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Abstract

Objective Thrombectomy of the aortoiliac segment
remains a challenge for surgical and endovascular revision.
This study aimed to evaluate the concept of percutaneous
thrombectomy in patients with aortoiliac segment
occlusions.

Materials & Methods Eighteen patients with aortoiliac
occlusion who underwent percutaneous thrombectomy
were retrospectively identified using the local picture
archive and divided into the stent-graft (N = 10) and native
vessels (N = 8) groups. The procedure was performed by
placing a 12-24 French sheath adjacent to the distal end of
the occluded vessel segment. The occlusion was passed
with a balloon catheter which was retracted after inflation,
to deliver the thrombus into the sheath. Technical success
(reperfusion of the vessel and no residual thrombus/
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stenosis < 30%), complications and primary arterial
patency were assessed. Follow-up included computed
tomography angiography and evaluation of the clinical
situation via telephone.

Results Technical success was achieved in 38% (7/18) of
patients after percutaneous thrombectomy alone and in
100% after additional procedures. The most common
complication was peripheral embolism (44%, 8/18), which
was treated successfully in all cases and was linked to a
mismatch between the sheath and target vessel of > 1 mm
(P < .01). There were no significant differences in the
incidence of complications between the two groups. Pri-
mary patency was 72% (13/18) with no significant differ-
ence between groups (P = .94). Follow-up CT scans were
available for 13/18 patients (72%), with a mean follow-up
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time of 270 + 146 days. All patients were contacted via
phone (follow-up time, 653 £ 264 days).

Conclusion Percutaneous thrombectomy appears to be
effective for revascularization of the aortoiliac segment,
both in stent-grafts and in native vessels. The most com-
mon complication is peripheral embolism; however, the
risk may be reduced by choosing an adequate sheath size.

Keywords Percutaneous thrombectomy - Aortic
occlusion - Iliac occlusion - Endovascular procedures

Introduction

Thrombectomy of vascular occlusions, especially in the
aortoiliac segment, remains a challenge for surgical and
endovascular revision. However, the evolution of vascular
medicine has led to a plethora of available options to re-
establish arterial patency, all of which inhibit certain
disadvantages.

The Fogarty manoeuvre (FM) is most often used to
perform thrombectomy [1]. Although this technique can be
flexibly employed, it is an open surgical approach. Poten-
tial complications include bleeding and wound healing
disorders, and clinical outcomes have been unsatisfactory
in specific pathologies [2, 3]. With the evolution of
endovascular medicine, various minimally invasive
approaches such as aspiration, mechanical rotation [4, 5],
and rheolytic thrombectomy [6, 7] have become available
[8]. Their viability has been well-researched and they can
be considered the gold standard for all vessel segments
smaller than the external iliac arteries. However, the lit-
erature reports variable success rates in large thrombus
volumes, as usually found in occlusions of the aorto-iliac
segment [9].

A solution to this clinical dilemma might be percuta-
neous thrombectomy. Removal of large thrombus volumes
require greater vessel access. Establishing such percuta-
neously has become possible owing to the routine use of
vascular closure devices, which is obligatory for this pro-
cedure. However, only a few case reports have described
the procedure in a clinical setting [10, 11]. Furthermore,
data regarding thrombectomy procedures in the aortoiliac
segment, in general, is scarce [12, 13].

Therefore, this study aimed to evaluate the technical
success rate and outcome of percutaneous thrombectomy in
a case series of patients who were treated for thrombotic
occlusions of the aortoiliac segment.

Material and Methods
Study Population

Since this was a retrospective study, the local ethics
committee waived the need for de novo consent. All
patients consented to the medically indicated procedures as
per the clinical standard.

Eighteen patients with aortoiliac occlusion who under-
went percutaneous thrombectomy of the aortoiliac segment
between 1 January 2017 and 31 July 2021 were retro-
spectively identified using a database query. The exclusion
criteria for the endovascular approach were bilateral vas-
cular occlusion and common femoral artery occlusion. The
patients were divided into two groups. The first group
consisted of patients with thrombosis in stent grafts [stent-
graft group], and the second group comprised patients with
thrombosis in native vessels [native vessels group].

In addition to demographic characteristics, peri-inter-
ventional imaging, location, and length of vessel occlusion
were determined. The age of the lesion was classified as
acute (< 2 weeks), subacute (> 2 weeks to < 4 weeks), or
chronic (> 4 weeks) according to the onset of symptoms,
as reported by the patient. For each patient, comorbidities
and the degree of vessel calcification were noted [14]. Both
the length of the vessel occlusion and the degree of vessel
calcification were included due to their possible association
with an increased risk of failure of primary thrombectomy
and complications.

Procedure Protocol

All interventions were performed by radiologists with >
15 years of experience at a single institution.

The procedure was performed under local anaesthesia.
Heparin (5000 International Units) was routinely admin-
istered at the start of the intervention. After the successful
intraluminal passage of the occluded aortoiliac segment,
the puncture site was dilated to 9 French (F), followed by
two percutaneous suture-mediated closure systems (Per-
close Proglide, Abbott Cardiovascular, Chicago, USA) in
the so-called perclose technique. Next, a dedicated large-
diameter sheath of 12-24 F (DrySeal, Gore, Flagstaff,
USA) was inserted, adapted to the diameter of the access
vessel as measured on pre-interventional CT angiography
(CTA) images. The sheath size was chosen to occlude the
vessel and prevent peripheral embolism. The sheath tip was
placed adjacent to the distal end of the occluded vessel
segment. The occlusion was then passed with a compliant
balloon (46 mm Reliant Stent-graft Balloon, Medtronic,
Dublin, Ireland), while a non-compliant balloon (8—12 mm
Charger Balloon, Boston Scientific, Malborough, USA)
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was placed and inflated on the contralateral side for emboli
protection (Figs. 1 and 2). The compliant balloon was
inflated proximal to the thrombotic segment in the perfused
vessel and then gently retracted through the thrombotic
occlusion to deliver the thrombus into the sheath. Essen-
tially, the latex-balloon-mediated valve of the dedicated
DrySeal sheath must be opened for the declotting retraction
manoeuvre, enabling clot removal equivalent to regular
FM. The DrySeal sheath is reoccluded immediately after
complete retraction of the compliant balloon, as arterial
blood flow from the revascularized aortoiliac segment
occurs in cases of successful declotting. The procedure was
repeated if a thrombus remained in the vessel. If percuta-
neous thrombectomy alone could not establish reperfusion
without residual stenosis < 30%, stent or stent-graft
placement was performed. The puncture sides were sealed
using the preplaced suture system. After the intervention,
the patients were restricted to bed rest until the next day
and were monitored for at least 24 h.

Technical Success and Complications

The criterion for a technically successful intervention was
reperfusion of the vessel without relevant residual throm-
bus or stenosis (< 30%). Primary technical success was
assessed directly after percutaneous thrombectomy along
with assisted primary technical success if further proce-
dures (e.g., stent placement) were necessary. All patients
underwent follow-up CTA or colour-coded duplex sonog-
raphy within a maximum of three days after the
intervention.

The devices used and the mismatch between the large-
diameter sheath and the target vessel were recorded.
Complications during the intervention, measures taken to
treat the complications, and the related success/failure rates
were documented. It was determined whether peripheral
emboli were significantly dependent on the length of the
lesion and the mismatch in the diameter of the inserted
sheath and the target vessel. In addition, the length of
hospital stay of the patients until discharge from the hos-
pital was recorded.

Follow Up

After six months, routine follow-up with physical exami-
nation was scheduled at an outpatient clinic of the patient’s
choice. All patients in the stent-graft group underwent
follow-up CTA imaging as part of their regular follow-up
care. Further diagnostics and imaging in the native-vessel
group were performed if the treating physician deemed it
necessary. The time intervals and outcomes of these
examinations were reported. In addition, all patients were
contacted via telephone and enquired regarding any
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Fig. 1 Example of a patient with an occlusion of an iliac limb after
EVAR procedure. (a) and (b) illustrate the initial findings in a CTA
maximum intensity projection and digital subtraction angiography,
respectively. (¢) shows the percutaneous thrombectomy. A compliant
balloon (*) is continuously pulled into a large-volume sheath placed
directly on the occluded prosthesis. For embolic protection, non-
compliant balloons were deflated in the adjacent vessels (triangles).
(d) and (e) depict the successful result after the manoeuvre was
performed three times and another stent-graft prosthesis was
implanted over the distal landing zone of the left iliac artery due to
an edge stenosis
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Fig. 2 Example of a case with an occlusion of the right iliac artery
with extensive atherosclerosis. (a) shows the initial findings in
subtraction angiography, (b) depicts the percutaneous thrombectomy.
A compliant balloon (*) was placed proximal to the occlusion. The

occurrence of symptoms suspicious of re-occlusion or
treatment related to re-occlusion since the intervention.

Statistics

Statistical analyses were performed using the SPSS
Statistics software (version 25.0, IBM, USA).

Data were tested for normal distribution using the Sha-
piro—Wilk test. Parametric data are reported as means and
standard deviations, and nonparametric data as medians
with 25 and 75% percentiles. Data between groups were
tested for significant differences using Student’s t-test for
parametric data and Mann—Whitney U tests for nonpara-
metric data. Categorical data were analysed using the y2
test. A Kaplan—Meier curve was computed, and the Mantel
Cox test was performed to assess patency rates between
patients regarding all follow-up data.

Results
Study Population

An overview of the demographics and characteristics of the
study population is presented in Table 1.

Of the 18 patients identified, ten patients presented with
thrombosis related to stent-grafts, and eight with throm-
bosis in native vessels. A total of N = 21 vascular occlu-
sions were treated with percutaneous thrombectomy. All
patients underwent CTA of the abdomen and lower limbs

opposite side was protected from embolism by a non-compliant
balloon (triangle). (c) illustrates the final result with successful
revascularization

to establish a diagnosis before the intervention. There was
no significant difference in lesion length or vessel calcifi-
cation between the groups or in complications.

Occlusion in Stent-Grafts

A detailed overview of each patient, including the age of
the lesion, is presented in Table 2.

Of the ten patients with stent-graft thrombosis, seven
(70%) were previously treated with aorto-biiliac stent-
grafts for infrarenal aortic aneurysm repair, and three
patients (30%) with an iliac stent-graft for common iliac
artery aneurysm. Vessel occlusions were localised in the
aortoiliac segment in eight patients (80%) and iliac seg-
ment in two patients (20%). All lesions were classified as
TASC (Inter-Society Consensus for the Management of
Peripheral Arterial Disease) type D. The mean occlusion
length was 147 £+ 4 mm. Two patients with acute onset of
symptoms presented with acute limb ischaemia (ALI)
category Ila according to the Rutherford classification for
ALI Of the patients with subacute and chronic occlusions,
six had severe intermittent claudication (Rutherford cate-
gory 3 for chronic limb ischaemia [CLI]) and two had rest
pain (category 4). The mean ankle-brachial index was 0.61
before treatment.

Occlusion in Native Vessels

A detailed overview of each patient is presented in Table 3.

@ Springer
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Table 1 Demographic

All Stent-graft Native vessel P
characteristics of the patient
collective with pre-existing Number 18 10 8 _
conditions and the degree of Age [years] 67 +9 70 +8 63+8 07
vessel calcifications
Sex [m/f] 9/8 773 3/5 17
Body mass index [kg/m?] 26.5 26.9 26.0 .68
Pre-existing conditions [%]
Arterial hypertension 94 90 100 .30
Coronary artery disease 39 30 50 .36
Cardiac arrhythmia 22 20 25 .80
Stroke 11 20 0 18
Peripheral artery disease 56 70 38 17
Renal insufficiency 50 50 50 .61
Diabetes 17 30 0 .09
Smoking 72 80 63 41
Vessel calcification [%]
None 0 0 0 .86
Moderate 39 30 50
Severe 61 70 50
Lesion age [%]
Acute (< 2 weeks) 22 20 25 .68
Subacute (24 weeks) 56 50 63
Chronic (> 4 weeks) 22 30 13

Statistical differences are given for the comparison between the two subgroups. A P value of < .05 was
considered statistically significant. Continuous values are given as mean =+ standard deviation

Among the eight patients with native vessel occlusions,
one aortic (13%), two aortoiliac (25%), and five iliac (62%)
occlusions were found. All lesions were classified as TASC
type D. The average occlusion length was 99 + 49 mm
(P =0.06, compared to the stent-graft group).The two
patients with acute onset of symptoms presented with ALI
category Ila, according to the Rutherford classification for
ALIL Of the patients with subacute and chronic occlusions,
four had severe intermittent claudication (Rutherford cat-
egory 3 for CLI) and two patients had rest pain (category
4). The mean ankle-brachial index before treatment was
0.55 (P = 0.76, compared to the stent-graft group).

Technical Success and Complications

The overall technical success rate was 100%, with primary
technical success in 38% (7/18) of the cases (stent-graft
group, 40% (4/10); native vessel group, 38% (3/8);
P = 0.91). In all patients in the stent graft group, stent or
stent-graft placement was performed after thrombectomy,
while patients in the native vessel group received a stent-
graft/EVAR in four cases (50%; 4/8; P = 0.01). Reasons
for stent (-graft) placement were residual stenosis of >
30% (28%; 5/18), residual thrombus (34%; 6/18), and
dissection (17%; 3/18). No amputations or deaths occurred
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due to this procedure. Further procedural details for each
patient are presented in Tables 2 and 3.

Table 4 provides an overview of the complications. The
most common complication was peripheral embolism, with
44% (8/18; stent-graft group, 5/10; native vessel group,
3/8). In both groups, embolism was treated successfully via
aspiration thrombectomy in the same procedure, although it
was supported by local lysis therapy in two cases in the
native vessel group (5 mg Actilyse; Boehringer, Ingelheim,
Germany). If there was a mismatch of > I mm between
the diameters of the sheath and target vessel (6/8),
peripheral embolism always occurred (P < 0.001). There
was no significant difference between the lesion length and
the occurrence of peripheral embolism (P = 0.74).

The median length of hospital stay was 3 [2-6, 9] days,
with no significant difference between the two groups
(P =0.27).

Follow Up

Two early re-occlusions occurred in the stent-graft group,
which were subsequently treated with bypass surgery.

All patients in the stent-graft group underwent follow-up
CTA imaging (219 £ 125 days). In the native vessel
group, follow-up CTA was performed in three cases (after
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Table 2 Overview of all patients in the stent-graft group

Lesion Localization Sheath size Primary technical Secondary technical Supplemental

age —__ [French] success success procedures

Aorta AIC AIE

Stent- Subacute  x X 24 X Stent-graft

graft Acute X X X 24 X Stent-graft

Chronic X X 20 X Stent-graft

Chronic X X X 20 X Stent-graft

Chronic X X 18 X Stent-graft

Subacute X X 12 X Stent-graft

Subacute  x X X 12 X Stent-graft

Subacute X 24 X Stent-graft

Acute X X X 20 X Stent-graft
Subacute  x X 12 X Selfexp. stent

AIC common iliac artery, AIE external iliac artery

Table 3 Overview of all patients in the “native vessel” group

Lesion Localization Sheath size Primary technical Secondary technical Supplemental
age [French] success success procedures
Aorta AIC AIE Other
Native Subacute X X 20 X Stent-graft
vessel  gubacute x X 22 X EVAR

Chronic  x 24 X EVAR
Subacute x X X 18 X
Subacute X 18
Acute X 22 X
Subacute X X 18 X Stent-graft
Acute X 20 X

AIC common iliac artery, AIE external iliac artery, EVAR Endovascular aneurysm repair

511, 458, and 301 days, P = 0.05). No re-occlusions were
detected during these follow-up examinations.

All patients were contacted by phone (follow-up period
for all patients, 653 + 264 days). The follow-up period for
patients in the stent-graft group was 538 [443; 589] days;
for patients in the native vessel group 796 [598; 960] days
(P = 0.04). One patient in the stent-graft group reported re-
occlusion after 298 days, and two patients in the native
vessel group reported re-occlusion after 177 and 372 days.
Accordingly, the primary patency after the follow-up per-
iod was 72% overall (stent-graft group, 70%; native vessel
group, 75%; P =0.94). No deaths or limb loss did
occur. Data is illustrated in Fig. 3.

Discussion

In our case series, percutaneous thrombectomy was suc-
cessfully performed, the complications that occurred were
manageable, and the documented follow-up results were
comparable to those of the established techniques.
Empirical data on the endovascular treatment of occlu-
sions in the aortoiliac domain outside of individual case
reports are relatively scarce [15]. Cochennec et al. reported
a larger cohort of patients with limb graft occlusions, of
which only nine (27.2%) were treated using endovascular
therapy schemes (three with unspecified thrombec-
tomy + stent [9.1%], six with thrombolysis + stent
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Table 4 Overview of complications of all patients treated with the percutaneous thrombectomy

Procedural complications All Stent-graft Native vessel P
Number of cases [%] Number of cases [%] Number of cases [%]

Dissection 3 17 2 20 1 13 .68
Peripheral Emboly 8 44 5 50 3 38 .59
Minor (= 1 vessel) 4 22 3 30 1 13 .38
Major (> 1 vessel) 4 22 2 20 2 25 .80
Access side hematoma 5 28 3 30 2 25 81
Minor (conservative treatment) 5 28 3 30 2 25 .81
Major (surgical treatment) 0 0 0 0 0 0 -

Closure device ass. stenosis 1 5 1 10 0 0 .35

A P value of < .05 was considered statistically significant

[18.2%]). Two of these patients experienced graft limb re-
occlusion (22.2%) [12]. Ozkan et al. reported five patients
with aortoiliac occlusion who were treated with primary
aspiration thrombectomy and secondary stenting, achieving
an initial success rate and primary patency of 80% after
24 months [13]. Data regarding the outcomes of
thrombectomy procedures in peripheral limb ischaemia are
more profound. The initial clinical success ranges from 88
to 92.2% for mechanical thrombectomy [4, 16-18] to
83-100% for rheolytic thrombectomy [7, 19]. De Donato
et al. reported a primary patency rate of 77.5%/70.4% after
12/24 months for traditional surgical FM, and improved
results of 94.0%/87.1% if additional angiography was

performed [20]. Considering the challenging vascular ter-
ritory and high thrombus burden in our case series, the
results of the presented percutaneous thrombectomy
approach can compete with these established methods with
a primary patency rate of 72%.

Several key characteristics, both beneficial and detri-
mental, of percutaneous thrombectomy in the aortoiliac
segment should be addressed. One of the key strengths of
this approach is its ability to rapidly remove large volumes
of thrombus from the vessel and quickly establish reper-
fusion which may be beneficial for patient prognosis.
Necessary devices such as adequately sized sheaths and
balloon catheters are readily available in dedicated

Fig. 3 Presentation of the 100
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departments without the need for additional cost-intensive
equipment. Moreover, the diameter of the balloon can be
adjusted to the target vessel, whereas the size of the
mechanical and rheolytic devices limit their applicability to
larger vessels [9]. Furthermore, the percutaneous
thrombectomy can be performed regardless of the occlu-
sion acuity.

Compared with traditional FM, this procedure has sig-
nificant advantages. The benefits of hybrid procedures with
parallel angiography have been elaborated in detail in the
literature [20, 21]. In addition to peripheral embolism,
vascular injuries promote early re-occlusion. The shear
force applied by the balloon catheter to the vessel wall
correlates with the degree of intimal injury. Thus, the size
and compliance of the balloon should be chosen carefully.
During the procedure of percutaneous thrombectomy,
potential arterial wall injury may not only be detected, but
also treated immediately. No open surgical access to the
artery is necessary, making wound-healing complications
and infections unlikely. Furthermore, general anaesthesia
was avoided in all our patients, and the median length of
stay until discharge was relatively low at 3 [2-6, 9] days.

Regardless of the advantages outlined above, interven-
tionalists must be aware of vital aspects that may jeopar-
dise clinical success and outcome. The embolism rate for
traditional FM has been reported to range from 36 to 86%
[20]. In our study, peripheral embolism occurred in 44% of
the patients, most likely due to the mismatch of the dedi-
cated large-diameter sheath and the target vessel, resulting
in insufficient embolism protection. To prevent embolism,
we blocked the branching vessels at risk, such as the
contralateral common iliac artery, with balloon occlusion
during the declotting manoeuvre, as illustrated in Figs. 1
and 2. Nevertheless, ipsilateral embolism still occurred,
and an interventionalist must be capable of treating this
complication. In the cases presented here, traditional
aspiration thrombectomy, sometimes supplemented with
local thrombolysis therapy, was sufficient for this purpose.
However, these additional measures must be considered in
terms of cost-effectiveness.

Interestingly, the risk of peripheral embolism did not
increase with high thrombus burden (P = 0.74). However,
the main factor in reducing the peripheral embolism rate in
our study was optimal sizing of the dedicated large-diam-
eter sheath to the diameter of the target vessel. Specially
manufactured devices that can temporarily occlude the
vessel, such as sheaths with a compliance balloon at the tip,
could solve this problem and improve complication rates.
Embolism occurred in two cases, although the sizing of the
sheath was adequate in relation to the target vessel. Both
the patients presented with a high degree of atheromatous
atherosclerosis, and therefore, embolism may have already
occurred  during sheath  placement before the

thrombectomy manoeuvre. Nevertheless, the origin of
embolism in these cases remains speculative.

Limitations

There are several limitations of the study that should be
addressed:

It was a retrospective analysis of a relatively small
patient population, thereby inheriting the characteristic
limitations of a retrospective study. Therefore, the pre-
sented results may be viewed as a pilot study demonstrat-
ing the general feasibility and the first evidence of
suitable indications for percutaneous thrombectomy.
Patient follow-up was not standardised, and the time
intervals varied accordingly. Thus, long-term success rates,
both technical and clinical, and data regarding secondary
patency could not be obtained. We did not directly com-
pare patients treated with percutaneous thrombectomy,
traditional FM, or other endovascular thrombectomy pro-
cedures for the aortoiliac segment. The decision to perform
percutaneous thrombectomy was made on a case-to-case
basis.

Conclusion

Percutaneous thrombectomy is a promising approach to
declotting the aortoiliac segment. It offers various advan-
tages, such as performance under local anaesthesia and
early discharge, and can be successfully applied to the
pathological spectrum presented here. However, the inter-
ventionalist should be capable of treating typical compli-
cations such as peripheral embolism. Finally, this
encouraging early report emphasises the need for further
exploration of this promising technique for treating chal-
lenging clinical dilemmas.
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