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Impact of Pedal Arch Patency on Tissue Loss and Time 
to Healing in Diabetic Patients with Foot Wounds 
Undergoing Infrainguinal Endovascular Revascularization
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Objective: To retrospectively evaluate the impact of pedal arch quality on tissue loss and time to healing in diabetic 
patients with foot wounds undergoing infrainguinal endovascular revascularization.
Materials and Methods: Between January 2014 and June 2015, 137 consecutive diabetic patients with foot wounds 
underwent infrainguinal endovascular revascularization (femoro-popliteal or below-the-knee, arteries). Postprocedural 
angiography of the foot was used to divide the patients into the following three groups according to the pedal arch status: 
complete pedal arch (CPA), incomplete pedal arch (IPA), and absent pedal arch (APA). Time to healing and estimated 
1-year outcomes in terms of freedom from minor amputation, limb salvage, and survival were evaluated and compared 
among the three groups.
Results: Postprocedural angiography showed the presence of a CPA in 42 patients (30.7%), IPA in 60 patients (43.8%), and 
APA in 35 patients (25.5%). Healing within 3 months from the procedure was achieved in 21 patients with CPA (50%), 17 
patients with IPA (28.3%), and in 7 patients with APA (20%) (p = 0.01). There was a significant difference in terms of 
1-year freedom from minor amputation among the three groups (CPA 84.1% vs. IPA 82.4% vs. APA 48.9%, p = 0.001). 
Estimated 1-year limb salvage was significantly better in patients with CPA (CPA 100% vs. IPA 93.8% vs. APA 70.1%, p < 
0.001). Estimated 1-year survival was significantly better in patients with CPA (CPA 90% vs. IPA 80.8% vs. APA 62.7%, p = 
0.004).
Conclusion: Pedal arch status has a positive impact on time to healing, limb salvage, and survival in diabetic patients with 
foot wounds undergoing infrainguinal endovascular revascularization.
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INTRODUCTION

Diabetes is the main cause of critical limb ischemia (CLI)
(1, 2). The worldwide prevalence and incidence of diabetes 
mellitus are dramatically increasing. In the future, this 
epidemiological burden may cause a considerable increase 
in the incidence of CLI in a more elderly diabetic population 
(3).

In diabetic patients with ischemic foot wounds, vascular 
involvement is extremely diffuse and aggressive in the 
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below-the-knee arteries with a high percentage of long 
occlusions (4). These reports suggest that in diabetic 
patients with foot wounds, the correlation is with “more 
distal-more aggressive” atherosclerotic disease. Therefore, 
in the last few years, there has been a great interest not 
only in the tibial vessels but also in the foot vessels (5).

Even older angiographic studies have demonstrated 
the importance of evaluating the foot vessels in patients 
undergoing peripheral revascularization (6, 7). In particular, 
Ciavarella et al. (7) confirmed more frequent involvement of 
the tibial and foot vessels in diabetic patients. In addition, 
it is well known that the status of the foot vessels affects 
the outcomes of revascularization. Karacagil et al. (8) 
demonstrated that the pedal runoff may have prognostic 
significance in femoropopliteal as well as femorodistal 
bypass surgery, suggesting complete visualization of the 
tibial and foot arteries before performing a surgical bypass.

More recently, Rashid et al. (9) demonstrated that the 
pedal arch quality influenced the rates for healing and 
time to healing, but it did not influence the patency or the 
amputation-free survival in patients with CLI undergoing 
surgical infrapopliteal bypass. In the last few years, a lot 
of papers on endovascular techniques to revascularize 
the pedal arch were published (10-12). Even for the 
endovascular approach, the majority of studies reported 
the technical outcomes (procedural success, vessel patency, 

etc.). Functional and clinical outcomes (wound healing, 
time to healing, quality of life, functional status, etc.) were 
only partially discussed.

Our paper seems to be the first to report the clinical 
implications (wound healing, time to healing, and 
survival) according to the pedal arch status at the end of 
an infrainguinal endovascular procedure. The aim of this 
study was to evaluate, based on our experience, the impact 
of pedal arch status on tissue loss and time to healing 
in diabetic patients with CLI undergoing infrainguinal 
endovascular revascularization.

MATERIALS AND METHODS

The study was approved by the Institutional Review 
Board and all patients gave their written consent for the 
procedure approved by the Ethics Committee.

Between January 2014 and June 2015, 137 consecutive 
diabetic patients with foot wounds and CLI underwent 
infrainguinal endovascular revascularization at our center.

The patients were predominantly men (91 men, 66.4%; 
46 women, 33.6%) with a mean age of 74.7 ± 9.7 years. 
All the patients had tissue loss (Rutherford class 5 [n = 
90, 65.7%], Rutherford class 6 [n = 47, 34.3%]). Forty-
one patients (29.9%) had ischemic and infected wounds 
penetrating to bone or joint (Texas University Classification 
class IIID) (13).

Table 1 summarizes the demographic data. All data 
concerning the procedures was prospectively collected in 
a dedicated database with 87 variables. The information 
included demographics, preoperative risk factors, clinical 
and diagnostic preoperative assessments, procedural 
findings, and early (30-day) and follow-up outcomes.

All endovascular interventions were performed in a 
hybrid operating room under local anaesthesia. The 
endovascular procedure was tailored to the target vessel 
that was identified on the basis of preoperative diagnostic 
assessment by clinical examination of the wound and by 
means of Duplex scan. Technical success was defined as the 
restoration of flow in the revascularized infrainguinal main 
vessel without residual stenosis > 30% or flow-limiting 
dissection. Patients undergoing revascularization of below-
the-ankle vessels were excluded from this study.

Postprocedural angiography of the foot was used to divide 
the patients into the following three groups according to 
the postprocedural status of the pedal arch: complete pedal 
arch (CPA) group, incomplete pedal arch (IPA) group, and 

Table 1. Overall Demographic Data and Preoperative Risk 
Factors of Patients

Demographics Number of Patients (%)
Males   91 (66.4)
Age, years ± SD 74.7 ± 9.7
Age > 80 years   49 (35.8)
Risk factors

Smoking   86 (62.8)
Hypertension 110 (80.3)
Hypercholesterolemia   29 (21.2)
Insulin treatment   88 (64.2)
Coronary artery disease   58 (42.3)
Chronic renal failure*   39 (28.5)

TUC
IC   33 (24.1)
IIC   19 (13.9)
IID   27 (19.7)
IIIC   17 (12.4)
IIID   41 (29.9)

Continuous data are presented as means; categorical data are 
given as the counts (percentage). *Serum creatinine ≥ 1.5 mg/dL.
SD = standard deviation, TUC = Texas University Classification
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absent pedal arch (APA) group.
Complete pedal arch was defined when both the dorsalis 

pedis artery and at least one of the plantar arteries were 
patent and joined with each other; IPA was defined when 
the dorsalis pedis artery or one of the plantar arteries were 
patent but not joined with each other; and APA was defined 
when neither the dorsalis pedis artery nor at least one of 
the plantar arteries were patent but the circulation of the 
foot was established through collateral vessels (Fig. 1).

The follow-up protocol included medications in an 
advanced wound care setting (Foot Clinic run by nurses 
with expertise in wound care), and duplex ultrasound at 
discharge, 1 month, 6 months, 12 months, and yearly 
thereafter. Time to healing was defined as the time 
(expressed in months) needed to achieve complete healing 
of the wound after the procedure.

Statistical Analysis
Early outcomes in terms of wound healing and time 

to healing were evaluated and compared among the 
three groups. The Fisher’s exact test was used where 
appropriate. Continuous data was expressed as the mean 
± standard deviation. Categorical data was expressed as 
percentages. One-year estimated outcomes in terms of 
freedom from minor amputation (defined as absence of any 
type of amputation in the lower limb except for toe/ray 

amputation), limb salvage (defined as absence of above-
the-knee or leg amputation), and survival were analyzed 
and compared among the three groups by life-table analysis 
(Kaplan-Meier test). Statistical significance was defined 
at the p < 0.05 level. Statistical analysis was performed 
using SPSS software (version 18.0 for Windows; SPSS Inc., 
Chicago, IL, USA).

RESULTS

The main infrainguinal lesion revascularized was located 
in the tibial artery in 79 cases (57.7%). The mean length 
of the vascular lesion was 184.6 ± 86.5 mm. In most of the 
cases (83.9%), the main vascular lesion was an occlusion. 
In most of the patients (94, 68.6%), two or more vessels 
were treated. No stent was deployed in the tibial vessels.

Table 2 summarizes the intraprocedural ‘endovascular’ 
data. Technical success according to the “intention-to-treat” 
vessel was achieved in 120 cases (87.6%). Intraoperatively, 
two patients developed acute limb ischemia (in one case 
due to massive peripheral embolization and in the other 
case due to acute occlusion of the superficial femoral 
artery). Furthermore, one patient showed disruption of 
the distal part of a 0.014-inch guidewire in the anterior 
tibial artery. No intraoperative access site complication was 
recorded.

Fig. 1. Pedal arch status on postprocedural angiography: CPA (A), IPA (B), APA (C). APA = absent pedal arch, Arch = pedal arch, CPA = 
complete pedal arch, IPA = incomplete pedal arch, PedA = pedis artery, PlaA = plantar artery

A B C
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Postprocedural angiography showed the presence 
of a CPA in 42 patients (30.7%), IPA in 60 patients 
(43.8%), and APA in 35 patients (25.5%).

The three groups were homogeneous, except for a higher 
number of diabetic patients under insulin treatment in 
the APA group. Furthermore, tibial revascularization was 
widely performed in patients with APA. Table 3 shows the 
comparative data.

During the hospital stay (mean duration, 4.1 ± 3.3 days), 
all patients underwent aggressive wound management. 
Surgical treatment of the wound consisted of debridement 
without bone resection in 47 cases (34.3%), toe/ray 

amputation in 12 cases (8.7%), Lisfranc amputation in 1 
case (0.7%), and transmetatarsal amputation in 6 cases 
(4.4%).

At 30 days, 2 patients died, resulting in an overall 30-
day mortality rate of 1.5%. Furthermore, 9 major systemic 
complications occurred (1 case of acute respiratory 
failure, 2 cases of acute heart failure, 2 case of myocardial 
infarction, and 4 cases of sepsis), and 5 patients underwent 
leg amputation. The 30-day overall major morbidity rate 
was 10.2%, while the 30-day major amputation rate was 
3.6%. The causes of major amputation were sepsis (4 cases) 
and massive necrosis of the foot (1 case).

During the follow-up (mean duration, 7.4 ± 4.6 months), 
complete healing of the lesions was achieved in 35 patients 
(83.3%) with CPA, 34 patients (56.7%) with IPA, and in 13 
patients (37.1%) with APA (p < 0.001). The overall mean 
time required to achieve wound healing was 4.4 ± 3.5 
months. In the CPA, IPA, and APA groups the mean time to 
healing was 3.5 ± 2.2 months, 4.5 ± 3.1 months, and 5.7 ± 
4.4 months, respectively (p < 0.001).

Healing within 3 months from the procedure was 
achieved in 21 patients with CPA (50%), 17 patients 
with IPA (28.3%), and in 7 patients with APA (20%) (p = 
0.01). In 6 patients (4.4%), the application of a Vacuum 
Assisted Therapy (VAC; KCI Inc., San Antonio, TX, USA) was 
necessary. There was a significant difference in terms of 
1-year freedom from minor amputation among the three 
groups (CPA, 84.1%; IPA, 82.4%; APA, 48.9%; p = 0.001) 
(Fig. 2). Furthermore, estimated 1-year limb salvage was 
significantly better in patients with CPA (CPA, 100%; IPA, 
93.8%; APA, 70.1%; p < 0.001) (Fig. 3). Finally, estimated 
1-year survival was significantly better in patients with CPA 
(CPA, 90%; IPA, 80.8%; APA, 62.7%; p = 0.004) (Fig. 4).

Table 2. Intraprocedural ‘Endovascular’ Data of Patients
Data Number of Patients (%)

Main vessel revascularized
Superficial femoral artery   41 (29.9)
Popliteal artery   17 (12.4)
Tibioperoneal trunk   1 (0.7)
Peroneal artery   9 (6.6)
Posterior tibial artery   28 (20.4)
Anterior tibial artery   41 (29.9)

Type of lesion
Occlusion 115 (83.9)
Critical stenosis*   22 (16.1)

Access site
Ipsilateral femoral 119 (86.8)
Contralateral femoral   17 (12.4)
Ipsilateral femoral + pedal   1 (0.7)

Type of treatment
Balloon 115 (83.9)
Drug eluting balloon   8 (5.8)
Stent   14 (10.2)

*Critical stenosis means one or more stenosis more than 70% with 
peak systolic velocity ratio > 2.5.

Table 3. Demographic and Intraprocedural Data: Comparison of Three Groups
Data CPA (n = 42) IPA (n = 60) APA (n = 35) P

Males  28 (66.7)    38 (63.3)   25 (71.4) 0.73
Age > 80 years  13 (30.9) 24 (40)   12 (34.3) 0.63
Risk factors

Smoking  30 (71.4)    40 (66.7)   18 (51.4) 0.07
Hypertension  31 (73.8)    49 (81.7)   30 (85.7) 0.37
Hypercholesterolemia  10 (23.8)    11 (18.3)     8 (22.9) 0.77
Insulin treatment  22 (52.4)    38 (63.3) 28 (80) 0.04
Coronary artery disease  15 (35.7)    23 (38.3)    20 (57.1) 0.11
Chronic renal failure*  12 (28.6) 12 (20)    15 (42.9) 0.07

TUC IIID 8 (19)    20 (33.3)    13 (37.1) 0.42
Tibial revascularization  19 (45.2) 30 (50)    30 (85.7) 0.01

Continuous data are presented as means; categorical data are given as counts (percentage). *Serum creatinine ≥ 1.5 mg/dL. APA = 
absent pedal arch, CPA = complete pedal arch, IPA = incomplete pedal arch
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DISCUSSION

Since the 1980s, the importance of evaluation of the 
pedal arch in patients with CLI has been well established. 
Lea Thomas et al. (14) performed a foot angiography 
in 100 consecutive patients with ‘leg ischemia’; they 
demonstrated that the plantar arch was present in 75% of 
feet, occluded in 12% of feet, and not demonstrated for 
technical reasons in 13% of feet. They concluded that it is 
always recommended to make an attempt to demonstrate 
the patency of the plantar arch in order to assess the 

probability of patency of a distal bypass graft.
Seven years before O’Mara et al. (15) demonstrated 

the angiographic correlation of pedal arch patency with 
early tibial bypass patency; six of the seven grafts failed 
in patients with an occluded pedal arch. In 1990s, there 
was a great interest in open surgical revascularization of 
foot arteries in patients with CLI. Gloviczki et al. (16) 
demonstrated that pedal bypass is a safe, effective, and 
durable procedure, and they suggested its use even in 
high-risk patients with CLI before major amputation. 
Furthermore, Davidson and Callis (17) reported the 
outcomes of 75 bypasses to the arteries of the foot and 
ankle, which demonstrated that it was possible to perform 
an aggressive surgical approach in patients with CLI with 
occluded below the knee vessels and a patent pedal arch so 
as to maintain a functional extremity in the majority of the 
patients.

During this period, the majority of studies reported 
the outcomes in terms of patency and demonstrated the 
correlation between patency of the pedal arch and patency 
of open surgical revascularization. In the 2000s, there was 
growing attention to the pedal arch patency in diabetic 
and non-diabetic patients with CLI. This was related to the 
epidemic diffusion of the endovascular procedures and the 
concomitant improvement in techniques and materials.

Manzi et al. (10) reported the clinical outcomes obtained 
in 135 patients with CLI who were treated by balloon 
angioplasty of the foot vessels by using the pedal-plantar 
loop technique; immediate success evaluated with a 
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Fig. 2. Estimated 1-year Kaplan-Meier freedom from minor 
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significant improvement in the transcutaneous oxygen 
tension was maintained at one year in the majority of the 
patients. In the last few years, ancillary techniques were 
added to the standard ‘antegrade’ approach. Some papers 
have summarized the tips and tricks for these techniques 
(11). In particular, the antegrade pedal approach seems 
to be useful in recanalizing an occluded pedal arch when 
retrograde puncture is not possible (12). Even for the 
endovascular approach, the majority of studies have 
reported the technical outcomes (procedural success, vessel 
patency, etc.). Functional and clinical outcomes (wound 
healing, time to healing, quality of life, functional status, 
etc.) were only partially discussed.

In our study, diabetic patients with CPA/IPA seemed to 
have better outcomes in terms of wound healing and limb 
salvage. Surprisingly, the pedal arch patency even affected 
the survival of diabetic patients. In fact, pedal arch patency 
was found to be associated with overall survival of diabetic 
patients, suggesting that it may be indicative of a more 
advanced atherosclerotic process. Furthermore, patients 
with a poorer pedal arch have been found to have more 
aggressive diabetes (a higher percentage of patients under 
insulin treatment). Our paper seems to be the first to report 
the clinical implications (wound healing, time to healing, 
and survival) according to the pedal arch status at the end 
of an infrainguinal endovascular procedure.

Recently, Rashid et al. (9) reported the clinical impact of 
pedal arch quality and angiosome revascularization in 154 
patients with CLI who had undergone 167 open surgical 
infrapopliteal bypasses; they demonstrated that there was a 
significant difference in wound healing and time to healing 
between the patients with CPA/IPA and no pedal arch. 
Furthermore, they reported a high percentage of wound 
healing in patients with CPA/IPA, independently of the 
angiosome revascularized.

The outcomes of our study in a diabetic population that 
underwent peripheral endovascular revascularization were 
similar to those obtained by Rashid et al. (9). In fact, 
in our study complete wound healing was achieved in 35 
patients with CPA (83.3%), 34 patients with IPA (56.7%), 
and in 13 patients with APA (37.1%) with a significant 
difference (p < 0.001). Furthermore, in our subgroup 
analysis, wound healing seemed to be unaffected by 
aggressive endovascular treatment of the tibial vessels (more 
tibial revascularizations in patients with APA, but lower 
wound healing rates). In addition, our data demonstrated 
that pedal arch status affected limb salvage and survival 

rate. The data about survival were quite surprising and 
were not previously reported. Therefore, pedal arch status 
seemed to be a positive prognostic marker for limb salvage 
and survival in diabetic patients with CLI. More recently, 
Nakama et al. (18, 19) emphasized the importance of an 
additional pedal artery angioplasty in order to improve the 
wound blush and clinical outcomes (in particular, speed 
and extent of wound healing). In particular, the multicenter 
RENDEZVOUS registry (19) demonstrated that patients 
who underwent pedal artery angioplasty showed a higher 
rate of wound healing and shorter time to wound healing, 
especially in the moderate-risk population.

This study has some limitations. First of all, it is a 
retrospective analysis of a selected diabetic population 
with ischemic foot wounds who underwent peripheral 
endovascular treatment and it is not a global analysis of 
diabetic patients. This should be considered as a selection 
bias. Second, the study population was small; further 
analyses in a larger population study and a longer follow-
up are needed. Third, clinical outcomes in diabetic patients 
with foot wounds are commonly affected by the efficiency 
of a multidisciplinary diabetic foot program. A high degree 
of cooperation between all the professionals involved in 
the clinical care pathways is necessary to achieve wound 
healing and limb salvage. Fourth, the study group is 
heterogeneous, with varying segments of treatment and 
limited information about lesion characteristics.

In conclusion, pedal arch patency has a positive clinical 
impact on time to healing, limb salvage, and survival 
in diabetic patients with CLI undergoing infrainguinal 
endovascular revascularization. 
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