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Abstract

Purpose Arterial embolization has been shown to be

effective and safe for the management of bleeding, espe-

cially for postpartum and pelvic traumatic bleeding. We

propose to evaluate the proof of concept of feasibility and

effectiveness of arterial embolization with absorbable and

non-absorbable sutures in a porcine model.

Materials and Methods In the acute setting (n = 1), several

different arteries (mesenteric, splenic, pharyngeal, kidney)

were embolized using non-absorbable sutures (NAS):

MersuturesTM braided sutures (polyethylene terephthalate).

In the chronic setting (n = 3), only lower pole renal arteries

were embolized. On the right side, NAS was used, whereas

on the left side embolization was realized with absorbable

suture (AS): Vicryl� braided suture (polyglactin 910). The

chronic group was followed for 3 months. The pigs

received contrast-enhanced CT the day before emboliza-

tion (D-1), after the embolization (D0), at 1 month and 3

months after embolization (M1 and M3); digital subtrac-

tion angiography (DSA) was done at D0 and M3 and his-

tological analysis at M3.

Results All vascular targets were effectively embolized

without any pre- or postoperative complications. Both

DSAs and CTs at M3 showed a 100% recanalization rate

for the AS embolization and a partial reversal rate for the

NAS embolization. A renal hypotrophy in the embolized

region was observed during both the M1 and M3 scans for

both sutures (AS and NAS) with a clear hypotrophy for the

NAS embolized kidney.

Conclusion Embolization by AS and NAS (FAIR-Embo)

is a feasible and effective treatment which opens up the

possibility of global use of this inexpensive and widely

available embolization agent.
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CT Computed tomography

NAS Non-absorbable suture

AS Absorbable suture

DSA Digital subtraction angiography
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Fr French

Mm Millimetre

Mg Milligram

IMDs Implantable medical devices

VR Volume Rendering

Introduction

The arterial embolization knows an important development

illustrated by the widening of the indications to various

medico-surgical fields. Radiologists have an increasingly

important role in oncological [1, 2], gynecological [3, 4]

and post-traumatic management [5, 6].

Over the past 45 years, interventional radiology research

has developed numerous embolic agents that are classified

into permanent or temporary occlusion categories.

To our knowledge, the suture embolization has only

been made with the use of silk-based thread. This embolic

material used in combination with PVA particles often

using 6-0 size and 0.5 mm to 3 cm fragments through

ordinary catheter and microcatheter allows effective and

safe embolization without increasing bleeding and inflam-

matory risk [7–9].

Embolization with polyglactin 910 and polyethylene

terephthalate was not yet evaluated.

The suture morphology should enable an easy release

through a catheter, a technique equivalent with the use of a

gelatin torpedo.

Suture-based embolizations should be definitive or

transient depending on whether they are non-absorbable

(NAS) or absorbable (AS).

FAIR-Embo is a concept based on the hope to use

interventional radiology in emerging countries, by the

development of safe, available and cheap embolic material.

This study evaluates the feasibility and safety of arterial

embolization of absorbable and permanent sutures using

the porcine model.

Materials and Methods

Animal Experiments

This work was conducted on Swine model because of its

anatomy similarities with humans. This model allowed us

to use the interventional radiology equipment used in

humans and to have sufficient quantities of renal tissue.

The animals were used in accordance with institutional and

national guidelines for the care and use of animals. Four

Piétrans pigs of 40 ± 5 kg were used after agreement of

the Committee of Ethical Animal (APAFIS#5432-

2016052312473717).

The animals were placed in a dorsal, recumbent position

and then sedated with 20 mg/kg ketamine and 0.03 mg/kg

acepromazine. A venous catheter was inserted into a large

ear vein for blood sampling and intravenous access.

Induction of anesthesia was obtained by 2 mg/kg propofol.

After orotracheal intubation, anesthesia was maintained

with gaseous sevoflurane (2%) by mechanical respiration

(Zeus Dräger Inc.). Aseptic techniques were used

throughout the procedure.

After the intervention, an extubation was done once the

halogens were stopped, the swallowing and ocular reflexes

were checked, and a spontaneous ventilation had occurred.

The animals in the acute group were euthanized

immediately afterward, and the chronic group was eutha-

nized 3 months (M3) after performing a DSA/CT evalua-

tion. These evaluations were performed under general

anesthesia.

Each CT was performed on Discovery CT 750 (GE

Healthcare, Chicago, Illinois, US) using contrast medium

(Ioméron 300, Bracco Imaging France).

Embolization Procedure

A digital subtraction angiography system (DSA) (Fluo-

rostar, General Electric Medical System, Minneapolis, MN

USA) was used for the radiological procedures. Aseptic

percutaneous access was performed by femoral arterial

puncture under ultrasound guidance with the placement of

a 6-F vascular introducer by Seldinger method.

Catheterization of arterial vascular targets, using a

Cobra Wirebraid 4F probe (Cordis, Fremont, California,

USA), was performed by an experienced interventional

radiologist. A series of diagnostic angiographies (Visi-

paque 320 mg I/ml, GE) were performed before and after

selective catheter embolizations.

Embolization was performed once the catheter was

placed within the target artery by inserting a suture frag-

ment into the lumen of a 5-mL syringe and then pushing it

through the catheter (Fig. 1) with a syringe filled with

contrast medium (5 mL; Visipaque 320 mg I/ml, GE).

Repeated diagnostic arteriographic monitoring artery

canalization state and suture fragments released.

The embolization endpoint occurred when a complete

occlusion of the artery by an experienced interventional

radiologist was achieved. The amount in centimeter (cm)

(corresponding in fragment number) and in milligram (mg)

of sutures used to occlude the arteries was evaluated.
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Animal Settings

In the acute setting (n = 1), several different arteries (me-

senteric, splenic, pharyngeal, kidney) (Fig. 2) were embo-

lized using non-absorbable sutures (NAS): MersuturesTM

braided sutures (polyethylene terephthalate: Ethicon,

Cincinnati, Ohio, USA, 1992).

Embolization of the digestive, splenic, pharyngeal and

kidney arteries of the animals (n = 1) was performed to

evaluate the feasibility of suture releasing through the

catheter. The safety aspect (risk of non-target emboliza-

tion) and the immediate effectiveness (technical success) of

the embolization were also evaluated.

MersuturesTM 6, Ethicon� non-absorbable (poly-

ethylene terephthalate) suture with a diameter between 0.8

and 0.899 mm was used and was sterilely prepared in 1 to

3 cm fragments for embolization.

In the chronic setting (n = 3), only lower pole renal

arteries were embolized. On the right side, NAS was used,

whereas on the left side embolization was realized with

absorbable suture (AS): Vicryl� braided suture

(polyglactin 910: Ethicon, Cincinnati, Ohio, USA, 1992).

The chronic group was followed for 3 months.

The efficacy and short- to medium-term tolerance of

absorbable and non-absorbable suture embolization was

assessed in three pigs. The sutures’ behavior during

embolization (reproducibility) and tissue effects in the

medium-term testing involved embolization of the lower

lobar renal arteries. For reasons of reproducibility, we

embolized all right renal arteries with non-absorbable

suture (NAS) and all left renal arteries with absorbable

suture (AS). Each suture had a size 1 according to the

diameter USP (US Pharmacopoeia), corresponding to a

diameter of between 0.4 and 0.5 mm. The superior lobar

arteries had been safeguarded in order to keep the animals

alive with a correct residual renal function.

Each suture was prepared aseptically cutting it into

fragments of 1 cm (corresponding to 3 mg for AS and

NAS) in order to use it for the embolization procedures.

The 3-month (M3) follow-up studied the effects of

implanted products in the medium term in agreement with

reference standard for ISO10993-6 animal studies.

Fig. 1 Embolization fragment suture placed in a 5-mL syringe before release (Black arrow). Gray arrow: Representative MersuturesTM suture

fragments (2 cm, 0.9 mm diameter, acute group). White arrow: Representative Vicryl suture fragments (1 cm, 0.5 mm diameter, chronic group

Fig. 2 Arteriography of different vascular targets before (white arrow) and after (gray arrow) selective embolization
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Each pig was explored by CT scan the day before

embolization (D-1), immediately after embolization (D0),

at 1 month (M1) and at 3 month (M3) after the procedure

before they were euthanized. Subsequently, renal explan-

tation and histological tissue studies were performed.

The CT scans evaluated arterial occlusion, an absence of

any complications and each kidney’s volume.

Histological Study

Post-embolization tissue recovery was evaluated using

histological analysis of kidneys. The kidneys were then

dissected into both the medullary and cortical parts and

incorporated into paraffin. Slides for each part (4 lm thick)

were prepared using a microtome (Microm, France) and

stained with hematoxylin–eosin (HE) (AutoStainer, DRS

2000 Saqura). A qualitative and semi-quantitative evalua-

tion was carried out by an experienced anatomopathologist.

The following parameters were evaluated using a semi-

quantitative scoring system (0–3): fibrin, neovasculariza-

tion, hemorrhage, revascularization, cellular inflammatory

parameters (fibroblasts, polynuclear, lymphocytes, macro-

phages, giant cells) and acute tubular necrosis [10, 11].

Results

Acute Group: Security Aspect (Non-target

Embolization) and Immediate Effectiveness

(Technical Success) of Embolization

Polyethylene terephthalate 6 USP (0.8–0.9 mm) fragments

enabled an effective embolization of all different vascular

targets tested (Fig. 2).

Technically, we demonstrated that a fragment of

0.8–0.9 mm is easily releasable through a 4 Fr (0.97 mm)

diameter catheter flushed with saline. It is possible to vary

the length of the fragment by 1 to 3 cm in order to increase

its vessel occlusion capacity. Vessel occlusion was quickly

obtained after injecting 2 to 4 fragments (9.3 ± 3.4 cm) of

suture. No off-target embolization was observed.

For pharyngeal, splenic, kidney and mesenteric artery

occlusion, the total amount of needed sutures was,

respectively, 12, 6, 12 and 7.

Figure 3 shows the suture diameter as compatible with

the different catheter and microcatheter diameters most

frequently used by interventional radiologists.

Chronic Group: Embolization Procedure, Occlusion

Efficacy and Immediate Tolerance

Right kidney: NAS; polyethylene terephthalate (Ethicon,

Cincinnati, Ohio, USA, 1992).

The average number of 1 cm USP 1 braided suture

fragments required for total occlusion was 21.3 ± 5.6

fragments (0.064 g ± 0.017, n = 3).

Left kidney: AS; polyglactin 910 (Ethicon, Cincinnati,

Ohio, USA, 1992).

The average number of 1 cm USP 1 braided suture

fragments USP required for total occlusion was 17.7 ± 4.6

fragments (0.053 g ± 0.014, n = 3).

Chronic Group: Medium-Term Permeability

of Embolization

DSA Monitoring

DSA 3 months after AS embolization objectified 100% of

recanalization (Fig. 4).

After NAS embolization (Fig. 4), the M3 DSA showed a

partial recanalization with a thin appearance of the target

arteries compared to the initial DSA.

Chronic Group: CT D-1, D0 and M3

The 1- and 3-month CT examinations showed no compli-

cations (abscess, urinoma). At D0, CT scan allowed to

show a hypoperfusion in the embolized kidney territory. At

M3, a cortical defect and a hypotrophy were visualized

within the embolized renal territory for all the animals.

Embolization of one pig (right kidney) showed severe renal

hypotrophy with persistence of parenchymography and a

correct renal excretion (Kidney volume D-1: NAS =

77.30 mL; AS = 78.1 mL and M3: NAS = 19.6 mL;

AS = 127.8 mL).

Chronic Group: Histology

Three months after embolization on tissue section, NAS

arterial embolic material has been found without frag-

mentation in arteries for all the right kidneys (NAS) but

none in the left one (AS). There was no any perivascular

granulocytic infiltration. So, AS was totally decomposed at

M3.

Histological analysis of AS and NAS embolized kidneys

sections showed no significant difference of tissue fibro-

plasia, edema, neovascularization, hemorrhage, necrosis

(inflammatory parameters) or polymorph nuclear cells,

lymphocytes, plasma cells, macrophages and giant cells

(cellular inflammation) has been observed in all the sec-

tions (Fig. 5).
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Fig. 3 Suture diameter correspondence to the most commonly used catheter and microcatheter diameters for suture fragments releasing

Fig. 4 Lower left renal lobar

artery embolization with AS.

Lower right renal lobar artery

embolization with NAS

Fig. 5 A Light microscopy

(9 2): centered on NAS without

perivascular inflammatory

granuloma at M3. B Light

microscopy (9 10) centered on

NAS with intra-arterial

localization at M3
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Discussion

This work is a proof of concept of feasibility and safety of

FAIR-Embo procedure consisting in homemade suture

fragments use from a worldwide available suture material

in the aim to make arterial embolization available in the

greatest number of countries.

This proof of concept allowed showing the feasibility of

FAIR-Embo. The suture is almost ready to use, simply

flushed with saline or iodinated contrast medium without

any resistance and stops either when it contacts a wall or is

against a vascular bifurcation. An additional bench-work

needs to be done to demonstrate how the consistency and

morphology of the sutures makes them easy to use through

the catheter for an embolization. Anyway, silk sutures are

already used for arterial embolization [7–9].

Knowing the diameter of the catheter’s inner lumen

helps determine which maximum diameter can pass

through the catheter.

Figure 3 summarizes compatibilities of the different

suture diameters, and the catheters and microcatheters

available on the market.

The lack of suture radiopacity renders the FAIR-Embo

technique similar to a gelatin embolization. In our study,

the selective catheterization, along with an experienced

operator, has resulted in selective embolizations without

any off-target embolizations.

Considering tissue suturing and according manufacturer

information, the most absorbable suture on the market

(Vicryl, polyglactin 910) has resorption rates of: 25% at

14 days, 50% at 21 days, 75% at 30 days and 100% at

42 days and might be shorter within the vascular com-

partment when used for embolization resulting in a tran-

sient artery occlusion [12]. On the contrary, one of the least

expensive NAS on the market is MersuturesTM (poly-

ethylene terephthalate) which seems to be worldwide

accessible, is not absorbable and induces nearly definitive

embolization according to our results.

There was a wide variation of suture material between

animals from the chronic setting. For this work which is a

proof of concept, our main endpoint was total artery

occlusion and our second endpoint was the histological

analyses. The amount of thread needed was only to report

our procedure. These variations do not take in considera-

tion any time procedure and artery characteristics (relation

between the size of artery and the diameter of suture). But

with this positive proof of concept, a standardization of the

procedure according to the size of the artery and the

amount of needed suture can be studied and will be the aim

of another study.

To our knowledge, the suture embolization has only

been made with the use of silk-based thread from a 6-0 size

from 0.5 mm to 3 cm fragments through ordinary catheter

and microcatheter. This silk suture allowed effective and

safe embolization without increasing bleeding and inflam-

matory risk [7–9]. Besides, embolization cases described

with silk suture do not report cases of recanalization.

However, silk suture is not as common in hospitals as

sutures based on polyglactin or polyethylene terephthalate

which are used every day by emergency and surgical

departments.

Our work investigated the feasibility and outcomes after

arterial embolization with polyethylene terephthalate

(NAS) and polyglactin 910 (AS).

Our results showed a complete recanalization at

3 months for AS, and a partial recanalization for NAS.

Histological analysis proved absence of organ and tissue

damage apart from those relative to embolization

procedure.

Other cheap embolic agents (autologous blood clot,

gelfoam) are potentially competitive in terms of price but

not in availability. Sutures are widely available without

pharmaceutical circuit constraints. Any medical facility

with primary surgery department and emergency depart-

ment has suture.

Arterial embolization has been shown to be effective

and safe in some oncological procedures [1, 2], postpartum

hemorrhage management [3, 4] as well as in post-traumatic

abdominal bleeding and is particularly true with splenic

and pelvic embolizations [5, 6].

The embolic agents on the market include gelatins,

releasable implantable medical devices (coils, stents,

plugs), microparticles and liquid agents (cyanoacrylate and

polymers) [8].

Over the long term, embolic non-biodegradable sub-

stances caused chronic inflammation in vivo which sub-

sequently caused tissue damage [11, 13, 14].

To avoid these complications and to maintain the

physiological function of the treated organs, biodegradable

embolic materials are sometimes preferred [15–17]. The

most commonly used biodegradable embolic agent is a

porcine derivative gelatin sponge use in endovascular

procedures since 1964 [18]. This agent exhibits complete

resorption after 30 days.

FAIR-Embo could allow the same results with an arte-

rial embolization without any significant inflammation

according to our histological results at M3.

There are advantages and disadvantages of these sutures

when compared to ‘‘traditional’’ embolic agents. These

advantages are: low cost, available worldwide, ease of use

(release and choice of length) and long-term safety.

The disadvantages are: the linear shape (lack of

attachment in the vessel lumen if diameter is greater than

that of the suture, comparable to the gelatin torpedoes), and

the absence of radio-opacity (such as particles and gelatin).
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According to our pre-clinical results, this procedure

based on arterial embolization with sutures could not yet be

used in oncological procedure. But this embolic agent

could be thought to be effective and safe in post-traumatic

and postpartum bleeding. Particles and not only fragments

(1–3 cm) made from sutures could be thought in order to

be used as an embolic agent for oncological procedures.

This project is part of the FAIR-Embo concept and will be

the aim of another future work.

FAIR-Embo concept presents a real potential clinical

impact for patient. In fact, exsanguination within the first

24 h after delivery has a high mortality rate and is the main

cause of postpartum hemorrhage and post-traumatic

abdominal-pelvic hemorrhagic wounds.

These embolism techniques are able to be immediately

performed in the operating room with a simple mobile

C-Arm X-Ray System. This procedure requires only the

very basic materials of a needle and 4Fr catheters for

vascular access (Seldinger technique) and navigation in the

hypogastric arteries and its collaterals.

Embolic agent, on the other hand, is an obvious limi-

tation of this technique. Indeed, implantable medical

devices (IMDs) are required by law to comply with com-

plex hospital pharmaceutical guidelines. In some countries,

IMDs are fully reimbursed as well as its associated care

and hospitalization costs but actually IMDs, such as some

embolic agents, still remained not available for numerous

developing countries mainly for economic concerns.

FAIR-Embo could meet the needs of a health system

that does not fully reimburse this care, thus allowing more

hemorrhagic patients access to arterial embolization.

Study Limitations

Although the porcine model has similarities to humans,

reproducibility of these results in humans must be proven.

This is particularly true for the recanalization rate with

non-absorbable sutures, given the porcine’s more efficient

coagulation parameters.

Conclusion

Embolization by AS and NAS (FAIR-Embo) is feasible,

safe and effective in the medium term, in the porcine

model. These results merit considerations for their use as

an inexpensive and widely available embolization agent in

hospitals worldwide.
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