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Introduction

Given the increasing number and grow-
ing complexity of endovascular interven-
tions, the incidence of vascular complica-
tions has risen1-3. Pseudoaneurysms (pul-
sating encapsulated hematomas in commu-
nication with a perforated artery) are a seri-
ous complication because they may throm-
bose and seldom rupture4,5. 

Persistent pseudoaneurysms were origi-
nally surgically removed6 but, in 1991,
Fellmeth et al.7 introduced the non-invasive
ultrasound-guided compression technique;
however, it is often quite painful, and its re-
ported overall success rate ranges from 47
to 100%8-11. 

An alternative and minimally invasive
form of femoral artery pseudoaneurysm
treatment is a direct percutaneous injection
of thrombin into the aneurysmal sac12-15.
This technique has a success rate > 95%,

regardless of ongoing anticoagulation ther-
apy16; however, the optimal dose of throm-
bin has not yet been defined. Reeder et al.17

have recently reported that even small dos-
es of thrombin can be effective in obliterat-
ing pseudoaneurysms. 

The aim of this study was to compare
the effectiveness of ultrasound compres-
sion therapy with that of low-dose throm-
bin injection in the treatment of femoral
artery pseudoaneurysm. Considering the
potential complication of thrombin use,
particular care was taken to inject the low-
est dose necessary to obliterate the
pseudoaneurysm. 

Methods

We retrospectively compared the clinical
outcome of two cohorts of patients with ia-
trogenic femoral pseudoaneurysm treated at
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Background. It has been shown that thrombin injection is a safe and effective technique for the
treatment of iatrogenic femoral pseudoaneurysm. The aim of this study was to evaluate and compare
the use of ultrasound-guided low-dose thrombin injections with ultrasonographically-guided com-
pression repair in the treatment of iatrogenic femoral arterial pseudoaneurysm.

Methods. We compared two cohorts of patients treated for iatrogenic femoral pseudoaneurysm:
the first included 38 patients who underwent ultrasonographically-guided compression repair as a
first-step approach between January 1998 and November 2002; the second included 21 patients
treated with ultrasound-guided low-dose thrombin injection between December 2002 and December
2003.

Results. Both groups had similar demographic characteristics and aneurysm sizes (p = 0.72).
Compression was successful in 24/38 patients (63%); the 14 persistent aneurysms were surgically re-
paired (37%). The primary thrombin injection of a mean dose of 185 ± 95 U/ml (range 100-400 U/ml)
successfully obliterated all of the 21 pseudoaneurysms (success rate 100 vs 63% in the compression
group, p = 0.004). Thrombosis occurred within an average of 12 ± 15 s of thrombin injection. Seda-
tion was used in 42% of the patients undergoing compression and in none of those receiving throm-
bin (p = 0.001). The duration of hospitalization was significantly longer in patients undergoing com-
pression therapy (9.8 ± 5.6 vs 5.6 ± 1.4 days, p = 0.001).

Conclusions. Ultrasound-guided low-dose thrombin injection appears to be more effective in re-
ducing the need for surgical repair when used to treat iatrogenic femoral pseudoaneurysm, is better
tolerated by the patients, and requires a shorter hospital stay.
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our institution between 1998 and 2003. From January
1998 to November 2002, all of the pseudoaneurysms
were initially treated by means of ultrasound-guided
compression; persistent pseudoaneurysms were repaired
using repeat ultrasound-guided compression, with
surgery being reserved for cases of residual pseudo-
aneurysms. Between December 2002 and December
2003, the patients underwent primary thrombin injec-
tion, with surgery being considered in the case of failure. 

After a clinical examination by a vascular surgeon,
diagnostic ultrasound scanning was performed using an
ATL HDI 5000 SonoCT (ATL Ultrasound, Bothel, WA,
USA) equipped with a 7.5-MHz linear array transduc-
er, and the length and width of the aneurysms were
recorded. Once localized, the aneurysm was com-
pressed or injected with a dilute thrombin solution. The
criterion for success was the cessation of flow into the
false lumen as evaluated by the vascular surgeon upon
ultrasound examination. A clinical evaluation and fol-
low-up ultrasound scan were performed 24 hours and
10 days after treatment in order to check for thrombo-
sis or recurrence. The study was approved by our Insti-
tutional Review Board and written informed consent
was obtained from each patient.

Angiographic and interventional coronary proce-
dures. All of the diagnostic and interventional coro-
nary procedures during the study period were per-
formed following standardized protocols. The patients
were pre-treated with aspirin (100-500 mg/day). Dur-
ing the diagnostic procedures, intravenous heparin was
given at a dose of 2000 units regardless of the patient’s
body weight. The patients undergoing coronary inter-
ventions were treated with a heparin bolus of 70 U/kg,
which was supplemented as necessary in order to main-
tain an activated clotting time of 200-250 s throughout
the procedure. The heparin infusion was continued for
24 hours after the procedures only in the case of pa-
tients treated in the setting of an acute myocardial in-
farction. The periprocedural use of intravenous glyco-
protein IIb/IIIa inhibitors was left to the discretion of
the physicians, but was usually considered for diabetic
patients, patients receiving multiple overlapping stents
and those suffering an acute myocardial infarction. The
diagnostic and interventional procedures were usually
performed using 6F catheters, with the vascular sheaths
being removed using manual compression when the ac-
tivated clotting time was ≤ 175 s. Cardiologists checked
the patients for site access complications just after the
procedure and 24 hours later. In the case of groin com-
plications, clinical and ultrasound examinations were
performed by a vascular surgeon. The iatrogenic
femoral pseudoaneurysm was treated by vascular sur-
geons, who assessed the efficacy and the complications
related to the procedure.

Ultrasound-guided compression repair. A hands-off
system for compression at the arterial puncture site

(Femostop II Plus, Radi Medical System AB, Uppsala,
Sweden) was applied for 30 min. The ability to stop
flow was tested by means of a color Doppler examina-
tion. In the case of persisting flow into the false lumen,
a second 60-min application was used. The decision to
adopt surgical removal was taken after the failure of a
third ultrasound-guided compression attempt per-
formed 24 hours later. 

Ultrasound-guided thrombin injection. Bovine throm-
bin (100 U/ml) (GenTrac, Inc., Middletown, WI, USA)
was reconstituted in normal saline in order to obtain a
solution of 100 U/ml in a 10-ml syringe attached to a
22G spinal needle. No local anesthesia was used. The
pseudoaneurysm was localized by means of an ultra-
sound scan transducer. The needle tip was positioned in
the center of the aneurysm and the thrombin solution
was injected under real-time color Doppler ultrasound
guidance until the lumen became opaque. The
aneurysm and the femoral vessels were then examined
to ensure the cessation of flow into the false lumen, and
the preservation of normal flow in the native vessels.
The procedure was carried out by a single operator who
injected the thrombin solution while performing the ul-
trasound scanning. An elastic bandage was applied for
12 hours after treatment. The patients remained in bed
for 24 hours after the procedure, and underwent repeat
color duplex ultrasound examination on the following
day, just before hospital discharge. 

Statistical analysis. The continuous variables are ex-
pressed as mean values ± 1 SD, and the discrete vari-
ables as absolute values and percentages. The variables
in the two groups were compared using the Student’s t-
test, �2 and Fisher’s exact tests. A p value of < 0.05 was
considered as statistically significant. The statistical
analyses were made using the Social Science package
(SPSS, SPSS Inc., Chicago, IL, USA).

Results

Between 1998 and 2003, 7951 arterial catheteriza-
tions and interventions were performed in our hospital
by using the femoral approach. The incidence of
femoral pseudoaneurysm was 0.7% (59 patients). From
January 1998 to November 2002, ultrasound-guided
compression therapy was the primary treatment
method and was used in 38 patients. In December 2002,
ultrasound-guided thrombin injection was introduced
into our clinical practice, and has since been used in 21
consecutive patients. The clinical and procedural char-
acteristics of the treated patients are shown in tables I
and II. The mean age of the patients was 70 ± 13 years.
The majority of the pseudoaneurysms were caused by
interventional coronary procedures (76%). Both groups
had similar demographic and procedural characteris-
tics, and similarly sized aneurysms (Tables I and II).
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Forty-five pseudoaneurysms were classified as simple
(single lobe), and 4 as complex (at least two lobes and
a single neck to the native vessel). There was no be-
tween-group difference in the post-procedure treatment
(Table II). All of the patients received oral antiplatelet
agents at the time of treatment: 31% were systemically
anticoagulated with heparin, whereas 47% received
periprocedural glycoprotein IIb/IIIa inhibitors. Twelve
patients (11 undergoing compression therapy and 1 re-
ceiving a thrombin injection) required blood transfu-
sion because of a significant decrease in hematocrit lev-
els after the procedure. The time between the interven-
tional procedure and the first treatment of the pseudo-
aneurysm was 2.1 ± 0.5 days.

Femoral compression was successful at the first at-
tempt in 21/38 patients (55%). Three more pseudo-
aneurysms were successfully treated during repeat ses-
sions (two attempts in 2 patients, and three attempts in
1), leading to an overall success rate of 63%. The pa-

tients who underwent successful treatment required an
average of 36 min of compression (range 30-150 min). 

The remaining 14 patients with persistent aneurysms
(37%) underwent surgical repair under general anesthe-
sia. No intra- or postoperative complications were ob-
served in these patients. The administration of unfrac-
tionated heparin or a glycoprotein IIb/IIIa inhibitor was
not statistically different in the patients undergoing suc-
cessful or failed compression therapy. 

Twenty-one consecutive patients received primary
thrombin injection therapy, which was successful in all
cases (Fig. 1). Thrombosis occurred within 12 ± 15 s of
the injection, and required an average dose of 185 ± 95
U/ml (range 100-400 U/ml). No complications related
to thrombin injections were observed. There was no
statistically significant relationship between the
amount of thrombin injected and the size or classifica-
tion of the aneurysm. Anticoagulation status or the use
of glycoprotein IIb/IIIa inhibitors did not affect the ef-
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Table I. Demographic characteristics of the 59 patients.

Compression therapy Thrombin injection p
(n=38) (n=21)

Age (years) 69 ± 11 74 ± 13 0.12
Males 18 (47%) 10 (48%) 0.44
Body surface area (m2) 1.74 ± 0.2 1.77 ± 0.2 0.58
Weight (kg) 69 ± 14 72 ± 16 0.46
Diabetes mellitus 5 (13%) 8 (38%) 0.49
Total cholesterol > 200 mg/dl 21 (55%) 12 (57%) 0.83
Hypertension 22 (58%) 12 (57%) 0.40
Current smokers 8 (21%) 3 (14%) 0.44
Family history of CAD 25 (66%) 14 (66%) 0.28

CAD = coronary artery disease.

Table II. Clinical and procedural characteristics.

Compression therapy Thrombin injection p
(n=38) (n=21)

Pseudoaneurysm size (cm)
Length 3.5 ± 3.3 3.2 ± 2.8 0.72
Width 3.2 ± 3.1 3.5 ± 3.2 0.73

Diagnostic catheterization 8 (21%) 6 (29%) 0.74
Angioplasty 30 (79%) 15 (71%) 0.74
Sheath size (F) 6.1 ± 0.5 6.2 ± 0.6 0.50
Anticoagulation 12 (32%) 6 (29%) 0.96
GP IIb/IIIa administration 19 (50%) 9 (43%) 0.19
Time to compression (min) 36 ± 23 – –
Amount of thrombin (U/ml) – 185 ± 95

100-199 – 8
200-299 – 6
300-400 – 7

Thrombosis time (s) – 12 ± 15
Blood transfusion 11 (29%) 1 (5%) 0.06
Duration of hospitalization (days) 9.8 ± 5.6 5.6 ± 1.4 0.001

GP = glycoprotein.



ficacy of the procedure. None of the patients in the
thrombin group required sedation compared with 42%
in the compression group (p = 0.001). Blood cell trans-
fusions were needed more frequently in patients treat-
ed with compression (29 vs 5%, p = 0.06). The mean
duration of hospitalization was 8.6 ± 6.9 days, but it
was significantly shorter in those treated with thrombin
(5.6 ± 1.4 vs 9.8 ± 5.6 days, p = 0.001). The results of
the ultrasound examinations performed 10 days after
discharge were completely normal (95%) or showed
some residual hematoma, but without any recurrence of
pseudoaneurysm. Nineteen of the 21 patients (90%)
treated with thrombin injection had a clinical and ultra-
sound follow-up at 6 months. No recurrence or late
groin problems related to treatment were noted. 

Discussion

Percutaneous thrombin injection therapy is a very
promising treatment for iatrogenic femoral artery
pseudoaneurysm12-21. This study confirms that the tech-
nique is safe, less time-consuming and more effective
than ultrasound-guided compression; all of the patients
underwent successful treatment even with a low dose of
thrombin (185 ± 95 U/ml, range 100-400 U/ml). 

The majority of iatrogenic pseudoaneurysms need
to be treated in order to avoid the inherent risk of rup-
ture, hemorrhage and thrombosis of the native artery.
Surgical repair was the only option for definitive treat-
ment for many years6 but, over the last decade, ultra-
sound-guided compression has been introduced into
clinical practice of many interventional laboratories as
primary treatment, and surgery has been considered on-
ly in the case of failure7-11. Ultrasound-guided com-
pression treatment is limited by the fact that is painful
and time consuming, and has a success rate that does
not exceed 75% even after repeated attempts. Ha-
jarizadeh et al.22 reported that the initial failure of this
approach was directly related to the inability of the pa-

tient to tolerate the pain; for this reason their proce-
dures were performed by using sedation. 

The efficacy of compression in the setting of ongo-
ing anticoagulation treatment with heparin and/or war-
farin is still debated. Small, uncontrolled studies have
reported that anticoagulation is an independent predic-
tor of failure7-11, but Dean et al.23 found that the only
factor influencing success was the size of the pseudo-
aneurysm in a large series of patients undergoing treat-
ment with heparin and/or warfarin. In our experience,
the success rate of compression treatment after multiple
attempts was 63%; the result of the procedure was not
affected by anticoagulation with heparin, the use of
glycoprotein IIb/IIIa inhibitors, or the size of the
aneurysm. 

Bovine thrombin is a plasma-thrombin concentrate
that has been used topically to control hemorrhaging
for the past 50 years in a variety of surgical specialties.
After the reports of Liau et al.13 and Kang et al.14 show-
ing the safety and effectiveness of percutaneous throm-
bin injection for the treatment of false aneurysms, we
introduced the technique into our clinical practice at a
lower thrombin dose than that previously used (Table
III)13-17,19-21. The success rate is encouraging, and there
have been no complications. Remarkable advantages of
this technique relate to the fact that it is less painful
compared to other approaches, and no particular learn-
ing curve is required when performed in specialized
cardiovascular centers. 

The choice of using a brisk, low-dose injection was
based on various considerations: it is well known that
iatrogenic native artery thrombosis, hypotension,
bradycardia and fever are all potential reactions to ex-
posure to bovine thrombin; furthermore, it seems that
these complications can be triggered by a higher throm-
bin dose14,20,24-26. However, the most serious complica-
tion of thrombin injections seems to be the inadvertent
occlusion of healthy vessels; these patients can be suc-
cessfully managed by means of thrombolysis,
thrombectomy or a bypass26. 
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Figure 1. Left panel: color duplex ultrasound view of the pulsating hematoma (*), its neck (arrow) and the relationship with the femoral artery (arrow).
Right panel: complete obliteration of the cavity (*).



In an effort to improve the technique and avoid
thrombotic complications, Grewe et al.18 suggested the
use of contrast ultrasound-guided thrombin injection in
order to define the characteristics of the pseudo-
aneurysms more precisely, especially those with larger
connections in which the risk of thrombin escape is
higher. Loose and Haslam27 successfully treated 13 pa-
tients by injecting fibrin tissue adhesive under ultra-
sound guidance after advancing a vascular catheter
with an occlusive balloon into the femoral artery in or-
der to arrest flow to the pseudoaneurysm. Hamraoui et
al.28 used percutaneous injection of biodegradable
bovine collagen. The major advantage of this technique
lies in the physical-chemical properties of the collagen;
the fact that it consists of long paste fibers, reduces the
risk of migration in the femoral vessel, particularly
when a large connection is present.

As suggested by other authors17,26, we prefer inject-
ing a low dose of thrombin and keep the patients in bed
for 24 hours with an elastic bandage. Using this ap-
proach, we have achieved complete occlusion of the
pseudoaneurysm (documented by means of ultrasound
examinations after 24 hours and 10 days), without any
procedure-related complications. 

In comparison with ultrasound-guided compres-
sion, thrombin injection treatment seems to be cost-
saving. Taylor et al.19 analyzed the costs related to vas-
cular laboratory resource consumption and operating
room use, and demonstrated an average per-patient re-
duction of $494 in favor of thrombin injection. Al-
though we did not take into account the costs of the pro-
cedures, the duration of hospitalization was significant-
ly shorter among patients treated with thrombin (9.8 ±
5.6 vs 5.6 ± 1.8 days, p = 0.001), and this has a direct
impact on total hospital expenditure. 

Study limitations. This study has a number of limita-
tions related to its relatively small sample size and non-
randomized nature. However, the protocols and guide-
lines for coronary angiography and coronary interven-
tion procedures used in our laboratory permitted us to
enroll two homogeneous samples of patients. The study
was not powered to detect differences in the impact of
some parameters (such as size and characteristics of the

aneurysm, or the use of different medications) on the
two treatment strategies, nor was it designed to test dif-
ferent thrombin doses. All of these points should be
carefully addressed in future controlled studies. 

In conclusion, our results confirm that ultrasound-
guided low-dose thrombin injection for the treatment of
iatrogenic femoral pseudoaneurysm seems to be more
effective in reducing the need for surgical repair, is bet-
ter tolerated by patients, and requires a shorter hospital
stay than ultrasound-guided compression. Even when a
low thrombin dose is used, anticoagulation status or the
use of glycoprotein IIb/IIIa inhibitors does not affect
the efficacy of the procedure.
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