also be shaped with a double curve.

- Use a rigid torque catheter with a tight distal curve to directly catheterize the artery
without a microcatheter. This type of catheter should be handled with care, as it is
very rigid and can easily lead to dissection of the prostatic artery.

2.5. Know the Intra-Prostatic Anatomy, Detect and Protect the Shunt and Collaterals

The prostatic artery is divided into two branches (Figure 4), the superior or antero-
medial artery which supplies the central prostate (often called the central artery for conve-
nience), and the inferior or posteromedial artery, which supplies the peripheral prostate
(also called the capsular or peripheral artery). In about 8% of cases [5], the two branches of
the prostatic artery have an independent birth. It is then necessary to specifically identify
the central branch which will be the target of the embolization.

The origin of the inferior vesical, vesicular, and middle rectal branches, when present,
is generally upstream of the central/peripheral prostatic artery bifurcation. A lot of connec-
tions have been described between the prostatic artery and other pelvic arteries. The most
frequent are collateral with inferior vesical, middle rectal, and internal pudendal arteries.
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Figure 3. Examples of prostate artery occlusion and revascularization of the prostate via a distal
pudendal/prostatic apical shunt. Image 1: Internal iliac angiography demonstrating a vesical inferior
artery (A), an obturator artery (B), and an internal pudendal artery (C). Note the occluded prostatic
artery (arrow). Image 2: Supraselective angiography of the internal pudendal artery (C) showing a
connexion with the prostatic artery via an apical shunt (thin arrow). Image 3: Retrograde catheterism
of the prostatic artery (thin arrow) and opacification demonstrating opacification of the prostatic
central branch (star) and confirming occlusion of a proximal prostatic artery (large arrow).

Figure 4. Vascular intra-prostatic anatomy (initial description by Picel) [12].

2.5.1. Middle Rectal and Inferior Vesical Collaterals

Collateral to the rectum (Figure 5, middle rectal branch, 14%) or bladder (inferior
bladder arteries, 11%) are frequent situations [13]. If the prostatic branches can be catheter-
ized supraselectively, these can be embolized directly. If supraselective embolization is not
feasible, the middle rectal or lower bladder branch must be occluded using a microcoil,
which redirects the flow to the prostatic artery.
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Figure 5. Prostate artery connection with the middle rectal artery. Image (A): Iliac angiography
demonstrating a vesico-prostatic trunk (arrow) with collateral in the direction of the rectum (arrow-
head). Image (B): Supraselective angiography in the middle rectal artery confirming the opacification
of the rectum and connection with the superior rectal artery (arrow) arising from the inferior mesen-
teric artery. Note another shunt with the obturator artery (arrowhead).

2.5.2. Internal Pudendal Artery Collateral

Collaterals are frequently found with the internal pudendal arteries. These are clearly
visible for a trained operator on supraselective DSA performed in the prostatic arteries, but
can also be seen on preoperative or CBCT scans when the prostatic arteries are enhanced.

Two situations should be distinguished (Figure 6):

- The post-capsular collaterals, which are usually found at the apex, are opacified
during DSA with a flow rate usually superior to 0.5 cc/s. These collaterals disappear
with the decrease in the injection rate. In these cases, embolization can be performed
without risk but must be performed at a low flow rate;

- The pre-capsular collaterals, which are true intra-prostatic arterial connections (usu-
ally described as the “accessory pudendal artery” (aPA)). In some extreme situations,
there is no real prostatic artery, and the prostate is vascularized by several small
branches along the latero-prostatic course of the aPA, which then gives the penile
vascularization. As soon as the connections with the internal pudendal artery are
of a certain size (we can consider that the visibility of a true course in angiography
is a good cut-off) there is a significant risk of non-target embolization, including
with low-flow embolization. These connections must, therefore, be protected prior
to embolization.

How to manage a large connection from the prostatic to the internal pudendal artery?

- First case: the central prostatic branches can be supraselectively catheterized. In this
case, a very careful embolization can be performed. Most attention must be paid to
avoid reflux into the aPA.

- Second case: a supraselective catheterization is impossible. It is then necessary to oc-
clude the accessory pudendal artery in its post-prostatic portion to be able to embolize
upstream “by collaterality” of the prostatic branches. Nevertheless, the consequences
of the occlusion of the aPA on penile vascularization must be taken into account.
A recent study found no difference between a patient who received embolization
of penile collateral in terms of erectile function [14]. These are still debated, despite
numerous studies on the subject in the context of radical prostate surgeries for prostate
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cancer. These anatomical studies classified penile vascularization according to three
categories [15] depending on whether the vascularization is performed only by the
internal pudendal (type I, 61.9%), by the internal and accessory pudendal (type II,
32.8%), or only via the accessory pudendal arteries (type III, 5.4%). Put another way,
this means that when an aPA is founded, it is the only supply to the penile in 14% of
the case (type III/(type II + III)). By cross-referencing these data with MacLean [14],
who reported around 12% of penile/aPA protection coiling during PAE, we arrived
at a number of 1.7% (12% × 14%) of patients who are potentially at risk of protective
occlusion of a type III vascularization. We, therefore, recommend before occluding
an aPA to ensure that it is not the only artery supplying the penis, in which case the
risk of post-occlusion impotence seems real to us. In our experience, the presence
of selectively non-catheterizable prostatic branches in the context of type III penile
vascularization in young subjects wishing to preserve their sexual activity is the only
situation contraindicating embolization.

Figure 6. Different patterns of a shunt between prostatic and penile arteries. Image (A): an accessory
pudendal artery arising from the peripheral prostatic artery (white arrow) with a direct connection to
the internal pudendal artery (black arrow) which is retrogradely opacified (black arrowhead). Prostate
vascularization (white stars) arises from small branches along the aPA. In this case, embolization
should not be performed without protection of the anastomosis [14]. Image (B): an intra-prostatic
capsular shunt (arrowhead) with a high injection rate (0.7 cc/s). Unlike image A, there is no real
individualizable branch between prostatic and penile territory. Image (C): at a lower injection rate
(0.3 cc/s), the shunt is no longer present. Embolization can be performed safely.

Ultimately, the study of the prostate and penile anatomy and the possible interconnec-
tions between these two systems seems to be an essential time in the preoperative analysis.

From our point of view, this is an additional argument in favor of the use of preop-
erative CT. Indeed, when the CT scan is carried out according to an adequate protocol,
connections of significant size can be detected easily, and give the operator the possibility
to anticipate at-risk situations and adapt the procedure to the anatomy.

3. Perspective, Evolution, and Discussion about PAE

3.1. PAE Safety and Complications

The safety of PAE procedures from the prospective study is presented in Table 1,
including four randomized clinical trials (RCT) of PAE vs. TURP, 1 RCT of PAE vs. an open
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adenomectomy, one RCT of PAE vs. a sham procedure, and one prospective cohort on PAE
only. The results show an excellent safety profile with an absence of grade 4 and 5 adverse
events, and grade 3 adverse events in only one study, affecting 4.3% of the total patients
treated with PAE. Grade I adverse events range from 7.5 to 67.3% of patients and grade II
from 1 to 47.8%. The significant variability between studies is probably explained by the
fact that some studies have included the symptoms of post-embolization syndrome in the
complications whereas others did not. These data confirm that PAE is a safe procedure,
with a few side effects except the post-embolization syndrome.

Table 1. Adverse events after PAE from seven prospective studies [16–22].

Study Pisco, 2019 [19] Insauti, 2020 [18] Abt, 2018 [16]
Carnevale,
2015 [17]

Russo, 2015 [21] Ray, 2018 [20] Salem, 2018 [22]

Patient Number n = 78 n = 23 n = 48 n = 15 n = 80 n = 199 n = 45

Design RCT, PAE
vs. Sham

RCT, PAE
vs. TURP

RCT, PAE
vs. TURP

RCT, PAE
vs. TURP

RCT, PAE vs.
prostatectomy

Registry-based
study

Prospective,
PAE only

Total adverse event, n
(%)

25 (32.0) 15 (65.2) 36 (75) 4 (46.7) 7 (8.7) 136 (68.3) 26 (57.8)

Clavien Dindo grade

grade I 21 (26.9) 4 (17.3) 54% 6 (7.5) 134 (67.3) 24 (53.3)

grade II 3 (3.8) 11 (47.8) 17% 1 (1.3) 2 (1) 2 (4.4)

grade III 1 (1.3) 0 4.30% 0 0

grade IV 0 0 0 0

grade V 0 0 0 0

Description (number, %)

Urinary frequency
and urgency 3 (6.6)

Burning perineal pain 1 (1.3) 1 (4.3) 15 (31.3)

Burning urethral pain 3 (3.8) 4 (17.3)

Dysuria 3 (3.8) 5 (6.3) 13 (28.9)

Ecchymosis 2 (2.6)

Haematospermia 7 (9.0) 1 (6.7) 1 (1.3) 25 (12.6) 2 (4.4)

Haematuria 5 (6.4) 1 (4.3) 4 (8.3) 2 (13.3) 37 (18.6) 6 (13.3)

Inguinal haematoma 4 (5.1) 4 (2)

Penile ulcer 2 (1)

Artery dissection 4 (2.0)

Acute urinary retention 5 (21.7) 1 (2.1) 2 (4.4)

Radiodermitis 1 (4.3)

Erectile dysfunction 1 (4.3)

Change in
ejaculation volume 1 (4.3) 2 (13.3) 48 (24.1)

Incontinence 2 (1)

Prostate fragment
expelled 1 (1.3)

Rectorrhagia/rectal
ischemia 2 (2.6) 1 (4.3) 1 (6.7)

Urinary tract infection 1 (1.3) 10 (20.1) 1 (1.3) 14 (7.0)

Other 6 (12.5) 1 (6.7)

3.2. PAE Limitations

Results of the RCT conducted by Abt demonstrated no difference in IPSS score im-
provement between PAE and TURP. Nevertheless, TURP seems to achieve better results in
terms of debimetric results [23]. To date, no large prospective study with a long follow-up
has been published to compare these two technics. PAE should have a higher recurrence
rate, as a recent publication reported a reintervention rate of 58% at 10 years [24], whereas
TURP seems to have a reintervention rate of around 20% [3].
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3.3. Embolization Agent

Historically, EAP was performed with particles. Recently some studies have been
published with the use of alternative embolic agents such as n-butyl-cyanoacrylate, ethylene
vinyl alcohol copolymer, and alcohol [25,26]. A recent study [27] showed a decrease in
fluoroscopy time and radiation dose with the use of glue, without a difference in terms of
IPSS score.

3.4. Particle Size

The size of the ideal particles to be used remains subject to discussion. A randomized
trial [28] comparing the use of 100–300 vs. 300–500 micron caliber particles did not show a
significant difference between the two groups. Nevertheless, various studies have shown a
more extensive prostatic necrosis on post-operative MRI, the greatest decrease in prostatic
volume and PSA level was when the size of the particles decrease [28,29]. It would
make sense that a more aggressive embolization would allow greater prostatic necrosis
and, therefore, a greater clinical benefit, in particular on the risk of recurrence in the
medium/long term. However, this remains to be proven, and the aggressiveness of
the embolization must be weighed against the undoubtedly increased risk of nontarget
embolization, as the small particles cross the small shunts more easily. Our team tends
to favor aggressive embolization (a particle caliber from 50 to 300 microns) when supra-
selective angiography of the prostatic artery does not show that any collateral potentiality is
at risk of nontarget embolization, but these remain out of the guidelines which recommend
to use 300–500 micron particles [4].

3.5. Peripheral vs. Central Prostate

The prostate adenoma develops mainly at the expense of the transition zone. Consider-
ing both the fact that the adenoma is vascularized almost exclusively by the central branch
of the prostatic artery and that, on the contrary, the majority of extra-prostatic anastomoses
arise from the peripheral artery (78% of cases [30]), the idea of an aggressive embolization
of the central artery (particles of calibers less than 150 microns or embolization with a liquid
agent) could be attractive, thus supplementing it with micro-particles of a higher caliber
for the continuation of the embolization. Once again, studies would be needed to find out
if such an attitude offers better results, and current guidelines do not recommend it.

In conclusion, PAE is a technically and intellectually challenging intervention. A
precise knowledge of both theoretical and angiographic anatomy is essential in order to
embolize the entire adenoma while avoiding nontarget embolization. The learning curve
is arguably one of the longest of all vascular radiology procedures, but performed by a
trained operator, both technical and clinical success rates are excellent, with a low risk of
major complication.
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Abstract: The spleen is the most commonly injured organ in blunt abdominal trauma. Its manage-
ment depends on hemodynamic stability. According to the American Association for the Surgery
of Trauma-Organ Injury Scale (AAST-OIS ≥ 3), stable patients with high-grade splenic injuries
may benefit from preventive proximal splenic artery embolization (PPSAE). This ancillary study,
using the SPLASH multicenter randomized prospective cohort, evaluated the feasibility, safety, and
efficacy of PPSAE in patients with high-grade blunt splenic trauma without vascular anomaly on
the initial CT scan. All patients included were over 18 years old, had high-grade splenic trauma
(≥AAST-OIS 3 + hemoperitoneum) without vascular anomaly on the initial CT scan, received PPSAE,
and had a CT scan at one month. Technical aspects, efficacy, and one-month splenic salvage were
studied. Fifty-seven patients were reviewed. Technical efficacy was 94% with only four proximal
embolization failures due to distal coil migration. Six patients (10.5%) underwent combined em-
bolization (distal + proximal) due to active bleeding or focal arterial anomaly discovered during
embolization. The mean procedure time was 56.5 min (SD = 38.1 min). Embolization was performed
with an Amplatzer™ vascular plug in 28 patients (49.1%), a Penumbra occlusion device in 18 patients
(31.6%), and microcoils in 11 patients (19.3%). There were two hematomas (3.5%) at the puncture site
without clinical consequences. There were no rescue splenectomies. Two patients were re-embolized,
one on Day 6 for an active leak and one on Day 30 for a secondary aneurysm. Primary clinical
efficacy was, therefore, 96%. There were no splenic abscesses or pancreatic necroses. The splenic
salvage rate on Day 30 was 94%, while only three patients (5.2%) had less than 50% vascularized
splenic parenchyma. PPSAE is a rapid, efficient, and safe procedure that can prevent splenectomy in
high-grade spleen trauma (AAST-OIS) ≥ 3 with high splenic salvage rates.

Keywords: spleen; trauma; embolization; proximal; preventive

1. Introduction

The spleen is the organ most often damaged by blunt abdominal trauma, with an
estimated 40,000 splenic traumas occurring each year in the United States, mainly affecting a
young population and potentially resulting in life-threatening bleeding [1,2]. However, this
organ plays a vital role regarding red blood cells and the immunity system. Splenectomy is
avoided whenever possible in cases of splenic damage to prevent the onset of overwhelming
post-splenectomy sepsis, a complication caused by encapsulated bacteria, which may
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be lethal [3]. Trauma protocols are subject to variations depending on the institution.
Hemodynamically unstable patients undergo hemostatic splenectomy. Stable patients with
high-grade splenic trauma and vascular anomalies on the CT scan are prone to embolization,
whereas stable patients with high-grade splenic trauma and no vascular anomalies on
CT represent a high-risk subgroup for whom, currently, there is no consensus on their
treatment [4–7]. Schematically, with high-grade splenic trauma, proximal embolization is
performed to decrease the perfusion pressure within the spleen, thus preventing secondary
ruptures. In contrast, distal embolization is reserved for focal parenchymal injuries [8].
A randomized multicenter clinical trial, SPLASH [9], showed that proximal preventive
splenic artery embolization (PPSAE) in patients with high-grade spleen trauma without
vascular abnormality on the initial CT reduced complications related to splenic trauma and
secondary vascular anomalies requiring embolization, and improved rescue splenectomy
rates. PPSAE is a promising therapeutic option that every interventional radiologist should
learn. However, PPSAE is still considered a high-risk embolization with the risk of distal
migration of the material into the splenic hilum with extensive ischemia of the spleen or
ischemic complication of the pancreas with coverage of the pancreatic arteries. Others
prefer not to perform PPSAE in the absence of a vascular anomaly on the initial CT because
they are afraid of blocking access to the splenic artery in case a secondary vascular anomaly
develops during follow-up, requiring distal embolization.

This ancillary study on the sub-population of embolized patients of the SPLASH study
aimed to specifically explore the feasibility, safety, and efficacy of PPSAE in patients with
high-grade blunt splenic trauma without vascular anomaly on the initial CT scan and to
give a technical insight.

2. Materials and Methods

2.1. Study Design

This ancillary study focused on the technical aspects of PPSAE using data from the
SPLASH prospective randomized multicenter clinical trial [9] to assess the feasibility, safety,
and efficacy of PPSAE in patients with recent (<48 h) high-grade blunt splenic trauma
according to the American Association for the Surgery of Trauma-Organ Injury Scale
(AAST-OIS ≥ 3) (Table 1) without active bleeding, who have been hemodynamically stabi-
lized according to the French Society of Anesthesia & Intensive Care Medicine criteria [10].
SPLASH was conducted in sixteen Level 1 trauma centers in France from 6 February 2014 to
1 September 2017. This prospective study was approved by the ethical committee under the
number: 2013-A00409-36. Each participating institution provided an institutional review
board approval for the study protocol, and all patients or their legal representatives had
provided written informed consent before participation.

Table 1. AAST-OIS spleen injury scale.

Grade Imaging Findings

I Subcapsular hematoma < 10% surface area
Parenchymal laceration < 1 cm depth capsular tear

II Subcapsular hematoma 10–50% surface area; intraparenchymal hematoma < 5 cm
Parenchymal laceration 1–3 cm

III
Subcapsular hematoma > 50% surface area; ruptured subcapsular or intraparenchymal
hematoma ≥ 5 cm
Parenchymal laceration > 3 cm depth

IV

Any injury in the presence of a splenic vascular injury or active bleeding confined within the
splenic capsule
Parenchymal laceration involving segmental or hilar vessels producing > 25%
devascularization

V
Any injury in the presence of a splenic vascular injury with active bleeding extended beyond
the spleen into the peritoneum
Shattered spleen
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This ancillary study followed the STROBE checklist guidelines. Only patients at-
tributed to the embolization group who received PPSAE and had a one-month follow-up
CT scan and a consultation on Day 30 were included.

2.2. Patients

Male and female patients (>18 years old) with high-grade blunt splenic trauma
(≥AAST-OIS 3) admitted through the emergency department, shock treatment unit, inten-
sive care unit, or surgery department were enrolled in this study. Each patient completed a
baseline evaluation before enrolment, including a medical history interview and physical
examination (age, sex, and AAST score). In the standard procedure, a whole-body mul-
tidetector CT scan with contrast injection was performed on all hemodynamically stable
patients with abdominal injuries upon admission. The CT protocol included the thorax,
abdomen, and pelvis during the arterial phase and the abdomen and pelvis during the
portal venous phase. Depending on the CT findings, delayed acquisition was left to the
on-call radiologist’s discretion. An initial injection of 1–2 cc/kg of iodine contrast was given,
followed by 15 to 20 cc of normal saline at 3 cc/s. Inclusion criteria were AAST-OIS 3 with
substantial hemoperitoneum (peri splenic associated with pelvic effusion), AAST-OIS 4, or
AAST-OIS 5 with residual vascularized parenchyma > 25%. Hemodynamically unstable
patients (AAST-OIS 5) with a shattered spleen, stable but requiring immediate spleen or
other abdominal organ embolization based on CT findings, were excluded. The New Injury
Severity Score (NISS) was used to give an overall score for the anatomical lesions of each
patient with multiple traumas. Each organ involved is scored according to the OIS from 1
(mild) to 5 (total destruction or devascularization of the organ), according to the American
Association for the Surgery of Trauma criteria. The NISS is calculated from the AAST-OIS
of the three most serious lesions as follows: NISS = a2 + b2 + c2 (e.g., a patient with a
minor kidney injury rated OIS = 2, a spleen fracture rated OIS = 4, and minor hepatic
injury rated OIS = 2 will have a NISS of 4 + 16 + 4 = 24).

2.3. Procedures

Interventional radiologists with varying levels of experience (3 years to 20 years)
performed all endovascular procedures in dedicated angio suites. A technical manual was
prepared beforehand to describe the anatomy of the celiac trunk and splenic artery, correct
micro/catheter tip position for imaging and embolization, and angiographic images of
each artery before and after embolization. All operators had viewed this manual before the
trial began.

PPSAE procedures were performed under local anesthesia or sedation, depending on
the institution. Percutaneous arterial access was obtained preferably via common femoral
artery access or via radial artery access for cases with unfavorable anatomy. Ultrasound
guidance was recommended. In most cases, an angiographic Cobra 2 catheter was used to
select the celiac trunk (CeT) and a Sim 1 catheter where the CeT was compressed by the
median arcuate ligament [1]. The CeT was selected using a multipurpose angiographic
catheter when radial access was performed. Digital subtraction angiography (DSA) was
performed from the splenic artery, with an automatic injection of 16 mL of contrast medium
at a 4–5 mL/s injection rate, to study the anatomy, prepare for embolization, and identify
a potential parenchymal splenic vascular injury (arteriovenous fistula, pseudoaneurysm,
vessel truncation, or rarely contrast extravasation). In cases of focal vascular anomaly, a
primary distal embolization was performed; a microcatheter was advanced to the injured
vessel and, once in position, mircocoils, fragments of gelatin sponge, or liquid agent were
used. Proximal embolization was then performed at the truncal splenic artery downstream
from the dorsal pancreatic artery and upstream of the great pancreatic artery, i.e., the left
lateral aspect of the spine (Figure 1). The choice of embolization equipment was left to the
operator’s discretion and included: (1) The AMPLATZER™ Vascular Plug (AVP) (Abbott
Medical, Abbott Park, IL, USA), a self-expanding device made of nitinol, which comes in
varying sizes; (2) The Penumbra occlusion device (POD®) (Penumbra Inc., Alameda, CA,
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USA), a detachable metallic coil with a specific anchor system, delivered through a standard
2.8 F microcatheter (Progreat; Terumo, Japan), available in several sizes depending on the
diameter of the splenic artery; (3) Other regular coils. The embolization equipment was
20–50% bigger than the diameter of the splenic artery measured on procedural imaging
acquired during angiography.

Figure 1. Optimal site of preventive proximal splenic artery embolization. The optimal site of
embolization (star) is downstream from the dorsal pancreatic artery (arrow) and upstream of the
great pancreatic artery (blank arrow). Classically, at the left edge of the spine.

2.4. Technical Assessment

Technical success was defined as the adequate deployment of the embolization equip-
ment, resulting in complete flow stasis in the splenic artery downstream from the occlusion
site. Subsequent collateral circulation develops at a variable time after the endovascular oc-
clusion. The procedure time and quantity of iodine contrast medium were also documented.

2.5. Safety and Efficacy Assessments

Safety evaluation was based on adverse events according to the classification of the
Society of Interventional Radiology (SIR) [11]. Day 5 and Day 30 post-intervention visits
were conducted by senior radiologists to evaluate the efficacy of the treatment. Primary
efficacy was defined as the absence of death or complementary intervention during the
first month, including rescue splenectomy, vascular spleen anomalies, urgent embolization
or re-embolization, and hemorrhagic complications. There was also a focus on pancreatic
complications secondary to dorsal pancreatic artery occlusion. The percentage of residual
spleen parenchyma was evaluated one month after the follow-up CT scan by two consenting
expert radiologists.

2.6. Statistics

The statistical analysis was performed using Biostatgv. Qualitative variables were
described in numbers and proportions, and quantitative variables were represented as
median values and standard deviations (SDs). The χ2 test was used to compare categorical
variables. A nonparametric Fisher’s exact test was used if these were not validated. The
continuous values were compared using the Student t-test (parametric variables) or the
Wilcoxon–Mann–Whitney test (nonparametric variables). Results were deemed statistically
significant at p < 0.05.

3. Results

3.1. Patients

A total of 71 patients from sixteen Level 1 trauma centers in France were enrolled in
the study from 6 February 2014 to 1 September 2017. The surgical team refused one patient,
three patients were excluded due to non-inclusion criteria, one patient withdrew consent,
one refused PPSAE treatment, and eight were lost to follow-up or had no CT on Day 30.
Finally, 57 patients were reviewed (Figure 2). The leading traumatic cause was a traffic
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accident (n = 35/57, 61.4%), followed by sports (n = 14/57, 24.5%), work (n = 3/57, 5.2%),
and domestic accidents (n = 2/57, 3.5%). Most patients had AAST-OIS 3 (n = 33/57, 57.9%)
or AAST-OIS 4 (n = 23/57, 40.3%) spleen injury; however, AAST-OIS 5 lesions were less
common (n = 1/57, 1.8%) (Table 2). All patients underwent PPSAE. Thirty-seven patients
(n = 37/57, 64.9%) were polytrauma patients with a mean NISS of 19.6 (SD = +/−8.1).

Figure 2. Flowchart.
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Table 2. Patient characteristics.

Characteristics Patients

Sex
Male 47/57 (82.4%)
Female 10/57 (17.6%)

Age 31 (SD = +/−7.5 years)

Circumstances of injury
Traffic 35/57 (61.5%)
Domestic 2/57 (3.5%)
Sport 14/57 (24.6%)
Work 3/57 (5.2%)
Other 3/57 (5.2%)

AAST-OIS grade
3 33/57 (57.9%)
4 23/57 (40.3%)
5 1/57 (1.8%)

NISS 19.6 (SD = +/−8.1)

3.2. Technical Results

Fifty-three patients had femoral access and only four patients had radial access. Six
patients (10.5%) had combined embolization (proximal + distal) due to focal vascular
anomalies identified on the DSA but not visible on the initial CT. Embolic agents for distal
embolization included gelatin sponge, microcoils, and Onyx®. PPSAE was performed with
an Amplatzer™ vascular plug (AVP) in 29 patients (50.9%), a Penumbra occlusion device
(POD®) in 18 patients (31.6%), and coils in 10 of the 57 patients (17.5%) (Figure 3).

 

Figure 3. Preventive proximal splenic artery embolization materials. (A) Upper pole splenic trauma
without focal vascular anomaly (star). (B) Penumbra occlusion device (arrow) deployment through
a microcatheter along the left lateral aspect of the spine; note that the patient had osteosynthesis
material. (C) Final control shows complete flow stasis in the splenic artery downstream from the
embolic material (arrow) and the development of collateral circulation (arrowheads). (D) Another
upper pole splenic trauma without focal vascular anomaly (star). (E) Amplatzer vascular plug
deployment (blank arrow) directly through the Cobra 2 4F catheter. (F) Final control displays the
development of a collateral pathway through the dorsal pancreatic artery and the great pancreatic
artery (arrowheads).
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Technical success was achieved in 54 of the 57 patients (94.7%) with complete splenic
artery stasis and the development of collateral circulation. Inadvertent distal coil migration
occurred in four patients in the other coils group (n = 4/10, 40%; p < 0.01). There were no
procedural complications with AVP or POD. The mean procedure time for all techniques
was 56.5 min (SD = 38.1 min) with no significant difference between groups. The mean
quantity of iodine contrast injected was 70.0 mL (SD = 42.0 mL), with less contrast injected
in the AVP group (p < 0.01) (Table 3).

Table 3. Comparison of technical and clinical parameters according to embolization equipment.

AVP (n = 29) POD (n = 18) Microcoils (n = 10) p

OIS-AAST grade
Grade 3 18 11 4 0.48
Grade 4 10 7 6 0.40
Grade 5 1 0 0 1

Technical success (%) 100 100 60 <0.01

Clinical efficacy (%) 96.6 94.4 100 1

Procedure time (min, mean +/− SD) 52.3 (41.4) 61.4 (39.3) 67 (68.7) 0.2

Contrast (mL, mean +/−SD) 57 (25.8) 83.2 (56.4) 88.3 (57.8) <0.01

Spleen parenchyma J30 (%, mean+/−SD) 90.5 (11.1) 82.8 (17.9) 82.9 (10.3) <0.01

3.3. Safety, Efficacy, and One-Month Splenic Salvage

According to the SIR classification, no procedure-related Grade 3 or higher adverse
events (AEs) existed. Mild AEs included puncture site hematoma (n = 2/57, 3.5%) and
puncture site pain (n = 5/57, 8.7%). Primary efficacy was achieved in 97% of cases but two
patients were re-embolized; one for active bleeding on Day 6 (Figure 4) and the other for an
arteriovenous fistula on Day 30 (Figure 5). No deaths, rescue splenectomies, or hemorrhagic,
infectious, or thromboembolic complications occurred. Secondary efficacy was high, with
no cases of necrotic pancreatitis and a high splenic salvage rate (94.7%), as only three cases
of < 50% vascularized spleen parenchyma were observed at the consultation on Day 30.
The average percentage of vascularized spleens at one month was 86.7% (SD = 14.2%), with
more vascularized parenchyma in the AVP group (p < 0.01).

 

Figure 4. Secondary pseudoaneurysm formation 6 days after preventive proximal splenic artery
embolization (PPSAE). (A) shows PPSAE with a vascular plug (star) and the development of collateral
circulation (arrows) alongside pseudoaneurysm formation (curved arrow). (B) displays the dominant
collateral circulation via the gastroepiploic artery (striped arrows). (C) Microcatheter selection of the
gastroepiploic artery for distal embolization (blank arrows).
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Figure 5. Secondary arteriovenous (AV) fistula development 30 days after preventive proximal
splenic artery embolization (PPSAE). (A) shows PPSAE using Penumbra occlusion device (star), the
subsequent development of collateral circulation mainly through the dorsal pancreatic artery and
the great pancreatic artery (blank arrows), and the secondary AV fistula (arrow). (B) illustrates the
distal microcatheter selection (striped arrow) through radial access. (C) shows microcoil embolization
(blank star) with satisfying angiographic results.

4. Discussion

This study demonstrates the safety and efficacy of PPSAE treatment in high-grade
blunt splenic trauma without active bleeding detected on the initial CT. Technical suc-
cess was defined as the correct deposition of embolic material with complete flow stasis
downstream with the development of collateral circulation. This was achieved in 94.1% of
cases. No patients suffered any major adverse events according to the SIR classification.
Based on the absence of complications or reinterventions before 1 month, primary efficacy
was achieved in 97% of cases; two patients were re-embolized, one for active bleeding on
Day 6, and another for an arteriovenous fistula on Day 30. The splenic salvage rate was
as high as 94.7%, with only three patients having less than 50% of vascularized spleen
parenchyma on Day 30. No splenectomies were performed. No instances of ischemic
pancreatitis were reported.

The current study provided prospective data about PPSAE in patients with high-
grade (AAST-OIS ≥ 3) splenic injuries, which is lacking in the literature. It illustrates
the real-life daily practice conditions of various French teams with varied experience,
using different materials, which increases generalizability. PPSAE was very safe with
no salvage splenectomy. One recent study concluded that PPSAE reduces the need for
splenectomy even in hemodynamically unstable patients [12]. In line with the findings
of other studies [11,12], secondary complications, such as splenic abscess/infarction and
pancreatitis, feared in splenic embolization, were not observed. PPSAE contributes to
splenic preservation, considering its vital role in the immune system since splenectomy is
associated with recurrent, potentially fatal, systemic infections [13].

As in previous studies, the spleen rescue rate was 94.7%, with no SIR Grade 3 or
higher procedure-related AEs [1,4,14–25]. Less spleen necrosis was significantly found after
embolization with AVP. It is reasonable to assume that embolizing the shortest possible
splenic artery segment potentially reduces ischemic complications because this approach
preserves proximal and distal side branches that can function as collateral pathways [8].
Combined distal and proximal embolization may be performed in instances of focal vascular
injury. Distal embolization results in the occlusion of smaller segmental branches, which are
end arteries; thus, there is an increase in potential parenchymal wedge infarction or abscess
development. Some patients have multiple bleeding sites, which may be missed due to
vasospasm caused by trauma. This could lead to rebleeding at sites that were not selectively
embolized, which is unlikely after proximal splenic artery embolization. Some authors
consider distal splenic artery embolization to be more technically challenging than proximal
embolization. This is because the catheter must be navigated throughout the splenic artery,

193



J. Pers. Med. 2023, 13, 889

which may be tortuous, and segmental branches must be microcatheterized. Distal splenic
embolization can be more time-consuming than proximal splenic embolization and may be
counterproductive in potentially life-threatening traumatic settings [26]. After successful
distal embolization, PPSAE is recommended because some arterial anomalies may not
be seen on the initial angiography and may cause delayed bleeding after the vasospasm
has subsided [3]. Collaterals keep blood flowing to the spleen, preventing infarction and
abscess formation, maintaining the splenic immune system, and saving an access route if
re-embolization is indicated [8,11,12]. There are several collateral pathways to the splenic
artery after PPSAE: (1) The dorsal pancreatic artery to the transverse pancreatic artery to
the great pancreatic artery pathway, leading to the mid/distal splenic artery. The great
pancreatic artery should, therefore, not be embolized distally; (2) The great pancreatic artery
to the caudal pancreatic artery for cases of inadvertent embolization distal to the great
pancreatic artery; (3) The right gastroepiploic artery to the left gastroepiploic, leading to the
distal splenic artery/inferior polar branch; (4) The left gastric artery to short gastric arteries
(region of the fundus), leading to branches of the splenic artery (10–12). As a general rule,
coils should be sized to be 20–30% larger, and plugs should be sized 30–50% larger than the
target vessel [27]. Following the current Advisory Committee on Immunization Practices
recommendations, we defined the threshold of the vascularized spleen to be 50% under
which the patient is considered asplenic on the Day 30 consultation [9,28]. We also insist
that complications are relevant to the procedure but also to the severity of trauma, i.e., with
a high AAST-OIS score [29].

The mean procedure time was 57 min, whatever the equipment used, thus making
this technique a fast, reliable option for intensive care doctors, as it remains within the
golden hour field of damage control radiology. Studies have suggested that AVP has a
shorter procedural time than POD or coils, but the difference is not always statistically
significant [30–32]. Similarly, the use of AVP results in shorter fluoroscopy than other
techniques [30,32]. The mean quantity of contrast medium injected was 71 mL, i.e., around
1 mL/kg, per FDA prescribing information [33]. Less iodine was injected using AVP in
favor of procedures requiring less iterative control. The AVP procedures were, therefore,
faster, with less iodine injection, and less fluoroscopy time. Thus, meeting the criteria of
damage control radiology, equivalent to damage control surgery, leads us to recommend
using AVP when anatomically possible.

Regarding procedural complications, coil migration with conventional microcoils was
the most notable complication occurring in 40% of cases. This is probably related to the
flexible nature of these coils, which are not really anchored in the splenic artery’s wall.
Initially well-positioned, they will be mobilized by the high-flow splenic artery. Thus, we
recommend using either AVP or POD devices, which are more rigid, better anchored in the
artery wall and, therefore, less mobilizable by the flow. Indeed, technical success was 100%
with these two devices. If an endovascular reintervention is needed, the AVP results in a
shorter occluded segment, theoretically sparing the collateral pathways through the dorsal
and great pancreatic arteries [34].

Following splenic artery embolization, clinical and radiological assessments are essen-
tial during post-intervention visits. According to the SPLASH study, a contrast-enhanced
CT scan should be carried out on Day 5 and Day 30 following the intervention [9]. Apart
from severe splenic infarction, possible side effects include ischemic pancreatitis or other
nontarget embolization. None of these possible complications were reported in this ancil-
lary study. The patient should, nevertheless, be regularly monitored for the emergence of
pseudoaneurysms or secondary splenic rupture [34].

PPSAE is a promising preventive and therapeutic option for high-grade spleen trauma
and is deemed safe and efficient when the proper technique is used. AVP is advantageous
due to a lower degree of iodine contrast agent use and a higher splenic salvage rate.
However, using AVP may be a challenge in cases of catheter instability or when the median
arcuate ligament compresses the CeT; thus, we recommend using rigid microcoils, such as
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POD, through a microcatheter. We discourage using softer microcoils due to the high risk
of distal migration.

Our study has certain limitations. First, it was not designed to analyze differences
between embolization equipment. There were no restrictions and the choice of the material
was left to the operator’s discretion. This is why we have different types of materials used
and heterogeneous groups. Second, we did not include radiation exposure parameters.
Unfortunately, this information was not available to all centers and was not part of the
prospectively collected data. Third, we did not include microeconomic data.

5. Conclusions

To conclude, PPSAE for high-grade splenic trauma without vascular anomaly on
initial CT, using AVP or POD, resulted in excellent splenic salvage. It was safe and quick,
without major complications, and did not prevent secondary embolization of the splenic
artery downstream of the material due to the high vascular collaterality. Thus, PPSAE
seems to be a solid therapeutic option for managing high-grade (AAST-OIS ≥ 3) splenic
trauma, providing high feasibility, safety, and efficacy rates.
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