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Abstract  

Background: The aim of the study was to evaluate the role of endovascular 

revascularization of the pedal vessels in diabetic patients with ischemic limbs on 

the rate of wound curing and healing and saving limbs. 

Methods: prospective interventional study over a period of 30 months, 63 

diabetic patients presented with critical limb ischemia (CLI), subjected to 

angiography showed pedal arch defect in three groups: complete pedal arch 

(CPA), incomplete pedal arch (IPA), and absent pedal arch (APA), and need 

revascularization. The rate and time of tissue healing and preservation of limb 

and avoid amputation were assessed using Kaplan–Meier curves between the 

different groups. 

Results: all patients in the study were divided into three groups, CPA group 22 

patients (34.9%), IPA 28 patients (44.5%), and APA group 13 patients (20.6%), 

with no difference statistically in age, gender and other chronic illness. The rate 

of healing and time consumed for curing in CPA patients was remarkably than 

other, 90% in CPA, 69% in IPA, and 54% in the APA group (P=0.004). The 

time consumed was (3.7 + 2.3, 4.2 + 2.8 and 6.2 + 3.4) respectively (p=0.03) for 

healing. While the limb preservation rate was magnificent in CPA patients 

(100%), (86%) in IPA, and (61.5%) in APA group; P=0.01). no need for minor 

surgical intervention was accomplished in 85%, 74.3%, and 46.7% respectively 

(P=0.065). 

Conclusion: The endovascular intervention for dilatation of the pedal vessel has 

a great influence on saving the diabetic ischemic limbs, tissue preservation and 

improves their life. 

Keywords: endovascular, critical limb ischemia, pedal arch, revascularization 

and amputation. 

 
 

I-Scientific background: 

     Diabetes Mellitus (DM) considers the main risk factor of atherosclerosis in 

lower limb ischemia. 
(1, 2)  

 By time, the rate of accidental diagnosis of DM 

elevated rapidly. So, the magnitude and direction of occurrence of critical 

ischemia special in older patients is propagated.
 (3)

  About 25% of peripheral 

arterial disease (PAD) within one year, the progress of the problem to a major 

amputation and the mortality due to comorbid conditions. 
(4)

 

 

      Revascularization is the cornerstone of limb ischemia with pedal arch 

occlusion for limb saving. The endovascular maneuver is the most recommended 

approach in multiple vascular units because of fewer complications than open 

surgery. 
(5)
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      Most of patients presented with CLI are not candidate for surgical 

intervention because of advanced age, in addition to other comorbidities like, 

diabetes, smoking, hypertension as well as the nature of the pathological 

affection of atherosclerosis along the vessel wall and higher possibility of 

occurrence of restenosis and recurrent occlusion. Conversely, endovascular 

intervention with its updated specific tools, novel techniques, and advanced 

clinical experience is a new approach to establish adequate blood flow to the 

limb especially when threatened and jeopardized. It has become more 

recommended because of its less invasiveness and reasonable limb salvage rate 

compared with surgery. 
(6)

 

 

     The primary target of management of CLI is avoidance of limb amputation. 

Then, the secondary is achievement of complete wound healing in a shorter time. 

It was reported that variance between limb salvage and delay of recommended 

wound healing affected the quality of life and life style activities. So, it‟s very 

important to evaluate trophic ulcers in limb management after prevention of 

major amputation. 
(7)

 

 

      The concern of assessment of pedal arch in the presented patients with limb 

ischemia undergoing peripheral intervention will be established. (8, 9)
  

 

      The degree of atherosclerosis of the wall of the foot arch conceives a serious 

factor affecting the supply to ischemic areas of the foot. 
(10)

 Anterior and 

posterior circulation of the foot are connected each other by the pedal arch and 

the considered the main supply to the foot. The improvement rate of wound 

healing after revascularization is a good indicator of pedal arch patency. 
(11, 12)

 

 

Methods: 

     A prospective interventional study done for recording 63 diabetic patients 

presented with CLI with pedal vessels occlusion, after exclusion of 9 patients 

during follow up post intervention, in El-Rahma hospital, Ataa specialized 

hospital and Omar Ibn El-Khattab specialized hospital in Port Said, Egypt. 

Patients included were Rutherford category 5 or 6 CLI and presented with infra-

popliteal lesion with occlusion of pedal arch and revascularized beside the 

classical procedures of proximal tibial management with or without previous 

history of vascular intervention. All were consented and accepted participation in 

the study. This study was confirmed by faculty of medicine, port-said university 

Ethics Committee.  

ERN :MED (4/4/2022) s.no(40) SPS/VSC_002 

      Patients with massive gangrene of soft tissue or those in septic shock and 

need urgent surgical amputation, totally occluded tibial segments that couldn‟t  
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72 patients attended for 
endovascular treatment of 

pedal arch 

63  patients included in 
the study and followup  

Management of 
type 1 (CPA) = 22 

Management of 
type 2 (IPA) = 28 

Management of 
type 3 (APA) = 13 

9 patients lost, 
and didn't follow 

up 

be crossed by a wire and open, developing acute thrombosis, dissection, or 

perforation in infrapopliteal vessels and couldn‟t be managed prior to treatment 

of the arch were excluded from the study. 

       Data were gained from all patients included in the study, age, gender and 

occupation. Besides evaluation of related risk factors 
(13)

 included diabetes, 

ischemic heart disease (IHD), hypertension, hyperlipidemia, chronic renal 

disease, smoking and history of cerebrovascular stroke. Drug history was taken 

of receiving anticoagulant, clopidogrel, vasodilators and any allergies to contrast. 

 

Clinical assessment of the patient‟s conditions as trophic lesions, ulcers, 

gangrene, Warmth of the skin, normal capillary refill time  ~ less than 2 seconds) 
(14)

, assessment of bilateral peripheral Pulsations and bilateral ankle-brachial 

pressure index (ABPI), normal ABPI range of 1.00 - 1.30. 
(15)

 

 

 

 

 

 

 
                    

 

 

 

 

 

Fig.(1): patients flowchart of diabetic ischemic limbs 

 

IV- Interventional procedure: 
        Pre-intervention drug taken were double treatment included acetyl salicylic 

acid 75 mg and clopidogrel 300 mg then a daily uninterrupted medication of 

clopidogrel 75 mg post the procedure for not less than 90 days. Regional 

xylocaine injection will be used in the ipsilateral femoral triangle for trans-

femoral approach. A 5-French vascular introducer was inserted and about 70–

100 U/kg of unfractionated heparin was given by direct Intra-arterial injection 

through the inserted sheath.  
 

        V-18 guidewire (Boston Scientific, Massachusetts, Boston, USA) was the 

choice to bypass used to the tibial lesion. Then, by crossing the lesion, dilatation 

of the vessel with 3 mm/dia. low profile balloons (sterling balloon; Boston 

Scientific) was inflated for 1–2 min. The loop wire technique will be done for 

the pedal-plantar arteries of affected foot to facilitate crossing the lesion. Indirect 

revascularization was performed as less recommended option if the direct 

procedure is not accessible. The process of revascularization of more than one 

vessel was the target to achieve maximum perfusion to the foot. In some cases to 



16 
 

overcome the spasm of distal vessels, Nitroglycerin was used in 100–200 μg to 

relieve it. 

 

        For the revascularization of the Pedal arch, used a 0.014-inch hydrophilic 

guidewire (PT2; Boston Sientific), and supported by a balloon (Amphirion Deep 

Balloon, Invatec; Medtronic, Minneapolis, Minnesota, USA). By success of 

bypass the wire to lesion of the occluded arch inflation of 2 mm balloon in its 

nominal pressure. 

 

        After completion angiography of the foot, patients were divided into three 

groups according to the pedal arch patency: complete pedal arch (CPA), 

incomplete pedal arch (IPA) and absent pedal arch (APA) group 

 

       The time passed for complete tissue healing and epithelialization after the 

procedure known as (time of healing). The follow-up of the cases included 

medical treatments and advanced wound care settings, and duplex ultrasound at 

discharge 1, 3, 6 and 12 months. (Fig. 4, 5) 

 

 

 

 

 

 

 

 

Fig. (1 ): complete pedal arch (CPA) 
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A                     B               

Fig. (2 ): Incomplete pedal arch (IPA) with 

A) Patent dorsalis pedis artery.   B) Patent of the plantar artery. 

A)Absent pedal arch (APA)( 3):  Fig. 
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(A)                                            (B)                                         (C) 

 

Fig.(4): planter aspect RT foot ischemic ulcer. 

A) Necrotic ischemic ulcer, and need minimal debridement. 

B) Cleaned ulcer after debridement, for epithelialization. 

C) Complete healed ulcer after pedal arch revascularization (CPA).  
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(A)                                                    (B) 

Fig. (5): A) minor amputation of gangrenous RT 3
rd

 toe, after pedal arch 

revascularization (IPA), start to heal.  B) healed of the stump of amputated toe.  

 

Data management: 

 

      The collected data from patients in the form of questionnaires and 

assessment and was processed by SPSS v.22 (IBM Corp. USA) computer 

package. The presentation of collected data was in the form of tables and figures 

using Microsoft word computer package in addition to Kaplan–Meier curves 

between the different groups. Q test and SD will be used for statistical 

evaluation. Results of significance hold a  -value      .  
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Results: 

        63 patients were included in the study and underwent pedal arch 

revascularization, and followed up for 12 month. Most of patients that included 

in the research were male (79%), with a mean age of 66.7 + 9.7 years. All 

patients were diabetic and almost insulin dependent diabetes (93%). The other 

common risk factors were smoking; hypertension and hypercholesterolemia was 

(60%, 87% and 60% respectively) Table (1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 1.  All Patients‟ characters. 

 

    The revascularization of pedal arch was Type one (CPA) succeeded in 22 

(35%) patients with 19 patients were men, the mean age was 67 + 9.9 years, type 

two (IPA) in 28 (44.4%) patients with 22 patients were men, the mean age was 66 

+ 9.7 years and type three (APA) in 13 (20.6%) patients with 9 patients were men 

and the mean age was 67 + 9.4 years, with no considerable differences in patient 

baseline distinctive features between the three pedal arch groups. 

      In all groups, most of patients inserted had two distal artery run-offs (68%, 

64% and 69% respectively). All the patients in the study had soft tissue loss; 40 

patients (63.5%) were a Rutherford classification 5 and 23 patients (36.5%) were a 

Rutherford classification 6. The soft tissue affections were in the form of 

ulceration and gangrene. The tissue affection because of ischemia was mostly in 

toes in different groups (68.2%, 57.1% and 38.5% respectively) table (2). 

Risk factors Type 1 

(n=22) 

Type 2 

(n=28) 

Type 3 

(n=13) 

Age >60 y 67 + 9.9 66  + 9.7 67 + 9.4 

Men 19  (38%) 22  (44%) 9    (18%) 

Hypertension 18  (33%) 19  (34%) 18  (33%) 

Type I diabetes 20  (34%) 17  (29%) 22  (37%) 

Smoking 11  (29%) 10  (26%) 17  (45%) 

Coronary disease 5    (23%) 8    (36%) 9    (41%) 

Cardiac insufficiency 6    (32%) 7    (36%) 6    (32%) 

Chronic renal disease 3    (28%) 4    (36%) 4    (36%) 

Hypercholesterolemia 10  (26%) 13  (34%) 15  (40%) 

Previous angioplasty 1   (20%) 1    (20%) 3    (60%) 

Cerebrovascular disease 2    (22%) 3    (33%) 4    (45%) 

Chronic obstructive 

pulmonary disease (COPD) 

2    (25%) 3   (37.5%) 3   (37.5%) 

Bed-ridden   0    (0.0%) 0   (0.0%) 2  (100%) 
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Table(2): characters of the lesions. 

 

       Patients in group one CPA intervention showed an exceptionally a shorter 

time of wound healing than needed in the other groups for healing. The healing 

rate and cured of wounds in type one (CPA) was 90%, in type two (IPA) was 

69% and in type three (APA) was 54% (P=0.004).  The time consumed for 

healing and improving was (3.7 + 2.3, 4.2 + 2.8 and 6.2 + 3.4) respectively 

(p=0.03) (Fig.: 6) 

 

 

 

 

 

 

Characters of lesions Type 1 

(n=22) 

(34.9%) 

Type 2 

(n=28) 

(44.5%) 

Type 3 

(n=13) 

(20.6%) 

P value 

Rutherford classification: 

5 (minor tissue loss)  

 

6 (major tissue loss) 

 

15    

(68.2%) 

7    

(31.8%) 

 

18   

(64.3%) 

10    

(35.7%) 

 

7 

(53.8%) 

6 

(46.2%) 

 

0.060 

 

0.076 

 

Form of 

Wound  

Ulcer 13    

(59.1%) 

19   

(67.9%) 

8 

(61.5%) 

0.128 

Gangrene 9    

(40.1%) 

9 

(32.1%) 

5 

(38.5%) 

0.082 

 

Site of  

tissue affection 

Toes 15 (68.2%) 16   

(57.1%) 

5   (38.5%) 0.091 

Dorsal 4   (18.2%) 8   (28.6%) 3   (23.1%) 0.064 

Plantar 3    

(13.6%) 

4   (14.3%) 3   (23.1%) 0.149 

Heel 0 0 2   (15.3%) 0.183 

 

Distal artery 

Run-off  

 

One artery 4 (18.2%) 6 (21.4%) 2  

(15.4%) 

0.058 

Two artery 14 (36.6%) 18 (64.3%) 9  

(69.2%) 

0.098 

Three artery 3 (13.6%) 4 (14.3%) 2  

(15.4%) 

0.190 

0

10

20

30

40

50

60

70

80

90

100

0 3 6 9 12
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Fig.(6): The rate of healing 

      Saving limb and cured was significant (P=0.01); 100% in CPA patients, 

86% in IPA, and 61.9% in APA (Fig. 5). The debridement and minor toes 

resection might be done to ischemic parts post revascularization in all involved 

patients in study. So, no minor interventions accomplished in 85%, 74.3% and 

46.7% respectively (P=0.065) (Fig.: 7). 

Fig. (7): rate of saving limb 

 

Foot care: 

    The classical standard soft tissue care received to all patients with ischemic tissue 

affection, by minor debridement or resection of necrotic and gangrenous lesions. 

 

     In group one (CPA), 14 cases were treated by debridement, two patients had minor 

amputation, and no major amputation was recorded in this group. In group two (IPA), 

15 cases were managed by minimal debridement, 11 patients needed minor amputation, 

and 2 done major surgical amputation. In the group three (APA), 3 cases with minimal 

debridement, 8 patients had minor amputation, and 3 cases had done major surgical 

amputation which required in sepsis and soft tissue necrosis or gangrene. 

 

      Concerning this study, access entrance site hematoma occurred in 5 (7.9%) patients 

and managed safely and resolved.  
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Discussion: 

 

    The prevalence of DM is spectacularly increasing. And this will 

explain an enormous rising rate of CLI incidence in elderly diabetic 

patients. 
(16)

 

 

  There is a great attentiveness of the associations between the risk 

factors of cardiovascular illness and vascular atherosclerosis of the lower 

limbs. A lot of reports presented diabetic ischemic patients “most distal, 

more effective” involving the foot and pedal vessels.
 (17, 18)

 

 

The significance of assessment of the pedal arch patency and its quality 

is important in keeping the revascularized tibial vessels patent. 
(4, 19)

 As 

connects the anterior and posterior flow and considered the main blood 

supply to the foot. So, intra-operative angiography of the pedal arch is 

decisive for successful of the procedure. 
(20)

 

 

 There is more concentration of revascularization of the pedal vessels. 

Gloviczki et al. proved surgical bypass to the foot is safe, efficacious, 

and accessible maneuver for diabetic ischemic limbs before the decision 

of limb loss. 
(21)

 Furthermore, Davidson et al. confirmed the importance 

of patency of the pedal vessels for saving limb even in extensive tibial 

atherosclerosis. 
(22)

 

 

       Rother et al. mentioned the thought of angiosome in endovascular 

management is a common strategy although the uncertainty of its 

benefit. 
(23)

 This way is not usually accurate particularly in pedal arch 

lesion patients, as the circulation doesn‟t reach to the target tissue lesion 

in direct way and the blood flow through the recanalized vessels cannot 

reach the target area of the wound directly with normal blood supply. So, 

revision and revascularization of the pedal arch could be a limb saving 

and advantageous decision to improve healing of soft tissue. 
(24)

 

 

         The target of management of any procedure for ischemic limb is to 

save it and avoid limb or tissue loss by reaching to complete healing for 

wounds or ulcers. This could reach by repeated debridement of the 

wounds, and improved life with less cost. Also, the delay in healing is a 

serious matter post intervention. Reed et al. mentioned in his thesis that, 

there was 20% variation between limb saving rate and wound restoration 

rate. So, still a respectable percent of patients complaining of uncured 

wounds although saving limbs done. 
(25) 
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      Ischemic necrotic tissues in diabetic patients (especially uncontrolled 

and more serious with other risk factors) considered significant clinical 

problem and mostly reach to type of amputation. The basic endovascular 

maneuvers for ischemic limbs are inappropriate and the possibility of 

failure up to 20%. The more advanced techniques (retrograde approach, 

pedal arch loop maneuver or trans-collateral technique) are effective in 

ischemic limb saving and revascularization. 
(26)

 

 

    Kawarada et al. had classified pedal arch lesions into three groups: 

group one patent both dorsal and lateral plantar vessels (CPA), group 

two had patent either the dorsal (group 2A) or lateral plantar (group 2B) 

artery(ICA), and type three occluded both dorsal and lateral plantar 

vessels(APA). 
(27)

 

 

   Higashimori et al. mentioned that in patients presented with single 

tibial vessel runoff to the fore-foot, they need it was substantially 

important to revascularize the pedal arch to improve the circulation and 

perfusion and saving limb. (26) As always of diabetic foot affection 

(necrosis and gangrene) are detected in the most distal part of foot. The 

blood supply to the foot by terminal vessels. So, the patency of the arch 

has great importance for limb saving. 
(28)

 

 

   Acin et al. mentioned that the matter of angiosome considered no longer 

of efficacy compared with the direct blood circulation toward the target 

lesion, and depends on the rate of patency of the arterial blood supply to the 

target with collaterals. 
(29)

 This manner was accepted with Higashimori et al. 

because of the distribution of angiosome could be changed or mixed in a 

different way by collaterals. 
(28)

  

 

    The trial of more than one vessel revascularization was felicitous and 

judicious decision to achieve effective perfusion to the level of fore-foot. 

Even though this technique was approved by others, 
(31)

 other views 

mentioned that this technique has little clinical success and improvement. 
(30)

  

    
      Nakama et al. had mentioned that in case of extensive foot infection require 

optimum revascularization and improved circulation for wound healing and limb 

saving. So, the pedal arch intervention will be beneficial in case of absence pedal flow. 
(10)

 Utsunomiya et al. mentioned that wound opacification (blushes) is also an 

indication for pedal arch revascularization depending on the angiographic distribution. 
(33)
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       Manzi et al. had mentioned that the technique of pedal plantar loop for patency of 

the vessel, and gives preferable outcomes and good perfusion and healing, using 

amphirion balloon. The prosperity of the procedure was accomplished in 49 patients 

(77.8%). But, Manzi technique mentioned that the success was 85%, and specified it as 

the diameter of the revascularized vessel less than 50% with blood flow.
 (13)

 

 

       In 14 patients (22.2%) patients, the pedal arch was difficult to be revascularized 

and resulted in failure of blood supply to the foot. This was because the intractability of 

crossing of the lesion, perforation and managed by conservative with mild pressure or 

limitation of blood flows because of dissection and managed on table and followed up. 

 

       In the revascularized limbs in group one (CPA) were noticed a crucially higher rate 

of cured wound and less time consumed for healing was 90%, group two (IPA) 69% 

and in group three (APA) 54% (p=0.004). The time consumed for curing was (3.7 + 

2.3, 4.2 + 2.8 and 6.2 + 3.4) respectively (p=0.03). 

       Rashid et al. mentioned that there was a notably variation in rate of healing and 

time consumed between the three groups. 
(11)

  But also, Nakama et al. and Troisi et al. 

had mentioned that, patients in group one and two are more advance in healing and 

saving limbs which assured the benefit of pedal vessel intervention. 
(10, 12)

         

Kawarada et al. said that infected wounds in diabetic patients with pedal insult must be 

in mind as important reasons affecting tissue healing. By the end, it‟s a magnificent 

usefulness to present the importance of pedal arch endovascular revascularization to 

upgrade the outcomes of tissue healing, time consumed and preserving the diabetic 

ischemic limbs. 
(25)

 

 

Conclusion 

The endovascular dilatation of the pedal vessel has a great influence on saving the 

diabetic ischemic limbs, soft tissue preservation and improve the quality of life. 
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