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DIAGNOSTIC VALUE OF ANKLE PEAK SYSTOLIC VELOCITY IN DIABETIC PATIENTS

WITH CRITICAL LIMB ISCHEMIA

© Zera N. Dzhemilova*, Olga N. Bondarenko, Gagik R. Galstyan

Endocrinology Research Centre, Moscow, Russia

AIM: To evaluate the diagnostic value of ankle peak systolic velocity (APSV) in diabetic patients diagnosed with critical limb
ischaemia (CLI) and its resolution after percutaneous transluminal angioplasty (PTA).

MATERIALS AND METHODS: Forty-eight diabetic patients with CLI were included in this study. CLI was diagnosed accord-
ing to the IWGDF 2015 criteria. Patients were examined before and 5-7 days after PTA with transcutaneous oxygen tension
of the foot's soft tissues and APSV by duplex ultrasonography.

RESULTS: The median transcutaneous oxygen tensions before and after PTA were 14 [3; 20.5] and 30 [18.5, 39.0] mmHg,
respectively (p <0.001). The median APSV in diabetic patients with CLI was 10 [7.4; 15.5] cm/s before PTA and —46 [33.5,
59] cm/s after PTA (p <0.001). The APSV cutoff point for diabetic patients with CLI is <25.5 cm/s with a sensitivity of 79.4%
[95% Cl 62.1-91.3] and a specificity of 96.4% [95% Cl 81.7-99.9].

CONCLUSIONS: APSV may be considered as an additional method for CLI assessment. Lower limb artery calcification, soft
tissue oedema or infection and foot ulcer and gangrene influence the results of routine ischaemia diagnostic methods such
as the ankle-brachial index, toe-brachial index, transcutaneous oximetry but not APSV.
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ANATHOCTUYECKOE 3HAYEHUE NOAbI)KEYHOW MMKOBON CUCTOJIMYECKOIN CKOPOCTHU
KPOBOTOKA Y MALIMEHTOB C CAXAPHbIM BUABETOM U KPUTUYECKOW ULLEMUEN
HUXXHUX KOHEYHOCTEN

© 3.H. Ixemunosa*, O.H. boHpgapeHko, IP. lancTaH

HaunoHanbHbIN MeANLUNHCKUIA NCCNefoBaTeNbCKU LIEeHTP SHAOKPUHoNormum, Mockea

LIENIb. OueHuTb frnarHoctmyeckoe 3HauyeHve IoAbKeUHON NUKOBOWM CUCTONNYECKON cKopocTn KposoToka (JINMCCK) y nuy
C caxapHbiM grabetom (CL1) npr NOCTaHOBKE AMArHo3a KPUTUUYECKOW NUWEeMMM HUXHUX KoHeuHocTen (KUHK) n ee paspelue-
HUA Nocne NPoBeAeHUA YPECKOXKHOWN TpaHCOMMHaNbHOM 6anfoHHOM aHrmonnactTiky (YTBA).

METOAbI. O6cnepnosaHo 48 nauymeHToB ¢ CJ] n KMHK. AnarHo3s KUHK yctaHaBnuBanca cornacHo kputepuam IWGDF, 2015 .
Mepen YTBA v Ha 5-7 feHb nocne peBacKynapu3aLnm BCEM MaumeHTam NpoBOAWIOCh ANAFHOCTUYECKOe 006CNe0BaHME:
OLEHKa TPaHCKYTaHHOTO HaMnpsXXeHUA KNCcnopoaa MArkux tkaHen ctonbl, JINCCK meTogom ynbTpa3ByKoBOro AynieKkCHOro
cKkaHupoBaHusa (Y34C) apTepuit HUXKHUX KOHEYHOCTEN.

PE3YJIbTATbI. Mo gaHHbIM NpoBefeHHOro 06CcneaoBaHnsA, MearaHa TPaHCKYTaHHOTO HaNpPAXeHWs KMCnopoaa Ao 1 nocne
YTBA coctaBuna 14 [3; 20,51 n 30 [18,5; 39] Mm pT.cT. cooTBETCTBEHHO (p<0,001). MegmaHa JINCCK coctasuna 10 [7,4; 15,5]
n 46 [33,5; 59] cm/c cooTBeTcTBEHHO (p <0,001). OTpe3Han Touka ana JINCCK B oTHoweHun gnarHoctnkn KMHK y naumeHToB
¢ C[l coctaBmna 25,5 cM/c, 3HaU€HUsA HUXKe Hee ObinK CBOMCTBEHHbI NaumeHTam ¢ KMHK c uyBcTBMTENBHOCTBIO MeToaa 79,4%
[95% AW 62,1-91,3], cneundumuHocTbio — 96,4% [95% [N 81,7-99,9].

3AKJIOYEHMUE. JTNCCK MOXHO paccmaTpuBaTb Kak 4OMONMHUTENbHbIN MeTog, oueHkn KMHK. KanbunHO3 apTepuin HMXHUX
KOHeYHOCTEN, HaNnure oTeka UM UHGEKUNM MATKUX TKaHel, paHeBbix fedeKTOB UK raHrpeHbl CTOMbI He BAWAET Ha Napa-
MEeTpbI N3MepeHus KpoBoToka metogom JINICCK, uto sBnseTcA ero npeMmyLLecTBOM nepes pyTMHHbIMU METOAAMWN ANarHo-
CTVKM MILEMUU, TAKMU KaK nofblxeyHo-nnevesor nHaekc (JIMNK), nanbue-nnevesom nHaekc (MMW), TpaHcKyTaHHasA okcu-
MeTpuA.

KJTKOYEBDIE CJIOBA: kpumuueckas uwemus HUXHUX KOHeYHoCmel; caxapHbili Ouabem, mpaHCKymaHHAs oKCuMempus; 100biXXe4yHas NUKo-
845 CUCMOJIUYECKAs CKOPOCMb KPOBOMOKA
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BACKGROUND

Current methods for diagnosing critical lower limb
ischaemia (CLLI) in patients with diabetes mellitus (DM)
includes a comprehensive assessment of the symptoms
and signs of lower limb artery disease (LLAD), as well as an
objectiveinstrumental examination of the patient. According
to the recommendations of the 2015 International Working
Group on Diabetic Foot [1], critical ischemia is defined
by a systolic pressure reading of 50 mm Hg or less in the
infragenicular arteries and a systolic blood pressure reading
below 30 mm Hg in the first toe combined with a partial
oxygen tension reading of less than 25 mm Hg in the dorsum
of the foot. Currently, measuring the ankle-brachial index
(ABI) and toe-brachialindex (TBI) is used to detect symptoms
of LLAD and diagnose CLLI. Transcutaneous oximetry (TsRO,)
is used to determine the severity of limb ischaemia as well
as the stage of CLLIL. However, using non-invasive diagnostic
methods to detect LLAD in patients with DM may produce
variable results. Specifically, the interpretation of results from
diagnostic tests may be affected by diabetic cardiovascular
complications such as infectious inflammation in the foot,
severe distal diabetic polyneuropathy, concomitant medial
calcification of the distal flow arteries, trophic ulcers and
oedema. Therefore, it is difficult for clinicians to objectively
diagnose macrovascular and microcirculatory disorders
in patients with DM [2-4].

As previously stated, measuring the ABI is used as
a screening method for detecting LLAD [1]. However,
in individuals who have chronic struggles with DM, the
calculation of ABI has a low sensitivity and specificity in
assessing the severity of ischaemia, especially if the patient is
diagnosed with CLLI [2, 5]. This is because significant arterial
calcification in the lower limb makes it very difficult to assess
the rate of blood flow due to incomplete compression of the
vessels, even when pressure in the cuff exceeds 200 mm Hg.
According to L. Mills, ABI is overevaluated or not detected in
30% of patients with DM and patients with ulcerative defects
of the feet [6]. Complete occlusion of the artery in question
and wound defects in the area where the cuff is applied are
also potential limiting factors for this test [7]. Therefore, it is
important to calculate the ABI during the initial examination
of DM patients with suspected LLAD.

TsRO, is performed to assess microcirculatory function
in the soft tissues of the foot and is a standard method to
assess the severity of CLLI. This method provides several
key advantages over other non-invasive methods, such
as its lack of dependence on medial calcification and its
ability to predict defects in wound healing and ability
to predict the level of amputation needed in the case
of irreversible necrosis of the foot. There are several factors
that determine the results ofTsROZ, including the thickness
of the skin in the location where the sensor is applied and
the ambient room temperature [8]. Despite optimal levels
of revascularisation, TsRO, indices may be reduced in case
of infectious inflammation and post-reperfusion oedema in
the soft tissues of the foot. As a result, it is necessary to re-
measure the percutaneous tension of oxygen after a course
of antibiotic therapy, surgical treatment of an infected
plantar wound and the resolution of oedema. The significant
clinical factors associated with hypoxia also include
anaemia, arterial hypertension, ischaemic heart disease and
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creatinine blood levels. To obtain an accurate assessment
of abnormal arterial blood flow using TsRO,, consider
systemic and local factors that influence the interpretation
of results [4]. Therefore, there is a crucial need for alternative
methods for the diagnosis of CLLI in patients with DM.

AIM

We aimed to evaluate the value of ankle peak systolic
blood flow velocity (APSBV) as a tool for diagnosing CLLI
in patients with DM and evaluating the resolution of CLLI
after transcutaneous balloon dilatation angioplasty (TBDA).

METHODS

This study was a single-center, unblinded pilot study
with a full-design interventional prospective.

The study included patients with DM who met the
following criteria for CLLI diagnosis:

1. constant pain at rest, requiring regular intake
of analgesics for 2 weeks or more;

2. trophic ulcer or gangrene of the toes or feet that arises
from chronic arterial insufficiency (CAI) and

3. percutaneous foot oxygen tension measurement that
is less than 25 mm Hg.

The study was conducted in the Endocrinology Research
Centre with unselected enrolment of patients who were
previously hospitalised in the Diabetic Foot Department.
All patients were required to meet the inclusion criteria and
provide informed consent to participate in the experiment.

The study was conducted in 2015 with a follow-up period
of up to 8 months.

The study provides clinical and demographic
characteristics of patients with DM and CLLI including
the patients’ gender, age, type of DM (type | or lI),
time elapsed since initial diagnosis of DM, the level of
glycated haemoglobin, type of hypoglycaemic therapy,
type of cardiovascular complications (microvascular
or macrovascular), blood lipid levels and the presence
of comorbidities (arterial hypertension, cardiac arrhythmias
and anaemia).

The object of the study was to determine the severity
of CAl and the severity of morphological lesions in the lower
limbs of patients with DM and CLLI.

Two researchers were responsible for measuring
the percutaneous oxygen tension in the soft tissues of
the lower limb. During the study, the patient was required
to rest in a supine position. The ambient temperature in
the room where TsRO, was measured stayed between 21 °C
and 23 °C. Before the examination, the electrodes were
calibrated with atmospheric air. After the skin was cleaned
with an alcohol solution, a fixing ring was installed within
the first interdigital gap of the foot dorsum or 1-2 cm from
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Fig. 1. The level of measurement of the spectral characteristics
of the blood flow in the dorsal artery of the foot and the posterior tibial
artery (angiogram of the right foot).

the edge of the wound defect. The cavity was filled with an
electrolyte solution, and the electrodes were placed in the
fixing ring. Within a few minutes, the electrodes were used
to heat the application site to a temperature of 43 °C. The
TsRO, indicators were registered when they were stabilised
approximately 20 min after the start of the study.

APSBV measurements were performed by a single
researcher. The patient was placed in a room with an
ambient temperature between 21 °C and 23 °C, asked to lay
in a supine position and allowed to rest for 10-15 min. After
the 10-15 min period, the APSBV was changed. To register
the APSBYV, the ultrasound device sensor was installed at the
level of the dorsal artery of the foot (DAF) and the posterior
tibial artery (PTA) distal to the medial ankle (Fig. 1).

The APSBV for each artery under study was determined
using spectral Doppler mode (Fig. 2).

The average value of APSBV was calculated by taking
the sum of APSBV measurements for the DAF and PTA and

dividing by 2:
APSBVav = APSBV (DAF) + APSBV (PTA)
2
For example, APSBV (DAF) = 0 c<m/s, APSBV

(PTA) =40 cm/s, APSBVav = (0 + 40)/2 =20 cm/s.

If there was less than 50% stenosis of the arteries
in the lower extremities, the main type of blood flow was
registered. If there was more than 50% stenosis, the main-
modified type of blood flow was registered. If the main
arteries were occluded, the collateral blood flow in the
arterial segments distal to the occlusion was determined.
The APSBV was evaluated in another artery if the occlusion
of an artery was too severe.

All patients with DM and CLLI underwent balloon
angioplasty in the affected arteries.
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Fig. 2. Measurement of the ankle peak systolic blood flow velocity
in the spectral Doppler mode. The arrow indicates the Doppler wave,
the peak of which forms the blood flow velocity (cm/s).

The main end point of the study was to determine the
dynamic changes in TSRO, and APSBV measurements before
and after endovascular treatment in patients with DM and
CLLI.

1. Use duplex ultrasound (DU) to assess the level and
degree of occlusive lesions of the arteries of patients
with DM and CLLI.

2. Use the classification system designed by R.B. Rutherford
to assess the severity of CAl, and use the Graziani
classification to determine the severity of morphological
lesions of the arterial bed of the lower extremities.

3. Assessofthetechnical success of endovascular treatment
in lower limb arteries of DM patients.

4. Determine  the  haemodynamically  significant
complications of revascularised arteries during the
early postoperative period (within 5-7 days after
revascularisation), and detect re-occlusion of arteries
during the immediate postoperative period (up to
1 month post-procedure) using DU.

5. Assess clinical resolution for cases of CLLI as well as cases
of CLLI relapse.

The clinical and demographic characteristics of the
patients were obtained via patient records and examinations
conducted in the clinic of the Endocrinology Research
Centre.

The R.B. Rutherford classification was used to clinically
assess the degree of CAl [9]. The Graziani classification was
used to determine the severity of the morphological lesions
of the arterial bed. This method involves identifying the
number of arteries in the lower extremities that have steno-
occlusive lesions [10].

The Russian language version of the QUADAS
questionnaire was used to assess the risk of systematic errors
in this study, the diagnostic test used in this study, and the
verification of lower limb ischaemia [11].

Therefore, this method of TsRO, was adopted as
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a reference test that met the pre-established criteria for
assessing the severity of lower limb ischaemia. TSRO, was
performed using a RADIOMETER transcutaneous oximeter
(Copenhagen).

Measurement of APSBV was used to diagnose CLLI.
APSBV was measured in the PTA and DAF using DU. The
following modes were used for these measurements: colour
and energy mapping modes, B-mode, and spectral analysis
criteria (Voluson 730" Expert ultrasound system (GE Medical
Systems Kretztechnik GmbH & Co OHG, Austria). The DU
method was also applied to determine the number and
severity of occlusive lesions in the arteries of the affected
lower limb, as well as the presence of postoperative
complications in revascularised arteries of the lower limb.

Measurements for TsRO, and APSBV were conducted
5-7 days before and after endovascular treatment.

The reference test was conducted in the entire sample
of patients. Evaluation of the results for the reference test
and studied method (APSBV) was conducted within 1-3 days
for most of the patients. The patients were examined using
the same reference test regardless of the results obtained
from the studied method. The studied method was not
acomponentofthereferencetest.Insome cases, the operator
who conducted the test under study knew the results
of the reference test. To interpret the results of the reference
and the studied tests, all clinical information was available
to researchers in accordance with pre-established criteria.
In the study, the number of interpreted tests was equal to
the number of patients. There were no withdrawals during
this study.

The study was approved by the local ethical committee
of the Endocrinological Research Centre. Extract from
protocol No. 9a of the meeting of the local ethics committee
0f 9.12.2013.

A preliminary calculation of the sample size required
for this study was not performed. Quantitative data were
presented as the median with interquartile range as follows:
Me[Q1;Q3]. Qualitative sampling data were presented as the
absolute and relative frequencies of a certain characteristic.
The relative frequency of the characteristic was expressed
as a percentage in the form of integers for samples with an
n between 20 and 100.

The Kolmogorov-Smirnov criterion was used to
determine the distribution of quantitative data. Non-
parametric statistical methods were performed because of
the non-normal distribution of data and small sample sizes.
The Wilcoxon test was used to compare measurements
between dependent groups. The critical level of significance
was set at 0.05. Data analysis was performed using Statistica
13.2 En application programmes (StatSoftinc., USA).

The creation of a receiver operating characteristic
(ROCQ) curve was used to determine the cutoff point for
CLLI diagnosis using the APSBV assessment. This method
was performed to determine the sensitivity and specificity
of this method. Statistical data processing was conducted
using the MedCalc statistical software program. The optimal
cutoff point was the level of the indicator that corresponded
to the maximum value of the sum of sensitivity (proportion
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of true-positive results, confirmed by the test method,
in relation to the gold standard) and specificity of the
method (proportion of true-negative results, confirmed by
the test method, in relation to the gold standard) obtained
during the ROC analysis [12].

APSBV indicators that did not indicate the presence of
CLLI were taken as APSBV indicators after endovascular
treatment of lower limb arteries in patients with DM. APSBV
values that corresponded to TsRO, readings greater than
25 mm Hg were said to not indicate the presence of CLLI.

However, when APSBV values corresponded to TsRO,
readings that were lower or equal to 25 mm Hg, they were
said to indicate the presence of CLLI.

RESULTS

Clinical and demographic characteristics of patients with
DM and CLLI are presented in Table 1.

Endovascular treatment of arteries was performed on 51
lower limbs in 48 patients with DM and CLLI.

In order to diagnose CLLI and assess the clinical outcome
of revascularisation, percutaneous oxygen tension in the foot
tissues and APSBV were measured during the perioperative
period (Figs. 3 and 4).

The cutoff point for APSBV with respect to diagnosis of
CLLI in patients with DM amounted to 25.5 cm/s, whereas
the values below it are typical for patients with CLLI. The
sensitivity of the method was 79.4% [95% Cl 62.1-91.3],
whereas the specificity of the method was 96.4% [95% Cl
81.7-99.9] (Fig. 5).

According to the results of DU, haemodynamically
significant stenoses and occlusions of the tibial arteries were
detected at baseline among patients with DM and CLLI. In
47% of cases (24 lower extremities), there were multi-level
occlusive lesions of the femoral-popliteal and pedidial-foot
segments with relatively intact iliac arteries. The prevalence
of extended occlusions of the arteries of the lower extremities
(more than 10 cm) relative to stenosis was noted (Fig. 6). The
severity of morphological lesions in the arteries of the lower
extremities was also evaluated according to the classification
of L. Graziani when performing intraoperative X-ray contrast
angiography. Most patients had occlusive changes of 2-3
tibial arteries in combination with multiple stenoses and
occlusions within the femoral-popliteal segment. These
symptoms characterise a severe course of LLAD in patients
with DM. Total occlusions in all three arteries of the lower leg,
corresponding to class seven lesions, were present in 3.8%
of patients. The distribution of patients with CAl, according
to the R.B. Rutherford classification, is presented in Fig. 7.

Among patients with DM and CLLI, 48 (94%) showed
restored blood flow in at least one tibial artery following
revascularisation of the lower limbs.

According to DU readings, postoperative
haemodynamically significant complications of the
operated arterial segments were revealed between 3 and
5 days after operation. These complications included over
50% residual stenosis in 30 (59%) lower limbs. Out of these
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Table 1. Clinical and demographic characteristics of patients with DM and CLLI.

Characteristic

N = 48 patients %

Men/women
Age, Me [Q,; Q,], years

29/19 61/39
66.7[56.8; 76.6]

DM type 1/type 2 3/45 6/94
DM duration course, Me [Q1; Qs], years 16.9[8;25.8]
Antihyperglycaemic therapy:
Oral antihyperglycaemic drug / insulin/combination therapy 719722 14.6/39.6/45.8
HbA1c, Me [Q,; Q,], % 8.25%1.53
Arterial hypertension 45 93.75
Constant antihypertensive therapy 33 68.75
Heart rhythm disorder 10 20.8
Ischaemic heart disease 36 75
History of myocardial infarction 9 18.75
Cerebrovascular disease 24 50
History of acute cerebrovascular disease 8 16.6
History of smoking 27 56.25
Dyslipidaemia 34 70.8
Chronic kidney disease C1, C2 35 73
Chronic kidney disease C3-C5 13 27
Renal replacement therapy (programme haemodialysis) 3 6.3
Anaemia of various origin 17 354
Diabetic retinopathy: proliferative/terminal stage 14/3 29.1/6.25
Wilcoxon'’s test Wilcoxon'’s test

60 30[18,5;39] 1207 46 [33,5; 59]

50 ] 100+ —
s g0  10074155]
T 30 14[3; 20,5] 60
£ ] i = ]
£ & o

20+ 40

10 20 ;;
0 — —— 0 ——
p <0,001 p <0,001
-10 -20
TsRO, V by DAF+PTA/2 V by DAF+PTA/2
TsRO, fter TBDA
before TBDA arter before TBDA after TBDA
o Median o Median
] 25%-75% ] 25%-75%
I Min-Max I Min-Max

Fig. 3. Percutaneous oxygen tension in the soft tissues of the foot among
patients with DM and CLLI before and after transcutaneous balloon
dilatation angioplasty.

30 cases of residual stenosis, 18 (35%) had critical residual
stenosis, 12 (23%) had extended intimal dissection (more
than 3-4 cm) and 1 (2%) had acute thrombosis. Despite the
high prevalence of haemodynamically significant adverse
outcomes following TBDA, the resolution of CLLI was noted
in the majority of patients (93.75%). Resolution of CLLI was
determined by the following criteria: reduced limb pain

Fig. 4. Results of APSBV in patients with DM and critical lower limb
ischaemia before and after transcutaneous balloon dilatation angioplasty.

and positive changes in the condition of the wound defect.
Clinically significant complications of the intervention of the
early follow-up period were noted in four lower limbs (8.3%)
of four patients.

During the immediate postoperative period (up to
1 month after the procedure), re-occlusion of the operated
arteries was observed in 12 revascularised lower limbs (23%)
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Fig. 5. ROC analysis for cutoff points of the APSBV in critical lower limb
ischaemia in patients with DM.

and 12 total patients (25%). Among 8 (16.7%) patients,
a primary patency disorder was accompanied by CLLI
recurrence, which required subsequent revascularisation of
the limb.

Among 20 patients (39.2%), surgical treatment was
performed on 20 lower limbs after revascularisation. These
procedures involved surgical debridement of wound
defects on five lower limbs (9.8%) from five patients (10.4%),
amputation of one or several toes on 11 lower limbs (21.5%)
belonging to 11 patients (23%) or transmetatarsal resection
of the foot in in four lower limbs (7.8%) from four patients
(8.3%). In 55% of cases, surgery on the lower limbs was not
required.Inthese cases, patients were given acomprehensive
but conservative treatment regimen. This treatment
regimen involved statin administration, antiplatelet drug
administration, limb unloading, antibiotic therapy and
treatment of local wounds. High-level amputation of three
limbs (5.8%) at the level of the upper third of the lower leg
was conducted in three patients (6.25%) due to the failure
of revascularisation, the development of extensive purulent
and necrotic wounds and the impossibility of preserving the
function of the foot.

Fig. 6 Morphological lesions of lower limb arteries in patients with DM
and CLLI according to the L. Graziani classification: severe lesions of lower
limb arteries with occlusions of the distal bed (tibial arteries), and in some

cases of the proximal bed, are found in most cases (categories 4-7).

Table 2. Diagnostic indices for APSBV study in patients with DM to identify
CLLI.

95% Cl
255
79.4[95% Cl 62.1-91.3]
96.4 [95% C1 81.7-99.9].

Indicator

Cutoff point, cm/s
Sensitivity, %

Specificity, %

Adverse events
No adverse events associated with the diagnostic
methods used were recorded during this study.

DISCUSSION

Summary of primary result

According to the results of the study, a statistically
significant increase in the level of TSRO, was revealed among
patients with DM and CLLI from level 14 [3; 20.5] mm Hg to
level 30 [18.5; 39] mm Hg at similar measurement points
on days 5-7 after endovascular treatment. Similarly, APSBV
measurements revealed a statistically significant increase
from level 10 [7.4; 15.5] cm/s in patients with DM during the
CLLI stage up to 46 [33.5; 59] cm/s during the postoperative
period.

Discussion of the primary result of the study

The assessment of the percutaneous oxygen tension of
the lower limb tissues is considered the ‘gold standard’ for
assessing the severity of lower limb ischaemia in patients
with DM and arterial diseases of the lower limb. Thus, TsRO,
is used as the reference method in this study.

The study showed a statistically significant increase
in TsRO, values from the level of CLLI, which is defined as
less than 25 mm Hg, to optimal levels of percutaneous
oxygen tension in the soft tissues of the foot during the
early postoperative period (5-7 days). This increases the
likelihood of a positive outcome after revascularisation of
the affected limb.

Because of concomitant severe infection and oedema
of the foot and a delayed increase in TsRO,, indices were
noted on average after 4 weeks among eight patients, which
was due to local factors affecting the results of the study.
Nevertheless, these results indicating the important role of

H Category 4,
pain at rest

[ Category 5,
ulcerous defect

[ ] Category 6,
gangrene

Fig. 7. Distribution of patients with chronic arterial insufficiency according
to R.B. Rutherford classification. n = 51 lower limbs.
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TsRO, in managing patients with DM and CLLI are consistent
with findings in the literature [2, 4, 6, 71.

The advantages of this test, in comparison with other
non-invasive methods include its lack of dependence on
medial calcification, its ability to predict wound healing
defects and the likelihood of high-level amputation during
the development of irreversible purulent-necrotic changes
in the foot. Ankle peak systolic velocity is a diagnostic method
that is currently under investigation and may be considered
as an additional tool for assessing the blood flow in the lower
limbs. APSBV is defined as the systolic blood flow velocity in
the tibial arteries at the ankle level, which is measured using
DU in the lower limb arteries.

Haemodynamics studies the movement of blood
throughout the vascular system. This process occurs
continuously in the body due to the difference in pressure
between blood vessels of various sizes. Therefore, blood
moves through the vessels from areas of high pressure
to areas of low pressure. The linear velocity of blood flow
decreases as the total cross-sectional area of parallel
vessels increases. Therefore, the highest blood flow
velocity is observed in the aorta, whereas the lowest blood
flow velocity is observed in the capillaries because the
total area of the capillaries is higher than that of the aortic
lumen [13].

The estimation of the velocity of blood flow in the
arteries is based on the Doppler principle, which states
that an ultrasonic wave undergoes a frequency shift
proportional to the speed of a moving object. Therefore,
speed waves provide information about the speed of red
blood cells.

When arteries are occluded, an adaptation mechanism
(arteriogenesis) is triggered, which leads to dilation of
existing collateral vessels (Fig. 8). The driving forces behind
collateral artery formation [14] include arterial pressure, the
pressure gradient proximal and distal to the occlusion level
and the force of shear stress on the walls of the new vessel.
The outcome of arteriogenesis is a 20- to 50-fold increase in
the preceding arteries [15], which may partially compensate
for the occluded arteries and reduce the severity of lower
limb ischaemia.

The progression of steno-occlusive lesions of arteries
may impair the compensatory capabilities of arteriogenesis.
For instance, ischaemic pain in the lower limbs often leads
to limited physical activity and subsequent loss of muscle
mass. This decreases the sheer stress in the new vessel and
impairs the stimulation of arteriogenesis. As a result, the
newly formed arteries degenerate and the tissue becomes
ischaemic/hypoxic.

From a physical point of view, the blood flow velocity in
collateral vessels is reduced, and APSBV is decreased [14].
Furthermore, changes in the speed of red blood cells are
directly correlated with the degree of stenosis [6, 7].

According to the study results, a statistically significant
increase in the level of APSBV was observed from the
CLLI stage (median of 10 cm/s) to 46 cm/s during the
postoperative period. The mean value of APSBV was
calculated by taking the sum of APSBV measurements
for the DAF and PTA and dividing by 2. This calculation of
APSBV was based on the assumption that the resolution
of CLLI requires blood flow in at least one tibial artery to
the foot. In a study conducted by Bishara et al. [16, 17],
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researchers showed that APSBV was significantly correlated
with the levels of ABlI and TBI, as well as with the indicators
of ischaemia identified by the Rutherford classification in
patients with DM and CLLI.

A similar approach was applied in the work of Gamzatov
et al. [18], which focused on 30 patients with CAl as
determined by the classification system developed by A.V.
Pokrovsky and 10 patients without clinical signs of ischaemia.
It should be noted that this group of examined patients
did not include DM patients with lesions of the lower limb
arteries. Thus, on the basis of the assessment of CAl by the
Pokrovsky classification, the following APSBV diagnostic
criteria were developed: measurements lower than 20 cm/s
for patients with CLLI, 20-40 cm/s for CAIlIA-1IB and 50 cm/s
or greater in the group of healthy individuals without CAI.
The sensitivity and specificity of the selected criteria ranged
from 87.5% to 100%.

Despite the high sensitivity and specificity for assessing
APSBV using the above method, the authors modified the
blood flow assessment method using APSBV [19]. Gamzatov
et al. suggested that the absolute values of APSBV, which
were measured in the main arteries of the extremities, are
influenced by the parameters of systemic haemodynamics
(blood pressure, heart rate and ventricular ejection). It
was also suggested that the APSBV values depend on the
technical characteristics of the dopplerograph (duplex
scanner), which does not enable the use of this parameter
for objectively determining the deficiency of blood flow
to the lower extremities. Thus, a new approach to APSBV
estimation was proposed, which was the ratio of the sum of
APSBYV on the radial and ulnar arteries to the sum of APSBV
on the dorsal and posterior tibial arteries of the foot. Thus,
APSBV values between 1.0 and 1.3 correspond to the normal
regional blood circulation, 0.80 and 0.99 correspond to
mild ischaemia and 0.50 and 0.79 correspond to moderate
ischaemia, and the value lower than 0.50 corresponds to
severe ischaemia.On the basis of our ROC analysis, various
intervention points were obtained, from which the optimal
ones were selected (the maximum amount of sensitivity
and specificity). The cutoff point for APSBV with respect to
diagnostics of CLLI in DM patients was 25.5 cm/s; values
below it are typical for patients with CLLI. The sensitivity of

Fig. 8. Angiogram of the arteries of the lower limb of a patient
with DM and CLLI. The green arrow indicates the normal blood flow
in the superficial femoral artery, the red arrows indicate the collateral
vessels and the yellow arrow indicates the blood flow in the distal
segment of the artery.
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the method was 79.4% [95% Cl 62.1-91.3], and the specificity
was 96.4% [95% Cl 81.7-99.9].

Patients with DM at the CLLI stage had severe
morphological lesions in the arteries of the lower limb, which
is consistent with findings in the literature [6, 10]. The severity
of clinical lesions of the lower limbs in patients with DM and
CLLI also made medical intervention absolutely necessary.
In most cases, endovascular treatment resolved symptoms
of CLLIl, despite the presence of haemodynamically
significant complications following TBDA. For some patients,
concomitant severe infection and oedema of the foot
caused a delayed increase in TsRO, indices after an average
of 4 weeks (no data presented), which was due to local
factors affecting the results of the study. However, during
follow-up, the cases of CLLI relapses were revealed, which
were accompanied by exacerbation of clinical symptoms, a
decrease in TsRO, and re-occlusion of the arterial segments
that previously underwent endovascular treatment. These
cases required subsequent revascularisation of the limb.
Within the complex treatment of CLLI, patients with DM
received a conservative treatment regimen. In other cases,
surgery was required to preserve the support function of the
limb.

1. A small sample of patients.

2. Thestudydid notdetermine whetherdifferentequipment
or sensor sensitivity affected the reproducibility of APSBV
measurements.

3. The study did not assess the reproducibility of APSBV as
performed by different operators. It is necessary to follow
the methodology of APSBV measurements, since its level
may depend on the position of the ultrasonic sensor, etc.

4. Thisstudydid notexaminetrophicchangesintheaffected
foot tissues of patients following revascularisation of the
lower limb arteries.

OPUTMHAJIbHOE NCCNEAOBAHUME

CONCLUSIONS

According to the data obtained during the study, the
determination of APSBV in the tibial arteries with the
calculationoftheaveragevalue oftheindicatormay represent
an additional method for diagnosing CLLI in patients with
DM. This proposed for assessing the deficiency of arterial
blood flow in the lower extremities has several advantages
in comparison with currently used non-invasive diagnostic
procedures for detecting CLLI. For instance, calcification
of the tibial arteries, oedema, infection of soft tissues and
extensive wound defects of the forefoot do not affect the
results of the study [16, 17]. This method is affordable,
economical, highly reproducible and can be applied in both
inpatient and outpatient healthcare settings. In the absence
of expensive equipment used to measure transcutaneous
oxygen stress, measuring APSBV using a dopplerograph
can serve as an alternative method for diagnosing CLLI and
evaluating the success of revascularisation procedures.
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