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VASCULOPATHY IN PATIENTS WITH DIABETIC
FOOT USING DOPPLER ULTRASOUND
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ABSTRACT
Objective: To determine the extent of vasculopathy in patients with diabetic foot using Doppler
ultrasound scanning.
Methodology: This descriptive study was carried out in Surgical Unit III, Civil Hospital, Karachi
from January 2004 to December 2005. All patients having diabetic foot complications including
abscess formation, cellulitis, ulceration and gangrene were included in the study after taking
informed consent. Peripheral pulses like posterior tibial, dorsalis pedis, and popliteal arteries
were checked. The presence of vasculopathy was checked with Doppler scanning of dorsalis pedis
artery, posterior tibial artery, popliteal artery and veins. The data was collected on a proforma
that was specially designed for this study.
Results: Out of the total 30 patients included in this study, vasculopathy was detected in 19
(63.33%) patients. The pulse was clinically weak in 10 (33.33%) and absent in 7 (23.33%)
patients, while the Doppler scan revealed that in 17 (56.66%) cases the dorsalis pedis artery and
in 19 (63.33%) the posterior tibial artery was involved. These findings were asymmetrical i.e.
they were mostly found in the affected limb, with a male preponderance.
Conclusion: This study shows that the vasculopathy is strong independent risk factor in the
development of diabetic foot lesions. The usual symptoms and signs of lower limb ischemia may
not be present and indeed may be misleading in diabetic foot disease.
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INTRODUCTION

Diabetes mellitus with its associated compli-
cations is a major cause of morbidity and mor-
tality worldwide.1 The development and pro-
gression of chronic complications of diabetes
are closely related to glycaemic control.2 Dia-
betic foot is one of the most frequent reasons
for  hospitalization in a surgical ward, its com-
plications include abscess formation, cellulitis,
ulceration & gangrene.3 The classical triopathy
of diabetic foot syndrome is angiopathy, neur-
opathy and infection, either alone or in combi-
nation.4 In Pakistan in the absence of any
Diabetic Foot Clinics in tertiary care hospitals,
patients with diabetic foot ulcers visiting
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healthcare facilities are shunted from medical
to surgical & orthopaedic wards with no body
willing to own them. Hence, they continue to
suffer from this “shunting phenomenon”.5

Despite advances in our understanding and
treatment of diabetes mellitus, diabetic foot
disease remains a terrifying problem. Diabetes
is recognized as the most common cause of
non-traumatic lower limb amputation in the
western world, with individuals over 20 times
more likely to undergo an amputation com-
pared to the rest of the population.6Also a
study from Civil Hospital, Karachi showed that
the most common cause of lower limb ampu-
tation is complication of diabetes mellitus.7

There is growing evidence that the vascular
contribution to diabetic foot disease is greater
than was previously realised.8 This is impor-
tant because, unlike peripheral neuropathy,
Peripheral Arterial Occlusive Disease (PAOD)
due to atherosclerosis, is generally far more
amenable to therapeutic intervention. PAOD,
as indicated by a low TcPO2 on the dorsum of
the foot, has been demonstrated to be a greater
risk factor than neuropathy in both foot ulcer-
ation and lower limb amputation in patients
with diabetes.9 Diabetes is associated with
macrovascular and microvascular disease. The
term peripheral vascular disease may be more
appropriate when referring to lower limb tis-
sue perfusion in diabetes, as this encompasses
the influence of both microvascular dysfunc-
tion and PAOD.

For evaluation of the vascular status in these
patients different invasive and non-invasive
methods are available like arteriography,
doppler and duplex scanning.10 Doppler scan-
ning is widely preferred as it is simple, versa-
tile and handy. The accurate diagnosis of the
underlying cause is the first step towards a
successful treatment plan. This study was
planned to determine the extent of
vasculopathy in patients with diabetic foot
using Doppler scanning.

METHODOLOGY

All patients who were admitted in Surgical
Unit III of Civil Hospital, Karachi for the treat-

ment of Diabetic Foot complications from Janu-
ary 2004 to December 2005 were included in
this descriptive study. Informed consent was
obtained in all cases. Detailed history was re-
corded with emphasis on points like family
history of diabetes, history of smoking, symp-
toms of peripheral vascular disease (rest pain),
history of any foot trauma, ill fitting shoes and
in growing toe nails. Clinical examination in-
cluded complete inspection of the feet and legs
noting the shape, any deformity, site and ex-
tent of foot lesions and evidence of gangrene.
Peripheral pulses like posterior tibial, dorsalis
pedis, and popliteal arteries were checked.

The presence of vasculopathy was checked
with Doppler scanning of dorsalis pedis artery,
posterior tibial artery, popliteal artery and
veins. If Doppler ultrasonography was tripha-
sic, it was graded as normal, biphasic as mild,
monophasic as moderate and no sound was
heard then severe grade of vasculopathy.11

The data was collected on a proforma that
was specially designed for this study. Since this
is a descriptive study, therefore no inferential
tests were applied. SPSS version 10.0 was used
for descriptive data analysis.

RESULTS

Over a period of two year, thirty diabetic
patients with foot complications were included

Table-I: Epidemiological data
Variable Frequency Percentage
Gender

Male 22 73.33
Female 8 26.67

Age Group
35-40 years 1 3.33
41-45 years 5 16.67
46-50 years 7 23.33
51-55 years 2 6.67
56-60 years 15 50.00

Diabetes
Type I 10 33.33
Type II 20 66.67

Smoking
Smokers 13 43.29
Non-Smokers 17 56.61
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in the study. Foot complications were abscess,
cellulitis, ulcer and gangrene. Demographic
profile of patients is shown in Table-I.

The symptomatology of patients (Table-II)
revealed that 9 (30%) patients had mild while
21 (70%) had severe pain. Twelve (40%) pa-
tients reported mild numbness and fatigabil-
ity, and 17 (56.66%) severe. Thirteen (43.33%)
patients complained of mild weakness and 16
(53.33%) severe weakness. (Table-II)

The data shows clinical vasculopathy in 17
(56.66%) cases (Table-II); the pulse being
weakly palpable in 10 (33.33%) and absent in
7 (23.33%) patients. However, Doppler scan-
ning data (Table-III) revealed that in 17
(56.67%) cases the dorsalis pedis and in 19

(63.33%) the posterior tibial arteries were
involved. These findings were asymmetrical i.e.
they were mostly found in the affected limb
only and there was male preponderance with
a history of cigarette smoking.

The results of the vasculopathy given in
Table-III and Table-IV show that flow in the
dorsalis pedis artery was normal in 13 (43.33%)
cases with mild obstruction in 6 (20%), mod-
erate in 5 (16.67%) and severe obstruction in 6
(20%) patients. The flow in the posterior tibial
artery on the other hand was normal in 11
(36.67%) cases with mild obstruction in 13
(43.33%), moderate in one (3.33%) and severe
obstruction in 5 (16.67%) patients. No obstruc-
tion in the venous flow was noted.

Table-II: Sign and Symptoms in Diabetic foot Patients
Pts. Sex Age Pain Numbness Fatigability Weakness Color Pulses
No. Changes
1 Male 44 + + + + - Palpable
2 Female 60 + + + + + + + + Weakly Palpable
3 Female 45 + + + + - Palpable
4 Male 55 ++ + + + + + + + Weakly Palpable
5 Male 48 + + + - - Palpable
6 Male 50 + + + + - Palpable
7 Male 45 + + + - + - Palpable
8 Male 60 + + + + + + + + Weakly palpable
9 Male 60 + + + + + + +   + + Absent
10 Male 58 + + + + + + +   + + Weakly palpable
11 Male 56 + + + + + + +  + + + Absent
12 Male 60 + + + + + + +  + + + Weakly Palpable
13 Female 58 + + + + + + +  + + + Absent
14 Male 60 + + + + + + +  + + + Absent
15 Male 58 + + + + + + +  + + + Absent
16 Male 43 + - + + - Palpable
17 Male 40 + + + + - Palpable
18 Female 42 + + + + - Palpable
19 Male 46 + + + + - Palpable
20 Male 48 + + + + - Palpable
21 Female 57 + + + + + + + + + Weakly Palpable
22 Male 58 + + + + + + + + - Weakly Palpable
23 Male 56 + + + + + + + + - Weakly Palpable
24 Male 57 + + + + + + + + + Weakly Palpable
25 Female 60 + + + + + + + + + + Absent
26 Male 60 + + + + + + + + + + Weakly Palpable
27 Female 60 + + + + + + + + + Absent
28 Male 48 + + + + + + - Palpable
29 Female 46 + + + + + - Palpable
30 Male 48 ++ + + + + - Palpable
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DISCUSSION

The subjective study of arterial assessment
i.e. feeling the pulses is not reliable.12 In this
study, clinically, the pulses were weakly pal-
pable in 33.33% and absent in 23.33% patients.
However Doppler ultrasonography, which as-
sesses the blood flow revealed that in 56.67%
cases the dorsalis pedis artery and in 63.33%
the posterior tibial arteries were involved. These
findings were asymmetrical i.e. they were
mostly found in the affected limbs with male

preponderance. The latter fact is probably due
to the reason that in our society males mostly
work outdoors and they work bare foot; thus
are more prone to trauma. Besides, a lot of
males smoke cigarette which impedes blood
flow by increasing vasospasm, blood viscosity
and hypercoagulability, thus predisposing to
ischemic foot ulceration. A study by Jirkovska
A et al.13 was conducted about the compari-
son of a simple standardized noninvasive
examination of neuropathy and angiopathy

Table-III: Doppler Ultrasonographical findings in diabetic foot patients
Pts. Sex Age ARTERIES VEINS
No.

Dorsalis Pedis Posterior Tibial Flow Compress-
ibility

Flow Obstruction Flow Obstruction
1 Male 44 Normal No Biphasic Mild Normal Normal
2 Female 60 Normal No Normal No Normal Normal
3 Female 45 Biphasic Mild No Severe Normal Normal
4 Male 55 Normal No Normal No Normal Normal
5 Male 48 Normal No Normal No Normal Normal
6 Male 50 Normal No Normal No Normal Normal
7 Male 45 Biphasic Mild Biphasic Mild Normal Normal
8 Male 60 Normal No Normal No Normal Normal
9 Male 60 No Sever Biphasic Mild Normal Normal
10 Male 58 Monophasic Moderate Biphasic Mild Normal Normal
11 Male 56 Monophasic Moderate Monophasic Moderate Normal Normal
12 Male 60 Biphasic Mild Biphasic Mild Normal Normal
13 Female 58 Normal No Normal No Normal Normal
14 Male 60 No Sever Biphasic Mild Normal Normal
15 Male 58 Monophasic Moderate Biphasic Mild Normal Normal
16 Male 43 Biphasic Mild No Severe Normal Normal
17 Male 40 Normal No Biphasic Mild Normal Normal
18 Female 42 Biphasic Mild No Yes Normal Normal
19 Male 46 Normal No Normal No Normal Normal
20 Male 48 Normal No Normal No Normal Normal
21 Female 57 Normal No Normal No Normal Normal
22 Male 58 Monophasic Moderate Biphasic Mild Normal Normal
23 Male 56 No Sever Biphasic Mild Normal Normal
24 Male 57 No Sever No Severe Normal Normal
25 Female 60 No Sever Biphasic Mild Normal Normal
26 Male 60 Normal No Normal No Normal Normal
27 Female 60 No Sever Biphasic Mild Normal Normal
28 Male 48 Normal No Normal No Normal Normal
29 Female 46 Monophasic Moderate Biphasic Mild Normal Normal
30 Male 48 Biphasic Mild No Severe Normal Normal



with routine diagnostic practice (Doppler ul-
trasound) in community diabetes clinics for the
identification of patients at risk of foot ulcer-
ation. It showed that patients with angiopa-
thy at risk of developing diabetic foot ulcers
(ABI d”0.8) had been diagnosed, in diabetes
clinics, to have peripheral arterial disease in
50% (they reported claudications in 41%, had
femoral artery bruits detected in 29% and
nonpalpable peripheral pulsations in 12%).
These findings highlight the importance of us-
ing standardized simple noninvasive testing
methods to increase the accuracy of identify-
ing patients at risk for the diabetic foot at the
community level.

Richards-George P. in his paper about
vasculopathy on Jamaican diabetic clinic at-
tendees showed that Doppler measurements
of ankle/brachial pressure index (A/BI) re-
vealed that 23% of the diabetics had periph-
eral occlusive arterial disease (POAD) which
was mostly asymptomatic.14 This underscores
the need for regular Doppler A/BI testing in
order to improve the recognition, and treatment
of POAD.

Few studies have examined arterial compli-
ance in Type-I diabetes patients. Berry et al15

used Doppler flow volume to show 29% re-
duction in systemic arterial compliance. Yden-
Ahlgren et al16 also showed increased arterial
stiffness amongst women with Type-I diabe-
tes. Duperz et al17 studied 31 diabetic patients
on insulin therapy and found an inverse co-
relation between small artery compliance and
the duration of diabetes. This study emphasizes
the need for the prevention or reversal of
peripheral vascular disease in diabetic foot
patients.

Ageing is associated with both neuropathic
ulcers and peripheral vascular diseases among
individual with diabetes.18 Majority (56.67%)

of our patients with diabetic foot were above
50 years of age. The duration of diabetes was
more than 12 years in most of the patients. This
showed an increase in the incidence of the dia-
betic foot as the duration of diabetes increases.
 A study from Baqai Institute of Diabetes and
Endocrinology (BIDE) showed that lack of
awareness, poor glycaemic control and dura-
tion of diabetes were the main factors causing
diabetic foot problems.19 This study also con-
firmed that microvascular complications
should be screened in patients with diabetic
foot ulcers. Foot care education would be the
most important way of dealing with this ma-
jor problem.19 Another study from the same
institute about estimated direct cost of man-
agement increased from 2700 ± 250 rupees
(£21 ± 2) for a University of Texas Diabetic
Wound Classification (UT) grade 1, stage B
ulcer to 37 415 ± 24 125 rupees (£288 ± 186) for
UT grade 2, stage D and 49 058 ± 30 144 ru-
pees (£378 ± 232) for UT grade 3, stage D ul-
cers, respectively. The mean direct cost of ma-
jor amputation (transtibial or transfemoral)
was 46 182 ± 30 742 (£356 ± 237) whilst the
cost of a minor amputation was
50 494 ± 30 488 rupees (£389 ± 235).20

Foot complications in patients with diabetes
can be prevented and managed with an inte-
grated, multidisciplinary approach. It requires
the involvement of a chain extending from the
chiropodist and general practioner to the gen-
eral surgeon, vascular surgeon and the reha-
bilitation specialists. Accurate diagnosis of the
underlying cause is the first step towards a
successful treatment plan. The most important
intervention to prevent diabetic foot compli-
cations is early recognition of high risk patients
and their referral to the multidisciplinary team.
Prompt treatment decreases the risk of the
fatal outcome i.e. amputation.

Table-IV: Results of VASCULOPATHY in diabetic foot patients (confirmed on Doppler)
Dorsalis Pedis Artery Posterior Tibial Artery Veins
Flow Obstruction Flow Obstruction Flow(%)    Obstruction(%)
Normal(%) Mild(%) Mode- Severe(%) Normal(%) Mild(%) Mode- Severe(%)

rate(%) rate(%)
43.33 20% 16.67 20 36.67 43.33 3.33 16.67 100 0
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CONCLUSION

This study shows that the vasculopathy is
strong risk factor in the development of dia-
betic foot lesions. The usual symptoms and
signs of lower limb ischemia may not be present
and indeed may be misleading in diabetic foot
disease. The presence of diabetic microvascu-
lar disease imparts an even greater importance
on the early detection and treatment of signifi-
cant macrovascular disease. Laboratory
vascular assessments are an important aid in
detecting lower limb vascular disease. It is
important to identify and quantify the role of
vasculopathy, in order to plan effective
strategies for preventing or delaying foot
complications, especially its fatal outcome i.e.
amputation.
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