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Abstract 

 

Background/Aim: Recently, endovascular interventional procedures have become prevalent. Thus, 

complications due to arterial catheterization are frequent. The most common access site complications are 

pseudo-aneurysms (PSAs). The present study aimed to treat iatrogenic pseudo-aneurysm (PSA) with 

ultrasonography (US)-guided compression and percutaneous thrombin injection and to report these 

methods’ effectiveness and short-term outcomes. 

Methods: The study was designed as a retrospective cohort study. Two treatment techniques were 

performed. Forty-eight of 54 patients were included in the study. Forty patients were treated with US-

guided percutaneous thrombin injection, and eight were treated with US-guided compression. Six of the 54 

patients were excluded from the study. Two of these patients needed further surgical treatment. The other 

four patients needed no further intervention due to spontaneous thrombosis of PSA. The patient 

demographics, history of AC/AA drug use, indication for performing arterial catheterization, localization 

and size of PSAs, treatment method applied, the effectiveness of treatment, early outcomes, and the 

treatment complications were evaluated. 

Results: In eight patients treated with US-guided compression, recurrent filling was not observed at the 

24-h and first-month post-treatment follow-ups, and 100% success was achieved. Among the 40 patients 

treated with percutaneous thrombin injection for whom a second session was applied, recurrent filling was 

observed in six PSAs at the 24-h post-treatment follow-up. While the treatment success rate was 85% in 

the first session, it increased to 97.5% after the second session. A first-month follow-up could be made in 

84.6% of the treated patients, and recurrence was observed in no patients. 

Conclusion: US-guided thrombin injection for PSAs has a high success rate. It is practical, relatively rapid 

to perform, has low complication rates, and may be selected as the first treatment choice for PSA. 

 

Keywords: iatrogenic pseudoaneurysms, US-guided compression, US-guided percutaneous thrombin 

injection 
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Introduction 

Pseudoaneurysms (PSAs) are hematomas developing 

from blood leakage from the vessel wall defect containing blood 

flow. The pseudo-lumen is associated with the injured artery 

through the neck. It is the most common complication 

developing after femoral artery catheterization and comprises 

61% of all arterial access site complications. While the incidence 

of PSA is 0.1–1.1% in diagnostic procedures, it increases to 3.5–

5.5% in therapeutic procedures [1-3]. 

While the primary treatment approach for PSA was 

surgical methods until the 1990s, minimally invasive methods 

have gained popularity in medical practices in recent years; 

compression, ultrasonography (US)-guided thrombin injection, 

endovascular modalities, and other methods have replaced 

surgery. These methods have grown in popularity because of 

their effectiveness and low morbidity and mortality rates [2,4,5]. 

The present study aimed to evaluate the effectiveness, 

short-term outcomes, and complication rates of iatrogenic PSAs 

treated with US-guided percutaneous thrombin injection and 

compression. 

Materials and methods 

We retrospectively screened prospectively-collected 

data from 54 patients referred to the Karadeniz Technical 

University Medical Faculty Interventional Radiology Unit due to 

PSA developing after arterial catheterization between 2011 and 

2018. The sample size could not be planned because iatrogenic 

PSA is an urgent condition that originates mostly from other 

clinics. Six of the 54 patients were excluded from the study. Two 

of these patients needed further surgical treatment, and the other 

four patients needed no further intervention due to spontaneous 

thrombosis of PSA. Therefore, 48 PSA patients treated with US-

guided percutaneous thrombin injection and compression were 

included in the study. Features of PSAs (e.g., size, connecting 

artery) were evaluated with the grayscale and color Doppler US 

(CDUS) using a GE Voluson Expert US device (General 

Electric, Waukesha, Wisconsin) and 9-Mhz probe.  

Patients with PSAs with the largest diameter of less than 

20 mm and who were not using anticoagulant/antiaggregant 

(AC/AA) medications were treated with the compression method 

(Figure 1). Patients with PSAs larger than 20 mm were treated 

with US-guided percutaneous thrombin injections regardless of 

the history of AC/AA medication use. After treatment, all 

patients underwent compression dressing and inguinal 

compression with sandbag during the first 4 h and 24-h bed rest. 

In US-guided compression treatment, the PSA neck was 

localized with the US, compression was applied to the PSA neck, 

and the blood flow in the neck region was completely 

interrupted. The flow was controlled every 15 min during 

compression. The procedure was terminated when thrombus 

formation was observed in the PSA sac, and flow was seen to be 

interrupted. 

In patients treated with the US-guided thrombin 

injection method, surgical prophylaxis was provided by 1 g 

cephazolin given intravenously 30 min before the procedure, and 

anaphylaxis prophylaxis was provided by 40 mg 

methylprednisolone and 45.5 pheniramine maleate given by the 

intravenous route 1 h before the procedure. For all patients, 

human thrombin as TISSEEL (Baxter, Gurgaon, India) KIT 2/4 

ml vials was provided following cold chain principles. The skin 

was sterilized with betadine (povidone-iodine). The PSA sac was 

entered from the most distant part of the neck part with a 27 

gauge (G) dental needle. Following the injection, which lasted 

for approximately 30–60 s, the procedure was terminated when 

the PSA lumen was seen to be thrombosed. The flow in the PSA 

and related arteries were evaluated with CDUS. The patients 

were followed up for Color Doppler US 24 h and 1 month after 

the procedure. At the 24-h follow-up, patients who did not have 

recurrent filling and complaints were discharged. Those who had 

recurrent filling were re-treated.  
 

Figure 1: Features of PSAs (e.g., size, neck, connecting artery). Neck of PSA with the gray 

scale (black arrow) and color Doppler US Aliasing artifact (white arrow) and “Ying-Yang” 

sign. 
 

 
 

Statistical analysis 

Data including patient demographics, the intervention 

that led to PSA, localization of PSA, treatment effectiveness, 

recurrence, and complications, were given as mean (standard 

deviation), frequency, and percentage values. 

Results 

The mean age of the patients was 61.5 (16.2) years (10–

86); 39.6% of the patients were female, 60.4% were male, and 

72.9% were using AC/AA medications. PSAs mostly originate 

from the femoral artery (Table 1). Of 48 patients, 83.3% (40 

patients) were treated with US-guided percutaneous thrombin 

injection, and 16.7% (8 patients) were treated with the US-

guided compression method. 
 

Table 1: Demographic and clinical characteristics of the patients.  
 

Parameter Value 

Age, mean (SD)  61.58 (16) 

Gender  % (n) 

 Female  39.6 (19) 

 Male 60.4 (29) 

Procedure % (n) 

 Diagnostic coronary angiography  52.1 (25) 

 Percutaneous coronary intervention  27.1 (13) 

 Cerebral digital angiography 4.2 (2) 

 Cerebral aneurysm coil and stent 4.2 

 Renal AVF embolization 2.1 (1) 

 Ischemic stroke 2.1 

 External iliac artery stenting 2.1 

 Renal artery stenting 2.1 

 Abdominal aorta stenting-grafting 2.1 

 Coronary artery by-pass surgery 2.1 

Vascular access site % (n) 

 Main femoral artery 50 (24) 

 Superficial femoral artery 41.7 (20) 

 Deep femoral artery 2.1 (1) 

 Brachial artery 4.2 (2) 

 External iliac artery  2.1 

AKG/AG history use 72.9 (35) 
 

SD: standard deviation 
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The mean size of eight PSAs treated with US-guided 

compression was 18.3 (2.3) mm. For all patients, the duration of 

treatment varied between 15 and 30 min. The recurrent filling 

was not observed in patients with the grayscale and color 

Doppler US at the 24-h and 1-month post-treatment follow-ups. 

Of the patients who underwent US-guided percutaneous 

thrombin injection, 87.5% were taking AC/AA medications. The 

mean size of PSAs was 35 (9.5) mm (range: 60–20 mm). The 

mean thrombin dose was 4 (1.7) diziems. At the 24-h post-

treatment follow-up, recurrent filling was observed in six PSAs. 

One patient was treated surgically. Four patients underwent a 

second thrombin injection, one patient underwent US-guided 25 

min compression, and the recurrent filling was not observed on 

color Doppler US performed at 48 h. While the success rate was 

85% in the first injection in the US-guided percutaneous 

thrombin injection group, the success rate increased to 97.5% 

with the second procedure. At the first-month follow-up, one 

patient had died due to cardio-vascular reasons, and the follow-

up of five (12.5%) patients were lost. Recurrent filling was not 

observed in 84.6% of the patients at the first-month follow-up 

(Table 2). Minor complications related to the procedure 

developed in three patients. A thrombus developed in the main 

femoral vein in one patient who had undergone a US-guided 

percutaneous thrombin injection. In two patients, numbness, 

sensation loss, swelling, and pain developed following the 

thrombin injection. The symptoms regressed in 24–48 h with 

medical treatment.  
 

Table 2: RDUS characteristics of pseudo-aneurysms, treatment method and outcomes. 
 

Parameter Value 

The largest diameter of the pseudo-aneurysm, mean (standard deviation) 32.7 (10.2)  

PSA treatment method % 

 US-guided compression 16.7 

 US-guided percutaneous thrombin injection 83.3 

Treatment outcomes of all patients % 

 24 h 87.5 

 48 h 98 

 1 month 87.2 

Treatment outcomes of US-guided compression  % 

 24 h 100 

 1 month 100 

Treatment outcomes of thrombin injection  % 

 24 h 85 

 48 h 97.5 

 1 month 84.6 
 

* The values given are the rates of the patients whose 1-month control could be realized and in the controlled 

PSAs of whom no recurrence or residual filling was observed. 
 

Discussion 

While small PSAs may become thrombosed 

spontaneously, many require treatment. These may lead to more 

severe complications like rupture, skin necrosis, compression-

related deep vein thrombosis, and neuropathy [6,7]. 

Until the 1990s, surgery was the primary treatment 

approach for PSAs. In 1991, Fellmeth et al. [6] first treated PSAs 

with compression. In 1986, Cope et al. [9] applied fluoroscopy-

guided percutaneous thrombin injection; in 1997, Liau et al. [10] 

applied US-guided percutaneous thrombin injection. Gradually, 

surgical treatment was replaced by non-invasive and 

percutaneous treatment methods. These approaches reduced 

mortality and morbidity [2,5,6,8-10]. 

US-guided compression treatment is more successful 

than blind compression as it is applied by seeing the PSA neck; 

the rate of complications such as deep vein thrombosis is lower, 

and it is more comfortable due to the short duration of the 

procedure [11,12]. The success rate is affected by patient age, 

use of AC drugs, PSA size, being simple or complex, and the 

length and width of the PSA neck [8,13,14]. Time is the most 

important factor that restricts US-guided compression treatment. 

Longer duration induces thrombus. The patient may need 

analgesics and even narcotics for a prolonged time. It is also 

difficult for the practitioner to perform compression by keeping 

the position stable for a long time [11]. In our study, we 

performed compression treatment on patients whose PSA 

diameter was less than 2 cm and who were not using AC/AA 

medications. The duration of compression varied between 15 and 

30 min. Hence, we did not encounter problems like pain 

intolerance and fatigue of the operator resulting from prolonged 

time. Thrombosis was provided in all patients, and no recurrence 

or complication was observed during the follow-ups. In the 

literature, we see a decrease in the success rates of US-guided 

compression treatment and an increase in the recurrence rates in 

patients who use AC drugs [13,15]. Studies also report that the 

PSA size and treatment success are inversely proportional 

[14,16]. As a result of these studies, we see that the small size of 

PSAs and the non-use of AC/AA by the patients increase the 

success rate of compression treatment. We see that US-guided 

compression treatment has some disadvantages, such as being 

uncomfortable for the patient and the operator, long duration of 

treatment, and a low success rate, particularly in patients who use 

AC/AA and have large PSAs. The history of AC/AA use and the 

PSA size (<2 cm) should be considered for achieving high 

success rates and eliminating technical disadvantages. 

US-guided percutaneous thrombin injection is a 

preferred method due to its high success and low complication 

rates, not containing ionizing radiation, being easily applicable, 

having a short duration, and being well tolerated [17,18]. The 

results of our study indicate that US-guided thrombin injection is 

safe, practical, and successful. Recurrent filling was observed at 

the 24-h follow-up in 15% of the patients who had undergone 

US-guided percutaneous thrombin injection. However, the 

success rate increased to 97.5% with the second session of 

thrombin injection and US-guided compression method in one 

patient. Recurrent PSA was not observed at the follow-up 1 

month later. In the literature, the success rate of US-guided 

percutaneous thrombin injection has been reported as 94–100% 

[5,10,17,19-21]. Previously, compression therapy was more 

frequently preferred in the treatment of iatrogenic PSAs. 

However, in the literature, when compared to thrombin injection 

therapy, success rates of 64–100% were reported, especially in 

PSA developing more than 2 weeks previously and in AC users. 

Complications are rare after US-guided percutaneous thrombin 

injection. According to the results of the studies, the incidence of 

complications has been reported to be 0–4% [1,8,20,22-25]. The 

most common complication is thrombin leakage into the arterial 

lumen associated with PSA and the development of distal 

embolism. Other complications are quite rare, including swine 

thrombin-related anaphylaxis-urticaria, infection-abscess, deep 

vein thrombosis, and coagulopathy due to the development of 

autoantibodies against factor V in recurrent swine thrombin 

injection [17,19,26,27]. We encountered two complications in 

our study: one patient developed a thrombus in the femoral vein; 

the other was the development of numbness and loss of sensation 
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in the leg, swelling and pain in the arm, which was thought to be 

due to the mass effect after thrombin injection in the superficial 

femoral and brachial artery, which regressed in the follow-up. In 

the literature, Weinman et al. [25] encountered sudden onset pain 

in two of 33 patients who underwent thrombin injection and skin 

infection in one patient. Pezzullo et al. [28] reported foot pain 

and temporary occlusion in the dorsalis pedis after paresthesia in 

1 of 23 patients who underwent a thrombin injection.  

Limitations 

The relatively small number of cases, the evaluation of 

only the size of PSAs, and the inability to evaluate the 

parameters (such as the number of lobulations and neck 

diameter) are limitations of our study. 

Conclusion 

In our study, we observed that US-guided compression 

treatment was successful in selected patient groups. US-guided 

thrombin injection is a treatment method with a high success 

rate, and it is practical and relatively rapid to apply; it has low 

complication rates and may be selected as the first treatment 

choice for PSA. 
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