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Backgroundand purpose
To evaluate technical success as a predictor of patency of infrapopliteal angioplasty
in diabetic occlusive lesions.
Patients and methods
This prospective study included 134 cases (critical limb ischemia 100%) that
underwent tibial percutaneous transluminal angioplasty. The end point of follow-
up was major adverse clinical outcome of the treated segment, which was defined
as healing or clinical failure, that is, need for subsequent intervention such
as endovascular or surgical revascularization or amputation. Follow-up period
was 12 months.
Results
All patients passed uneventful intervention course, and technical success was
reported in 128 (95.5%) cases with minimal complications in ∼36 (26.9%) cases.
There was a significant correlation between major adverse clinical outcome and
major tissue loss, lesion occlusion, subintimal intervention, and complications
(P=0.0001, 0.002, 0.001, and 0.002, respectively).
Conclusion
There are many predictors of patency after infrapopliteal angioplasty in diabetic
occlusive lesions, including patient risk factors. Moreover, type and site of the lesion
and technical success may play a role. However, the most important predictors of
patency are major tissue loss, lesion occlusion, subintimal intervention, or
complications.
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Introduction
Diabetic foot disease poses a growing global public
health challenge and a major financial burden on
health care systems worldwide. Beyond their
devastating complications such as amputation,
diabetic foot ulcers have also been associated with
poor quality-of-life outcomes and a significant
financial burden, both to the patient and to the
economy throughdirect costs and lost productivity [1,2].

Arterial disease contributes to the development of 50%
of diabetic foot ulcers and plays a role in 70% of the
mortality among diabetic patients. Arterial occlusive
disease may be present in isolation or in combination
with neuropathic disease in up to 45% of lower
extremity ulcerations. Although femoral artery
disease occurs in an equal incidence with the
nondiabetic population, infrapopliteal occlusive
disease with heavy calcification is the classic picture
of diabetic arterial disease [3,4].

Despite the relatively common occurrence of an
incomplete pedal arch in diabetic patients, tibial
revascularization, especially to the angiosome in
which the ulceration is located, is possible in the vast
Wolters Kluwer - Medknow
majority of diabetic patients to overcome foot ischemia
[5].

Lower extremity arterial disease in diabetic patients
is characterized by tibial artery involvement and the
sparing of the microvascular circulation. Lower
extremity revascularization with open or endovascular
interventions can contribute in a significant way to limb
preservation in this patient population. The indications
for treating arterial occlusive disease in diabetics are
similar to nondiabetic patients: lifestyle limiting
claudication, rest pain, and tissue loss, which is
associated with nonhealing ulcers and gangrenous
changes [1,6].

The digital arteries are often spared the heavy
calcification that occurs in the tibial arteries, and
their measurements of flow more accurately reflect
foot perfusion. As such, toe-brachial index (TBI)
measurements may be more useful in diabetic
DOI: 10.4103/ejs.ejs_289_20
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patients with a suspected falsely elevated ankle-brachial
index. A TBI greater than 0.6 is predictive of tissue
healing. Further noninvasive imaging, such as
computed tomography angiography (CTA) and
magnetic resonance angigraphy, is often the next
step for arterial imaging based on the vascular
laboratory assessment [1,7–10].

Endovascular interventions continue to play an
increasingly prominent role in the treatment of
patients with diabetic foot ulcer. However, tibial
artery occlusive disease remains a challenge for a
catheter-based approach. There are several predictors
of patency after infrapopliteal angioplasty that have
been demonstrated in diabetics [11,12].

Perfusion is arguably themost critical element indiabetic
foot ulcer healing and must be addressed early.
Peripheral arterial disease is a major causative factor
for amputation. There are a few important concepts
that must be addressed. One concept relates to
angiosomes, blocks of tissue fed by a source artery,
that correspond to different regions of the lower
extremity, as angiosomes may enhance the wound-
healing rate. However, indirect revascularization still
provides benefit when it is the most practical or the
only choice [13,14].

Ischemic ulcers should not be debrided until
revascularization has been performed. Although
necrotic areas or frankly gangrenous digits will
ultimately require some sort of amputation, this must
be performed at a level where perfusion is adequate for
healing. As long as there is no significant infection,
debridement and amputation for dry necrosis should
also be delayed until after revascularization [15,16].

The aim of this study was to evaluate technical success
as a predictor of outcomes of tibial angioplasty in
diabetic patients.
Patients and methods
The current prospective study included 134 cases and
was conducted after approval from local ethical
committee of Kasr Alainy and Benha universities
and obtaining written fully informed patient consent.
Diabetic patients of different age and sex undergoing
treatment for symptomatic tibial occlusive lesions
either rest pain or ulcer, who underwent
percutaneous transluminal angioplasty (PTA) of a
below-knee arterial lesions, at the vascular surgery
department, Kasr Alainy and Benha universities
hospitals, were included in this study from March
2018 till the end of September 2020. The expected
study duration was 30 months. The enrollment
period was 18 months, and follow-up period was 12
months.

Patients included in this study were suffering from
diabetic symptomatic; Resting ankle-brachial index
less than 0.9, Rutherford class (category 4–6),
target lesions has a preprocedure percent diameter
stenosis of more than or equal to 60% or chronic
total occlusion.

However, patients excluded from this study were those
having lesions lying within or adjacent to an aneurysm;
lesions (treated in previous session) proximal to the
midpopliteal arterial segment; nondiabetic cases;
restenosis of the target tibial arteries; failed lesion
crossing; arteritic lesions; thrombophilia; cerebral
vascular disease; who require interventional
management first; inability to comply with the follow-
up schedule (as mental disability) or if there were
contraindications of contrast; allergy or renal
impairment; contraindication to aspirin or clopidogrel
(patient must be able to receive dual antiplatelet
treatment for 3 months after the procedure); or
patients had prior major amputation, bypass surgery,
and endarterectomy on any vessel of the ipsilateral
(target) extremity.

All patients underwent evaluation by complete history
taking, full clinical examination for blood pressure
in both upper limbs, and peripheral and carotid
pulsations. Preprocedural investigations included
laboratory investigations, duplex scanning, and CTA.
Procedure details
Patients were given 300mg loading dose of oral
clopidogrel at least 1 day before ET or during the
procedure. Under local anesthesia, access by sheath 6
F to the target tibial lesion was done by antegrade
ipsilateral common femoral artery puncture in ∼90%
of cases (n=120) or contralateral femoral puncture and
performing a crossover technique in the remaining
cases (n=14). Then 5000 IU intra-arterial heparin was
injected through the sheath before balloon angioplasty.
Angiography was done to confirm data obtained
preoperatively using nonionic low osmolar dye diluted
to 50%withnormal saline.Tibial lesionswere identified.
A guidewire was positioned through the lesion: a 0.035
or 0.018 hydrophilic guidewire (standard type; Terumo,
Tokyo, Japan) for stenosis and stiff type (Terumo) for
chronic total occlusion supported by an angled-tip
angiographic catheter (Bernstein 4 or 5 F) (Merit
Medical, South Jordan, Utah, USA).
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Then a balloon catheter [Admiral xtreme, Invatec S.p.A.
Roncadelle (BS), Italy] of suitable diameter (2.5 or
3mm) and length was introduced over the wire to the
distal extent of the lesion. The balloon was inflated till
anywaist has been abolished then deflated and should be
reinflated with overlaps until the whole lesion had been
dilated. The inflation time was standardized: 2–3min
with heparinized saline injection after deflation. The
balloon was withdrawn completely. Angiography was
done to assess the result. Associated inflow lesions were
also treated. The technical result was assessed by digital
subtraction angiography. Manual compression was
applied for number of sheath multiplied by 3min
(6 F×3=18) and mobilization was delayed for 6–12h.

A number of cases required subintimal angioplasty
(n=18, 13%) owing to lesion length and occlusion.
The subintimal angioplasty followed Bolia’s previously
described techniques. With arterial spasm, 0.1mg
nitroglycerine was given as intra-arterial bolus. After
the intervention, all patients were prescribed an
antiplatelet drug (clopidogrel 75mg daily for 3
months followed by acetylsalicylic acid 150mg daily
thereafter), and together with lipid-lowering agents
(atorvastatin 40mg once daily) in dyslipidemic patients.

Postoperative follow-up
Appropriate medical management was commenced,
along with risk factor modification. Success of the
procedure depends on angiographic success;
hemodynamic success, where TBI greater than 0.6 is
predictive of tissue healing and demonstration of
biphasic or triphasic waveforms; and clinical success,
that is, absence of symptoms or improvement by at least
one (claudication) or two (tissue loss) categories
according to Rutherford classification that were
documented before discharge.

All patients were re-examined after 1 week to check for
access site problems and to confirm patency. All
patients were followed for 12 months with regular
visits at 1, 3, 6, and 12 months. Follow-up was in
the form of clinical examination and duplex ultrasound
±CTA if needed in cases of absent or diminished pulse
or recurrence of symptoms. Parameters of follow-up
included patency, limb salvage, healed wound, and
independent living status (Fig. 1).
Statistical analysis
The collected data of major adverse clinical outcome
(MACO) were tabulated and analyzed using SPSS,
version 16 software (SPSS Inc., Chicago, Illinois,
USA) and Microstat W software (India, CNET
Download.com). Categorical data were presented as
number and percentages, using χ2 test for their
analysis. Continuous data were expressed as mean±SD.
Datawere tested for normality using Shapiro–Wilks test,
assuming normality at P value more than 0.05.
Differences between groups were tested using
Student t test for normally distributed variables.
Results
All cases completed their follow-up, and no mortality
related to surgery was reported. So, the current study
was conducted on 134 patients with symptomatic tibial
occlusive disease, with the following data: age 56.4±5.6
years,most casesweremale [84 (62.7%)], anddurationof
symptoms was 4.3±1.39 months. Hyperlipidemia [132
(98.5%)] was the most risk factors, then hypertension
[122 (91.1%)], and remote atherosclerosis was the least
[52 (38.8%)] (Table 1 and Figure 2).

All patients passed uneventful intervention course; the
passage route was either intraluminal in 116 (86.6%)
cases or subintimal in 18 (13.4%) cases. The technical
success was reported in 128 (95.5%) cases with minimal
complications in ∼36 (26.9%) cases in the form of
spasm, which was treated by intra-arterial nitroglycerin
injection (Table 2, Figure 3).

Regarding the correlation betweenMACO and patient
characteristics, there was a significant correlation
between MACO and major tissue loss and lesion
occlusion, with P values of 0.0001 and 0.002,
respectively (Table 3, Figure 4).

On reviewing correlation between MACO and
intervention data, there was a significant correlation
between MACO and subintimal intervention and
complications, with P values of 0.001 and 0.002,
respectively (Table 4, Figure 5).
Discussion
The outcomes of lower limb revascularization on
the natural history of diabetic cases with critical limb
ischemia (CLI) remains doubtful. Most of the previous
studies that evaluated the effect dealt with incidence of
amputation and survival of cases after PTA. As diabetic
patients have complex comorbidities, and their vascular
system is entirely involved, they have greater risks of
life-threatening ischemic cardiovascular and cerebral
strokes [17].

Wound Ischemia Foot Infection classification is a
grading and staging system especially in diabetics, in
whom wound extent and severity of infection affecting
threat to the limb are assessed [1].



Figure 1

A case of tibial angioplasty followed by debridement.
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Diabetics are up to 15 times more likely than
nondiabetics to experience major amputation.
Diabetes is also associated with decreased primary
patency following endovascular interventions [18,19].

In the current study, 134 limbs of 134 cases were
included. Their mean age was of 56.4±5.6 years, most
cases were male [84 (62.7%)], and mean duration of
symptoms was 4.3±1.39 months. Gallagher et al. [20]
found that in patients with chronic limb ischemia
receiving PTA for tibial disease, women had superior
primary and secondary patency rates at all time points
when compared with men.

Regarding other studies, another study by Kassaian
et al. [21] treated 45 diabetic cases. Most of them were
men (76%), 70% of them were hypertensive, and 4%
were current smokers.
In a multicenter study by Iida et al. [22], history of
hyperlipidemia and remote atherosclerosis was positive
in 31 and 51% of their cases, respectively, and 36% of
their cases were current smokers. Freedom from major
adverse limb events rate was 57 and 47% at 1 and 2
years, respectively.

In the present study, the larger the volume of tissue loss
or occlusive lesions may predict MACO; healing was
53.8 and 61.3% (P=0.0001 and 0.002, respectively).
These results were comparable to the study of Giles
et al. [23] who reported in 176 limbs at a mean follow-
up of 12 months, complete healing or improvement in
57% of limbs, with stable wounds in 22%, and
worsening of the wound in 21%.

Infrapopliteal endovascular interventions in case of
CLI have been reported with mixed results. In our
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study, primary patency rates were observed in about
102 (79.7%) cases. This result was more than that
described by Romano et al. [24], who performed a
Table 1 Patients’ characteristics

Variables Finding (N=134)

Age (years) 56.4±5.6

Sex

Female 50 (37.3)

Male 84 (62.7)

Duration of symptoms (months) 4.3±1.39

Risk factors and comorbidities

Smokers 86 (64.2)

Hypertensive 122 (91.1)

Remote atherosclerosis 52 (38.8)

Hyperlipidemia 132 (98.5)

Clinical presentation

R4 26 (19.4)

R5 82 (61.2)

R6 26 (19.4)

Type of lesions

Stenosis 20 (14.9)

Occlusion 62 (46.3)

Both 52 (38.8)

Site of lesions

Infrapopliteal 3-vessel disease 32 (23.9)

PTA-ATA 2 (1.49)

SFA+infrapopliteal 100 (74.6)

Access site

Ipsilateral femoral 120 (89.6)

Crossover femoral 14 (10.45)

TASC classification

TASC (C) 40 (29.9)

TASC (D) 94 (70.2)

Data are presented as n (%)and mean±SD. ATA, anterior tibial
artery; PTA, percutaneous transluminal angioplasty; SFA,
superficial femoral artery.

Figure 2
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Patients’ characteristics.
meta-analysis of tibial angioplasty and showed 1-year
primary patency rates of 58%, with a limb salvage rate
of 86% because most of our cases had stenotic lesions.

Limb salvage rate is not directly correlated with
patency rates. This demonstrates the dilemma of
determining the right time to amputate. We
reported a limb salvage rate of ∼79.7% at 24 months
of follow-up. This result was less than discussed in a
review of 10 largest studies on the endovascular
treatment of CLI by Graziani and Piaggesi [17].
Limb salvage was 80–98% at 6–18 months of
follow-up. Another study reported limb salvage rate
of 82% at 6 months after PTA. This was because we
reported longer follow-up period [25].

There was a significant correlation between MACO
and major tissue loss and lesion occlusion, with P value
of 0.0001 and 0.002, respectively. Against our results,
Abdul Raouf et al. [26] concluded that there was no
significant difference in clinical outcome or amputation
rates when we comparing patients with stenotic vessels
with those with occluded segments, in accordance with
previous studies.
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Table 2 Intervention data

Variables Finding (N=134)

Technical success 128 (95.5)

Passage route

Intraluminal 116 (86.6)

Subintimal 18 (13.4)

Complications 36 (26.9)

Data are presented as n (%).
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Table 3 Correlation between major adverse clinical outcome and patients’ characteristics

Variables Healing Clinical failure Total P value

Smokers 66 (76.7) 20 (23.3) 86 (64.2) 0.569

Hypertensive 96 (78.7) 26 (21.3) 122 (91.1)

Remote atherosclerosis 38 (73.1) 14 (26.9) 52 (38.8)

Hyperlipidemia 100 (75.8) 32 (24.2) 132 (98.5)

R4 24 (92.3) 2 (7.6) 26 (19.4) 0.252

R5 62 (75.6) 20 (24.4) 82 (61.2) 0.872

R6 14 (53.8) 12 (46.2) 26 (19.4) 0.0001

Stenosis 20 (100) 0 20 (14.9) 0.019

Occlusion 38 (61.3) 24 (38.7) 62 (46.3) 0.002

Both 44 (84.6) 8 (15.4) 52 (38.8) 0.069

Infrapopliteal 3-vessel disease 22 (68.75) 10 (31.25) 32 (23.9) 0.641

PTA-ATA 2 (100) 0 2 (1.49)

SFA+infrapopliteal 78 (78) 22 (22) 100 (74.6)

TASC (C) 26 (65) 14 (35) 40 (29.9) 0.064

TASC (D) 76 (80.9) 18 (19.1) 94 (70.2) 0.241

Data are presented as n (%)using P value. ATA, anterior tibial artery; PTA, percutaneous transluminal angioplasty; SFA, superficial
femoral artery.

Figure 4
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Table 4 Correlation between major adverse clinical outcome and intervention data

Variables Healing Clinical failure Total P value

Technical success 102 (79.7) 26 (20.3) 128 (95.5) 0.522

Intraluminal 92 (79.3) 24 (20.7) 116 (86.6) 0.120

Subintimal 10 (55.6) 8 (44.4) 18 (13.4) 0.001

Complications 22 (61.1) 14 (38.9) 36 (26.9) 0.002

Data are presented as n (%)using P value.

Figure 5
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There was no significant correlation between MACO
and TASC classifications. These results came in
agreement with Irene et al. [27] who concluded that
TASC classifications are inadequate to describe
peripheral arterial disease and to provide treatment
guidelines in the diabetic population.
Conclusion
There are many predictors of patency after
infrapopliteal angioplasty in diabetic occlusive
lesions, including patient’s risk factors. Moreover,
type and site of the lesion and technical success may
play a role. However, the most important predictors of
patency are major tissue loss, lesion occlusion,
subintimal intervention, or complications.
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