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Introduction

Iatrogenic pseudoaneurysm (PA) is a classical complication 
of arterial percutaneous diagnostic angiography or 
interventional procedures which occurs in 0.2–2.6% of 
cases (1,2). 

Several therapeutic options have been described for the 
treatment of PAs, including surgery, ultrasound (US)-guided 
compression, coil embolization, stent-graft placement, or 
percutaneous thrombin injection. US-guided compression 
is effective in a large proportion of patient but is associated 
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with pain and discomfort (3-6). Thrombin injection is more 
effective but at risk of distal spillage in limb arteries and 
anaphylaxis. Furthermore, thrombin is quite expensive (5-7)  
and not available everywhere. Surgical interventions are more 
invasive but still have a role to play in case of failure of others 
techniques or in patients presenting with mass effect (8).

N-butyl cyanoacrylate methacryloxy sulfolane (NBCA-
MS) is a well-known glue comprising a proprietary 
comonomer as approved by the European Community for 
internal human use (9,10). This synthetically derived glue 
shows rapid polymerization (1–5 s), but complete sealing 
occurs in approximately 5 min. Additionally, NBCA-MS 
presents high echogenicity and for this reason it is easily 
detectable by US when injected in vessels or tissues. Lastly, 
the efficacy of glue is not affected by anticoagulant or 
antiplatelet therapy. Aytekin et al. (11) first described the 
use of glue injection as first-line therapy of iatrogenic PAs 
and Del Corso et al. (12) reported a high success rate of 
microinjections of cyanoacrylate glue after US-guided PAs 
compression. However, the main risk of glue injection by 
direct puncture of a pulsating femoral mass is distal spillage 
of glue in the native artery through the pseudoaneurysmal 
neck (13). To minimize such complications, US-guided 
compression of the PA’s neck before NBCA-MS injection 
into the sac may be performed but remains difficult, and is 
often times ineffective and painful because of the presence of 
hematoma. Percutaneous US-guided glue injection into the 
sac with a balloon-assisted technique might be a good option 
in order to avoid distal spillage of glue in limb arteries. 

In this study, we evaluated the safety, efficacy and utility 
of direct percutaneous injection of NBCA-MS with balloon 
occlusion for embolization of iatrogenic femoral PAs.

Methods

Study population

Retrospective study of 23 iatrogenic PAs treated with 
percutaneous US-guided balloon-assisted NBCA-MS glue 
embolization in 23 consecutive patients between July 2013 
and November 2017 in two tertiary centers. Inclusion 
criteria were the presence of post-arterial catheterization 
iatrogenic PA at the femoral puncture site, whatever the 
size of the sac, after failed or contraindicated US-guided 
compression, or not. 

Due to the retrospective nature of this study, our Ethics 
Committee waived the requirement for informed patient 
consent.

Imaging evaluation

In all 23 patients, the diagnosis of PA was confirmed 
by color Doppler US. For each lesion, the size of the 
aneurysmal sac was measured and the relationship to the 
artery from which it originated was noted. Pre-procedural 
US evaluation also included assessment of the neck length, 
PA chamber diameter, presence of arteriovenous fistula, and 
diameter of the native artery.

Embolization procedure

All patients underwent diagnostic angiography under local 
anesthesia by contralateral femoral approach through a 
long 45 cm × 6.0-French sheath (Terumo, Tokyo, Japan) 
by crossover technique. Selective cannulation of the 
feeding artery was then performed. A 0.035’’ MustangTM 
balloon dilatation catheter of appropriate size (5 to  
7 mm in diameter, 4 cm in length) (Boston Scientific, San 
Jose, CA) was inflated in front of the PA neck to prevent 
distal embolization due to escape of the material from 
the aneurysmal cavity. No heparin was given during the 
procedure. After local anesthesia just superficial to the PA, 
US-guided puncture of the PA sac was performed with a 
17-G metallic needle previously flushed with 5% dextrose 
solution, and already connected to a 5 mL luer-lock syringe 
loaded with a 1:1 ratio mixture of NBCA-MS (Glubran®2, 
General Enterprise Marketing, Viareggio, Italy) and 
Lipiodol® Ultra-Fluide (Guerbet, Aulnay-sous-Bois, 
France). Then, injection of the mixture into the aneurysmal 
cavity was slowly performed under fluoroscopy guidance 
to visualize the glue distribution until complete filling of 
the sac (Figure 1). The glue was allowed to polymerize 
for a few seconds after injection, and then the needle was 
withdrawn. Overall, 1.5 to 5 mL of the mixture was injected 
for each patient. Balloon catheter was remained inflated for 
3 minutes after injection to allow complete and definitive 
polymerization of NBCA-MS. Effectiveness of the 
procedure was assessed by arteriogram. If the PA sac was 
not totally filled by glue with persistent perfusion, further 
injections were administered, repeating each step above 
until complete occlusion was achieved. Since the needle 
became blocked with glue each time, a new one was used 
for each injection. In case of impossibility to totally exclude 
the lesion despite several injections for anatomical reasons, 
a Viabahn® stent-graft (W.L. Gore & Associates, Newark, 
DE) was then deployed in front of the PA neck during the 
same procedure. A FemoSeal™ (Terumo) or AngioSeal™ 
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Figure 1 Example of a 62-year-old man who developed a pulsatile mass with pain and groin hematoma 2 days after coronary angioplasty. 
(A) Color-Doppler US at the groin puncture site showed a 23 mm × 13 mm PA arising from the right proximal superficial femoral artery. 
The PA had 1 lobe and its neck is well seen (arrow); (B) arteriography by crossover from the left side confirmed the PA from the superficial 
femoral artery (arrow); (C) the PA sac was then punctured under US guidance with a 17-G metallic needle with hyperechoic tip (arrow); (D) 
after inflating a Mustang™ balloon of 7 mm in diameter in the parent artery in front of the PA neck to avoid reflux, a mixture of NBCA-MS 
(Glubran®2) and Lipiodol Ultra-Fluide in a ratio of 1:1 was injected into the PA sac under fluoroscopy control until complete filling of the 
PA (arrow); (E) image after deflating easily the balloon showed, 3 minutes after the end of glue injection, showed no glue migration (arrow); 
(F) angiographic control after gluing demonstrated complete embolization of the PA (arrow) and confirmed patency of the parent artery; 
(G) Color-Doppler images obtained 1 day after the procedure confirmed that the absence of flow in the thrombosed PA sac and complete 
exclusion of the lesion (arrow). US, ultrasound; PA, pseudoaneurysm; NBCA-MS, N-butyl cyanoacrylate-methacryloxy sulfolane.
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(St. Jude Medical) vascular closure device was systematically 
used at the contralateral femoral puncture site. Color-
Doppler US examination was performed at 1 day and again 
at 1, 3, and 12 months after the procedure. 

Data collection

In the framework of this study, we retrospectively collected 
each patient’s demographic data, clinical presentation, 
underlying etiology and interventional data. Demographic 
data included age and gender, whereas interventional 
data included endovascular treatment, the nature of the 
procedure, the culprit embolized vessel, the angiographic 
success, the patency of the native artery, the US features 
at 1 day, the complications and recurrence within 1 month 
following the procedure.

Immediate success was defined as a complete occlusion 
of the targeted pseudoaneurysmal sac on final angiography. 
Primary clinical success was defined as immediate success 
with glue injection alone. Stent-assisted clinical success 
was defined as immediate success after glue injection and 
additional stent-graft placement. All complications were 
recorded and classified as minor or major complications 
according to the Society of Interventional Radiology 
classification system. Procedural time was measured from 
the induction of local anesthesia until the last glue injection.

Statistical analysis

Descriptive statistics and parameters, such as frequencies 
and percentages, were used and provided in order 
to accurately describe our experience regarding the 
embolization of PAs using Glubran®2. Values are presented 
as means ± SDs for variables with normal distribution.

Results

Patient characteristics

Twenty-three patients (12 females, 11 males; mean age, 
73.0±13.4 years; range, 18–93 years) were treated with US-
guided balloon-assisted NBCA-MS glue embolization in 
the present study. Mean time to treatment was 7.2±7.4 days  
(range, 1–30 days). Sixteen (69.6%) of the 23 patients had 
groin hematoma. Eleven patients (47.8%) were under 
anticoagulant therapy and twelve (52.2%) were under 
antiplatelet therapy. Common femoral artery, superficial 
femoral artery, and deep femoral artery were involved 

in 47.8%, 47.8%, and 4.3%, respectively. The mean PA 
size was 33.0±10.7 mm (range, 17–60 mm). Nineteen PAs 
had 1 lobe (82.6%), and four (17.4%) were polylobulate. 
Neck length ranged from 0 to 6 mm (mean, 2.1±1.7 mm). 
Characteristics of treated PAs are listed in Table 1.

None of the 23 patients presented with neuropathy or 
soft-tissue necrosis. In 1 case (4.3%), an arterial-venous 
fistula was associated with PA and treated with additional 
arterial stent-graft. The mean volume of glue injected per 
patient was 2.1±1.6 mL, but the amounts ranged from  
1.5 to 5 mL. In 15 patients (65.2%), the PAs were 
successfully occluded with a single injection. The other 
8 lesions required additional glue injections (range, 2–4). 
Needle occlusion occurred in 2 cases (8.7%) and required 
needle substitution.

Procedural outcomes

Mean time of treatment was 41.8±18.9 min (range,  
17–87 min). Twenty (86.9%) of the 23 PAs were successfully 
treated with glue injection alone. The three remaining 
patients (13.1%) required additional arterial stent-graft 
placement because of incomplete occlusion of the sac despite 
several injections (2 patients) or because of the presence 
of an arterial-venous fistula associated with PA (1 patient). 
Stent-graft was placed in the common femoral artery in  
2 patients and in the superficial femoral artery in 1 patient, 
without compromising the deep femoral artery patency. 
All the PAs were finally occluded 1 day after the procedure 
and the 1-month clinical success was 100%. None of the 
patients developed recurrence in 2–73 months (mean, 
15.4±15.2 months). In all cases, Doppler US confirmed that 
the patency of the femoral artery immediately after and  
1 day after the procedure. Two patients (9%) complained 
of temporary mild pain after the intervention, successfully 
managed with symptomatic analgesic treatment. Outcomes 
of embolization are reported in Table 2.

Complications

All procedures were performed under local anesthesia, with 
no need for anesthesiology support. No distal spillage of glue 
or thrombotic material in the native artery or limb arteries 
was noted during or after the procedure. No bleeding, non-
target glue embolization or leakage through the balloon, 
native artery stenosis or thrombosis, allergic reaction, 
infection, skin ischemia, or PA rupture were observed. 
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Table 2 Outcomes of embolization in 23 patients

Variable No. (%)

Immediate success 23 (100.0)

Primary clinical success 20 (86.9)

Stent-assisted clinical success 23 (100.0)

One-day clinical success 23 (100.0)

One-month clinical success 23 (100.0)

Procedural time (min)

Mean ± SD 41.8±18.9

Median [range] 36.5 [17–87]

Complications

Minor 1 (4.3)

Major 1 (4.3)

Non-target glue embolization 0 (0)

One-day US patency of the parent artery 23 (100.0)

Hospital discharge (days)

Mean ± SD 2.3±1.6

Median [range] 2.4 [1–5]

One-month mortality rate

Related to the procedure 0 (0)

Unrelated to the procedure 1 (4.3)

Follow-up (months)

Mean ± SD 15.4±15.2

Median [range] 11 [2–73]

Recurrence rate at mean follow-up 0 (0)

Residual inflammation at the puncture site 0 (0)

Table 1 Characteristics of treated pseudoaneurysms in 23 patients

Variable No. (%)

Age (years)

Mean ± SD 73.0±13.4

Median [range] 79 [18–93]

Sex

Female 12 (52.2)

Male 11 (47.8)

Time to treatment (days)

Mean ± SD 7.2±7.4

Median [range] 5 [1–30]

Symptomatic

No 7 (30.4)

Yes 16 (69.6)

Anticoagulant therapy

None 12 (52.2)

Preventive 4 (17.4)

Curative 7 (30.4)

Antiplatelet therapy

None 11 (47.8)

Single 7 (30.4)

Double 5 (21.7)

Femoral artery involved

Common femoral artery 11 (47.8)

Superficial femoral artery 11 (47.8)

Deep femoral artery 1 (4.3)

Femoral side involved

Right side 20 (87.0)

Left side 3 (13.0)

Pseudoaneurysm feature

Unilobate 19 (82.6)

Polylobate 4 (17.4)

Size of pseudoaneurysm chamber (mm)

Mean ± SD 33.0±10.7

Median [range] 34 [17–60]

Size of pseudoaneurysm neck (mm)

Mean ± SD 2.1±1.7

Median [range] 2 [0–6]

Diameter of the parent artery (mm)

Mean ± SD 7.9±1.4

Median [range] 7 [6–12]

Balloon dilatation catheter was deflated in all patients 
without any issue as gluing or damage. No secondary surgical 
treatment was needed.

Minor complication occurred in 1 patient (4%) who 
had contralateral iatrogenic PA <5 mm at the femoral 
puncture site, but spontaneously resolved within 2 days, 
with no prolonged hospital stay. Major complication was 
reported in 1 other patient (4%) who presented a 6-cm 
groin hematoma at the contralateral femoral puncture. The 
patient needed prolonged hospital stay for surveillance but 
surgery was not required. One 73-year-old patient with 
several comorbidities died within 1 month from unrelated 
cause to the procedure.
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Discussion

In the present study, US-guided balloon-assisted NBCA-
MS glue injection alone into the aneurysmal sac proved to 
be safe and effective in the large majority of patients with 
iatrogenic femoral PAs. 

Femoral artery PAs usually develop in the groin after 
catheterization for endovascular procedures. These lesions 
are more and more frequent due to the increasing number 
of angiographic procedures and patients who are on 
anticoagulant therapy. Natural history of PAs is spontaneous 
resolution within 2 weeks, at least for the smallest ones. 
However, waiting for spontaneous thrombosis may lead to 
longer hospital stay, decubitus complication and increased 
cost. Moreover, PAs are frequently symptomatic and source 
of discomfort for patients. For these reasons, the current 
trend is to treat PAs once diagnosed.

The gold standard treatment for PAs is surgery but it can 
lead to local complications and prolonged hospitalization. 
Several nonsurgical approaches have been then described. 
US-guided compression is an effective treatment for 
femoral PAs, with success rates of ranging from 70% to 
90% in patients without anticoagulation therapy (14,15). 
Nevertheless, this method has significant limitations. It 
is painful and time-consuming (14,16-18). It also gives 
poorer results in patient who are taking anticoagulants. 
Lastly, this procedure may be impossible or challenging 
to perform in obese patients, and is usually uncomfortable 
for both patients and physicians. As an alternative, direct 
percutaneous embolization of the PA sac with different 
embolic materials has been reported. Thrombin is the most 
popular embolic agent used for percutaneous occlusion of 
femoral PAs because it causes fast and efficient thrombosis 
in the aneurysmal sac without filling it with foreign material 
(3,6,19-23). However, some complications may occur with 
this agent, including allergic reaction and distal thrombosis 
of the parent artery by leakage through the PA neck (24). 
Kurzawski et al. (7) prospectively studied 353 patients 
treated by thrombin injection and reported 53 (15%) 
arterial micro-embolizations and 1 (0.3%) pulmonary 
embolism in a case of concomitant arterial-venous fistula. 
Also, thrombin is not available everywhere, as is the 
situation in France, and is quite expensive.

NBCA glue is a potential alternative to thrombin but is 
rarely used for treating femoral PAs. Indeed, only two series 
have reported results of glue embolization for PAs by direct 
puncture of the sac (11,12). Aytekin et al. (11) employed 
the glue as an alternative to thrombin to induce thrombosis 

of the PA cavity. In contrast, Del Corso et al. (12) induced 
collapse of the PA chamber and then stuck its superior and 
inferior walls together with glue. They thus obtained the 
disappearance of the PA chamber. Regarding authorized 
glues, NBCA-MS (Glubran®2) is a well-known surgical 
glue in which NBCA is combined with another monomer, 
metacryloxysulpholane, to produce a more pliable and stable 
polymer whose milder exothermic reaction (45 ℃) results 
in less inflammation and histotoxicity than Histoacryl® or 
Trufill®, which are respectively not allowed for endovascular 
purpose and not available in Europe (24). Glubran2® has 
the advantage of offering fast and permanent embolization, 
independently of coagulation disorders. It has also the 
advantage of being cheap in comparison with thrombin. 
No allergic reaction has been described (25). NBCA-MS 
is naturally resorbed in soft tissue with time and does not 
act as foreign material like coils. However, the main risk 
of direct percutaneous embolization with NBCA glue is 
distal embolization due to escape of the material from the 
pseudoaneurysmal sac before it is completely polymerized. 
To prevent this complication, Aytekin et al. (11) and Del 
Corso et al. (12) compressed the neck of the PA with the 
US probe during injection, and held the probe in place 
until polymerization was complete. Indeed, it is important 
to make sure that the flow between the aneurysm and the 
parent artery is stopped by compression before injection 
of NBCA glue. However, the compression is often times 
impossible, painful or not sufficient to cease flow. In that 
case, NBCA should be used with balloon protection. This is 
the technique we used in the current study as first treatment 
of iatrogenic femoral artery PAs. In this technique, an 
insufflated balloon is placed in the vessel to occlude the 
neck of the PA and avoid reflux of glue into the native 
artery.

Finally, unlike the technique described by Del Corso 
et al. (12), we mixed cyanoacrylate glue with Lipiodol to 
make it radiopaque. Indeed, even if glue presents high 
echogenicity, it is radiotransparent and cannot be visualized 
under fluoroscopy guidance without contrast medium. In 
our modified technique, US was only used for puncture 
of the PA sac but injection of glue was performed under 
fluoroscopy. It is then easier to check any leakage thanks 
to contrast medium. The addition of Lipiodol increases 
polymerization time. For this reason, we used a 50:50 
dilution because this corresponds to 2 to 3 seconds 
polymerization time (26), which is adequate for occluding 
an aneurysm.

This balloon-assisted method is well tolerated and may 
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be easily and promptly performed even in weak patients 
with painful groin hematoma, potentially reducing hospital 
stay. The risk of leakage into the limb arteries is then reduced 
without risk of gluing the balloon wall. Only two patients 
complained of temporary mild pain after the intervention, 
but none during the follow-up. Furthermore, this approach 
may be useful in case of failure of filling of the PA sac 
with glue, the contralateral arterial access then allowing 
final treatment of the PA at the same time by stent-graft 
placement in front of the neck, as it was performed for three 
patients in the present study. However, the main drawback 
of our technique is the need for contralateral arterial access 
that can lead to the same kind of complication, with PA 
formation, as we reported in 1 patient, which spontaneously 
resolved. 

Our study had some limitations. First, conclusions must 
be drawn with caution because of the retrospective nature of 
the current study and the small number of patients included. 
Second, data on factors predisposing to PAs as sheath 
diameter, use of vascular closure devices, hypertension, and 
obesity were not available for most of initial endovascular 
procedures. The last limitation is the lack of a control arm. 
Future larger studies are needed to confirm the safety and 
efficacy of this intervention with glue and to compare it 
with other standard percutaneous treatments, especially 
with thrombin injection. 

In conclusion, our study demonstrates that balloon-
assisted NBCA-MS glue embolization is a safe and effective 
alternative for US-guided direct percutaneous occlusion 
of iatrogenic femoral artery PAs. This is the first study 
describing the injection of glue under fluoroscopy guidance. 
It offers complete exclusion of the PA in most cases and 
avoid the need for surgery. This technique is especially 
suitable to prevent distal embolization thanks to balloon 
occlusion of the native artery. Furthermore, the low cost 
of glue in comparison with thrombin may have significant 
economic impact in the current management of patients 
with iatrogenic PAs. 
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