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Purpose: To study and compare the clinical outcomes of endovascular therapy with those of hybrid surgery in the treatment of Trans-
Atlantic Inter-Society Consensus II (TASC II) D aortoiliac occlusive disease (AIOD).

Patients and Methods: Patients with TASC II D-type AIOD who underwent their first surgical treatment at our hospital between
March 2018 and March 2021 were enrolled and followed up to evaluate the improvement in symptoms, complications, and primary
patency. The Kaplan—-Meier method was used to compare the differences in primary patency between the treatment groups.
Results: In total, 132 of 139 enrolled patients (94.96%) achieved technical success following treatment. The perioperative mortality
rate was 1.44% (2/139), and postoperative complications occurred in two patients. Among the patients who successfully underwent
surgery, 120 underwent endovascular treatment (110 patients with stenting and 10 patients with thrombolysis before stenting), 10
underwent hybrid surgery, and 2 underwent open surgery. The follow-up data were compared between the endovascular and hybrid
groups. At the end of the follow-up period, the patency rates in the hybrid and endovascular groups were 100% and 89.17% (107/120),
respectively. The endovascular group achieved primary patency rates of 94.12%, 92.44%, and 89.08% at 6, 12, and 24 months
postoperatively, respectively, whereas the primary patency rate remained at 100% in the hybrid group, with no significant variation
between the endovascular and hybrid groups (P = 0.289). The endovascular group was further divided into a stent subgroup (110
patients) and a thrombolysis/stent subgroup (10 patients), and no prominent variation was noted in the primary patency between the
two subgroups (P = 0.276).

Conclusion: Although open surgery is the gold standard treatment for TASC II D-type AIOD, endovascular and hybrid treatments are
feasible and effective. Both methods showed good technical success and early to midterm primary patency rates.
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Introduction

Aortoiliac occlusive disease (AIOD) also known as stenosis or occlusion, is primarily caused by atherosclerosis and
occurs in the infrarenal abdominal aorta and iliac artery. Owing to a continuous increase in the ageing population, the
incidence of peripheral artery diseases in China has increased in recent years. By 2019, approximately 41.13 million
people had peripheral artery disease, and nearly one-third of them had the involvement of the main iliac artery.' People
with AIOD experience symptoms such as intermittent claudication, pain at rest, ulcers, and gangrene, which are difficult
to treat. AIOD can eventually lead to amputation and other severe outcomes if left untreated, which can affect the
patient’s quality of life. Recently, the use of endovascular therapy for AIOD has been increasing.” Endovascular therapy
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is especially preferred for local lesions classified according to the Trans-Atlantic Inter-Society Consensus II (TASC II)
guidelines.® However, for extensive lesions (TASC II types C and D), reconstructive surgery is recommended because the
current evidence does not provide proof regarding the effectiveness of endovascular therapy.® As endovascular technol-
ogy has developed rapidly in recent years, it can be used to treat complex TASC lesions with positive effects on patients.
A meta-analysis showed that endovascular treatment and surgical revascularization have comparable secondary patencies
when used to treat TASC II C and D lesions.* However, the current studies evaluating the effectiveness of endovascular
treatment for TASC II D lesions are mostly limited to relatively small sample sizes. Therefore, the clinical value of
endovascular treatment has not yet been fully elucidated. Hence, in this study, we retrospectively analysed the efficacy,
safety, and early patency of endovascular treatment and hybrid surgery to identify the best treatment for TASC II D-type
AIOD.

Materials and Methods
Ethical Approval

This single-centre retrospective cohort study was conducted in compliance with the STROCSS guidelines and was approved
by the Ethics Committee of the Affiliated Drum Tower Hospital, Medical School of Nanjing University (2018-015-05).

Patients and Data Collection

Patients with TASC II D-type AIOD who received their first surgical treatment in our department between March 2018
and March 2021 were enrolled. The study’s inclusion criteria were as follows: 1) patients with symptoms that met the
diagnostic criteria for AIOD and were categorized as TASC II D-type lesions through digital subtraction angiography
(DSA) and computed tomography angiography (CTA); 2) the presence of an outflow tract at the distal end of the limb;
and 3) patients with intermittent claudication, pain at rest, lower limb ulcer, or gangrene. The exclusion criteria were as
follows: 1) patients complicated by distal popliteal artery disease; 2) those with serious dysfunction or failure of the
heart, liver, kidney, or other important organs; and 3) those with incomplete clinical data. All patients underwent imaging
examinations, such as CTA (Figure 1A) or DSA of the lower limbs, or were evaluated using the ankle-brachial index
(ABI) to assess the lesion location and the degree of stenosis. After comprehensively considering the patient’s condition
as well as, the physiological and biochemical examination results and a discussion with the patient, a surgical plan for
each patient was determined.

Endovascular Procedures
The vessel sheath was obtained from Cook Inc. (Bloomington, IN, USA). The guidewire, balloon dilatation catheter, and
vascular closure device were obtained from Abbott Vascular (Abbott Park, IL, USA). The hydrophilic guidewire was

Figure | Imaging findings of a case with bilateral iliac artery occlusion. (A) Preoperative computed tomography angiography showed occlusion of bilateral iliac artery. (B)
During the operation, the right iliac artery did not develop by angiography, and occlusion was confirmed. (C) The right iliac artery was recanalized after balloon angioplasty
and stenting, and angiography confirmed that the vessel was in good condition without leakage.
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obtained from Boston Scientific (Natick, MA, USA), and the percutaneous transluminal angioplasty (PTA) dilatation
catheter and self-expanding biliary stent system were obtained from ev3 Incorporated (Plymouth, MN, USA). Drug-
coated balloon catheters, iliac extension stent—graft systems, and bifurcated stent—graft systems were obtained from
Medtronic (Santa Rosa, CA, USA). The abdominal aortic-covered stent—graft system was obtained from Lifetech
Scientific (Shenzhen, China), and bare metal stents were obtained from Abbott Vascular (Abbott Park, IL, USA).

The Seldinger technique was used in all the patients. Lidocaine hydrochloride was administered as local infiltration
for inducing anaesthesia at the puncture site. The surgical approach was determined according to the lesion location and
the degree of vascular stenosis. A retrograde approach via the bilateral femoral arteries was preferred. If occlusion
occurred at the opening site of the iliac artery or if repeated puncture failed, an antegrade approach via the brachial artery
was performed. After performing a successful puncture, a sheath was placed, followed by a guidewire and catheter. The
length and boundary of the stenosis and the involvement of the abdominal aorta, bilateral iliac arteries, and femoral
arteries were determined using angiography (Figure 1B). Surgical access was established by indwelling the puncture
sheath or switching to a peel-away introducer sheath. An intravenous bolus of heparin (1 mg/kg) was administered, and
a 0.035 guide wire or V-18 guidewire was introduced into the lesion. Subsequently, the sheath was withdrawn, and
a balloon dilatation catheter was introduced through the guidewire. The stenotic segment was pre-dilated and changes in
the blood flow were observed using angiography. An appropriate stent (bare or covered metal stent) was implanted
(Figure 1C), and angioplasty was performed again to confirm that the stent was placed properly, the blood vessel was in
good condition, and there was no leakage of the contrast agent. Balloon dilatation was performed again for managing any
residual stenosis (Figure 1).

Urokinase thrombolysis was performed if the patient had a fresh thrombus or if there was difficulty passing the
guidewire through the occluded segment. A thrombolytic catheter was placed in the distal abdominal aorta or bilateral
common iliac arteries, and urokinase was injected. A total of 200,000 U of urokinase plus 50 mL of 0.9% sodium
chloride injection was administered, ensuring that the injection was completed within 20-30 min. This dosage was later
changed to a continuous pump of 100,000 U of urokinase plus 50 mL of 0.9% sodium chloride injection at a rate of 6—
20 mL/h as part of thrombolytic therapy. After 2—7 days, the outcome of thrombolysis was determined using angio-
graphy, and endovascular treatment was performed.

Hybrid Surgery Procedures

The patients underwent hybrid surgery under general anaesthesia in a hybrid operating room where hybrid surgeries are
performed. Arteriotomy of the femoral artery and embolectomy were performed in six patients, followed by transluminal
angioplasty and stenting of the iliac artery. Two patients underwent arteriotomy of the femoral artery and embolectomy,
followed by transluminal angioplasty and stenting of the abdominal aorta and bilateral iliac arteries. One patient
underwent femoropopliteal artery bypass, followed by transluminal angioplasty and stenting of the iliac artery. One
patient underwent plaque removal from the deep femoral artery and endarterectomy of the superficial femoral artery,
followed by a transluminal angioplasty and stenting of the iliac artery.

Follow-Up and Outcomes
Anticoagulation and antiplatelet therapies were administered to all patients postoperatively. Statins were recommended
for life. The patients were followed-up at 1, 3, 6, and 12 months postoperatively and annually thereafter and were
assessed for clinical symptoms and postoperative complications as well as underwent physical examination, ABI
measurement, and CTA when necessary. The improvement in clinical symptoms and physical condition was indicated
by the following: no intermittent claudication or increased distance of intermittent claudication; no or reduced pain on
rest; palpability of the femoral, popliteal, anterior tibial, posterior tibial, and dorsal pedis arteries of the affected limb;
improved or healed ulcer or gangrene; and improved skin temperature and colour of the affected limb. The follow-up
endpoint was June 2022.

Technical success was defined as the restoration of blood flow without stenosis or with <30% residual stenosis 24
h after surgery. Primary patency was defined as the absence of postoperative clinical symptoms and restenosis or
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occlusion on imaging. Loss of primary patency was defined as restenosis or occlusion of the target vessel and the need
for reintervention to maintain arterial patency.

Statistical Analysis

GraphPad Prism version 7.0 (GraphPad Software, San Diego, CA, USA) was used for statistical analyses. Discrete
variables are expressed as percentages or frequencies and were compared using Fisher’s exact test. Continuous variables
are expressed as mean + standard deviation or median with interquartile ranges and were compared using the #-test or
nonparametric Mann—Whitney test. The Kaplan—-Meier method was used to generate the primary patency curve, and the
Log rank test was used to compare the curves. A P value of < 0.05 was considered statistically significant.

Results
A total of 139 patients with TASC II D-type AIOD underwent their first surgical treatment at our hospital between
March 2018 and March 2021. The endovascular operation failed in three patients because the guidewire could not pass
through the arterial occlusion, one patient underwent open vessel repair owing to vascular injury during the operation,
and one patient did not cooperate during endovascular treatment. Two patients died postoperatively, with a perioperative
mortality rate of 1.44%. Technical success was achieved in 132 patients (94.96%). Among the patients who successfully
underwent surgery, 120 underwent endovascular therapy, 10 underwent hybrid surgery, and 2 underwent open surgery.
Because the sample size of patients who underwent open surgery was too small, only the data of those who underwent
endovascular therapy and hybrid surgery were analysed in this study. Ultimately, the data of 130 patients with 171 limbs
were analysed. Baseline demographic and clinical variables are presented in Table 1.

The median duration of follow-up was 27.50 months (range, 1-51.67 months) in the endovascular group and 36.75
months (range, 27.23—44.40 months) in the hybrid group. At the end of the follow-up period, all patients who underwent
hybrid surgery retained vascular patency. In the endovascular group, the patency rate at the end of the follow-up period

Table | Baseline Demographic and Clinical Characteristics of All Patients

Total N=130 Endovascular Hybrid n=10 Endovascular
vs Hybrid
Stenting n=110 Thrombolysis + Stenting vs itV | P
Stenting n=10 Thrombolysis
+ Stenting
SV | P

Age (year) 72.15 £ 11.09 7226 = 11.27 70.20 £ 7.76 0.566 0.572 | 72.90 + 12.67 0.221 0.826
Sex
Male 108 (83.08%) 91 (82.73%) 9 (90.00%) - 1.000 | 8 (80.00%) - 0.667
Female 22 (16.92%) 19 (17.27%) 1 (10.00%) 2 (20.00%)
Smoking 45 (34.62%) 36 (32.73%) 5 (50.00%) - 0.307 | 4 (40.00%) - 0.737
Hypertension 103 (79.23%) 89 (80.91%) 6 (60.00%) - 0.214 | 8 (80.00%) - 1.000
Diabetes 43 (33.08%) 39 (35.45%) 2 (20.00%) - 0.491 | 2 (20.00%) - 0.495
Myocardial 4 (3.08%) 2 (1.85%) 0 (0) - 1.000 | 2 (20.00%) - 0.030
infarction
Cerebral 27 (20.77%) 26 (23.64%) 1 (10.00%) - 0.453 | 0(0) - 0.121
infarction
Hyperlipidemia 41 (31.54%) 36 (32.73%) 3 (30.00%) - 1.000 | 2 (20.00%) - 0.503
Symptoms
Claudication 107 (82.314%) 95 (86.36%) 7 (70.00%) - 0.172 | 5 (50.00%) - 0.016
Rest pain 113 (86.92%) 94 (85.45%) 10 (100.00%) - 0.355 | 9 (90.00%) - 1.000
Ulcer gangrene 26 (20.00%) 21 (19.09%) 3 (30.00%) - 0.417 | 2 (20.00%) - 1.000
Follow up length | 30.27 [21.54, 38.25] 27.15 [18.25, 38.25] 34.24 [27.47, 35.35] 390.5 0.131 36.75 [30.45, 40.67] 360.0 | 0.036
(month)

Notes: “Fisher exact test was used to compare discrete variables.
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was 89.17% (107/120), with 12 cases of reintervention and one death (unrelated to surgery). Two complications occurred
within 30 days postoperatively (one hematoma at the puncture site and one femoral artery pseudoaneurysm) in the
endovascular group. Patients with complications were treated appropriately after hospitalization. The short-term primary
patency rates were 100%, 98.32%, 94.12%, and 92.44% in the endovascular group and 100% in the hybrid group at 1, 3,
6, and 12 months postoperatively, respectively. The midterm primary patency rate at 24 and 36 months postoperatively
was 89.08% in the endovascular and 100% in the hybrid group, with no significant difference between the two groups (>
= 1.125; P = 0.289; Figure 2).

We further evaluated the role of thrombolysis in endovascular therapy in patients with TASC D-type AIOD. In the
endovascular group, 10 patients received thrombolytic therapy before endovascular treatment. The differences in the
baseline and clinical characteristics between the two groups were not significant (Table 1). As shown in the Log rank test,
no prominent variation was noted in the primary patency duration between the stent subgroup and thrombolysis/stent
subgroup (y* = 1.187; P = 0.276; Figure 3). The short-term primary patency rates at 1, 3, 6, and 12 months post-
operatively were 100%, 99.08%, 94.41%, and 93.58%, respectively, in the stent group and 100%, 90.00%, 80.00%, and
80.00%, respectively, in the thrombolysis/stent group. The midterm primary patency rate at 24 and 36 months was
89.82% in the stent subgroup and 80.00% in the thrombolysis/stent subgroup.
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Figure 2 Kaplan—Meier plots showing the vascular patency of the endovascular and hybrid groups.
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Figure 3 Kaplan—Meier plots showing the vascular patency of stent and thrombolysis/stent subgroups in the endovascular group.
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Discussion

Owing to the insufficient understanding of AIOD in grassroots hospitals and the limited level of diagnosis, most patients with
AIOD develop extensive and complex D-type lesions when they visit the department of vascular surgery. Open surgical
options, such as aortobifemoral bypass grafting, aortoiliac endarterectomy, and extra-anatomic bypass, are considered the gold
standard treatment for such complex lesions. The overall 5-year primary patency rate of these open surgeries is >85.0%, with
systemic morbidity of >10%.> Open surgery is more traumatic, which puts forward higher requirements for the basic condition
of patients, resulting in an increasing interest in less invasive approaches with similar therapeutic outcomes. The Chinese
expert consensus suggests that endovascular treatment is recommended for extensive D-type lesions and that hybrid surgery
can be performed when patients with AIOD have common femoral artery bifurcation disease.® Our experience suggests that
both endovascular and hybrid treatments demonstrate satisfactory midterm outcomes and low perioperative mortality in
patients with TASC II D-type lesions and are worthy of further clinical application.

In this study, 94.96% of patients achieved technical success. A meta-analysis of 19 studies with 1711 patients showed
that the technical success of endovascular treatment for C- and D-type lesions ranged between 86% and 100%,"
consistent with that reported in recent studies.” ° As only D-type lesions were included in the present study, the treatment
difficulty was relatively high. We believe that a technical success rate of 94.96% is satisfactory.

In the current study, the 1-, 2-, and 3-year primary patency rates were 92.44%, 89.08%, and 89.08%, respectively,
for the endovascular treatment and 100% for the hybrid treatment. Although the patency rate of hybrid surgery appears
to be higher than those of endovascular treatment, the difference is not significant, and the small sample size of the
hybrid group may be associated with this result. Similarly, a study reported that patency in patients who underwent
hybrid surgery (femoral endarterectomy and stenting) tended to improve compared with that in patients who underwent
stenting only.' In comparison, in another study with a mean follow-up duration of 23 months, the primary patency rate
was 85.4% for the hybrid approach of femoral endarterectomy and stenting in patients with C- and D-type lesions."’
Previous studies have reported that the 1- and 3-year primary patency rates of endovascular treatment ranged from
70% to 97% and 66% to 91%, respectively, in patients with C- and D-type lesions.”'*'*"!7 Several studies reported
that the patency rates of endovascular treatment in patients with D-type lesions ranged from 85% to 93% at 1 year and
80% to 93.75% at 2 years.”®'® % Although only D-type lesions were included in the present study, the difference in
the long-term patency rates between patients with A/B lesions and those with C/D lesions who received endovascular
treatment was not significant, similar to that reported in previous studies.”'> Several endovascular techniques have
been developed in recent years, among which the commonly used techniques include kissing stents, covered
endovascular reconstruction of aortic bifurcations, and unibody-branched stent grafts. Although the patency rates of
various techniques in patients with C- and D-type lesions vary at different centres, a comprehensive meta-analysis
suggested that the primary and secondary patency rates are similar; compared with those who underwent open surgery,
patients who underwent endovascular treatment demonstrated lower 30-day mortality and comparable secondary
patency.”® Furthermore, endovascular treatment is associated with lower hospital expenses and is more cost-
effective than open surgery.”*

The merit of this study is that the total sample size is relatively large. However, this study has some limitations. First,
the sample sizes of some individual subgroups were too small. Therefore, we could not compare the effectiveness of
endovascular treatment with that of open surgery. Second, the follow-up period was insufficient to analyse the long-term
primary and secondary patency rates. Third, the research results were inevitably affected by the decision-making process
and technical level of different surgeons. For example, experienced vascular surgeons have higher success rates in
performing endovascular surgeries. Further multicentre controlled clinical studies are needed to provide more evidence
on the long-term outcomes of TASC II type D lesions. Nonetheless, our study provides useful information regarding the
safety and efficacy of endovascular treatment for extensive AIOD.

Conclusion
In conclusion, the results of this single-centre retrospective study suggest that both endovascular and hybrid treatment
methods have good technical success and early- to midterm primary patency rates. Although open surgery is still the
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primary recommendation for TASC II type D lesions, we need to combine different measures according to specific
circumstances to implement the most beneficial treatment for lower-risk patients.

Abbreviations
AIOD, Aortoiliac occlusive disease; TASC, Trans-Atlantic Inter-Society Consensus; DSA, Digital subtraction angiogra-
phy; CTA, Computed tomography angiography; ABI, Ankle—brachial index.
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