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Purpose: We present ultrasound-guided percutaneous low-dose thrombin (200–250 IU) 
injection for the treatment of iatrogenic femoral pseudoaneurysms. Second, we compared pa-
tient and procedure factors between subcutaneous hematoma and pseudoaneurysm groups.
Materials and Methods: From April 2012 to May 2018, 8,425 patients underwent neuroin-
tervention. Among these patients, 18 had small subcutaneous hematomas and 6 had pseudo-
aneurysms. Pseudoaneurysms in the neck and entire sac were visualized, and low-dose throm-
bins were injected while visualizing a “whirlpool” hyperechoic core in the pseudoaneurysm sac. 
Subcutaneous hematomas were treated with simple compression. We compared the following 
parameters between the subcutaneous hematoma group and pseudoaneurysm group: sex, 
age, body mass index (BMI), type of procedure, heparin usage, sheath size, procedure time, and 
number of previous neurointervention procedures with the Mann-Whitney U test.
Results: Most of the pseudoaneurysms were successfully occluded with 200 IU of thrombin 
(n=5). Only 1 pseudoaneurysm required a slightly higher thrombin concentration (250 IU, n=1). 
During the short-term follow-up, no residual sac was observed and no surgical repair was 
necessary. Pain in the groin region was alleviated. During the 1-month follow-up, no evidence 
of pseudoaneurysm recurrence nor subcutaneous hematoma was noted. Patient factors (sex, 
age, and BMI) and procedure factors (heparin usage, sheath size, procedure time, number of 
previous procedures) were not statistically different between the subcutaneous hematoma and 
pseudoaneurysm groups.
Conclusion: Ultrasound-guided percutaneous low-dose thrombin injection (200–250 IU) is 
safe, effective, and less invasive for treating iatrogenic femoral pseudoaneurysm in neurointer-
vention.
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INTRODUCTION 

The initial step in neurointervention is the percutaneous 
puncture of the common femoral artery, which is a frequent 
access site for diagnostic and therapeutic interventions.1-3 
Iatrogenic injury to the femoral artery is common and poses 
clinical problems. Vascular injury may occur, ranging from 
mild injuries like subcutaneous hematomas to severe injuries 
such as pseudoaneurysm, arteriovenous fistula, infection, 
and retroperitoneal hematoma.1-9 Although some of these 
complications can be managed with simple manual com-
pression and conservative treatment, some complications 
are life-threatening and require surgery. These also may carry 
the risk of limb-threatening by thrombosis and ischemic inju-
ries.10-16

Recent studies have demonstrated the effectiveness of 
thrombin injections in treating pseudoaneurysms.17-20 In the 
study by Vlachou et al.17, 81 patients were treated with 425 
U/mL of thrombin with a high success rate of 95%. Another 
study by Illescas et al.6 demonstrated administration of vari-
ous concentrations of thrombin injections (50 IU/mL to 1,000 
IU/mL) in 36 patients with a 100% success rate. Though treat-
ment with variable dosages of thrombin has been reported 
to be safe and effective, possible thrombotic complications 
led us to reduce the dosage by 50% of the currently report-
ed dosages.17-20 In this article, we present a single-center 
experience with ultrasound-guided percutaneous low-
dose thrombin (200–250 IU) injection for the treatment of 
iatrogenic femoral pseudoaneurysm. Second, we compared 
some factors causing the pseudoaneurysm and subcutane-
ous hematoma.

MATERIALS AND METHODS

We conducted a retrospective study of patients who un-
derwent neurointervention. The study was approved by the 
Institutional Review Board of Asan Medical Center (IRB No. 
2019-1437), and we received full consent from patients be-
fore the procedures. Between April 2012 to May 2018, 8,425 
patients underwent angiographic procedures in our institu-
tion (1,741 diagnostic angiographies, 6,684 intervention pro-
cedures). We estimated that 350 patients (4.1%) underwent 
a surveillance ultrasound examination, partly due to the 
pain in the groin region and partly owing to the attending 
physician’s discretion. Most of these issues were dismissed 

as edematous changes without any signs of vascular injuries. 
Out of these 350 patients, 24 patients had positive findings 
(pseudoaneurysm, n=6; subcutaneous hematomas, n=18). 
The diagnosis was made with an ultrasound scanner (HM70A, 
Samsung Medison, Seongnam, Korea), utilizing a lineal 10.5 
MHz high frequency transducer. We compared the following 
patient and procedure factors between pseudoaneurysms 
and subcutaneous hematomas: sex, age, body mass index 
(BMI), type of procedure, heparin usage, sheath size, proce-
dure time, and number of previous neurointervention proce-
dures. The statistics were calculated with the Mann-Whitney 
U test.

The thrombin powder (Reyon Pharmaceutical Company, 
Seoul, Korea) is stored in a designated fridge with an average 
temperature of 2°C. A single vial contains 5,000 IU of throm-
bin extracted from bovine serums. The injection was pre-
pared with a normal saline solution in a 10 mL syringe. The 
thrombin powder was diluted such that the 1 mL of solution 
contained 1,000 IU of thrombin. Only 0.6 mL of the solution 
was extracted, thereby reaching a total of 600 IU. On arrival 
of the patient, vital signs were measured, and the skin color 
was closely observed, thereby ruling out the possibility of 
other co-existing infections or retroperitoneal hematoma. 

Fig. 1. Ultrasound-guided thrombin injection. (A, B) The most im-
portant procedure in thrombin injection is to visualize the entire sac 
and the location of the pseudoaneurysm neck. Carefully, the low-dose 
thrombin is injected as far away from the neck as possible. It is vital to 
keep track of the tip of the needle. (C, D) After a few seconds, swirling 
patterns of echogenic thrombosis (arrow) are noted. If echogenic cores 
are not visualized despite the injection, additional injection of 50 IU to 
100 IU thrombin can be considered. After completing the procedure, 
manual compression and absolute bed rest are recommended.
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This was followed by an ultrasound examination.
First, the femoral artery and the puncture site were visual-

ized, ensuring the patency of the punctured femoral artery. 
Both longitudinal and axial views were then captured, and 
necessary Doppler wave forms were examined to rule out 
a possibility of distal or proximal injuries. Second, the pseu-
doaneurysm was visualized and its neck was carefully traced 
(Fig. 1). Doppler mode was activated to verify a to-and-fro 
sign at the sac. Also, fistula tracts were visualized from the sac 
to the parent artery. At the longitudinal plane, thrombin was 
carefully injected as far from the neck as possible to avoid 
inadvertent leakage of the thrombin materials into the main 
femoral artery (Fig. 2). When the needle tip was confirmed 
to be within the aneurysmal sac, the thrombin solution (200 
IU, 0.2 mL) was slowly injected. After a few seconds, swirling 
echogenic patterns were visualized and propagated within 
the sac, thereby fully activating thrombogenesis and occlud-

ing the pseudoaneurysm (Supplementary Video 1). If the 
swirling patterns were not visualized, we injected additional 
thrombin (up to 50 IU) into the sac. We performed follow-up 
doppler ultrasound within 48 hours to verify the complete 
resolution of the lesion. 

RESULTS

Accounting for the total patients (n=8,425), only 0.2% had 
punctured site complications. Furthermore, only 6 patients 
had a true pseudoaneurysm, which accounted for 0.07% of 
the total procedures during the study duration of 6 years.

The subcutaneous hematoma group (n=18) had the fol-
lowing characteristics. The female to male ratio was 7:11. The 
average patient age was 61.5 years (range, 47–79). The aver-
age BMI was 24.7 (range, 20.9–30.0). Four patients underwent 
only diagnostic cerebral angiographies (n=4/18), whereas 10 
patients underwent aneurysm coil embolization (n=10/18) 
and 2 patients underwent stent insertion at the internal 
carotid artery (n=2/6). One patient underwent an emergen-
cy drug infusion procedure for a post-clipping vasospasm 
(n=1/18) and 1 patient underwent emergency thrombecto-
my (n=1/18). The median introducer sheath size was 6.0 Fr 
(range, 4–9). Out of 18 patients, 13 received heparin injection 
for the procedure. The average procedure time was 109.5 
minutes (range, 31.0–181.0). The median number of previous 
neurointervention procedures was 1.6 (range, 0–4). All of 
the subcutaneous hematoma patients (n=18) were treated 
with ultrasonography-guided compression, and follow-up 
demonstrated no evidence of recurrence or exacerbation of 
hematomas.

Pseudoaneurysms (n=6) had the following characteristics. 
The female to male ratio was 5:1. The average patient age 
was 64.5 years (range, 40–87). The average BMI was 26.8 
(range, 20.9–30.0). Two patients underwent only diagnostic 
cerebral angiographies (n=2/6), whereas 4 patients under-
went aneurysm coil embolization (n=3/6) and 1 patient un-
derwent stent insertion at the internal carotid artery (n=1/6). 
The median introducer sheath size was 6.0 Fr (range, 4–8). 
We utilized a 4 F sheath for diagnostic angiography and a 
larger bore sheath for the procedure. Out of 6 patients, 4 
received heparin for the procedure. The average procedure 
time was 77.5 minutes (range, 31.0–182.0). The median num-
ber of previous neurointervention procedures was 1.8 (range, 
0–3). The compared parameters were statistically insignifi-

Fig. 2. Thrombogenesis and occlusion within pseudoaneurysms 
after thrombin injection. (A, B) A 40-year-old male underwent coil 
embolization and complained of right inguinal pain after 10 days. The 
ultrasound demonstrated a small pseudoaneurysm in which low-dose 
thrombin injection successfully occluded the sac without inadvertent-
ly leaking the thrombin into the neck (arrow). (C, D) Similarly, a 62-year-
old female underwent elective coil embolization, and a pseudoaneu-
rysm was detected after 4 days. The entire sac and neck (arrow) were 
visualized and thrombin injection was performed, thereby enabling 
thrombogenesis and occlusion of the pseudoaneurysm. Both the pa-
tient’s pain and discomfort were alleviated, and follow-up ultrasound 
before discharge demonstrated no recurrence of the pseudoaneu-
rysm. 
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cant between the subcutaneous hematoma group and the 
pseudoaneurysm group: proportion of female sex (61.1% vs. 
83.3%, P=0.35), age (61.5 vs. 64.5, P=0.74), BMI (24.7 vs. 26.8, 
P=0.28), number of heparin usage (13 vs. 4, P=0.63), sheath 
size (6 vs. 6, P=0.88), procedure time (109.5 vs. 77.5 minutes, 
P=0.36), number of previous procedures (2 vs. 1, P=0.77).

All of the pseudoaneurysms had their origin from the 
common femoral artery. Their branches, such as superficial 
femoral artery and deep femoral artery, were intact. All of 
the pseudoaneurysm patients had a palpable pulsatile mass-
like lesion at the right inguinal region, near the puncture 
site. The average initial diagnosis time from the end of the 
procedure was 3.5 days (range, 1–10). No patient had a ret-
roperitoneal hematoma nor arteriovenous fistula formations 
at the puncture site, which were examined with ultrasound 
and sometimes with a CT scan. The mean dimension of the 
pseudoaneurysms was 2.0×1.3×1.3 cm (range, smallest an-
eurysm: 1.2×1.8×1.1 cm; largest aneurysm: 3.5×1.8×1.5 cm). 
These measurements appear to be small because our mea-
surements only reflected the pure unthrombosed pseudo-
aneurysm sac.

Most of the pseudoaneurysms were successfully occluded 
with 200 IU of thrombin (n=5). Only 1 pseudoaneurysm re-
quired slightly higher thrombin concentration (250 IU, n=1). 
The neck size of all the pseudoaneurysm sacs was less than 
1.0 cm, except for 1 patient, who was injected with low dose 
thrombin (200 IU) at the pseudoaneurysm sac initially but 
did not form thrombosis within the sac. We then injected 
an additional 50 IU of thrombin, which subsequently caused 
thrombosis cascade. After the thrombin injection, all our 
pseudoaneurysm patients’ pain at the right groin region was 
immediately alleviated as well as the size and extent of the 
pseudoaneurysms. We also did a short-term follow-up via 
ultrasound and did not find any recurrence of pseudoaneu-

rysms. None of our patients had further surgery or a stent 
insertion procedure.

DISCUSSION

Depending on the institution, ultrasound-guided femoral 
artery cannulations are performed to reduce vascular injury. 
In our institution, many efforts are made to reduce vascular 
injuries, such as performing cannulations based on the ana-
tomical demarcations and palpitation at the strongest pulse. 
We seldom perform ultrasound-guided puncture for pa-
tients in whom access to the femoral artery is difficult, such 
as obese and pediatric patients. After the procedure, we do 
not utilize a vascular closing device unlike other institutions. 
Rather, we perform manual compression for a few minutes 
and apply a compression apparatus that ensures strong 
compression and sealing of the puncture site.

Even though there are no guidelines, pseudoaneurysm 
treatments are usually surgical repairs or invasive interven-
tions such as stent insertion. There are less invasive mo-
dalities, including ultrasound-guided compression, with 
success rates ranging between 71% and 99%.5,6 When a 
complication arises, we always treat patients with manu-
al compression and ultrasound-guided compression. We 
believe compression should be the first-line treatment for 
pseudoaneurysms. Unfortunately, ultrasound compression is 
notoriously difficult and uncomfortable for both the patient 
and the operator. In our experience, ultrasound-guided com-
pression was time-consuming (average compression time 
of 30–40 minutes), ineffective (some patients demonstrated 
recurrence and exacerbating pain), and difficult in treating 
the pseudoaneurysm (elderly patients were uncooperative 
due to the pain associated with compression). On the other 

Table 1. Various studies on thrombin injection and their outcomes

Thrombin concentration (IU) Success rate (%) Complication rate (%)

Our study 200 (200–250)* 100 0

Vlachou et al.17 425 (100–1,500)* 95 0

Illescas et al.6 150 (50–1,000)* 100 2.2

Reeder et al.18 192 (50–450)† 100 0

Paulson et al.14 306 (50–1,600)† 96 4.0

La Perna et al.10 1,000 (1,000–1,000)* 94 0

*Data are presented in median concentration and ranges in parentheses.
†Data are presented in mean concentration and ranges in parentheses. 
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hand, there are numerous reports demonstrating thrombin 
injection under ultrasound guidance with high success rates, 
ranging from 93% to 100% without serious complications.5-16 
Recently, as an alternative to surgical repair and invasive stent 
insertion, thrombin injection with ultrasound compression 
has gained much-deserved attention, and there are multiple 
studies reporting experiences and various concentrations of 
thrombin injection (Table 1).

There are 2 major contributors to the formation of a pseu-
doaneurysm: patient-related factors and procedure-related 
factors.8-11 The patient-related factors are BMI, gender, ath-
erosclerotic changes in the punctured artery, age, gender, 
underlying vascular diseases, and low platelet counts.5-15 
The procedure-related factors are urgency of the procedure, 
complexity, duration of the procedure, size of the sheath, 
and dexterity of the operators and inadequate post-proce-
dure compression.5-15 Judging from the previous reports and 
studies, we assumed that BMI, age, and usage of heparin 
may increase the occurrence of the pseudoaneurysm as 
compared to the subcutaneous hematomas. In our institu-
tion, however, procedure-related factors and patient-related 
factors were insignificant when compared to subcutaneous 
hematomas.

Although thrombin injection has been approved in our 
institution, there are doubts and unwarranted worries re-
garding usage of thrombin injection. Different institutions 
prefer other treatment modalities, such as surgical repair, 
than thrombin injection, which complicates the situation. 
Nevertheless, our efforts in minimizing unanticipated com-
plications have shown that low dose thrombin injection is 
as safe and effective as different modalities and high dose 
thrombin injection. The technical tip for achieving this is to 
fully visualize the pseudoaneurysm architecture (sac, neck, 
and the parent vessel) and slowly inject the thrombin while 
detecting the thrombosis cascade, or “whirling-pool sign.”

Our study has 3 main limitations. First, the sample size 
was quite small, and we might have underestimated the 
real number of pseudoaneurysms in our institution. Most 
of the patients who underwent neurointervention are dis-
charged after a few days, and some of these patients might 
have experienced a small pseudoaneurysm without being 
aware of the fact. Often, small pseudoaneurysms occlude 
spontaneously and pose no clinical problems. Despite the 
small sample size, we were successful in treating pseudo-
aneurysms with low dose thrombin injections, and short-
term follow-up demonstrated absolutely no recurrence. The 

second limitation was the retrospective design of the study 
and the presence of a non-randomized comparison. The last 
limitation was that the clinical follow-ups were limited to the 
short-term, whereas long-term follow-ups are preferred. We 
hope to perform long-term follow-ups to evaluate any recur-
rence or complications associated with low-dose thrombin 
injection. 

CONCLUSION

Ultrasound-guided percutaneous low-dose thrombin in-
jection is a safe, effective, and less invasive method to treat 
iatrogenic femoral pseudoaneurysms in neurointervention.

SUPPLEMENTARY MATERIALS

Supplementary materials related to this article can be found 
online at https://doi.org/10.5469/neuroint.2019.00206.
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