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MACTOTO HA CPET NPU BOJIHU C PEAYLUWUPAH ®U3NYHECKU KANALUUTET
N BOJIECT HA XOOXKWH B KIIMHWYHA PEMUCUA

B. Jumumpoea’, U. Npyes’ ?
'"MAL ,,Eyposuma” — Cogbusi, 2KapduonoeuyHa knuHuka, HMTE ,Llap Bopuc III” — Cogpus

THE ROLE OF CPET IN PATIENTS WITH REDUCED PHYSICAL CAPACITY
AND HODGKIN'S DISEASE AT CLINICAL REMISSION
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Pestome. Borectra Ha XOmKKUH e CcCTeMHO 3aB0nsBaHe Ha NMMMHATa TbkaH, KOETO Hail-4ecTo 3acsira KoHOLM W MNaay Bb3PACTHM.
MogepHOTO NeyeHie Ha 3a60rsiBaHETO LiENK NPOLbIKATENHA JbAroroAuLLIHA PEMUCHS MY NaLyeHTuTe. B xoaa Ha To3u npoLec
NPV YaCT OT NALMEHTUTE HACTBLINBAT HAKOW YCIIOXHEHMS, U3ICKBALLM HABPEMEHHA AnarHocTika 1 neyenue. OT dyHpaMeHTanHo
3HauEeHue e OCUTYPSIBaHETO HA MPUEMCTBEHOCT MEXZY CrIeLManmCTIATe — [IETCKM OHKOSIO3M, NYTIMOrIO3 W KapaKomnosn, NeanaTpu,
OT efiHa CTpaHa, 1 CreLuan1CcTuTe OT CbOTBETHATA 0BMacT, NeKyBalLy Bb3pacTHW NauueHTH. BofeHeTo u cbxpaHeHueTo Ha
MPELM3HO MEAMLMHCKO AOCKE Ha NaLMeHTa CIyXiI KaTo TPaMMNH 32 CKDUHVHI NP NOSPacTBaLLY 1 MV Bb3pacTHI B PEMICHS
crieq NeYeHme Ha XOmKKkMHOB NuMchoM. OTAENHUTE METOAM Ha FieYeHue (ITbYereydeHie, XUMMoTepanus u Ap.) UMaT pasnniHu
MEXaHW3MI Ha [JeACTBUE BbpXY BONECTHIS MPOLIEC 11 CHOTBETHO Pa3Mn4HI NOTEHLMANHM YCIOXHEHUS B GNM3bK 1 JbITOCPOYeH
nnaH. OYHKUMOHArNHWUTE M3CreaBaHNs Ha OWULLAHETO W KAPAMOMYNIMOHANHUST CTPEC-TECT C HATOBapBaHe Mpyu Tasu rpyna
MaLyeHTy criomarar fja ce OBSICHSIT eTVONOMMsiTa Ha Bb3HUKHAMN KIMHWYHI ONMakBaHusi, a CE OLIEHSTT (YHKLMOHAMHMST CTaTyC
1 edIeKTBT OT TepanmsiTa, KakTo M JOMPUHACST 3a HABPEMEHHATa AUarHOCTUKA Ha YCTIOKHEHWS! B XOAa Ha NeYeBHus mpoLiec ¢
Lien paHHa kapavopexabunuTaLus 1 MocTuraHe Ha TpaiHa KuHuHa pemucnst. MpecTaBsMe MHTEPECEH KIMHUYEH Cryyait, 3a
[ia UNICTpYpame ChLUECTBEHATa PO HA HAYanHaTa v MpocneasBallaTa OLeHka Ha NauMeHTUTe ¢ NMMAOM Ha XOMKKIH Ypes
Te3W METO[M 3a NMOBYLLABaHE Ha KAYECTBOTO Ha XMBOT W CbpLeYHO-ChAOBATA MPOUIAKTIKE Ype3 HackpyaBaHe Ha peaoBHa
hmanyecka akTUBHOCT U M3rpaxaaHe NepcoHanuavpaHi npean1cais 3a noaoGpsiBaHe Ha KapAopecrMpaTopHs KanauwTer.

Kntouosu gymu: 60necT Ha XOMKKMH, XOMKKMHOB IMMEOM, XMMUOTEPaNUS, TbYeTEPanus, KapanonynMOHaNeH CTPEC-TECT C HAaTOBapBaHxe,
kapavopexabunutaums
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Abstract. Hodgkin's lymphoma is a systemic disease of the lymphatic tissue that most commonly affects adolescents and young adults.
Modern treatment of the disease aims at long-term remission in patients. During this process, some patients develop com-
plications that require timely diagnosis and treatment. It is fundamental to ensure continuity between pediatric oncologists,
pulmonologists, and cardiologists, pediatricians on the one hand, and specialists in the relevant field treating adult patients.
Keeping and maintaining accurate patient medical data serves as a springboard for screening adolescents and young adults
in remission after treatment for Hodgkin's lymphoma. The treatment methods (radiation, chemotherapy, etc.) have different
mechanisms of action on the disease and, accordingly, different potential early and late complications. The role of functional
breathing studies and cardiopulmonary stress tests with exercise in this group of patients can explain the etiology of clinical
complaints, assess the functional status and effect of treatment, as well as timely diagnosis of complications during the treat-
ment process with the aim of early cardio rehabilitation and achieving durable clinical remission. We present this interesting
clinical case to illustrate the essential role of initial and follow-up assessment of patients with Hodgkin's lymphoma using
these methods to improve quality of life and cardiovascular prevention by promoting regular physical activity and building
personalized prescriptions to improve cardiorespiratory fitness.
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BbBEOEHUE

BonecTtta Ha XOMXKMH, NN XOAXKMHOB NUMAOM
(XJ1) e 3nokavecTBeHO 3abonsBaHe Ha nNMMdHaTa Tb-
KaH, KITMHWYHO Npe3eHTMpaLLIO Ce Haln-4ecTo ¢ numda-
AeHomeranvs. XMMmno- n ibyetepanusaTa, N3nona3BaHn
3a nevenne Ha XJ1, BogsaTt go 6enogpobHu ycrnoxHe-
Hus Npu npubnuantenHo 30% ot ouenenute Ao 45-ro-
AVLLIHa Bb3pacT U ca BOAella NpuynHa 3a CMbpPT npu
Tasu nonynauus [1, 2]. NMpegoMMHUpaHETO Ha KbCHUTE
©enoagpobHn edekTn npu npexueenute XJ1 nogkpens
PYTUHHOTO HabntogeHne ¢ 6enoapobHu yHKUMOHan-
HW1 TecTtoBe (PUM) npy ObArOCPOYHO MpocrensasaHe,
KaTo ce npenopbyBa MNpoab/PKaBallo HabnwogeHue,
ako NbpBOHaYarHoOTo nscnefBaHe e abHopmHo [3, 4].

Kapgunonynmonanuuat crtpec-tect (KMCT) ¢ Ha-
TOBapBaHe ocurypsisa onTumarnHa HeuHBasvBHa Cbp-
Ae4YHO-CbaoBa U 6enogpobHa OLeHKa KakTo Ha cuMn-
TOMaTMYHW, Taka U Ha aCUMMNTOMHU UHAMBUOW C Anar-
HOCTMYHa, TepaneBTMYHa U NPOrHOCTUYHA Len. TecTbT
e paspaboteH ot a-p Kapnman BacepmaH n a-p bpasiH
Yun B kpasa Ha 60-Te n 70-Te roguHn Ha XX Bek [5].
WN3nonseart ce gBa 6a3oBM mMeTroda 3a HaToBapBaHe
— bBgarawia nbTeka M BernoeproMeTbp, cropen UHAU-
BMayanHuTe ocobeHOCTU (TPEeHUpPaHOCT, BWUA CropT),
opToneauyHn 3abonsiBaHMs WM LenTa Ha TecTBaHETO
(NnpocneasiBaHe Ha apTepuanHoTo Hansrade n EKT ge-
TEeKUMS Ha Ucxemus ce nocTurat no-npeLmsHo ¢ Berno-
eprometbp). OcHOBHUTE (DOPMUK Ha CTeneHyBaHO ou-
3M4eCcKo HaToBapBaHe BuBaT NPOTOKOMNN C MOCTENEHHO
NMOCTOSIHHO MOKa4yBaHe Ha CKOpOCTTa (pamn) u cTbna-
NOBUOHW MPOTOKOMK.

NamepBaHuTe Mo Bpeme Ha TecTa nokasatenu ce
rpynupat B HSIKOMKO KaTeropum — CbpAeYHO-CbAOBMU,
BEHTUIATOPHU U MeTabonuTHU. [JaHHWUTEe OT Te3u noka-
3atenu ca obeanHeHn B rpadouyeH Bua B T.Hap. 9-naHe-
neH mogen Ha BacepwmaH [5]. PedbepeHTHUTE 1M cTOW-
HOCTW Ca pasfnU4YHU MpU NaunueHTUTEe C KapauonormyHm
unn 6enogpobHy 3abonsiBaHUst CNpsMO 34paBM KOH-
Tponu. VO,max (MakcumariHa KMCrnopoaHa KoHcymMaums)
npegcraensiBa MakCMMaITHOTO MOMTbLLAHE Ha KUCIopoa,
OT OKOMHaTa cpefa, TPaHCNopTMpaH 40 MUTOXOHOPUUTE
3a M3BbpLUBaHe Ha husmyecka pabora [6].

1.VO,max He cboTBeTCTBa Ha nokasartens VO,peak,
KOWTO € Han-BUCOKOTO KOMMYECTBO KMCHOPOL, KOHCYMU-
paHO MpY OafeHO MWMKOBO HatoBapBaHe. ABGCOMHOTHU-
AT VO,max ce namepsa B l/min unm ml/min. Bpbakara Ha
VO,max C pasmepa Ha TANOTO M3VCKBa KOPEKLWA Ha M3Mep-
BaHuATa Ha VO, max, ot4eTeHn B mi/kg/min. CbluecTBeHuTe
dakTopu, OONPUHACALLM 3a MHOMBUOYaNHWUTE Bapuauum
BbB VO,max, BKIIOYBAT: pasmep Ha TAMoTo, Bb3pact, ror,
reHeTUYHM chbakTopy, 06eEM Ha YEPBEHUTE KPBBHMU KIETKM
1 dmandeckn ynpaxHeHus [7]. MNpoyusaHus npegnonarar,
ue VO, max Hamansisa ¢ 3-6% Ha Bcekv 10 roguHu, kato ce
3arouvHe ot 20-30-roaniiHa Bb3pacT 1 ¢ > 20% Ha Bceku

INTRODUCTION

Hodgkin’s disease or Hodgkin’s lymphoma (HL)
is a malignant disease of the lymphatic tissue, clin-
ically presenting most often with lymphadenomeg-
aly. Chemotherapy and radiation therapy used to
treat HL result in pulmonary complications in ap-
proximately 30% of survivors by age 45 and are the
leading cause of death in this population [1, 2]. The
predominance of late pulmonary effects in HL sur-
vivors supports routine surveillance with pulmonary
function tests (PFTs) during long-term follow-up, with
continued surveillance recommended if initial testing
is abnormal [3, 4].

The cardiopulmonary exercise test (CPET) pro-
vides an optimal non-invasive cardiovascular and
pulmonary assessment of symptomatic and asymp-
tomatic individuals for diagnostic, therapeutic, and
prognostic purposes. The test was developed by Dr.
Carlman Wasserman and Dr. Brian Whipp in the late
1960s and 1970s [5]. Two basic loading methods
are used - treadmill and cycle ergometer according
to individual characteristics (training, type of sport),
orthopedic diseases, and the purpose of testing
(arterial pressure monitoring and ECG-detection of
ischemia are achieved more precisely with a cycle
ergometer). The main forms of graded exercise are
ramp and step protocols.

The tested parameters are grouped into several
categories - cardiovascular, ventilatory, and meta-
bolic. The data from these indicators are combined
in graphic form in the so-called 9-panel Wasserman
model [5]. The reference values are different in pa-
tients with cardiac or pulmonary diseases compared
to healthy controls. VO,max (maximal oxygen con-
sumption) represents the maximum uptake of oxy-
gen from the environment transported to the mito-
chondria to perform physical work [6].

1. VO,max does not correspond to VO,peak, rep-
resenting the highest amount of oxygen consumed
at a peak exercise. Absolute VO,max is measured in
L/min or ml/min. The relationship of \'/Ozmax to body
size requires correction of VO,max measurements
reported in ml/kg/min. Significant factors contribut-
ing to individual variation in VOzmax include body
size, age, sex, genetic factors, red blood cell vol-
ume, and exercise [7]. Studies suggest that VO,max
declines by 3-6% every 10 years starting at age
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10 rogyHn cneq 70-rogywHa Bb3pacT [8]. CwusiTa ce, ve
TPEHNPOBKMTE C yNpadkHeHsi nosuLasat VO, max Ha MHAW-
BMAA [MaBHO Ype3 pasLumpsiBaHe Ha obema Ha YepBeHUTe
KPBbBHU KNETKN 1 yBenuyasaHe Ha YO, kaTto u upe3 agara
MexaHM3bMa ce yBenu4yaea JocTaBkaTa Ha Kvcropog Ao
METabONMUTHO aKTUBHUTE TbKaHw [9].

2. Aptepuantuar O, nync otTpassBa KucrnopoaHara
KOHCyMauusa 3a efuH CbpdedYeH ydap No Bpeme Ha
TpeHupoBka (O, nync= \'/Oz/HR), UIn oT ypaBHEHUETO
Ha ®uk (VO,=HR x SV x apTepnoBeHo3Ha kucrnopoaHa
pasnuka) npowusseaeHneto YO u  O,-ekcTpakums.
HopmanHo ce pernctpupa npogbiPKUTENHO NIMHEapHO
nokayBaHe MO BpPeMe Ha HaToBapBaHe C Bb3MOXHO
nnaTto, AOCTUrawio MakcumanHo HaTtoBapsaHe [10].
Ha Teopwusi, knanHo cbpaevHo 3abonsiBaHe Moxe fga
orpaHnyn YO Hanpepq v cnegoBaTenHo Aa goeede no
nnato unm cnag B O, Nync no Bpeme Ha HaToBapBaHe.

3. MakcumanHata cbpaeyHa yYectota (HRmax) Hop-
ManHo e = 85% ot Bb3pacToBo-npeapuaeHata HRmax;
HR ce nokaysa ¢ 10 ya./min Ha Bceku 3.5 milkg/min VO,;
CcbpaeyHa YecToTta npu Bb3ctaHoesiBaHe (HRrec) > 12 ya./
min — cnep 1 MuHyTa Bb3cTaHosuTeneH nepuog, [10].

4. CuctonHoTo apTtepuanHo HandraHe (CAH) ce
ysenuuasa ¢ 10 mm Hg Ha sceku 3.5 ml/kg/min VO2.
A6contotHoTo CAH goctura 210 mm Hg npu Mmbxe u
190 mm Hg npw xeHu, anactonHo AH (OAH) sagbpxa
cTtabunHa ctorHocT unu cnaga [10].

5. ApTepuarnHa xMnokcemusi, MHayLmpaHa ot umau-
yecko HatoBapBaHe (EIAH). KucnopogHarta catypauusi
(SpO, 2 95% — B nokoin 1 npu HatoBapsaHe), SpO, He
TpsibBa ga naga ¢ > 5% [2]. EIAH ce gedwmHmpa kato ab-
COIMOTHO HaMareHe Ha apTepuanHoOTO HacKLLaHe C K1UC-
nopog (Sa0,) < 95% no Bpeme Ha TPEHUPOBKA Ha Ui
6130 4O MOPCKOTO paBHULLIE C AecaTypaumm, BapmpaLum
ot 3-15% ot cTonHocTuTe B nokon [11]. Oemncu n cuTp.
npenopbYBaT crnegHata KrnacudukauMoHHa cucTemMa
3a EIAH: nek EIAH (SpO, ot 93-94,9%), ymepeH EIAH
(SpO, ot 88-92,9%) n Texbk EIAH (SpO, < 88%) [11].
Mpy HANWYHW KNMHUYHW LAaHHW Ca Bb3MOXHW MaTonorny-
HW NPUYMHKU KaTo MbpPBUYHO GenoapobHo 3abonsiBaHe,
BenoapobHa embonusa n 6enogpobHa xmneptoHns (BX).

6. OuxarenHusT peseps (OP) HopmanHo e > 20% [10].
[P ce onpenens kato eguHMLUa@ MUHYC CbOTHOLLEHNETO
Mexay makcumanHarta BeHtTunaumsa (VE) no Bpeme Ha
TPEHVPOBKA N MakcumanHa [oOpoBoMnHa BeHTWNaums
(MVV), nonydeHa OT CNYPOMETPUSA B MOKOW, U3BbpLLIE-
Ha npegw KICT (1 — [nukoea VE/MVV]). MVV moxe aa
ce usumcnn ypes dopempaH ekcnmpartopeH obem 3a 1
cekyHga (FEV1) x 40. Npw HopmanHn nHonesunan Geno-
OPOBHUAT KanauuTeT He e orpaHnYaBaLLUST oakTop nNpu
dm3nyecko HaToBapBaHe. To3n nokasaTen € BaxeH 3a
avarHoctyumpaHe Ha 6enogpobHM MEXaHWUYHM OrpaHnye-
HKS1 NPU HaToBapBaHe, KOUTO MoraT a Cce MOSsIBAT B YCI1o-
BMSATA HA OOCTPYKTUBHO WUITN PECTPUKTUBHO 6enogpobHO
3abonsiBaHe. VIHTepecHO e, Ye 3gpaBuTe COPTUCTU YECTO
umart mnadmcneH [P ot 0% npu NUMKoBW ynpaXKHEHUST, KOETO
MnoKasea, Ye LENUAT Haru4yeH MeXaHWYeH KanauuteT Ha
Genvte gpobose e 61 n3non3eaH.

20-30 and > 20% every 10 years after age 70 [8].
Exercise training is thought to increase an individ-
ual's VO,max primarily by expanding red blood cell
volume and increasing stroke volume (SV), both of
which increase oxygen delivery to metabolically ac-
tive tissues [9].

2. Arterial O, pulse reflects the oxygen consump-
tion per heartbeat during exercise (O, pulse = \'/OZ/HR)
or from Fick’s equation (\702= HR x SV x arteriovenous
oxygen difference) the product of O, and O,-extraction.
A continuous linear rise during loading is normally re-
corded with a possible plateau reaching maximum load
[10]. Actually, valvular heart disease could limit forward
O, and therefore lead to a plateau or drop in O, pulse
during exercise.

3. The maximum heart rate (HRmax) is normally =
85% of the age-predicted HRmax; HR rises by 10/min
every 3.5 ml/kg/min \702; heart rate during recovery
(HR rec) > 12 /min recovery after 1 minute recovery
period [10].

4. Systolic blood pressure (SBP) increases by
10 mmHg for every 3.5 ml/kg/min \'/02. Absolute SBP
reaches 210 mm Hg in men and 190 mm Hg in wom-
en, diastolic (DBP) maintains a stable value or falls
[10].

5. Arterial hypoxemia induced by exercise (EIAH).
Oxygen saturation (SpO,) 2 95% (at rest and during ex-
ercise) SpO, should not fall by > 5% [2]. EIAH is defined
as an absolute decrease in arterial oxygen saturation
(Sa0,) = 95% during exercise at or near sea level with
desaturations ranging from 3-15% of resting values
[11]. Dempsey et al. recommend the following classifi-
cation system for EIAH: mild EIAH (SpO, of 93-94.9%),
moderate EIAH (SpO, of 88-92.9%), and severe EIAH
(SpO, < 88%) [11]. With available clinical data, patho-
logical causes such as primary lung disease, pulmo-
nary embolism and pulmonary hypertension (PH) are
possible.

6. The respiratory reserve (BR) is normally > 20%
[10]. BR is defined as one minus the ratio of maximal
ventilation (VE) during exercise to maximal voluntary
ventilation (MVV) obtained from resting spirometry per-
formed before CPET (1 — [peak VE/MVV]). MVV can
be calculated by forced expiratory volume in 1 second
(FEV1) x 40. In normal individuals, lung capacity is not
the limiting factor in exercise. This metric is important
for diagnosing pulmonary mechanical limitations under
exercise that may occur in the setting of obstructive or
restrictive lung disease. Interestingly, healthy athletes
often have an estimated BR of 0% at peak exercise,
indicating that all available lung mechanical compensa-
tion has been used.
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7. BentunatopHara epektnsHocT (VE/VCO, HaKroH)
HopMarHo e < 30 no Bpeme Ha ynpaxHeHue [10]. VE/
VCO, HakrnoHa oTpassBa yHKLYATa Ha OsacHaTa kamepa
— 6enogpobHuTe cbaose (RV-PV) no Bpeme Ha TpeHu-
poska [12]. BeHTunaumaTa e TacHo cebpsaHa ¢ pCO, no
BpeMe Ha TPeHMpPOoBKa, Tbi kaTo VE ce pbKoBOAM NPSKO
OT KOMMYECTBOTO NpogyLMpaH BbrrepogeH avokeua. B
KMWHMYHAaTa NpakTvka npv 34paBy CMOPTUCTM MOHSKOra
ce cpewiar cTonHocTn Ha VE/VCO, HaknoH Hag Hopmar-
HuTe nparoBe (> 30), KAaTO HAKIOHbLT € Han-CTPbMEH B
nvKa Ha HaToBapBaHeTo. [1Ba ca npegnonaraemmute me-
XaHU3MM — aJanTUBHa XMUMNEepBEHTUNALMSA B Kpas Ha yri-
PaXXHEHWETO U OrpaHNYEeHNEe OT JOCTUrHaTa MakcMarsHa
anseonapHa koHueHTpauuss Ha CO,. Heobxoavmm ca
OLLie Hay4HM pa3paboTku, paskpuealLm kakea YacTt ot VE/
VCO, HaknoHa naeHTurLmMpa Ha-To4HO NaTonorms npu
aTNeTVYHN NauneHTH.

BonecTt Ha XoaxkuH u KIMNCT

Raheel Rizwan u cbasT. [13] nposexaat KMNCT npu
Bb3pacTHW NaumeHTn (64 nauneHTn, 67% XeHu; cpegHa
Bb3pacTt 51 rogunu), npexwviseny XJ1, npm KOUTO e npose-
AeHa MeavacTMHanHaTa nbyeBa Tepanuvs ¢ gasHocTt > 10
roguHn. ABTOpUTE YCTAHOBSBAT, Y€ MPOLIEHTHO NPOrHO3M-
paHuaT VO, peak Npy v3crieasaHara rpyna nporpecuBHO
Hamarsiea B CpaBHEHUE ¢ HopmuTe, 6a3vpaHn Ha obLuaTa
nonynauus v nona. CpegHuat nsxoneH ppVo,peak € 91%
(ovanasoH ot 58% 0o 138%). ppVO,peak Npyt BCUYKM U3-
crnefBaHu HamansiBa CbC 7,5 NPOLEHTHM NMyHKTa Ha BCe-
kv 10-roguieH nepuop crieq mbyeTepanisl B CpaBHEHNE
C HopmuTe 3a Bb3pacTTta 1 nona (p = 0,001), gopu cnen
KOpUrmpaHe 3a XMNepToHWst 1 aHaMHe3a 3a aHTpaUnKnn-
HOBO NeveHve. BneyaTtneHue npasu, Ye XeHuTe pa3smBaT
aHopmareH ppVO,peak (s 85%) noseve ot 2 gecetune-
TVSA MO-PaHo CrpsAMO MbxeTe. ABHOPMHUAT ppVO,peak ce
CBbP3Ba C MOBULLEH PUCK OT CbpAEYHO-CHAOBU CbOUTUSA
npv Tasm rpyna nauyveHTn 4opw Crieq KopurmpaHe 3a Tpa-
OVLMOHHM CbpOeYHO-CbO0BM PUCKOBU dhakTopu. YCTaHo-
BEHUTE AaHHW OOMbIIHUTENHO MOAYepTaBaT CblLUeCTBe-
HOTO 3Ha4YeHMe Ha NoaobpPSBAHETO Ha KapanoBacKyrnapHa
dusmyecka TPEHNPAHOCT NpU oueneniTe 1 noteHuuarn-
HaTa Bb3MOXHOCT 3a MPOMsIHA Ha ObIrocpodHaTa npo-
rHo3a Npw NaumeHTn ¢ BUCOK puck. CneposatenHo KINCT
c TecTBaHe ppVO,peak MMa noTeHUmana aa nogobpu ne-
YEHMETO Ha ObMrocpodHo npexusenun XJ1 4pes naeHTu-
duLmMpaHe Ha Te3u C NO-BUCOK PUCK OT CbpAeYHO-CbA0BU
CbOUTUSI U BL3MOXHOCTW 32 MO-paHHa MeauLUHCKa Ha-
Meca 1 Kapgmopexabunutaums, opu 3a Te3n NauneHTU ¢
HOpMarsHa nneBokaMepHa CUCTONHa OYHKLIMS.

KMCT nosBonsiBa HeuHBa3MBHa KONMYECTBEHA
OLEHKa Ha MoTeHUuanHu BEeHTUNaUUMOHHM U nepaoy-
3MOHHWN HapyLLUEHMS1 U BMOCNeACTBNE — OTKPMBAHE Ha
OenogpobHO-CbA0BKM 3ab0NSABaHUS UK OLEHKA Ha Te-
XecTTa Ha 3abonsBaHETO NMpu nNpeaxogHo NnocTaBeHa
anarHosa. No-koHKpeTHO, abHOpMHUS HaknoH Ha VE/
VCOo, n PETCO, umar curnHa kopenauus ¢ 6enogpobHa

7. Ventilatory efficiency (VE/VCO, slope) is nor-
mally < 30 during exercise [10]. The VE/VCO, slope
reflects right ventricular-pulmonary vessel (RV-PV)
function during exercise [12]. Ventilation is closely
related to pCO, during exercise, as VE is directly
driven by the amount of carbon dioxide produced.
In clinical practice, healthy athletes sometimes ex-
perience VE/VCO, slope values above normal thre-
sholds (> 30), steepest at peak exercise. There are
two supposed mechanisms — adaptive hyperventila-
tion at the end of the exercise and limitation by the
maximum alveolar concentration of CO, reached.
Further research is needed to reveal what part of the
VE/VCO, slope most accurately identifies pathology
in athletic patients.

Hodgkin’s disease and CPET

Raheel Rizwan et al. [13] performed CPET in el-
derly patients (64 patients, 67% female; mean age
51 years), HL survivors who underwent mediastinal
radiation therapy > 10 years ago. The authors found
that the percentage predicted VO,peak in the study
group progressively decreased compared to norms
based on the general population and gender. The
mean baseline ppVO,peak was 91% (58% to 138%).
ppVO,peak in all subjects decreased by 7.5 percent-
age points per 10-year period after radiation thera-
py compared with age- and sex-matched norms (p
= 0.001), even after adjusting for hypertension and
a history of anthracycline treatment. It is impressive
that women develop abnormal ppVO,peak (< 85%)
more than 2 decades earlier than men. Abnormal
ppVO,peak was associated with an increased risk of
cardiovascular events in this group of patients even
after adjustment for traditional cardiovascular risk
factors. The findings further highlight the critical im-
portance of improving cardiovascular fitness in sur-
vivors and the potential to alter long-term prognosis
in high-risk patients. CPET with ppVO,peak testing
therefore has the potential to improve the treatment
of long-term HL survivors by identifying those at
higher risk of cardiovascular events and opportu-
nities for earlier medical intervention and cardiac
rehabilitation, even for those patients with normal
LV systolic function.

CPET allows a non-invasive quantitative evalu-
ation of potential ventilation and perfusion disorders
and subsequently — detection of pulmonary vascular
diseases or assessment of the severity of the disease
in case of a previously established diagnosis. Specifi-
cally, the abnormal slope of VE/VCO, and PETCO, have
a strong correlation with pulmonary vasculopathy, the
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BackKyronaTtusl, 4isaTo etTuonorunsi e 6enogpobHa aptepu-
anHa xvneptoHus (BAX) nnm BTopuuHa BX (cbpaeyHa
HeOoCTaTbYHOCT, XMNepTPodMyHa KapanoMmnnaTus, Xpo-
HVMYHa obCcTpykTMBHA GenogpobHa GonecT, MHTeEpCTULM-
anHa G6enogpobHa Gonect unu cnuctemHn 3abonsiBaHus
Ha cbeauHuTernHaTta TbkaH). VO,peak, HaKMoHbT Ha VE/
VCO, n PETCO, ca nbpsa nnHua nokasatenu ot KMNCT
npy AMarHoCcTMKa WNM OueHKa Ha naumeHtn cbe BAX
unu BTopudHa BX. BenogpobHaTta Backynonatusi, Hesa-
BMCMMO OT HEWHUS MEXaHW3bM, OOMKHOBEHO peayuupa
aepobHua Kanauuter. 3atoBa oOT4MTaHeTo Ha VO, peak
KaTo abcomtoTHa CTOMHOCT OCHOBATENTHO MOXe [a Ce WH-
TepnpeTvpa, 13nonssanku KnacudukaumoHHatTa cucte-
Ma Ha Weber [14], KOSTO CbBMECTHO C BEHTUIATOpHaTa
KracuurkaLumnoHHa cuctema, otuutawa VE/VCO, Hakro-
Ha cnyxaT 3a yHKLUMOHarHa OLeHKa Ha nauneHTuTe C
XPOHMYHA CbpAeYHa HeLoCTaTbYHOCT CbOOpPa3HO Hel-
HaTa TexecT (cpur. 1) [15]. Mpu naumeHTn ¢ noTBbLPAEHA
aunarHosa NAX /sTopudHa X, nporpecrMBHO BroLlaBa-
LLMTE Ce CTOMHOCTU Ha ropecrnomMeHaTuTe nokasarenum Ha
eheKTMBHOCTTa Ha BEHTUNALMATa U Ha aepobHus kana-
LMTET, OTpa3siBaT HapacTBalla TEXECT Ha 3abonsaBaHETO
N MOBULLEH PUCK OT HexenaHn cbbutns. ColiecTByBaT
[OaHHKW, KOMTO npegnonarart Ye HapyLLeHusiTa B epeKkTmB-
HOCTTa Ha BeHTUIaumsaTa ce perucTpupar no-npeumsHo
Ha bdralla MbTeka B cpaBHEHUE ¢ BenoepromeTpust [16].

Weber Class Ventilatory
Disease severity Class
Peak VO2 VE/VCO:
(ml O /kg/min) Slope
Mild to none A > 20 | <29,9
Mild to moderate B 16-20 I | 30,0-35,9
Moderate to severe C 10-16 Il | 36,0-44,9
Severe D <10 IV | 245
VO; indicates oxygen consumption; VE/VCO; minute
ventilation/ carbon dioxide production relationship.

KNnUHUYEH cnyyAn

KeHna Ha 33 . cbobLaBa 3a gncnHest u cbpLebdu-
eHe npu uU3nYecKo HaToBapBaHe M aHaMHe3a 3a ycC-
TaHOBeHa B AeTcka Bb3pacT (15 r.) 6onecTt Ha Xomx-
K/H, TNPOBEOEHN XuMMOTEpanusd, mbYeTepanvis u
TpaHCNaHTaumMs Ha CTBOMOBU KMETKU. YCINOXHEHUE
HenocpeaCcTBEHO crnef npoBeAeHaTa Tepanus € Xemo-
OVNHaMUYHO 3HAYUM NepUKapAeH U3NuB, KOWTO Hanara
M3BbpLUBAHE Ha MepuUKapaeH ApPeHaXx Mo CreLUHOCT.
Cnepn oBnagsiBaHe Ha YCIOXHEHWETO € MocTurHara
abnrorogulHa KNMHWYHA PEMUCKS, HO C MEPMAaHEHTHO
nepcucTmpaiym npu usnmyecko HaToBapBaHe 3agdyX
n cbpuebrneHe Ge3 akcenepauus BbB BPEMETO, Koe-
TO orpaHuyaBa (PyHKLMOHanHaTa n akTMBHOCT. AHaM-
HesaTa e CHeTa M3usno MO AaHHW Ha naumeHTa, 6e3

etiology of which is pulmonary arterial hypertension
(PAH) or secondary PH (heart failure, hypertrophic
cardiomyopathy, chronic obstructive pulmonary dis-
ease, interstitial lung disease, or systemic diseases
of connective tissue). VO, peak, VE/VCO, slope, and
PETCO, are first-line indicators of CPET in the di-
agnosis or evaluation of patients with PAH or sec-
ondary PH. Pulmonary vasculopathy, regardless of
its mechanism, usually reduces aerobic capacity.
Therefore, the reading of VO,peak as an absolute
value can reasonably be interpreted using the We-
ber classification system [14], which together with
the ventilatory classification system, considering the
VE/VCO, slope, serve for the functional assessment
of patients with chronic heart failure according to its
severity (Fig. 1) [15]. In patients with a confirmed
diagnosis of secondary PAH, progressively wors-
ening values of the already mentioned parameters
of ventilation efficiency and aerobic capacity reflect
increasing disease severity and an increased risk of
adverse events. There is some data suggesting that
impairments in ventilatory efficiency are recorded
more accurately on a treadmill compared to cycle
ergometry [16].

®ur. 1. DyHKUMOHANHA OLEHKa Ha TeXecTTa Ha XPOHUYHA CbpAeyHa
HepgocTaTbyHOCT, GasupaHa Ha knacudukaumsta Ha Weber nu
BEHTUMATOPHUA Knac, AeUHMPaHN CbOTBETHO OT CTOWHOCTWUTE Ha
Mukosa kucnopoaHa koHcymaums (VO,peak) u VE/VCO, HaKIIoH.

Fig. 1. Functional assessment of the severity of chronic heart failure
based on the Weber classification and ventilatory class defined by the
values of Peak oxygen consumption (VO,peak) and VE/VCO, slope,
respectively

CLINICAL CASE

A 33-year-old woman. reported dyspnea and pal-
pitations during physical exertion and a history of Hod-
gkin’s disease diagnosed in childhood (15 years old),
undergoing chemotherapy, radiotherapy, and stem cell
transplantation. A complication immediately after the
therapy was a hemodynamically significant pericardial
effusion, which required emergency pericardial drain-
age. After controlling the complication, a long-term
clinical remission was achieved, but with persistent
shortness of breath and palpitations during physical
exertion, which limited the patient’s functional activ-
ity. The medical history was taken entirely according
to the patient’'s data, without available medical docu-
mentation and the possibility of a detailed analysis of
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HanMyHa MegMuMHCKa [OOKYMEHTauusi U Bb3MOXHOCT
3a nogpobeH aHanM3 Ha NpPoBeOEHOTO B MMHArOTO fle-
YeHVe ¥ NOTEeHUMANHNTE HEroBM OaneyHn YCrOXKHEHWS.
OTCcbCTBa HacTosILa U MMHarna aHaMHe3a 3a THTHOHOMY-
LUEHe N NPUeM Ha TOKCUYHM cyOcTaHumn. MauneHTkata
ce npeactaBsa B KMHMKaTa Ha 33-rogvlHa Bb3pacT B
awnroroguiiHa pemucua Ha XJ1 (Hag 15 r.). dusukanHm-
AT CbpAEYHO-CBAOB M AuxaTerneH cratyc ca 6e3 oTkno-
HeHus. AHTPOMOMETPUSITA € HOpMariHa 3a Bb3pacTTa 1
nona (pbct — 162 cm, Terno — 55,8 kg, BMI — 21 kg/m?).
OT npoBeneHo NPeaxoaHo yrnTpa3BYKOBO U3creaBaHe Ha
LUMTOBMAHA >KIle3a € YCTaHOBEH MartbK Bb3en 6e3 xop-
MOHarHa akTMBHOCT MpWU AMHAMWYHO HabntogeHue. lMa-
LUMeHTKaTa € MOTMBMpaHa 3a CropT 1 onsndecka akTuBe-
HOCT, 1 OMNUCaHNTE KIMHUYHW OMJTakBaHWUsi OrpaHn4yaBar 1
BrioLLaBaT Ka4eCTBOTO M Ha XKMBOT.

OwnarHocTtuyeH nogxopn,

MMocnenoBaTenHo M3BbLPLUMXME MbIIHA HEVMHBA3MB-
Ha guarHocTM4Ha oueHka. KapguonornyHuat nperneg v
enekTpokapguorpadusita (cur. 2) obekTMBM3paxa cu-
HycoBa Taxukapgmsi B nokor (108 ya./min). OT exokap-
avnorpadusta ce Bepuduumpa 3anaseHa feBokamepHa
CUCTOMNHA (PyHKUMS, BTOpa CTENeH ANacTornHa AncayHk-
ums, 3anaseHa K cuctonHa dpyHukusi (TAPSE — 16 mm,
dour. 3), HOpMarnH1 pasmepu Ha CbpAeYHUTE KYXUHK, fe-
KOCTEMEHHa aopTHa MHCY(ULMEHLMS, NEKO CTemneHHa
KbM yYMepeHa MUTparnHa MHCyduLMeHLMS npy npornarc
Ha NpeaHo MUTParHo NnaTHo, yMepeHa TpuKycnvaanHa
WHCYbULMEHUNST 1 YMepeHa NyNMOHanHa XunepToHus B
nokon (MNCHAOK — 35 mm HQ). JTabopaTopHuaT aHanua
yctaHoBu ctomHocTy Ha NT-proBNP — 150 pg/mL.

KMCT ananu3bT ce ocbuecten 4vpe3 Metalyzer
3B-R2 no moandvumpaH pamn-BapmaHT Ha NpoToKona
Ha npod. MnueB [17] Ha Gdarawia mbTeka Npu KOHTPO-
nunpaHu ycnoeusi Ha cpedarta — temnepatypa 19,5° C u
HansiraHe 798 mbar (dour. 4).

MpenoBuaeHnTe OT YCTPOWCTBOTO CTOMHOCTU Ha
n3cneaBaHUTe nokasaTenu, KopurMpaHu cbobpasHo
eTHMYecka nNpuUHAZNexHoCT, Bb3pacT, non wu
aHTponomeTpuyHu ocobeHocTn ca cnegHute: HR — 188
ya./min, V'O,/HR — 9,2, BF — 35,6 /min., V'E — 104,1 I/
min, V'O, — 1,76 |/min, V'O,/kg — 31 ml/min/kg.

the treatment carried out in the past and its poten-
tial long-term complications. There is no current or
past history of smoking and no intake of toxic sub-
stances. The patient’s clinical presentation was at
the age of 33 in long-term remission of HL (over
15 years). The physical cardiovascular and respi-
ratory status was without deviations. Anthropome-
try is normal for age and gender (height — 162 cm,
weight — 55.8 kg, BMI — 21 kg/m?). The previous
ultrasound examination of the thyroid gland detect-
ed a small nodule without hormonal activity during
dynamic out-of-hospital monitoring. The patient is
motivated by sports and physical activity, and the
described clinical complaints limit and worsen her
quality of life.

Diagnostic approach

We subsequently performed a complete non-in-
vasive diagnostic evaluation. Cardiological exam-
ination and electrocardiography (Fig. 2) demon-
strated sinus tachycardia at rest (108 beats/min).
Echocardiography verified preserved left ventricular
systolic function, second degree diastolic dysfunc-
tion, normal cardiac cavity dimensions, preserved
RV systolic function (TAPSE — 16 mm, Fig. 3), mild
aortic regurgitation, mild-to-moderate mitral regur-
gitation with anterior mitral leaflet prolapse, moder-
ate tricuspid regurgitation, and moderate pulmonary
hypertension at rest (estimated sPAP — 35 mmHg).
Laboratory analysis revealed NT-proBNP values of
150 pg/mL.

CPET analysis was carried out using MetaLyzer
3B-R2 according to a modified ramp version of the
protocol of Prof. lliev 17 on a treadmill under con-
trolled environmental conditions — temperature 19.5°
C and pressure 798 mbar (Fig. 4).

The values of the studied parameters predicted
by the device, adjusted according to ethnicity, age,
gender, and anthropometric characteristics, are as
follows: HR — 188/min, V'O,/HR — 9.2, BF — 35.6/
min., V'E — 104.1 I/min, V'O, — 1.76l/min, V'O /kg —
31 ml/min/kg.
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dur. 2. Enektpokapaunorpadus. CuHycosa Taxvkapaus, 108 ya./min, nHondepeHTHa enekTpuyecka no3uuusi, HopMmarHa penonspusaums

Fig. 2. Electrocardiography. Sinus tachycardia, 108 /min, indifferent electrical position, normal repolarization



MscToTto Ha CPET npwu 6onHu ¢ pegyumpaH hunsnyecky KanaumTer... 105

®ur. 3. // Fig. 3. TAPSE (Tricuspid Annular Plane Systolic Excursion) — 15,5 mm

Final protocol (lichev ramp 2) _ ! Stress ECG
HE Speed Duration total [ 405 min
gp 175 Elevation Duration slress 322  min
e a0 Duration racoweny 13 min
50 —l : Spead, max, o 84 kmh
1 : ' 10 Elavation, max. B 2B
| /\f‘-.,-’l : Max. heart rate 164  1/min
25 | &0 % Fromreferenca i 98 %
| i BP rest 135/80 mmHg
100 ~ 50 EP max.  135/80 mmHg
; HRxBP, max. 14580
MET, maximum 6.8
40 £
75
30 Evaluations data
50 ; PWC W W I kg eference val
2.0 - -
170
& 10 150 115 21 20(104 %)
130 69 1.3 1.5(83%)
b s s 2 3 4 5 6 7 min max. 153 119 22
ECG Channal V5 : s {50 mmis 10 mm/mv)
Rest fi f i T —

@wr. 4. CPET — moamduumpan npotokon Ha npod. Unwues [17] // Fig. 4. CPET — modified version of prof. lliev’s protocol [17]

Mpn naumneHTa ce perucTpypaxa crnegHviTe rnokasa- In the patient, the following indicators were record-
TenM CbOTBETHO MO BpeEMe Ha aHaepobHusa npar (AT) n ed during the anaerobic threshold (AT) and VO,peak,
VO, peak: cbpae4Ho-CbaoBM — HRmax — 132 1 145 /min, respectively: cardiovascular — HRmax — 132 and 145 /

VO,/HR (O, nync) — 4,62 n 5,68 ml; BeHTUnatopHn — min, VO,/HR (O, pulse) — 4.62 and 5.68 ml; ventilatory
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BF— 22,2 1 34,1 /min, VE — 18,56 n 44,66 I/min, ra-
3006meH — VO, — 0,612 1 0,825 I/min, VO,/kg — 10,96
n 14,78 ml/min/kg, VCO, — 0,465 1 1,010 I/min, RER
— 0,76 n 1,22. OT n3amepeHnTe nokasaTenu ce peru-
CTpupaxa CbOTBETHUTE OTHOLUEHUS No Bpeme Ha AT
n VO,peak VE/VCO, — 34,9 n 40,6, n PETCO, — cboT-
BeTHO 28,2 n 25,3. CtonHoctn Ha nukoa VO < 80%
(1,409 I/min ot npeasuaeHoto 1,755 I/min), VE/VCO,
HakmoH > 34 n VAT < 40% ot nukosara VO, (0,704 I/
min) ca HecneuudnyHW, HO Npegnonarart 3Ha4YUTENHO
KapaunonyrnmMoHanHo unn mMetabonuTHo yBpexaaHe oT
BCsikakbB BuA. KucnopogHuat nync < 80% (7,36 ml ot
npeasuaeHus 9,2 ml), aBHOPMHOTO Bb3CTaHOBSIBAHE
Ha cbpgeyHaTa yectota < 12 ya./min cneg 1 MuHy-
Ta Bb3cTaHoBuTeneH nepwog (145 po 147 ya./min) m
XPOHOTPOMHA HEQOCTAaTbYHOCT UMM HEBB3MOXHOCT 3a
pocTturaHe Ha 85% (159 ya./min) oT npegBmaeHaTa 3a
Bb3pacTTa MakcumarnHa cbpgevHa Yectota (188 ya./
min) roBOPAT B NOM3a Ha Hanu4yMe Ha CbpAeyHn orpa-
HUYEHUs!, KOETO U3KIOYBA MCXEMUYHA NPUYMHA B OT-
CbCTBME Ha CTaHAapTHWUTE eneKkTpokapguorpadCckm
KpUTEpUU. Xepau v CbaBT. U3ka3eaT NpPenrnonoxeHne,
Yye Npu nNunca Ha ocTpa XunepBeHTunauus (Hopma-
neH RER), ctonHoct Ha VE/VCO, no-ronsama ot 37 v
PETCO, no-manka ot 30 mm Hg npu AT moxe aa 03-
HayaBa 6enogpobHo cbaoBo 3abonseaHe [18]. TecTbT
Oele oueHeH kaTo makcumaneH (RER = 1.10), npe-
yctaHoBeH Ha 03:42 mwuHyTa npu ckopoct 8,4 km/h,
nopagn ymopa, 3agyx u cbpuebueHe (ycnewHo Bb3-
npou3BexaaHe Ha OnrakBaHuaTa Npyu HaToBapBaHe oT
exegHeBuneTo). Huckara nukosa VO,, nosuieHnaT VE/
VCO, HakmnoH, abHOPMHOTO Bb3CTaHOBABaHE Ha Cbp-
AE4YHMS pUTBM OTpassBaT XeMOAMHAMUYHUA ePEKT Ha
MUTpanHata peryprutaums.

TepaneBTU4YHa cTpaTervs

Mpeneug nuguemayanHo msdncnenunte KrCT no-
Kasatenu npu naumeHTkata ce obocobuxa TpeHupo-
BbYHU 30HU, aedmHmnpanHn Ype3 HR n ckopoct Ha du-
31M4YeCKO HaTOBapBaHe, Bb3 OCHOBA Ha KOUTO Ce Cb3aa-
e nepcoHarnHa npenopbka 3a TPEHMPOBBLYEH PEXNM,
KOMTO [a No3BOMM MOCTENEHHO BbB BPEMETO peayLm-
paHe Ha cuMnToMaTuKata npu CbOTBETHOTO HMBO Ha
HaToBapBaHe, Aa nogobpu YHKUMOHANHOTO CbCTONA-
HMEe N Ka4yeCTBOTO Ha XXMBOT. YCNOpeaHo ce cTapTmpa
CUMMNTOMAaTUYHO MEAMKAMEHTO3HO fleYeHue C HuUcka
no3a beta-brnokep 1 ce npenopbya cTpaTerusi 3a Kap-
OMOMNOrMYHO NpocneasBaHe u oLeHKa Ha edbekTa oT fne-
yeHneto. beta-brnokepuTe BCbLHOCT NMO3UTMBHO MOB-
nuaeat cMMnToMaTukata M HamanseaT paboTaTa Ha
JIK npu naumeHT ¢ mutpanHa UHCyuLMEeHUUs, Bb-

- BF- 22.2 and 34.1/min, V’'E — 18.56 and 44.66 |/
min, gas exchange — VO, — 0.612 and 0.825 I/min,
Vo,/kg — 10.96 and 14.78 ml/min/kg, VCO, — 0.465
and 1.010 I/min, RER - 0.76 and 1.22. The cor-
responding relations during AT and VO,peak — VE/
Vco, - 34.9 and 40.6, and PETCO, — 28.2 and 25.3
were recorded, respectively. Values of peak VO, <
80% (1,409 I/min of predicted / 1,755 I/min), VE/
VCOo, slope > 34 and VAT < 40% of peak VO, (0,704
I/min) are non-specific but suggestive significant
cardiopulmonary or metabolic impairment of any
kind. Oxygen pulse < 80% (7.36 ml of predicted /
9.2 ml), abnormal recovery of heart rate < 12 bpm
after 1 minute recovery period (145 to 147 bpm)
and chronotropic failure or inability to reach 85
% (159 beats/min) of the age-predicted maximum
heart rate (188 beats/min) are suggestive for the
presence of cardiac etiology, which in the absence
of standard electrocardiographic ischemic criteria
excludes a coronary cause. Herdy and co-authors
hypothesized that in the absence of acute hyper-
ventilation (normal RER), a VE/VCO, greater than
37 and a PETCO, less than 30 mmHg in AT may
indicate pulmonary vascular disease [18]. The test
was evaluated as maximal (RER = 1.10), stopped
at 03:42 minutes at a speed of 8.4 km/h, due to
fatigue, shortness of breath and palpitations (suc-
cessful reproduction of the complaints during daily
exercise). Low peak O,, elevated VE/VCO, slope,
abnormal heart rate recovery all reflect the hemo-
dynamic effect of mitral insufficiency.

Therapeutic strategy

Given the individually calculated CPET param-
eters of the patient, training zones defined by HR
and speed of physical exertion were identified.
Based on this data a personal training program was
created, which would allow a gradual reduction of
symptoms at the corresponding level of exertion
over time, to improve functional status and quality
of life. In parallel, symptomatic medical treatment
with a low-dose beta-blocker was started and a
strategy for cardiac follow-up and treatment effect
estimation was recommended. Beta-blockers ac-
tually positively affect the symptoms and stimulate
the LV work in patients with mitral insufficiency,
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NpeKn OTpULATENHNS CU XPOHOTPONEH edekT no cnea-
HUTE MEXaHWU3MU:

1. Pegykumsta Ha KpbBHOTO HansiraHe BOAM OO Ha-
MansiBaHe Ha cnegHaToBapBaHeTo Ha J1K.

2. 3abaBsiHETO Ha cbpgevHaTa 4ecToTa BOAM [0
no-ronsgmMo abcontoTHO HamaneHve Ha JIK natnacksaHe
cnpsiMo MUHYTHUS obem Ha cbpueto (MOC), Tbin KaTo
JIK natnackeaHe npy MutpanHa UHCYUUNEHLIMA BKITHOY-
Ba U peryprutaumoHeH obem kbm JI 1 cnegoBaTenHo e
no-ronsMo; Npu naumeHTn 6e3 MuTpanHa peryprutaums,
JIK ustnacksaHe n MOC HamansiBaT napanenHo ¢ Hama-
nsiBaHe Ha cbpgeyvHaTa YecToTa.

3. MNpu B-6riokep e ycTaHOBEHO Mariko yBENnM4eHue
Ha yaapHusa obem Hanpen 6e3 yBenudeHve Ha obema
Ha MuTparnHarta peryprutaums Ha eguH CbpeveH yaap
(M He3Ha4YWTENHO HamaneHue), KOeTo AonpuHacs 3a
Marko yBenuuyeHue Ha ,ecekTnBHMA® obem Ha ynapa
Hanped. ETo 3awo o6emMbT Ha MUTpanHata perypruta-
UMs 32 MMHyTa Hamarnsiea noBede OT CbpaeqHust 4edut
CcbC 3abaBsiHe Ha cbpAeyvHaTa YecToTa ¢ GeTa-6rnokepwy,
KOUTO MoTeHumanHo brxa Mormnu ga peayumpar pycka ot
passuTue Ha JIK ancdyHKLmS.

PetpocnektnBeH aHanma [19] Ha 543 naumeHTwn,
BKJIHOMEHM B KapamMopexadunvMtaumoHHa nporpama cneg
OCTbp KOPOHAPEH CMHAPOM YCTaHOBSBa, Ye NofobpeHu-
AT PU3NYECKM KanaumuTeT MO3UTUBHO Kopenupa ¢ nogo-
OpeHns KOHBEHLIMOHANEH XPOHOTPONEH MHAEKC, HE3aBM-
CMMO OT Bb3PacT, MoM 1 HanuyHa Tepanus ¢ beta-bnokep
unu Mogudvkaumusita Ha pgosata my. CrneposaTenHo
ecekTbT Ha BeTa-brokepa BbpXy XPOHOTPOMHUSA UHAEKC
Moxe fa O6bae OLeHeH Mo BpeME Ha NpOCreasBaHeTo U
CEePUNHOTO CTPEC-TECTBAHE Ha NauueHTa.

OBCBXAOAHE

Mpu cumntomatnyHm naumeHtn ¢ XI1 cneg megm-
acTMHanHa nbyeTepanusi C LABHOCT CTPYKTypHata M
(byHKUMOHanHata cbpgedHo-cbaoBa W GenogpobHa
OLUeHKa MMa AMarHoCTMYHA, TepaneBTUYHa W NpPOrHocC-
TW4Ha pons. Exokapanorpadusita BKIHOYBa KOMMSIEKCHM
MOPONOrMYHO-PYHKLIMOHAMNHN NapamMeTpu, OT KOUTO C
BMCOKa BEPOATHOCT MOXe Aa Ce Mpearnonioxu MexaHu-
3Ma 3a Bb3HMKBAHE Ha CUMMTOMAaTMKaTta npu Tasu rpyna
naumeHTw. [Npn HalwaTa naumeHTKa exokapguorpadumsTa
yCTaHOBSIBa YMEPEHW aTpUOBEHTPUKYNHK (AV) perypru-
TauMmn 1 ymMepeHa nyrmMoHariHa XmnepToHus 6e3 komnpo-
MEeTMPaHe Ha pasMepuTe Ha CbpOAEYHUTE KyXMHU 1 Be3
HapyllaBaHe Ha (OyHKUMSATa Ha NnsiBa U OsiCHa Kamepa.
PernctpupaHa oT dmaunkaneH npernen pUuTMUYHA Cbp-
nedHa genHoct n ypes EKIM — cuHycoBa Taxukapams B
OTCbCTBME HA aHEMMWYEH CUHOPOM U NpY HOpMarHa Tu-
peongHa yHKuMs, 61 MOrMo fa ce TbiKyBa KaTo KOM-

despite their negative chronotropic effect by the

following mechanisms:

1. The reduction of blood pressure leads to a re-
duction of the afterload of the LV.

2. Slowing down the heart rate leads to a greater
absolute reduction of LV than cardiac output, since LV
output in mitral insufficiency also includes regurgitation
volume to the LV and decreases is greater; in patients
without mitral regurgitation, LV and cardiac output de-
crease in parallel with a decrease in heart rate.

3. With a B-blocker, a small increase in forward
stroke volume was found without an increase in
mitral regurgitation volume per heartbeat (or a
negligible decrease), which for a small increase
in “effective” forward stroke volume. Therefore,
mitral regurgitation volume per minute decreases
more cardiac flow by beta-blockers, which could
potentially reduce the risk of developing LV dys-
function.

A retrospective analysis [19] of 543 patients
entering a cardiac rehabilitation program after
acute coronary syndrome found that improved
physical capacity positively correlated with im-
proved conventional chronotropic index, regard-
less of age, sex, and available beta-blocker dose
therapy or its modification. Therefore, the effect
of beta-blocker on chronotropic index could be
estimated during the follow-up and serially stress
testing of the patient.

DiscussiON

In symptomatic patients with HL after medias-
tinal radiotherapy, structural and functional cardio-
vascular and pulmonary evaluation has a diagnostic,
therapeutic, and prognostic role. Echocardiography
includes complex morphological-functional param-
eters, from which the etiology of symptoms in this
group of patients can be assumed with high prob-
ability. In our patient, echocardiography revealed
moderate-graded atrioventricular regurgitations
and moderate pulmonary hypertension without
compromising the dimensions of the heart cavities
and without impairing left and right ventricular func-
tion. Rhythmic heart activity registered by physical
examination and by ECG - sinus tachycardia in the
absence of anemic syndrome and with normal thy-
roid function, could be interpreted as a compensa-
tory mechanism for maintaining an adequate min-
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neHcaTopeH MexaHn3bM 3a NogAbpXKaHe Ha aJeKkBaTeH
MUHYTEH 06eM Ha CbpLETO MpY ycTaHoBeHUTe AV Kknarn-
HW1 ne3uun. KIMNCT gonbnea yHKUMOHANHaTa exokapau-
orpadhcka oueHka. ABHOPMHUTE CTOMHOCTM Ha Cbpaey-
HO-CbOBW, BEHTUMNATOPHW, a3000MEHHN MoKasaTenu
(HRmax, VO/HR , BF, V’E, VO,, VO,kg, VCO,, RER)
n otHoweHua (VE/NVCO, n PETCO,) n gaHHute oT exo-
KapguorpadusaTa NoakpenaT KaTo Han-BeposTHa Ava-
rHosaTta CbpAevHa HegoCTaTbYyHOCT CbC 3anaseHa JIK
CUCTOMNHA PyHKUMSI BCeacTBME Ha yMepeHu AV KnanHu
ne3nu v ymepeHa BTOpUYHA MyrMOHarHa XUNepTOHWS
(6enogpobHa xuneptoHnsa ot rpyna 2). MNpegsug kna-
cudmkaumoHHaTa cuctema Ha Weber [14, 15] (dowur. 1)
Halwarta naumeHTka nonaga B knac C, a cbrnacHo BeH-
TunatopHata knacudpukaumsa — B Il knac, KoMTo HeaBy-
CMUCMEHO CbOTBETCTBAT Ha YMEPEHO TeXKa CTEMNEH Ha
CbpaeyHa HegoCcTaTbyYHOCT Npu 3anaseHa J1K cuctonHa
dyHkums [15]. Opyrv noteHUManHu OMarHOCTUYHWU Bb3-
MOXHOCTWN Ca MEeOUKAMEHTO3HO UM TOKCUYHO UHAYLM-
paHa nynmodmbposa n xmnokeus (rpyna 3 nyrnMoHasnHa
XVUNEPTOHWUS), UMM Ba3OTOKCUYHO OOYCIOBEHa XMMOKCKS
BoasT Ao MNAX (rpyna 1 nyrnMoHanHa XunepToHus), Kou-
TO Npeasua nuncata Ha MeauUmMHCKa JOKYMEeHTauns He
MoraT ga 6baart getannHo 06CbAeHN U NPELM3HO HTEp-
npetupaHu. lugusmayanHo cb3gafeHuTe Bb3 OCHOBA Ha
KMNCT TpeHnpoBBbYHM 30HM (dour. 5) ciyaTt KaTo OCHOBa
3a n3rpaxgaHe Ha nporpamu 3a kapavopexabunuraums
npu nauveHTa u nocneaeawlo nogobpsiaHe Ha OyHK-
UMoHanHusa cratyc. [JaHHWTe, NofyyYeHn oT CTpec-Tecta
C HaToBapBaHe, OCBEH 3a HaCTOsLLA OLEHKa, Cnyxar 1
KaTo OCHOBa 3a CpaBHEHWe B X0Aa Ha NpocreasBaHeTo
3a OT4YMTaHe Ha edpeKTa OT MEeYEeHUETo U nmporpecusita
Ha OCHOBHOTO 3abonseaHe. [peasua NoTEHUMANHO Bb3-
MOXHa KapAWOTOKCUMYHOCT B pes3ynTaT Ha npoBefeHaTa
B MMHaNOTO XUMMOTEpanus € MiaHUpaHo NpOoBEXO4aHe
Ha speckle tracking exokapguorpadus ¢ orneg npeuu-
3€H aHanu3 Ha MyoKapaHaTa KMHETUKa, CbOTBETHO Cer-
MEHTHa 1 rnobanHa neBoKamepHa CUCTONHa GOYHKLMS.
lMpenopbyaxme oule npoBexgaHe Ha YHKUMOHArNHO
n3criefiBaHe Ha OULLAHETO, KOETO 4O MOMEHTa Ha 6e 13-
BbPLLEHO, KaKTO C LieN HacTosiLLa nyrMonorMyHa oLeHka,
Taka B X0[a Ha ObNroroAMLIHO nocnengaLlo npocnens-
BaHe Ha naumeHTa. [lpyra obpasHa TexHvKa, KOSTO CbLLO
€ nonesHa npy AvarHoCTU4HaTa oueHKa 1 HabnogeHve-
TO Ha NOTEHLMaNHoO NPUYUHEHO OT pagnaumns KnamnHo 3a-
bonsBaHe, e CbpaeYHUAT MarHuTeH pesoHaHc [20]. MNpu
nepcucTypaHe Ha OnfakBaHuATa WM HeMNoBnuUsiBaHE
OT KapamopexabunuraumMoHHaTa nporpaMma Ha criefBall
eran ce obCbaM OCbLLECTBABAHE Ha AsiCHA CbpAeyHa
KateTepmsaums 3a YTOYHSABaHE Ha TepanBeTUYHUTE
Bb3MOXHOCTH.

ute volume of the heart in the case of established
atrioventricular (AV) valve insufficiencies. CPET
complements the functional echocardiographic as-
sessment. Abnormal values of cardiovascular, ven-
tilatory, gas exchange indicators (HRmax, VO,/HR,
BF, V'’E, Vo,, VO,/kg, VCO,, RER), and ratios (VE/
Vco, and PETCO,) and echocardiographic findings
support as the most likely the diagnosis of heart fail-
ure with preserved LV systolic function due to mod-
erate AV-valve lesions and moderate secondary
pulmonary hypertension (pulmonary hypertension
of Group 2). According to the Weber classification
system [14, 15] (Fig. 1) our patient falls into class
C, and according to the ventilatory classification,
into class Ill, which unequivocally corresponds to
moderate-severe heart failure in terms of preserved
LV ejection fraction [15]. Other potential diagnostic
possibilities are drug- or toxically induced pulmo-
nary fibrosis and hypoxia (group 3 pulmonary hy-
pertension), or vasotoxic-induced hypoxia (group 1
pulmonary hypertension), which given the lack of
medical records cannot be discussed in detail and
precisely interpreted. Individually created training
zones (Fig. 5) based on CPET help the establish-
ment of patient cardiac rehabilitation programs and
subsequent improvement of the functional status.
The data obtained from the exercise stress test,
in addition to the current evaluation, also serve as
a basis for comparison during the follow-up to ac-
count for the effect of the treatment and the pro-
gression of the underlying disease. Given poten-
tially possible cardiotoxicity due to chemotherapy
carried out in the past, speckle tracking echocar-
diography was planned with a view to the precise
analysis of myocardial kinetics, respectively seg-
mental and global left ventricular systolic function.
We also recommended functional breathing testing,
which has been performed to date, for the current
pulmonologic evaluation and long-term follow-up of
the patient. Other imaging technique also helpful in
diagnostic evaluation, and surveillance of the po-
tential radiation-induced valvular disease is cardiac
magnetic resonance [20]. In the case of persistent
complaints and or failure to respond to the cardio
rehabilitation program, a right heart catheterization
was discussed at the next stage to clarify the ther-
apeutic options.
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3AKNIOYEHUE

Mpv nauneHT B KNHUYHa pemucust Ha XJ1 cnep
npoBefeHa MeouacTuHarnHa nbyetepanust U XUMUoTe-
panusa B paHHa Bb3pacT KICT ¢ HaToBapBaHe € Hesa-
MeHUM HeMHBa3nBeH MeTOoa 3a (byHKLI,I/IOHaJ'IHa OLeHKa
Ha HaCTOALMS KapaMOonyrIMOHareH CTaTyc Ha nauneHTa,
npocnegsBaHe xoga Ha 3abomnsiBaHeTO M edekTuTe oT
neyeHueto. lNpocneassaHeTo Ha NapaMeTpUTE OT TecTa
Ouxa mMornM Oa noAanoMorHaT KapauopexaounutaumoH-
HWTe MporpamMun 1 ga nogodpaT edekTa OT NEYEHNETO U
nporHo3aTa nNpuv Tasu rpyna naumeHTu.

He e deknapupaH KOHGhrIuKm Ha uHmepecu
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CONCLUSION

In patients in clinical remission of HL after me-
diastinal radiotherapy and chemotherapy at an
early age, CPET with loading is an indispensable
non-invasive method for functional assessment of
the current cardiopulmonary status of the patient,
monitoring the course of the disease and the ef-
fects of treatment. Test parameters monitoring
could support cardiac rehabilitation programs and
improve treatment effects and prognosis in this pa-
tient group.
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