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ABSTRACT

Objectives: In cases of multilevel obstructive atherosclerdigease, hybrid procedures of
concomitant iliac artery stenting and femoro-p@alitbypass (IS-FPB) may represent a valid
approach, but results are still unclear. The aira teeevaluate early and long-term outcomes of
concurrent IS-FPB.

Methods: This retrospective study included 75 patientslinds) treated with concomitant IS-FPB
between January 2010 and June 2016. All patients prespectively enrolled in a dedicated
database. Long-term patency and limb salvage vates reported using Kaplan-Meier curves.
Clinical presentation, lesion sites and extensilstal run-off, type of stent and bypass were
evaluated for their association with patency usiniyariate and multivariate analysis.

Results: Mean age was 72.2+9.4 years; the Society for Mas&urgery comorbidity score was
1.14+0.61 A covered stent (CS) was implanted i(426) iliac arteries and a bare metal stent
(BMS) in 35 (46%); a PTFE graft was used for bysp@as44 limbs (58%) while 32 limbs (42%)
had Great Saphenous Vein (GSV) bypass. Technicaksa was 99%; the 30-day cumulative
surgical complications rate was 6%, mortality 2¥d anorbidity 1%. At 42 months, primary
patency of the entire ilio-femoral axis was 65.286%CI| 53%-86%). This finding was primarily
related to femoro-popliteal bypass occlusion (prynzatency, 69.5%), rather than iliac stent loss of
patency (primary patency, 94.6%). Secondary paterasy77.6% and limb salvage 89.9%.
Univariate analysis demonstrated that Rutherforé@ay 5/6 was a negative predictor of FPB
patency (P=.04), whereas common femoral arteryregr@atomy (P=.03) and the use of a CS
(P=.02) were positive predictors. Multivariate asa finally indicated that the use of CS to treat
iliac obstructive disease was an independent piadat patency (HR, 0.15; 95%CI 0.03-0.64;
P=.01).

Conclusion: Concurrent iliac artery stenting and femoro-poplifeypass have acceptable early and
long-term results. Even if further studies are mekdhe use of a CS for the iliac obstruction seem

to provide better outcomes in the hybrid treatnuénthese cases of multilevel disease.
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INTRODUCTION

Endovascular treatment of iliac obstructive disdas®radically changed the management
paradigms in vascular surgery during the last tetades. With continuous improvement in
technology and results, the preferred treatmembws endovascular. This mini-invasive approach,
based on percutaneous trans-luminal angioplastg)llowed when necessary by stenting, was
initially reserved for moderate obstructive lesictassified as TASC Il A and'Bhowever the
increased use of covered stérited to treat also severe iliac obstructions witbeptable results.
Similarly, the contemporary treatment of femoro-gepl occlusive disease is primarily
endovascular in cases of moderate and severe gmigledmoral artery disease. In particular the
use of percutaneous ePTFE/nitinol stents seemehibiesimilar primary patency rates at 4-year
compared with conventional femoro-popliteal arteypass grafting with prosthetic conduit
However, in cases of advanced superficial fematalhaocclusive disease with long and severely
calcified lesions, open surgery still carries aesigr long-term clinical efficacy

In this scenario, today is not unusual to manage<af severe multilevel obstructive disease of the
iliac and femoro-popliteal district with a hybrig@roach, based on iliac stenting in association to
femoro-popliteal by-pass surgery.

Some studiésreport an incidence varying from 5 to 20% of iliasions treated endovascularly
associated to femoro-popliteal obstructions reggiopen bypass. Even if the results of iliac
stenting and femoro-popliteal bypass by themsedvesvell described, the overall outcomes in
terms of effective limb revascularization in thesses undergoing hybrid treatment are not yet
clear.

The purpose of this study was to evaluate earlymanldterm outcomes of the treatment of

multilevel obstructive disease with concurrentdlatery stenting and femoro-popliteal bypass, and

to identify the presence of any predictor of payeddie most current standards were used to define

the different variables.
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METHODS

In the last decade, with improvement in technicares materials, endovascular treatment of iliac
obstructive lesions has become the first choicauminstitution, not only for focal lesions, busal

in cases of more complex lesions (TASC Il C andrDpatients at high-risk for open surgery or in
cases of hostile abdomen. On the other side, étba endovascular approach for femoro-popliteal
obstructive disease is performed in most of cdseb,revascularization with surgical bypass has
still a role in cases of:

1. Any type of superficial femoral artery (SFA) ocdlus > 25 cm in length.

2. SFA long occlusion (15 cm) from its origin requgiassociated common femoral and
profunda femoral patch angioplasty.

3. TASC C and D femoro-popliteal lesions associatddrge ischemic lesions at the foot
(Rutherford class 6) requiring prolonged perioanafdications before healing or requiring
foot minor amputation (vein by-pass considered)firs

4. All those cases where SFA endovascular recan@lizattempt were unsuccessful or
recurrent in-stent restenosis.

Patients selection institutional review Board approval and informechsent requirements were
waived for this study. A retrospective review dffatients admitted to our centre who underwent
iliac artery stenting and concomitant femoro-p@alitbypass between January 2010 and January
2015 was carried out. Demographic information, pegative characteristics, perioperative
outcomes, and follow-up data including all mediealords and diagnostic procedures were
prospectively collected in a dedicated databases@&Ipatients who had previous endovascular
procedures of the iliac segment, those with assati@ortic thrombosis or patients treated in an
emergent setting were excluded from the st@hly patients receiving a femoro-popliteal bypass
with at least one tibial vessel runoff were inclddie the study, while patients undergoing surgical
bypass with distal anastomosis on the tibial asgras final attempt for limb salvage, were

excluded.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Treatment and definitions - Operative comorbidity risk was evaluated usingSbeiety for
Vascular Surgery (SVS) comorbidity grading systemd the America Society of Anesthesiologist
(ASA) score. Chronic limb ischemia was defined ynptoms at presentation, based on the
SVS/American Association for Vascular Surgery réipagrstandards (AAVS) The Trans-Atlantic
InterSociety Consensus Il (TASC II) classificati@ras adopted to evaluate the extent of the iliac
occlusive disease and the femoro-popliteal occtudigease.

The diagnosis of peripheral artery disease wasecbhout after physical examination supported by
duplex ultrasound and/or Ankle brachial index (ABi@¢asurements.

An abdominal and lower limbs angio-CT scan wasqyeréd for all patients; in cases of associated
severely diseased tibial vessels, not clearly @efiny the CT angiogram, a preoperative diagnostic
angiography was required in addition. All patientduded in this series had iliac artery stenosis >
70% and monophasic Doppler waveform in the ipSiét€FA.

Associated common femoral artery (CFA) occlusivaedse was classified as mild (< 50%),
moderate (50-74% stenosis), or severe (75-99%paddsion; endarterectomy was performed
when the CFA stenosis was > 50%. Tibial vesselsffumas evaluated in both groups using the
current reporting standaftls

The follow up evaluation of patency of the tredieth included symptoms assessment, physical
examination, and regular color-flow Doppler ultrasgraphy and Ankle Brachial Index (ABI) at 3,
6, 12 months, and then yearly. Patients with |dgg@viously palpable pulses, symptoms
recurrence, Doppler ultrasound findings of occlasio restenosis (> 50% stenosis defined as >
100% increase in the peak systolic velocity re&ativthe adjacent segments), drop in the ABI >
0.15, or a combination of these findings underw&htangiogram/angiography for further
evaluation and confirmation of the diagnosis ohstestenosis/iliac stenosis or bypass occlusion,
and to plan any eventual reintervention. Both pryreand secondary patency as also limb salvage

were defined in accordance with the SVS guidefines
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Operative technique -All procedures were performed by members of theculas and
Endovascular Surgery Division expert in both il&enting and open surgical lower limb bypass.
After surgical exposure of the CFA, a standaraigenting procedure was performed.

In case of iliac artery occlusion, either intraplagr subintimal recanalization was obtained with
the passage of a hydrophilic wire and catheteamiagrade or retrograde approach. When the
disease extended into the CFA determining a ster&f)%, open endarterectomy and patch
angioplasty with ipsilateral great saphenous v&8VY) was performed before iliac stenting. In case
of extensive and severe external iliac artery (E4A)l CFA disease, the intimal flap of the remote
endoarterectomy toward the EIA was usually genthgsed with an hydrophilic 0.035 guidewire
under roadmapping in order to avoid dissectiorsjntimal flap was always covered with the stent
landing distally just above the circumflex arteries

The choice of the type of stent was operator-depeti@dn a case-by case selection. Self-expanding
covered nitinol stent were used primarily in cateaicified lesions or long lesions involving both
CIA+EIA; balloon-expandable covered stents weralysedominantly in cases of CIA orificial
lesions at its origin. In all the other cases BN\&se preferred.

The femoro-popliteal bypass was performed afterpietion of the endovascular procedure and
adequate inflow restoring. The infrainguinal revdadzation was performed using the GSV as
preferred conduit. In case of non-adequate (<3namédier) or absent GSV, a7 or 8 mm PTFE
Propaten graft (W.L Gore & Associates, Inc., FlaffstAZ - USA) was used as conduit. A Linton
vein patch was routinely performed in the belowhee popliteal artery if a prosthetic bypass
graft was used.

Heparin was routinely administered to elevate ttiezated clotting time above 250 seconds before
the intervention, and the dose was repeated agddbrbughout the course of the procedure.

All patients were prescribed aspirin after the pohae at a dose ranging from 81 to 325 mg, to be

continuedsine die. Clopidogrel, at 75 mg daily, was associated fdeast 8 weeks.
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Statistical analysis -Continuous data are expressed as riestandard deviation; categorical data
as number and percentage. Kaplan-Meier survivalesufor primary patency, secondary patency,
limb salvage and death were estimated. Univariaédyais was conducted using Kaplan Meier
curves with the log-rank test. Cox proportionaldras models were used to determine the
association of relevant clinical, anatomical anolcedural factors with femoro-popliteal bypass
primary patency. Variables with univariate sigrafice (P<.05) were entered into the multivariate
model in combination with important clinical varlab and confounders in order to identify
independent predictors of patency. All analysesevearried out with R 3.1.2 software (R
Foundation for Statistical Computing, Vienna, Aistand a P-value of <0.05 (two-tailed) was

considered statistically significant.

RESULTS

Overall, the mean patient age was 72.2+9.4 yeat<18t(n=3) were <60 years old; the mean SVS
comorbidity score was 1.14+0.61. Other risk facend comorbidities are shownTable 1

All patients presented with critical limb ischemgend most of them were categorized as Rutherford
5/6 (n=65, 86%). Preoperative clinical and anatati@ata are shown ifable 2 At the iliac level,

a broad spectrum of lesions ranging from TASC BA&SC D were treated. Recanalization of an
occluded iliac artery was required in 13 cases (1 A4sociated CFA stenosis >50% was present in
17 cases (22%), and CFA complete occlusion waeptés 9 (12%) of the treated limbs.

Operative and procedural data are summarizd@bte 3. In particular a CS was implanted in 41
(54%)) iliac arteries and a bare metal stent BM3&tases (46%). A PTFE graft was used as
bypass conduit in 44 limbs (58%), while GSV wasdlise32 limbs (42%). Additional CFA
endarteretomy was performed in 17 limbs (22%) asteated tibial vessels PTA was required in

4 (5%).
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Within 30 days after surgery there were no casexwofe thrombosis. Early amputation was
necessary in 1 case despite a successful revagatitam due to an extensive gangrene. Groin
hematoma requiring reintervention occurred in Z2sa®ne case of wound infection, and 1 case of
lymph leak were treated conservativelable 4). The 30-days mortality was 2%.

Average length of follow-up was 29+19 months (rargfedays — 60 months).

The overall primary patency of the revascularizedfemoral axis (including both iliac stent and
femoro-popliteal bypass) was 65.2% (95%ClI, 54-& A2amonths. This primary patency was
mostly influenced by femoro-popliteal bypass faluather than iliac stenfig 1). In fact, there

were only two cases of iliac stent occlusion (13Mg¢ stent restenosis without bypass occlusion
was reported in 1 case (6%) and concurrent ilieststnd FPB occlusion occurred in 1 case (6%).
All the other cases of loss of patency (n=13; 8@#)e caused by bypass occlusion in the setting of
a regularly patent stented iliac axis. More in detdiac stent primary patency by itself was 98.5
(95%Cl, 81-100) and bypass patency was 69.5% (95%8=86).

The cause of bypass occlusion was identified anly cases (38%), and was related to progression
of the arterial occlusive disease below the kneth worsened runoff (n=3; 23%).

At the univariate analysiS(pplementary table, Rutherford category 5/6 resulted to be
negatively associated to patency (P=.04), while @R8arterectomy (P=.03) and the use of a CS
(P=.02) were associated to improved patency not @24 months, but also at 36 months of
follow-up.

Overall secondary patency was 77.6% (95%CI| 6318Bh salvage 89.9% (95%CI 52-80) and
survival 81.6% (95%CI 72-91). To note that all tementions during the follow-up period were
infra-inguinal revascularizations.

The Cox multivariate regressioRiQure 2), indicated that the use of a CS into the iliagnsent

was the only independent predictor of patency HR5;095%CI 0.03-0.6427=.04).
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DISCUSSION

The simultaneous hybrid treatment with IS-FPB wgedl established approach from more than two
decade¥'®*2 Lau et alreported preliminary results in 1988however this study was limited by
the small number of cases (h=12) and by the sbbow-up (1 year). Furthermore, the advances in
endovascular techniques for iliac revascularizaitiothe last two decades completely changed the
outcomes of these patients and extended indicatttoesdovascular treatment.

In fact iliac stenting today represents a well leisshed procedure, but its primary patency depends
on multiple factors. The COBEST trial recently dersivated® a five year primary patency in

favour of CS compared to BMS for TASC C and D iliesions (74.7% vs 62.5%; p=.01), while no
differences were described in freedom from binastenosis for TASC B lesions (HR, 0.74; 95%
Cl, 0.23-2.38%*,

On the other hand, as far as it concerns the fermoptiteal axis, it is still debated which is the
preferred approach (between open or endovascolaPASC C and D lesions, especially in cases
of long occlusion (> 20 cm in length) of the SFA Autologous saphenous vein bypass, even if
more invasive, still represents the gold standéchre; one of the last literature revieweports a
primary patency of 72% and 51% at 5 years and niame 10 years respectively. Obviously, an
adequate great saphenous vein for bypass creatimt always available. Karen ef'akported a
comparable 4 year primary patency between coveesd endograft and expanded
politretrafluoroethylene (ePTFE) bypass graft (589%68%; p=.807) for the treatment of SFA
obstructive lesions > 25 cm in length. More regerlamsoft reported a primary patency of

74.5% at 5 years for new generation heparin-boedatFE bypass, increasing to 85% when above
the knee bypass was performed.

In this scenario, iliac stenting + femoro-poplitegpass, when indicated, can be considered a valid
strategy to treat patients with limited invasivenaad to guarantee effective clinical success and

acceptable long term outcomes.
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In patients with multilevel obstructive diseaseppmal revascularization of the iliac segment alone
is usually the initial approach, but in some case®y result in unsatisfactory relief of symptoms
because of concomitant, untreated severe femorbtgadesions. When necessary, associated
CFA endoarterectomy and vein patch has been deratedtto guarantee adequate mid-term
patency (91% at 3 years); however, major tissue dpresentation was considered a negative
predictor of patency (p=.02). For these reasonmaally in cases with Rutherford class V and VI,
concurrent femoro-popliteal bypass may improvectience of ulcer healing and avoid multiple
interventions.

Another situation is represented by patients whednefrainguinal bypass surgery, in presence of
ispilateral moderate to severe iliac stenosishis ¢ase iliac obstructive disease causes a poor
inflow and iliac stenting becomes mandatory in otdeguarantee an adequate inflow to the
femoro-popliteal bypass, allowing good midterm Hssu

Our study confirms that this type of hybrid procexlbas excellent early and long term outcomes.
An interesting finding is that the overall primgrgtency, considering the results of the entire iia
femoro-popliteal revascularization, is primarilyated to bypass occlusion rather than iliac stent
restenosis or occlusion. In fact, if analysed saedy, bypass primary patency was 65% at 42
months, while stent patency was 93%. Similar aue® were already preliminarily observed in
1998 in a small study by Hung L'Zuas they reported a primary patency of 100% femtsand 85%
for bypass at 1 year. In our experience, the catibgpass occlusion was identified only in 5 cases
(35%), while in all the other cases (n=8, 62%) osn occurred without the presence of technical
error or distal disease evolution.

These results led us to analyse the presencetofrs$aaffecting bypass patency. It is not surprilsing
that in the univarate analysis, the presence sdfi¢gisoss (Rutherford category 5/6) was a negative
predictor of patency (P=.04). On the other hani, interesting to note that CFA endarterectomy
was positively associated to patency (P=.03). feans that in these cases of multilevel

revascolarization, the treatment also of moder&a §tenosis (>50%) may improve patency,
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providing both an improved outflow for the ilia@at and a better inflow for the femoro-popliteal
bypass.

Another important result of this study is the evide of improved patency in those cases with iliac
lesions treated with a covered stent. This reduh®univariate analysis (P=.02) was then
confirmed at the multivariate analysis, showing tha use of a covered stent was the only
independent predictor of femoro-popliteal bypagempay (HR, 0.15; 95%CI 0.03-0.6R=.01). It is
not surprising that the type of iliac stent mayaftffemoro-popliteal bypass patency in a hybrid
procedure, but this finding could be related toesalbfactors. First, the use of covered stentsaiio
more aggressive dilatation even of calcified vessaihout the risk of arterial rupture; this
decreases the risk of leaving untreated iliac tedidtenosis that, even if not haemodynamically
significant, may produce a moderate flow-limitirf¢eet influencing bypass mid-term patency.
Similarly, a second hypothesis is that even ifl@t iartery segment has been treated with
successful angioplasty and stenting, it may predifinise parietal calcification above and below
the stented segment or develop minimal in-stenefptpsia. Covered stents in fact guarantee a
mechanical barrier to intimal hyperplasia, that rhaythe cause of blood flow modifications at the
femoral level thus reducing long term by-pass patemhird, the use of a covered stent may have a
protective role from distal embolization. Unforttelst, we do not have any instrumental
information to support these hypothesis, that ghbel confirmed by haemodynamic and/or
imaging data. Anyway this result is in line withetburrent trend of use of stent grafts in sevéae il
occlusive disease, that has increased progressiostythe late 1990.

Usually, the infrainguinal characteristics, astlypge of material used for by-pass creation and the
severity of associated obstructive disease ofé¢h®fal and tibial vessels, have a fundamental role
to determine long term patency. However in thisec#se multivariate analysis evaluating major
aspects as associated CFA endarterectomy, siistaf dnastomosis, type of graft used and distal
runoff, failed to identify any significant predietdn particular, even if there was a trend in fawvo

of the use of GSV (P=.06), the material of the Isgoailed to be an independent predictor of
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patency. This could be obviously related to andakenumber of events and to the limited follow-
up.

Our study has some limitations that are worthy ehtion. This was a retrospective, non-
randomized study; thus, the choice of type of dieiie used or bypass technical aspects were left
to the surgeon treating the patient, leading tefneht biases. On the other side, prospective data
collection allowed to obtain reliable informatioegarding follow-up outcomes. Moreover, this is
the first study that focus on outcomes of simultarsetreatment of iliac stenting in association to
femoro-popliteal bypass in terms of early outcorued long-term patency; furthermore, no

previous study analysed the effect of a stentad drtery on femoro-popliteal bypass patency.

CONCLUSIONS

Concurrent iliac artery stenting and femoro-poplitey-pass have acceptable early and long-term
results. Overall primary patency of the entire sexdarization is more related to bypass patency
rather than iliac stent patency. The classificatisrRutherford category 5/6 seems to reduce mid-
term patency, while CFA endarterectomy and theofigeCS are associated to an improved
patency. Even if further studies are needed, teeotia CS for the iliac obstruction seem to provide

better outcomes in the hybrid treatment of theseavith multilevel disease.
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LEGENDS

Table 1.Demographics, cardiovascular risk factors, andoperiative risk assessment in the 75 patients

undergoing iliac stenting+femoro-popliteal bypass.

Table 2.Clinical data and anatomical data for the 76 linmbated with iliac stenting + femoro-popliteal

bypass.

Table 3.General operative and procedural information int@dimbs treated with iliac stenting + femoro-

popliteal bypass.

Table 4.Early outcomes (<30 days from surgery) in the @8 treated with iliac stenting + femoro-

popliteal bypass.

Supplementary table Univariate analysis for primary patency of theégo-popliteal bypass in the 76

limbs treated with iliac stenting + femoro-poplitbspass.

Figure 1. Primary patency of the overall revascularizatidiagistent + femoro-popliteal bypass, black line),

the iliac stent alone (green line), and the femuopliteal bypass alone (red line). SE<10%.

Figure 2. Bar plot of multivariate analysis (Cox proportabiazards) for primary patency of the femoro-

popliteal bypass in the 76 limbs treated with il4enting + femoro-popliteal bypass.



Table 1.

Variable MESD/N(%)
Demographics
Age, years 722+94
Age < 60 years 3(3.9)
Male gender 59 (77.6)
Cardiovascular risk factors
Hypertension 66 (86.1)
Diabetes 35 (46.1)
Smoking 49 (64.5)
Coronary artery disease 42 (55.3)
Renal insufficiency 22 (28.9)
Dialysis 1(1.3)
COPD 10 (13.1)
Medical therapy
None 7(9.2)
Antiplatelet 40 (52.6)
Dual antiplatelet 7(9.2)
Anticoagulant 13 (17.1)
Antiplatelet + anticoagulant 9 (11.8)
Perioper ative assessement
ASA score 2.7+ 0.5
SVS cardiac score 1.34+£1.01
SVS pulmunary score 0.22+£0.54
SVS renal score 0.54 +0.98
SVS sum score 1.14 +0.61

2 Include current and former smokers.



MSD/N(%)

Variable
Clinical data
Rutherford category
3 2(2.6)
4 9(11.8)
5-6 65 (85.5)

Anatomical data
Aortoiliac TASC classification

B 25 (32.9)

C 24 (31.6)

D 27 (35.5)
Stenosislength > 10 cm 15(19.7)
lliac occlusion® 13(17.1)
Aortic bifurcation disease 8 (10.5)
CFA grade of stenosis

Minimal (<50%) 59 (77.6)

Moderate’high (50-74%) 3(3.9)

High (75-99%) 5(6.5)

Occlusion 9(11.8)
Femoropopliteal TASC
classification

C 38 (50.0)

D 38 (50.0)




Table 3.

Variable MSD/N(%)
Operative data Pts=76
General anesthesia 69 (90.6)
Length of stay, days 9.1+9.3
Procedural data Limbs=76
IS endovascular target
CIA 27 (35.5)
EIA 16 (21.0)
CIA + EIA 33 (43.4)
Mean number of stents 15+1.3
Mean length of coverage, cm 8.0+4.3
Type of stent
Covered stent 41 (53.9)
Bare metal stent 35 (46.1)
Femoropopliteal bypass
Supragenicular 38 (50.0)
Vein 10 (13.1)
Prosthetic 28 (36.8)
Infragenicular 38 (50.0)
Vein 22 (28.9)
Prosthetic 16 (21.1)
Vein 32 (42.1)
Prosthetic 44 (57.9)
Mean tibial runoff 49+23
Associated procedures
CFA endoarterectomy 17 (22.3)

Tibial vessels PTA 4 (5.2)




Table 4.

Variable MSD/N(%)
Medical outcomes Pts=75
Major cardiac 1(1.3)
Respiratory failure 0(-)
Dialysis 0 ()
DeatH 2 (2.6)
Surgical outcomes Limbs=76
Technical success 75 (98.6)
Ankle-brachial index
Before 0.44 +0.38
After 0.93+£0.22
Increase 0.43+0.37
Limb ischemia/thrombosis 0 ()
Hematoma 2 (2.6)
Wound infection 1(1.3)
Lymph leak 1(1.3)
lliac rupture 0 ()
Early amputation 1(1.3)

4ncluding 1 case of major cardiac complication
PRequiring surgery
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