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Purpose: To determine if further endovascular infrapopliteal angioplasty in combination
with femoropopliteal revascularization improves the clinical outcomes regarding major
amputation rate, rate of secondary interventions, and mortality in diabetic type-II patients
presented with critical lower limb ischemia (CLI).

Patients and Methods: This is a retrospective study in which all type-1I diabetic patients
with CLI at King Abdullah University Hospital between October 2015 and September 2019
were identified. Patients with concomitant femoropopliteal and infrapopliteal vessels athero-
sclerotic lesions (total occlusion or more than 50% stenosis) who received successful
endovascular treatment were included. Patients were divided into 2 groups. Group-I included
patients treated for femoropopliteal segment alone, while Group-II included patients treated
for both femoropopliteal and infrapopliteal segments. The outcomes of the two groups were
compared regarding major amputation rate, rate of secondary interventions, and mortality. In
addition, demographic data, atherosclerotic lesions distributions and cardiovascular risk
factors were also collected and analyzed.

Results: In all, 90 patients (65 males and 25 females) with a mean age of 67.5+12 years
were included. In Group-I; 44 patients (48.9%) were included (36 males and 8 females) with
a mean age of 67+12 years. In group-II; 46 patients (51.1%) were included (29 males and 17
females) with a mean age of 68+13 years. The major amputation rate was higher and
statistically significant in Group-I (38.6% vs 17.4%, p-value = 0.034). However, the second-
ary interventions and the mortality rates showed no statistically significant differences
(56.8% vs 39.1%, p-value = 0.139) and (22.7% vs 28.3%, p-value = 0.632), respectively.
Conclusion: Endovascular infrapopliteal angioplasty in combination with femoropopliteal
revascularization in diabetic type-II patients with CLI improves the clinical outcome regard-
ing major amputation rate. However, there were no significant differences regarding the rate
of secondary interventions and the mortality rate.
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Introduction

The incidence of PAD has been increasing, along with the increase in patients with
risk factors for atherosclerosis, especially diabetes mellitus (DM), obesity, hyper-
tension (HTN), dyslipidemia, chronic kidney disease (CKD) and smoking.'* There
is a strong association between DM and PAD.* More than 25% of diabetic patients
develop CLI during their lifetime,” and more than 50% of patients with CLI are
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diabetics.* CLI in DM carry a poor prognosis with ampu-
tation rates up to 30% and mortality up to 25% after
1 year.®” The pathophysiologic mechanisms of vascular
disease in the presence of DM are multifactorial and

include: inflammation, endothelial cell dysfunction,
smooth muscle cell migration, altered platelet function
and hyper-coagulability, which eventually lead to athero-
sclerosis which is the main cause of PAD.** The diagnosis
of PAD in patients with DM is often delayed because of
the presence of neuropathy, as PAD-related symptoms go
unnoticed until more severe critical limb ischemia (CLI)
symptoms develop.® The anatomical distribution of PAD is
different in the diabetic and non-diabetic populations.”
PAD in diabetic patients is characterized by calcified,
distal

segmental with a higher percentage of occlusions than

(infrapopliteal arteries), symmetrical, multi-
stenosis, which can also affect the collateral vessels.”’
However, age, HTN, and smoking are associated with
proximal (aortoiliac and femoropopliteal) atherosclerotic
lesions more than DM.'® CLI is unlikely to be related to
isolated SFA lesions; usually, femoropopliteal involvement
combined with aortoiliac or infrapopliteal disease is found,
especially in patients with multiple risk factors (DM,
HTN, dyslipidemia, smoking).'""'?

The involvement of distal limb vessels in diabetic CLI
limits the potential for collateral vessel development and
reducing options for revascularization which increase the
amputation rate to more than 20-fold."® Successful revas-
cularization reduces the major amputation rate in diabetic
patients presenting with CLL.° Revascularization may be
surgical through bypass or endovascular technique.'
Outcomes of aortoiliac segment angioplasty and stenting
in patients with diabetes have been reported in some
studies to be similar to non-diabetic patients.'® In contrast,
the long-term patency rates after femoropopliteal segment
angioplasty are lower in diabetic than in nondiabetic
patients, however, the long-term patency rates of infrapo-
pliteal segment angioplasty are low in diabetic and non-
diabetic patients but may be sufficient in the short term to
facilitate healing of foot ulcers.'? Although open surgical
bypass has been shown to have excellent results in patients
with diabetes and PAD, contemporary management of CLI
has gradually favored the use of minimally invasive endo-
vascular techniques.® However, it is difficult to provide
guidelines with respect to selection of patients for infra-
popliteal angioplasty in combination with angioplasty of
the SFA or popliteal artery.'> Moreover, when indicated,
the decision to revascularize the femoropopliteal segment

alone or to proceed for additional infrapopliteal vessels
with an endovascular approach is imperative and based on
clinical experience. Therefore, the aim of this study is to
assess if further infrapopliteal angioplasty after femoropo-
pliteal revascularization improves the clinical outcomes
regarding major amputation rate, rate of secondary inter-
ventions, and mortality in diabetic patients with CLIL

Patients and Methods

This study was approved by the Ethics Institutional
Review Board (IRB) of Jordan University of Science
and Technology (JUST) and King Abdullah University
Hospital (KAUH). Patient informed consent was not
required due to the de-identified data without breach of
confidentiality, and that this study was conducted in
It is
a retrospective, single center study in which all type-I1

accordance with the Declaration of Helsinki.

diabetic patients with the diagnosis of CLI (with
Rutherford category IV and V) at KAUH between
October 2015 and September 2019 were identified using
computerized medical records. CLI was defined as any
patient with rest pain or tissue loss.'®'” Only patients
with concomitant femoropopliteal and infrapopliteal ves-
sels atherosclerotic lesions (total occlusion or more than
50% stenosis) who received technically successful endo-
vascular treatment were included. Successful treatment
was defined as technically successful opening of the
targeted vessels and increase in ABI more than 0.15.
Selected patients were divided into two groups. Group-I
included patients treated for femoropopliteal segment
alone, while Group-II included patients treated for both
femoropopliteal and infrapopliteal segments at the same
time. The clinical outcomes of the two groups were
compared regarding major amputation rate (amputation
above the ankle), rate of secondary interventions, and
mortality. In addition, demographic data and patients’
characteristics involving age, sex, atherosclerotic lesions
distribution, cardiovascular risk factors, body mass index
(BMI), wound ischemia foot infection (WIFI) stage, glo-
bal anatomic staging system (GLASS) stage and ABI
were also collected and analyzed. Endovascular treat-
ment was performed by ante-grade approach using ipsi-
lateral common femoral artery (CFA) or retrograde using
contralateral CFA and cross-over technique. The decision
to perform femoropopliteal segment alone or to proceed
to infrapopliteal vessels was judgmental and depend on
the operator assessments of the degree of collateraliza-
tion below the knee. SPSS version 22 was used for the
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analysis. Data are expressed as mean + SD. Unpaired
Student’s #-test was used to compare the means, and the
chi-square test was used to compare the proportions.
A p-value of less than 0.05 was considered statistically

significant.
Results
The total number of type-II diabetic patients with CLI who
had femoropopliteal and infrapopliteal lesions and

received successful endovascular treatment was 90
patients (65 males and 25 females) with a mean age of
67.5+12 years. The patient demographics and cardiovas-
cular risk factors are shown in Table 1. Hypertension,
smoking, hyperlipidemia, chronic renal insufficiency,
ischemic heart diseases were present in 67.8%, 37.8%,
56.7%, 17.8% and 34.4% of the patients, respectively.
The average follow-up period was 13.3 + 2.37 months.
The arterial segments involved in the study group were;
posterior tibial artery (68.8%), SFA (64.4%), popliteal
artery (61.0%), anterior tibial artery (45.6%) and peroneal
artery (25.6%). The most common arterial segment suc-
cessfully managed by endovascular treatment was SFA
(63.0%) followed by popliteal artery (60.0%), posterior
tibial artery (35.6%), anterior tibial artery (16.0%), and
peroneal artery (4.4%). Atherosclerotic lesions types (nar-
rowing or occlusion) and distribution are shown in
Table 2.

In Group-I, 44 patients (48.9%) were included (36
males and 8 females) with a mean age of 67+12 years.
Of them, 27 patients (61.4%) had no major amputation and
17 patients (38.6%) had major amputations, 34 patients
(77.3%) had no death and 10 patients (22.7%) had death,
and 19 patients (43.2%) had no secondary interventions
and 25 patients (56.8%) had secondary interventions. In
group-11, 46 patients (51.1%) were included (29 males and
17 females) with a mean age of 68+12 years. Of them, 38
patients (82.6%) had no major amputations and 8 patients
(17.4%) had major amputations, 33 patients (71.7%) had
no death and 13 patients (28.3%) had death, and 28
patients (60.9%) had no secondary interventions and 18
patients (39.1%) had secondary interventions.

When comparing the two groups, the major amputation
rate was higher and statistically significant in Group-I
(38.6% vs 17.4%, p-value = 0.034). However, the second-
ary interventions and the mortality rates showed no statis-
tically significant differences (56.8% vs 39.1%, p-value =

0.139) and (22.7% vs 283%, p-value = 0.632),

respectively, this is shown in Table 3. Kaplan-Meier
cures for each outcome are shown in Figure 1.

Discussion
This study indicates that the prevalence of PAD is more
common in males than females, even in this subgroup of
patients with CLI and DM. The average age in both groups
was similar. The traditional cardiovascular risk factors
(HTN, smoking, hyperlipidemia, chronic renal insuffi-
ciency, ischemic heart disease), BMI, HbAlc, ambulation
status of the patients, WIFI stage, GLASS stage, inflam-
matory mediators (ESR, CRP, MPV) were homogeneous
in our study population and there were no statistically
significant  differences between the two groups.
Anatomical distributions of atherosclerotic lesions in our
data showed predilection for distal involvements which
conform with what have been published in the literature
in diabetic patients.'®

In our institution, lower extremity endovascular treat-
ment is performed by either vascular surgeons or interven-
tional radiologists. Absence of management guidelines
regarding whether to proceed for further infra-popliteal
angioplasty after femoropopliteal revascularization or not
in diabetic type-II patients with CLI, has led to a nihilistic
approach towards revascularization, consequently leading
to two different practices. First, to treat the femoropopli-
teal segment alone. Second to treat both the femoropopli-
teal and infrapopliteal segments at the same time.
Proponents of the treatment of both femoropopliteal and
infrapopliteal have several justifications. First, this pro-
vides a direct foot revascularization with respect to the
angiosome concept. Second, the possibility to revascular-
ize more than one infrapopliteal artery which ensure more
blood flow to the foot which is associated with better
wound healing rates but not with better limb salvages as

1." Third, assessments of

concluded by Biagioni RB et a
infrapopliteal collaterals after successful femoropopliteal
highly Fourth, this

approach gives more satisfactory feeling to the operator

revascularization is subjective.
as he performed the maximum for the patient. In contrast,
proponents of the more conservative approach by treating
only the femoropopliteal segment have also some justifi-
cations. First, infrapopliteal angioplasty is a critical proce-
dure because of the small diameter and length of the
treated vessels, both of which have a tendency towards
a high re-stenosis rate.”® Second, few studies have inves-
tigated the impact of the number of infrapopliteal arteries
treated on limb salvage in CLI patients and some studies
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Table | Demographic Data and Patients’ Characteristics. Results are Presented as the Mean * Standard Deviation

Variables N=90 Group-1 (n=44) Group-2 (n=46) P-value
Age (years * SD) 67.5%12 67£12 68+12 0.444
Gender (n(%)) 0.142
Males 65 (72.2%) 36 (55.4%) 29 (44.6%)
Females 25 (27.8%) 8 (32.0%) 17 (68.0%)
Hypertension 61 (67.8%) 33 (54.0%) 28 (46.0%) 0.500
Smoking 34 (37.8%) 16 (47.0%) 18 (53.0%) 0.664
Hyperlipidemia 51 (56.7%) 26 (51.0%) 25 (49.0%) 1.00
Total cholesterol/mmol/L 4.24%1.2 4.65+1.3 0.123
LDL/mmol/L 2.94%1.0 3.18£1.0 0.277
HDL/mmol/L 0.85+0.25 1.92+6.5 0.283
Triglyceride/mmol/L 2.19£1.4 2.26%1.2 0.803
Chronic renal insufficiency 16 (17.8%) 8 (50.0%) (50.0%) 1.00
Creatinine/mmol/L 125.28+16 126.90£15 0.960
GFR (mL/min/173m) 52.0 50.0 0.961
Ischemic heart disease 31 (34.4%) 15 (48.4%) 16(51.6%) 0825

Ambulation Status

Independent 78 (86.7%) 38 (86.4%) 40 (87.0%)
Dependent 12 (13.3%) 6 (13.6%) 6 (13.0%)

BMI (kg/m?) 24.98+2.6 2482424 0763

HbAlc/% 856+2.0 84218 0.727

CRP/Int un/L 69.49454 63.61158 0.622

ESR/mm/hr 61.6439 61.87+37 0978

MPV/L 9.48+1.0 9.46x1.2 0921

Rutherford Classification

Category IV 27 (30.0%) 14 (51.9%) 13 (48.1%) 0.91

Category V 63 (70.0%) 31 (49.2%) 32 (50.8%) 0.92
Medications

Single Antiplatelet 75 (83.3%) 37 (49.3%) 38 (50.7%) 0.95

Dual Antiplatelet 25 (27.8%) 12 (48.0%) 13 (52.0%) 0.95

Statin 50 (55.6%) 27 (54.0%) 23 (46.0%) 0.82
WIFI Score 5.60+1.2 5.47+1.4 0.634
WIFI Stage

Low 11 (12.2%) 10 (90.9%) 1 (9.1%) 0.014

Moderate 58 (64.4%) 28 (48.2%) 30 (51.7%) 0.080

High 21 (23.3%) 8 (38.1%) 13 (61.9%) 0.011
GLASS Stage

Low 17 (18.9%) 14 (82.4%) 3 (17.6%) 0.012

Intermediate 56 (62.2%) 26 (46.4%) 30 (53.6%) 0.090

High 17 (18.9%) 6 (35.3%) 11 (64.7%) 0.006

ABI improvement
Pre-Treatment 0.45+0.01 0.40+0.11 0.50+0.01 0.06
Post-Treatment 0.65+0.03 0.59+0.21 0.71+0.03 0.73

Abbreviations: LDH, low-density lipoprotein; HDL, high-density lipoprotein; BMA, body mass index; CRP, c-reactive protein; ESR, erythrocyte sedimentation rate; MPV,
mean platelet volume; GFR, glomerular filtration rate; WIFI, wound ischemia foot infection; GLASS, global anatomic staging system; ABI, ankle brachial index.
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Table 2 Atherosclerotic Lesions Types, Distribution and Rate of Intervention

Arteries n (%) Narrowing Occlusion Intervention
Superficial Femoral Artery 58 (64.4%) 26(28.9%) 32 (34.4%) 57 (63.0%)
Popliteal Artery 55 (61.0%) 37 (41.0%) 18 (20.0%) 54 (60.0%)
Anterior Tibial Artery 41 (45.6%) 23 (25.6%) 18 (20.0%) 15 (16.0%)

Posterior Tibial Artery 62 (68.8%) 36 (40.0%)

26 (28.9%) 32 (35.6%)

Peroneal Artery 23 (25.6%) 17 (18.9%) 6 (6.7%) 4 (4.4%)
Table 3 Comparison Between Group-l and Group-I|
Number Major Amputations Secondary Interventions Mortality
Group-| 44 17 (38.6%) 25 (56.8%) 10 (22.7%)
Group-ll 46 8 (17.4%) 18 (39.1%) 13 (28.3%)
P-value 0.034 0.139 0.632

found no significant improvement in wound healing and
amputation rates when more than one vessel was re-
vascularized.®*' Fourth, although it is subjective, the
degree of collateralization can be satisfactory to the opera-
tor. Fifth, aggressive infrapopliteal angioplasties could
preclude future distal bypass procedure. Sixth, more
aggressive treatment is not necessarily associated with
better outcomes. Finally, treatment of both segments
increases the operative times, amount of radiations, the
risk of contrast induced nephropathy and cost of the pro-
cedure due to change to lower profile wires and balloons.

Gutierrez M. et al conducted a literature review of
endovascular and surgical approaches for treatment of
diabetic foot and CLI in PubMed from 2002 to 2018 and
concluded that there are not enough data to recommend
one method of revascularization over another and there is
a real need to normalize demographic data, the severity of
the disease, and the results of revascularization in diabetic
patients with CLL.>* In order to evaluate the clinical out-
comes for the two groups, we decided to study the major
amputation rate, rate of secondary intervention and mor-
tality excluding CLI with Rutherford category VI which
represents a major tissue loss that necessitate major ampu-
tations. Previous studies have reported that successful
endovascular interventions to the lower limbs associated
with a decrease in the rate major amputation rates.”’
However, few interventions have been shown to improve

amputation-free survival or reduce major adverse limb

events in CLI in DM population.'” This study demon-
strated that diabetic patients with CLI who had concomi-
tant femoropopliteal and infrapopliteal segments
atherosclerotic lesions who underwent endovascular revas-
cularization for both segments in the same procedure had
a lower major amputation rate than those who underwent
endovascular revascularization for the femoropopliteal
segment alone. Restenosis after femoropopliteal interven-
tions remains the Achilles’ heel of endovascular therapies
and the potential benefit of secondary interventions should
also be weighed against the patient’s functional status,
comorbidities, and periprocedural risk.?* Our study
showed that the rate of secondary interventions is similar
in both groups. A recent meta-analysis reported diabetes to
be associated with an increased risk of mortality in CLL?
Other studies suggest patient rather than technical factors
as the cause of the increased mortality after endovascular
treatment.”® This study demonstrated that there were no
differences in the outcomes regarding mortality in diabetic
patients with CLI who had concomitant femoropopliteal
and infrapopliteal segments atherosclerotic lesions who
underwent endovascular revascularization for both seg-
ments in the same procedure.

This study has

a retrospective study. Second, due to small number of

several limitations. First, it is
patients and different types of endovascular treatment
(angioplasty, angioplasty with drug-coated balloons, angio-

plasty with regular stents, angioplasty with drug-coated
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Figure | Comparison of outcomes among the two groups. (A) Major amputation, (B) mortality, and (C) secondary interventions.

stents and sub-intimal angioplasty of the SFA), we could
not investigate the role of different treatment modalities on
our clinical outcomes. Third, we used Rutherford classifica-
tion system, however, it does not address whether or not
there is an infection, as well as the extent, location, and
depth of infection.?” Finally, Although the impact of planter
arch disease on the success of proximal revascularization,
whether open or endovascular, is likewise unknown, planter
arch disease was not addressed in this study.”’ Waiting for
pending level 1 evidence from ongoing trials,>’” further,
prospective, multicenter, and randomized controlled studies
are needed to establish treatment guidelines for revascular-
ization strategies in this challenging and rapidly evolving
field.

Conclusions

Endovascular infrapopliteal angioplasty in combination
with femoropopliteal revascularization in diabetic type-II
patients with CLI improves the clinical outcome regarding
major amputation rate. However, there were no significant
differences regarding the rate of secondary interventions
and the mortality rate.
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