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Abstract
Introduction The development of new highly accurate, inexpensive and accessible methods for the detection of lower-
extremity peripheral artery disease (LE-PAD) in diabetic patients is required. The aim of this study was to evaluate the
accuracy of a new incoherent optical fluctuation flowmetry (IOFF) method in detecting legs with hemodynamically sig-
nificant stenoses compared to ankle brachial index (ABI) and transcutaneous oximetry (TcPO2) in patients with diabetes
mellitus (DM).
Materials and methods Patients were recruited into 2 groups. Group 1 included patients with DM without LE-PAD and/or
diabetic foot syndrome; Group 2 included patients with DM and LE-PAD. All patients underwent the following mea-
surements: ultrasound (reference method), ABI, TcPO2, and the new IOFF method.
Results The new IOFF method showed a sensitivity of 79.5% and a specificity of 89.8% in detecting limbs with hemo-
dynamically significant stenosis (AUC 0.890, CI 0.822–0.957). TcpO2 allows the diagnosis of LE-PAD with 69.2%
sensitivity and 86.2% specificity (AUC 0.817, CI 0.723–0.911). Using a standard ABI cut-off of less than 0.9, the sensitivity
and specificity for this parameter were 34.5% and 89.7%, respectively. Increasing the diagnostic cut-off of the ABI on the
study group to 0.99 improved sensitivity to 84.6% and specificity to 78% (AUC,0.824 CI 0.732–0.915).
Conclusions The new IOFF technique has demonstrated high sensitivity and specificity in the detection of LE-PAD in
patients with DM. The high accuracy, rapid measurement, and potential availability suggest that the new IOFF method has a
high potential for clinical application in the detection of PAD.

Keywords Ankle brachial index ● Peripheral artery disease ● Incoherent optical fluctuation flowmetry ● Transcutaneous
oximetry

Introduction

Lower extremity peripheral artery disease (LE-PAD) is
caused by atherosclerosis of the arteries, resulting in
arterial narrowing or occlusion [1, 2]. PAD is associated
with a significant risk of limb loss and cardiovascular

mortality. Diabetes is known to increase both the inci-
dence of LE-PAD and the severity and progression of the
disease [3]. In addition, LE-PAD is frequently asympto-
matic in patients with diabetes [2].

Digital subtraction angiography is the gold standard for the
diagnosis of LE-PAD. However, it is an expensive and
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invasive procedure with a risk of complications, so non-
invasive vascular imaging methods such as duplex ultra-
sonography are more frequently performed to assess vessel
patency and the degree of stenosis [4, 5]. This method is highly
accurate in detecting stenosis and is a first-line method [5, 6].

The most widely used routine screening test for PAD is the
ankle-brachial index (ABI) [6, 7]. However, it is known that
the accuracy of ABI is limited in patients with diabetes
mellitus (DM) due to medial arterial calcification and neuro-
pathy [8, 9]. Thus, in a large systematic review with the meta-
analysis by V. H. Chuter et al. (2021), ABI was shown to
have a sensitivity of 60% (95% CI 0.48 to 0.71; P= 0.097)
and specificity of 87% (95% CI 0.78 to 0.92; P < 0.001) for
the detection of LE-PAD. According to various studies
included in the meta-analysis, the sensitivity ranged from 17%
to 100% and the specificity from 59% to 99% [10]. The
authors conclude that ABI has limited efficacy for the early
detection of LE-PAD in patients with DM [10]. In addition,
ABI measurement is an operator-dependent procedure and
can be painful for patients with lower limb ischemia [6].

Therefore, the assessment of ABI in patients with dia-
betes has limited accuracy. So, a new, inexpensive, con-
venient, and accurate method for LE-PAD screening tests is
required. A number of optical methods have been proposed
as promising techniques for the detection and management
of patients with LE-PAD (pulse oximetry, Laser-Doppler
flowmetry, Laser speckle contrast imaging, near-infrared
spectroscopy, fluorescence imaging etc.) [5, 7, 11–14].
However, due to a number of limitations, none of these
methods has found widespread clinical applications.

Incoherent optical fluctuation flowmetry (IOFF) is a new
optical method for assessing perfusion developed at the
Laboratory of Medical and Physics Research, Moscow
Regional Research and Clinical Institute (“MONIKI”). Pre-
vious studies have shown a high correlation of IOFF para-
meters with TcPO2 and the high sensitivity and specificity in
identifying limbs with critical ischemia [15]. However, to
date, no studies have evaluated the potential of the IOFF to
detect limbs with hemodynamically significant stenosis.

The aim of this study was to evaluate the accuracy of the
new IOFF method in identifying legs with hemodynami-
cally significant stenosis compared to ankle-brachial index
(ABI) and transcutaneous oximetry (TcPO2) in patients
with diabetes mellitus (DM).

Materials and methods

Study design, population, and data sources

This observational, two-center study was conducted on
patients with type 2 DM undergoing inpatient treatment.
Patients were recruited into 2 groups:

● group 1 included patients without hemodynamically
significant stenosis/occlusion of lower limb arteries and/
or diabetic foot syndrome;

● group 2 included patients with hemodynamically
significant stenosis/occlusion of lower limb arteries.

Arterial duplex ultrasonography was used as the refer-
ence standard for the determination of the presence of
hemodynamically significant LE-PAD. Hemodynamically
significant LE-PAD was defined as the presence of stenosis
of more than 50 % of the lumen according to results of
ultrasound duplex scanning [5, 16].

Exclusion criteria (common to both groups): preg-
nancy; skin diseases that prevent the study; diagnosed
systemic autoimmune diseases; severe heart rhythm
disorders (atrial fibrillation, frequent extrasystoles);
blood diseases thrombocytopenia, anemia (hemoglobin
less than 90 g/L); fever of any origin; exacerbation of
concomitant chronic diseases; stage 5 chronic kidney
disease; use of hormone replacement therapy, oral con-
traceptives; regular use of steroids, nonsteroidal anti-
inflammatory drugs (therapy with antiaggregants was not
an exclusion criterion).

The study was conducted at 2 centers: (1) Moscow
Regional Research and Clinical Institute (“MONIKI”); (2)
Federal State Budgetary Institution “V.A. Almazov
National Medical Research Center” of the Ministry of
Health of the Russian Federation.

Assessment of hemodynamics

All patients were assessed for lower limb hemodynamic
parameters using the following methods: ultrasound (as
reference method), ABI, transcutaneous oximetry (TcPO2),
IOFF. During all measurements, patients were placed in the
supine position on an examination bed, and all measure-
ments were performed sequentially on two limbs. All
patients were asked to refrain from smoking for 3 h prior to
testing.

Duplex ultrasound

Duplex ultrasound of lower limb arteries was performed
using the Vivid 7 Dimension, GE Healthcare, USA, and
Philips Affinity 50, Philips Ultrasound, USA. The ultra-
sound protocol included an assessment of the presence of
hemodynamically significant stenoses in 6 major arteries
of each lower limb (common femoral, deep femoral,
superficial femoral, popliteal, anterior tibial, posterior
tibial). Hemodynamically significant stenosis was defined
as a diameter reduction of 51–99%, including occlusions.
[5, 15, 16].
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Ankle-brachial index

The ABI measurement was carried out according to the
recommendations of the American Heart Association [17].
After a 10-minute rest, the systolic blood pressure was
measured at the posterior tibial, dorsal pedis, and brachial
arteries. To record blood pressure, a Doppler probe was
placed over the pulsing artery at an angle of 45° to 60° to
the surface of the skin.

The ABI of each leg was calculated by dividing the
highest ankle pressure (in the posterior tibial or dorsal pedis
arteries) by the highest arm pressure.

Transcutaneous oxygen pressure measurement (TcPO2)

TcPO2 was measured using the TCM4, Radiometer,
Copenhagen, Denmark. The patient was in the supine
position for 10 min prior to the measurement. TcPO2 was
measured by placing a probe against the skin on the dorsal
surface of the foot at the first intermetatarsal space. If ulcers
were present in this area, the sensor was moved to the
nearest ulcer-free area. The probe was heated up to 44 °C.
Registration of TcPO2 was carried out after 15–20 min of
local heating.

Perfusion measurement using the IOFF method

Tissue perfusion was assessed using the IOFF method. The
IOFF method is based on the spectral analysis of low-
frequency fluctuations (0–10 Hz) of the optical signal back-
scattered from the tissue with subsequent calculation of per-
fusion [18]. Herewith, the calculated perfusion is proportional
to blood volume changes in a tissue per unit time. In contrast
to all known laser-based flowmetry techniques, IOFF does not
require the use of optical fibers and lasers and makes it pos-
sible to obtain a signal from a larger volume of tissue (tens of
mm3) [19, 20].

Prototypes of a new diagnostic device made by joint-
stock company “Elatma Instrument-Making Enterprise”
(Ryazan, Russia) were used to measure foot tissue per-
fusion. The optical sensor of the device uses three LED
sources operating in the wavelength range of 560–580 nm
and one silicon photodiode. The heating metallic plate is
incorporated into the sensor to perform functional tests
with skin heating, as well as to ensure conditions for
thermal stabilization of the measurement area. Herewith,
the temperature of the plate can vary in the range from 30
to 45° C. An operator can set a desired heating tem-
perature with a given heating rate (0.1–1.5° C/s).

Prior to measurement, all patients rested for 10 min in the
supine position in a room at a comfortable temperature. The
sensor was applied to the dorsal surface of the foot (same
site as the TcPO2 electrode). During the first 60 s, the

temperature of sensors was kept thermoneutral at
32 ± 0.5 °C and baseline perfusion was assessed. After that
a thermal test was performed, the sensor was heated at a rate
of 1.5 °C/s to a temperature of 42 ± 0.5 °C. This sensor
temperature was maintained until the end of the measure-
ment. Perfusion was measured for 6 min. The following
parameters were evaluated: Baseline perfusion was calcu-
lated as the median baseline perfusion level for the first 60 s
of measurement; Local thermal hyperemia 1–5 min (LTH
1–5 min) was calculated as the median perfusion for each
minute of heating.

An example of a perfusion curve obtained during the
local heating test is shown in Fig. 1.

Statistical analysis

Statistical analysis was performed in RStudio 2022.02.1
Build 461 using R language version 4.2.1. Gtsummary 1.6.2
package [21]. was used to calculate descriptive statistics and
compare groups. Medians and quartiles were calculated for
quantitative variables and absolute (n) and relative (%)
frequencies for qualitative variables. Quantitative variables
in the two groups were compared using the Mann-Whitney
test. Qualitative characteristics were analyzed using Chi-
square or Fisher’s exact test. Diagnostic accuracy of quan-
titative measures was assessed using ROC-analysis (pROC
1.18.0 package [22]). The type I error rate (α) was set at
0.05 and null hypotheses were rejected at p < 0.05.

Power analysis of the study was performed using the
pROC package (power.roc.test function). To detect fea-
tures with an AUC ≥ 0.7 with α= 0.05, a power level of
93.7% was achieved in the current study with 39 limbs
with stenosis (cases) and 59 limbs without stenosis
(controls).

Results and discussion

This study included 49 patients (98 lower limbs). The
characteristics of the groups are shown in Table 1. There
were 26 patients in group 1 and 23 patients in group 2.

Table 2 summarizes results of the lower extremity blood
flow assessment in patients from two groups.

It was shown that all the studied parameters differed
significantly in the two groups.

The table shows that some patients from group 1 (people
without hemodynamically significant stenoses) had a
pathological ABI value (more than 1.4 or less than 0.9) and
a decrease of TcpO2 less than 30 mm Hg. This may be due
to both the limited accuracy of these methods and the initial
perfusion disorders that can develop in patients without
major vessel involvement.
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Additionally, limbs with and without ulcers were com-
pared in group 2. No statistically significant differences
were found (Appendix 1, Table 5).

Asymmetric lesions of the lower limb vessels were
noted in a number of patients in groups. It is clinically
important to identify a specific limb with hemodynamically
significant stenoses. Therefore, further analysis was per-
formed on 98 limbs (39 limbs with stenoses, 59 limbs
without stenoses).

Evaluation of the sensitivity and specificity of
methods in detection of extremities with
hemodynamically significant stenoses

The diagnostic accuracy of different methods used and the
optimal cut-off values were evaluated using receiver oper-
ating characteristic (ROC) curve analysis (Table 3).

As shown in Table 3, the area under the ROC curve
was higher for all IOFF parameters than for TcPO2 and

ABI. The parameter “LTH, 3 min” had the maximum area
under the ROC curve and the maximum diagnostic
accuracy (AUC 0.890; 0.822–0.957) (AUCIOFF). There-
fore, further analysis of the informativity of the IOFF
method was carried out using this parameter. Figure 2A
shows the ROC curves for the detection of limbs with
hemodynamically significant stenoses.

Although the AUC values for IOFF, were higher than the
AUC values for ABI and TcPO2, this advantage was not
sufficient to achieve statistical significance. The difference
AUCIOFF – AUCABI (with 95% confidence interval) was
0.066 (−0.034, 0.166), and the difference AUCIOFF –

AUCTcPO2 was 0.073 (−0.012, 0.156) (Fig. 2B). These
difference values do not allow us to claim that the difference
between AUCIOFF – AUCABI or AUCIOFF – AUCTcPO2 are
significantly greater than 0 and to accept the superiority
hypothesis. However, if we consider the non-inferiority
margin of AUC difference as 0.05, we can accept the non-
inferiority hypothesis, and conclude, that the effectiveness

Fig. 1 A An example of a perfusion curve obtained by IOFF. B Measurement procedure
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of IOFF in the detection of limbs with stenosis is not worse
than of ABI or TcPO2.

The sensitivity and specificity of these three analyzed
methods in detecting limbs with stenosis were calculated.
The results of the analysis are presented in Table 4.

It was shown that the IOFF method allows the iden-
tification of limbs with hemodynamically significant
stenosis (optimal cut-off LTH, 3 min ≤1.96 PU) with a
sensitivity of 79.5% and a specificity of 89.8%. Both the
sensitivity and specificity of the IOFF method were
higher than that of TcpO2 and higher than that of ABI
(although these advantages were statistically significant
only for the sensitivity of standard thresholds of ABI,
Table 4).

Our results showed sensitivity of 69.2% and specificity
of 86.2% for TcpO2 ≤ 38 mmHg in detecting >50% ste-
nosis. The use of transcutaneous oximetry as a method
for identifying extremities with stenosis has been

discussed in a number of publications [23, 24]. However,
in clinical practice, TcpO2 is usually applied to assess the
prognosis of the ischemic limb and to choose optimal
management tactics, rather than to diagnose or screen for
LE-PAD. Despite its relatively high sensitivity and spe-
cificity, this method is poorly suited as a screening
method due to the long duration of measurements and the
high cost of consumables.

The ABI is the most widely used and recommended
screening test for PAD. The test of ABI ≤ 0.90 is used for
the diagnosis of PAD. Our study showed that the sensi-
tivity and specificity of ABI ≤ 0.90 in detecting hemo-
dynamically significant stenoses were 34.5% and 89.7%,
respectively. However, it is known that in patients with
diabetes the ABI is often falsely overestimated due to
medial arterial calcification. An increase in the ABI
above 1.4 is also considered as a poor prognostic sign and
an indication for further investigation [8, 25]. In addition,
in our study, ABI could not be assessed in 11 limbs due to
lack of pulsation in the foot arteries or due to severe pain,
which is a contraindication for measurement. Since in
clinical practice such test results would be considered
abnormal and would require further investigation for
PAD, we performed an additional analysis in which we
considered ABI less than 0.9, greater than 1.4, and
inability to assess ABI due to the absence of pulsation in
the foot arteries or presence of pain syndrome as abnor-
mal results of the ABI test. In this analysis, the sensitivity
and specificity of the ABI were 53.8% and 84.7%,
respectively.

Receiver Operator Characteristics (ROC) analysis was
performed to assess the optimal threshold ABI value
(“closest to the top left corner” threshold) that predict LE-
PAD. The 0.99 was the optimal ABI cut-off associated
with 84.6% sensitivity and 78% specificity for detecting
hemodynamically significant stenosis (lesions >50%).
For this ROC analysis, limbs in which it was impossible
to assess the ABI due to the absence of pulsation in the
foot arteries or severe pain were assigned an ABI value of
0. In the study group, an ABI cut-off of 0.99 was optimal
instead of the conventional 0.9. This result is in line with
previous studies. It is known that highly frequent arterial
medial calcifications in diabetes may increase ABI. And a
number of researchers are actively discussing the increase
in the thresholds of ABI for patients with DM [8, 26].
Thus, the review by A. Abouhamda (2019) suggested
increasing the diagnostic limit of ABI for patients with
DM to 1–1.1 [27]. A higher incidence of intermittent
claudication has been reported when ABI values were
within the lower normal range (0.90–0.99) than in the
upper normal one (1.0–1.39) [28]. According to Clairotte
et al., in patients with diabetes mellitus, the cut-off values
that provide the highest sensitivity and specificity for

Table 1 Clinical characteristics of the groups

Part 1. Characteristics of
patients

Group 1
(N= 26
patients)

Group 2
(N= 23
patients)

p

Age, years, Me (IQR) 58 (56, 64) 64 (58, 69) 0.050

Body mass index, kg/m2, Me
(IQR)

32.4
(26.6, 36)

28.4
(26.9, 33.9)

0.4

Sex: male/female, n (%) 22 (84.6%)/
4 (15.4%)

15 (65.2%)/
8 (34.8%)

<0.001

MNSI (Part A), Me (IQR) 6 (5, 7) 9.00
(8.00, 9.50)

<0.001

MNSI (Part B), Me (IQR), 4.25 (3.25, 6) 7.00
(5.50, 8.00)

0.001

HbA1c, %, Me (IQR) 8.8
(7.73, 9.87)

8.10
(7.12, 9.34)

0.3

eGFR using CKD-EPI
(ml/min/1.73 m2), Me (IQR)

90 (80, 98) 79 (66, 85) 0.044

Part 2. Characteristics of lower limbs Group 1
(N= 52
limbs)

Group 2
(N= 46
limbs)

p

Feet with lower-extremity ulcers, n

Neuropathic foot ulcers 0 4 (8.7%)

Ischemic foot ulcers 0 2 (4.3%)

Neuro-ischemic foot ulcers 0 5 (10.9%)

Lower limbs with hemodynamically
significant artery stenoses by duplex
ultrasound

<0.001

Absence 52 (100.0%) 7 (15.2%)

Presence 0 (0.0%) 39 (84.8%)

Lower limbs with different numbers of stenoses

Stenosis of 1 artery 0 11 (23.9%)

Stenosis of 2 artery 0 13 (28.3%)

Stenosis of 3 artery 0 6 (13.0%)

Stenosis of 4 artery 0 9 (19.6%)

eGFR using CKD-EPI estimated glomerular filtration rate according to
chronic kidney disease epidemiology collaboration, HbA1 glycated
hemoglobin, LQ lower quartile, Me median, UQ upper quartile, MNSI
The Michigan Neuropathy Screening Instrument

Endocrine



PAD screening are between 1.0 and 1.1 [29]. With
standard diagnostic thresholds, the ABI method showed
significantly lower sensitivity than the IOFF method,

while with an increase in the diagnostic threshold of ABI
to 0.99, the sensitivity and specificity of the methods are
comparable.

Sometimes the presence of single hemodynamically sig-
nificant stenoses and even occlusions can be compensated by
well-developed collateral blood flow. In this regard, an addi-
tional analysis was performed to assess the correlation of blood
flow parameters with a number of hemodynamically significant
stenoses. TcpO2 and all perfusion parameters assessed by the
IOFF method negatively correlated with the number of ste-
noses (Rs from −0.44 to −0.54). This additional data is pre-
sented in more detail in Appendix 2 (Table 6).

The IOFF method has a higher sensitivity and specifi-
city than ABI and TcPO2 in detecting PAD (statistical
significance for these differences is achieved only for
sensitivity of standard thresholds of ABI, Table 4). The
use of the IOFF technique allows a quick and painless
examination for the patients. For example, the average
time to measure unilateral ABI on one side is 14 min [30],
TcPO2 is 15–20 min [31], the perfusion measurement
time by IOFF in this study was 6 min. The most infor-
mative parameter was LTH, 3 min, which allows the

Table 2 Results of
hemodynamic assessment by
different methods

Group 1 (without stenoses),
N= 52 lower limbs

Group 2 (with stenoses),
N= 46 lower limbs

p-value

ABI, Me (IQR) 1.07 (1.00, 1.13) 0.94 (0.88, 0.98) <0.001

ABI,

>1.4, n (%) 2 (3.8%) 1 (2.2%) <0.001

1–1.4, n (%) 36 (69.2%) 7 (15.2%)

0.91–0.99, n (%) 11 (21.2%) 14 (30.4%)

0.4–0.9, n (%) 3 (5.8%) 12 (26.1%)

0.4, n (%) 0 (0.0%) 1 (2.2%)

not defined, n (%) 0 (0.0%) 11 (23.9%)

TcpO2 mm Hg.
Me (IQR),

49 (42, 55) 32 (10, 44) <0.001

TcpO2 mm Hg

<30 mmHg, n (%); 2 (3.8%) 20 (43.5%) <0.001

30–39 mmHg, n (%); 6 (11.5%) 9 (19.6%)

40–59 mmHg, n (%); 38 (73.1%) 15 (32.6%)

≥60 mmHg, n (%); 6 (11.5%) 2 (4.3%)

The new IOFF method

Baseline perfusion, PU, Me
(IQR)

1.10 (0.87, 1.47) 0.55 (0.40, 0.87) <0.001

LTH, 1 min, PU, Me (IQR) 1.82 (1.56, 2.07) 1.13 (0.87, 1.56) <0.001

LTH, 2 min, PU, Me (IQR) 3.03 (2.59, 3.84) 1.15 (0.84, 1.88) <0.001

LTH, 3 min, PU, Me (IQR) 3.62 (2.87, 4.50) 1.24 (0.83, 1.97) <0.001

LTH, 4 min, PU, Me (IQR) 3.34 (2.70, 4.14) 1.18 (0.87, 1.81) <0.001

LTH, 5 min, PU, Me (IQR) 2.91 (2.36, 3.82) 1.18 (0.85, 1.81) <0.001

ABI ankle-brachial index, IQR interquartile range, LTH 1–5 min local thermal hyperemia for each minute of
heating, p statistical significance

Table 3 Area under the ROC curve showing the diagnostic potential of
IOFF, TcPO2, and ABI for identifying legs with hemodynamically
significant stenosis

Parameter AUC LCL UCL

ABI 0.824 0.732 0.915

TcpO2 0.817 0.723 0.911

The new IOFF method

Baseline perfusion 0.831 0.745 0.916

LTH, 1 min 0.830 0.738 0.921

LTH, 2 min 0.877 0.802 0.952

LTH, 3 min 0.890 0.822 0.957

LTH, 4 min 0.865 0.783 0.948

LTH, 5 min 0.852 0.765 0.939

ABI ankle-brachial index, AUC area under the ROC curve, LCL lower
95% confidence limit, UCL upper 95% confidence limit, LTH 1–5 min
local thermal hyperemia for each minute of heating

Endocrine



sample time to be reduced to 4 min without compromising
its informative value. In addition, the ABI measurement
procedure is sometimes painful for patients with ischemia,
whereas perfusion assessment with the IOFF method is
painless. Importantly, the IOFF method does not require
expensive consumables, and the use of LEDs makes
the technology easy to implement and potentially
inexpensive.

The study contains several limitations. Operators measuring
ABI, perfusion by IOFF and TcPO2 were not blinded to the
occurrence of hemodynamically significant LE-PAD (lack of
blinding may be a potential cause of bias in the result). In this
study, group 2 included patients with already diagnosed PAD

and many patients had advanced symptomatic atherosclerosis.
A large cross-sectional study including asymptomatic at-risk
patients with an evaluation of the reproducibility of the method
is required to clearly evaluate the IOFF method as a screening
tool for lower extremity peripheral artery disease.

Statistically significantly higher sensitivity of IOFF com-
pared to standard ABI thresholds was demonstrated. For the
ROC-analysis the current sample size and the difference
between the methods allow us to confirm only the hypothesis
that the IOFF method is not worse to ABI and TcPO2 in
stenosis detection (non-inferiority hypothesis), but not superior.

Good sensitivity and specificity in the detection of
extremities with stenoses and high-speed measurement

Fig. 2 A Receiver operating characteristics (ROC) curves of IOFF (LTH, 3 min), TcPO2, and ABI. ROC curves for detecting >50% stenosis.
B Differences between the areas under the ROC-curves (AUCIOFF – AUCABI and AUCIOFF – AUCTcPO2) with two-sided 95% confidence intervals

Table 4 Sensitivity and specificity of IOFF, TcPO2, and ABI for detecting hemodynamically significant stenoses of lower limb arteries

Parameter Diagnostic threshold Sensitivity Sensitivity, difference to IOFF
(95% CI)

Specificity Specificity, difference to IOFF
(95% CI)

IOFF (LTH,
3 min), PU

≤1.96 79.5% – 89.8% –

TcpO2, mmHg. ≤38 69.2% −10.3% (−28.8%, 9.3%) 86.2% −3.6% (−15.6%, 8.5%)

ABI <0.9 34.5% −45% (−63.6%, −21.5%)a 89.7% −0.1% (−11.6%, 11.2%)

ABIb <0.9/ > 1.4/ unable to reliably
assessa

53.8% −25.6% (−44.2%, −4.6%)a 84.7% −5.1% (−17.2%, 7.3%)

ABIc <=0.99 84.6% 5.1% (−12.2%, 22%) 78% −11.9% (−24.7%, 1.8%)

a95% confidence interval does not include “0” value, which means, that difference to IOFF is statistically significant
bAbnormal ABI was defined as less than 0.9, more than 1.4 and the impossibility of assessing the ABI due to lack of pulsation in the arteries of the
foot or severe pain
cThe optimal cut-off value was evaluated using receiver operating characteristic (ROC) curve analysis
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make the method potentially promising both in the
diagnosis and screening tool for LE-PAD. The ability of
the IOFF method to detect hemodynamically stenoses
not worse than ABI and TcPO2 on the studied contrast
groups allows us to suggest a clinical potential of the
new IOFF method. Thus, our study showed that the IOFF
method is a promising tool for detecting lower extremity
peripheral artery disease in adults with type 2 DM.

Conclusion

Thus, the IOFF method has been shown to detect limbs with
hemodynamically significant stenoses in patients with DM
with high sensitivity and specificity. In the study group of
patients with diabetes mellitus, an ABI cut-off of 0.99 was
optimal instead of the conventional 0.9.

Data availability

Data are available from the corresponding author (P.G.)
upon reasonable request.
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Appendix

Tables 5, 6

Table 5 Comparison of
hemodynamic parameters in
limbs with and without ulcers in
group 2

Group 2 with ulcers, N= 11
lower limbs

Group 2 without ulcers, N= 35
lower limbs

p-
value

ABI, Me (IQR) 0.96 (0.92, 0.97) 0.94 (0.85, 0.99) 0.5

TcpO2 mm Hg. Me (IQR) 21 (4, 54) 34 (20, 42) 0.3

The new IOFF method

Baseline perfusion, PU, Me
(IQR)

0.55 (0.28, 1.28) 0.54 (0.42, 0.84) 0.9

LTH, 1 min, PU, Me (IQR) 1.00 (0.73, 1.68) 1.14 (0.89, 1.38) 0.8

LTH, 2 min, PU, Me (IQR) 1.20 (0.71, 2.73) 1.13 (0.86, 1.63) >0.9

LTH, 3 min, PU, Me (IQR) 1.62 (0.70, 3.07) 1.23 (0.89, 1.70) 0.8

LTH, 4 min, PU, Me (IQR) 1.40 (0.67, 2.99) 1.16 (0.89, 1.58) 0.9

LTH, 5 min, PU, Me (IQR) 0.94 (0.70, 2.69) 1.18 (0.88, 1.66) 0.8

We performed an additional analysis and did not find statistically significant differences in perfusion, ABI,
and TcPO2 measurements between Group 2 patients with and without ulcers. This lack of significance may
be attributed to the fact that the ulcers primarily had a mixed etiology (neuro-ischemic ulcers), where the
development of ulcerative defects was influenced not only by perfusion impairment but also by the presence
of neuropathy
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