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Abstract

Objective. The main objective is to determine if digital pulse oximetry is an acceptable screening tool to detect
hemodynamically significant lower extremity peripheral artery disease (PAD) in patients 50 years old and above with type
2 diabetes mellitus (T2DM) seen at the University of Santo Tomas Hospital (USTH).

Methodology. A total of 78 subjects (155 limbs) were included. Using duplex ultrasonography as the reference standard
for the presence of hemodynamically significant lower extremity PAD, sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) were obtained for abnormal percent oxygen saturation (SpO,) gradients and
for ankle-brachial index (ABI).

Results. Of the 155 limbs, 38.7% had hemodynamically significant stenosis. Pulse oximetry had 76.7% sensitivity (95%
Cl, 65.2% to 88.1%), 85.3% specificity (95% ClI, 78.0% to 92.6%), 76.7% PPV (95% ClI, 66.5% to 84.4%) and 85.3%
NPV (95% ClI, 78.4% to 90.2%). ABI had 40.7% sensitivity (95% CI, 30.1% to 51.3%), 88.2% specificity (95% ClI, 80.0%
t0 96.3%), 68.6% PPV (95% ClI, 53.6% to 80.4%) and 70.1% NPV (95% ClI, 65.1% to 74.5%). Combining both produces
88.1% sensitivity (95% Cl, 78.5% to 97.8%), 74.2% specificity (95% ClI, 65- 83.4%), 68.4 PPV (95% Cl, 60.3% to 75.6%)
and 90.8% NPV (95% ClI, 83.0% to 95.2%).

Conclusion. The results of this study suggest that pulse oximetry has a higher sensitivity than ABI as a screening tool for
hemodynamically significant lower extremity PAD in T2DM patients 50 years old and above. Combining these two tests

may be done to achieve a higher sensitivity.
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INTRODUCTION

Peripheral arterial disease of the lower extremities is
a condition wherein the lumen of the arteries in the
extremities becomes progressively obstructed by plaque,
resulting in reduced blood flow to the lower limbs. This
is frequently atherosclerotic in origin, and is considered
a coronary artery disease equivalent.'® In the Philippine
setting, the prevalence of PAD among the general adult
population increased from 0.4% in 2003 to 1.2% in 2008.*
In patients with diabetes, the prevalence of PAD increases
with age, from 20% in those over 40 years of age to 29% in
those over 50 years.’

While early detection and treatment of PAD may prevent
disability and death, the diagnosis is potentially missed
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because majority of patients are asymptomatic, or
present with leg symptoms not typical of intermittent
claudication.®® In the Limburg PAD Study, younger age
groups and diabetes were more significantly associated
with asymptomatic PAD.!

When screening for PAD, relying on history alone may
underdiagnose those who are asymptomatic. The gold
standard for peripheral arterial disease diagnosis is
conventional angiography, but non-invasive vascular
imaging modalities such as duplex ultrasonography are
more frequently performed. In the clinics, the most widely
used screening test for PAD is the ankle-brachial index.
Throughout the literature, there is a wide variation in
specificity and sensitivity reported by different authors.
In a critical review of ABI studies, Khan reported more
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than 90% sensitivity and more than 95% specificity in
diagnosing 50% stenosis of the lower extremity arteries.”
Similarly, Guo reported 91% sensitivity and 86% specificity
for hemodynamically significant stenosis.? While ABI has
been demonstrated to be highly sensitive and specific in
diagnosing PAD in patients with significant stenosis, results
have been inconsistent in those with less severe stenosis or
with calcified vessels.'

The American Diabetes Association (ADA) recommends
routinely screening all patients with diabetes above age
50 and in all diabetics with risk factors (e.g. smoking,
hyperlipidemia, hypertension or duration of diabetes
>10 years) for PAD under age 50.° The premise and the
interpretation of the ABI is relatively simple: the lower the
index, the more severe the disease. While generally accepted
as a screening test, the ABI also has some limitations. Factors
that may impede proper measurement of blood pressure
will affect the ABI reading. Calcification of the peripheral
arteries —a phenomenon commonly referred to as medial
arterial calcification —can make the arteries incompressible,
notably in patients who are elderly, or those with diabetes,
chronic kidney disease or rheumatic disease. The ABI tends
to be elevated due to artefactual elevations in occlusion
pressures. This is an important concern because peripheral
arterial disease is more prevalent in these patients compared
to the general population.’**

For patients with diabetes, using the ABI as a screening
test for PAD in the clinics may yield false negative results.
The Strong Heart Study demonstrated a similar association
with mortality in those with high and low ABI, with a
suggested upper limit of normal not to exceed 1.40."* An
option for a screening test that will be unaffected by arterial
calcifications would be ideal.

Pulse oximetry measures peripheral blood hemoglobin
oxygen saturation. Low blood flow in an extremity
produces lower oxygen saturation in the blood.”? The
pulse oximeter works by combining spectrophotometry
and optical plethysmography, providing continuous, safe,
non-invasive and instantaneous measurement of blood
oxygenation without need for any special training.! There
is no user calibration or site preparation required. The
sensors are small, lightweight, easy to apply, noninvasive
and readily available.” Different brands of pulse oximeters
may display different values, depending on the internal
calibration of the oximeter.*” The sensor can also be attached
to several locations in the body (e.g. ear lobes, fingertips,
toes) that are suitable for monitoring peripheral oxygen
saturation. Besides SpO,, most pulse oximeters also offer
other display features, including pulse rates. This important
feature allows real-time assessment of the quality and
reliability of the measurement. If the patient’s heart rate
taken by the pulse oximeter differs considerably from the
actual heart rate, the SpO, reading may not be appropriate.

Numerous studies have evaluated and compared the
accuracy of different pulse oximeters over a wide range
of clinical conditions.?* In general, the accuracy of most
non-invasive pulse oximeters is acceptable for a wide range
of clinical applications. Most manufacturers report that
their instruments are accurate to 2% in the SpO, range
of 70 to 100%, and +3% for saturations between 50% and
69%.%* Clinical and technical conditions that may affect
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accuracy include low vascular peripheral perfusion during
hypotension, hypothermia, or vasoconstriction; venous
congestion leading to artifacts due to venous pulsation;
motion artifacts; effect of fetal hemoglobin; and interference
by electrical energy and stray light.?*?

The use of pulse oximetry as a non-invasive method in the
evaluation of peripheral arterial occlusive disease has been
sporadic in the last 20 years. Ignjatovi¢ reported reduced
SpO, in tissues vascularized by stenotic atherosclerotic
arteries.”® Results of subsequent studies that investigated
the potential of pulse oximetry as a screening test for PAD
are conflicting. Kwon and Lee tested SpO, in 49 patients
with known lower extremity arterial disease pre- and
post-treatment, defining a decrease of more than 5% in
saturation at the toe compared to the finger as an abnormal
pulse oximetry result. They reported a sensitivity of
87.06% and a specificity of 87.8%. While the sensitivity,
specificity, positive and negative predictive values of SpO,
were not statistically significant, there was a significant
improvement in SpO, post treatment.” Parameswaran and
colleagues targeted patients with asymptomatic diabetes
mellitus, using the toe SpO, cut-off value of a decrease of
2% lower than the finger or on 12-inch elevation of the foot.
They found that pulse oximetry of the toes was comparable
to ABI in screening for lower extremity arterial disease,
with pulse oximetry having a sensitivity of 77% and a
specificity of 97%." Using the same criteria in the study by
Parameswaran wherein a patient was considered positive
for peripheral vascular disease if at least one of the limbs
tested positive, Kumar reported a 74.1% sensitivity and 95%
specificity for pulse oximetry in patients with asymptomatic
diabetes mellitus.” In contrast, another study by Ena and
colleagues reported that pocket pulse oximeters showed
insufficient sensitivity (42.6%) but acceptable specificity
(77.2%) as a screening method for detecting peripheral
arterial disease in patients with diabetes mellitus.*

In the Philippines, there is limited access to duplex
ultrasonography, as it is not available in all areas. If a simple
tool like digital pulse oximetry will be found to be useful in
screening for peripheral artery disease, the complications of
peripheral artery obstruction may be addressed at an earlier
time. This study aims to determine if digital pulse oximetry
is an acceptable screening tool to detect hemodynamically
significant lower extremity PAD among adult patients
50 years old and above with T2DM. Specifically, it seeks
to evaluate the sensitivity, specificity, PPV and NPV of
digital pulse oximetry using a >2% toe-finger oxygen
saturation gradient on 12-inch leg elevation in comparison
to ABI in the assessment of hemodynamically significant
lower extremity artery occlusion compared to arterial
duplex ultrasonography as the reference standard. These
parameters will also be evaluated in hemodynamically
significant lower extremity artery stenosis with areas of
total occlusion versus those without areas of total occlusion
compared to arterial duplex ultrasonography as the
reference standard.

METHODOLOGY
Study design and sample size

We performed a cross-sectional criterion-referenced study
with arterial duplex ultrasonography as the reference
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standard on patients 50 years old and above with T2DM
seen at the USTH from August to December 2017. Non
probability sampling was used (Figure 1).

Adult patients 50 years and older with T2DM
at USTH from August to December 2017

v

Inclusion and exclusion criteria considered

v

Informed consent

v

History and physical examination

v

Pulse oximetry determination of toe-finger
percent oxygen saturation gradient

v

ABI determination

v

Arterial duplex ultrasonography of lower extremities

v

Data analysis

Figure 1. Summary of the study procedures and methods.

With the reported prevalence of PAD in patients with T2DM
50 years old and older to be at 29%, and expected sensitivity
of 77% and specificity of 97% for pulse oximetry, given a
95% confidence level and the desired precision of 0.2 for
sensitivity, a sample size of 63 patients was needed.>"

Inclusion and exclusion criteria

Patients 50 years old and above with T2DM seen at the USTH
from August to December 2017 were included. Those with
comorbidities affecting peripheral limbs (i.e. Raynaud’s,
vasculitides) and those on oxygen supplementation were
not included in the study. Subjects with nail polish who
refused to have it removed were likewise excluded from
the study. In patients with amputated limbs, compartment
syndrome, or gross skin ulcerations, the involved limb
was not included in the study.

Definition of measurement of outcomes

The reference standard for the determination of the presence
of lower extremity PAD for this study was its diagnosis via
arterial duplex ultrasonography. Participants were placed
on a supine position on the examining bed with their lower
extremities exposed. The duplex ultrasound scans of the
lower limb arteries were performed using the LOGIQ™
E9 Pro-series by General Electric Japan. The Kappa level
(95% confidence interval) of agreement between the duplex
ultrasound and angiographicassessments for distinguishing
hemodynamically significant (>50%) stenosis was 0.55."

The bilateral lower extremity arterial segments were
insonated at an angle of less than 60 degrees, starting
at the level of the distal external iliac artery down to the
dorsalis pedis artery using a 5-7 MHz linear transducer.
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For the purpose of this study, only the data from the distal
external iliac artery and femoro-popliteal segments were
obtained for analysis. In arteries with different categories
of lesions, the most severe lesion was taken for comparison.
The severity of stenosis was determined by the luminal
diameter ratio at the site of the stenosis and the normal
adjacent segment, reported as percent diameter reduction.
Hemodynamically significant stenosis is defined by a 50 to
99% diameter reduction, including occlusions.?*

For percent oxygen saturation, a handheld pulse oximeter
(HD-76, Wilcare, New Jersey, USA) was applied to the
index finger and both great toes with the patient in supine
position at room air. If the SpO, signal was not obtainable
due to necrosis or loss, the signal from the next toe was
used. The result was positive for PAD if the SpO, of the big
toe taken with the foot in resting position or on 12-inch leg
elevation had a difference of at least 2% compared to the
index finger SpO,."

ABI  measurements were performed using a
sphygmomanometer cuff and a handheld Doppler probe
(Hadeco® Smart Doppler, Kyoto, Japan). Using the
American College of Cardiology Foundation/American
Heart Association (ACCF/AHA) and ADA 2003 Consensus
Statement definition, an abnormal ankle-brachial index is a
value of less than or equal to 0.9.>*

All pulse oximetry and blood pressure determinations were
taken with the patient in supine position at room air. After
obtaining consent from the patient, pulse oximetry readings
were taken by the primary investigator and recorded in a
separate sheet. ABI measurements were performed after
pulse oximetry measurements by a separate vascular
technician who was blinded to the pulse oximetry readings
and clinical profile of the study patients. Arterial duplex
ultrasonography was performed by a single trained and
experienced vascular technologist blinded to the ABI and
pulse volume waveform results. Duplex ultrasonography
results were interpreted by a vascular cardiologist blinded
to both the pulse oximetry and ABI readings.

Data analysis

Descriptive analysis of baseline characteristics were
performed using means and percentages. Using
duplex ultrasonography as the reference standard for
determination of presence of hemodynamically significant
lower extremity PAD, sensitivity, specificity, PPV and NPV
were obtained for abnormal SpO, gradients and for ABL
Since values were obtained at the limb level and not at the
patient level, we shall consider the patient as a cluster, and
computations were made in consideration for clustered
data.® Values were obtained using the ratio estimator
method for computation for clustered data.*® Confidence
intervals (CI) at 95% were obtained for each value.

Ethical considerations

Pulse oximetry and ABI determination are both non-
invasive procedures with no potential harm to the patients.
This study was approved by the USTH Institutional Review
Board and Ethics Committee. Signed informed consent was
obtained from each subject. Privacy and confidentiality of
data and results are protected.
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RESULTS

Seventy-eight subjects were included in the study, and a
total of 155 limbs were evaluated. Half of the subjects were
male, with a mean age of 65.6 years and a mean duration
of diabetes at 9.6 years. Diabetes medication requirements
were varied: 30.8% were on insulin, 50% were on oral
medications alone and 19.2% were not on any medications
for diabetes at the time of study. Hypertension (74.4%)
and dyslipidemia (60.3%) were the most common co-
morbidities. Claudication was the most commonly
reported symptom (47.4%) (Table 1).

Out of 155 limbs, only 9.7% had no evidence of stenosis,
with the remaining having mild to severe stenosis with
areas of total occlusion (Table 2). Arteries with at least 50%
stenosis are deemed hemodynamically significant as these
would require treatment.* The results showed 38.7% had
hemodynamically significant stenosis; of these 60 limbs, 25
had areas of total or 100% occlusion.

Of the 155 total limbs included in the study, 60 (38.7%)
were positive for peripheral arterial disease using pulse

Table 1. Clinical characteristics

Characteristic Total (n=78)
Male gender (%) 39 (50)
Mean age, year 65.6
Outpatient (%) 47 (60.3)
Duration of diabetes, year 9.6
Diabetes treatment (%)
Insulin 24 (30.8)
Oral medication 39 (50)
None 15 (19.2)
Co-morbidities (%)
Smoking 18 (23.1)
Hypertension 58 (74.4)
Heart disease 20 (25.6)
Dyslipidemia 47 (60.3)
Previous amputation 1(1.3%)
Clinical presentation (%)
Claudication 37 (47.4)
Paresthesia 24 (30.8)
Hyperpigmentation 24 (30.8)

Table 2. Distribution of lower limb findings by arterial
duplex ultrasonography

H 0,
Severity of stenosis (% stenosis) Number of limbs (%)

(n=155)

None 15 (9.7)
Mild (1 to 19%) 43 (27.7)
Moderate (20 to 49%) 37 (23.9)
Severe/hemodynamically significant (50 to 99%) 60 (38.7)
Without areas of total occlusion 35 (22.6)
With areas of total occlusion 25 (16.1)

Table 3. Substratification of ABI results according to ACC®/AHAc criteria
Number of limbs (%)

ABI? Interpretation (n=152)
>1.40 non-compressible/falsely elevated 22 (14.2)
1-1.4 normal 82 (52.9)
0.91-0.99 equivocal 13 (8.4)
0.4-0.90 mild-moderate arterial disease 34 (21.9)
<0.4 severe arterial disease 1(0.6%)

2 ABI, ankle-brachial index
> ACC, American College of Cardiology
¢ AHA, American Heart Association
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oximetry test criteria (Table 4). Using arterial duplex
ultrasonography as the standard, the sensitivity, specificity,
PPV and NPV for pulse oximetry were 76.7%, 85.3%, 76.7%
and 85.3% respectively. ABI had a lower sensitivity of
40.7% and specificity of 88.2%, yielding a PPV of 68.6% and
NPV of 70.1%. Combining pulse oximetry and ABI, with a
positive result defined as either a positive pulse oximetry
result or an ABI of <0.9, sensitivity was determined to be
88.1% and specificity 74.2%, yielding a PPV of 68.4% and
NPV of 90.8%.

Duplex ultrasonography can identify arteries with 100%
or total occlusion. Findings for limbs with areas of total
occlusion are listed in Table 5. Pulse oximetry in these
limbs yielded a sensitivity of 92% and a specificity of
71.5%. The PPV and NPV for pulse oximetry were 38.3%
and 97.9% respectively. ABI had a 41.7% sensitivity and
80.5% specificity, which gave a 28.6% PPV and 88% NPV.
Combining pulse oximetry and ABI yielded a sensitivity of
95.86% and a specificity of 58.6%, which then gave a PPV
of 30.3% and a NPV of 98.7%.

DISCUSSION

In this study population of diabetics of at least 50 years
of age, ABI determination was found to have 40.7%
sensitivity in detecting hemodynamically significant
stenosis. 77% of the subjects had an ABI above the cut-off
value of 0.9. However, when further sub-stratified, 14.2%
have ABI results of >1.4, attributed to a greater percentage
of poorly compressible or falsely elevated ankle pressures.
This can be due to medial arterial calcification, which is
usually seen in patients with diabetes and in the elderly,
underestimating the presence of arterial occlusion. While
the ADA recommends performing the ABI as a screening
test for patients with diabetes 50 years and above, ABI
determination alone is not a sensitive screening test in this
particular subset of patients.

Compared to ABI determination, measurement of digital
oxygen saturation is not affected by the presence of medial
arterial calcification. Abnormal pulse oximetry is defined
as a greater than 2% difference between finger and toe
oxygen saturation, and can possibly be used to detect lower
extremity peripheral arterial disease.”** However, studies
on pulse oximetry and PAD had variable sensitivity results.
Studies of the groups of Kwon and Paramesawan included
an additional pulse oximetry determination following
elevation of the leg from a baseline supine position. This
maneuver may account for increased sensitivity in their
studies.”? In our study, we considered the result positive
for PAD if the SpO, of the big toe taken with the foot in
resting position or on 12-inch leg elevation had a difference
of at least 2% compared to the index finger SpO, The results
showed that pulse oximetry has a sensitivity of 76.7% for
the detection of hemodynamically significant stenosis,
higher than the sensitivity for ABL

An ideal screening test is highly sensitive, inexpensive,
easy to perform, non-invasive or causes minimal
discomfort, and consistent. Both pulse oximetry and ABI
determination are inexpensive and non-invasive. In terms
of ease and comfort, the investigators have found pulse
oximetry to be faster, less complicated to perform and less
prone to intra- and inter-observer variability than ABI
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Table 4. Comparison of pulse oximetry and ABI? in detecting hemodynamically significant stenosis on arterial duplex

ultrasound
Hemodynamically significant stenosis (%) Sensitivity Specificity PPVe NPVH
Test result Present Absent Total (95% CI) (95% Cl) (95% Cl) (95% Cl)
Pulse oximet 76.7 85.3 76.7 85.3
y (65.2-88.1) (78.0-92.6) (66.5- 84.4) (78.4-90.2)
Positive 46 (30) 14 (9) 60
Negative 14 (9) 81 (52) 95
Total 60 (39) 95 (61) 155
ABI 40.7 88.2 68.6 70.1
(30.1-51.3) (80.0-96.3) (53.6-80.4) (65.1-74.5)
<0.9 24 (16) 11(7) 35
>0.9 35 (23) 82 (54) 17
Total 59 (39) 93 (61) 152
Combined 88.1 74.2 68.4 90.8
(78.5-97.8) (65-83.4) (60.3-75.6) (83.0-95.2)
Positive® 52 (34) 24 (16) 76
Negative’ 7(8) 69 (74) 76
Total 59 (39) 93 (61) 152

a ABI, ankle-brachial index

® Cl, confidence interval

¢ PPV, positive predictive value
¢ NPV, negative predictive value

¢ Combined positive, defined as either positive pulse oximetry test result or ABI <0.9
f Combined negative, defined as negative pulse oximetry test result and ABI >0.9

Table 5. Comparison of pulse oximetry and ABI? in detecting hemodynamically significant stenosis with areas of total

occlusion on arterial duplex ultrasound

Test result Total occlusion (%) Total Sensitivity Specificity PPVe NPV¢
Present Absent (95% CI°) (95% CI) (95% CI) (95% CI)
Pulse oximet 92.0 71.5 38.3 97.9
ry (81.5-100) (63.5-79.5) (31.6-45.5) (92.5-99.4)
Positive 23 (15 37 (24) 60
Negative 2(1) 93 (60) 95
Total 25 (16) 130 (84) 155
ABI 41.7 80.5 28.6 88.0
(26.1-57.2) (72.3-88.6) (18.2-41.9) (83.9-91.3)
<0.9 10 (7) 25 (16) 35
>0.9 14 (9) 103 (68) 17
Total 24 (16) 128 (84) 152
Combined 95.8 58.6 30.3 98.7
(87.9-100) (50.4-66.8) (25.8-35.2) (91.6-99.8)
Positive® 23 (15) 53 (35) 76
Negative’ 1(1) 75 (49) 76
Total 24 (16) 128 (84) 152

a ABI, ankle-brachial index

® Cl, confidence interval

¢ PPV, positive predictive value
¢ NPV, negative predictive value

¢ Combined positive, defined as either positive pulse oximetry test result or ABI <0.9
f Combined negative, defined as negative pulse oximetry test result and ABI >0.9

Both tests have their respective limitations. In patients with
gangrenous digits or extensive wounds, pulse oximetry
cannot be performed. In patients with cellulitis, fractures
or open wounds in the foreleg, ankle BP determination,
likewise, cannot be done. Our results showed that if both
pulse oximetry and ABI determination were performed in
combination, where either one of the tests being positive
would be considered positive for hemodynamically
significant stenosis, this produced a higher sensitivity of
88.1% compared to performing either test alone.

PAD prevalence and incidence are known to be both
sharply age-related.® In our study, 91.3% are at least
50 years old, which may explain the high percentage of
lower extremity stenosis on arterial duplex ultrasound,
ranging from mild to severe. Out of the 38.7% of limbs
with hemodynamically significant stenosis, 41.7% of
these limbs had areas of total arterial occlusion. Because

www.asean-endocrinejournal.org

of the importance of diagnosing totally occluded arteries,
we also tested the sensitivity of pulse oximetry and ABI
in detecting limbs with areas of total occlusion (Table
5). Both pulse oximetry and ABI had greater sensitivity
in identifying limbs with areas of total occlusion than
those with hemodynamically significant stenosis alone.
Combining ABI and pulse oximetry yielded a sensitivity
of 95.86%. Our findings indicate that pulse oximetry is a
sensitive screening tool in detecting limbs with areas of
total occlusion.

Strengths and limitations of the study

Our study was able to include a larger number of patients
compared to other previous investigations. Having each
procedure done by separate individuals minimized
measurement bias. A limitation of this study is that it was
performed in a single institution.
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Recommendations

In order to make this more reflective of the general
Philippine population, a multi-center study can be
performed with more participants. We recommend more
research be done with pulse oximetry and its potential
applications. Other areas for research include pulse
oximetry pre- and post-exercise, to determine effects on
sensitivity in screening for PAD. Correlation of the location
of stenosis in the lower extremity with ABI and pulse
oximetry test results is another subject of investigation.

CONCLUSION

In screening for hemodynamically significant lower
extremity arterial stenosis in patients with diabetes age 50
years old and above, pulse oximetry had a sensitivity of
76.7%, while ABI determination had a sensitivity of 40.7%.
The combination of the two tests increased sensitivity to
88.1%. Screening for lower limb arteries with areas of total
occlusion produces higher sensitivity values: 92% for the
pulse oximetry, 41.7% for ABI and 95.86% when both tests
are combined.

The results of this study suggest that pulse oximetry
has a higher sensitivity than ABI as a screening tool for
hemodynamically significant lower extremity arterial
disease in diabetic patients 50 years old and above.
Combining these two tests may be done to achieve a
higher sensitivity.
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