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on claudication symptoms and carotid intima-media thickness in patients
after endovascular and classical bypass treatment (a pilot study)
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Research on moderate-intensity continuous training (MICT) is closely connected with primary and secondary cardiovascular
protection but also can be associated with primary bypass patency and outcome of endovascular treatment for critical iliac ste-
nosis TASC Il A and B. After specific surgical or non-surgical treatment, iliac bypass or endovascular revascularization patency
still depends on an individual and is still in the eye of scientific research modalities. Carotid intima-media thickness (CIMT)
is an efficient surrogate parameter in detection and prediction of cerebrovascular events and potential marker of generalized
atherosclerosis with prognosis of peripheral arterial disease related to prognosis of atherosclerotic coronary hemodynamic
pathology.

Materials and methods. A total of 139 patients were observed during 4 years of MICT. Ultrasonography of the distal part of
the common carotid artery (CCA) was performed to measure CIMT before and after revascularization procedure. The bypass
patency and walking distance was also studied.

Results. In the total population, no difference in changes of CIMT from baseline was observed between the standard exercise
group and controls in 4 years. However, there was a significant correlation between the effect of exercise training and CIMT within
4 years. CIMT was not significantly reduced in the exercise group compared with control non-diabetic patients.

Conclusions. Exercise training in both groups did not significantly change carotid intima-media thickness in the four years
following endovascular procedure and Dacron bypass revascularization, but significant beneficial effect of moderate-intensity
continuous training on bypass patency was observed in patients with mild or without claudication symptoms as well as on
subjective and objective health status.

Aif TpUBaAUX TpeHyBaHb NOMiPHOI iIHTEHCUBHOCTI Ha MIKPOLIMPKYAATOPHI NOPYLLEHHSA
Ta TOBLUMHY iHTUMA-MeAia COHHOI apTepii B NaLieHTiB nicAa eHAOBACKYAIPHOTO
Ta KAQCUYHOTO LYHTYBAHHA

C. ConakoBuy, A. MoroHuny, P. Maerosuy, M. Bpuny, H. YoBuy, E. Conakouy, . T. CKpunueHko,
A. Yaywesuuy, 0. €. AopodeeBa, K. C. Apumbaw

HaykoBe focnimkeHHs TpuBanux TpeHyBaHb NOMiPHOT IHTEHCUBHOCTI KOPENHOE 3 NEPBUHHOK Ta BTOPUHHOIO CEPLIEBO-CYANHHOI0
Tepanieto, ane TakoX NOB'3aHe 3 pe3ynbTaToM NepBUHHOIO OBXIAHOTO LUYHTYBaHHS Ta NiKyBaHHS €HOA0BACKYNSPHOO 30YXBUHHOTO
creHosy TASC Il A ta B. Micnsi cneumdivHOro XipypriyHoro Ta HexipypriYHoro nikyBaHHs pesynbTaty LYHTyBaHHS abo eHpoBa-
CKynsipHOi kny©oBOi peBackynspu3allii Bce Lue 3anexarb Bif nawuieHTa, i Lii NOKa3HUKW akTyanbHi Ans MeauYHUX JOCTIIKEHb.

ToBLMHA iHTUMa-Mefia COHHOI apTepii — eheKTUBHUI 3amillanbHIUA NapameTp Y BU3HAYEHHI Ta 3anobiraHHi iHCYNbTY, a Takox
MOTEHLiHWIA MapKep PO3CISHOTO aTepoCKepo3y 3 MPOrHO30M YpaeHHs NepudiepuIHIX apTepilt y 383Ky 3 NPOrHO30M KOPOHAPHOI
aTepoCKNepOTUYHOI reMoaUHaMIYHOI NaTonorii.

Marepianu Ta metoau. [Npotsarom 4 pokis gocnigunu 139 nauieHTis nig Yac TpuBanux TpeHyBaHb NOMIPHOI iIHTEHCUBHOCTI. Buko-
Hanw ynetpacoHorpadito 4anbHbOi YaCTUHW 3aranbHOi COHHOT apTepii Ans BUMIPHOBaHHS TOBLUMHM iHTUMa-Megia COHHOI apTepii
[0 Ta nicns peBackynsipu3allii. BuaHaumnm npoxigHicTs WyHTa Ta aucTaHuito 6e360n-080i xoab6u.

PesynktaTu. Y BCix 0Cib, Sikux focnigunum, He cnocTepiranit BiGMIHHOCTI 3a 3MIHOK0 TOBLUMHM iHTUMa-Mefia COHHOI apTepii Mix
CTaHZAPTHOIO Ta KOHTPOSBHOH rpynamm NpoTsrom 4 pokis. OfHaK BUSIBUMM 3HAYYLLMIA B3aEMO3B'A30K MiX Ai€to TPeHyBaHb | TOB-
LLIMHOIO iHTUMa-Mefia COHHOI apTepii NPOTAroM 4 pokiB. [MoKka3HMKM TOBLLMHM iHTUMa-Mefia COHHOI apTepii HECYTTEBO 3MEHLLMANCS
B ©a30Bil rpyni NOPIBHAHO 3 KOHTPOMbLHOIO (B NaLlieHTiB 6e3 ajabeTy).

BucHoBKku. [MpoTsirom 4 pokiB nicns eHA0BACKyNSAPHOI NPOLeAypy Ta peBackynspusalii JakpOHOBMM NPOTE30M TPEHYBaHHS, LLO
BinOyBanucs B 060X rpynax, HeCyTTEBO 3MiHWUMM PO3BMTOK NOKa3HWKa TOBLLMHM iHTUMa-Mefia COHHOI apTepii, ane crocTepirany
3HauyLLYy NO3UTWBHY [ito TPUBANMX TPEHYBaHb NOMiPHOT IHTEHCUBHOCTI Ha NPOXIAHICTb LUYHTA 3 HE3HAYHUMM CUMMTOMaMM MiKpO-
LIMPKYNATOPHMX NOpYLLEeHb abo iXHBOI BIACYTHICTIO B Cy0 eKTUBHOMY Ui 06’€KTUBHOMY CTaTyCi nauieHTa.
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AelicTBME NPOAOAKUTEABHBIX TPDEHUPOBOK YMEPEHHOH UHTEHCUBHOCTH
Ha MUKPOLMPKYAATOPHbIE HAapyLIeHUA U TOALLMHY MHTUMa-MeANua COHHOM apTepuu
Yy NaLMEHTOB NOCAE IHAOBACKYAAPHOTO M KAACCHUECKOr0 LYHTUPOBAHMUA

C. ConakoBuy, A. Mororuny, P. Maerosuy, M. Bpuny, H. YoBuu, 3. Conakosuu, W. T. Ckpunuerko, A. YayweBuy,
E. E. AopodeeBa, K. C. Apbimbaru

HayuHoe uccnenoBaHue NpogomKUTENbHBIX TPEHUPOBOK YMEPEHHOW MHTEHCUBHOCTW KOPPENUPYET C NEPBUYHON 1 BTOPUYHON
Cepae4HO-CoCyNCTOl Tepanuei, HO 1 CBA3AHO C UCXOA0M NEPBUYHOTO 0BXOAHOTO LYHTUPOBAHMS U NIEYEHNS 3HOOBACKYMSPHO-
ro noag3goLuHoro creHosa TASC Il A v B. Mocne cneumduryeckoro XMpypruyeckoro 1 HEXMpYprityeckoro NeYeHns pesynsTatbl
LUYHTMPOBAHWS UMW SHAOBACKYMSAPHOM NOAB3AOLLIHON PeBACKyNSpU3aLn BCe eLLe 3aBUCAT OT NauyeHTa, U AaHHble nokasaTeni
aKTyanbHbl 415 MEAULMHCKIX NCCREeRoBaHNiA. TONLMHA MHTUMa-MeAMa COHHOM apTepun — 3dhPeKTUBHBIN 3aMeLLaoLLMiA napa-
METP B OnpeaeneHni 1 npeaynpexaeHni MHCYnbTa, a Takke NoTeHUmMarbHbIA Mapkep paccesHHOro aTepockreposa ¢ MPOrHo3oM
nopaxeHus nepudepruyeckmx apTepuii B CBS3M C MPOrHO30M KOPOHAPHOW aTepOCKNEPOTNYECKOA FeMOANHAMUYECKOI NaToNorm.

Marepuanel u metoakl. Ha npotskeHum 4 net uccnegosany 139 naumeHTOB BO BpeMs AnUTENbHbLIX TPEHUPOBOK yMEPEHHON
MHTEHCKBHOCTW. [poBeaeHa ynbTpacoHorpadvs 4anbHern YacTv 06LLe COHHOM apTepun Ans U3MEPEHNS TOMNLLUMHBI MHTUMa Meauna
COHHOVi apTepum A0 ¥ Nocne peBackynsapusaLmu. Takke onpeaenuny NpoXoaMMOCTb LLYHTa U aucTaHLmio 6e360neBoi xoabobl.

Pesynerartbl. Y Bcex 06CnefoBaHHbIX He Habnioganu oTnnums B U3MEHEHUM TONLUMHbI MHTUMA-Meana COHHON apTepun Mexay
CTaHAapTHOW W KOHTPOILHOW rpynnamu Ha npoTsikeHnn 4 net. OaHako 0TMeYeHa 3HauYuUTernbHas B3anMoCBs3b Mexay [AeiCTBUEM
TPEHUPOBOK 11 TOLLMHOW WHTUMA-MeAna COHHOW apTeput Ha NpOoTsikeHWn 4 neT. MNokasaTeny TOMNLWMHLI UHTUMa Meana COHHOM
apTepun He3HaYUTENbHO YMEHbLUMMUCE B 6A30BOIA rpynne no CpaBHEHWIO C KOHTPOIbHOW (Y naumeHToB 6e3 anabeTa).

BriBogbl. Ha npoTsbkeHnm 4 neT nocre 3HA0BaCKyNSPHON NpoLieaypbl 1 peBackynsipr3aLm 4akpOHOBbIM NPOTE30M TPEHM-
POBKM, NPOBOAUMbIE B 0GEMX rpynnax, HE3HAYNTENbHO UMEHWUNI Pa3BUTUE NOKa3aTenNs TONLMHBI UHTUMA-Meaua COHHOM
apTepuu, Ho Habrnoaany 3Ha4NTeNbHOE NO3UTUBHOE AECTBIE NMPOAOIIKUTENBHBIX TPEHUPOBOK YMEPEHHOW MHTEHCUBHOCTH
Ha NPOXOAUMOCTb LLYHTa C HE3HAUMTENBHBIMW CUMMTOMaMU MUKPOLIMPKYNSITOPHBIX HAPYLLIEHWI UINN UX OTCYTCTBUEM B CyOb-

€KTVBHOM WM OObEKTUBHOM CTaTtyce nauuneHTa.

Although clinical benefits of physical activity, cardio-protec-
tion, neovascularization as well as a compensatory increase
in collateralization hemodynamic have been scientifically
proven, the association between an optimal intensity and
supercompensation in an adequate physical activity after
surgical or endovascular treatment of iliac segment remains
unexplained. Critical atherosclerosis of iliac segment of
over 75% can cause hemodynamic obstruction and thus
decreased leg blood flow, which is manifested as intermittent
claudication or pain at rest and requires emergent primary
endovascular and/or possible secondary surgical interven-
tion [1,2]. A lack of adequate synergetic implementation
of postoperative vascular therapy and physical activity,
as a crucial factor, is one of the predictors of endothelial
dysfunction progression. Generally, what happens is that
aggravated atherosclerosis significantly increases the risk of
hemodynamic multi-functional disorders of various vessels
including large arteries of the lower extremities, as well as
primary graft passage after endovascular intervention [1,2].

Venous, Dacron or polytetrafluoroethylene (PTFE)
bypass is in most cases the only key and standard invasive
response to surgical revascularization of large artery distal
parties, which are in ischemic progression in a patient.
It is often accompanied by clinical symptomatic picture,
various comorbidity, hemodynamic damages of different
levels and stages, as well as by a need for postoperative
rehabilitation treatment itself. Alongside endovascular pro-
cedure of critical iliac segment stenosis (TASC Il Aand B),
the indication for classic surgical intervention is less feasible
procedure which is still in the phase of scientific research
on primary bypass patency and a physical activity support
of adequate intensity. That is especially important in case
of iliac segment ischemia and on the level of infra-popliteal
segment stenosis [3,4]. Peripheral artery disease is often in
correlation with coronary atherosclerosis and in combination

with claudication, angina pectoris and state after myocardial
infarction with low left ventricular ejection fraction. Combined
symptomatology of cardiovascular diseases can represent
a serious problem of disability progression and the quality of
life deterioration. Because of the heart comorbidities, what
is often present is the loss of the possibility to conduct an
adequate physical activity programs. That physical activity
would be greatly beneficial to surgically treated patients with
bypass and untreated patients who suffer from peripheral
artery disease with significant hemodynamic stenosis or
occlusion [4-6].

In addition to risk factors (chronic nicotine intoxication
and endangered nutritive imbalance of protein, fats and
carbohydrates), the most common lack of physical activity
is in direct correlation with cardiovascular diseases and in-
cidents such as myocardial infarction, stroke and peripheral
artery disease. Statistically significant associations with
hemodynamic disturbances have been recorded in large
arteries of the lower extremities which were represented as
symptomatology of claudication as predictive clinical picture
of type 2 diabetes mellitus occurrence. Agreat success can
be achieved in atherosclerosis prevention through balancing
the proportion of serum lipid levels (HDL-LDL) as well as by
maintaining the physiological function of large blood vessels
via the reduction in hemodynamic effects of systolic and
diastolic blood pressure, combined with health benefits of
participation in appropriate physical activity alongside ade-
quate nutritional status and elimination or decrease of risk
factors. A number of studies have shown health-promoting
effect of high intensity interval training (HIIT) with load of
over90 % as well as moderate intensity continuous training
(MICT) with load of 50-70 % in patient with cardiovascular
pathology of different etiology [6-9]. Selective use of dif-
ferent interval methods alone or in synergy of combinations
with continuous training, individualized for patients, showed
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the improvements in maximal oxygen uptake (VO,max), gly-
cosylated hemoglobin A1c (HbA1C), insulin resistance (IR),
fat oxidation, body mass index (BMI) as well as in a wide
range of cardiovascular risks in addition to cardiovascular
system responses and hormonal profiles in symptomatic
and asymptomatic cardiovascular patients. Pooled data
analysis of various studies over the past 4 decades and
outcomes of vascular therapy for claudication in Fontaine
stage Il peripheral arterial disease has shown the best
treatment results if intermittent walking to near-maximal pain,
duration longer than 30 minutes, 3 times a week for more
than 6 months. Thus, patients demonstrated improvements in
initial and absolute claudication distance that was assessed
with a treadmill test at a constant-load of 0.82-1.06 Watt/kg.
The average increase was +150 % and +200 % in initial
and absolute claudication distance, respectively. However,
the benefit of exercise training scored moderately (6-32 %).
Nevertheless, because of frequent heart disease and its
related comorbidities as well as previous cardiovascular
events, the benefits of the training process were limited in
certain instances, therefore more substantive results have
been obtained after surgical and conservative-medical treat-
ment. Meanwhile, the positive impact of physical activity on
hemodynamics after the application of aorto-iliac synthetic
vascular grafts or femoro-popliteal bypass (endovascular
treatment, venous or synthetic bypass) has been recorded.
In addition, the quality of life and performance have improved,
there was significant symptomatic benefit for patients with
primary disease and for a distal revascularized arterial seg-
ment, as well as the transition of clinical symptomatic period
of peripheral artery disease into asymptomatic one [7-13].

Metabolic equivalent of task (MET) is a basic indicator
of the resting metabolism reflecting metabolic rate for
measuring energy expenditure or assessing amount and
intensity of physical activity during exercise. Moderate-in-
tensity physical activity is measured by maximum heart
rate and physical strain intensity of 50-70 %. That usually
corresponds to aerobic glycolysis and metabolism of fatty
acids within 4.0-5.9 MET units.

Aim

The primary objective of the study included determining
the postoperative outcomes and Dacron graft patency,
feasibility of self-expendable stent and venous autologous
conduit after aorto-iliac Dacron graft surgical and endovas-
cular procedure (iliac segment stenting using self-expend-
able stent) and femoro-popliteal bypass with autologous
venous graft in continuous aerobic and anaerobic training
(bicycle / treadmill / upper body exercises of moderate and
4.0-5.9 MET subjective intensity) with interval sessions of
over 70 % (MET 5.9) and 1-3 minutes’ duration.

The secondary objective was to assess whether the ef-
fects of MICT improve the comorbid states, reducing risk
factors and stimulating the overall treatment success as well
as to evaluate the carotid intima-media thickness (CIMT).

Materials and methods

The study was conducted in the Clinical Centre of
the University in Sarajevo, Vascular Surgery Clinic and on
the Faculty of Sports and Physical Education in Sarajevo
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in the period of four years (March 2013 — March 2017).
The study included 139 patients with different risk factors
(type 1 and type 2 diabetes mellitus, hypertension, hyper-
lipidemia, dyslipidemia) after iliac segment endovascular
revascularization procedure by classic surgical approach
and exercise-based addressing risk factors.

The patients were carefully selected. It is important
to note that the study did not involve patients with recent
myocardial infarction (over the past 12 months), with an
ejection fraction of 50 % or higher, coagulopathies, malig-
nant processes, strokes, any type of amputation surgery.

Types of surgical and endovascular interventions:

— endovascular intervention in the iliac segment (iliac
self-expendable stent/PTA (percutaneous transluminal
angioplasty) TASC Il Aand B;

— PTA in the common iliac artery (TASC Il A);

— aorto-iliac bypass (Dacron) 6-9mm;

— ilio-femoral bypass (Dacron) 6-9mm;

— aorto-femoral bypass (Dacron) 6-9mm;

— femoro-popliteal reversed bypass with autologous
contralateral or ipsilateral great saphenous vein (GSV) graft
as a venous conduit.

Ethical implications. Bearing in mind the postope-
rative patient follow-up, no ethical principles have been
violated or additionally amended in this study.

Procedures (modified training protocol). Vascular
rehabilitation program included the patients with aorto-
iliac and femoro-popliteal revascularization (synthetic and
venous graft) with no clinical picture of critical ischemia. A
training session involved walking on a treadmill with load of
60-70 % of heartrate, as well as upper body exercises with
interval shortloads of 80-85 % of heart rate for 1-3 minutes
per every 10 minutes of the session (repetition method / re-
sistance training). Over a period of four years, all participants
exercised 2—4 times per week with each session. Patients
who underwent treadmill test were examined according to
the Bruce protocol for the assessment of MET before and
after the training in order to select suitable candidates for
the study. Bypass or endovascular procedure patency was
measured by a clinical picture based on primary outcomes,
claudication symptomatology or its symptoms absence.
Linear array ultrasound probe (7.5 MHz) was used to as-
sess synthetic or venous graft and measure progression
or regression in CIMT.

Statistical analysis. Descriptive statistics were per-
formed on all variables. One-way analysis of variance
(ANOVA) was used to compare the means of continuous
variables between the groups. Fischer’s exact test were used
to compare qualitative data. AP value <0.05 was considered
statistically significant. Statistical analysis was performed
using MedCalc software version 15.8 (MedCalc® Software
bvba, Ostend, Belgium) and MS Office package 2016.

Results

In total, 139 patients were followed-up within 4 years. There
were 78 males and 64 females, P = 0.174. Based on sex
and age, male subjects were older, but without any significant
difference (Fig. 1). Reconstruction with a Dacron vascular
prosthesis as a proper choice of operative procedure was per-
formed on 94 patients. During the four-year follow-up period,
the average self-reported distance after which the participants
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Fig. 1. Age difference between patients with retroperitoneal, transperitoneal and femoro-politeal endovascular approach using reversed great saphenous vein graft.

Table 1. Impact of training on claudication symptoms

Surgical rsconsiruction atrcy
94 92 92 91

Patients with Dacron graft, n
Symptoms of claudication (walking distance on the treadmill test >200 m)
Symptoms of claudication (walking distance on the treadmill test <200 m)
Type 1 diabetes mellitus
Type 2 diabetes mellitus
Patients with GSV conduit, n
Symptoms of claudication (walking distance on the treadmill test >200 m)
Symptoms of claudication (walking distance on the treadmill test <200 m)
Type 1 diabetes mellitus
Type 2 diabetes mellitus
Reoperation
Patients lost to follow-up
Endovascular treatment for patients, n
Symptoms of claudication (walking distance on the treadmill test >200 m)
Symptoms of claudication (walking distance on the treadmill test <200 m)
Type 1 diabetes mellitus
Type 2 diabetes mellitus
Endovascular re-intervention
Patients lost to follow-up
Claudication (walking distance on the treadmill test >200 m) Dacron vs. endovascular
Claudication (walking distance on the treadmill test >200 m) GSV conduit vs. endovascular
Claudication (walking distance on the treadmill test <200 m) Dacron vs. endovascular
Claudication (walking distance on the treadmill test <200 m) GSV conduit vs. endovascular treatment

12(12.8 %) 14(15.2 %) 17 (185 %) 21(23.1 %)

14.(14.9 %) 0 2(22 %) 2(22 %)
3 3 3 3

5 5 5 5

14 13 12 12

1(7.1 %) 4(286 %) 3(25 %) 4(286 %)
2(14.3 %) 2(14.3 %) 4(286 %) 2(14.3 %)
3 3 3 3

5 5 5 5

0 0 1 2

0 1 1 0

31 30 29 29

2(65 %) 2(65 %) 1(34 %) 1(34 %)
0 2(65 %) 1(34 %) 1(34 %)
3 3 3 3

5 5 5 5

0 0 0 0

0 1 1 0

0525 0378 0.085 0.033
0.568 0.129 0.178 0.04
0.05 0.08 0.747 0.526
0.169 0.799 0.05 0.046

started to experience pain in the lower limbs was over 200 m
in12.8 % one year after the surgery and the number of them
was increased to 23.1 % after four years.

Avyear after, 14.9 % of patients had a maximum pain-
free walking distance on the treadmill test <200 m, and yet
their number decreased in the following years (Table 1).
There was significantly fewer patients with claudication
symptoms in the group of endovascular treatment (n = 31,
P = 0.033) who did the same test at the end of the fourth
year. There was also statistically smaller number of pa-
tients who had claudication symptoms on the treadmill test
<200 m in the endovascular treatment group after the first
year. When the treadmill test results for the four-year period
were compared between the GSV conduit and endovas-
cular treatment groups, the patients of the latter exhibited
lesser claudication symptoms on the treadmill test >200 m,
P = 0.04,and <200 m, P = 0.046.

The comparison of CIMT mean values based on sex
and diabetes mellitus type revealed no significant intragroup
or intergroup differences over 4 years (Table 2). Patients
with type 2 diabetes mellitus after endovascular treatment
had some reduction in CIMT, albeit insignificant.

Comparing the walking distance on the treadmill test,
it was obvious the large number of patients with Dacron
graft for whom the claudication distance was >200 m
after which they started to experience pain in the lower
limbs in four years after (Fig. 2). The patients of this group
were more likely to have claudication distance of <200 m
after a year of treatment. When GSV conduit was used,
the claudication symptoms were more common in walking
distance of >200 m in two years after. The results of MICT
showed significantly better outcomes after endovascular
treatment than classical bypass. Generally, the patients did
not demonstrate lower incidence of claudication symptoms.
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claudication over claudication under claudication over claudication under claudication over claudication under
200 m with dacron 200 m with dacron 200 m - 200 m - 200m - 200 m—
vein conduit vein conduit Endovascular Endovaclular

Fig. 2. Differences in claudication symptoms between patients with Dacron graft, great saphenous vein conduit and endovascular treatment.

Table 2. Mean values of carotid intima-media thickness

Surgca reconstucto ptancy
94 92 92 91

Patients with Dacron graft, n

Mean CIMT in male patients with type 1 diabetes mellitus 1.08 + 0.02 1.09 + 0.03 1.07 £ 0.10 1.10 £ 0.14 0.114
Mean CIMT in male patients with type 2 diabetes mellitus 1.03 + 0.02 1.03 + 0.2 1.04 £ 0.04 1.04 £ 0.09 0.315
Mean CIMT in female patients with type 1 diabetes mellitus 0.97 + 0.02 0.96 + 0.10 0.97 + 0.09 0.95 + 0.14 0.446
Mean CIMT in female patients with type 2 diabetes mellitus 1.09 + 0.02 1.08 + 0.09 1.08 + 0.1 1.07 + 0.05 0.317
Patients with GSV conduit, n 14 14 14 14
Mean CIMT in male patients with type 1 diabetes mellitus 1.07 £ 012 1.07 £ 0.12 1.08 + 0.22 1.08 £ 0.10 0.985
Mean CIMT in male patients with type 2 diabetes mellitus 1.02 £ 0.14 1.03 + 0.24 1.03 £ 0.14 1.01 £ 0.09 0.985
Mean CIMT in female patients with type 1 diabetes mellitus 0.99 + 0.02 1.00 £ 0.07 0.99 + 0.04 0.98 + 0.02 0.676
Mean CIMT in female patients with type 2 diabetes mellitus 1.04 + 0.09 1.03 £ 0.12 1.03 £ 0.07 1.04 £ 0.10 0.985
Endovascular treatment for patients, n 31 30 29 29
Mean CIMT in male patients with type 1 diabetes mellitus 1.08 + 0.02 1.07 = 0.08 1.07 + 0.02 1.06 + 0.12 0.770
Mean CIMT in male patients with type 2 diabetes mellitus 1.03 + 0.02 1.03 + 0.02 1.02 £ 0.04 1.00 £ 0.10 0.126
Mean CIMT in female patients with type 1 diabetes mellitus 1.00 + 0.07 1.00 + 0.07 0.98 + 0.02 0.98 + 0.04 0.271
Mean CIMT in female patients with type 2 diabetes mellitus 1.10 £ 0.09 1.08 £ 0.22 1.07 £ 0.18 1.05 £+ 0.08 0.652

Discussion

Although surgical indications for revascularization have
been expanding, and modern hybrid methods have sig-
nificantly slowed down the development of conventional
therapy, the objectives of many studies have been aimed
at optimizing and improving different variations of vascular
rehabilitation medicamentous therapy in combination with
appropriate physical exercise. Physical activity is important
as a crucial element of primary surgical conservative treat-
ment and secondary prevention of peripheral artery disease
in various stenotic segments and occlusions as well as
subsequent cardio-cerebral-vascular disease, representing
the primary possibility to reach treatment goals according
to the criteria [14]. Endovascular treatment of stenotic or
occlusive iliac segments including critical stenosis of the iliac
segment (TASC IIAand B) followed by training by means of
long-term exercise loaded at a moderate intensity with short
resting intervals, has represented safe and substantiated
successful treatment and primary bypass patency within
4 years. The approach has been proven to be especially
effective at an average age of 52.7 for male and 54.5 for
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female population. Moreover, the authors underlined the ef-
fects of aging and multiple comorbidities in patients after
endovascular procedures on the use of exercise training
of moderate intensity, leading to the necessity of a per-
sonalized exercise-based vascular rehabilitation (running,
stationary bicycle, anaerobic exercises) [15-17].

There has been much discussion and academic debate
on the subject of vascular rehabilitation modality optimiza-
tion for primary bypass patency or endovascular treatment.
The exercise intensity depends on comorbidities and overall
cardiovascular state of patients with cardiovascular disease
and cardiovascular risk factors in terms of load and duration
of physical activity (low, moderate or high intensity) as well
as in patients who have already undergone the treatment.
Many mechanism of different training intensity efficacy in
reversing the specific symptoms in patients with confirmed
critical stenosis of the iliac segment and peripheral arteries,
manifested by intermittent claudication due to degenerative
process or non-compensating collateral hemodynamics,
and multiple risk factors after any type of procedure on
the iliac segment (artery bypass grafting or endovascular)
are not well understood [9,18-20]. Numerous substantive
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health benefits of cardiovascular postoperative rehabilitation
exercise have been demonstrated. It was evidenced by
improvements in comorbidities, especially in patients with
risk factors, heart diseases and reduced left ventricular
ejection fraction (EF) [21-24]. While the benefits for suc-
cessful primary bypass patency, prevention of neointimal
hyperplasia in Dacron material after surgical aorto-femoral
and femoro-popliteal bypass treatment s still uncertain. The
fact is that autologous vein graft bypass surgery is limited
by a lack of good-quality autologous vein or significant
stenosis defined as the luminal vessel diameter reduction
of over 75 % (TASC Il Aand B). Meanwhile, endovascular
therapy for critical stenosis of the iliac segment (PTA and
self-expendable stent, Dacron graft or stent implantation)
is possible. MICT effects on revascularization with both
primary bypass and endovascular intervention, as well as
on the peripheral arteries and cardiovascular system (mostly
on cardiac autonomic nervous system) are numerous and
in synergy with medicamentous treatment, antithrombotic
prophylaxis (Acetylsalicylic acid, Clopidogrel or Rivaroxa-
ban) and statins. All this collectively forms an integral part
of successful optimization of surgical and endovascular
treatment along with a concept of dietary modification and
risk factors reduction [25-30].

MICT loaded at a low intensity with short resting inter-
vals until the onset of claudication pain have been found to
be associated with improvements in anti-oxidant responses
reducing oxidative stress. Therefore, it has been suggested
that such training can help to prevent oxidative stress, athe-
rosclerotic arterial wall remodeling and atheromatosis of
arterial intima as well as to decrease carotid intima-media
thickening and an incidence of cardio-cerebral vascular
events with the benefit of primary bypass patency and
endovascular or vascular interventions. It is also important
to realize the significance of exercise benefits influence not
only on primary bypass patency and vascular interventions,
but also on systemic and peripheral circulation of other vital
systems in terms of apparent direct protection in response to
increases in perfusion pressure and improvements in distal
circulation of limb arteries [31-33]. Benefits of MICT with
short resting intervals are probably in direct correlation with
arterial remodeling and hemodynamic improvement related
to better global antioxidant status, as well as a protective
support for cardio-cerebral atherosclerosis prevention and
CIMT reduction. Beneficial effects include intima media
of distal large arteries protection and potential reduction
of neointimal hyperplasia development in various bypass
conduits such as veins and prosthetic grafts (Dacron and
venous material), and primary endovascular bypass patency
using self-expendable stent/PTA in critical stenosis of iliac
segment of over 75 %.

Taking into account a limitation of this pilot study including
the small number of participants, a larger number of patients
might be needed to detect statistically significant results.
Nevertheless, continuous exposure to progressive risk factors
(smoking, type 2 diabetes mellitus) and a considerable role of
lifestyle influence require a key support that could be provided
by continuation of the possible vascular treatment [34-37].
Vascular tone and arterial wall remodeling was revealed in
patients after training as evidenced by significant changes
in different arterial segments, especially in upper and lower
extremity peripheral arteries and in the carotid basin. Obser-

vational studies of Laughlin [38] and Tinken [39] have shown
the complimentary nature of adaptations in the carotid basin
arteries, and upper and lower extremity peripheral artery
function and structure in response to 8 weeks’ lower limb
training. The initial increase in upper and lower limb conduit
artery function in response to lower limb exercise training was
followed by an increase in vascular structure in both vessels.
Functional adaptations began to return to near baseline
values, structural adaptations began to increase significantly
across the 8-week exercise-training programme resulting in a
better arterial remodeling, improving collateral compensation
in atherosclerosis. While other authors (Van Duijnhoven [40]
and Thijssen [41]) have shown in their studies on MICT that
the artery wall adaptive changes in response to simulation
training effects of running and stationary bicycle were to de-
crease a conduit artery wall thickness in comparison to carotid
arteries with insignificant CIMT reduction in diabetic patients
[42]. Hodis in a study [43] gave insights into the absolute CIMT
as areliable independent predictor of cardiovascular events.
Even though endovascular treatment for stenosis of iliac
segment seems to be superior to surgical treatment, clinical
studies provide limited evidence with regard to various bypass
patency or endovascular intervention for critical stenosis.
Certainly, optimal training intensity could have a positive effect
on primary bypass patency or endovascular interventions
without putting patients at a risk of additional cardiovascular
and respiratory complications, which are potential during
physical activity in terms of load, further facilitating better
medicamentous treatment [12]. High-intensity interval training
in cardiovascular patients and patients with central obesity
demonstrated positive effect on insulin sensitivity, body
weight and reduced systolic and diastolic blood pressure.
Physical training 3 times a week with an adequate lifestyle
modification can increase aerobic capacity and improve
everyday activities in patients. Moreover, treatments for pe-
ripheral arterial disease ranging from conservative measures,
such as management of cardiovascular risk factors with
medicamentous therapy (antiplatelets, statins) and exercise
regimens, to interventional therapies, including surgical and
endovascular arterial reconstruction can be directly improved
with slowing down the progression of CIMT in both diabetic
and non-diabetic patients [12, 43—48]. In sum, reduced pro-
gression or net regression of CIMT was attainable in patients
with type 2 diabetes mellitus who underwent endovascular
or classic surgical treatment [38—49]. Individuals with type 2
diabetes after endovascular or bypass treatment can greatly
improve general well-being with positive cardio-protective
effects by following a nutritious meal plan and exercise
program, implementing necessary self-care behaviors, and
taking oral medications postoperatively as well as reducing
risk factors. High intensity trainings were associated with a
reduction in ischemic and hemorrhagic stroke incidence and
potential improvements in physical performance in 31 % of
patients with small number of comorbidities [49]. MICT with
short resting intervals and high load can improve everyday
activity of patients and their overall well-being. However, it
does not help to promote the therapeutic and rehabilitation
goals because it can not both improve physical performance
in patients and influence the prevention or progression of
hypertension symptomatology, dyslipidemia, brain stroke
and type 2 diabetes mellitus. Therefore, intensive and
continuous training of moderate intensity with short resting
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intervals and high load mitigates the critical ischemia effects
in iliac segment stenosis of over 75 % (TASC Il A and B)
or chronic ischemia of distal femoro-popliteal segment after
endovascular or bypass procedure, thus resulting in a higher
level of therapeutic potential of surgical and endovascular
treatment [50,51].

Conclusions

1. There are clear benefits associated with adequate
application of moderate-intensity continuous training of
slightly increased load with short resting intervals in in-
fluencing primary graft patency in patients with synthetic
or endovascular revascularization of iliac segment critical
stenosis (TASC Il A and B) and venous bypass graft of
the femoro-popliteal segment.

2. There are significant benefits from application of mo-
derate-intensity continuous training for primary graft patency
after ilio-femoral segment bypass surgery in comparison to
femoro-popliteal segment, and non-statistically significant
decrease in carotid intima-media thickness in some patients.

3. Medium-intensity continuous training significantly
impacts bypass patency and endovascular procedure in
patients after any type of revascularization procedure on
the iliac segment (artery bypass grafting or endovascular)
according to TASC Il Aand B criteria and improves the qua-
lity of life in combination with a programme of risk factors
reduction, diet and lifestyle modification.

Acknowledgements

We are grateful to Mr. Mensur Vrcié MD, PhD, Ratko Pavlovi¢ MD,
PhD (Sport University of Sarajevo and East Sarajevo, BIH) for
vascular rehabilitation support and realization of this important
study, and Iryna Skrypchenko PhD (Dnipropetrovsk State
University of Internal Affairs, Department of Physical Education,
Ukraine) for improvement of postoperative classical bypass and
endovascular rehabilitation therapy. We would also like to thank
all the treated patients for their voluntary participation and
outstanding cooperation in the study.

Conflicts of interest: authors have no conflict of interest to declare.
KoHAIKT iHTepeciB: BiACyTHIl.

Haaifiwaa po pepakuii / Received: 12.09.2019
Micas poonpauroBaHHs / Revised: 01.11.2019
MpuiisaTo Ao Apyky / Accepted: 07.09.2020

Information about authors:

Solakovi¢ Sid, MD, Clinic for Cardiovascular Surgery and
Department for Vascular Surgery, University Clinical Center of
Sarajevo; Special Hospital dr. Solakovic, Department for Vascular
Surgery and Vascular Rehabilitation; The International University
of Gorazde (IUG), Medical Faculty, BIH.

ORCID ID: 0000-0001-6092-1985

Jogonci¢ Anes, MD, Medical Faculty, Department of Forensic
Medicine, University of Sarajevo, BIH.

ORCID ID: 0000-0001-6926-0079

Pavlovi¢ Ratko, Faculty of Physical Education and Sport, University
of Sarajevo, BIH.

ORCID ID: 0000-0002-4007-4595

Vrcié Mensur, Faculty of Sport and Physical Education, University
of Sarajevo, BIH.

ORCID ID: 0000-0002-8331-9062

Covi¢ Nedim, Faculty of Sport and Physical Education, University
of Sarajevo, BIH.

ORCID ID: 0000-0002-1539-866X

Zaporozhye medical journal. Volume 22. No. 6, November — December 2020

Original research

Solakovi¢ Emir, MD, Department for Vascular Surgery and
Vascular Rehabilitation, Special Hospital dr.Solakovic, BIH.
ORCID ID: 0000-0001-5893-3522

Skrypchenko . T., Department of Physical Education,
Dnipropetrovsk State University of Internal Affairs, Dnipro, Ukraine.
ORCID ID: 0000-0001-5895-3099

Causevié Denis, Faculty of Sport and Physical Education,
University of Sarajevo, BIH.

ORCID ID: 0000-0003-2400-9352

Dorofieieva O. Ye., MD, PhD, DSc, Associate Professor, Head of
the Department of Physical Rehabilitation and Sport Medicine,
0. 0. Bogomolets National Medical University, Kyiv, Ukraine.
ORCID ID: 0000-0002-2028-6064

Yarymbash K. S., PhD, Associate Professor of the Department
of Physical Rehabilitation and Sport Medicine, 0. 0. Bogomolets
National Medical University, Kyiv, Ukraine.

ORCID ID: 0000-0003-4694-291X

BiaomocrTi npo aBTOpIB:

ConakoBuy Cip, KAiHIKa CepLEeBO-CYAMHHOT Xipyprii Ta BiAAIAEHHS
CYAMHHOI Xipyprii KAiHiYHOro LeHTpy yHiBepcuteTy CapaeBo;
CneuianbHa AikapHs AokTopa ConakoBMYa, BIAAIAEHHS CYAUHHOT
Xipyprii Ta CyanHHoi peabinitalii; MixkHapoAHWU yHiBEpCUTET
Topaxae (IUG), meanunuii dakyastet, BocHis i lfepuerosuHa.
MoroHuny AHelw, Kad. CyA0BOT MEANLIMHI, MEAUYHUI daKyALTET,
YHiBepcutet CapaeBo, bocHist i lfepueroBuHa.

MaBroBUY PaTko, GakyAbTeT Gi3UYHOrO BUXOBaHHS | CNOPTY,
YHiBepcuteT CxipaHoro CapaeBo, bocHisi i fepueroBuHa.

Bpunu MeHcyp, dakyAbTeT CropTy Ta GpisMUHOro BUXOBAHHS,
YniBepcutet CapaeBo, bocHis i lfepueroBuHa.

Yosuu Heaim, GpakyasteT cnopty Ta $isyHOro BUXOBAHHS,
YniBepcutet CapaeBo, bocHis i fepueroBuHa.

ConakoBuy EMip, BipAIAEHHS CyAMHHOI Xipyprii Ta CyAMHHOT peabiniTallii,
CneuianbHa AikapHs pookTopa ConakoBmua, BocHis i fepueroBrHa.
CKpunyeHKo |. T., kad. disnyHOro BUXOBaHHS, AHINPONETPOBCLKUIA
AEPXaBHWI YHIBEPCHTET BHYTPILLHIX cnpas, M. AHINPo, YkpaiHa.
Yaywesuny AeHuc, dakyAbTET CnopTy Ta $Gi3UYHOTO BUXOBAHHS,
YniBepcutet CapaeBo, bocHis i lfepueroBuHa.

NopodeeBa 0. €., A-p MeA. HayK, AOLEHT, 3aB. kad. disuyHOI
peabinitaLlii Ta CnopTMBHOI MEAMLIMHM, HaLlioHaAbHWUI MEANYHMIA
yHiBepcuTeT imeHi 0. 0. boromonbug, M. KuiB, YkpaiHa.
Apumbalu K. C., KaHA. Nea. Hayk, AOLEHT Kad. di3nuHoi
peabinitallii Ta CnopTMBHOI MEAMULIMHW, HaLlioHaAbHWI MEANYHMIA
yHiBepeuteT iMeHi 0. 0. boromonbLia, M. Kuis, YkpaiHa.

CBeaeHusA 06 aBTopax:

ConakoBny C1p, KANMHKKa CEPAEUYHO-COCYANCTON XMPYPrin

11 OTAEAEHWE COCYAMCTON XMPYPrik, KAMHUYECKWI LIEHTP
YHuBepcuteta CapaeBo; CneupnanbHas 60AbHIULE AOKTOpa
ConakoBuya, OTAEAEHUE COCYANCTON XUPYPI W 1 COCYANCTON
peabuanTaumn; MexayHapoaHbIf yHuBepeuTet fopaxae (IUG),
MEAULMHCKUIA dakyAbTeT, BocHUs 1 TepueroBuHa.

MoroHumny AHEC, MEAMLIMHCKMIA GaKyALTET, Kad. CyAe6HOI
MeAULMHbI, CapaeBCckuit yHUBEpCUTET, BocHUs 1 TepLeroBuHa.
aBroBKY PaTko, GakyAsTeT GU3NYECKOTO BOCMIUTAHWA 1 CMOpPTa,
YHusepcutet Boctouroro Capaeso, bochus 1 lepuerosuHa.
Bpuny MeHcyp, dakyAsTeT cnopra 1 ¢U3NYecKoro BOCIIUTaHuA,
CapaeBCckuit yHuBepcuteT, bocHus 1 lepuerosuHa.

Yosuru Heanm, GakyasTeT cnopta U GU3NYECKOro BOCMUTaHHS,
YHusepcutet CapaeBo, bocHus 1 fepueroBuHa.

ConakoBWY IMUP, OTAEAEHUE COCYAUCTOM XMPYPrK U COCYAMCTOM
peabuantaumu, CneuranbHas 6oabHULA A0KTopa CoAakoBMY,
BocHus 1 lepueroBuHa.

CkpunyeHko W. T., kad. dU3NUECKOro BoCnMTaHMS,
[AHENpPoNeTPOBCKII FOCYAAPCTBEHHbI YHUBEPCUTET BHYTPEHHUX
AeA, T. AH1npo, YkpauHa.

YayLieBny AeHuC, GakyAbTET CnopTa 1 GU3NYECKON KYABTYPbI,
CapaeBCkuit yHuBepcuTeT, bocHus 1 lepuerosuHa.
Aopodeesa E. E., A-p MeA. HayK, AOLIEHT, 3aB. kad. GprU3n4ecKon
peabuAUTaLmMK U CNOPTUBHOM MEAULIMHBI, HaLMOHaAbHBbIN
MEAULIMHCKUI yHUBEPCUTET MMeHU A. A. Boromonbua, T. Kues,
YkpaunHa.

fipbimbaLy K. C., kaHA. Nea. Hayk, AOLEHT Kad. GU3nuecKoi
peabuAUTaLmMu U CNOPTUBHOM MEAULIMHBI, HaLMOHaAbHBIN
MEAULIMHCKUI yHUBEpPCUTET MMeHU A. A. BoromonbLa, T. Kues,
YkpaunHa.

ISSN 2306-4145  http://zmj.zsmu.edu.ua

781


https://orcid.org/0000-0001-6092-1985
https://orcid.org/0000-0001-6926-0079
https://orcid.org/0000-0002-4007-4595
https://orcid.org/0000-0002-8331-9062
https://orcid.org/0000-0002-1539-866X
https://orcid.org/0000-0001-5893-3522
https://orcid.org/0000-0001-5895-3099
https://orcid.org/0000-0003-2400-9352
https://orcid.org/0000-0002-2028-6064
https://orcid.org/0000-0003-4694-291X

782

OpmrM HaAbHbl€ NCCAEAOBAHNA

References

[

2

(3

[4

3]

(6]

Y

(8]

&l

[10]

[

[12]

[13]

[14]

[15]

[16]

(171

ISSN 2306-4145  http://zmj.zsmu.edu.ua

Robeer, G. G., Brandsma, J. W., van den Heuvel, S. P., Smit, B.,
Oostendorp, R. A. B., & Wittens, C. H. A. (1998). Exercise therapy for
intermittent claudication: A review of the quality of randomised clinical
trials and evaluation of predictive factors. European Journal of Vascu-
lar and Endovascular Surgery, 15(1), 36-43. https:/doi.org/10.1016/
$1078-5884(98)80070-1

Setacci, C., de Donato, G., Teraa, M., Moll, F. L., Ricco, J. -B.,
Becker, F., Robert-Ebadi, H., Cao, P., Eckstein, H. H., De Rango, P,
Diehm, N., Schmidli, J., Dick, F., Davies, A. H., Lepantalo, M., &
Apelqvist, J. (2011). Chapter IV: Treatment of Critical Limb Ischaemia.
European Journal of Vascular and Endovascular Surgery, 42(Suppl. 2),
S43-S59. https://doi.org/10.1016/s1078-5884(11)60014-2

Bisdas, T., Borowski, M., Torsello, G., Adili, F., Balzer, K., Betz, T.,
Billing, A., Bockler, D., Brixner, D., Debus, S. E., Donas, K. P., Eck-
stein, H. -H., Florek, H. -J., Gkremoutis, A., Grundmann, R., Hupp, T.,
Keck, T., Gerf, J., Klonek, W., ... Zimmermann, A. (2015). Current
practice of first-line treatment strategies in patients with critical limb
ischemia. Journal of Vascular Surgery, 62(4), 965-973.e3. https://doi.
0rg/10.1016/}.jvs.2015.04.441

Timaran, C. H., Prault, T. L., Stevens, S. L., Freeman, M. B., & Gold-
man, M. H. (2003). lliac artery stenting versus surgical reconstruction
for TASC (transatlantic inter-society consensus) type B and type C
iliac lesions. Journal of Vascular Surgery, 38(2), 272-278. https://doi.
0rg/10.1016/s0741-5214(03)00411-7

Meijer, W. T., Hoes, A. W., Rutgers, D., Bots, M. L., Hofman, A., &
Grobbee, D. E. (1998). Peripheral Arterial Disease in the Elderly.
Arteriosclerosis, Thrombosis, and Vascular Biology, 18(2), 185-192.
https://doi.org/10.1161/01.atv.18.2.185

Selvin, E., & Erlinger, T. P. (2004). Prevalence of and Risk Factors for
Peripheral Arterial Disease in the United States. Circulation, 110(6),
738-743. https://doi.org/10.1161/01.¢ir.0000137913.26087.f0

Stea, E. M., Meling, S., Nyhus, L. -K., Glenn Stremstad, Mange-
rud, K. M., Helgerud, J., Bratland-Sanda, S., & Steren, @. (2017).
High-intensity aerobic interval training improves aerobic fitness and
HbA1c among persons diagnosed with type 2 diabetes. European
Journal of Applied Physiology, 117(3), 455-467. https://doi.org/10.1007/
500421-017-3540-1

Gaeini, A., Satarifard, S., & Heidary, A. (2014). Comparing the effect of
eight weeks of high-intensity interval training and moderate-intensity
continuous training on physiological variables of exercise stress test
in cardiac patient after coronary artery bypass graft. Journal of Isfahan
Medical School, 31,2171-2181.

Cachovan, M. (1999). Methods and results of controlled walking training
in patients with peripheral arterial occlusive disease. Zeitschrift fur
arztliche Fortbildung und Qualitatssicherung, 93(9), 626-632.

Wind, J., & Koelemay, M. J. W. (2007). Exercise Therapy and the Ad-
ditional Effect of Supervision on Exercise Therapy in Patients with
Intermittent Claudication. Systematic Review of Randomised Controlled
Trials. European Journal of Vascular and Endovascular Surgery, 34(1),
1-9. https://doi.org/10.1016/}.ejvs.2006.12.030

Brandsma, J. W., Robeer, B. G., van den Heuvel, S., Smit, B., Wit-
tens, C. H., & Oostendorp, R. A. (1998). The Effect of Exercises on
Walking Distance of Patients With Intermittent Claudication: A Study of
Randomized Clinical Trials. Physical Therapy, 78(3), 278-286. https://
doi.org/10.1093/ptj/78.3.278

Criqui, M. H., Denenberg, J. O., Langer, R. D., & Fronek, A. (1997). The
Epidemiology of Peripheral Arterial Disease: Importance of Identifying
the Population at Risk. Vascular Medicine, 2(3), 221-226. https://doi.
0rg/10.1177/1358863x9700200310

Fowkes, F. G. R., Housley, E., Cawood, E. H. H., Macintyre, C. C. A,
Ruckley, C. V., & Prescott, R. J. (1991). Edinburgh Artery Study: Preva-
lence of Asymptomatic and Symptomatic Peripheral Arterial Disease in
the General Population. International Journal of Epidemiology, 20(2),
384-392. https://doi.org/10.1093/ije/20.2.384

Parmenter, B. J., Dieberg, G., Phipps, G., & Smart, N. A. (2015).
Exercise training for health-related quality of life in peripheral artery
disease: A systematic review and meta-analysis. Vascular Medicine,
20(1), 30-40. https://doi.org/10.1177/1358863x14559092

Kudo, T., Chandra, F. A., & Ahn, S. S. (2005). Long-term outcomes
and predictors of iliac angioplasty with selective stenting. Journal of
Vascular Surgery, 42(3), 466.e1-466.e13. https://doi.org/10.1016/].
jvs.2005.05.002

Reese, C., Nechwatal, R., & Farin, E. (2019). Welche Erwartungen
haben Rehabilitanden an eine telemedizinische kardiologische
Reha-Nachsorge? Ergebnisse aus Interviews mit Rehabilitanden.
Zeitschrift fur Evidenz, Fortbildung und Qualitat im Gesundheitswesen,
143, 43-48. https://doi.org/10.1016/j.zefq.2019.04.003

Earnest, C. (2009). The role of exercise interval training in treating
cardiovascular disease risk factors. Current Cardiovascular Risk
Reports, 3(4), Article 296. https://doi.org/10.1007/s12170-009-0045-4

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[29]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Fleg, J. L., Cooper, L. S., Borlaug, B. A., Haykowsky, M. J., Kraus, W. E.,
Levine, B. D., Pfeffer, M. A., Pifia, I. L., Poole, D. C., Reeves, G. R.,
Whellan, D. J., & Kitzman, D. W. (2015). Exercise Training as Therapy
for Heart Failure. Circulation: Heart Failure, 8(1), 209-220. https:/doi.
org/10.1161/circheartfailure.113.001420

Wislgff, U., Staylen, A., Loennechen, J. P., Bruvold, M., Rognmo, @.,
Haram, P. M., Tjgnna, A. E., Helgerud, J., Slgrdahl, S. A,, Lee, S. J.,
Videm, V., Bye, A., Smith, G. L., Najjar, S. M., Ellingsen, @., & Skjeerpe,
T. (2007). Superior Cardiovascular Effect of Aerobic Interval Training
Versus Moderate Continuous Training in Heart Failure Patients.
Circulation, 115(24), 3086-3094. https://doi.org/10.1161/circulation-
aha.106.675041

Hussain, S. R., Macaluso, A., & Pearson, S. J. (2016). High-In-
tensity Interval Training Versus Moderate-Intensity Continuous
Training in the Prevention/Management of Cardiovascular Disease.
Cardiology in Review, 24(6), 273-281. https://doi.org/10.1097/
¢rd.0000000000000124

Specchia, G., De Servi, S., Scire’, A., Assandri, J., Berzuini, C.,
Angoli, L., La Rovere, M. T., & Cobelli, F. (1996). Interaction Between
Exercise Training and Ejection Fraction in Predicting Prognosis After
a First Myocardial Infarction. Circulation, 94(5), 978-982. https:/doi.
0rg/10.1161/01.¢ir.94.5.978

Haddadzadeh, M. H., Maiya, A. G., Padmakumar, R., Shad, B., &
Mirbolouk, F. (2011). Effect of exercise-based cardiac rehabilitation
on ejection fraction in coronary artery disease patients: a randomized
controlled trial. Heart Views, 12(2), 51-57. https://doi.org/10.4103/1995-
705X.86013

Ehsani, A. A., Biello, D. R., Schultz, J., Sobel, B. E., & Holloszy, J. O.
(1986). Improvement of left ventricular contractile function by exercise
training in patients with coronary artery disease. Circulation, 74(2),
350-358. https://doi.org/10.1161/01.cir.74.2.350

Keteyian, S. J. (2013). Exercise Training in Patients With Heart Failure
and Preserved Ejection Fraction. Journal of the American College of
Cardiology, 62(7), 593-594. https://doi.org/10.1016/}.jacc.2013.01.098
Rankin, A. J., Rankin, A. C., Macintyre, P., & Hillis, W. S. (2011). Walk
orrun? is high-intensity exercise more effective than moderate-intensity
exercise at reducing cardiovascular risk? Scottish Medical Journal,
57(2), 99-102. https://doi.org/10.1258/smj.2011.011284

Nechwatal, R. M., Duck, C., & Gruber, G. (2002). Kdrperliches Training
als Intervall- oder kontinuierliches Training bei chronischer Herzinsuf-
fizienz zur Verbesserung der funktionellen Leistungskapazitat, Himo-
dynamik und Lebensqualitét — eine kontrollierte Studie. Zeitschrift Fiir
Kardiologie, 91(4), 328-337. https://doi.org/10.1007/s003920200034
Heran, B. S., Chen, J. M., Ebrahim, S., Moxham, T., Oldridge, N.,
Rees, K., Thompson, D. R., & Taylor, R. S. (2011). Exercise-based
cardiac rehabilitation for coronary heart disease. Cochrane Da-
tabase of Systematic Reviews, (7), Article CD001800. https:/doi.
0rg/10.1002/14651858.cd001800.pub2

Goldsmith, R. L., Bloomfield, D. M., & Rosenwinkel, E. T. (2000). Exer-
cise and autonomic function. Coronary Artery Disease, 11(2), 129-135.
https://doi.org/10.1097/00019501-200003000-00007

Piepoli, M. F., Guazzi, M., Boriani, G., Cicoira, M., Corra, U., Lib-
era, L. D., Emdin, M., Mele, D., Passino, C., Vescovo, G., Vigorito, C.,
Villani, G. Q., & Agostoni, P. (2010). Exercise intolerance in chronic
heart failure: mechanisms and therapies. Part |. European Journal of
Cardiovascular Prevention & Rehabilitation, 17(6), 637-642. https:/doi.
0rg/10.1097/hjr.0b013e3283361dc5

Oldridge, N. B. (1988). Cardiac rehabilitation after myocardial infarction.
Combined experience of randomized clinical trials. JAMA: The Journal
of the American Medical Association, 260(7), 945-950. https://doi.
0rg/10.1001/jama.260.7.945

Willie, C. K., Tzeng, Y. -C., Fisher, J.A., & Ainslie, P. N. (2014). Integra-
tive regulation of human brain blood flow. The Journal of Physiology,
592(5), 841-859. https://doi.org/10.1113/jphysiol.2013.268953

Ogoh, S., & Ainslie, P. N. (2009). Cerebral blood flow during exercise:
mechanisms of regulation. Journal of Applied Physiology, 107(5), 1370-
1380. https://doi.org/10.1152/japplphysiol.00573.2009

Gibala, M. J., & McGee, S. L. (2008). Metabolic Adaptations to Short-
term High-Intensity Interval Training. Exercise and Sport Sciences
Reviews, 36(2), 58-63. https://doi.org/10.1097/jes.0b013e318168ec1f
Gomez-Cabrera, M. -C., Domenech, E., & Vifia, J. (2008). Moderate
exercise is an antioxidant: Upregulation of antioxidant genes by trai-
ning. Free Radical Biology and Medicine, 44(2), 126-131. https:/doi.
0rg/10.1016/j.freeradbiomed.2007.02.001

Ait-Oufella, H., Taleb, S., Mallat, Z., & Tedgui, A. (2011). Recent
Advances on the Role of Cytokines in Atherosclerosis. Arterioscle-
rosis, Thrombosis, and Vascular Biology, 31(5), 969-979. https://doi.
org/10.1161/atvbaha.110.207415

Ribeiro, F., Alves, A. J., Duarte, J. A., & Oliveira, J. (2010). Is exercise
training an effective therapy targeting endothelial dysfunction and
vascular wall inflammation? International Journal of Cardiology, 141(3),
214-221. https://doi.org/10.1016/}.iicard.2009.09.548

3anopoxckuii MegnumMHCKUI xypHan. Tom 22, Ne 6(123), Hosbpb — Aekabpb 2020 r.


https://doi.org/10.1016/s1078-5884(98)80070-1
https://doi.org/10.1016/s1078-5884(98)80070-1
https://doi.org/10.1016/s1078-5884(11)60014-2
https://doi.org/10.1016/j.jvs.2015.04.441
https://doi.org/10.1016/j.jvs.2015.04.441
https://doi.org/10.1016/s0741-5214(03)00411-7
https://doi.org/10.1016/s0741-5214(03)00411-7
https://doi.org/10.1161/01.atv.18.2.185
https://doi.org/10.1161/01.cir.0000137913.26087.f0
https://doi.org/10.1007/s00421-017-3540-1
https://doi.org/10.1007/s00421-017-3540-1
https://doi.org/10.1016/j.ejvs.2006.12.030
https://doi.org/10.1093/ptj/78.3.278
https://doi.org/10.1093/ptj/78.3.278
https://doi.org/10.1177/1358863x9700200310
https://doi.org/10.1177/1358863x9700200310
https://doi.org/10.1093/ije/20.2.384
https://doi.org/10.1177/1358863x14559092
https://doi.org/10.1016/j.jvs.2005.05.002
https://doi.org/10.1016/j.jvs.2005.05.002
https://doi.org/10.1016/j.zefq.2019.04.003
https://doi.org/10.1007/s12170-009-0045-4
https://doi.org/10.1161/circheartfailure.113.001420
https://doi.org/10.1161/circheartfailure.113.001420
https://doi.org/10.1161/circulationaha.106.675041
https://doi.org/10.1161/circulationaha.106.675041
https://doi.org/10.1097/crd.0000000000000124
https://doi.org/10.1097/crd.0000000000000124
https://doi.org/10.1161/01.cir.94.5.978
https://doi.org/10.1161/01.cir.94.5.978
https://doi.org/10.4103/1995-705X.86013
https://doi.org/10.4103/1995-705X.86013
https://doi.org/10.1161/01.cir.74.2.350
https://doi.org/10.1016/j.jacc.2013.01.098
https://doi.org/10.1258/smj.2011.011284
https://doi.org/10.1007/s003920200034
https://doi.org/10.1002/14651858.cd001800.pub2
https://doi.org/10.1002/14651858.cd001800.pub2
https://doi.org/10.1097/00019501-200003000-00007
https://doi.org/10.1097/hjr.0b013e3283361dc5
https://doi.org/10.1097/hjr.0b013e3283361dc5
https://doi.org/10.1001/jama.260.7.945
https://doi.org/10.1001/jama.260.7.945
https://doi.org/10.1113/jphysiol.2013.268953
https://doi.org/10.1152/japplphysiol.00573.2009
https://doi.org/10.1097/jes.0b013e318168ec1f
https://doi.org/10.1016/j.freeradbiomed.2007.02.001
https://doi.org/10.1016/j.freeradbiomed.2007.02.001
https://doi.org/10.1161/atvbaha.110.207415
https://doi.org/10.1161/atvbaha.110.207415
https://doi.org/10.1016/j.ijcard.2009.09.548

[37]

(38]

(39]

[40]

[41]

[42]

[43]

[44]

[49]

[46]

[47]

48]

[49]

[50]

(51

Zaporozhye medical journal. Volume 22. No. 6, November — December 2020

Althouse, A. D., Abbott, J. D., Forker, A. D., Bertolet, M., Barinas-Mit-
chell, E., Thurston, R. C., Mulukutla, S., Aboyans, V., & Brooks, M. M.
(2014). Risk Factors for Incident Peripheral Arterial Disease in Type
2 Diabetes: Results From the Bypass Angioplasty Revascularization
Investigation in Type 2 Diabetes (BARI 2D) Trial. Diabetes Care, 37(5),
1346-1352. https://doi.org/10.2337/dc13-2303

Laughlin, M. H. (1995). Endothelium-mediated control of coronary
vascular tone after chronic exercise training. Medicine & Science in
Sports & Exercise, 27(8), 1135-1144. https://doi.org/10.1249/00005768-
199508000-00006

Tinken, T. M., Thijssen, D. H. J., Black, M. A., Cable, N. T., & Green, D. J.
(2008). Time course of change in vasodilator function and capacity in
response to exercise training in humans. The Journal of Physiology,
586(20), 5003-5012. https://doi.org/10.1113/jphysiol.2008.158014
van Duijnhoven, N. T. L., Green, D. J., Felsenberg, D., Belavy, D. L.,
Hopman, M. T. E., & Thijssen, D. H. J. (2010). Impact of Bed Rest on
Conduit Artery Remodeling. Hypertension, 56(2), 240-246. https://doi.
org/10.1161/hypertensionaha.110.152868

Thijssen, D. H. J., Dawson, E. A., van den Munckhof, I. C. L., Tin-
ken, T. M., den Drijver, E., Hopkins, N., Cable, N. T., & Green, D. J.
(2011). Exercise-mediated changes in conduit artery wall thickness in
humans: role of shear stress. American Journal of Physiology-Heart
and Circulatory Physiology, 301(1), H241-H246. https://doi.org/10.1152/
ajpheart.00170.2011

Maiorana, A., O'Driscoll, G., Cheetham, C., Collis, J., Goodman, C.,
Rankin, S., Taylor, R., & Green, D. (2000). Combined aerobic and
resistance exercise training improves functional capacity and strength
in CHF. Journal of Applied Physiology, 88(5), 1565-1570. https:/doi.
org/10.1152/jappl.2000.88.5.1565

Hodis, H. N., Mack, W. J., LaBree, L., Selzer,R. H., Liu, C.R., Liu, C. H.,
& Azen, S. P. (1998). The Role of Carotid Arterial Intima-Media
Thickness in Predicting Clinical Coronary Events. Annals of Internal
Medicine, 128(4), 262-269. https://doi.org/10.7326/0003-4819-128-4-
199802150-00002

Colberg, S. R., Sigal, R. J., Fernhall, B., Regensteiner, J. G., Bliss-
mer, B. J., Rubin, R. R., Chasan-Taber, L., Albright, A. L., Braun, B.,
American College of Sports Medicine, & American Diabetes Associ-
ation. (2010). Exercise and Type 2 Diabetes: The American College
of Sports Medicine and the American Diabetes Association: joint
position statement. Diabetes Care, 33(12), e147-e167. https:/doi.
0rg/10.2337/dc10-9990

Kim, S. H., Lee, S. J., Kang, E. S., Kang, S., Hur, K. Y., Lee, H. J,,
Ahn, C. W, Cha, B. S., Yoo, J. S., & Lee, H. C. (2006). Effects of life-
style modification on metabolic parameters and carotid intima-media
thickness in patients with type 2 diabetes mellitus. Metabolism, 55(8),
1053-1059. https://doi.org/10.1016/j.metabol.2006.03.017

Niebauer, J., Hambrecht, R., Velich, T., Hauer, K., Marburger, C.,
Kalberer, B., Weiss, C., von Hodenberg, E., Schlierf, G., Schuler, G.,
Zimmermann, R., & Kibler, W. (1997). Attenuated Progression of Coro-
nary Artery Disease After 6 Years of Multifactorial Risk Intervention.
Circulation, 96(8), 2534-2541. https://doi.org/10.1161/01.cir.96.8.2534
Byrkjeland, R., Stensath, K.-H., Anderssen, S., Njerve, |. U,,
Arnesen, H., Seljeflot, I., & Solheim, S. (2016). Effects of exercise
training on carotid intima-media thickness in patients with type 2
diabetes and coronary artery disease. Influence of carotid plaques.
Cardiovascular Diabetology, 15, Article 13. https://doi.org/10.1186/
$12933-016-0336-2

Yokoyama, H., Katakami, N., & Yamasaki, Y. (2006). Recent Advances
of Intervention to Inhibit Progression of Carotid Intima-Media Thickness
in Patients With Type 2 Diabetes Mellitus. Stroke, 37(9), 2420-2427.
https://doi.org/10.1161/01.str.0000236632.58323.cd

Lee, I.-M., Hennekens, C. H., Berger, K., Buring, J. E., & Manson, J. E.
(1999). Exercise and Risk of Stroke in Male Physicians. Stroke, 30(1),
1-6. https://doi.org/10.1161/01.str.30.1.1

Warburton, D. E., Nicol, C. W., & Bredin, S. S. (2006). Health benefits of
physical activity: the evidence. Canadian Medical Association Journal,
174(6), 801-809. https://doi.org/10.1503/cmaj.051351

Wen, C. P., Wai, J. P. M., Tsai, M. K,, Yang, Y. C., Cheng, T. Y. D.,
Lee, M.-C., Chan, H. T, Tsao, C. K., Tsai, S. P., & Wu, X. (2011). Mini-
mum amount of physical activity for reduced mortality and extended life
expectancy: a prospective cohort study. Lancet, 378(9798), 1244-1253.
https://doi.org/10.1016/S0140-6736(11)60749-6

Original research

ISSN 2306-4145  http://zmj.zsmu.edu.ua 783


https://doi.org/10.2337/dc13-2303
https://doi.org/10.1249/00005768-199508000-00006
https://doi.org/10.1249/00005768-199508000-00006
https://doi.org/10.1113/jphysiol.2008.158014
https://doi.org/10.1161/hypertensionaha.110.152868
https://doi.org/10.1161/hypertensionaha.110.152868
https://doi.org/10.1152/ajpheart.00170.2011
https://doi.org/10.1152/ajpheart.00170.2011
https://doi.org/10.1152/jappl.2000.88.5.1565
https://doi.org/10.1152/jappl.2000.88.5.1565
https://doi.org/10.7326/0003-4819-128-4-199802150-00002
https://doi.org/10.7326/0003-4819-128-4-199802150-00002
https://doi.org/10.2337/dc10-9990
https://doi.org/10.2337/dc10-9990
https://doi.org/10.1016/j.metabol.2006.03.017
https://doi.org/10.1161/01.cir.96.8.2534
https://doi.org/10.1161/01.cir.96.8.2534
https://doi.org/10.1161/01.cir.96.8.2534
https://doi.org/10.1161/01.str.0000236632.58323.cd
https://doi.org/10.1161/01.str.0000236632.58323.cd
https://doi.org/10.1503/cmaj.051351
https://doi.org/10.1016/S0140-6736(11)60749-6

	06_421-19_Solakovic_Jogoncic_et_all
	Article info
	UDC
	DOI
	Key words
	E-mail

	Abstract
	Abstract_UA
	Abstract_RU

	Introduction
	Aim 
	Materials and methods 
	Results 
	Discussion 
	Conclusions 
	Acknowledgements
	Conflicts of interest
	Information about authors
	Відомості про авторів
	Сведения об авторах

	References

	Tables
	Table 1. Impact of training on claudication symptoms
	Table 2. Mean values of carotid intima-media thickness

	Figures
	Fig. 1. Age difference between patients with retroperitoneal, transperitoneal and femoro-politeal endovascular approach using reversed great saphenous vein graft.
	Fig. 2. Differences in claudication symptoms between patients with Dacron graft, great saphenous vein conduit and endovascular treatment.


