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ABSTRACT
Background

Diabetes is a significant risk factor for peripheral arterial disease (PAD) that increases
morbidity and mortality. Hence, early detection of peripheral arterial disease is
necessary. Evidence shows Ankle Brachial Index (ABI) as a promising test to diagnose
peripheral arterial disease. However, sensitivity and specificity need to be evaluated
before clinical use.

Objective

To determine Ankle Brachial Index sensitivity and specificity for the diagnosis of
peripheral arterial disease in diabetic patients.

Method

Diabetic patients were recruited from Dhulikhel Hospital. Doppler ultrasonography
(DUS) was done in all the recruited participants and peripheral arterial disease was
assessed. Based on Jager’s criteria, those with grade Ill and |V stenosis were diagnosed
as peripheral arterial disease and underwent ankle brachial index. Ankle brachial
indexscores below 0.9 and above 1.5 were considered abnormal. The diagnosis by
ankle brachial index was matched against the gold standard doppler ultrasonography
to determine its specificity and sensitivity. Descriptive statistics and independent
t-tests were used for statistics. P-value < 0.05 was considered statistically significant.

Result

There were total of 237 diabetic patients of which 31.2% had peripheral arterial
disease. We found high sensitivity and specificity of ankle brachial index when tested
against doppler ultrasonography with the values ranging from 88.68-89.66% and
86.67-90% respectively.

Conclusion

Ankle brachial index can be used in clinical settings to diagnose peripheral arterial
disease in individuals with diabetes mellitus.
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INTRODUCTION

Peripheral arterial disease (PAD) is a disorder caused by
decreased perfusion to the extremities as a consequence of
atheromatous plaque leading to narrowing or obstruction
of arteries.! The estimated worldwide prevalence of PAD
is 236.62 million; of which 73% is contributed by low and
middle-income countries (LMICs).2 The symptom of PAD is
usually seen as calf or thigh pain that worsens with walking
termed claudication.! In severe cases, the complications of
PAD may lead to non-healing ulcers and limb amputation,
especially in patients suffering from Diabetes Mellitus
(DM).2 DM is considered the strongest risk factor for PAD
after smoking with an odds ratio of 1.82-1.98.24

In DM, pathological changes such as vascular endothelial
injury and hyperglycemia accelerate the atherosclerotic
deposition in the vessels worsening the symptoms of PAD
eventually increasing morbidity and mortality.® Therefore,
early detection of PAD in patients with DM is necessary.
Digital Subtraction angiography (DSA) is considered the
gold standard to detect PAD but is uncommon due to the
invasive nature of its procedure.> Unlike this, other non-
invasive tests include Magnetic resonance angiography
(MRA), Computed tomography angiography (CTA), Doppler
ultrasound (DUS), and Ankle Brachial Index (ABI).> However,
except for DUS and ABI, performing other tools require
nephrotoxic contrast dye. Hence, DUS is preferred for
reference standard in patients with DM taking into account
renal protection and its high diagnostic accuracy.®

Likewise, the American heart association recommended
ABI as the first-line test (Class I; level of evidence A) to
detect PAD as it is the most simple, inexpensive, and easy-
to-perform test.”? It is measured by calculating the ratio
of systolic blood pressure at the ankle (Dorsalis Pedis
or posterior tibial artery) to that measured at the arm
(brachial artery).”® ABI value ranging from 0.9 to 1.4 is
considered normal, less than 0.9 is indicative of narrowing
of blood vessels, and greater than 1.4 of vessel stiffening/
calcification.”

Before using any test in clinical practice, the diagnostic
accuracy of the test should be evaluated. A review by Xu
et al found high specificity of ABI in diagnosing PAD but
the sensitivity of PAD varied, especially in patients with
Diabetes.8 It could be because of the variation in the
protocol of performing ABI in the included studies which
are supported by a study that found inaccuracies in the
measurement of ABI in primary care practice.’® ABI usually
underestimates PAD in diabetic patients.!* Thus clinicians
are recommended to follow standard protocol to measure
ABI.* Therefore, in our study, we aimed to use a standard
step-by-step measurement procedure to determine the
diagnostic accuracy (sensitivity and specificity) of ABI
against reference standard DUS to diagnose PAD in patients
with DM. Moreover, our study may as well fill the literature
gap by investigating PAD in the Nepali population suffering
from DM.

METHODS

This study used a cross-sectional design The study. involved
diabetic patients under medication for diabetes visiting
medicine OPD of Dhulikhel Hospital from 1t January 2023
to 30" June 2023. Participant recruitment started after
the ethical clearance from Kathmandu University School
of Medical Sciences, Institutional Review Committee. All
the participants provided informed consent and were
included in the study if they were diagnosed with Diabetes
Mellitus by the medical doctor and excluded if they had
a major amputation or were denied participation. Doppler
ultrasonography (arterial Doppler) of the bilateral lower
limb was done to note the presence of peripheral arterial
disease (PAD). The Doppler measured the presence of
LEAD along with the severity of the disease. During Doppler
ultrasonography, Acuson P300 ultrasound (Siemens) was
used with a 7.5-10 MHz linear probe. B mode, color mode,
and pulse wave Doppler ultrasonography were used to
note waveform, systolic velocity in the femoral artery,
popliteal artery, Anterior Tibial Artery (ATA), Posterior
Tibial Artery (PTA), and peroneal artery. Jager’s criteria
from Grade Ill to Grade IV were taken as significant PAD.6
In Grade Il stenosis there is a monophasic waveform with
an increase in peak systolic velocity > 100% and marked
spectral broadening.® there is no forward flow detected
with altered flow patterns both proximal and distal to the
stenosis for Grade IV stenosis.®

If PAD was diagnosed in at least one lower limb, they were
also subjected to ABI. ABI was calculated using “Diabetik
foot care” ABI machine. ABI was done by a trained nurse
under direct supervision by a vascular surgeon. Prior to
enrolling the patients, the nurse was trained by a vascular
surgeon for two weeks with hands-on experience in at least
50 patients. ABI of the bilateral lower limb was calculated.
ABI between 0.9-1.5 was taken as normal and other values
as abnormal.

Prevalence of PAD in diabetic patients varies between 12-
32%.5 We expect high sensitivity and specificity of ABI. So,
we calculated the sample size based on the study by Akoglu
et al using the online calculator https://turkjemergmed.
com/calculator.’? We set the the prevalence at 32%, type
| error at 5%, expected sensitivity/specificity at 90%, and
marginal error at 10%. The sample sizes obtained for
sensitivity and specificity were 108 and 51 respectively.

Data were entered in Microsoft Excel 2016 (Microsoft
Corporation) and analyzed using Statistical Package for the
Social Sciences version 20.0, SPSS Inc., IBM Corporation,
Chicago. For scalar variables, mean, standard deviation and
range were calculated. Frequency tables were made for
nominal variables. For nonparametric variables, Chi-square
test was done. For parametric variables, an independent
sample t-test was done. Sensitivity and specificity of ABI
taking Doppler ultrasonography as the gold standard
was calculated. A p-value less than 0.05 was considered
significant.
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RESULTS

There were a total of 237 Diabetic patients who were
screened for PAD among which 74 (31.2%) had PAD in at
least one of the limbs. Of them, PAD was present in the
bilateral lower limb in 47 patients (63.5%), only on the
right lower limb in 16 patients (21.6%), and only on the
left lower limb in 10 patients (13.5%). Of them, ABI was
done in 68 patients. ABI was not done in six patients as
they deferred for the test. Of the 68 patients in which
ABI was done, PAD was present in the bilateral lower
limb in 43 patients (63.2%), only on the right lower limb
in 15 patients (22.1%), and only on the left lower limb in
10 patients (14.7%). The sensitivity and specificity of ABI
(taking Doppler ultrasonography as the gold standard)
were calculated for the right side, left side, and bilateral
lower limb as shown in table 1-3. Maximum sensitivity was
89.66 and maximum specificity was 90%.

Table 1. Cross tabulation between ABI and Doppler finding on
the right side

Cross tabulation between ABI and PAD present as confirmed by

PAD present/absent doppler ultrasonography
Yes No
Yes 52 1
ABI detecting PAD
No 6 9

Sensitivity 89.66%, Specificity 90%.

Table 2. Cross-tabulation between ABI and Doppler finding on
the left side

Cross tabulation between ABI and PAD present as confirmed by

PAD present/absent Doppler ultrasonography
Yes No
Yes 47 2
ABI detecting PAD
No 6 13

Sensitivity 88.68%, Specificity 86.67%.

Table 3. Cross-tabulation between ABI and Doppler finding on
both sides (n=136)

Cross tabulation between ABI and PAD present as confirmed by

PAD present/absent Doppler ultrasonography
Yes No
Yes 99 3
ABI detecting PAD
No 12 22

Sensitivity 89.19%, Specificity 88%.

DISCUSSIONS

The objective of our study was to determine the diagnostic
accuracy (sensitivity and specificity) of ABI against
reference standard DUS. PAD was present in 31.2% of total
participants with DM and we found high specificity and
sensitivity of ABI in diagnosing PAD.

Our finding of having high specificity is in line with a study
by Kashetsky et al that demonstrated the specificity ranging
from 83-99%.%2 High specificity of ABI meant if ABI is less
than 0.9, it is suggestive of arterial narrowing of more than
50%. In contrast, another study found low specificity of
only 56% for arteries at the ankle which according to the
authors was because the pulse could not be detected and
ABI could not be reported.’ But in our study, we didn’t
find any such issue, hence, our results differed from that
study. Additionally, we found high sensitivity of ABI similar
to a study that found a sensitivity of 95% using manual
Doppler.** However, few other studies contradicted our
findings showing low sensitivity of ABI.»*¢ The explanation
authors provided for low sensitivity was the potential
false readings due to artificial elevation of the pressure as
a consequence of already calcified vessels. Unlike those
studies, the high sensitivity in our study could be because
we considered both ABI readings that showed calcification
as well as narrowing as abnormal while the previous studies
considered only narrowing as abnormal. Additionally, we
followed the standard protocol for ABI in all patients.

This study compared the ABI findings with the reference
standard, DUS. We used DUS in this study instead of other
imaging techniques such as CTA, MRA, DSA, etc. because
it is a non-invasive, safe, and accurate vascular imaging
tool that provides location, extent of the disease, and
hemodynamic details.>® Collins et al. demonstrated 88%
sensitivity and 96% specificity of DUS to diagnose PAD.Y
Moreover, DUS is relatively cheaper and does not require
nephrotoxic contrast compared to CTA, MRA, and DSA.°
When assessing the diagnostic accuracy of ABI against the
diagnosis of PAD by DUS, a study done in the South Asian
population found high sensitivity and specificity consistent
with our results.’® Another study found high specificity
of ABI compared to DUS and recommended ABI as a
diagnostic tool for PAD.*

In this study, the prevalence of PAD in DM was 31.2% which
is higher than in other Asian countries. A Korean study
found PAD in 25.2% of the population with DM.® Similarly,
other studies done in the UK, and Asian countries found
the prevalence of 20-29%, and 12-32%, respectively.®'%°
Higher prevalence in our settings could be because of
the heterogeneity of the participants and another reason
could be, we used both DUS and ABI to assess PAD while
the above-noted studies only used ABI which might have
underestimated PAD. Also, patients in our setting seek
medical care only when the disease condition is severe
which might also be the potential cause for high prevalence.
Recent studies have used photoplethysmography, ABI and
DUS for screening of peripheral arterial disease.? They have
found photoplethysmography to have more sensitivity and
specificity to diagnose peripheral arterial disease compared
to ABI. However, ABI in conjuction to DUS has a very good
sensitivity and specificity.
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There are a few limitations of this study. The study design
used does not show cause and effect relationship. Only
participants with DM were included in the study and
other risk factors that have been shown to be significantly
associated with PAD such as smoking, hypertension were
not studied. Therefore, future studies may be done in
the general population exploring various risk factors
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