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ARTICLEINFO ABSTRACT

Article history: Objective: The aim of this retrospective single-center study was to assess the effectiveness and safety of
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Accepted: 29 July, 2023 occlusion (AEO) after the endovascular repair of abdominal aortic aneurysm (AAA). Methods: Among a
Published: 9 September, 2023 total of 683 patients who underwent the endovascular aneurysm repair (EVAR) for AAA between May 2010
Keywords: and March 2020, 46 (6.7%) patients developed occlusions of the aortic endograft; 16 patients were treated
Aortic endograft occlusion, Rotarex with fogarty embolectomy, 4 were treated with AngioJet aspiration, and 26 patients with mechanical
thrombectomy, angioplasty, limb thrombectomy (Rotarex system). The average time for AEO was 5 weeks (range 2-11 weeks). Immediately
ischemia, abdominal aortic aneurysm, after angiography, Rotarex thrombectomy was used to remove the thrombus and embolus. After
endovascular aneurysm repair thrombectomy, balloon dilation was performed, followed by stent-graft deployment. The patients’

characteristics, treatment details, and outcomes were collected and analyzed. Results: There were 26
patients with AEO, 20 males (76.9%), and with the mean age of 67 + 12 years (51-87). The primary reasons
for AEO were kinking or extrinsic compression of the graft limb and thrombosis. The circulation was
successfully restored in all patients by mechanical thrombectomy. Additional dilation/stents were required
for 24 patients (93.3%), and they were placed in the graft limbs, thus re-establishing patency. The
complications were observed in five patients and included peripheral embolization blue toe syndrome found
in three patients and ischemia-reperfusion injury found in two patients. No mortality or recurrent thrombosis
was observed in the follow-up period, which was extended for 12 months. Conclusions: The combination
of Rotarex thrombectomy and angioplasty is a safe and effective treatment method for AEO after
endovascular AAA repair.

© 2023 Weimin Li, Xinrui Yang & Xinwu Lu. Published by International Journal of Surgery

primary cause of AEQ, is generally caused by kinking of the stent-graft
or tortuosity of the iliac artery [3]. Currently, several therapeutic
strategies, such as fogarty embolectomy, bypass, pharmacologic
thrombolysis, and thrombectomy, are used for the treatment of AEO [4-
6]. Fogarty embolectomy has proven to be very successful in the
treatment of thrombosed graft limbs. Nevertheless, it increases the

1. Introduction

Aortic endograft occlusion (AEO) is a common critical complication
related to endovascular aneurysm repair (EVAR) of abdominal aortic
aneurysms (AAA) [1 ,2]. Culprit thrombus, which is assumed to be a
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morbidity and mortality associated with general anesthesia, surgical
procedure, and damage of the endograft. An extra-anatomical bypass
procedure, such as a femoro-femoral bypass graft, can be used as an
alternative option. However, this procedure is debatable, given the
relatively low number of prolonged patency. Moreover, a femoral artery
cut down extends the duration of both hospitalization and time to
ambulation [7].

Thrombolysis, similar to catheter-directed thrombosis, is a feasible
treatment method that is widely accepted as an alternative to surgical
intervention for AEO [8, 9]. Yet, pharmacological thrombolysis is often
associated with extended periods of sufficient clot clearance. Thus,
intensive care with careful hematological monitoring must be prolonged.
In addition, hemorrhagic complications with prolonged infusions tend to
occur commonly. Furthermore, contraindications to thrombolytic
therapy are observed in approximately 20% of patients. A thrombectomy
procedure can be regarded as a feasible and efficient way to treat patients
with acute or subacute artery occlusion [10, 11]. The AngioJet system is
a rheolytic thrombectomy device successfully used for the removal of
thrombus from acute deep venous thrombosis. Nonetheless, there is a
possibility for the occurrence of minor bleeding and access site
hematoma [12]. Distal embolic sequelae present identified hazards
associated with arterial thrombosis.

Practitioners have increasingly preferred a Rotarex device that combines
thrombus fragmentation and suction [13, 14]. Using this approach has

minimized the potential risks associated with peripheral embolization
and thrombosis [15]. However, data regarding the effectiveness and
safety of mechanical thrombectomy with Rotarex in AEO are scarce.
Therefore, this retrospective single-center study aimed to evaluate the
effectiveness and safety of Rotarex thrombectomy and angioplasty
(balloon dilatation and stenting) in the treatment of AEO after AAA
repair.

2. Methods

2.1. Patient Characteristics

Among a total of 683 patients who underwent the EVAR for AAA
between May 2010 and March 2020, 46 (6.7%) patients developed
occlusions of the aortic endograft. The average time of the occlusion
development was approximately 5 weeks (ranging from 2-11 weeks).
Sixteen patients were treated by fogarty embolectomy, 4 were treated by
AngioJet aspiration, and 26 patients with mechanical thrombectomy
(Rotarex system). Data from medical records of 26 patients with AEO,
who typically experienced coldness of the foot, a weakened femoral
artery pulse, and intermittent claudication following a walk of 300 m as
confirmed by physical examination, were included in retrospective
analysis. Ultrasound scans or emergency computed tomography
angiography (CTA) scans showed the occlusion of left or right graft limb
(Figure 1).

FIGURE 1: Preoperative CTA scan revealed the right graft limb occlusion after EVAR.
A) Occlusion and thrombosis of the right limb of the aortic endovascular stent graft (red arrow), and there was no endoleak. B) There was a twist or kink in
the graft limb on the right side (red arrow). C) Occlusion and thrombosis of the right femoral artery (red arrow).

The study was approved by the ethics committee of the local medical
institution and waive the informed consent. Patients or the public were
not involved in the design, or conduct, or reporting, or dissemination
plans of our research. As soon as AEO was diagnosed, anticoagulation
treatment was initiated and maintained during the endovascular
treatment. Also, patient information, such as demographics, comorbid
medical conditions, treatments, and outcomes, was recorded and
analyzed.

2.2. Endovascular Treatment

Once local anesthesia was administered, either a 6F or 8F sheath was
inserted via left brachial artery access or a femoral artery. In addition, an
intra-arterial 3000 U and 30 U/min drip infusion of heparin were
administered. We utilized both angled and straight 0.035-inch stiff wire
(Terumo Corp., Leuven, Belgium) and 4F guiding catheter to pass
through the occluded iliac limbs. Next, 6F or 8F 90cm sheath (Cook Inc.,
Bjaeverskov, Denmark) was employed to the proximal of the abdominal
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aortic stent, and digital subtraction angiography (DSA) was performed
using a pigtail catheter to demonstrate an occluded graft limb and the
distal runoff (Figure 2). At this stage, the 135cm 6F or 8F Rotarex system
device (Straub Medical AG, Switzerland) was introduced, and a to-or-
for movement was carefully followed at roughly 1 to 2 mm per second
to aspirate all the thrombotic materials. Repeated arteriography indicated
a widely patent limb with runoff to the occluded vessels.

Following the thrombectomy, balloon angioplasty was used to correct
the folds, kinks, and twists. Besides, self-expanding stents or covered
stents were implanted to overlap the kinking straightened stent.
Completion of the DSA angiography revealed successful blood runoff.

2.3. Anticoagulation and Antiplatelet Therapy
Following the surgery, the patients had palpable femoral pulses

bilaterally. Upon discharge, they were prescribed an oral 15mg
anticoagulant rivaroxaban for a minimum of 6 months. On the other
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hand, patients with stents were prescribed clopidogrel (75 mg/d, 6 included the ankle-brachial index (ABI) measurements, and the CTA
months) and were also instructed to follow a lifetime aspirin (100mg/d) examination (Figure 3) at 6 and 12 months.
therapy. Each patient underwent a general medical examination that

i - B ;

FIGURE 2: Endovascular process by using the Rotarex® catheter and angioplasty for AEO treatment.
A) DSA showed complete occlusion of the right limb endograft just below the renal arteries (red arrow). B) Rotarex® thrombectomy was performed on the
right limb occlusion (red arrow). C) Rotarex® thrombectomy was introduced and carefully moved through the twist and kink in the graft limb (red arrow).
D) Arteriography demonstrated recanalization of the right iliac limb with some residual irregularities. E) Balloon dilatation of the twist and kink in the graft
limb (red arrow). F) Arteriography demonstrated recanalization of the right iliac limb with some residual irregularities. G) A self-expanding stentwas placed
in the right limb twist and kinked to complete the repair (red arrow). H) Angiography showed the patency of the right graft limb.

FIGURE 3: Follow-up CTA showed the patency of the right iliac artery and the femoral artery.
A) A 3D CTA showed the patency of the bilateral common iliac artery and the right femoral artery after 12 months (red arrow). B) Cross-section CTA
showed the patency of the right limb of the aortic stent graft, and there was no occlusion and thrombosis (red arrow). C) Cross-section CTA showed the
patency of the right graft limb, and the twist or kink had been remedied (red arrow). D) Cross-section CTA showed the patency of the right femoral artery,
and there were no occlusions and thrombosis (red arrow).
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3. Results

3.1. Patient Characteristics

There were 26 patients with aortic graft occlusion, 20 males (76.9%),
and with the mean age of 67 + 12 years (51-87). Comorbid medical

TABLE 1: Patients’ demographics.

conditions included hypertension that was found in 15 (57.7%) patients,
diabetes mellitus in 12 (46.2%) patients, dyslipidemia in 20 (76.9%)
patients, coronary artery disease in 10 (38.5%) patients, smoking in 17
(65.4%) patients, renal insufficiency in 2 (7.7%) patients, and peripheral
artery disease (PAD) in 10 (38.5%) patients (Table 1). CTA indicated
the occluded and extrinsic compression in the right graft limb (Figure 1).

Variables Mean (range) or percentage (N=26)
Age (years) 67 +12 (51-87)

Male 20 (76.9%)

Comorbidity

Hypertension

Diabetes mellitus
Dyslipidemia

Coronary artery disease
Smoking

Renal insufficiency
Peripheral artery disease

15 (61.1%)
12 (46.2%)
20 (76.9%)
10 (38.5%)
17 (65.4%)
2 (7.7%)

10 (38.5%)

Kinking or extrinsic compression was identified as the primary causes
of AEO and thrombosis. Circulation was successfully restored in all
patients with a 100% success rate using mechanical thrombectomy. The
time taken to complete the procedure was 87 + 25 min. Additional
balloon angioplasty was performed in all the 26 patients. In 24 patients
(92.3%), stenting was performed using a variety of self-expanding stents
or aortic endograft placed in the graft limbs, thus re-establishing artery

TABLE 2: Operative details and follow-up.

patency. Catheter-directed thrombolysis (250,000 U urokinase) was used
to treat the residual thrombus in 2 patients (7.7%). Five patients
experienced complications: 3 had peripheral embolization blue toe
syndrome and 2 ischemia-reperfusion injuries. A blood loss was
estimated to be approximately 300 +40 mL, however, blood transfusions
were not needed. The period of hospitalization was 6 (4 - 13) days.
Operative details and complications were listed in (Table 2).

Operative details

Mean (range) or percentage (N=26)

Primary success 26 (100%)
Balloon angioplasty 24 (92.3%)
Stent deployment 24 (92.3%)
Operative time, min 87+25
Catheter-directed thrombolysis 2 (7.7%)
Complications

Death 0 (0%)
Blue toe syndrome 3(11.5%)
Ischemia reperfusion 2(7.7%)
Blood loss, ml 300 =40
Length of stay, d 6(4-13)
30-day survival rate 26 (100%)
Mean follow-up (month) 12 (2 - 16)

3.2. Follow-up

As mentioned before, an oral anticoagulant rivaroxaban minimally
lasting for 6 months was prescribed upon discharge. Patients with stents
were given additional instructions to take clopidogrel (75 mg/d, 6
months) and adhere to lifetime aspirin (100mg/d) therapy. The post-
surgery CTA data obtained 12 months later showed the abdominal aorta
and bilateral iliac artery patency.

4. Discussion
AEQ following EVAR of AAA is arelatively common complication [1-
3]. This study confirmed AEO in 46 out of the 683 patients (6.7%),

which was slightly lower rate compared with the statistics in similar
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reports and might be explained by the highly beneficial technological
advancements in the market. When considering the factors leading to
AEO, Carroccio et al. have suggested that this condition is related to
device kinking, migration, or device elongation to the external iliac
artery [16].

Traditional treatment methods, i.e., surgical thrombectomy, has proven
to be successful in the treatment of AEO [4]. However, these procedures
increase the likelihood of complications, such as the risk of graft
dislodgment or component separation during the operation. Femoro-
femoral bypass grafting can restore perfusion to the affected limb. Yet,
its longevity may be inferior to re-establishing patency of the endograft
itself and is associated with the risk of failure in the endograft procedure
[5]. Alternatively, catheter-directed thrombosis is related to hemorrhage.
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Moreover, the procedure is time-consuming and requires intensive care
and repeated angiograms [17]. The AngioJet system is a rheolytic
thrombectomy device that has been proven successful in eliminating
thrombus from dialysis grafts, bypass grafts, and native arteries [8]. The
thrombolysis is commonly used in practice for occluded grafts and
arterial occlusions. However, complications, such as peripheral
embolization, dissections, and bleeding, have been reported to occur in
approximately 43% of cases.

The Rotarex mechanical devices are designed to disrupt and extract
freshly formed thrombus from the arterial circulation [11, 18]. The
Rotarex system is a purely mechanical endovascular thrombectomy
device, which has a rotation capacity of up to 40000-60000 rpm. At such
speed, a powerful vortex that can debulk all detachable occlusion
materials created in the artery. Percutaneous mechanical thrombectomy
is beneficial because it can swiftly reperfuse the ischemic limb, debulk
the thrombus load, and decrease the total dosage while shortening the
duration of adjunctive thrombolysis [19]. These devices have completely
eliminated the need for thrombolysis in certain patients [20]. The device
is highly beneficial, particularly when thrombolysis is contraindicated.
Furthermore, these thrombectomy catheters are versatile and can be
delivered from several access sites, including the brachial and femoral
arteries. The brachial approach was commonly used in the patients
involved in this study. This finding was determined based on the analysis
of several clinical, noninvasive, and angiographic findings. The brachial
approach considerably eases recanalization if the limb thrombosis is
encountered. Lastly, this approach avoids repeated access procedures at
femoral access sites.

In most of the patients, thromboses could be attributed to graft limb
faults, such as extrinsic compression, focal kinking, limb twists, and/or
redundant graft material [21, 22]. Kinking, which should be corrected
during the initial operation, is manipulated and dilated with balloon
angioplasty during the subsequent operation [1, 23]. If either kinking or
a tortured iliac artery is noted, self-expanding stents or covered stents
must be installed to prevent future occlusions. Additionally, a complete
angiogram with the least amount of contrast medium is necessary to
guarantee the success of the entire procedure.

5. Conclusion

Rotarex thrombectomy and angioplasty (balloon dilatation and stenting)
are highly safe and effective in revascularizing iliac limb occlusion of
aortic endograft and have a low rate of complications.
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