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Abstract

Purpose Although the majority of iatrogenic pseudoan-

eurysms (PSAs) are amenable to ultrasound (US)-guided

thrombin injection, patients with those causing neuropathy,

claudication, significant venous compression, or soft tissue

necrosis are considered poor candidates for this option and

referred to surgery. We aimed to test the effectiveness and

feasibility of a novel percutaneous cyanoacrylate glue

(NBCA-MS)-based technique for treatment of symptom-

atic and asymptomatic iatrogenic PSA.

Material and Methods During a 3-year period, we pro-

spectively enrolled 91 patients with iatrogenic PSA [total

n = 94 (femoral n = 76; brachial n = 11; radial n = 6;

axillary n = 1)]. PSA were asymptomatic in 66 % of cases,

and 34 % presented with symptoms due to neuropathy,

venous compression, and/or soft tissue necrosis. All

patients signed informed consent. All patients received

NBCA-MS-based percutaneous treatment. PSA chamber

emptying was first obtained by US-guided compression;

superior and inferior walls of the PSA chamber were then

stuck together using NBCA-MS microinjections. Success-

fulness of the procedure was assessed immediately and at

1-day and 1-, 3-, and 12-month US follow-up.

Results PSA occlusion rate was 99 % (93 of 94 cases).

After treatment, mean PSA antero-posterior diameter

decrease was 67 ± 22 %. Neuropathy and vein

compression immediately disappeared in 91 % (29 of 32)

of cases. Patients with tissue necrosis (n = 6) underwent

subsequent outpatient necrosectomy. No distal emboliza-

tion occurred, nor was conversion to surgery necessary.

Conclusion PSA treatment by way of NBCA-MS glue

injection proved to be safe and effective in asymptomatic

patients as well as those with neuropathy, venous com-

pression, or soft-tissue necrosis (currently candidates for

surgery). Larger series are needed to confirm these

findings.

Keywords Pseudoaneurysm � Percutaneous closure �
Catheterization � Complications � Access site

Introduction

Iatrogenic pseudoaneurysms (PSAs) have been reported to

complicate 0.1–1 % of diagnostic angiography and up to

2.6 % of interventional procedures [1–3]. Percutaneous

thrombin injection is currently the first-line treatment for

arterial catheterization-site PSA. However, patients pre-

senting with mass effect (nerve, vein compression, and

soft-tissue necrosis) are currently referred for surgical

treatment because thrombin injection does not yield

immediate decrease of PSA volume and converts it into a

nonpulsating mass [4–10]. Furthermore, spillage of

thrombin in the native artery is not uncommon [11], and

the low incidence of clinically significant embolic or

thrombotic complications may be explained by spontane-

ous endogenous fibrinolysis [6, 12–15].

In 2003, Aytekin et al. [16] first described the use of a

cyanoacrylate glue to induce PSA thrombosis as an alter-

native to thrombin injection. However, this procedure,

which has not been further validated, turned the PSA
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chamber into a thrombotic nonpulsating mass as observed

with thrombin injection.

This raises the need for novel techniques of percutane-

ous treatment of iatrogenic PSA to elicit decrease of the

PSA chamber volume and possibly limit the rate of surgical

referral for symptomatic patients. A decrease in PSA vol-

ume can be obtained through the ejection of blood from the

PSA chamber by means of ultrasound (US)-guided PSA

compression. Nonetheless, persistent adhesion of the col-

lapsed PSA chamber walls is reasonably expected with

only the use of a glue acting on solid tissues, rather than

with thrombin injection, the effect of which is to induce

blood thrombosis.

We thus aimed to test the effectiveness and feasibility of

percutaneous treatment of iatrogenic PSA based on micr-

oinjections of cyanoacrylate glue [n-butyl-2-cyanoacry-

late ? comonomer (NBCA-MS)] after US-guided PSA

compression.

Materials and Methods

Study Population

Between February 2008 and February 2011, 104 consecu-

tive patients referred to our department for iatrogenic PSA

management were prospectively screened for percutaneous

NBCA-MS-based treatment.

Inclusion criteria were the presence of post-arterial

catheterization iatrogenic PSA with maximum diameter

(including thrombus and chamber) [3 cm. PSA with

maximum diameter B3 cm were also included if they were

symptomatic or persisted 2 months after completion of the

indicated dual antiplatelet therapy period. The impossibil-

ity to collapse PSA by US probe and to exclude flow from

the PSA chamber, as well as evidence of a ruptured or

infected PSA, were the only exclusion criteria.

The study was performed according to the Declaration

of Helsinki and approved by the Institutional Ethics

Committee. All patients were aware of the therapeutic

options and signed an informed consent.

PSA Biometry

Preprocedural US evaluation included assessment of the

following parameters: arterial defect diameter; neck length;

PSA longitudinal, antero-posterior, and latero-lateral

diameters; PSA chamber diameter; and presence of arte-

riovenous fistula. PSA were arbitrarily defined as ‘‘large’’

when the maximum diameter was C5 cm. The PSA

chamber was arbitrarily defined as ‘‘large’’ when the

maximum diameter was C4 cm.

Cyanoacrylate Glue

NBCA-MS (Glubran2; General Enterprise Marketing,

Viareggio, Italy) is an n-butyl cyanoacrylate glue com-

prising a proprietary comonomer as approved by the

European Community for internal human use.

This synthetically derived glue shows rapid consolida-

tion/polymerization (1–5 s), but complete sealing occurs in

approximately 5 min. It can be used in its pure form, with no

need for contrast medium, which has shown to prolong

consolidation time. Moreover, NBCA-MS presents high

echogenicity and for this reason it is easily detectable by US

when injected in vessels or tissues. Finally, given its high

effectiveness in eliciting thrombus/tissue consolidation (up

to twice the volume of the injected glue), only small amounts

of glue are required. The glue also exhibits antiseptic

properties [17], has efficacy that is not affected by anti-

platelet or anticoagulant therapy, and has lower tempera-

tures of polymerization compared with other NBCAs [18].

Procedure

All patients received a preliminary injection of 1 ml 2 %

xylocaine near the femoral, brachial, or radial nerves under

US control. Likewise, 0.5 ml 2 % xylocaine was injected

just superficial to the PSA.

We first induced the collapse of the PSA chamber by

means of a US probe. Once complete collapse was

obtained, no blood was detectable inside the PSA chamber,

and the superior and inferior PSA walls were superim-

posed, constituting a single hypoechogenic layer plugging

the ostium of the PSA chamber (Figs. 1, 2). Appropriate

PSA chamber collapse was confirmed by the complete

disappearance of flow inside the PSA chamber. Under strict

US control, a 22-G needle was thus positioned within the

hypoechogenic area and 0.2 ml NBCA-MS (two boluses of

0.1 ml each using two different needles and syringes) were

injected (Fig. 3).

To prevent needle occlusion, the glue was first drawn

into a 2.5-ml syringe, the needle was then removed, and a

new needle positioned and filled with 5 % w/v glucose

solution. After glue injection, compression was maintained

for 5 min. Additional glue injection (0.1 ml in B3 injec-

tions) was performed during the same procedure if signs of

PSA reperfusion were observed after slight release from

probe compression. Finally, a pressure dressing was

applied, and 10 min of patient bed rest were required.

In case of large PSA with a large chamber, slow com-

pression was performed after preliminary US-guided intro-

duction of a 14G needle into the PSA cavity to obtain complete

emptying of the PSA chamber. At discharge, patients were

recommended to avoid strenuous activity for 24 h.
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The success of the procedure, defined as no observed

sign of perfused PSA detectable by US, was assessed

immediately after glue injection and at 1 day and again at

1, 3, and 12 months after the procedure (Fig. 4). Procedure

time was measured from the induction of local anesthesia

until the last glue injection.

Fig. 1 Brachial PSA.

Schematic representation (left
panel) and US imaging (right
panel) of a brachial PSA.

A brachial artery, C PSA

chamber, P US probe

Fig. 2 Compression of PSA

with US probe. Schematic

representation (left panel) and

US imaging (right panel) of the

collapsed PSA. A compressed

brachial artery,

T hypoechogenic tissue

constituted by the superimposed

superior and inferior PSA

chamber walls, P US probe

compressing PSA

Fig. 3 Cyanoacrylate glue

injection. Schematic

representation (left panel) and

US imaging (right panel) of the

procedure of glue injection

inside the compressed PSA.

A brachial artery,

T hypoechogenic tissue

constituted by the superimposed

superior and inferior PSA

chamber walls, N tip of the

needle, G glue injected inside

the hypoechogenic area, P US

probe compressing the PSA
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Statistical Analysis

Statistical analysis was performed by SPSS 13.0 software

(SPSS, Chicago, IL). Values are presented as

means ± SDs for variables with normal distribution. For

continuous variables, comparison between groups were

made by one-way analysis of variance with Bonferroni post

hoc correction when appropriate. Categorical variables

were compared using Fisher’s exact test, and p \ 0.05 was

considered statistically significant.

Results

Patients Characteristics

Of the overall screened population, 13 patients presented

with ruptured PSA and were excluded from the study. We

thus treated 91 patients (50 men, 41 women; age

70 ± 11 years) affected by iatrogenic PSA with NBCA-

MS injections [total n = 94 (femoral n = 76; brachial

n = 11; radial n = 6; axillary n = 1)]. The features of the

treated PSAs are listed in Table 1.

The mean maximum PSA diameter was 49 ± 20 mm

(range 22–120), and 10 PSAs had maximum diameter

\3 cm. Neck length ranged from 0 to 3 cm; arterial defect

width ranged from 1.5 to 5.0 mm. We observed 61 simple

PSA with one lobe and 33 polylobate PSAs. Three patients

presented two PSAs with two distinct necks originating

from the same artery. In ten cases (10.6 %), the PSAs were

large and presented with a large chamber and thus under-

went preliminary emptying by means of needle aspiration.

In three cases, an arterial-venous fistula was associated

with PSA. Because fistulas were not high-output and

patients were on dual antiplatelet therapy, we decided to

defer the surgical correction of fistulas and to perform

percutaneous treatment of PSAs that were instead

symptomatic.

Of 32 patients (34 %), 25 presented with neuropathy

only, six presented with neuropathy plus soft-tissue

necrosis, and one presented with neuropathy plus vein

compression. Interestingly, patient age, sex, and back-

ground antiplatelet/anticoagulant therapy did not influence

PSA size, whereas femoral arterial catheterization and

wider arterial defect diameters were associated with larger

PSA. In 17 cases (18 %), patients required immediate

additional glue injection. The mean amount of injected

glue was 0.23 ± 0.12 ml. Needle occlusion occurred in 11

cases (12 %) and required needle substitution.

Outcomes of the Procedure

PSA diameter decrease immediately after the procedure

was 67 ± 22 % in the antero-posterior diameter, which,

unlike latero-lateral and longitudinal diameter, is influ-

enced by PSA compression. Mean time of treatment was

14 min (range 7–30).

The immediate, 1-day and 1-month success rates of

the procedure were 100 % (94 of 94). The late success

rate of the procedure was 99 % (93 of 94) because

residual PSA was detectable at 3 months by US scan in

only one asymptomatic patient who underwent retreat-

ment and showed no detectable PSA at 12-month US

follow-up.

Patients with PSA complicated by mass effect experi-

enced immediate relief from symptoms in 91 % (29 of 32)

of cases. One patient complained of persistent, mild

symptoms after the procedure, which were self-limiting

within 7 days. Owing to the presence of brachial nerve

injury (as shown by electromyography), pain persisted in

one patient. Subjects with associated tissue necrosis

(n = 6) underwent outpatient necrosectomy 3 days after

Fig. 4 Final result after

treatment of PSA. Schematic

representation (left panel) and

US imaging [longitudinal view

(right panel)] of final result 24 h

after treatment of brachial PSA.

A brachial artery, B site

previously occupied by the

PSA, S acoustic shadow cone

due to the presence of glue,

P US probe
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PSA percutaneous treatment; healing of the skin lesions

occurred within 2 months.

Safety of the Procedure

Patients required neither sedation nor anaesthesiology

support. No distal embolization of thrombotic material was

observed during PSA compression. No bleeding, glue

embolization, native artery stenosis or thrombosis, allergic

reaction, vein thrombosis, infection, or PSA rupture were

observed, nor was conversion to surgery needed.

Discussion

US-guided thrombin injection has become the treatment of

choice for iatrogenic PSA [4, 5, 7, 9, 11, 19, 20]. However,

patients with PSA complicated by infection, rapid expan-

sion, neuropathy, vein compression, or soft-tissue necrosis,

the incidence of which is unclear [9], are still usually

referred to surgical management [4–7, 10]. Furthermore, it

is not yet clear whether PSA biometry, neck length,

chamber, and arterial defect diameter might influence

effectiveness and rates of complication, such as thrombin

leakage into the artery [4–6, 12, 21]. We have thus tested

the safety and effectiveness of NBCA-MS-based PSA

treatment in both symptomatic and asymptomatic patients.

Effectiveness of the Procedure in Asymptomatic

and Symptomatic Patients

In the present series NBCA-MS injection proved to be

effective independently of PSA biometry (even in PSAs

with no neck, wide arterial defect, or PSA chamber).

Interestingly, NBCA-MS injection has been successful

even in PSA complicated by mass effect (currently referred

to surgical decompression) [22] because, unlike thrombin

injection, it allows the surgeon to obtain the disappearance

of the PSA chamber instead of its thrombosis. This might

also explain the effectiveness of the NBCA-MS-based

technique in inducing relief from symptoms in patients

presenting with PSA having mass effect.

Failure of PSA treatment was observed in one patient (1

vs. 2 % reported for thrombin injection) [7, 8, 12, 23], who

underwent coronary stenting and aggressive antiplatelet

therapy 3 days after the procedure. Likewise, the compli-

cation rate and need for multiple glue reinjections during

the same procedure were as frequent as seen with thrombin

Table 1 Characteristics of

treated PSAs

AP antiplatelet

PSA pseudoaneurysm

Values are expressed as mean ±

SD or n (%)
a p \ 0.001 versus PSA\3 cm
b p \ 0.001 versus PSA C3 to

\5 cm
c p \ 0.05 versus PSA \3 cm
d p \ 0.05 versus PSA C3 to

\5 cm

Variable Overall

(n = 94)

PSA \3 cm

(n = 10)

PSA C3 to \5 cm

(n = 53)

PSA C5 cm

(n = 31)

Age (years) 69.5 ± 10.7 68.6 ± 9.2 69.2 ± 11.9 70.1 ± 9.1

No. (%) male sex 52 (55.3) 6 (60.0) 27 (51.0) 19 (61.3)

Time to treatment (days) 11 ± 44 69 ± 123 6 ± 8a 2 ± 1a

No. (%) asymptomatic 32 (34.0) 2 (20.0) 16 (30.0) 14 (45.1)

No. (%) with arterial catheterization sitecd

Femoral 76 (80.9) 5 (50.0) 42 (79.2) 29 (93.6)

Brachial 11 (11.7) 3 (30.0) 8 (15.1) 1 (3.2)

Radial 6 (6.4) 2 (20.0) 3 (5.7) 0 (0.0)

Axillary 1 (1.0) 0 (0.0) 0 (0.0) 1 (3.2)

No. (%) on antiplatelet therapy

Single 15 (15.9) 2 (20.0) 8 (15.1) 5 (16.1)

Double 63 (67.0) 7 (70.0) 35 (66.0) 21 (67.7)

Anticoagulant 8 (8.6) 0 (0.0) 6 (11.3) 2 (6.5)

Anticoagulant ? AP 6 (6.5) 1 (10.0) 2 (3.8) 3 (9.7)

None 2 (2.0) 0 (0.0) 2 (3.8) 0 (0.0)

PSA diameter (mm) 49 ± 20 24 ± 7 40 ± 6a 71 ± 18ab

PSA chamber diameter (mm) 32 ± 16 16 ± 8 28 ± 8c 43 ± 21ab

No. (%) neck length (mm)c

No neck 36 (38.3) 8 (80.0) 16 (30.2) 12 (38.7)

\0.5 22 (23.4) 1 (10.0) 15 (28.3) 6 (19.4)

C0.5 36 (38.3) 1 (10.0) 22 (41.5) 13 (41.9)

Arterial defect diameter (mm) 2.8 ± 0.7 2.5 ± 0.7 2.7 ± 0.7 3.1 ± 0.7c

No. (%) with polylobate PSA 33 (35.1) 0 (0.0) 26 (49.1)c 7 (22.6)d
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injection (0 vs. 0–4 % and 18 vs. 4–37 %, respectively) [4,

7, 13, 14, 24, 25].

Technical Peculiarity of Glue-Based PSA Treatment

To our knowledge, Aytekin et al. [16] first described the

use of cyanoacrylate glue for treatment of PSA. However,

they employed the glue as an alternative to thrombin to

induce thrombosis of the PSA chamber [26]. In contrast,

we induced collapse of the PSA chamber and then stuck its

superior and inferior walls together. We thus obtained the

disappearance of the PSA chamber with this being the main

novelty of the present technique.

Due to its capillary action, NCBA-MS consolidates a

volume of thrombus/tissue up to twice its own volume.

Therefore, small amounts of glue (0.1 ml/injection [mean

amount of glue injected 0.24 vs. 0.5 ml/injection; mean

1.5 ml used by Aytekin) diffused within the hypoechogenic

layer and were sufficient to maintain adhesion of the

superior to the inferior wall of the PSA. The exclusion of

blood flow across the ostium of the PSA chamber, as well

as the injection of glue within solid tissues (where glue can

slowly diffuse) rather than in the PSA chamber, is likely to

decrease potential distal embolization.

Finally, unlike the technique described by Aytekin, we

did not mix cyanoacrylate glue, which presents high ech-

ogenicity, with contrast medium (e.g., Lipiodol) because it

prolongs consolidation time.

Study Limitations

Some limitations of the current study must be addressed.

First, data on sheath diameter were available for only a

minor portion of endovascular procedures. Furthermore,

arterial defect was rarely detectable by US only; arterial

defect diameter was thus assessed by means of color

Doppler, which is likely to overestimate the measurements.

Finally, a limitation of the present study is represented by

the lack of a control arm. In particular, we could envisage a

future study comparing the safety and efficacy of cyano-

acrylate glue and thrombin injection in the treatment of

patients with iatrogenic PSA.

Conclusion

Our study shows that given the presence of a collapsible

PSA, NBCA-MS-based treatment is a feasible approach

independent of PSA diameter, presence/absence of neck,

and arterial defect diameter. It is worth noting that this

percutaneous technique, inducing disappearance of the

PSA chamber, has been successful in PSA complicated by

nerve/vein compression and also tissue necrosis, for both of

which surgery currently represents the treatment of choice,

and may extend percutaneous treatment to a subset of

symptomatic patients. This may hold significant socio-

economic implications in the current management of

patients with iatrogenic PSA. Future studies based on lar-

ger populations are thus needed to confirm the safety and

effectiveness of this procedure and to compare it with

current indicated percutaneous and surgical approaches.
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