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ABSTRACT

Recent Aims: New diagnostic methods are nee-
ded to detect peripheral arterial disease easier
than using the ankle-brachial index measured by
Doppler devices. We investigated whether the
use of pocket pulse oximeters could meet sen-
sitivity and specificity criteria as screening me-
thod to detect significant peripheral arterial per-
fusion deficits. Methods: We measured oxygen
saturation (Sa0,) at index fingers and great toes
(on horizontal and elevated 30°) by a pocket
pulse oximeter in 250 subjects with diabetes
mellitus attending the outpatient clinic. A fin-
ger-to-toe SaO, gradient greater than 2% was
considered abnormal. Ankle-brachial index was
measured by a hand held Doppler device. Pe-
ripheral arterial disease was defined as an an-
kle-brachial index less than 0.9. Results: A total
of 1392 (93%) valid SaO, readings were obtained.
Twenty-seven (11%) patients were excluded due
to not having measurable SaO, finger-to-toe gra-
dients. A total of 223 patients were analyzed. Pe-
ripheral arterial disease was detected in 47 (21%)
patients. A finger-to-toe SaO, gradient greater
than 2% had sensitivity 42.6% (95% CI 30.0% -
55.3%), specificity 79.1% (95% CI 75.7% - 82.6%),
positive predictive value 35.7% (95% CI 25.2% -
46.4%), negative predictive value 83.4% (95% CI
79.8 - 87.1), positive likelihood ratio 2.03 (95% ClI
1.23 - 3.17) and negative likelihood ratio 0.73
(95% CI 0.54 - 0.93) to detect peripheral arterial
disease. The area under the receiving operating
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characteristic curve was 0.69 (95% CI 0.62 - 0.77).
Conclusion: Pocket pulse oximeters showed in-
sufficient sensitivity as screening method for
detecting peripheral arterial disease in patients
with diabetes mellitus.
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1. INTRODUCTION

Peripheral arterial disease is a leading cause of limb
amputations in patients with diabetes [1]. Early identifi-
cation of at-risk patients consists on foot examination
and screening for neuropathy and peripheral arterial dis-
ease [2]. The ankle-brachial index is considered the
screening method in the evaluation at office for periph-
eral arterial disease [3,4]. Measuring an ankle-brachial
index requires a continuous-wave Doppler machine, ul-
trasonic gel, and a sphygmomanometer with a blood-
pressure cuff. Systolic blood pressure is recorded at both
brachial arteries and at both dorsalis pedis and posterior
tibial arteries. While the methods for calculating the an-
kle-brachial index can vary, one commonly accepted cal-
culation is the ratio of the highest ankle systolic pressure
divided by the highest brachial systolic pressure.

Although ankle-brachial index is considered as the
standard method for the diagnosis of lower extremity
peripheral arterial disease in field epidemiological sur-
veys, in vascular laboratories, and in office practice, the
procedure is cumbersome since it needs a dedicated de-
vice, it is time consuming and it requires technical skills.
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These shortcomings may explain why peripheral arterial
disease remains largely underdiagnosed in general prac-
tice [5]. Additional limitations include inaccurate meas-
urements as a result of calcified or incompressible ves-
sels (which would produce falsely elevated readings) and
the presence of a subclavian-artery stenosis (which could
also falsely elevate the ankle-brachial index on the side
of the stenosis) [6].

Pulse oximetry has been developed as a non invasive
screening method to detect low oxygen haemoglobin sa-
turation in finger and toe tips. The rationale for using
fingertip pulse oximetry as screening for peripheral arte-
rial disease is based on the hypothesis that there would
be a gradient of oxygen saturation between upper and
lower limbs in patients with significant arterial perfusion
defects [7]. Previous studies have shown conflicting re-
sults when this method is applied in different clinical
settings. Therefore we aimed to assess the performance
of pocket fingertip pulse oximeters to detect peripheral
vascular disease in patients with diabetes.

2. MATERIALS AND METHODS

The study was carried out and reported according to
the Standards for Reporting of Diagnostic Accuracy cri-
teria (STARD Initiative) [8].

2.1. Study Population

Patients with diabetes mellitus were considered for
enrollment in the study. Eligibility criteria included: 1)
age equal or greater than 50 years old and diagnosed of
diabetes mellitus; 2) able to walk; 3) given informed con-
sent. The exclusion criteria used were: 1) obese individ-
ual requiring special cuffs; 2) presence of painful in-
flammatory processes, wounds, phlebitis or extreme ede-
ma; 3) presence of revascularization procedures or am-
putation in any of the limbs. Patients were prospectively
enrolled during times the investigators were available.
Data collection started in February 2011 and finished in
December 2011.

2.2. Data Collection

Index test and reference standard were carried out se-
quentially during the same observation period after rest-
ing in supine position for 5 min in a room at 24°C. Nail
polish was removed before pulse oximetry was carried-
out. Data collection was planned before the index test
and reference standard was performed. Data included age,
sex, duration of diabetes mellitus since diagnosis, smok-
ing habit, diagnosis of hypertension or hyperlipidemia
and past history of coronary artery disease or cerebro-
vascular disease. Laboratory data obtained were fasting
blood glucose, hemoglobin,;., total cholesterol, HDL
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cholesterol, triglycerides, creatinine, glomerular filtration
rate estimated by means of Modification of Diet in Renal
Disease (MDRD-4) formula. In addition, patients were
assessed for symptomatic peripheral artery disease by
means of the Edinburgh claudication questionnaire [9].

2.3. Index Test

We used the Oxym6000 pocket-size fingertip pulse
oximeter (Quirumed Health & Care, Beijing, China).
These devices have a measurement range from 70 to
99%, and an accuracy of = 2% on the stage of 70% -
99%. Pulse oximetry of the toes was considered abnor-
mal if there was a decrease of more than 2% in arterial
oxygen saturation (Sa0,) at the toe from the finger or a
decrease of more than 2% on elevation of the foot by 30
cm at each side (SaO, gradient > 2%).

2.4. Reference Standard

The ankle-brachial index was used as the reference
standard to identify patients with peripheral artery dis-
ease. Ankle-brachial index (ABI) was calculated in every
patient after collection of all data. We used the ratio of
the highest registered measurement of ankle and brachial
blood pressure.

We used the definitions of normal and abnormal ABI
values provided by the American College of Cardiology
Foundation/American Heart Association Task Force on
Practice Guidelines last review [4]. This includes a nor-
mal ABI range of 1.00 to 1.40, and abnormal values con-
tinue to be defined as those less than 0.90. ABI values of
0.91 to 0.99 are considered “borderline” and values grea-
ter than 1.40 indicate noncompressible arteries.

A handheld Doppler device with an 8 MHz continuous
wave probe (Minidop ES-100 VX, Hadeco Inc., Japan)
was used to assess the systolic blood pressure at the bra-
chial, dorsalis pedis and posterior tibial arteries at each
limb. Once the pulse sound was located by the handheld
Doppler probe, a 24 - 32 cm. cuff of an aneroid sphyg-
momanometer (Riester Minimus III, Germany) was in-
flated until the signal disappeared. The cuff was then
slowly deflated and the pressure at which the signal re-
appeared was recorded. Examination was repeated up to
three times if no recording was obtained.

2.5. Sample Size Estimation

We would recommend pulse oximetry as an alternative
diagnostic test if there were 80% certainty (power = 0.80)
that its sensitivity was not more than 20% less than that
for the ankle-brachial pressure index measured by hand-
held Doppler. On the basis of literature data, the esti-
mated sensitivity for ankle-brachial index measured by
Doppler is 95% [10]; therefore the expected sensitivity
of pulse oximetry was set at 75% or more. We used as
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rejection limit for type I error 0.05 (one-tailed). Accord-
ing to these assumptions, a total of 38 consecutive pa-
tients with peripheral vascular disease were needed to
test our hypothesis [11].

2.6. Statistical Analysis

Continuous variables are summarized as mean (stan-
dard deviation) when normally distributed and median
(interquartile range) when asymmetrically distributed.
Categorical variables are presented as numbers (percent-
age). We analyzed the data using the handheld Doppler
as the reference standard. Sensitivity, specificity, likeli-
hood ratios and area under the receiving operating char-
acteristic curve were derived for abnormal pulse oxi-
metry with 95% confidence intervals (ClIs). An analysis
of receiving operating characteristic curve was used to
select the SaO, gradient that maximized sensitivity
without compromising specificity (MedCalc Software
version 12.3.0, Mariakerke, Belgium). Statistical analysis
was carried out using 2-way contingency table analysis
and paired T-test (SPSS version 15.0, Chicago, USA).

3. RESULTS

3.1. Clinical and Demographic
Characteristics

We screened a total of 250 patients. Twenty-seven
(11%) patients were excluded due to not having measur-
able Sa0O, finger-to-toe gradients. A total of 223 patients
were analyzed. Patients entering the study had a median
age of 65 years (interquartile range from 59 to 71). Fifty-
nine percent of patients were male. The median time
since the diagnosis of diabetes was 10 years (interquar-
tile range from 5 to 17 years). There was no difference
between paired systolic blood pressure measurements in
right arm and left arm (136.37 &+ 24.28 mmHg vs. 136.16
+22.90 mmHg; P =0.79).

As shown in Table 1, among 223 patients, 171 (76.7%)
had hypertension, 176 (78.9%) hyperlipidemia, 55 (24.7%)
were smokers, and 86 (38.6%) had a previous cardio-
vascular event. A total of 48 (21.5%) patients had a re-
duction of the estimated glomerular filtration rate below
60 mL/min/1.73 m”.

A total of 47 (21.0%) patients had ankle-brachial index
values less than 0.90, with a mean (SD) value of 0.70
(0.10). According Edinburgh questionnaire 27 (57.4%)
had symptomatic peripheral arterial disease.

3.2. Pulse Oximetry Values

A total of 1392 (93%) valid SaO, readings were ob-
tained. Patients with ankle-brachial index less than 0.90
showed statistically significant reductions in SaO, values
taken at feet when they were compared to patients with
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Table 1. Characteristics of the patients entering the study (N =
223).

Characteristic

Age (years), median [IQR] 65 [59 - 71]
Se’;’/l':le(%) 133 (59.6)
Female 90 (40-4)
Time since dlsiriﬁzlns [(}fQ (Ez]ibetes (years), 105-17]
Patients with hypertension, N (%) 171 (76.7)
Patients with hyperlipidemia, N (%) 176 (78.9)
Patients with previous cardiovascular event, N (%) 86 (38.6)
Tobacco smoking status, N (%) Current 55(24.7)

Fasting plasma glucose (mg/dL), median [IQR] 147 [119 - 189]
Glycated haemoglobin level (%), median [IQR]
Glycated haemoglobin level (mmol/mol),
median [IQR]

74165 -8.4]
5748 - 68]

Total cholesterol (mg/dL), median [IQR]
HDL cholesterol (mg/dL), median [IQR]

165 [136 - 189]
4437 - 53]

Triglycerides (mg/dL), median [IQR] 131 [93 - 178]

Creatinine (mg/dL), median [IQR] 0.9[0.8-1.1]
Estimated glomerular filtration rate, N (%)
. , 5(2.3)
<30 ml/min/1.73 m

; s 43 (19.2)
30 - 59 ml/min/1.73 m 175 (78.5)

>59 ml/min/1.73 m’ :
Symptomatic intermittent claudication, N (%) 27 (12.1)

Hypertension was defined as current treatment for hypertension or a blood
pressure of 140/90 mmHg or more. Hyperlipidemia was defined as current
treatment for hypercholesterolemia or hypertriglyceridemia, or a non-high
density lipoprotein cholesterol concentration greater than 130 mg/dL or
triglycerides greater than 150 mg/dL. Symptomatic intermittent claudication
defined by Edinburgh questionnaire.

normal ankle-brachial index (Table 2). We did not ob-
serve significant differences in SaO, values taken at feet
compared to those taken at fingers within the ankle-bra-
chial index categories considered (low, normal, or high).
There were no significant differences in Sa0O, values
taken at feet on horizontal or after 30° elevation. Table 3
shows the distribution of finger-to-toe gradients accord-
ing several intervals of ankle-brachial index. There was a
significant association (P = 0.013) among ankle-brachial
index intervals and finger-to-toe gradient categories.

3.3. Overall Performance of Fingertip
Pulse Oximetry

Figure 1 described the flowchart of patients entering
the study. Twenty-seven patients had not measure SaO,
at toes, among them 17 (63%) patients had ankle-bra-
chial index less than 0.90, 8 (30%) had normal ankle-
brachial index values and, 2 (7%) had ankle-brachial
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Table 2. Sa0, at finger- and toe-tips according ankle-brachial index categories.

Ankle-brachial index category

Group A: ABIL Comparison: Group Group B: ABI Comparison: Group B Group C: ABI> 1.4
<0.9 (N=47) Avs. Group B P 09-14(N=172) vs. Group C P (N=4)
Sa0; (%)
Right arm, mean (SD) 97.07 (1.34) 0.264 97.37 (1.31) 0.570 97.75 (0.50)
Sa0, (%)
Left arm, mean (SD) 96.84 (1.57) 0.341 97.17 (1.69) 0.490 97.75 (0.50)
Sa0, (%)
Left leg 0° elevation, 95.97 (2.96) 0.029 97.26 (2.07) 0.636 97.75 (0.50)
mean (SD)
Sa0, (%)
Left leg 30° elevation, 96.06 (1.88) 0.033 97.36 (2.06) 0.541 98.00 (0.00)
mean (SD)
Sa0, (%)
Right leg 0° elevation, 95.93 (3.75) 0.035 97.49 (1.23) 0.409 98.00 (0.00)
mean (SD)
Sa0, (%)
Right leg 30° elevation, 96.45 (3.03) 0.043 97.67 (1.22) 0.577 98.00 (0.00)
mean (SD)

Table 3. Distribution of finger-to-toe gradient greater than 2% according different groups of ankle-brachial index values.

Ankle-brachial index interval

Less than 0.50 (%)  0.50-0.79 (%) 0.80-0.89 (%) 0.90-0.99 (%) 1.00-1.40 (%) Greater than 1.40 (%)
Finger-to-toe
$20, > 2% (abnormal) 0(0) 13 (50) 7(35) 10 31) 26 (19) 0 (0)
Finger-to-toe
Sa0, < 2% (normal) 1 (100) 13 (50) 13 (65) 22 (69) 114 (81) 4 (80)
Eligible ptients values greater than 1.40.
= — Among 223 patients analyzed, 56 (25.1%) had a fin-
53?::;:‘:;2 ger—to-toe San gr.adient greate.r than 2% suggesting pe-
N=27(11%) ripheral arterial disease. In this group, 20 (35.7%) pa-
— tients had true positive results with a mean ( = SD) an-
S kle-brachial index 0.66 (= 0.14), and 36 (64.3%) patients
T had false positive results with a mean ankle-brachial in-
! 1 dex 1.07 (£ 0.12) (P <0.001).
Finger-Toe Finger-Toe A total of 167 patients (74.9%) had normal values of
i o, w",‘ V:i%{:; finger-to-toe SaO, gradient, suggesting absence of pe-
e Lo ripheral arterial disease. In this group, 136 (81.4%) pa-

! :

Handheld Doppler

Handheld Doppler
N=56

S N=167
Ankle- Ankle-
brachial index [¢ brachial index  je—]
>1.4 >14
N=0 N=4(2.4%)

Ankle- Ankle- Ankle- Ankle-
brachial brachial brachial brachial
index index index index
<09 0.9-1.4 <09 0.9-1.4
N=20 N=36 N=27 N=136
(35.7%) (64.3%) (16.2%) (81.4%)

Figure 1. Flow diagram of the finger-toe pulse oximetry accu
racy compared with handheld Doppler to estimate the presence
of peripheral arterial disease.
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tients had true negative results with mean ( + SD) an-
kle-brachial index 1.08 ( + 0.11) and 31 (18.6%) patients
had false negative results with mean ( = SD) ankle-
brachial index 0.78 (£ 0.22) (P <0.001).

The overall performance of fingertip pulse oximetry
was: sensitivity 42.6% (95% CI 30.0% - 55.3%), speci-
ficity 79.1% (95% CI 75.7% - 82.6%), positive predic-
tive value 35.7% (95% CI 25.2% - 46.4%), negative pre-
dictive value 83.4% (95% CI 79.8 - 87.1), positive like-
lihood ratio of 2.03 (95% CI 1.23 - 3.17) and, a negative
likelihood ratio of 0.73 (95% CI 0.54 - 0.93) (Table 2).

The area under the receiving operating characteristic
(ROC) curve was 0.69 (95% CI 0.62 to 0.77) (Figure 2).
In order to assess the consistency of the results, we car-
ried out a subgroup analysis. The subgroups analyzed
were: sex, male vs. female; time since diagnosis of dia-
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Figure 2. Area under the receiver operator characteristic
curve and 95% confidence intervals for SaO, gradient
measured by pocket pulse oximeter for the diagnosis of
peripheral arterial disease.

betes, <10 years vs. >10 years; presence of intermittent
claudication, yes vs. no; past history of cardiovascular
disease yes vs. no. Subgroup analysis showed a poor sen-
sitivity and fair specificity of the pocket pulse oximetry
for every category of patients considered (Table 4).

4. DISCUSSION

We confirmed the hypothesis that patients with ankle-

brachial index less than 0.90 showed significant decrease
in SaO, values taken at feet when they were compared to
those obtained from patients with normal ankle-brachial
index. However, the discriminative power of finger-to-
toe Sa0, to diagnose peripheral arterial disease was poor.
Moreover, in 11% of patients the fingertip device was not
able to assess SaO, at toes.

Our study population accumulated significant cardio-
vascular risk factors with a high proportion of hyperten-
sion, hyperlipidemia and a long duration of diabetes. The
prevalence of peripheral arterial disease defined by an
ankle-brachial index less than 0.90 was 21.6%, a value
similar than that reported in other population studies of
patients with diabetes that varied between 19% and 31%
[12,13].

In our experience the use of fingertip pulse oximetry
as screening tool for peripheral arterial disease had a
sensitivity value of 42.6%, with a positive predictive
value of 37.5%. On the other hand, pulse oximetry
showed a specificity of 77.2% with a negative predictive
value of 83.4%, meaning that it had better performance
for ruling out the disease.

The use of fingertip pulse oximetry for detecting pe-
ripheral arterial disease has been evaluated in a number
of studies. Parameswaran el al. studied 57 asymptomatic
patients with mean age 63 years and 9 years of known
duration of diabetes in whom peripheral arterial disease
was confirmed in 31% by Doppler waveform analysis [7].
The study showed that pulse oximetry had a sensitiveity
of 77% and a specificity of 97%. Joyce et al. [14] and
Ignjatovi¢ et al. [15] used pulse oximetry to evaluate
degree of limb ischemia in patients attending two surgi

Table 4. Results for the pulse oximetry test according different categories of risk.

Test results

Sensitivity
(95% CI), %

Specificity
(95% CI), %

Positive likelihood
ratio (95% CI)

Negative likelihood

ratio (95% CI)

Time since diagnosis of diabetes

Equal or greater than 10 years

Sex
Male
Female

Less than 10 years

Unknown

Intermittent claudication

Yes
No

Past history of
cardiovascular disease

Yes

No

43.55 (25.31- 68.63)
45.52 (19.42 - 72.4)

50.10 (21.42 - 78.09)

36.83 (18.33 - 58.04)

50.03 (32.53 - 65.50)
33.32(9.22-67.78)

38.12 (20.51 - 56.84)

60.07 (28.62 - 85.71)

74.44 (69.82 - 79.32)
85.90 (81.56 - 90.67)

82.83 (78.31 - 87.23)

77.62 (73.05 - 82.97)

75.03 (63.05 - 85.66)
81.21(79.34 - 83.88)

76.4 (69.72 - 83.59)

81.3(77.94 - 84.14)

1.70 (0.84 - 3.21)
3.23 (1.04 - 7.66)

2.90 (0.99 - 6.09)

1.64 (0.68 - 3.40)

2.00 (0.88 - 4.56)
1.77 (0.45 - 4.19)

1.61 (0.68 - 3.45)

3.21(1.29 - 5.40)

0.76 (0.47 - 1.07)
0.63 (0.31 - 0.99)

0.60 (0.25 - 1.00)

0.81 (0.51 - 1.12)

0.67 (0.40 - 1.07)
0.82 (0.38 - 1.14)

0.81(0.52 - 1.14)

0.49 (0.17 - 0.91)
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cal vascular units. They found that SaO, assessed by
pulse oximetry was useful to determine the stage of func-
tional ischemia and the success of revascularization.

On the contrary, a poor sensitivity of pulse oximetry
has been observed in some other studies. Jawahar et al.
[16] studied a total of 51 legs with moderate and severe
peripheral arterial disease and the sensitivity was 53%.
Couse et al. [17] analyzed arterial oxygen saturation at
the big toe in fourteen symptomatic patients with exer-
cise induced leg pain, seven elderly men admitted to the
hospital for a variety of reasons unrelated to vascular
disease and six young men with no symptoms. Surpris-
ingly, arterial oxygen saturation at rest was similar
among three groups. They did not evaluate the perform-
ance characteristics of the test. Reasons for such dis-
crepancies in test performance lie mainly in the type of
population examined. Patients with symptoms of periph-
eral arterial disease or those suffering revascularization
procedures are those with greater arterial perfusion de-
fects, thus increasing the sensitivity of diagnostics tests.
On the other hand, patients entering screening programs
have lower probability of finding significant perfusion
defects, and will require more sensitive tests to detect the
disease. It had been argued that ankle-brachial index may
not be the best reference method for diagnosis of periph-
eral vascular disease in patients with longer duration of
diabetes mellitus or suffering from chronic kidney dis-
ease. The reasons are related with falsely elevated values
of ankle-brachial index due to vascular calcification and
noncompressible vessels [18,19]. A recent study con-
firmed the association between diabetes, regular hemodi-
alysis and presence of arterial calcification in 269 pa-
tients with critical limb ischemia, but neither ankle sys-
tolic blood pressure nor ankle-brachial index were af-
fected by the presence of vessel calcification [20]. Re-
garding our data, if long standing diabetes would have
produced falsely elevated values of ankle-brachial index
it should have been expected that pulse oximetry had
greater sensitivity to detect significant arterial perfusion
defects. From our data, and the literature reviewed pulse
oximetry showed better performance to rule out signifi-
cant peripheral arterial disease.

Our study included as strengths 1) a large sample size,
big enough to assess test performance; 2) comparison
with a known reference standard for office diagnosis; and
3) appropriate spectrum of patients in which the diagnos-
tic test should apply in clinical practice. Although we
found the use of pulse oximeter devices useful to rule out
significant peripheral arterial disease, our study had
some limitations: 1) we did not evaluate the interobser-
ver variability, nevertheless all physicians had a training
period before performing the test; 2) the sequence of
measurements, pulse oximetry followed by ankle-bra-
chial index may have biased the results, but the bias
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should have increase the agreement between two meth-
ods; and 3) there was no confirmatory test such as lower
limb angiography to assess the presence of peripheral
arterial disease, however, several societies consider that
resting ankle-brachial index has enough sensitivity and
specificity to be used a reference method [3,4].

In conclusion, pocket pulse oximeters showed insuffi-
cient sensitivity as screening method for peripheral arte-
rial disease in patients with diabetes mellitus. Ankle-
brachial index measured by Doppler remains as the ref-
erence method for diagnosing peripheral arterial disease
in clinical practice.
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