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An 83-year-old male with a brachial artery pseudoaneurysm (BA-PSA)
following transbrachial digital subtraction angiography was admitted to our
hospital. After failing both manual and ultrasound-guided compression of
the BA-PSA, the percutaneous ultrasound-guided thrombin injection (UGTI)
was successfully used as second-line therapy. It was shown that the UGTI is
a feasible strategy to treat the brachial artery PSA in older patients on dual
antiplatelet and anticoagulant therapy.
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Introduction
Therapeutic angiographies lead to higher incidences of iatrogenic
PSA, because these procedures are associated with larger sheath
sizes, more aggressive peri- and post-procedural anticoagulation
and platelet aggregation inhibitors. The use of catheters with a large
diameter (>7 F) [1-3], and platelet inhibitors [2], have been shown
to be independent predictive factors of PSA formation in several
studies. Parallel to the rapid progression of endovascular technology,
upper extremity access has become a preferred interventional
strategy during the past decade [4,5]. This resulted in an increase
in iatrogenic radial and brachial pseudoaneurysms [5,6]. Until
the 1990s, open surgical repair was the preferred method for the
treatment of iatrogenic pseudoaneurysms, but this method was
replaced by non-invasive methods. However, open surgical repair
remains indicated in complicated cases, such as a septic or large PSA
causing compression neuropathy. Additional indications include
distal ischemia and skin and tissue necrosis [2,7,8]. Surgical repair,
which can be performed under either local or general anesthesia, is
an effective treatment. However, surgical repair is associated with
a high incidence of postoperative complications, ranging from
16% to 71% [9-11]. Conventional approaches to manage PSAs are
ultrasound-guided compression (UGC) and the surgical revision of
the pseudoaneurysm. Nevertheless, in patients with dual antiplatelet
or/and anticoagulation therapy, compressing strategy often fails and
may become less efficient, while being painful and time-consuming
[12]. The use of pressure bandages (for 12-24h) may cause a reduction
of peripheral arterial circulation. Furthermore, it can lead to an
increased risk of venous thrombosis due to the compression of the
elastic venous walls, sometimes compressed by the pseudoaneurysm
itself. Dimensions of the pseudoanerysm and the width and length
of the PSA-neck can, in their turn, become factors compromising a
successful outcome in UGC.
In the past three decades, there has been increasing popularity
in the treatment of iatrogenic PSAs using a minimally-invasive
percutaneous US-guided thrombin injection (UGTI) [5,13].
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The efficacy of this approach is shown to be higher than that of
compression repair alone [14]. Low complication rates, relative
ease of performance, and shorter procedure times favor the use of
US-guided thrombin injection in treating femoral pseudoaneurysm.
However, limited studies have tested the UGTI in the management
of BA-PSA, and the existing data are inconclusive on the safety and
efficacy of this procedure [6,13,15,16]. The complex anatomical
features of the brachial PSA, such as close proximity to the median
nerve in the medial brachial fascial compartment and its smaller
diameter predisposing to thrombosis, make the choice of treatment
strategy highly challenging [16].
In this case report we describe a successful treatment of BA-PSA
with UGTI after two weeks of failed manual compression and UGC in
an aged patient on anticoagulation and dual antiplatelet therapy. All
procedures followed were in accordance with the ethical standards of
the responsible committee on human experimentation (institutional
and national) and with the Helsinki Declaration of 1975, as revised
in 2008.

Case Presentation
An 83-year-old man was initially admitted with a non-healing
ulcer on the second toe of the left foot for an emergency digital
subtraction angiography. The patient was a smoker with a history of
ischemic heart disease, who underwent coronary stent placements
using the right-side transfemoral access a month prior. In addition,
his medical history included hypertension, pulmonary disease,
chronic kidney disease, and subclavian artery occlusive disease with
stenting of the right subclavian artery. He was positively tested for
Methicillin-resistant Staphylococcus aureus (MRSA). Two years
earlier the patient underwent an amputation on the right leg due to
progressive peripheral arterial occlusive disease.
The digital subtraction angiography (DSA) was performed using
the right-side trans-brachial access. High-grade stenosis along the
right and left superficial femoral artery, the left popliteal and the
fibular artery were revealed. The antegrade percutaneous transluminal
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Figure 1: A,B- The pseudo aneurysm (red arrow), originated from the brachial artery (green arrow) and measured 2.85 x 1.39 x 2.3 cm; C- Spectral waveform flow
pattern through the aneurysm neck (white arrow) in the pulse wave Doppler (black arrow).

Figure 2: A- The color Doppler image of the brachial pseudo aneurysm (red arrow) immediately after the thrombin injection; B - Restored flow (PW-Doppler) in the
brachial artery (green arrow) following effective thrombosis of the pseudo aneurysm; C,D- undisturbed peripheral perfusion of the radial and ulnararteries after the
thrombin injection (white arrows).

angioplasty of the superficial femoral artery and fibular artery was
planned and performed.
Four days after the discharge, the patient readmitted to the
hospital with pain and a palpable pulsatile mass with a remarkable
hematoma in the right upper arm and the antecubital fossa. The
radial and ulnar pulses were palpable; there were no signs of motor
or sensory deficit of the arm. An ultrasound examination showed a
PSA originating from BA (2.85 x 1.39 x 2.3 cm) (Figure 1 A,B) with
the typical Yin-Yang flow-pattern through the PSA-neck (Figure 1C).
The patient was hospitalized, and a bandage was applied to the arm
for the subsequent 24h. Due to increased inflammatory markers (CRP
45.7mg/l (Ref: < 5mg/l), WBC 18.1 Gpt/l, (Ref: 3.7-9.8 Gpt/l) the
patient received a calculated antibacterial therapy with a β-lactamaseinhibitor infusion. Ascoronary stenting was performed a month ago,
dual antiplatelet therapy with Aspirin (100mg OD) and Clopidogrel
(75mg OD) was administered. Additionally, the patient received daily
low molecular weight Heparin (Enoxaparin, subcutaneously 0.4ml)
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for prevention of venous thromboembolism. On the next day, the
ultrasound examination revealed a volar medial partially thrombosed
but still perfused brachial pseudoaneurysm. A compression pad was
applied further together with silicon protection bandage. Considering
the high risk of morbidity and mortality associated with an instant
surgical treatment in an aged patient with multiple comorbidities, we
decided to continue the compression therapy over the next two days.
Because of MRSA, massive subcutaneous hematoma and triple therapy
surgical repair was declined. Subsequent ultrasound examination
showed no further progress in the treatment of pseudoaneurysm, so
UGTI was chosen as an alternative approach to the surgical repair. The
procedure was performed after detailed clarification of the risks and
benefits to the patient, who consented. Prophylactic Enoxaparin was
held one day before the procedure. The skin was disinfected, and the
cavity and the neck of the aneurysm was imaged by a vascular probe
(ultrasound transducer 12-3MHz, Philips, Netherlands) covered
with a sterile bag. The sterile gel was applied to the patient’s skin to
prevent infections. To avoid intra-arterial injection of thrombin and
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to prevent embolism, the transducer was placed longitudinally to
the PSA for simultaneous imaging of the PSA-cavity and PSA-neck,
as well as the blood flow pattern in the brachial artery. We used the
human thrombin from the commercial package sold as a fibrin sealant
kit (500U/mL, Tissucol Duo 1.0mL, Tissucol set®, Baxter, Germany).
The fibrin-containing portion of the set was used and the syringe
with the thrombin solution was inserted into a three-way stopcock,
with one end connected to an 18-gauge cannula and the other end
attached to a saline-filled-syringe. Thrombin was loaded into a small
syringe and the PSA-sac was carefully penetrated under ultrasound
guidance. Before the thrombin injection, blood was aspirated into
the saline-filled-syringe to confirm the exact position of the needle in
the cavity [17]. Under color-flow Doppler control, 300μl of thrombin
solution (300I.E.) was slowly injected into the cavity, which resulted
in an immediate thrombosis of the pseudoaneurysm. The injection
was stopped, the needle was withdrawn, and a soft compress was
applied for the following six hours. The flow assessment directly after
the procedure and 24 hours later using PW-Doppler confirmed the
completely thrombosed pseudoaneurysm (Figure 2A). Additionally,
preservation of normal peripheral perfusion through the brachial,
radial and ulnar arteries was assured by clinical and ultrasound
examination (Figure 2 B,C,D).

Discussion
The UGTI was efficiently used as a minimally-invasive procedure
to treat the iatrogenic BA-PSA after ineffective compression therapy
[5,18,19]. Limited data on safety and efficacy of UGTI suggest
that there is a higher rate of recurrence and complications in the
management of upper extremity PSA, as compared to the femoral
ones [6,15,16,20]. This corresponds to a greater complication rate for
the brachial access as compared to the transfemoral and transradial
performed interventions [21,22]. The complexity of the brachial
approach is determined by several factors: An absence of certified
arterial puncture closure devices (the use of vascular closure devices
is officially affirmed only for the femoral access) [23] the difficulty of
the compression due to mobility of PSA and the shape of humerus, as
well as the increased risk of thrombosis [24,25] the close anatomical
location to the median nerve with a risk of upper extremity neuropathy
in case of nerve compression either by hematoma or compression
bandage. Despite its difficulties, the compression technique is
considered the gold standard in obtaining hemostasis of the PSA.
Due to anatomical characteristics of the BA-PSA, however, there
are certain variations compared to the transfemoral arterial access.
The smaller caliber of the BA necessitates far gentler pressure to be
applied, in order to obtain hemostasis while maintaining antegrade
blood ﬂow, rather than to obliterate the in ﬂow [25]. In our case it was
challenging to succeed with the UGC of BA-PSA in the old patient
with restricted mobility and under antiplatelet and anticoagulant
therapy. A relatively high recurrence rate after PSA treatment (as
high as 25% to 35%) had already been reported in patients under
anticoagulant therapy [12]. A strong negative correlation was revealed
between anticoagulation status and compression success (70% failure
rate in patients using anticoagulants vs. 26% in patients not using
anticoagulants) [26,27]. The thrombosis of the PSA observed in our
patient 24-48h after the compression was partial, and the perfusion in
PSA still persisted, despite the normal INR values. The recent finding
from Dzijan-Horn M et al, who failed to detect higher INR levels in
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patients with repeated manual compression attempts as compared
to those successfully treated with manual compression, matches
our observation [17]. Further, the resistance of PSA to compression
might result from its long persistence due to endothelialization of the
false cavity and PSA-neck [28].
In the presence of acutely impaired peripheral perfusion, nerve
compression or ‘wide’ PSA neck, surgical revision is recommended
[17]. Here, palpable peripheral arterial pulses in the absence of
ultrasound evidence of thrombosis confirmed the undisturbed
peripheral circulation in our patient. The delayed manifestation
of neurological symptoms, especially in patients with peripheral
neuropathy, questioned their utility as a criterion enforcing a
second-line strategy choice in our case. As the skin maceration was
present over the subcutaneous hematoma and could be problematic
in a surgical approach to our aged patient with vast co-morbidities,
including MRSA-infection, we applied UGTI to manage the BAPSA in spite of a visualized ‘wide’ PSA neck. The high success rate
of this approach is reported elsewhere: It avoids the technical
difficulties of compression, is fast, relatively painless, and safe [13,14].
Distal embolization from the newly created thrombus, and arterial
thrombosis as a result from thrombin injected directly into artery,
are potential complications of this procedure. These are of greater
concern in cases with BA-PSA, as the superficial location of the
PSA predisposes for a shorter PSA-neck [24]. It makes difficult the
single improvements in UGTI technique (e.g. the injection under
simultaneous manual PSA-neck compression) [29]. Some reports
relate the wider PSA-neck to the larger doses of thrombin (1000U/
mL) required [30]. Nevertheless, in our case, sufficient thrombosis
was achieved by a relative minimal dose of human thrombin (300U/
mL) with the PSA-neck width of 2.55mm.
Another complication of the UGTI is an allergic reaction to
thrombin, which can be avoided by using its human analogue [17,30].
In our patients we favor the commonly used injection of human
lyophilized Thrombin from Tissucol set® (Baxter, Germany) [30], and
there was no incidence of allergic manifestations among 250 patients
treated with UGTI in our clinic.
Although the treatment of the BA-PSA by UGTI in our patient was
efficient, further experience is required to confirm the efficacy of this
approach as a second-line therapy after initially failing compression.
In the majority of similar cases, patients receive surgical repair with a
high risk of complication. The course and outcome of any approach
treating pseudoaneurysms may become compromised by age and
concomitant medication. The value of this casein management of
BA-PSA comprises the use of UGTI as a feasible strategy to treat
complicated brachial artery PSA in older patients on antiplatelet
and anticoagulant therapy. We believe that the present case report
adds to the collective knowledge of the individualized treatment of
the BA-PSA, which is valuable for clinicians facing upper extremity
pseudoaneurysm.
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