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ABSTRACT

Objective: The aim of this multicenter national study was to compare the outcomes of primary open surgery by aorto-
bifemoral bypass (ABFB) with those performed after a failed endovascular treatment (EVT) by kissing stent technique for
complex aortoiliac occlusive disease (AIOD) lesions (TransAtlantic Inter-Society Consensus [TASC] Il C and D).

Methods: All consecutive ABFB cases carried out at 12 vascular surgery centers between 2016 and 2021 were retro-
spectively collected and analyzed. Data included patients’ baseline demographics and clinical characteristics, procedural
details, perioperative outcomes, and follow-up results (survival, patency, amputation). The study cohort was divided into
two groups based on indications for ABFB: primary treatment vs secondary treatment after EVT failure.

Results: Overall, 329 patients underwent ABFB during the study period (71% males; mean age, 64 years), of which 285
were primary treatment and 44 were after prior EVT. At baseline, no significant differences were found between study
groups in demographics and clinical characteristics. TASC C and D lesions were similarly represented in the study groups
(TASC C: 22% vs 78%; TASC D: 16% vs 84%). No major differences were found between study groups in terms of procedural
details, early mortality, and perioperative complications. At 5 years, primary patency rates were significantly higher for
primary ABFB (88%; 95% confidence interval [Cl], 93.2%-84%) as compared with ABFB after prior EVT (69%; 95% Cl 84.9%-
55%; log rank Pvalue < .001); however, the 5-year rates of secondary patency (100% vs 95%; 95% Cl, 100%-86%) and limb
salvage (97%; 95% Cl, 99%-96 vs 97%; 95% Cl, 100%-94%) were similar between study groups.

Conclusions: Surgical treatment of TASC C/D AIOD with ABFB seems to be equally safe and effective when performed
after prior EVT, although primary ABFB seemed to have higher primary patency rates. Despite the need for more frequent
reinterventions, secondary patency and limb salvage rates were similar. However, future large prospective trials are
required to confirm these findings. (J Vasc Surg 2024:80:451-8.)
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Extensive aortoiliac occlusive disease (AIOD), like Trans-
Atlantic Inter-Society Consensus (TASC) Il C and D le-
sions,! may present significant challenges both in open

surgery (OS) and in endovascular treatment (EVT).
When the TASC classification first appeared, indication
to treatment for C and D lesions was mainly OS by
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aorto-bifemoral bypass (ABFB). However, with the
increasing experience, the evolution of techniques and
materials, the support of the patients for a less invasive
approach, EVT has progressively replaced OS both in sim-
ple and complex AIOD lesions. This has led to a para-
digm shift in the management of aortoiliac disease
that favors less-invasive endovascular/hybrid procedures,
with a resultant progressive decrease in total number of
OS procedures for extensive AIOD.>® However, the long-
term results of ABFB have remained superior to EVT, at
the cost of higher perioperative morbidity and mortality.”
Recent international guidelines®® have issued recom-
mendations for an endovascular-first approach also in
complex AIOD, as long as EVT does not compromise a
possible future surgical approach, if EVT would fail. How-
ever, such recommendations were mainly based on
common practice and expert consensus since no spe-
cific studies were published.

A large regional cohort study on outcomes of infrain-
guinal bypass has shown that patients with a prior failed
endovascular intervention are at higher risk for major
adverse limb events and decreased survival after open
bypass.” However, a few studies®' have recently exam-
ined the effect of prior aortoiliac endovascular interven-
tion on outcomes after ABFB, with several limitations.

Prior literature has found that femoro-popliteal bypass
performed after failure of EVT may show inferior out-
comes to first-line surgical therapy, however, whether
the same concept may hold true in the aorto-iliac district
remains mostly unanswered. Therefore, the aim of this
multicenter national study is to provide more evidence
to this issue and evaluate whether the outcomes of pri-
mary aortoiliac open bypass are different than those after
a failed EVT by kissing stent (KS) for complex AIOD le-
sions (TASC Il C and D).

METHODS

Data sources and study design. Between January 2012
and December 2021, all consecutive patients undergoing
ABFB for TASC Il C and D lesions at 12 Vascular Surgery
centers in ltaly were retrospectively retrieved. All
collected data were merged in a dedicated database
for the purpose of all subsequent analyses. All centers
applied their own protocols for pre-, intra-, and postoper-
ative evaluation. However, all centers performed at least
one follow-up visit within the first 2 months after the
index interventions and one follow-up visit with duplex
ultrasound examination within the first 2 years after the
index intervention. No strict indications were established
for perioperative medical care, and the study did not
alter local pattern of care. The study cohort was divided
according to whether ABFB was performed as the first
treatment (group 1) or secondarily after a failed prior KS
(group 2). Patients were not included in the present
study if one of the following criteria were true: major
amputation at index presentation, extra-anatomic
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ARTICLE HIGHLIGHTS

- Type of Research: Retrospective analysis of collected
registry data from a multicenter national database
on severe aortoiliac occlusive disease

- Key Findings: Aorto-bifemoral bypass surgery was
performed in 329 patients, 285 primarily (group 1)
and 44 after a failed endovascular treatment (group
2). At 5 years, the primary patency was significantly
higher in group 1 vs group 2, although the secondary
patency and limb salvage were similar in the two
groups.

- Take Home Message: An endovascular-first
approach for severe aortoiliac occlusive disease
may be justified, considering the requirement for
more frequent reinterventions in the follow-up and
provided a secondary aorto-bifemoral bypass can
be later performed if needed.

revascularization, covered endovascular reconstruction
of aortic bifurcation or endovascular aneurysm repair
before ABFB, and lack of at least 2-year follow-up data
after the index operation/intervention (Fig 1). Acute limb
ischemia was not considered an exclusion criterion for
the present study. Presence of concomitant atheroscle-
rotic disease to the common femoral artery (CFA) and/or
profunda femoral artery (PFA) was investigated with
preoperative duplex ultrasound and/or computed to-
mography. All centers applied a similar surgical
approach (ie, ensuring good outflow through the CFA/
PFA without any significant [75% or more] stenosis). In
such cases, concomitant CFA endarterectomy with or
without profundoplasty was performed. In cases of mild
to moderate CFA/PFA disease, the choice to perform
additional distal procedures was left to the operating
surgeon’s discretion. Approval from the Institutional
Ethics Committee as well as patients’ informed consent
was not needed because of the retrospective design and
minimal risk nature of the studly.

Study definitions and statistical analysis. The informa-
tion included demographics, preoperative risk factors,
clinical and diagnostic assessments, intraoperative fea-
tures, and follow-up data. Continuous data were
expressed as the mean *+ standard deviation or median
with interquartile range (IQR) values if not normally
distributed. Categorical data were expressed as per-
centages. Early (30 days) results in terms of technical
success, major adverse event, limb salvage, and mortality
were assessed. Early outcomes were analyzed and
compared between the two groups with the y? test or
Fisher exact test. When necessary, the mean
independent-samples t-test was used to compare
means. The life-table analysis (Kaplan-Meier test with
standard error <0.10) was used to evaluate the following
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Patients undergoing
Aortobifemoral bypass for TASC
11C and D lesions (n= 389)

Excluded:
Less than two years of follow up
(n=27)

patients undergoing Aortobifemoral
bypass with at least two years of
follow up (n=362)

Excluded:
Previous CERAB (n=21)
Previous EVAR (n= 12)

patients undergoing Aortobifemoral
bypass for TASC 11 C and D lesions
included in the study (n=329)

Fig 1. Flowchart of study design. CERAB, Covered endo-
vascular reconstruction of aortic bifurcation; EVAR, endo-
vascular aneurysm repair; TASC, TransAtlantic Inter-Society
Consensus.

outcomes: survival, primary patency (defined as no evi-
dence of restenosis, peak systolic velocity ratio =2.5, or
occlusion based on color-coded duplex sonography),
secondary patency (defined as patency maintained by
repeat intervention after complete occlusion of the
stents or bypass), and limb salvage (defined as absence
of major amputation). The two groups were compared
with the log-rank test. Estimates were given with the
95% confidence intervals (Cls). In the whole study pop-
ulation, associations of procedure variables with primary
patency rates were sought based on a multivariate Cox
regression analysis. Results of the regression analysis
were presented as the hazard ratio (HR) with the 95% CI.
Statistical analysis was performed using SPSS software
(version 24.0 for Apple; IBM Corporation).

RESULTS

During the study period, a total of 329 patients under-
went ABFB (group 1, n = 285; group 2, n = 44)
(Supplementary Fig 1, online only). The median number
of cases per center was 20 (IQR, 13-25). At baseline, no sta-
tistically significant differences were observed between
groups in age (mean, 65 vs 64 years; P = 48), gender dis-
tribution (males 71% vs 73%; P = .91), and smoking habits
(39% vs 50%; P = .38). Similarly, most preoperative char-
acteristics did not show any significant differences be-
tween groups, as shown in Table |. However, patients in
group 1 were significantly less likely to have received an
urgent operation as compared with those in group 2
(14% vs 27%; P = .03).

The median time from endovascular treatment to sur-
gical regrafting was 20 months (IQR, 12:37)
(Supplementary Fig 2, online only). As shown in Table I,
the majority of patients presented TASC Il D lesions
(77% in group 1 and 84% in group 2; P = 41) without
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any statistically significant differences between the
groups in both TASC Il C and D lesions. Supra-renal
clamping was required in 25% of group 1 and in 34% of
group 2 (P = .17). Technical success was achieved in
99% of group 1 (4 perioperative limb occlusions) and
100% of group 2.

Table Il shows postoperative and follow-up outcomes.
Postoperative mortality was very low in both groups
(1.5% in group 1vs 2.3% in group 2; P = 66). No statistically
significant differences were detected in postoperative
surgical or medical complications. The mean follow-up
time was 65 months for group 1 vs 68 months for group
2 (P= .6l

Kaplan-Meier survival estimates showed no significant
differences at 5 years between groups, as shown in
Fig 2 (group 1: 91%; 95% Cl, 94%-86.6% vs group 2:
91.5%; 95% CI, 98%-83%; P = .91) However, primary
patency at 5 years was significantly higher in group 1
(88%; 95% CI, 93.2%-84%) as compared with group 2
(69%:; 95% ClI, 84.9%-55%:; P < .001) (Fig 3). The Cox pro-
portional hazard model confirmed the association be-
tween prior endovascular treatment and loss of primary
patency (HR, 2.7; 95% CI, 1.39-5.14; P < .001) (Table V).
Nonetheless, no significant differences were observed
in 5-year estimates of secondary patency (100% in group
1vs 95%; 95% CI, 100%-86% in group 2; P=51) (Fig 4) and
limb salvage (97%; 95% ClI, 99%-96% in group 1 vs 97%;
95% ClI, 100%-94%; P = .37) (Fig 5). The overall follow-up
index was 0.88.

DISCUSSION

Although there are several studies that have cross-
compared the outcomes of endovascular management
vs OS for treatment of AIOD, only a few®'® have exam-
ined in detail the potential effect of prior aortoiliac endo-
vascular intervention (AIEl) on outcomes after ABFB, and
none of these have specifically included only the KS
technique. The complexity of the present cohort is illus-
trated by the fact that TASC D AOID was present in
77% and 84% patients in group 1 (no prior KS) and group
2 (prior KS), respectively, and iliac occlusion was present
in 79% of group 1 and 84% of group 2, respectively. More-
over, a suprarenal clamp was required in 25% and 34% of
group 1 and group 2, respectively, a finding that can be
reasonably linked to the extensive atherosclerotic
burden at the aortic level. Nonetheless, the 30-day mor-
tality in this cohort was remarkably low (1.4% in group 1
and 2.3% in group 2, respectively): lower than a recently
published data'® from the Vascular Quality Initiative
(VQI) database (reported as high as 2.9%), and signifi-
cantly lower than historical series from 20 to 50 years
ago, in which ABF bypass carried a 4.0% to 4.4% opera-
tive mortality."'?

In the present multicenter study, postoperative major
adverse event rates were 28.7% in group 1 and 20.4% in
group 2, whereas the reintervention rate was 10.5% in
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Table I. Demographic characteristics of patients

Male gender 235 (71.1) 203 (71) 32 (727) .91

Age >79 years 9 (2.7) 9 (3.2) 0 (0) 23

Obesity 45 (13.7) 38 (13.3) 7 (15.9) .64

No 13 (343) 101 (35.4) 12 (27.3)

Dislipidemia 200 (60.8) 169 (59.3)  31(705) .15

Hypoalbuminemia 50 (15.2) 41 (14.4) 9 (205) 29

SVS score 0704 0.7£05 0.7£04 .62

ul
©

Indication

Rest pain M (33.7) 96 (33.7) 15 (34.1)

Medications

Clopidogrel 66 (20.1) 53 (18.6) 13 (29.5) .09

Direct oral
anticoagulants

8 (2.4) 6 (21) 2 (4.5) 32

group 1 and 11.4% in group 2. A small percentage of pa-
tients were lost to follow-up (only 4.6% in group 1), and
the mean follow-up time was longer than 5 years in
both groups, therefore making estimates of long-term
durability clinically reliable.

Conflicting results are reported in the few available
studies analyzing the effect of previous aortoiliac endo-
vascular intervention on outcomes of subsequent
ABFB. In a single center 30-year experience of 359
ABFB patients, comparing the results of the historical
cohort (1995-1999) with the contemporary cohort
(2000-2015), Sharma et al® found that contemporary
cohort, decreasing age, prior aortic surgery, and
decreasing graft diameter were significant independent
predictors of loss of primary patency after adjustment,
and not prior endovascular interventions. In another
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Table Il. Anatomical and procedural characteristics of
patients

TASC
D 258 (78.4) 221(775) 37 (841)

Rutherford
classification

u
N

4 229 (69.6) 206 (7.2) 23 (52.2)

6 21 (6.3) 17 (5.9) 4(9)

Mild (<50%) 157 (47.7) 138 (48.4) 19 (43.2)

High (75%-99%) 64 (19.5) 57 (20) 7 (15.9)

Femoropopliteal 101 (30.7) 85(29.8) 16 (364) .38

occlusive
disease

Suprarenal 85 (25.8) 70 (246) 15 (34.]) 17

clamping zone

CFA 146 (44.4)
endarterectomy

126 (442) 20 (455) .87

Distal
endovascular
procedure

1 (3.3) 10 (3.5) 1(2.3) .67

Amount of blood 2754+276 2610277 2791280 .09
loss, mL

Technical success 325 (98.8) 281 (98.6) 44 (100) 42

single-center analysis (from 2000 to 2017), DeCarlo
et al® found that rates of postoperative major complica-
tions were high (35.9%), and predictors included prior
endovascular intervention, along with malignancy, intra-
operative complication, operative blood loss, and aortic
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Table llIl. Outcomes

Death 5 (1.5) 4 (1.4) 1(2.3) .66

Intensive care unit stay >24 hours 210 (63.8) 187 (65.6) 23 (52.3) .08

Any medical complications .69

Heart failure 8 (2.4) 8 (2.8) 0 (0)

Renal insufficiency (as per RIFLE criteria) 17 (5.2) 14 (4.9) 3 (6.8)

Thrombosis 24 (7.3) 21 (7.4) 3 (6.8)

Surgical infection 18 (5.5) 17 (6.0) 1(23)
Median follow-up, months 66+39 65+41 68+36 .61
Survival
100 -nt':'-_-L-—

— ABF without KS
— = ABF with previous KS

Survival probability (%)

o ) I 1 I I I
0 12 24 36 48 60

Number at risk
Group: ABF without KS

Group: ABF with previous KS
44 39 39 37 32 26

Fig 2. Kaplan-Meier analysis of overall survival in group 1 vs group 2. ABF, Aortobifemoral bypass; KS, kissing stent.

cuff endarterectomy. Primary patency and freedom determine if prior AIEI was predictive of adverse events
from reinterventions at 5 years were 76% and 79%, after ABF bypass. Among 3056 patients who underwent
respectively, although predictors of primary patency open surgery, 618 had a prior AIEI. Prior AIEI did not pre-
were not analyzed. In another study, the same author'® dict any of the primary outcomes in multivariable anal-
queried the VQI database for all patients who under- ysis. In this study, however, data on ABFB patency were
went ABFB from 2009 to 2019, with the aim to not analyzed.
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Primary patency

100 —-L
===

Survival probability (%)
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______________________________

= ABF without KS

— - ABF with previous KS

0 12 %

- Time(months)
Number at risk

Group: ABF without KS

m 188 158

Group: ABF with previous KS

44 31

18

15 10

Fig 3. Kaplan-Meier analysis of primary patency in group 1 vs group 2. ABF, Aortobifemoral bypass; KS, kissing

stent.

Table IV. Cox regression

Secondary procedure 27 1.39-5.14 <.001
Urgent setting 1.6 0.69-3.27 29
TASC D 12 0.54-2.63 64
Rutherford class 4-5-6 15 0.73-2.99 27
CFA endarterectomy 13 0.72-2.45 35

CFA, Common femoral artery; Cl, confidence interval; HR, hazard ratio;
TASC: Trans-Atlantic Society Classification.
Boldface P values indicate statistical significance.

In contrast to the study of Sharma et al.® the present
analysis showed that primary patency of ABFB was
significantly lower in patients with previous KS treatment
(88.6% vs 69.5%, respectively). Only failures of KS for
extensive AIOD were taken into consideration in the pre-
sent study, whereas in the other studies®'° data are not
available regarding the prior EVT, so that the exact na-
ture of each intervention, such as balloon angioplasty
alone vs stenting or other potential confounders,
including the anatomical complexity (ie, TASC classifica-
tion), is unknown. Nonetheless, the secondary patency of
ABFB in our series was remarkably high (99% in group 1
Vs 943% in group 2) at 5 years, and without any differ-
ences between the two groups.

Despite the low mortality of the present cohort, the
overall major complication rate in our cohort was not
negligible (27.6%), and similar to other studies, like a
recent VQI dataset analysis'® of 3056 patients who un-
derwent ABF surgery from 2009 to 2019 (24.4%). In a
recent meta-analysis of direct surgical vs endovascular

revascularization for AIOD including 4030 patients, Pre-
maratne et al"" showed that the overall pooled primary
patency at 5 years was significantly better in the direct
surgery group (91%) than in the endovascular or hybrid
group (80.7%). These results are in line with a previous
systematic review* of the endovascular treatment of
extensive AIOD, which showed a 5-year primary patency
rate of 60% to 86%.

Several single and multicenter studies, mostly retro-
spective, have been published on the outcomes of KS for
AIOD treatment, with encouraging results. A systematic
review has been published in 2017 by Jebbink et al'® on
the results of KSs. The pooled data from these studies
showed an overall technical success rate of 98.7%, a
complication rate of 10.8%, and a primary patency at 12,
24, and 60 months of 89.3%, 78.6%, and 69.0%, respec-
tively. The same authors published in 2019 an individual
patient data meta-analysis including 605 (40.9%) of
1480 patients treated with kissing stenting for AIOD,
which confirmed an overall primary patency estimate
of 81% at 24 months."”

12-15

Study limitations. Findings from this study must be
interpreted in the context of some intrinsic limitations.
First, the retrospective observational design of the study
may entail possible selection or attrition bias, although
cases were consecutively queried at participating institu-
tions. Importantly, we could not ascertain the actual per-
centage of surgical regrafting over the total number of
endovascular cases as some of the formers were referred
from peripheral hospitals. For similar design-related
reasons, some patients were lost to follow-up, although
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Secondary patency
100
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Survival probability (%)

°n 1 I 1

— ABF withoutKS
—— ABF with previous KS

0 12 24 36
Time (months)
Number at risk
Group: ABF without KS
272 201 172 146
Group: ABF with previous KS
44 35 31

17

Fig 4. Kaplan-Meier analysis of secondary patency in group 1 vs group 2. ABF, Aortobifemoral bypass; KS, kissing

stent.

Freedom from amputation
100 sy

Survival probability (%)

°n 1 I 1

— ABF withoutKS
—— ABF with previous KS

0 12 24 36
Time (months)
Number at risk
Group: ABF without KS
269 251 231 203
Group: ABF with previous KS
44 38 38 36

174

31 25

Fig 5. Kaplan-Meier analysis of limb salvage in group 1 vs group 2. ABF, Aortobifemoral bypass; KS, kissing stent.

this proportion was relatively small (4% of the entire
study population). Secondly, the specific strategies for
endovascular treatment or open surgery were at the
discretion of the treating physicians and alternative ap-
proaches may have been chosen for similar patient-
related characteristics. Furthermore, the study lacks any
core laboratory-based analysis. Finally, a larger cohort of
patients may be useful to identify further predictors of
procedural failures using multivariate methods.

CONCLUSIONS

Surgical treatment of TASC C/D AIOD with ABFB sur-
gery remains equally safe and effective when performed
after prior endovascular treatment, although primary
ABFB seemed to have higher primary patency rates.
Despite the need for more frequent reinterventions, sec-
ondary patency and limb salvage rates were similar.
However, future large prospective trials are required to
confirm these findings.
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Supplementary Fig 1 (online only). Line chart with number of cases over time.
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Supplementary Fig 2 (online only). Pie chart of time from
endovascular treatment to surgical regrafting.
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