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Combined Approach of Vasodilators and Surgical
Reconstruction in Diabetic Foot Ulcer: Experience in a
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Abstract

Background: Diabetic patients frequently suffer from chronic non-healing ulcer on the sole of foot as a result
of combined peripheral neuropathy and arterial insufficiency. Many of them end up in amputation. The aim of
this study was to see the outcome of diabetic patients presenting with ulcers that showed no signs of healing in
sole of the foot for 3 months or more treated with combination of peripheral vasodilators and surgical
reconstruction.

Methods: A cross sectional study of 249 patients who presented to Plastic surgery department in BIRDEM
fromJanuary 2013 toDecember2015 was done. The patients who had existing associated chronic medical
illness like Chronic Kidney Disease (CKD) requiring dialysis, malignancy, Status Asthmaticus and foot ulcer
withWagner grade 4 and 5 and patients receiving drugs that cause immunosuppression like chemotherapeutic
agents, steroids, and methotrexates were excluded from the study.

Results: All patients presented with non-healing ulcerations average size of which was 1.48 cm (range, 0.68 to
4 cm) of more than 3 months in various parts of sole of the foot complicated by peripheral neuropathy and/or
arterial insufficiency. After the use of peripheral vasodilators, these patients underwent a variety of surgical
reconstructions such as simple skin graft, local flaps, regional flaps and distant flaps. In follow up of 3 to 36
months, 194 patients (77.91%) achieved good results, 55(22.08%) patients’ required secondary procedure
such as flap revision, debridement or Split thickness skin graft (STSG) due to post operative complications.

Conclusion: We conclude that chronic non-healing ulcers in diabetic patients can be successfully treated by
combined approach of surgical reconstruction and peripheral vasodilators.
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Introduction

Diabetes mellitus is a fast-growing epidemic
disease.!Globally, its radical increase has resulted in an
inevitable rise in diabetes related complications.
Approximately 366 million adults are suffering from
this disease according to a statistics in 2011 and the
projected figure who are to be suffering from DM by
2030 is 9552 million.> Unfortunately, 20-30% of total
healthcare resources are spent on this disease and to
one of'its vigorous complications named diabetic foot.3
More than 85 percent of major amputations in diabetic
foot patients are proceeded by foot ulceration.* This
mutilating surgery can be minimized by
multidisciplinary approach.

Diabetic foot is a term for foot problems in patients
with diabetes mellitus (DM) because of arterial
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abnormalities and diabetic neuropathy, as well as a
tendency toward delayed wound healing, infection, or
gangrene of the foot.> Foot ulcer is a disabling
complication and not uncommon among patients with
DM. The disability and possible progression to the loss
(amputation) of digits and limbs make it a serious issue.

In 1989, the Saint Vincent Declaration marked a vital
step with the aim to reduce the incidence of lower
extremity amputations improving the healthcare
measures for diabetic foot complications.” By this time,
it was documented that a progressive reduction of
amputations rate for major amputationswas possible
whereas the same wasnot true for minor amputations
(30.7% vs 4.6%).8

Peripheral Arterial Disease (PAD) is an independent risk
factor for subsequent ulceration and limb loss in DM. It
is present in50% cases with diabetic foot ulceration
(DFU).’In diabetic people, the risk of PAD increases
with age, duration of diabetes and presence of peripheral
neuropathy.

There are several pharmaceutical agents like
Pentoxifylline, Cilostazol, Aspirin and Clopidogrel that
can be used to treat co-existing PAD in DFU.!9Among
them Pentoxifylline is a hemorheologic agent whereas
cilostazol is an oral phosphodiesterase type I1I inhibitor.
The latter one is contraindicatedin case of heart failure
patients. Cilostazol was found better functioning than
Pentoxifyllinein Peripheral arterial disease.

The aim of this study was to observe the outcome of the
treatment by a combined approach of vasodilators and
surgical reconstruction in diabetic patients with non
healing ulcer in the sole of the foot.

Methods

This longitudinal cross sectional study was conducted
in the Department of Plastic and Reconstructive Surgery
of BIRDEM General Hospital from January, 2013 to
December, 2015. Initially 256 patients were selected
according to purposive sampling. The selected patients
were scrutinized by eligibility criteriawhich was having
a non healing ulcer for more than 3 months in the sole
of the foot and 249 patients were finalized to be selected
in the study. The patients who had concomitant chronic
medical illness like CKD requiring dialysis, malignancy,
status asthmaticus and Wagner grade 4 and 5 were
excluded from the study. Besides those who were
receiving drugs that cause immunosuppression like

chemotherapeutic agents, steroids, methotrexates were
also excluded from the study.

The sole was divided into 8 different pressure zonesfor
the purpose of identifying the appearance of ulcers.
Forefoot comprised zone I-IV and VIII, midfoot
comprisedV and VI, hindfoot comprised zone VII.
Neuropathy was diagnosed by clinical examination as
well asby Semmes-Weinstein monofilament test.
Ischemia was identified by the colour, hair distribution,
temperature, distal pulses and hand held Doppler.
Duplex scan was not done routinely.

Initially all the patients underwent regular dressings with
proper wound care by wound debridement as well as
shaving of hyperkeratotic tissue. The dressing protocol
was chlorhexidine scrub wash followed by wet dressing
soaked in povidone iodine and normal saline. In some
cases, collagen dust dressing was also used. The wound
care was also provided by foot bath in luke warm water
mixed with povidone iodine solution in case of grossly
infected ulcers. Then vasodilators were used to improve
the peripheral perfusion. Different drugs were prescribed
in following dosages to all patients. Tab. Diosmin
(450mg) in combination with Hesperidin (50mg) was
given 12 hourly for 4 months; Tab. Cilostazol (100mg)
was prescribed 12 hourly for 2 months. Tab.
Pentoxifylline (400mg) was prescribed 12 hourly for 2
months simultaneously; Tab. Zinc (10 mg) was given
12 hourly for 2 weeks. Besides, Tab. Aspirin plus
clopidogrel combination was advised as single dose for
life long after surgical intervention. Different surgical
reconstructions like STSG, V-Y plasty, rotation flap,
cross-leg flap, double opposing S-flap, reverse flow
sural artery flap, medial planter artery flap, filleted toe
flap and free flap were adopted in different cases. Follow
up wasdonefor 3 to 36 months.

Data were collected through a preformed, semi-
structured, interview and observation based case record
form. Data were recorded, compiled, edited and
analyzed. The results were presented in tabular and
figure form. As it was a descriptive type of observational
study there was no scope of determination of p-value.
Data analysis was done in form of mean+SD, frequency
and percentages with the help of statistical package of
social science software (SPSS software, illinois,
chicago) version 23.
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Results

A total of 249 patients were studied. Of them, 93
(37.34%) and 85(34.13%) patients were from 41-50 and
51-60 years age groups respectively. 33(13.25%) and
27(10.84%) patients were from 61-70 years and d”40
years age groups respectively. Only 11(4.41%) patients
belonged to >70 years age group. The oldest age was
found to be 83 years and youngest was 27 (mean 50.6).

Table L. Distribution of patients according to age
group (N=249)

Age group (in years) Frequency  Percentage
(n=249) (%)
<40 27 10.84
41-50 93 37.34
51-60 85 34.13
61 -70 33 13.25
>70 11 4.41
Mean age+SD (in years) 50.6+12
Age range(in years) 27-83

B Male

B Female

Figure 1. Distribution of patients according to sex
(N=249)

Figure 1 shows that out of 249 patients, 178(71.49%)
and 71(28.51%) were male and female respectively. The
male to female ratio was 2.5:1 that is the frequency of
diabetic foot ulcer was 2.5 times higher in male than
female.

200 156
100 32 61
0

<lcm 1-2cm

3-4cm

Figure 2. Distribution of patients according to ulcer
size (N=249)

Figure 2 shows that out of 249 patients, the highest 156
(62.65%) patients manifested the ulcer size between 1-
2cm which was subsequently followed by 61 (24.49%)
patients with ulcer size 3-4cm. Rest 32(12.85%) patients
had ulcer sized <lcm. The mean ulcer size was 1.48cm
(0.68-4.0cm).

100

Figure 3. Distribution of patients according to duration
of DM (N=249)

Figure 3 shows that among 249 patients, highest
98(39.35%) patients were suffering from diabetes
mellitus for last 11-15 weeks. 68(27.3%) and 63(25.3%)
patients were suffering from DM for >20 weeks and
16-20 weeks respectively (on the contrary, 17(6.82%)
and only 3 (1.20%) patients had the history of DM for
5-10 weeks and <5 weeks respectively. The mean
duration of DM was determined 15.449.9 weeks.
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Figure 4. Distribution of ulcer according to the site of
the sole (N=249)

Figure 4 shows that a topographic zone of ulcers, the
maximum numbers of ulcers are seen in zone III- 53
(21.28%) and minimum number is seen in zone V-
7(2.8%). Zone 1 has 32 (12.85%), zone II has 52
(20.88%), zone 1V has 36 (14.45%), zone VI has 24
(9.6%), zone VII has 33 (13.25%) and zone VIII has 12
(4.8%) ulcers.
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Table II. Distribution of patients according to ulcer

criteria (N=249)

Table III. Distribution of patients according to
outcome (N=249)

Ulcer Criteria (N=249)

Values

Ulcer size (Mean+SD)
Site of ulcer

Fore foot

Mid foot

Hind foot

Surface of ulcer
Sole(wt bearing area)
Sole (non wt bearing)

Duration of ulcer
3-4 month
4-6 months
6-12 months

>12 months

Type of ulcer
Neuropathic
Neuroischemic
Ischemic

1.48(0.68-4.0)

186(74.69%)
33(13.25%)
30(12.04%)

190 (76.30%)
59 (23.69%)

144 (57.83%)
59 (23.69%)
31 (12.45%)
15 (6.02%)

182 (73.09%)
51 (20.48%)
4 (1.6%)

Non-neuropathic, non-ischemic 12 (4.8%)

Wagner’s grade of ulcer

Grade-1 97 (38.95%)
Grade-2 113 (45.38%)
Glrade-3 39 (15.66%)

Among 249 patients, 186(74.69%) had ulcer in the
forefoot, 63(25.30%) presented with ulcer in the midfoot
and hindfoot of the sole. In 190(76.30%) cases ulcer
was in the weight bearing area and in 59(23.69%) cases
it was in the non-weight bearing area. The duration of
ulcer revealed that 144(57.83%) and 59(23.69%)
patients belonged to the groups of 3-4 month and 4-6
months respectively. The type of ulcer showed that
182(73.09%), 51(20.48%), 12(4.81%) and 4(1.6%)
patients were suffering from neuropathic,
neuroischemic, non-neuropathic, non-ischemic and
ischemic ulcer respectively. The Wagner’s grade of ulcer
revealed that Grade-2 were the highest 113(45.38%)
which was subsequently followed by Grade-1
97(38.95%), rest 39(15.66%) were Grade-3. Grade 4
and 5 were excluded from this study.

Outcome Frequency Percentage
(n=249) (%)
Successfully treated 194 77.91 %
Secondary procedure 55 22.08%
a) Flap revision 34 61.81%
b) Debridement & STSG 21 38.18%

Table III represents that out of 249 patients undergoing
both vasodilators and surgical reconstructions,
194(77.91%) had uneventful outcome. Rest 55(22.08%)
required secondary procedure. Among these 55 cases,
34(61.81%) required flap revision, 21(38.18%) required
debridement & STSG. The follow up was given from 3
months to 36 months.

Table IV. Distribution of patients according to
successful surgical reconstructions (N=194)

Surgical reconstructions  Frequency  Percentage
(n=194) (%)

Split thickness

skin grafts 98 50.51

Local flaps 56 28.86

Regional flaps 32 16.49

Distal flaps 08 4.12

Out of 194 patients who were successfully treated in
the first attempt without any secondary procedure, it
was seen that, 98(50.51%) had STSG, 56(28.86%) had
local flap reconstruction, 32(16.49) required regional
flaps and rest 8(4.12%) cases required distal flaps for
the coverage of the wounds. 55 patients required
secondary procedures due to post operative
complications.

Discussion

Bangladesh Institute of Research and Rehabilitation in
Diabetes, Endocrine and Metabolic Disorders
(BIRDEM), a central referral hospital in Dhaka city,
provides basic diabetes care to a large number of diabetic
populations. The total number of registered patients in
BIRDEM is >3,20,000 and daily turnover is around
2500.'1 A retrospective cohort study from 1980 to1995
among patients in BIRDEM showed a 2.8% prevalence
of diabetic foot ulcer.!?
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According to Professor Karell Baker (Chairman
International Working Group of Diabetic Foot) only 14%
of doctorstreating diabetics ask patients to take off the
shoes andexamine their feet.!? A study stated that <20%
of diabeticpatients are given proper foot examination
by primary careproviders.!3

This study observed the outcome of combination
approach by vasodilators and different modalities of
reconstructive surgery. The outcome profile revealed
that 77.91% patients had good outcome whereas
22.08%patients required further interventions. The
reason for that was mostly uncontrolled blood sugar with
HbA,C>9, multi drug resistant bacterial infection and
persistent skeletal deformity. The significant successful
surgical reconstruction with long term follow up was
may be due to appropriate use of different vasodilators.

Our study showed that the mean age of the sufferer was
50.6+12 years (age range: 27-83 years). Our study
results are also consistent with other countries scenario
with low per capita income. !

The sex distribution revealed 71.49% of total sample
size was male and 28.51% of same population was
female. The male to female ratio was 2.5:1 which is in
agreement with other previous studies.!®!” Smoking
status may be an attributable factor in this regard which
is absolutely absent in female in our perspective. The
nicotine and other toxic substances of cigarette are
responsible for vascular wall change that contributes to
PAD which is highly prevalent in DM. Besides, vasa
nervorum becomes weaker in those patients that
aggravate diabetic neuropathy leading to DFU.!8
According to our social practice; care of foot is less
practiced that is also attributable to DFU. As male are
mostly earning members of family they have to go
outside regularly for job. But unfortunately negligence
of foot compels them to overlook the minor injuries
that may result in a grave condition in future.

This study showed an interesting fact that a large number
of ulcers were found in zone II (proximal phalanx of
great toe) which is a non weight bearing area of the
foot. The second most common site was zone I1I which
was the ball of the great toe.190 (76.30%) ulcers were
seen on the weight bearing area of the sole of the foot,
whereas 59 (23.69%) ulcers were seen on the non-weight
bearing area. This coincides with the fact that intrinsic
foot muscle deterioration and limited ankle dorsiflexion
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were associated with the severity of metatarsophalangeal
joint deformity in diabetic foot.!?

In this study, relatively longer duration of DM with DFU
at first presentation to the hospital was observed which

was in line with other studies of similar country profile
like us.20

There is a common perception in our country not to
save any pocket money for health disaster in every
family. For that reason, health consciousness and health
education status are extremely poor in our perspective.
The low socioeconomic status is the root cause of this
condition similar factor is also claimed in a previous
study of a similar profile country study.?!

This study revealed the Wagner’s grade of ulcer Grade-
2 was in 45.38% cases whereas Grade-I was in 38.95%
cases. This status helps us to implement both
pharmacological and surgical approach as this is the
preliminary factor to have the patients in early Wagner
grades for foot salvage approach. In the study by
Kenneth EzenwaAmaefule and his colleagues,
maximum patients were from Wagner grade 4 and 5
that compelled them to choose amputation.>?

In this study, the vasodilators like Cilostazol,
Pentoxifylline, Xinc, combination of Hesperidine and
Diosmin as well as antiplatelet drugs like Aspirin and
Clopidogrel were used to treat the ischemic episodes of
diabetic foot ulcers and it was observed that 77.91%
patients showed remarkable outcome without
complications. Even 22.08% patients who required
further intervention also showed better results. The
combination approach of vasodilators and surgical
reconstruction in case of management of diabetic foot
ulcer is gaining popularity day by day for its excellent
effectiveness and patients’ compliance.

Limitation of this study was that Duplex scan of thelower
limb vessels was not donein all patients as it was
expensive. We did not perform sensory assessment of
the patients according to the site and severity. So we
were not able to associate the clinical profile with
outcome of diabetic foot problem.

Conclusion

Chronic non-healing ulcer in diabetes mellitus can be
effectively treated by combination therapy of
vasodilators and different modalities of surgical
reconstructions. This study recommends doing vascular
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assessment and neurological assessment of lower
extremities of all diabetic foot patients as that will make
this type of study more precise and indicate the
justification of using vasodilators instead of empirical
use.
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