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Abstract
Purpose  To evaluate factors that may affect successful ultrasound-guided percutaneous thrombin injection of iatrogenic 
femoral artery pseudoaneurysms (PSA).
Materials and methods  This was an IRB-approved, HIPAA-compliant retrospective study of 326 consecutive subjects (138 
males, 188 females; mean age 68 years, range 18–95) who underwent thrombin injection for treatment of femoral PSA; 
follow-up ultrasound was available in 145 subjects. The number of PSA lobes and dimensions, pre-procedure laboratory 
values (international normalized ratio [INR], activated partial thromboplastin time [aPTT], platelet count), and concomitant 
anticoagulation therapy were recorded.
Results  Technical success was achieved in 98.2% (320/326) of subjects. Primary effectiveness (complete thrombosis at 24 h) 
was achieved in 74.5% (108/145). Twenty-five subjects underwent repeat thrombin injection, successful in 21 subjects, for 
a total effectiveness rate of 97.0% (129/133). No imaging factor was associated with technique failure, including number of 
lobes (p = 0.898), largest dimension (p = 0.344), or volume (p = 0.697). No statistically significant difference in pre-procedure 
INR, aPTT, or platelet count was found between subjects with CT and those with IT (p > 0.138). Anticoagulation therapy 
was associated with incomplete thrombosis (35.5% [38/107] for CT vs. 63.9% [23/26] for IT; p = 0.002).
Conclusion  Imaging-guided percutaneous thrombin injection has high technical success and effectiveness rates for the treat-
ment of iatrogenic femoral artery PSA. Anticoagulation therapy was the only factor associated with incomplete thrombosis.
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Introduction

A pseudoaneurysm is a false aneurysm representing con-
tained extravascular blood flow that communicates with an 
artery. Pseudoaneurysms can be seen following penetrating 
injury and are an uncommon but well-recognized complica-
tion of endovascular procedures requiring arterial puncture, 

This work was presented as an oral abstract at the Radiological 
Society of North America Annual Meeting on December 1, 2017. 
Use of thrombin is an “off-label” but standard treatment to achieve 
thrombosis of extremity pseudoaneurysms.
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reported in up to 8% of post-procedural patients [1–3]. 
Physical examination of a patient with a pseudoaneurysm 
may demonstrate overlying ecchymosis, soft tissue swell-
ing, or bruit on auscultation. Ultrasonographic evaluation 
may demonstrate a complex fluid collection within the area 
of puncture, frequently the groin, composed of a single or 
multiple loculations; swirling of internal blood flow on color 
Doppler evaluation in a “yin-yang” pattern; and a “to-and 
-fro” flow pattern on spectral Doppler evaluation of the 
pseudoaneurysm neck.

Pseudoaneurysms can cause pain, swelling, compression 
of adjacent structures, and can rupture [4–6]. As such, pseu-
doaneurysms require close follow-up to ensure spontane-
ous thrombosis and frequently require intervention. Primary 
surgical closure has historically been considered the stand-
ard management [5]. However, this is invasive, may require 
regional or general anesthesia, and carries a higher rate of 
morbidity compared with percutaneous techniques [7–9]. 
Given this, there has been a shift toward minimally invasive 
management of pseudoaneurysms. Endovascular repair uti-
lizing a covered stent can be used to treat both pseudoaneu-
rysms as well as arteriovenous fistulae, an additional compli-
cation of endovascular procedures; however, over time there 
is a risk of stent thrombosis and required repeat intervention 
[5, 10]. Ultrasound-guided compression, introduced in 1991, 
is a noninvasive technique, but is time-consuming, painful, 
may require moderate sedation, and has a success rate of 
only 75%, or less if the patient is on anticoagulation [3, 5, 
11–13].

Since its description by Kang et al. in 1998, ultrasound-
guided percutaneous thrombin injection has become the 
commonly preferred treatment method [14]. Technical suc-
cess is achieved much more quickly than with ultrasound-
guided compression, with thrombosis seen in just a few sec-
onds with thrombin injection, as compared to 30–40 min in 
ultrasound-guided compression [11, 15]. The procedure is 
relatively safe, with a reported complication rate of approxi-
mately 2%, most frequently distal embolization of thrombin 
[3, 12, 16].

Ultrasound-guided thrombin injection is generally pre-
ferred in patients on anticoagulation, given the increased 
failure rate associated with ultrasound-guided compression 
and diminished enthusiasm for surgical repair while on 
systemic anticoagulation [3, 12, 13, 15]. Following cardiac 
catheterization, many patients are started on antiplatelet and/
or anticoagulant therapy and it is possible that these patients 
may have lower success rates (incomplete thrombosis) fol-
lowing percutaneous thrombin injection in a femoral PSA. 
Previous studies have suggested that thrombocytopenia is 
associated with lower success rates following thrombin 
injection [17] but that administration of antiplatelet/antico-
agulation agents do not preclude successful treatment [3, 
13]; however, the data are limited.

The purpose of this study was to review our institutions’ 
experience with ultrasound-guided percutaneous thrombin 
injection of iatrogenic femoral artery pseudoaneurysms and 
evaluate our technical success rate and technique effective-
ness rates (primary and secondary success). An additional 
goal was to identify any clinical or imaging factors that may 
affect successful ultrasound-guided percutaneous thrombin 
injection, in particular those pertaining to patient coagu-
lopathies and administration of antiplatelet/anticoagulation 
agents.

Materials and methods

This was an IRB-approved, HIPAA-compliant retrospective 
review.

Patients

Our interventional services perform a high volume of 
arteriotomies per month. Local practice pattern dictates 
treatment of pseudoaneurysms, and the majority of pseu-
doaneurysms are treated with percutaneous thrombin injec-
tion at our institution. Through a search of our institutional 
medical record, 326 consecutive patients were identified 
who underwent ultrasound-guided percutaneous thrombin 
injection of an iatrogenic femoral artery pseudoaneurysm 
between March 2003 and January 2017. This included 138 
male and 188 female patients, with a mean age of 68 years 
(range 13–95 years). Follow-up ultrasound evaluation was 
performed in 145 of these patients.

Diagnostic ultrasound

Standard protocol at our institution involves dedicated 
grayscale, color Doppler, and spectral Doppler evaluation 
of the femoral artery and femoral vein at three locations: 
superior to, at, and inferior to the puncture site. Measure-
ments in three dimensions are obtained of any hematoma, 
pseudoaneurysm, and pseudoaneurysm neck, if visualized. 
The presence or absence of an AV fistula is documented. At 
our institution, the presence of an AV fistula is considered a 
contraindication to percutaneous thrombin injection.

Thrombin injection procedure

Pre-procedural sonographic evaluation is performed to con-
firm the presence of a pseudoaneurysm and to evaluate the 
anatomy of the pseudoaneurysm neck to confirm technical 
feasibility. Distal pulses of the affected extremity, including 
the dorsalis pedis and posterior tibial arteries, are evaluated 
prior to and immediately following the procedure.
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The procedure is performed utilizing sterile technique. 
Local anesthesia can be obtained via administration of 2% 
lidocaine (operator dependent). Bovine thrombin (1000 U/
mL) is drawn up into a 1 mL syringe. A 22-gauge spinal 
needle is advanced into the pseudoaneurysm under ultra-
sound guidance. Thrombin is slowly injected under sono-
graphic evaluation utilizing color Doppler until flow into 
the pseudoaneurysm ceases (Fig. 1).

The patient is then observed in the radiologic recovery 
unit or, if an inpatient, in their pre-existing hospital bed, 
with instructions to lie supine for a minimum of 6 h fol-
lowing the procedure and with arterial pulses rechecked 
periodically.

Procedural data

A single radiologist [BLINDED] performed a retrospective 
evaluation of 326 consecutive patients with an iatrogenic 
femoral pseudoaneurysm treated with thrombin injection 
via electronic medical record review. Recorded informa-
tion included the number of lobes of the pseudoaneurysm; 
three-dimensional measurements of the pseudoaneurysm; 
neck width and length; and total volume of injected throm-
bin. The procedural note was reviewed for the presence of 
any immediate complications and for technical success of 
the procedure. Laboratory values obtained immediately 
prior to the procedure, including platelet count, activated 
partial thromboplastin time (aPTT), and international nor-
malized ratio (INR), were recorded.

A single abdominal radiologist [BLINDED] reviewed 
the archived ultrasound images (both pre- and post-treat-
ment and procedure) for all patients who underwent a 
follow-up ultrasound (n = 145). Confirmation of pseudoa-
neurysm measurements, neck length and width, technical 
success, and primary and secondary effectiveness rates 
were recorded.

Laboratory and clinical data

A single radiologist reviewed the electronic medical records 
for each patient who underwent a follow-up ultrasound 
(n = 145 patients). Height and weight were recorded and 
BMI was calculated where available in the electronic medi-
cal record (n = 93 patients). Sheath size was recorded where 
available (n = 93 patients). Other potential risk factors such 
as smoking history were unavailable. Record was made of 
any anticoagulation medications being administered at the 
time of thrombin injection, including aspirin, clopidogrel, 
heparin, warfarin, and enoxaparin. Technique effectiveness 
and follow-up as well as follow-up treatment for percutane-
ous thrombin injection failures were evaluated.

Statistical analysis

Statistical analysis was performed with Excel (version 2016, 
Microsoft) and R (version 3.3.2, The R Project for Statisti-
cal Computing) software. For all comparisons, p < 0.05 was 
considered as statistically significant. Results were summa-
rized using descriptive statistics.

Technical success was defined as complete thrombo-
sis (CT) (no residual flow within the pseudoaneurysm) 
at the time of initial thrombin injection. Technical failure 
was defined as incomplete thrombosis (IT) (any degree of 
residual flow within the pseudoaneurysm) at the time of ini-
tial thrombin injection. The primary effectiveness rate was 
defined by achieving complete pseudoaneurysm thrombosis 
at 24-h follow-up ultrasound. The secondary effectiveness 
rate was defined as achieving complete pseudoaneurysm 
thrombosis at 24-h follow-up ultrasound following repeat 
thrombin injection. Patients with follow-up ultrasound were 
evaluated as to having complete thrombosis versus incom-
plete thrombosis (successful vs. unsuccessful primary effec-
tiveness). Student t test was used to compare continuous 
features of the CT and IT groups, including: number of 
pseudoaneurysm lobes; longest pseudoaneurysm dimension; 
pseudoaneurysm volume; neck width; neck length; volume 
of thrombin injected; and laboratory values including INR, 
aPTT, and platelet counts. The Chi-squared test was used 
to compare the proportions of CT and IT patients taking 
antiplatelet or anticoagulation medications.

Results

Technical success

Technical success occurred 98.2% (320/326) of procedures, 
with technical failure in the remaining 1.8% (6/326). Of the 
six patients with technical failure, four demonstrated near-
complete thrombosis at the time of the initial procedure, 
underwent a repeat ultrasound-guided thrombin injection 
within 24 h, and achieved complete thrombosis of the pseu-
doaneurysm at the time of the second injection. In two of the 
six patients with technical failure, no change in pseudoaneu-
rysm flow was identified at the time of the initial thrombin 
injection, and the decision was made by the primary operator 
in conjunction with the clinical service to pursue operative 
management of the pseudoaneurysm.

Technique effectiveness

Technique effectiveness was evaluated in patients who 
underwent follow-up ultrasound imaging (N = 145). Pri-
mary effectiveness (complete thrombosis at 24-h follow-
up ultrasound) was seen in 74.5% of patients (108/145). 
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Fig. 1   A 76-year-old man with 
right femoral artery pseudoa-
neurysm after cardiac cath-
eterization. a Color Doppler 
ultrasound image demonstrating 
a small pseudoaneurysm with 
“yin-yang” pattern of flow. b 
Grayscale ultrasound image 
demonstrating a needle tip 
within the pseudoaneurysm 
(arrow). c Color Doppler ultra-
sound image demonstrating lack 
of flow within the pseudoaneu-
rysm at the completion of the 
procedure
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There was no difference in patient sex, BMI, or sheath size 
between patients with complete thrombosis versus incom-
plete thrombosis on follow-up ultrasound. Fifty-four males 
and 54 females had complete thrombosis and 21 males and 
16 females had incomplete thrombosis (p = 0.60). BMI and 
sheath data were available in 93 patients; mean BMI for 
patients with complete thrombosis was 30.5 kg/m2 (range 
18.5–44.6) and 30.4 kg/m2 in patients with incomplete 
thrombosis (range 21.4–51.3) (p = 0.98). Average sheath size 
for the arteriotomy was 6 French for both groups (p = 0.88).

Of the 37 patients who did not achieve primary effec-
tiveness based on incomplete thrombosis at 24-h follow-up 
ultrasound, 68% (25/37) underwent repeat thrombin injec-
tion. The secondary effectiveness rate of the repeat injec-
tion was 84.0% (21/25), with an overall effectiveness rate 
of 97.0% (129/133) (Table 1). Of these twenty-five patients 
who underwent repeat thrombin injection, 21 underwent 
two total thrombin injections with successful treatment in 
18 cases. Four patients underwent a total of three injections 
with successful treatment in three cases. Treatment failure 
was seen in a total of 16% (4/25) of patients who underwent 
at least one additional thrombin injection, and all four ulti-
mately underwent operative or IR intervention.

Of the 37 patients who did not achieve primary effective-
ness, 32% (12/37) did not undergo repeat thrombin injection: 
5 patients underwent operative treatment, 1 patient under-
went percutaneous stent placement, 4 patients developed 
spontaneous thrombosis on subsequent follow-up, and 2 
patients had no imaging follow-up (Table 1).

Imaging and procedure analysis

For patients who underwent follow-up ultrasound (N = 145), 
imaging and procedure factors associated with technique 
failure were evaluated, including volume of thrombin 
injected, number of pseudoaneurysm lobes, largest pseu-
doaneurysm dimension, and pseudoaneurysm volume. 
In patients in whom complete thrombosis was achieved 
(N = 108), a mean of 451 U thrombin was administered; in 
patients with incomplete thrombosis on follow-up ultrasound 

(N = 37), a mean of 719 U thrombin was administered 
(p = 0.005). The mean number of pseudoaneurysm lobes, 
the mean largest pseudoaneurysm dimension, and the mean 
pseudoaneurysm volume were not significantly different 
between patients with complete versus incomplete throm-
bosis (p > 0.344) (Table 2).

Laboratory analysis

For patients who underwent follow-up ultrasound (N = 145), 
laboratory values including INR, aPTT, and platelet count 
(available in 143 patients) showed no statistically significant 
difference between patients with CT versus IT (p > 0.088) 
(Table 3). Thrombocytopenia (platelet count < 150,000/μL) 
was present in a similar rate between patients with complete 
thrombosis (21.5%; 23/107) and incomplete thrombosis 
(20.0%; 6/36) (p = 0.699).

Anticoagulation

Medications were reviewed for patients who underwent fol-
low-up ultrasound (N = 145). Medication records were not 

Table 1   Outcomes of primary effectiveness failure

Percentage N

Repeat thrombin injection 67.6 25/37
 Complete thrombosis 84.0 21/25
 Incomplete thrombosis 16.0 4/25

Operative treatment 50.0 8/16
Other percutaneous treatment 12.5 2/16
No treatment 37.5 6/16
 Complete thrombosis 66.7 4/6
 Unknown 33.3 2/6

Table 2   Imaging and procedure factors associated with complete and 
incomplete thrombosis

Absolute numbers are mean values
PSA pseudoaneurysm

Complete 
thrombosis 
(N = 108)

Incomplete 
thrombosis 
(N = 37)

p value

Thrombin volume (U) 451 719 0.005
Number of lobes (mean) 1.34 1.32 0.898
Largest dimension (cm) 3.1 3.5 0.344
Volume of PSA (mL) 10.9 12.2 0.697

Table 3   Laboratory values and medications

Laboratory values provided as mean values
INR international standardized ratio, aPTT activated partial thrombo-
plastin time, Plt platelet count
a In one patient with complete and one patient with incomplete throm-
bosis, concomitant medications were not available in the electronic 
medical record

Complete thrombo-
sis (N = 108)

Incomplete throm-
bosis (N = 37)

p value

INR 1.2 1.3 0.138
aPTT 34.4 37.7 0.536
Plt (× 103) 201 224 0.088
Aspirin 78.5% (84/107)a 69.4% (25/36)a 0.135
Clopidogrel 43.0% (46/107)a 41.7% (15/36)a 0.445
Warfarin/heparin/

enoxaparin
35.5% (38/107)a 63.9% (23/36)a 0.002
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available for two patients. Antiplatelet therapy (aspirin and/
or clopidogrel) was used in a similar proportion of patients 
in the complete thrombosis and incomplete thrombosis 
groups (p > 0.135) (Table 3). The rate of incomplete throm-
bosis was significantly higher in patients on anticoagulation 
therapy (warfarin, heparin, enoxaparin). For patients with 
incomplete thrombosis, 63.9% (23/36) of patients were on 
anticoagulation therapy, whereas only 35.5% (38/107) of 
patients with complete thrombosis were on anticoagulation 
therapy (p = 0.002) (Table 3).

Discussion

In this study, we have shown that ultrasound-guided per-
cutaneous thrombin injection has a high technical success 
rate and high primary and secondary effectiveness rates for 
the treatment of iatrogenic femoral artery pseudoaneurysms. 
No imaging factors or pre-procedure laboratory values were 
associated with technique failure. Anticoagulation therapy 
was associated with technique failure, but antiplatelet ther-
apy was not.

Ultrasound-guided percutaneous thrombin injection has 
been shown to have a high success rate for the treatment of 
femoral artery pseudoaneurysms. Our 98% technical success 
rate and 97% total effectiveness rate are similar to previ-
ously reported success rates of 90–100% technical success 
[6, 12, 15, 18, 19] and 95–99% total effectiveness [12–15, 
19–21]. In our study, primary effectiveness (complete throm-
bosis at 24-h follow-up ultrasound) was observed in 74.5%, 
lower than the 85.7% success rate reported by Esterson 
et al.; however, our population of pseudoaneurysms were 
slightly larger and more complex (median largest dimen-
sion 2.9 cm vs. 2.3 cm and mean number of lobes 1.33 vs. 
1.26) [17]. Our total effectiveness rate of 97% suggests that 
repeat thrombin injection can be used successfully to avoid 
the potential morbidity of surgical repair or stent placement 
in the majority of patients.

In our series, no imaging factor, including largest pseu-
doaneurysm dimension, total volume, or the number of pseu-
doaneurysm lobes was associated with technique failure. 
This is contrary to the results reported by Esterson et al., 
who found that pseudoaneurysms that measured 2 cm or 
larger were more likely to recur after treatment [17]. How-
ever, our findings are concordant with two other studies 
that did not find an association between pseudoaneurysm 
size and complete thrombosis [22, 23]. These findings sug-
gest that larger pseudoaneurysms are amenable to thrombin 
injection and that pseudoaneurysm size is not a factor in 
predicting technical failure.

The higher rate of incomplete thrombosis seen in patients 
on anticoagulation (warfarin, heparin, enoxaparin) is in 
contrary to the success reported in prior studies [3, 13], 

however, this may be explained by their comparatively low 
sample size. As newer anticoagulants and antiplatelet agents 
are released, future work may need to investigate success of 
percutaneous thrombin injection in patients on these agents. 
Interestingly, we saw no difference in pseudoaneurysm 
recurrence based on laboratory parameters that are used to 
assess coagulation function, including INR and aPTT level 
[17]. These results suggest that the presence of anticoagula-
tion therapy, not the surrogate coagulation parameter labo-
ratory values, is important in predicting potential treatment 
failure and patients on anticoagulation therapy may require a 
follow-up ultrasound to confirm successful thrombosis of the 
pseudoaneurysm. As a retrospective study, we are unable to 
assess whether or not holding anticoagulation and the dura-
tion of the hold might affect treatment success.

No difference in technique effectiveness was seen in 
patients on antiplatelet therapy (aspirin, clopidogrel), sug-
gesting that attempted thrombin injection should not be 
deterred based on a concern for technical failure in these 
patients. However, as previously mentioned, with the release 
of newer agents (such as ticagrelor or prasugrel), additional 
investigation may need to be done regarding success rates 
in patients on these agents. In addition, mean platelet values 
were similar for patients with complete versus incomplete 
pseudoaneurysm thrombosis, and thrombocytopenia was not 
identified as being associated with incomplete thrombosis. 
These findings differ from the results found by Esterson 
et al., who found that thrombocytopenia was weakly pre-
dictive of pseudoaneurysm recurrence [17].

There are several limitations to this study. It was a retro-
spective chart and imaging review, and some inpatient charts 
have been incompletely digitized with some information 
unavailable for review. Arteriotomies were performed by 
a variety of operators and it is unclear from the digitized 
records whether closure devices were utilized. In addition, 
the older portions of the medication administration record 
may have been incomplete, and complications may not have 
been systematically documented. Thrombin injections were 
performed by a variety of operators with varying experience. 
Finally, the total number of pseudoaneurysms (imaged and 
not treated; imaged and treated; and not imaged) is not cur-
rently known, and it is unclear how many procedures were 
declined due to potential contraindications.

In conclusion, imaging-guided percutaneous thrombin 
injection of iatrogenic femoral artery pseudoaneurysms has 
a high technical success rate as well as high primary and 
secondary effectiveness rates. No imaging factors of the 
pseudoaneurysm or laboratory values were associated with 
technique failure. Anticoagulation therapy was associated 
with technique failure; however, antiplatelet therapy was 
not, and laboratory investigations for coagulopathy were 
not associated with technique failure.
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