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WHAT THIS PAPER ADDS

What is known? Hybrid procedures for co-existing aorto-iliac and common femoral artery occlusive disease
(Trans-Atlantic Inter-Society Consensus C, D) are widely recommended without sufficient evidence comparing
them with traditional aortofemoral bypass.What is new? This is the first prospective randomised trial comparing
hybrid repair (HR) with open reconstruction in long iliofemoral occlusive lesions. The three year results suggest
that HR for co-existing aorto-iliac and common femoral artery occlusive disease may be reasonable. What is
next? Further randomised trials are needed to facilitate treatment decisions in long iliofemoral occlusive lesions.
Objective: The aim of this non-inferiority randomised trial was to compare the short and midterm safety and
efficacy of hybrid repair (HR) and open reconstruction (OR) for patients with co-existing iliac and common
femoral artery (CFA) occlusive disease.
Methods: The study was registered on the ClinicalTrials.gov register (identifier: NCT02580084). From 2015 to
2017, eligible patients presenting with combined iliac and CFA occlusive disease were randomised to either
HR or OR. HR group patients underwent recanalisation and stenting of iliac arteries combined with CFA
endarterectomy and patch angioplasty. The OR group underwent aortofemoral bypass with simultaneous CFA
endarterectomy. Short (30 day) and midterm (36 month) outcomes including morbidity, mortality, and
patency rates were compared between groups.
Results: Of 427 patients assessed, 202 were randomised (102 HR and 100 OR). The average hospital length of stay
was shorter in the HR group (8.2 � 4.2 days HR group vs. 15.7 � 6.9 days OR group, p < .001); the 30 day peri-
operative morbidity rate was 8.8% in the HR group vs. 21% in the OR group (p ¼ .030). There was no significant
difference in the 36 month mortality rate (p ¼ .16). The cumulative primary patency rates were 93% (HR) vs. 93%
(OR) at 12 months and 91% (HR) vs. 89% (OR) at 36 months (p ¼ .38). The limb salvage rates were 99% (HR) vs.
99% (OR) at 12 months and 98% (HR) vs. 97% (OR) at 36 months (p ¼ .49).
Conclusion: The results of this first non-inferiority randomised study support the safety and midterm efficacy of
hybrid procedures for patients with iliofemoral peripheral arterial disease. HR patients had a shorter length of
stay with reduced peri-operative morbidity and similar medium term patency rates.
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INTRODUCTION

The treatment of patients with combined iliac and common
femoral artery (CFA) occlusive disease presents a dilemma
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for vascular surgeons.1,2 Current guidelines recommend
either open surgical reconstruction (OR) or hybrid repair
(HR) combining iliac stenting with femoral endarterectomy.3

While traditional OR with aorto- or iliofemoral bypass is
associated with excellent long term patency results,4 it is
associated with significant peri-operative morbidity with
some studies citing mortality rates of up to 4% e 8%.5e7

Furthermore, OR is associated with significant long term
morbidity with 5.8% of aortofemoral bypass patients
requiring future ventral hernia repair.8 HR has, therefore,
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evolved as an attractive minimally invasive alternative to OR
with the potential advantages of lower peri-operative
morbidity and a shorter hospital stay.9e11

However, there are currently no randomised trials
comparing both treatment modalities for patients with
concomitant iliac and CFA occlusive disease.12e15 Therefore,
the aim of this randomised trial was to compare the short
and midterm safety and efficacy of HR and OR procedures
for patients with co-existing iliac and common femoral
occlusive disease.

MATERIAL AND METHODS

Study design

A prospective single centre randomised trial was performed
to compare the short and midterm safety and efficacy of HR
and OR procedures for patients with co-existing iliac and
CFA occlusive disease.

The study was registered on the ClinicalTrials.gov register
(identifier: NCT02580084) and was approved by the Local
Ethics Committee of the Siberian Federal Biomedical
Research Centre, Ministry for Public Health Care of the
Russian Federation. All patients provided informed consent
for inclusion into the study.
Sample size calculation

The results of previous cohort studies1,6,9,15 were used to
base a non-inferiority margin of 10% with respect to 30 day
combined morbidity and mortality for HR compared with
OR. Assuming this, a total of 158 patients (79 per group)
would be required to demonstrate statistical significance
(a ¼ 0.05) at a power of 90%.

As the centre’s catchment area incorporates a large area
of Russia, it was anticipated that patient follow up could be
difficult. Therefore, given the ease of recruitment at the
centre, and to account for potential loss to follow up, the
sample size was rounded up to 100 per arm (200 total).
Recruitment

From October 2015 to August 2017, adult patients aged
45 e 75 years with chronic limb ischaemia (Rutherford
classification categories 2 e 5) caused by combined
extensive iliac (Trans-Atlantic Inter-Society Consensus
[TASC] II class type C/D disease) and CFA occlusive disease
(stenosis � 70% or occlusion) were considered potentially
eligible for this study. In all cases the cause of the
occlusive arterial damage was atherosclerosis. Patients
aged 45 e 75 years were included in the study as the
average life expectancy in Russia is approximately 75 and
it is rare to encounter atherosclerotic disease below the
age of 45.

Patients with intermittent claudication (Rutherford stage
2 e 3) were routinely initially offered conservative therapy
with best medical therapy and a supervised exercise pro-
gram prior to surgical intervention.3,16 Therefore, only pa-
tients who had persistent severe symptoms with a
subjective reduction in their quality of life following
conservative therapy were considered for inclusion in this
study.

Inclusion criteria.

1. Concomitant TASC II type C/D iliac segment disease and
CFA lesions (occlusion/stenosis � 70%).

2. Rutherford classification stage 2 e 5 chronic limb
ischaemia.

3. Aged 45 e 75.
Exclusion criteria.

1. Aortic thrombosis, concomitant abdominal aortic or iliac
aneurysms, acute limb ischaemia or vasculitis.

2. Refusal to participate in the study.
3. Stroke or myocardial infarction within the past three

months.
4. Ischaemic heart disease with New York Heart

Association functional class IV.
5. Malignant tumour with an estimated life expectancy of

less than six months.
6. Previous ipsilateral or contralateral surgery (bypass,

hybrid or stenting).
7. Hepatic or renal insufficiency (bilirubin > 35 mmol/L,

glomerular filtration rate < 60 mL/min/1.73 m2).
8. Severe calcification of the aorta and iliac arteries

unsuitable for balloon angioplasty (as determined by
the Peripheral Arterial Calcification Scoring System on
computed tomography angiography as interpreted by a
vascular radiologist):17 unilateral calcification� 5 cm
(Grade 2), bilateral calcification� 5 cm (Grade 4), or
circumferential calcification, defined as 270� e 360�

around the circumference of the aorta and/or iliac
arteries.

Randomisation

Sealed envelope randomisation was used. Envelopes were
sealed by a person independent of the recruiting team. All
opaque envelopes were identical and not numbered (to
exclude the possibility of marking). Once a patient had
consented to enter the trial, an independent clinician pro-
vided the research clinicians with the sealed envelope and
the patient was randomised to the appropriate group. This
was typically performed the day prior to surgery.

In the HR group, all patients had to have undergone
endovascular iliac revascularisation with simultaneous
common femoral endarterectomy (CFE). Patients in OR
group who required aortobifemoral or aortofemoral by-
passes were included in this study only if simultaneous CFE
was performed.
Outcomes

The primary outcomes included hospital length of stay; 30
day mortality/major adverse cardiac events (MACEs);
30 day morbidity/complication rate (including wound
complications); 30 day graft/stent patency rates (evaluated
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for the more severely affected limb); 30 day graft infection
rates.

The secondary outcomes included 36 month graft infec-
tion, mortality, morbidity, graft/stent patency, limb salvage
and amputation free survival (AFS) rates.
Operative technique

Before surgical reconstruction all the patients of both
groups were investigated with duplex ultrasonography,
ankle brachial pressure index (ABI) measurements, and
multidetector computed tomographic angiography (MDCT).

In patients allocated to the HR group, local or spinal
anaesthesia was used. All OR cases were performed under
general anaesthesia. The HR operations were performed in
an angiography suite (GE OEC 9900 Elite, USA).

Initially, for the HR group, an attempt was made to obtain
retrograde access to the aorta via femoral access and secure
aortic inflow before making the arteriotomy. Ipsilateral/
contralateral femoral or brachial approaches were used
depending on the clinical situation. After recanalisation and
balloon angioplasty of the iliac artery, the procedure was
completed with endarterectomy of the CFA. Once CFE was
performed, the proximal and distal ends were secured with
tacking sutures and the femoral artery was closed with
standard bovine pericardial patch angioplasty. Subsequent
access to the iliac arteries was performed through a central
patch puncture with an 18 gauge needle and a 7F sheath
was then placed over the wire. CFE was performed prior to
iliac stenting because of easier access to the true lumen in a
difficult CFA lesion. Primary stenting of common iliac artery
lesions (with a severely calcified segment) was carried out
with balloon expandable stents (Omnilink Elite, Abbott).
Diameters ranged from 8 to 10 mm. Primary stenting of
external iliac lesions and some long occlusions was per-
formed with self expanding nitinol stents (PROTEGE�
EverFlex�, EV3; Absolute, Abbott) after iliac recanalisation.
The diameters varied between 7 and 9 mm.15 For long le-
sions of the external iliac artery, the practice was to extend
the treatment zone with percutaneous transluminal angio-
plasty (PTA) or stenting down to the superior border of the
inguinal ligament. Neither high pressure nor cutting bal-
loons were used in the study.

In the OR group, aortofemoral or aortobifemoral by-
passes were performed through a retroperitoneal approach
with a bifurcated or straight Dacron graft sutured end to
side proximally and distally. Concomitant CFE was per-
formed in all patients who underwent OR.

For both groups, profundaplasty was performed when
the profunda femoris artery had > 50% stenosis on pre-
operative computed tomography scan, or at the time of
operation if the orifice was not accessible with a 3 mm
dilator.

After HRs, aspirin (100 mg per day) and clopidogrel (75
mg per day) were prescribed for six months. After six
months, clopidogrel was stopped and long term aspirin (100
mg per day) was recommended. After OR, aspirin mono-
therapy (100 mg per day) was prescribed for life.
The post-operative follow up visits (at one, 12, 24, and 36
months post-procedure) consisted of physical examination,
ABI measurement, and duplex scan of the bypass graft or
iliac stent and CFE site. If there was a suspicion of stent,
bypass, or CFE restenosis � 70% or occlusion, MDCT was
performed for further evaluation.

Statistical analysis

The ShapiroeWilk test was used to verify the normality of the
quantitative data distribution. Normally distributed quanti-
tative data are presented as the mean � standard deviation,
and the non-normally distributed data are presented as a
median with a 95% confidence interval (CI). The statistical
difference between groups was determined with theManne
WhitneyU test and two sided F test.TheWilcoxon signed rank
test was used for the paired intragroup analysis of dependent
data and McNemar’s test for paired nominal data. ABI before
and after surgery (mean and standard deviation) between the
two procedures were compared by a two sample t test.
KaplaneMeier survival curves for primary patency, primary
assisted patency, secondary patency, and the log rank were
estimated. A p value < .050 was considered statistically sig-
nificant. The Cox proportional hazards model was used to
assess combined primary and secondary endpoint outcomes
between the groups. In order to test non-inferiority for the
primary outcome (complications in the 30 day post-operative
period) of the HR group compared with the OR group, the
90% two sided CI for the hazard ratio was calculated.
Statistical calculations were performed using MedCalc
v15.2.2.

RESULTS

Demographics

From October 2015 to August 2017, 427 patients were
assessed for randomisation, but 225 patients were
excluded, due to concomitant presence of abdominal aortic
aneurysm (n ¼ 16), stroke or myocardial infarction within
the past three months (n ¼ 18), previous ipsilateral/
contralateral bypass or hybrid surgery (n ¼ 46), CFA ste-
nosis < 70% (n ¼ 56), and no consent (n ¼ 89).

Ultimately, 202 patients were included with 102 patients
randomised to HR group and 100 to OR group. Athero-
sclerosis was the cause of occlusive disease in all cases.
Figure 1 shows the CONSORT diagram detailing patient flow
through the study. Patient demographic and clinical char-
acteristics are shown in Table 1.

In the HR group, technical success was 98% with unsuc-
cessful iliac artery occlusion recanalisation in two (1.9 %)
patients. Both cases were managed with successful aorto-
femoral bypass (these two patients were included in HR
group). In these two cases severe calcification (unilateral or
bilateral calcification� 5 cm; Grade 1 or Grade 3) was
noted. No peri-operative complications developed in these
two patients during three year follow up.

The mean length of stented segments in the HR group
was 78.8 � 6.3 mm (range 40 e 150 mm). Kissing stents in
the HR group were used in 23 (23%) cases where the



Assessed for eligibility (n = 427)

Randomised (n = 202)
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Excluded from analysis (n = 0)
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  Concomitant abdominal aorticaneurysm (n = 16)
  Stroke or myocardial infarction within the past
    3 months (n = 18)
  Previous ipsilateral/contralateral bypass or hybrid
    repair (n = 46)
  CFA stenosis < 70% (n = 56)
  Declined to participate (n = 89)

Hybrid repair (n = 102)
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) study flow diagram detailing patient flow
through the randomised trial comparing hybrid repair (HR) and open reconstruction for patients with co-
existing iliac and common femoral artery (CFA) occlusive disease.
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contralateral side was stenosed � 60% (stenosis was diag-
nosed at surgery, severe calcification made it difficult to
accurately assess stenosis on computed tomography angi-
ography before surgery). All 23 cases had bilateral
calcification� 5 cm (Grade 3).17

Aortobifemoral bypass was performed in six (6%) OR
group cases. In all six cases severe calcification (bilateral
calcification� 5 cm; Grade 3) was noted with contralateral
iliac artery stenoses � 60% (stenosis again diagnosed at
surgery). All other HR and OR cases were technically
successful.

Profundaplasty was carried out in 31 (30%) HR group
cases and 28 (28%) OR patients (p ¼ .70). None of these
patients developed occlusive complications within 30 days.
During the three year follow up, iliac segment restenosis >
70% was determined in 4/31 (12.9%) HR group cases with
profundaplasty. During the same period restenosis > 70%
of the distal aortofemoral bypass anastomosis was diag-
nosed in 3/28 (10.7%) cases in the OR group. For both
groups, during the three year follow up no profunda femoris
artery restenosis � 60% was seen so no additional in-
terventions were performed. There was no significant dif-
ference in restenosis between groups (p ¼ .56). No patients
from either group who underwent profundaplasty experi-
enced stent/graft thrombosis.

Primary outcome

The average hospital length of stay was shorter in HR group
(8.2 � 4.2 days HR group vs. 15.7 � 6.9 days OR group, p <
.010). There were no deaths, and no MACEs in either group
within 30 days post-operatively.
Complications in the 30 day post-operative period are
shown in Table 2. Overall, 30 day complications occurred in
8.8% of HR and 21.0% of OR cases (p ¼ .030). In the HR
group, there was one (1%) case of iliac artery perforation
during stent pre-dilation which was treated successfully by
stent graft implantation (Atrium Advanta V12, MAQUET).

Thirty day stent/graft thrombosis occurred in three (3%) HR
group cases and six (6%) OR patients. Surgical thrombectomy
was successful in all patients. Post-operative bleeding
requiring surgical intervention occurred in one case (1%) in
both groups (blood transfusion was not required).

Groin seromas occurred in four (4%) HR and seven (7%)
OR patients (p ¼ .20), all of whom were obese (body mass
index [BMI] > 30). Conservative treatment was performed
in all cases (bandaging and local injection of Lipiodol). Su-
perficial groin wound infections were diagnosed in one (1%)
HR and one (1%) OR case (p ¼ .70). Both cases were Grade
2 according to the Szilagyi classification and Group 2 ac-
cording to the Samson classification. Both patients were
obese (BMI > 30) and required wound debridement with
excision of necrotic wound edges. Vascular graft infection
was not diagnosed.18

Acute renal failure, requiring renal replacement therapy19

developed in one (1%) OR case (p ¼ .50). Five (5%) OR cases
developed ventral hernia within 30 days (all of these pa-
tients were obese with BMI > 30). No other peri-operative
complications developed in either group. Complications in
early operative period in both groups are shown in Table 2.

Estimated hazard ratio of combined primary endpoint
outcomes between the OR and HR groups was (hazard ratio
2.47; 95% CI 1.13 e 5.40; p ¼ .020).



Table 1. Baseline patient demographics and clinical characteristics of 202 patients randomised to hybrid repair (HR) or open
reconstruction (OR) for co-existing iliac and common femoral artery occlusive disease in 2015e2017

Characteristics HR group
(n [ 102)

OR group
(n [ 100)

p value

Male 89 (87) 88 (88) .50
Age e y 62 � 6.8 60 � 6.7 .30
Rutherford classification

Stage 2 28 (27) 27 (27)
Stage 3 60 (59) 58 (58) .50
Stage 4 10 (10) 11 (11) .50
Stage 5 4 (4) 4 (4) .48

Arterial hypertension 90 (88) 91 (91) .34
Coronary heart disease 79 (77) 71 (71) .40
Diabetes mellitus 11 (10) 10 (10) .51
Obesity 31 (30) 33 (33) .40
Dyslipidaemia 47 (46) 54 (54) .26
Smoking history 102 (100) 100 (100) NA

Ex-smoker, > 20 y 39 (38) 42 (42) .34
Current smoker 63 (62) 58 (58) .34

Aortic stenosis < 50% 102 (100) 100 (100) NA
Iliac artery stenosis

Ipsilateral stenosis � 70% or occlusion 60 (59) / 42 (41) 58 (58) / 42 (42) .50
Contralateral stenosis � 60% 102 (100) 100 (100) NA

Internal iliac artery stenosis
Ipsilateral stenosis � 70% 24 (23.5) 26 (26) .68
Ipsilateral occlusion 10 (10) 11 (11) .78
Contralateral stenosis � 70% 31 (30) 38 (38) .26

Calcification
Unilateral calcification < 5 cm, Grade 1 39 (39) 42 (42) .34
Bilateral calcification < 5 cm, Grade 3 28 (27) 21 (21) .28
Unilateral calcification� 5 cm, Grade 2 0 0 NA
Bilateral calcification� 5 cm, Grade 4 0 0 NA
Circumferential calcification 0 0 NA

Mean length of ipsilateral iliac segment lesion e mm 131.4 � 40.2 143.6 � 36.5 .10
Common femoral artery stenosis

Ipsilateral stenosis 70e99% or occlusion 62 (61) / 40 (39) 58 (58) / 2 (42) .40
Contralateral stenosis < 70% 102 (100) 100 (100) NA

Deep femoral artery stenosis
Ipsilateral, patent / stenosis 50e99% 62 (61) / 40 (39) 55 (55) / 45 (45) .25
Contralateral, patent / stenosis < 70% 55 (54) / 47 (46) 59 (59) / 41 (41) .47

Superficial femoral artery stenosis
Ipsilateral patent 25 (25) 28(28) .34
Ipsilateral stenosis 50e99% 41 (40) 37(37) .38
Ipsilateral occlusion 36 (35) 35(35) .54
Contralateral patent 68 (67) 71 (71) .50
Contralateral stenosis 50e99% 19 (18) 15 (15) .50
Contralateral occlusion 15 (15) 14 (14) .87

Data are presented as n (%) or mean � standard deviation. NA ¼ not available.
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Secondary outcomes

In this study, no vascular graft infections were diagnosed
during three year follow up. Midterm (36 month) post-
operative complications and results are shown in Table 3.
At 36 month follow up, three (3%) HR patients died (at
eight, 12 and 26 months) compared with seven (7%) OR
patients (at 9, 11, 12, 15, 18, 21, and 33 months). None of
these patients had undergone re-interventions. The causes
of death were not associated with the iliac occlusive disease
and are detailed in Supplementary Table S1. Myocardial
infarction, stroke, and malignancy were determined as
causes of death. Figure 2 shows KaplaneMeier survival
curves in both groups (p ¼ .16).
During 36 month follow up stent/graft stenosis � 70%
and CFA/distal anastomosis stenosis � 70% were detected
in 11 (11%) HR group patients and nine (9%) OR patients
(p ¼ .43). Endovascular re-interventions were performed in
four cases in the HR group. Hybrid operations (aortofemoral
bypass stenting with reconstruction of the distal anasto-
mosis) were carried out in two OR cases.

The cumulative primary patency rates at 12 and 36
months were 93% and 91% in the HR group and 93% and
89% in the OR group, respectively (Fig. 3A, p ¼ .38). Sec-
ondary patency rates at 12 and 36 months were 99% and
98% in HR group and 99% and 97% in OR group, respec-
tively (Fig. 3B, p ¼ .58).



Table 2. Complications in the early operative period (30 day
follow up) of 202 patients randomised to hybrid repair (HR)
or open reconstruction (OR) for co-existing iliac and common
femoral artery occlusive disease

Complications HR group
(n [ 102)

OR group
(n [ 100)

p value

Stent/graft thrombosis 3 (3) 6 (6) .20
Bleeding/haematoma 1 (1) 1 (1) .70
Groin seroma 4 (4) 7 (7) .20
Superficial groin

wound infections
1 (1) 1 (1) .70

Acute renal failure 0 1 (1) .50
Post-operative

ventral hernia
0 5 (5) NA

Myocardial infarction/
stroke/mortality

0 0 NA

Data are presented as n (%). NA ¼ not available.

Table 3. Late post-operative complications (at three year
follow up) in 202 patients randomised to hybrid repair (HR)
or open reconstruction (OR) for co-existing iliac and
common femoral artery occlusive disease

Complications HR group
(n [ 102)

OR group
(n [ 100)

p value

Myocardial
infarction

3 (2) 5 (5) .30

Stroke 0 2 (1.9) .20
Death 3 (2) 7 (7) .20
Stenosis > 70 % 11 (11) 9 (9) .43
Thrombosis 3 (3) 4 (4) .49
Major amputation 2 (2) 3 (3) .50

Data are presented as n (%).
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Figure 2. Cumulative KaplaneMeier estimate of survival of 202
patients randomised to hybrid repair (HR) or open reconstruction
(OR) for co-existing iliac and common femoral artery occlusive
disease in 2015 e 2017.
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While probably an underpowered analysis, the primary
patency and secondary patency rates for patients with
intermittent claudication (IC, Rutherford stage 2/3) were
compared with those with chronic limb threatening
ischaemia (CLTI, Rutherford stage 4/5). The primary patency
and secondary patency rates at 36 months in the HR group
patients with IC vs. CLTI were 90% and 94% vs. 79% and
90%, respectively. There was no significant difference in the
primary patency and secondary patency rates in patients of
the HR group (p ¼ .96 and p ¼ .66, respectively). In OR
patients, rates were 94% and 95% vs. 85% and 90%,
respectively. There were no significant differences in the
primary and secondary patency rates in the OR patients
(p ¼ .27 and p ¼ .13, respectively).

During the three year follow up, major amputations
(ipsilateral) were performed in two patients of the HR group
(above knee amputation) and three patients in the OR
group (one below and two above knee amputations). The
limb salvage rates at 12 and 36 months were 99% and 98%
in the HR group and 99% and 97% in the OR group,
respectively (p ¼ .49).

The AFS and overall survival (OS) for patients with IC
(Rutherford stage 2/3) were compared with those with CLTI
(Rutherford stage 4/5). There were no significant
differences in AFS and overall survival in the HR group
patients (p ¼ .14 and p ¼ .38, respectively) but there was a
significant difference in these parameters (AFS and overall
survival) for OR patients (p < .010 and p ¼ .010,
respectively).

There was no significant difference in AFS in the HR
cohort when comparing CLTI and IC patients, with three
year estimates of 94% and 95%, respectively (p ¼ .14).
Similar rates of OS were determined in the HR group be-
tween CLTI and IC patients, with three year estimates of
95% and 96%, respectively (p ¼ .040).

AFS in the OR group was lower for patients treated for
CLTI compared with IC, with three year estimates of 84%
and 93%, respectively (p < .010). The study also demon-
strated a significant different of OS in the OR group be-
tween CLTI and IC patients, with three year estimates of
89% and 96%, respectively (p ¼ .010).

ABI significantly increased in all the patients after their
operations. In the HR group the pre- and post-operative
ABIs were 0.33 � 0.05 and 0.72 � 0.16 (mean � stan-
dard deviation, ipsilateral), respectively (p < .010). In OR
group the pre- and post-operative ABIs were 0.35 � 0.07
and 0.76 � 0.13 (ipsilateral), respectively (p < .010). After
three years, 29 (29%) patients of the HR group and 27 (30%)
patients of the OR group did not complain of claudication
(p ¼ .56).

No additional cases of post-operative ventral hernia were
diagnosed. During the three year follow up, no ventral
hernia repairs were performed in the five patients who
developed this complication.

Estimated hazard ratio of combined secondary endpoint
outcomes between the OR group and the HR group was
(hazard ratio 2.453; 95% CI 0.94-6.39; p ¼ .070). Estimated
hazard ratio of the death between OR group and HR group
was (hazard ratio 2.57; 95% CI 0.67 e 9.95; p ¼ .17).
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Figure 3. Cumulative KaplaneMeier estimate of (A) primary
patency and (B) secondary patency between 202 patients rando-
mised to hybrid repair (HR) or open reconstruction (OR) for co-
existing iliac and common femoral artery occlusive disease in
2015 e 2017.

Table 4. Long term results and symptom improvement in 202
patients randomised to hybrid repair (HR) or open
reconstruction (OR) for co-existing iliac and common femoral
artery occlusive disease

Long term results and
the improvement of
patient symptoms

HR group
(n [ 102)

OR group
(n [ 100)

p value

Statin therapy 39 (38) 43 (43) .29
Smoking rate 58 (57) 49 (49) .16
Rutherford classification*

Stage 0 29 (29) 27 (30) .56
Stage 1 25 (25) 28 (31) .26
Stage 2 27 (27) 21 (23) .30
Stage 3 16 (16) 14 (16) .51

Data are presented as n (%).
* n ¼ 97 for HR group; n ¼ 90 for OR group.
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Late post-operative complications are presented in
Table 3. Long term results and the improvement of patient
symptoms in three years (as determined by proportions
within each Rutherford class) are detailed in Table 4.
DISCUSSION

This was a randomised trial to compare HR with OR for pa-
tients with combined iliac (TASC C/D) and femoral occlusive
disease. It has been demonstrated that HR is associated with
a significantly shorter length of hospital stay and lower rates
of peri-operative morbidity whilst maintaining patency rates
comparable to that of OR up to 36 months.

Traditionally, OR has been deemed the most durable
intervention for the treatment of combined aortoiliac and
common femoral occlusive disease with excellent long term
patency.4

However, older age and patient comorbidity are associ-
ated with poor outcomes which has driven the search for
less invasive interventions over the past few decades. Given
the theoretical hazards associated with endovascular CFA
stenting,20 interest in HR has grown.

Furthermore, long term patency data are lacking for HR
treated patients. In the trial, the cumulative primary
patency rates at 12 and 36 months were 93% and 91% in HR
group and 93% and 89% in OR group, respectively (p ¼ .38).
These results compare closely to the previous literature
which report primary patency rates of 84% e 95% at 36
months in patients with TASC C/D lesions.6,15 Chang et al.
reported five year primary, primary assisted, and secondary
patency rates of 60%, 97%, and 98%, respectively for HR,
suggesting that these patients have a reasonable chance of
requiring future re-interventions to maintain patency.7

Severity of disease is also likely to have an impact on HR
durability. A previous study investigating the treatment of
patients with TASC D lesions showed the primary patency
rate for HR at 24 months to be only 70%.12 Therefore, it is
possible that OR may represent a more durable option for
those with advanced disease.13 From a clinical severity
perspective, the study did not identify any significant dif-
ferences in primary or secondary patency rates in either
group when comparing patients with claudication or CLTI.
Previous study of HR has shown claudicants to have better
primary patency rates12 and have identified major tissue
loss (Rutherford class 6) as a predictor of decreased long
term patency in patients undergoing HR (but not in those
undergoing OR).6 Limb salvage rates at 36 months of 98%
were reported in the HR group and 97% in the OR group
(p ¼ .49) which compares well with the previous literature.

A major attraction of HR is the potential for improved peri-
operative outcomes. Indeed, mean length of hospital stay
was significantly shorter in the HR group (almost halved at 8.2
days vs. 15.7 days in the OR group, p < .010). Furthermore,
the 30 day post-operative complication rate was significant
lower in the HR group (8.8% vs. 21.0%, p ¼ .030).
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Interestingly, this mainly seemed to be due to wound com-
plications such as ventral hernia development rather than
post-operativemedical complications (e.g., pneumonia). Five
(5%) patients with obesity in the OR group developed an
incisional ventral hernia within 30 days. None of these pa-
tients underwent hernia repair during the three year follow
up. Previous studies have shown rates of incisional ventral
hernia following aortofemoral bypass were 1.8%, 8% and
9.4% at one, five, and 10 years post-operatively.8

Previously reported rates of peri-operative morbidity
followingHR appear to differ considerablywithfigures ranging
from 3% to 22%.6,7 Interestingly, peri-operative morbidity and
mortality following HR is not always lower than that for OR,
however, length of stay is consistently shorter.6

The sequence and stages of HR are often debated. Some
authors recommend initial endovascular stenting followed
by a staged surgical repair with an interval of one to two
weeks.21 Alternatively, some surgeons perform the reverse
HR sequence with a shorter interval of one to two days.22 In
this study, as many others recommend, one stage HR was
performed.23 The immediate technical success of HR in the
study was 98%.

The limitations of this study include the fact that it was a
single centre study, which carries an inherent risk of selection
bias. No information was collected regarding buttock clau-
dication, impotence, or lower limb neuropathy and no ex-
ercise testing was performed pre- or post-operatively. A
range of Rutherford classes were included, and the study is
underpowered for their subgroup analysis. Surgeons were
necessarily unblinded. There was no standardised pre-
operative exercise programme. This study did not use any
high pressure or cutting balloons and patients with severe
calcification intolerant of balloon angioplasty were excluded.
Further, the HR group was initially prescribed dual anti-
platelet therapy whilst OR group was only prescribed aspirin.
Finally, the centre is a large referral centrewithmany patients
from different regions of Russia making thorough follow up
difficult. However, all patients were evaluated within the
three year follow up. The aim is to conduct a further analysis
after five years. The large geographical area also means that
patients are kept in hospital for longer periods of time than
seen in many other countries.
Conclusions

The results of this first non-inferiority randomised study
support the safety and midterm efficacy of hybrid proced-
ures for patients with iliofemoral peripheral artery disease.
HR patients demonstrated reduced peri-operative morbidity
and similar medium term patency rates.
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