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Abstract

Objective: To measure the severity of diabetic neuropathy with biochemical and
doppler studies in diabetes-type II patients who never complained of peripheral
neuropathy.
Study design: Descriptive study
Place and duration of study: Department of Internal Medicine Fazaia Ruth
Pfau Medical College (FRPMC), PAF Base Faisal, Karachi. The duration was
six months.
Methodology: After seeking permission from the ethical committee of our
hospital, our hospital performed our research with a sample of 135 patients who
were subjected to biochemical and doppler studies. The biochemical studies
involved glomerular filtration rate and serum cholesterol level and doppler studies
involved a novel index pedal acceleration time. The severity of neuropathy
(vasculopathy) was based on pedal acceleration time, and we compared it to the
glycemic derangements among patients. The demographics were also recorded.
Results:
The primary outcome was the severity of vasculopathy among diabetic patients.
Sixty-four (47.4%) patients had mild vasculopathy, 46 (34.1%) patients had
moderate vasculopathy and 25 (18.5%) patients had critical vasculopathy. Five
patients (20.0%) with mild glycemic derangement had critical vasculopathy, 5
(20.0%) patients with moderate glycemic derangement had critical vasculopathy
and 15(75.0%) patients with severe glycemic derangement had critical
vasculopathy with p value of 0.001.
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Conclusion: We concluded doppler studies based on pedal acceleration time
correlate with the severity of glycemic control. GFR did not correlate significantly
with neuropathy severity, but serum cholesterol levels correlated with severity of
neuropathy.

INTRODUCTION
Diabetes is a global epidemic, and it has erupted into
another epidemic of complications in which diabetic
polyneuropathy is the most prevalent. Greater than
fifty percent of individuals with diabetes develop
polyneuropathy especially in uncontrolled diabetes
and leads to sinister complications like non-
traumatic amputations and silent myocardial
infarctions. About seventy percent of diabetics suffer
from either clinical neuropathy or subclinical
neuropathy.2 It is a grim complication which leads to
morbidity, mortality, and massive economic strain in
resource limited countries like Pakistan.
Pakistan has sixth highest prevalence of diabetes in
the world and every fourth individual is vulnerable
to diabetes due to obesity, which is alarming.3 Over
five lac Pakistani diabetic patients lost their limbs in
year 2022. This high rate of amputation has resulted
in an enormous resource burden in terms of loss of
productivity, costs of rehabilitation, transport,
disability, and treatment.4 According to a survey by
Tazeen H Jafar et al, Pakistan can achieve twenty
percent reduction in mortality and economic costs by
risk factor reduction.5 Many patients with diabetes
are oblivious to diabetic neuropathy, which is back
drop of these complications. People living in rural
areas have limited access to good healthcare facilities
and preventive measures.6 Early identification of
peripheral neuropathy and peripheral vascular
disease in asymptomatic patients is essential for
limiting the progression into complications creating
a window of opportunity for optimization and
reduce morbidity and mortality and economic costs
of the disease.7

In this study we will measure frequency of
biochemical derangements and vasculopathy in
diabetic patients who were seemingly asymptomatic.
We will use a novel duplex technique to detect foot
perfusion to detect severity of vasculopathy. This
study will help us to identify patients who are at risk
of developing higher grades of diabetic neuropathy
so that we can start timely treatment and prevent
progression to advance stages of disease.

Methodology:
After seeking permission from the ethical committee
of our hospital we performed our research at the
department of internal Medicine Fazaia Ruth Pfau
Medical College (FRPMC), PAF Base Faisal, Karachi.
The duration of our study was six months. The
sample was calculated with WHO sample size
calculator with 5% level of significance and 90%
power of test. The pedal acceleration time (PTA)of
non-ischemic plantar arteries to be 20 milli second8

and pedal acceleration time (PTA) of mild ischemic
arteries to be 1208 milliseconds. The minimum
sample size came out to be 135. We employed non-
probability consecutive sampling technique to gather
samples after application of inclusion and exclusion
criteria. Inclusion criteria: We included all type-II
diabetic patients of both genders of any age
established as per American Diabetes Association
(ADA) guidelines with 10 years history of diabetes
mellitus who came for routine check-up in medical
outpatient department and had Toronto Clinical
Scoring System (TCSS) 0-5.9 The patients who agreed
to participate, and follow-up voluntarily were
included in the study. Exclusion criteria: Patients
(aged between 20-70 years) diagnosed with diabetic
neuropathy with history of amputation, plantar
fasciitis, foot infection, lumbar spinal stenosis,
athlete’s foot or foot ulcer, B12 deficiency, thyroid
disorders and Rheumatoid Arthritis were excluded.
Patients who smoked cigarettes and had history of
ischemic heart disease were also excluded.
The patients were advised following biochemical
investigations: Serum HBA1c, eGFR and serum total
cholesterol. They were subjected to a novel method
of measurement of ischemia using non-invasive
duplex ultrasound of pedal arteries by an
experienced radiologist. Duplex imaging of the pedal
arteries was carried out in radiology department with
patients in supine position. Pedal acceleration time
(PAT)10 was measured using a linear array transducer
with Doppler frequencies ranging from 3 to 12 MHz.
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measurements from four PAT sites were made which
include arcuate artery, medial plantar artery, lateral
plantar artery, and deep plantar artery. After
adjusting the color scale and direction, doppler was
applied at center of artery to get a live spectral
waveform. The waveform be frozen and Pedal
acceleration time (PAT) was measured with help of
tool for calculation of time slope in milliseconds.
The PAT was measured from the beginning of the
up-rise of systole to the peak of systolic up-stoke.9The
patients who were follow-up with the biochemical
and doppler studies will be included in the study.
The following parameters were recorded: Mild
glycemic derangement (HBA1c 7-8), moderate
glycemic derangements (HBA1c 9-10), severe
glycemic derangement (HBA1c >11), estimated
glomerular filtration rate (eGFR) and serum
cholesterol. The severity of vasculopathy of pedal
arteries was based on Pedal acceleration time (PAT).
Pedal acceleration time (PAT) of 121-180

milliseconds will be labelled as mild vasculopathy,
Pedal acceleration time (PAT) of 181-224 were
labelled as moderate vasculopathy and Pedal
acceleration time (PAT) of greater than 225
milliseconds were labelled as critical vasculopathy.
The following demographic features were recorded:
age group, gender, weight, height and BMI.
Comorbid conditions like obesity and hypertension
were also recorded.
The data was analyzed using Statistical Package of
Social Sciences (SPSS). The qualitative variable were
analyzed through frequency and percentages.
Quantitative variables were analyzed using means
and standard deviation. Chi-square analysis was used
to compare frequencies. P value less than 0.05 will be
considered significant. An independent sample T-test
was used to compare quantitative variables.

Phases of the study: Enrollment, follow-up and
analysis in Figure-I

Figure-I: consort diagram of phases of study
Results:
We recruited 135 patients in the study. There were
106 (78.5%) males and 29 (21.5%) females in the
study group. Three patients (2.2%) had age between
20-30 Years, 6 (4.4%) patients had age between 31-40
Years, 35 (25.9%) patients had age between 41-50

Years and 46 (34.1%) had age between 61-70 Years.
The mean weight of patients was 69.34±5.03Kg,
mean height was 162.02±11.05 cm and mean basal
metabolic index was 27.03±2.84 (Kg/m2) as seen in
Table-I.
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The primary outcome was the severity of
vasculopathy among diabetic patients. Sixty-four
(47.4%) patients had mild vasculopathy, 46 (34.1%)
patients had moderate vasculopathy and 25 (18.5%)
patients had critical vasculopathy (Table-II). Five
patients (20.0%) with mild glycemic derangement
had critical vasculopathy, 5 (20.0%) patients with
moderate glycemic derangement had critical
vasculopathy and 15(75.0%) patients with severe
glycemic derangement had critical vasculopathy with
p value of 0.001. The frequency of hypertension was
5 (20.0%) in patients with critical vasculopathy, it
was 11 (23.91%) in patients with moderate

vasculopathy and 15 (23.43%) had mild vasculopathy
with p value of 0.07. Three obese patients (12.0%)
had critical vasculopathy, 5 (10.86%) obese patients
had moderate vasculopathy and 17 (26.56%) patients
had mild vasculopathy with p value of 0.923 (Table-
III). The mean glomerular filtration rate was similar
in all three categories of vasculopathy with p value of
0.212. The mean cholesterol levels showed
significant association with severity of vasculopathy
with 157.04±2.93mg/dl cholesterol in mild
vasculopathy, 161.32±6.32 mg/dl of cholesterol in
moderate vasculopathy and 168.92±8.35 in critical
vasculopathy with p value of 0.001. (Table-IV).

Table-I: The demographic characteristics of the study group (n=135)
Parameter
Frequency Of Age
Groups

20-30 Years 3(2.2)
31-40 Years 6 (4.4)
41-50 Years 35 (25.9)
51-60 Years 45 (33.3)
61-70 Years 46 (34.1)

Gender Male 106 (78.5)
Female 29 (21.5)

Mean Weight (Kg) 69.34±5.03
Mean Height (cm) 162.02±11.05
Mean BMI (Kg/m2) 27.03±2.84

Table-II: Frequency of different categories of vasculopathies in the study group on basis of Pedal acceleration
time (PAT) (n=135)

Vasculopathy Frequency (%)
Mild 64 (47.4%)
Moderate 46 (34.1%)
Critical 25 (18.5%)

Table-III: Comparison of frequency of different vasculopathy grades among categories of glycemic
derangements (n=135)
Glycemic
derangement

Mild
vasculopathy

moderate vasculopathy Critical vasculopathy p value

Mild 56 (87.50%) 12 (26.08%) 5 (20.0%) 0.000
Moderate 8 (12.50%) 30 (65.21%) 5 (20.0%)
Severe 0(0%) 4 (8.69%) 15 (75.0%)

Table-IV: The comparison of comorbid conditions with respect to vasculopathy (n=135)
Mild vasculopathy moderate vasculopathy Critical

vasculopathy
p value

Hypertension Yes 15 (23.43) 11 (23.91) 5 (20.0) 0.07
No 49 (76.56) 35 (76.08) 20 (80.0)
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Obesity Yes 17 (26.56) 5 (10.86) 3 (12.0) 0.923
No 47 (73.43) 41 (89.13) 22 (88.0)

Mean eGFR 82.20 ±1.92 82.72±2.64 82.68±3.83 0.212
Mean Cholesterol 157.04±2.93 161.32±6.32 168.92±8.35 <0.001
Discussion:
We were able to establish that vasculopathy sets in
early before the symptoms of neuropathy manifest
themselves in the form of complication therefore, we
can use it for identification of patients at risk and
can help them with timely interventions. The severity
of vasculopathy correlated with glycemic
derangements. The glomerular filtration rate was on
lower side of normal but similar among all groups,
but cholesterol levels showed significant variation
among the categories of vasculopathy based on
severity. Vasculopathy is the hallmark of diabetic
neuropathy according to R. A. Malik nerve
capillaries are more vulnerable to damage compared
to skin and muscles. They advocated that basement
membrane of nerve capillaries showed increased
thickness with decreased diffusing capacity of oxygen.
They were able to establish that vasculopathy
correlated well with neuropathological degree of
severity of neuropathy.11

Diabetic foot is a very important and stressful
complication of diabetes and screening is very
important to prevent it. Supervision of glycemic
control is important but screening for high-risk
population should be done to prevent this
cumbersome complication. Diabetic foot is a direct
consequence of diabetic neuropathy and
vasculopathy. According to Kehkashan et al,
peripheral arterial disease in diabetic patients is due
to restriction of blood flow especially distal arteries
of lower limb and more specifically the infrapopliteal
arteries. Abnormal ankle-brachial index is found to
be present in almost twenty percent diabetics, but it
can be unreliable if the arteries are incompressible
due to calcification. The measurement of pressures
can be more reliable under such circumstances.12

There we chose pedal acceleration time to quantify
vasculopathy& neuropathy. Pedal acceleration time
is a newly described modality which is thought to
give valuable information regarding foot
hemodynamics. Pinelo et al used it as a prognostic
tool for monitoring wound healing in diabetic
patients. They correlated it to transcutaneous
oxygen pressure. They established that perfusion of

foot was reliably gauged by pedal acceleration time.
Therefore, we chose it and used it in our study. We
were able to identify 20 percent of patients to have
critical vasculopathy despite having fair glycemic
control. These patients could have developed over
limb ischemia in the early course of disease.
Therefore it prudent to use non-invasive measures
like PAD to screen all diabetic patients who have a
decade long history of diabetes mellitus.13 According
to retrospective study by Jean-Eudes Trihan et al
pedal acceleration time proved to be a promising tool
for diagnosis if peripheral arterial disease as it
correlated with severity of disease, and they used it to
identify patients with critical limb ischemia.14 In our
study seventy-five percent of patients with severe
glycemic derangements had critical vasculopathy and
they did not complain about it. Moreover, we
performed a prospective study and they preferred a
retrospective study.
According to Stavros spiliopoulos et al, pedal
acceleration accurately determined hemodynamic
changes of perfusion of foot and used it to detect the
foot perfusion after angioplasty of foot circulation.
Thus, we relied upon the pedal acceleration time,
and we found a positive correlation with severity of
neuropathy.15 we not only used pedal acceleration
time but also used biochemical studies including
glomerular filtration rate and serum cholesterol to
correlate with severity of diabetic neuropathy. The
glomerular filtration rate can also predict neuropathy
as it shows a positive correlation with neuropathy.15

Mean GFR of all patients in group under study was
<90ml/min/L however it did not vary much between
different severity of the neuropathy. Decline in GFR
is one of clinical manifestations of diabetic
neuropathy16 but in our study it did not correlate
much with severity of vasculopathy. The possible
explanation is that GFR reflects significant renal
damage and is not reliable to identify early stages of
diabetic neuropathy.17 The other biochemical marker
we used was serum cholesterol, which correlated well
with severity of diabetic neuropathy and
vasculopathy. Dyslipidemia during diabetes and
insulin resistance affect the function of vascular
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endothelium, promote atherosclerosis and induce
oxidative stress that causes plaque formation.18

Diabetes peripheral neuropathy is considered a
reason behind decline in driving performance.
Reduced sensation of limbs can result in
compromised driving.19 Therefore, diabetic patients
with long standing diabetes should be screened for
peripheral neuropathy so that timely interventions
can be applied.
Limitations of study: our study has few limitations.
We performed a single study. We chose patients with
10 years of diabetes.

Conclusion:
We concluded doppler studies based on pedal
acceleration time correlate with the severity of
glycemic control. GFR did not correlate significantly
with neuropathy severity, but serum cholesterol levels
correlated with severity of neuropathy.
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