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introDuCtion
Iatrogenic pseudoaneurysms (psA) affect about 2.0–6.0% of 
patients undergoing interventional vessel cannulation in the 
inguinal area. A pseudoaneurysm forms after disruption of 
the arterial wall integrity. It is a complication encountered 
in patients following artery catheterization procedures.1 
A puncture site in the arterial wall after arterial sheath 
removal usually seals under mechanical compression. 
However, in some cases it remains patent causing blood 
flow into the perivascular space. Embolization of psA with 
bovine or recombinant human thrombin under real-time 
ultrasound guidance is the most commonly used treatment 
modality (ultrasound-guided thrombin injection, UGTI).2 
Percutaneous application of thrombin (human or bovine) 
into the pseudoaneurysm lobe (or lobes) activates the 
patient’s coagulation factors and the blood clot is formed, 
thus avoiding surgical revision which is associated with 
a risk for intraoperative bleeding (especially in patients 
receiving antiplatelet therapy), postoperative wound infec-
tion and sometimes with the need for rehabilitation.3 

Success of UGTI is estimated to be over 97%.4 However, 
complete or partial reperfusion of a previously thrombosed 
psA can be observed in some patients.5 Usually, the UGTI 
procedure is repeated in such cases.1,4,5 However, we should 
bear in mind that each time a potent procoagulative agent is 
injected into the psA lobe communicating with the arterial 
lumen there is a risk of arterial embolism, which is a poten-
tially life-threatening condition.4 psA fail to thrombose in a 
small number of patients (about 1–2%),6 usually those with 
multiple reperfusions after UGTI and those with dynami-
cally enlarging psA and rapidly progressing anemia at risk 
of hemorrhagic shock. Patients with such clinical presenta-
tion were selected for a novel minimally invasive technique: 
an ultrasound-guided tissue glue injection (UGTGI).

PatientS anD methoDS
Patient selection and referral to the psA embolization 
in Świętokrzyskie Cardiology Centre has been previ-
ously described.1 Briefly, all patients who had  under-
gone any percutaneous procedure via femoral access are 
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objective: To investigate the efficacy and safety of ultra-
sound-guided tissue glue injection for the treatment of 
iatrogenic femoral artery pseudoaneurysm.
methods: The study comprised of nine patients with 
unsuccessful ultrasound-guided thrombin injection and 
one patient with rapidly progressing anemia. All patients 
had undergone recanalization procedures at least twice, 
including two subjects with a very rapidly enlarging 
pseudoaneurysm lobe or significant anemia. Tissue glue 
at a dose of 0.9 ± 0.53 ml was injected under ultrasound 
guidance in each patient.
results: Complete embolization was achieved in all 
patients. Follow-up ultrasound performed 24 h later as 
well as at 1 and 2 weeks did not show recurrent reperfu-
sion of the pseudoaneurysm.

Conclusion: Embolization of iatrogenic pseudoaneu-
rysm using tissue glue seems to be an effective tech-
nique for the treatment of this complication. It might 
be considered as a treatment option in case of unsuc-
cessful primary repair by means of thrombin injec-
tion orhemorrhagic shock due to rapid aneurysm  
progression.
advances in knowledge: Patients with multiple reca-
nalizations and those with dynamically enlarging pseu-
doaneurysm or rapidly progressing anemia are at risk 
of life-threatening bleeding. An ultrasound-guided 
tissue glue injection, a novel method for the treatment 
of femoral artery pseudoaneurysm, might be consid-
ered as a treatment option especially in case of primary 
thrombin injection failure.
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prospectively screened for the presence of clinical findings 
suggestive of psA. If present, an ultrasound examination is 
performed and if psA is confirmed according to the protocol1 
the patient is referred for UGTI. In case of UGTI failure, 
another treatment (either re-UGTI or tissue glue injection) is 
considered. In the present study, a total of 10 subjects aged 54 
to 71 were referred for UGTGI, including nine patients with 
reperfusion on at least three occasions after ultrasound-guided 
bovine thrombin injection (Figure  1a–c) and one patient 
with early signs of hemorrhagic shock due to a dynamically 
enlarging pseudoaneurysm. In the latter patient, UGTI had 
been attempted but failed to close the psA, therefore, he was 
selected for UGTGI. In patients selected for UGTGI in  the 
present study, the percutaneous method was preferred due to 
the concomitant antithrombotic or dual antiplatelet therapy. 
The exclusion criteria were more than 2 weeks from the index 
procedure, the psA border out of the reach of needle, the pres-
ence of arteriovenous fistula (AVF), treatment with dabiga-
tran, soft tissue infection or necrosis, lower limb ischemia due 
to the psA. Patient and procedure characteristics are presented 
in Table 1.

Technique of ultrasound-guided tissue glue 
injection
The injection set (Tisseel Lyo, Baxter AG, Vienna, Austria) 
consists of four ampoules: one (2 ml) containing human 
lyophilized fibrinogen 91 mg ml−1, one (2 ml) with human 
thrombin (500 IU  ml−1), one with synthetic aprotinin (3000 
KIU ml−1) and one with aqueous calcium chloride 40 µmol ml−1. 
Immediately before the procedure, the components should be 

warmed to 37 °C (storage temperature is below 25 °C). Then, 
thrombin is added to aqueous calcium chloride and separately 
fibrinogen to aprotinin and stirred. Each solution is drawn 
into 2 ml syringes which are then placed in a special delivery 
device enabling simultaneous injection from the two syringes. 
Both syringes are connected with a collector which mixes the 
dilutions immediately before placement into the application 
needle. The needle is advanced under ultrasound guidance, 
similar to thrombin injection procedure, and positioned in 
the patent psA chamber, as far from the psA inflow orifice as 
possible. The content of the two syringes is delivered simulta-
neously. One application may suffice but a second (or third) 
injection may need to be performed in case of only partial 
thrombosis of the pseudoaneurysm lobe or lobes. Coagula-
tion begins when the contents of one syringe is mixed with the 
contents of the second syringe, although it may start already in 
the application needle (Figure 1d). For this reason, the solu-
tion should be applied quite rapidly, but in small doses. In case 
a second injection is performed, the application needle may be 
changed if required. Follow-up ultrasound was performed 24 h 
later, and then at 1 and 2 weeks after the procedure.

reSultS
Ultrasound-guided tissue glue injection resulted in complete 
psA obliteration in all patients. The dose of the agent was  
0.9 ± 0.53 ml (thrombin 450 ± 256 IU and fibrinogen  
81.9 ± 48.23 mg). Follow-up ultrasound scanning at 24 h 
as well as at 1 and 2 weeks did not show reperfusion of the 
previously thrombosed pseudoaneurysm lobes in any of the 
patients undergoing UGTGI. Even in the patient with dynamic 

Figure 1. Ultrasound imaging of the pseudoaneurysm treatment using thrombin and tissue glue. Recanalization of pseudoaneu-
rysm after two attempts of thrombin injection (a). The third attempt of thrombin embolization (b). Recurrent recanalization after 
the third thrombin injection (c). Final successful treatment with tissue glue injection (d). (1) psA cavity, (2) RSFA. RFSA, right 
superficial femoral artery.
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enlargement of the psA tissue glue injection resulted in stable 
thrombus formation. Although the morphological character-
istics of the clot formed after bovine thrombin injection were 
similar to that formed after tissue glue injection the clot in the 
latter case had more contrast-enhanced and granular appearance  
(Figure 1).

DiSCuSSion
A number of therapeutic strategies have been proposed for the 
management of psA. Initially, the only treatment available was 
surgery associated with a degree of risk.3 In 1986, Copie and 
Zeit were the first to use a new minimally invasive technique for 
successful clotting by percutaneous thrombin injection directly 
into the psA lobe (or lobes).6 Ultrasound-guided compression 
repair was first performed by Fellmeth et al7. Unfortunately, this 
new procedure was less effective than UGTI and additionally 
caused patient discomfort, especially in case of the concomitant 
antiplatelet therapy. A simple procedure of para-aneurysmal 
injection of physiological saline followed by manual pressure did 
not gain popularity.8 Some investigators proposed endovascular 
treatment with stent implantation in patients with the presence 
of a pseudoaneurysm and a concomitant AVF at the site of flow 
into the psA lobe.9 Percutaneous injection of bovine or recom-
binant human thrombin is still the most commonly used tech-
nique for aneurysm clotting under the guidance of ultrasound. 
As a result a psA, which is a potentially serious complication is 
converted into a benign hematoma, which undergoes retraction 
and phagocytosis. An alternative to minimally invasive tech-
niques is surgical treatment but this approach is significantly 
limited due to the need for using antiplatelet agents in such 
patients. A multicomponent tissue glue has not been proposed 
as a technique of psA embolization as yet. Matson et al10  were 
first to attempt a pretty complicated procedure of fibrin adhe-
sive injection as an alternative to ultrasound-guided compres-
sion repair.This approach necessitated balloon inflation across 
the neck of the pseudoaneurysm, some patients (11%) required 
a second procedure and surgical treatment was a necessity in 
7% of patients. Furthermore, fibrin was the only component of 
the injection, and the procedure was successful only in 82% of 
patients. Tissue glues have not been used as a minimally invasive 
treatment of psA. They are well-known in surgical operations, 
where they are applied directly onto the surgical field or sprayed 
with a device. They are used to improve regional hemostasis and 
as a sealant or a substance facilitating adhesion of tissue planes.11 
They act very rapidly, thus shortening the duration of surgical 
operation and improving prognosis. Tissue glues in a short time 
generate the formation of a clot, which is additionally stabilized 
by the presence of aprotinin, a protease inhibitor with antifibri-
nolytic activity. Aprotinin acts as an inhibitor of plasmin, plasma 
kallikrein and trypsin, in this way inhibiting fibrinolysis and 
stabilizing the clot. Clots that are formed in response to thrombin 
(human or bovine) more easily undergo endogenous fibrinolysis. 
At present, there are two types of tissue glues used in surgery: 
synthetic and biological. Cyanoacrylates are synthetic adhesives 
with the ability to polymerize in aqueous environment. Polymer 
chains are not easily biodegradable, and their degradation prod-
ucts may have toxic effects on living organisms.12 The longer 
chain polymers such as n-butyl cyanoacrylate glue demonstrate 
slow degradation and thus weaker toxic effects. Fibrin glue is a 
biological tissue adhesive. Fibrin may be the only component or 
it may be combined with thrombin resulting in the coagulation 
cascade and formation of a stable clot. The resultant fibrin clot 
degrades physiologically (slowly) similar to native clots, and 
its biodegradation products do not have any significant toxic 
effects. Tissue glues are manufactured in a more complex way 

Table 1. Patients’ and procedure characteristics

Parameter Number (%)
Sex

   Male 4 (40)

   Female 6 (60)

Index procedure type

   Angiography 1 (10)

   Coronary angioplasty 8 (80)

   Electrophysiology 1 (10)

Punctured vessel

   Femoral artery 9 (90)

   Femoral vein 1 (1)

Sheath size

   French 6 2 (20)

   French > 6 8 (80)

Concomitant therapy

   Acetyl salicylic acid 9 (90)

   Clopidogrel 8 (80)

   Unfractionated heparin 4 (40)

   Vitamin K antagonist 2 (20)

Time from puncture to treatment

   <7 days 4 (40)

   ≥7 days 6 (60)

Number of psA compartments

   1 9 (90)

   >1 1 (10)

Procedure characteristics

   psA volume, ml 2.86 (1.13–7.24)a

   Channel length, mm 5 (2–8)a

   Number of initial UGTI 3.6 (1–5)a

   UGTI, total thrombin, IU 670 (380–960)a

Tissue glue injection

   Total dose of tissue glue, ml 0.9 ± 0.53b

   Thrombin, IU 450 ± 256b

   Fibrinogen, mg 81.9 ± 48.23b

IU, international unit;  psA, pseudoaneurysm; UGTI, ultrasound-
guided thrombin injection.
aData are presented as numbers and percentages or mean and 
minimum–maximum range.
bMean ± standard deviation.
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and for this reason, they are more expensive than the synthetic 
ones. Synthetic glues have been used in medicine since the 60s.12 
Biological adhesives attracted the medical community in the 
beginning of the 70s when Matras et al demonstrated experi-
mentally that the stability of the clot improved after addition of 
fibrin and Factor XIII.13 Synthetic glues are most frequently used 
in ophthalmology and microsurgery where the least possible 
doses are applied, whereas biological adhesives in larger doses 
are applied in surgery and neurosurgery.14 The use of n-butyl 
cyanoacrylate glue was described mainly in the treatment of 
iatrogenic AVF as a complication of endovascular interven-
tions.15 The treatment of psA using biological adhesives has not 
been reported as yet.

In summary, although a vast majority of psA is successfully 
managed with thrombin only, the use of tissue glues appears 
warranted in the treatment of clinically challenging psA. Tissue 
adhesives might be considered as a treatment option if thrombin 
injection fails as it occurs in patients with recurrent recanaliza-
tion of a previously thrombosed pseudoaneurysm and a possible 
hemorrhagic shock. Small differences in substance application 
and its cost may favor this approach. Tissue glues for emboli-
zation of psA appear superior to human or bovine thrombin 
because of more rapid effects and weaker susceptibility of the 
clot to endogenous fibrinolysis. They also lack the cyanoacrylate 
toxicity. Potential complications and their rates are similar to 

those accompanying to the UGTI procedure. However, the two 
main disadvantages are the higher costs of treatment (ca USD 
200 per 4 ml) and the need for placement of the needle in the 
psA chamber each time the substance is applied to avoid the 
active mixture uncontrolled injection if the canula has not been 
changed.

Study limitations
The main limitations of the present study are the small number 
of patients and the lack of a long term follow-up. Although final 
results are encouraging, they should be interpreted with caution.

ConCluSion
Embolization of iatrogenic psA using tissue glues seems to be 
an effective technique for the treatment of this complication. 
It might be considered as a treatment option in case of unsuc-
cessful primary psA repair by means of thrombin injection or 
hemorrhagic shock due to rapid psA progression.
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