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ABSTRACT

Objective: This study aimed to report the long-term limb salvage, survival and patency rates of endovascular treatment
for aortoiliac occlusive disease (AIOD) when outflow was achieved through the profunda femoris artery (PFA) only vs both
the PFA and superficial femoral artery (SFA).

Methods: From January 2008 to July 2016, patients with AIOD who underwent aortoiliac angioplasty at the Division of
Vascular and Endovascular Surgery, Hospital do Servidor Publico Estadual, Sdo Paulo, Brazil, were classified into two
groups according to whether they had femoral outflow via the PFA only (group 1) or both the PFA and SFA (group 2) in
the affected leg. The primary outcome was amputation-free survival. The secondary outcomes were the patency and
overall survival rates.

Results: In total, 69 aortoiliac angioplasties were performed in 69 patients: 22 patients (31.8%) in group 1 and 47 (67.2%) in
group 2. A total of 12 reinterventions (17.4%) were performed, seven (31.8%) in group 1 and five (10.2%) in group 2, without
statistical significance between the groups (P = .063). The mean clinical follow-up period was 2500 + 880.5 days. Both
the primary and secondary patency rates analyzed at 1800 days were similar between groups 1 and 2 (80.2% vs 82.3%;
P = .80 and 84.7% vs 97.6%; P = .10, respectively). Furthermore, the limb salvage rates at 1800 days were similar between
groups 1and 2 (91.3% vs 86.1%; P = .60), as were the survival rates (74.7% vs 78%; P = .80). The Bollinger score was worse in
group 1 (P =.001), as expected, because of occlusion of the SFA. However, the PFA and popliteal artery scores were similar
between the two groups. Occlusion of the SFA did not influence the limb salvage rate according to univariate analysis
(P = .509) and multivariate Cox regression analysis (P = .671).

Conclusions: The patency of the SFA does not interfere with the outcomes of endovascular treatment for chronic AIOD.
The PFA in conjunction with the popliteal artery as the sole outflow route for iliac endovascular treatment is associated
with similar patency, survival, and limb salvage rates as those for outflow through both the PFA and SFA. (J Vasc Surg
2018:68:1422-9.)
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Endovascular treatment for aortoiliac occlusive disease
(AIOD) is well established worldwide. Occlusive disease
of the aorta and iliac arteries often leads to incapacitant
claudication and critical limb ischemia.' Indications for
intervention include life-limiting claudication, rest pain,
and tissue loss. Less commonly, atheroembolism caused
by an aortic or iliac lesion, most often presenting with
acute limb ischemia or “blue toe syndrome,” is another
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indication for endovascular treatment. Approximately
45%-65% of patients present with claudication of the
buttocks and thighs, which can drastically reduce quality
of life.?

The profunda femoris artery (PFA) plays important roles
in the irrigation of the limlbs, especially the thighs, and in
extensive collateralization with the popliteal artery to
provide an adequate blood supply to the legs and feet.
Despite this knowledge, there are few studies in the liter-
ature regarding the role of the PFA, especially as the sole
outflow artery, in the endovascular treatment of AIOD in
patients with superficial femoral artery (SFA) occlusion.

The aim of this study was to determine the long-term
rates of limb salvage, survival, and patency after endovas-
cular treatment for AIOD when outflow was achieved via
the PFA alone or both the PFA and SFA.

METHODS

This study was approved by our research ethics com-
mittee. Patient informed consent was obtained for the
study. This was a retrospective consecutive cohort study
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of patients with AIOD who underwent aortoiliac angio-
plasty at the Division of Vascular and Endovascular
Surgery, Hospital do Servidor Publico Estadual,
Sdo Paulo, Brazil, between January 2008 and July
2016. Patient data, including demographic and epide-
miologic characteristics and details of the outpatient
follow-up program, were collected from the hospital
database using Microsoft Access (Microsoft, Seattle,
Wash). When necessary, hospital records were also
consulted. The details of the surgical procedures
were obtained from the database and patient records.
All patients had undergone cardiac evaluation by a
specialist in our department and were subsequently
stratified according to their cardiac risk, based on the
guidelines of the American Heart Association pertain-
ing to perioperative cardiovascular evaluation and non-
cardiovascular surgical care® Based on the data
evaluated, heart disease was defined as ischemic heart
disease or cardiomyopathy.

The inclusion criteria were patients with a Rutherford
classification of 2-6 who had undergone aortoiliac angio-
plasty.” The arteriography procedures performed on the
patients were re-evaluated to confirm accurate execu-
tion of our departmental protocols. Based on a review
of the arteriography procedures that had been
performed according to the appropriate protocols, the
patients were evaluated according to the TransAtlantic
Inter-Society Consensus (TASC) Il classifications, diame-
ters and lengths of the catheter balloons and stents
used, and other factors associated with the endovascular
treatments.>® The required information was obtained
from each patient and independently evaluated to
assess the Bollinger classification of the femoropopliteal
and infrapopliteal segment. The Bollinger Score consists
of a vectorial score, which codes the pattern of occlu-
sions, stenosis and plaques, and of an additive score
describing the severity of the lesions visualized. Four
categories of occlusive lesions were defined in descend-
ing order of severity: complete occlusions of the lumen;
stenosis more than 50%; stenosis 25%-50%; plaques
with stenosis <25%. The occlusion length is also consid-
ered to score the angiogram. This score is a suitable
means for a semiquantitative description of routine
lower limb arteriograms.”

Following review of the arteriograms, we classified the
patients into two groups according to whether outflow
in the affected leg occurred via the PFA only (group 1)
or via both the PFA and SFA (group 2). Group 1 was
defined as total occlusion or multilevel disease of the
SFA, with multiple areas of critical stenosis and
segmental occlusions, with a PFA patent and without
significant stenosis. Group 2 was defined as a SFA totally
patent, without any significant stenosis and with a PFA
patent and without significant stenosis. The patency
and stenosis of both SFA and PFA was defined using
the arteriograms of the procedures performed.
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ARTICLE HIGHLIGHTS

- Type of Research: Single center retrospective cohort
study
- Take Home Message: Endovascular aortoiliac inter-
vention in 69 patients resulted in similar limb salvage
and survival for patients with a patent diseased
superficial femoral artery and patent profunda femo-
ris compared with patients with an occluded super-
ficial femoral artery and patent profunda femoris
artery.
Recommendation: This study suggests that a patent
profunda femoris artery is critical to limb salvage
following endovascular aorta-iliac intervention.

In our department, aortoiliac angioplasty is performed
preferentially using bare-metal stents. Patients receive
300 mg clopidogrel as the loading dose immediately
after the procedure and continue receiving 75 mg clopi-
dogrel for 6 months and aspirin (100 mg daily) for life.
This dose of aspirin is indicated for all patients unless
there are contraindications; all patients receive some
type of statin. The indications for angioplasty, such as
the TASC Il classification, are according to those deter-
mined in a major trial.>®

Initial technical success of aortoiliac angioplasty was
defined as no more than 30% residual stenosis, and
prompt restoration of blood flow in the previously
stenotic or occluded artery. Procedures such as debride-
ment and minor amputation were also performed if
necessary.

All of the patients were scheduled for follow-up at
the hospital at intervals of 15 days, 1 month, 3 months,
6 months, and 12 months after discharge. After the first
year, the patients were followed up every 6 months,
and after the second year, every 12 months, at which
time the following clinical criteria were evaluated:
pulse palpation, ankle-brachial index, and presence of
symptoms. We performed surveillance programs using
arterial duplex ultrasound (DUS) at 1, 3, 6, and
12 months after the procedure in all patients of this
study. DUS was performed every 6 months after the
first year and every 12 months after the second year.
If any clinical or sonographic changes were noted,
the case was brought up for discussion at a depart-
mental clinical meeting to determine whether reinter-
vention was required. Occlusion after angioplasty was
defined (using DUS) as no flow, segmental or com-
plete, in the treated artery. Loss of primary patency
was defined as occlusion or stenosis >50%, using
DUS, which required reintervention. DUS was also
used to differentiate target lesion restenosis from pro-
gression of native arterial disease. The profunda
femoral artery patency was defined using DUS in the
follow-up.
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Table I. Clinical characteristics

Male 38 (55.1) 12 (54.5) 26 (55.3) 57

Diabetes 34 (49.2) 13 (59.1) 21 (44.6) 19

Chronic renal failure 13 (18.8) 6 (27.3) 7 (14,8) 18

Table Il. Perioperative and postoperative data

Mean ABI post 0.9 0.75 1 .003

2 2 (29) 1(4.5) 1(21) Al

4 13 (18.8) 1(4.5) 12 (25.5) .003

3 (4.3) 1(4.5) 2 (43) 46

Operative mortality

Statistical analyses were performed using SPSS v 15.0
for Windows (IBM, Armonk, NY). Frequencies and
descriptive statistics were analyzed. The ¥? test and Stu-
dent t-test were used to compare the univariate analysis
data. Survival curves to estimate limb salvage, patency,
and survival rates were constructed using the Kaplan-
Meier method. A P value of <.05 was considered statisti-
cally significant. The analyses were performed within
1800 days.

RESULTS

A total of 69 aortoiliac angioplasties were performed in
69 patients between January 2008 and July 2016, with
initial technical success in 100% of the patients; the
mean clinical follow-up period was 2500 + 880.5 days.
Analyses were performed at 1800 days. Of the 69
patients, 22 patients (31.8%) were classified in group 1
and 47 (67.2%) in group 2. A total of 12 reinterventions
(17.49%) were performed, seven (31.8%) in group 1 and
five (10.2%) in group 2, without statistical significance
between the groups (P = .063). Of the reinterventions,
there were 5 and 2 cases of angioplasty, 1 and 2 cases
of iliac femoral bypass, and 1 and 1 case of femorofemoral
bypass in groups 1 and 2, respectively. The clinical charac-
teristics of the patients are listed in Table | and the peri-
and postoperative data in Table |l.

There were 11 patients who needed concomitant
femoral or tibial open/endovascular procedures, six
patients (27.3%) in group 1 and five patients in group 2

(10.6%); P = .083. Of the interventions, there were three
and one cases of distal bypass in groups 1 and 2, respec-
tively, three cases of femoropopliteal bypass in group 1,
and three cases of femoropopliteal angioplasty and one
case of distal angioplasty in group 2. The three cases of
femoropopliteal angioplasty in group 2 were done after
1 year of the previous aortoiliac angioplasty.

Regarding the indications for revascularization, most
patients presented with critical limb ischemia (76.7%).
Group 2 had more patients with rest pain compared
with group 1 (P = .003). The postoperative ankle-
brachial index was higher in group 2 than in group 1
(P = .003). The majority of patients had a high cardiac
risk (75.6%; Table I1).

When we analyzed the endovascular procedures, the
common iliac artery was the most prevalent artery
(in 62.3% of all patients) subjected to endovascular treat-
ment, with no difference between the groups. When we
classified the lesions according to their TASC Il classifica-
tion on the basis of the arteriographic findings, TASC B
lesions were predominant among all patients (43.9% of
the total patients), and TASC D lesions were predomi-
nant in group 2 (P = .06; Table III).

Stents were used in approximately 91.3% of patients,
with a predominant usage of balloon-expandable stents,
in 58% of patients. There were no differences between
the two groups in terms of stent usage or the type of
stent used (Table ).



Journal of Vascular Surgery de Athayde Soares et al 1425

Volume 68, Number 5

Table Ill. Procedural data

Common iliac 43 (62.3) 12 (54.5) 31 (65.9) 72

Kissing iliac 13 (18.8) 5 (22.7) 8 (17) .59

TASC

4 (5.8)

1(4.5) 3 (6.3) 72

B 30 (43.9) 1 (50) 19 (40.4) .08

D 10 (14.4) 2(9) 8 (17) .06

Self-expanding 22 (31.8) 7 (31.8) 14 (29.7) 27

Self-expanding + Balloon-expandable 2 (2.9) 0 (0) 2 (42) 27

Table IV. Bollinger classification

Distal supfem 739 * 46 15.00 * 5,0 324 = 40 .000

Proximal POP 526 * 4.6 6.6 + 45 49 + 47 .906

Tib-per 357 £129 9.00 + 2.38 200 =119 .093

Distal PT 6.82 = 1,52 829 * 246 6.13 = 113 523

Distal AT 8.86 + 148 10.29 = 2.26 820 *1.97 529

Distal PER

530 * 1.49 367 = 237 6.00 = 1.90 490

Regarding the Bollinger classification, group 1 had a
worse score (P = .001), as expected considering the
occlusion of the SFA. However, the PFA and popliteal
artery scores were similar between the groups. Indeed
there were no differences in infrapopliteal scores among
the groups (Table V).

The primary and secondary patency rates at 1800 days
were similar between groups 1 and 2 (80.2% vs 82.3%;
P = .80 and 84.7% vs 97.6%; P = .10, respectively; Figs 1
and 2). Furthermore, the Ilimb salvage rates at
1800 days were similar between groups 1 and 2 (91.3%
vs 86.1%; P = .60; Fig 3). The survival rates were also similar
between groups 1 and 2 (74.7% vs 78%:; P = .80; Fig 4).

We performed a Cox regression analysis to identify any
other factors related to the limb salvage rate in our study
(Table V). Occlusion of the SFA did not influence the limb
salvage rate according to the univariate (P = .509) and
muiltivariate analyses (P = .671).

DISCUSSION

There are few reports on the influence of the PFA on the
outcomes of endovascular treatment for AIOD.
Kudo et al® analyzed the long-term outcomes and pre-
dictors of 151 iliac angioplasties and reported 1-, 3-, and
5-year cumulative primary patency rates of 76%, 59%,
and 49%, respectively. The cumulative assisted primary
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Primary Patency

100+
Group 1
82.3%
80 Group 2
80.2%
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20
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Group 1 |22 15 14 7
Group 2 | 47 27 12 11

Fig 1. Kaplan-Meier plot of primary patency rates. The
primary patency rate at 1800 days was 80.2% in group 1
and 82.3% in group 2 with a standard error (SE) <10%
(SE < 0O.1) at 1850 days.

patency, secondary patency, and limb salvage rates at
7 years were 98%, 99%, and 93%, respectively. They found
that a history of smoking (P = .0074), TASC C/D lesions
(P = .0001), and stenotic ipsilateral SFAs (P = .0002)
were significant independent predictors of adverse out-
comes in terms of the primary patency rate. They did
not analyze the role of the PFA; however, a stenotic ipsi-
lateral SFA was associated with worse outcomes. The
data of that study are in contrast to those found in the
present study, in which we did not find a relationship
between the clinical outcomes and number of patent
femoral arteries, as outflow through the PFA was suffi-
cient to achieve good patency and limb salvage rates,
particularly in the presence of a patent popliteal artery.
Regarding the influence of the femoral arteries in iliac
stenting, Kudo et al® evaluated the impact of the ipsilat-
eral SFA on percutaneous transluminal angioplasty of
the iliac arteries. They found that 77 limbs (42%) had
patent SFAs (pSFA group; 66 intact or with <50% stenosis
and 11 previously bypassed), 28 (15%) had stenotic (50%-
99%) SFAs (sSFA group), 51 (28%) had occluded SFAs
(oSFA group), and 27 (15%) had concomitant SFA angio-
plasty (@aSFA group). The TASC iliac lesion type and status
of the ipsilateral PFA were not significantly different
among the four groups. They showed a significantly
decreased primary patency rate in the sSFA group (29%
at 3 years, Kaplan-Meier method and log-rank test;
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Secondary Patency

100
l—l Group 2 97.6%
Group 1
80+ 84.7%
60~
40|
20+
0- SE < 0,1 at 1850 days P=10
T T U T
0 600 1200 1800
Days
At risk | O 600 1200 1800
Days
Group 1 |22 15 14 7
Group 2 | 47 26 12 11

Fig 2. Kaplan-Meier plot of secondary patency rates. The
second patency rate at 1800 days was 84.7% in group 1
and 97.6% in group 2 with a standard error (SE) <10%
(SE < 0O.1) at 1850 days.

P < .0001) compared with the other three groups;
however, there were no significant differences among
the pSFA, oSFA, and aSFA groups (67%, 67%, and 86% at
3 years, respectively; P = .92). The continued clinical
improvement rates were significantly decreased in the
sSFA group (36% at 3 years, P = .0043) compared with
the other three groups; however, there were no significant
differences among the pSFA, oSFA, and aSFA groups (81%,
84%, and 75% at 3 years, respectively; P =.088). The assis-
ted primary and secondary patency rates and limb salvage
rates were not significantly different among the four
groups (P > .40). Therefore, the authors concluded that
the primary patency and continued clinical improvement
rates are significantly decreased in patients with stenotic
SFAs, suggesting that concomitant SFA angioplasty might
improve iliac patency after iliac angioplasty in patients
with stenotic SFAs. The presence of an occluded SFA did
not adversely affect the outcome of iliac angioplasty. Simi-
larly, in our study, we showed similar primary patency, sec-
ondary patency, and limb salvage rates between groups 1
and 2 (ie, single and double artery outflow after iliac stent-
ing, respectively). In this present study, there was over
three times more reinterventions in group 1, despite the
Pvalue of .06. Perhaps, with a higher number of patients
this value would be statistically significant. Otherwise,
the number of concomitant femoral or tibial endovascular/
open surgery interventions was statistically similar in
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Limb Salvage
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Fig 3. Kaplan-Meier plot of limb salvage rates. The limb
salvage rate at 1800 days was 91.3% in group 1 and 86.1% in
group 2 with a standard error (SE) <10% (SE < 0.1) at
1850 days.

both groups. This may be explained by the collateraliza-
tion among the PFA and the popliteal arteries, which will
be explained further. However, the main focus of our study
was the influence of the PFA, rather than the SFA.

We found a worse Bollinger classification in group 1
mainly because of occlusion of the SFA. However, Bollin-
ger classification of the popliteal artery and the infrapopli-
teal arteries was similar in both groups, and this may have
played a fundamental role in the similar patency and limb
salvage rates between the two groups. Gray'® was the first
to describe arterial anastomoses between the PFA and
popliteal arteries. These anastomoses are not usually
visible on clinical imaging, including direct angiography,
computed tomography angiography, or magnetic reso-
nance angiography. Gray provided a description of the
collateral circulation after ligation of the femoral artery,
which he attributed to Cooper." In his original report,
Cooper argues that most patients have sufficient collat-
eral flow, via anastomoses of smaller vessels, to allow
surgeons to ligate any major arteries to control aneurysm
or hemorrhage. At first, these studies aimed to evaluate
whether the PFA provides adequate blood flow to the
legs in the case of acute trauma or occlusion of the SFA,
thus, avoiding the need for SFA reconstruction. However,
it has been confirmed that this collateral circulation plays
an important role in chronic occlusions, when there has
been sufficient time to allow their development. In the
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Fig 4. Kaplan-Meier plot of survival rates. The survival rates
at 1800 days were 74.7% in group 1 and 78% in group 2
with a standard error (SE) <10% (SE < 0.1) at 1850 days.

same way, Davies et al'”> compared the outcomes of endo-
vascular PFA revascularization (ePFR) with ePFR and con-
current endovascular femoropopliteal revascularization.
They reported 12-month amputation-free survival and
reintervention rates of 78% and 72% following isolated
ePFR, and 96% and 81% following ePFR and concurrent
endovascular femoropopliteal revascularization, respec-
tively. There was no significant difference in amputation-
free survival (P = .4) or the reintervention rate (P = .91)
between the two groups.

The PFA is the main vessel supplying arterial blood to
the thigh muscles. In patients with critical limb
ischemia and severely diseased or occluded SFAs, the
PFA is the main collateral pathway maintaining arterial
flow to the distal extremity. Donas et al”® evaluated the
therapeutic value of endovascular technique for the
treatment of profunda femoris arterial obstructive
disease in critical limb ischemia patients with techni-
cally demanding open profunda repair. All patients
had adequate flow via the common femoral artery,
long occlusion of the superficial femoral and popliteal
arteries, and impaired crural arteries. The endovascular
approach was technically successful in all cases, and
the procedure-related morbidity and mortality rates
were 0% over the entire follow-up period. The 3-year
primary and secondary patency rates of the treated
segment were 80% and 86.7%, respectively. The limb
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Table V. Cox regression analysis of factors associated with the limb salvage rate

Active tobacco use 0.299 0.830

0.262-2.297

.589 1.249 1.03 0.820-4.681 642

Diabetes 0.984 0.869

0.221-1.501

257 .885 0.906 0.411-14.294 .831

TASC AB + CD 0.686

0.913

salvage rate was 933%. The authors concluded that
endovascular treatment of lesions of the PFA, as the
only femoral artery for outflow, showed excellent
results in terms of patency and limb salvage rates.
Similarly, our results support that outflow through the
PFA alone yields good patency and limb salvage rates,
particularly in the presence of a patent popliteal artery,
despite the focus of our study being aortoiliac endovas-
cular procedures.

The overall operative mortality was 4.3%, with no differ-
ence between the two groups, which can be considered
satisfactory despite the high prevalence of patients
with an elevated cardiac risk (75.6%) in this study.
However, the survival rate at 1800 days was approxi-
mately 78%. Our survival and operative mortality rates
are similar to those found in the literature. For example,
in an analysis of 136 iliac endovascular procedures,
Timaran et al' reported an operative mortality rate of
0.7% and a survival rate of 78% at 5 years. Similarly, in a
study of the evolution of AIOD endovascular treatment
approaches over a 7-year period, Kasemi et al'® also
reported a perioperative mortality rate of 4.5% among
22 patients with TASC D lesions.

Few studies in the literature have investigated femoral
artery outflow in iliac endovascular treatment, with a
focus on the role of the PFA in patency and limb salvage
rates. Despite the retrospective nature of the present
study, the lack of statistically significant differences
between the groups indicates the importance of our
findings regarding a poorly explored subject in endovas-
cular surgery. However, prospective studies involving
more participants are needed to improve the validity of
these findings.

CONCLUSIONS

In this study, we found that SFA patency does not affect
the outcomes of endovascular treatment for chronic
AIOD. In iliac endovascular treatment, outflow via the
PFA alone (in conjunction with collateralization with
the popliteal artery) results in similar patency, survival,
and limb salvage rates compared with outflow via both
the PFA and SFA.

0.542-1.543

172 0.7Mn 0.915 0.339-12.230 437
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INVITED COMMENTARY
Stephen W. K. Cheng, MBBS, MS, FRCS, Hong Kong

The authors from Brazil reported the results of a retro-
spective review of a single-center experience over 8 years
in 69 patients suffering from lower limb arterial disease
treated by iliac angioplasty (with or without stenting)
alone. Based on the patency of the superficial femoral
artery (SFA) the patients were classified into two groups,
namely, those with and without a patent SFA. Almost
80% of patients had critical limb ischemia. The groups
had similar outcomes in terms of iliac patency, limb
salvage, and overall survival analyzed at 1800 days. They
concluded that the patency of the SFA does not interfere
with the outcomes of endovascular treatment for aortoil-
iac occlusive disease.

The two groups were not randomized, and the number
of patients was relatively small. Because all the profunda
femoris artery in the study cohort were patent, the find-
ings seemed to confirm that a patent profunda femoris
artery is essential to the success of inflow procedures
and that SFA patency was probably of secondary impor-
tance. Notably a higher percentage of TASC D lesions in
group 2 (17% vs 9%) may bias the results against group
1, especially with the small number of patients. Also, pa-
tients in group 2 (with patent SFAs) had more resting
pain and tissue loss.

The majority of patients (76%) had critical limb ischemia.
The authors should be congratulated of achieving a high
limb salvage rate in these patients. Their results suggest

‘ '.) Check for updates

that treating the inflow (iliac) lesions was sufficient in
patients with multisegment disease. Further clarification
on the rationale, patient selection, and indication to
choosing to treat only the iliac segment in the presence
of distal disease in these patients would be welcome.
There were still a good number of patients in Rutherford
classes 2 and 3,and in these patients the primary outcome
of amputation-free survival may not be relevant. It would
be interesting to know if symptoms actually improve in
these and also patients with resting pain.

A significant number of patients (16%) had concomi-
tant femoropopliteal or distal interventions in addition
to the iliac angioplasty. In fact, 27% of patient in group
1 received either a femoral angioplasty or a femoropopli-
teal bypass, so the outflow in this group was not in fact
dependent on the profunda femoris artery only.
Although group 2 was defined as patients with a totally
patent SFA without disease, there was evidence of SFA
disease progression within 1 year. The truth was that
particularly in patients with critical ischemia, disease is
often muiltilevel and it is not easy to attribute success
based on any arterial segment alone.

The opinions or views expressed in this commentary are
those of the authors and do not necessarily reflect the
opinions or recommendations of the Journal of Vascular
Surgery or the Society for Vascular Surgery.
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