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Kardiovaskularni rehabilitace

= Jedna se o komplex diagnostickych,
terapeutickych a rehabilitacnich opatreni
zamerujicich se na obnovu schopnosti €1
stabilizaci zdravotniho a psychického stavu
klienta. Zahrnuje napriklad fyzioterapii — IeCebny
télocvik a rehabilitacni metody, psychoterapii —
vyrovnani se se zménami zdravotniho stavu,
ergoterapii — nacvik dennich ¢innosti, nacvik
sebeobsluhy, rozvoj motoriky a smyslovych
funkcl, zooterapil, expresivni terapie, a pod.



Kardiovaskularni rehabilitace

m Vysetreni pacienta vCetn€ zhodnoceni
medikace

m Doporuceni pohybove aktivity
m Intervence rizikovych faktort- TK, lipidy,

nutricni doporuceni, snizeni hmotnosti,
koureni

= Psychosocialni podpora, edukace



Kdy?? Kdo???

m Cim drive, tim lepe !!!!

= Nekomplikovany IM po PCI tyden po
propusténi z nemocnice

= Komplikovany- individualné
m Zkuseny kardiolog



Jak??

= Zhodnotit moznosti a omezeni pacienta

m Zhotovit individualni doporuceni PA s
realnymi cily

m Zhodnotit prubézne vysledky

= Snazit se o dlouhodobe zapojeni do PA




Rizikova stratifikace

m Trida A.. Zdravi bez klinickych znamek
zvySencho rizika pri zatézi

m Trida B.. Stabilni ICHS (malée riziko pri
velke zatézi)

m Trida C.. Stredni az vysoke riziko
komplikaci (po komplikovaném IM, NYHA

[11-1V/, kapacita pod 6 MET, ischemie na
zatézovem testu)

m Trida D.. Nestabilni ICHS- kontraindikace
PA



Aerobni aktivita

| (intenzita) 40-80% vychozi kardiorespiracni kapacity
(VO2 max), z tepove rezervy
55-90% z maximalni predikovan¢ srdecni

frekvence
BORG 12-16
T (Cas) 30-60 minut
T (typ Chiize, béhatko, stacionarni bicykl
pohybové
aktivity)

Fletcher et al.Circulation 2013
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Odporovy trénink

| (intenzita) 50-80% opakovaciho maxima
Borg 12-16
1-3 sady po 8-15 opakovani

T (Cas) 30-45 minut

T (typ Dolni koncetiny- predkopy, zakopy, diepy
pohybove Horni koncetiny- bench press, stahovani
aktivity) Kladky, bicepsovy zdvih, tricepsovy zdvih

Fletcher et al.Circulation 2013
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Zat€zove vySetieni

= ANO???

= Jedina moznost, jak
Zjistit vstupni
kardiorespiracni
zdatnost

m Jedina presna
moznost, jak zjistit
maximalni TF

= Zhodnoceni
bezpecnosti!!!

m NE??7?

Zbytecne?? Staci vzorec
220-vek

Zdrazuje peci, vysoke
naklady, Spatné
ohodnoceni
pojistovnami
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Absolutni kontraindikace e Akutni infarkt myokardu (IM) (do 2 dni),

° nestabilni angina pectoris,

. nekontrolované hemodynamicky zavazné arytmie

o aktivni endokarditida

. symptomaticka tézka aortalni stenoza,

. dekompenzované srdecni selhani

o akutni plicni embolie, plicni infarkt, hluboka Zilni tromboza,

° akutni myokarditida, akutni perikarditida,

° akutni disekce aorty,

. ostatni nemoci, které vylucuji bezpecné a adekvatni testovani (akutni

infekce, akutni onemocnéni ostatnich organt..).

Relativni kontrai nd | kace . Znama stenoza levé koronarni tepny,

o stfedni az t€zka aortalni stendza s nejasnou souvislosti se symptomy,

° tachyarytmie s nekontrolovanou komorovou odpovédi,

o vrozend vyznamna kompletni AV blokéada,

° hypertroficka obstrukéni kardiomyopatie s tézkym klidovym gradientem,

. akutni cévni mozkova prihoda nebo transitorni ischemické ataka,

° mentalni postiZzeni zabranujici provedenti testu,

° klidovy TK nad 200/110 mm Hg,

o nekorigované poruchy jako symptomatick& anemie, mineralova dysbalance,

hyperthyreosa.



Jaky test??

= Ergometrie??? m Spiroergometrie ??77?

= Jednoduchy, dostupny, ® Malo vyuzivana-
levny hodné parametri,

ktere pak nedokazeme

= Symptomy limitovany nterpretovat

test

= Ale- neurcime
subjektivni maximum, = Ale urci parametry pro
neurcime ventilacni prognozu!!!! (VO2
(anaerobni) prah max, VE/VVCO2 slope)

m Ekonomicky narocna



Hodnocené parametry- tepova
frekvence

= Rychly vzestup a = Pomaly vzestup —
pomaly pokles (nizka sportovci X
kardiorespiracni chronotropni
zdatnost, srdecni kompetence !!!

selhani, anemie..) = betablokatory



Kazuistika

m 35 lety pacient s 1éCenou hypertenzi
betablokatorem, spiroergometrie k
nastaveni pohybove aktivity, maximalni
vykon 3,5 W/kg, VO2 peak 35,1 ml/kg/min,
RER 1,21.. Maximalni tepova frekvence
117/min!!!

= \V/ysazeni betablokatoru, nasazeni ACE/ca
antag



Hodnocene parametry- TK

®m Dynamicka x staticka zatéz

m Jako hypertenzni reakce je povazovan pri
dynamicke zatéz1 vzestup systolickeho TK
u muzi nad 210 mm Hg, u zen nad 190 mm
Hg nebo vyssi vzestup TK nez 10 mm
Hg/MET.

= Neadekvatni vzestup....



Kasuistika

m Pacient 43 let, ergometrie pro bolesti na
hrudi, vstupné TK 135/70... pt1 zatéz1
nypertenzni reakce na 1,5 W/kg 220mm Hg
systolicky TK.

= Tlakovy holter s priméry nad normu po
cely den

= Maskovana hypertenze + susp OSA??




Hodnocene parametry- EKG

m Fyziologicky se pfi zatézi objevuji zmény P viny (vysoka
SpiCata), zkraceni srdeCnich intervall, fyziologické zmény
ST Useku- lehke junkcni deprese (méné nez 2 mm) a
zmeny viny T- zvétSeni amplitudy T viny, oploSténi nebo
Inverse T viny.

= Patologické zmény: deprese ST useku horizontalni nebo
descendentni nad 2 mm, elevace ST nad 1 mm ve svodech
bez patologickych Q kmitli, vznik arytmii (napriklad
fibrilace sini, flutter sini, blokady Tawarovych ramenek,
komorova tachykardie).



Kazuistika

m Pacient ZK 54 let, aktivni sportovec, v roce
2005 Hodgkintiv lymfom, chemoterapie a
ozareni, bez medikace. Amatersky cyklista-
17 tis km za rok.
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Hodnocené parametry- VO2 max

= VO, max je historicky definovan jako plato
ve spotiebé VO, mezi koneCnymi stupni
zatéze, kdy vysetrovany podava maximalni

trvajici vy

KON.

= VO, max j

pohlavim,

e ovlivnén zeymena vekem,
kondici, genetickymi viohami a

pritomnosti nemoci



Kazuistika

m Pacient 53 let, dilatacni KMP, EF 35%, na
plné medikacl, spiroergometrie pro dusnost
pr1 zatézi.

m VVO2 peak 28 ml/kg/min... v populacni
norme.. Dobra prognoza



Hodnocen¢ parametry ventilacni

prah

Balady et. al. Circulation e ma——
2010
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Kazuistika

= Pacient 50 let, po nekomplikovaném IM, na
standardni terapii, pfed KV rehabilitaci

m Vypocet intenzity zatéze- nelze pomoci
rovnice- betablokator!!!

= Provedena ergometrie, maximalni tepova

frekvence 150/min, vypocet pro trenink 75-
120/minutu

= Provedena spiroergometrie- ventilacni prah
pr1 frekvenci 100/min.. Prehodnoceno
nastaveni tepove frekvence!!!



Hodnocené parametry- ostatni

m VE/VCOZ2 slope
m EOV

m Pet CO2 (mm Hg)
m Tepovy kyslik

m AVO2/AW

= W/kg, celkove W



Rest Exgrcise
Figure 2. Examples of normal ventilatory patiemn (top panel) and
emarcise oscillatory ventilation pattem (bottom panel). VE. min-

ute ventilation.

Flow
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Appendix 1: Universal CPX Reporting Form (Complete All Boxes That Apply for a Given
ET Indication)

Exercise Modality: [ ] Treadmill [ ] Lower extremity ergometer

Exercise Protocol:

Peak VO, (mlOs-kg™ -min™ ): Percent-Predicted Peak VO, (%)* VE/NVCO; Slopet:
.0 0.0 .0

VOsat VT (mlO> kg™ min™): Peak RER: EOVE [ ] Yes [ ] No

0.0 O.00

VT as % Peak VO,: O
PerCO; (mmHg): VE/VO; at peak ET: AQIAVO,§
Resting: (11, 0.0 I

Increase during ET: [1.[]

VEMVY] : .0 PEF (L/min): Pre ET - LJJ.]  PostET: J.0
FEV, (L/min): Pre ET - . Opost ET: .

Flow Volume Loops: Compare Maximal Flow Volume Loop to Exercise Tidal Volume Loop

Normal [Jor Expiratory Flow Limitation [

), pulse trajectory#:

[ ] Continual rise throughout ET [ ] Early and sustained plateau [ ] Decline
AVO/AW trajectory#:

[ ] Continual rise throughout ET [ | Early and sustained plateau [ ] Decline

Resting HR(beats/min): cd

Resting BP (mmHg): Resting Pulse Oximetry
Ooo/oo0 (2100

Peak HR (beats/min): (1 1] Peak BP (mmHg):
L0 D/D . Peak Pulse Oximetry (%):
Percent of Age Predicted Maximal Workload EO

Maximal HR**: (1101 [ ] Treadmill speed/grade:
Oo.o/o00.0

[ 1 Cycle ergometer Watts:

HRR at 1 minute (beats): 1] ooo

ECG Criteria ECG Description
[ 1No arrhythmias/Ectopy/ST segment changes

[ ] Arrhythmias/Ectopy/ST segment changes: not exercise limiting
[ ] Arrhythmias/Ectopy/ST segment changes: exercise limiting

Subjective Symptoms (check box for primary termination criteria)
Fatigue [ | Leg Fatigue|[ ] Angmmal ] Dwspnea [ | Other
Additional Notes




ICHS, po IM, po invazivnich

vykonech

Appendix 7. Diagnostic Stratification for Patients With Suspected Myocardial Ischemia

Primary CPX variables
O; pulse trajectory” Per cent-predicted peak Vg * AV¥g /AW trajectory”

Early and sustained plateau T5-95% predicted Early and sustained plteau
‘EEI—E'! iru:l'h:md ‘
Standard exerche test variables

Flat systolic BF response during ET Altered rythm, ectopic fodl and or 5T segment changes during ET]|
and'or in - did not lead to et terrniration

Patient reason for test termination
Anpina

Interpretation

* Progression of per cent-predicted peak Vg, from green to red indicative of progressively higher level of ischasmia and functional decline.

# Oy pulse and Ay (AW tajectory propressing to red indicative of mpocardal ischaemia in appropriatety soreened patients (L2, taseline sipns/
symptomslrisk factors sugpesting Increased coronary artery dsease risk),

* Haemodyramic ard ECG responses in yellow and red indicative of abnormal exercise response and further support myccardial ischemia in
appropristely scresned patients (e, bassline sigrafnrptorms’risk factors sugpesting increased CHD? risk),




Srdecni selhani

Appendix 2.  Prognostic and Diagnostic Stratification for Pationts With Heart Failure

Primary CPX wariables

Peak ¥o ®

"-l'nnzll.n-:u" class Il { [+
160—00 mL Oz kg™ " emin~
Wieber class O
Peak ¥, = 100159 mL Oyekg '=min~"

FAat sy=talic BP response during ewercise Alvtered rhythen, ectopic foci. and or 5T segment changes during ET
andiar in recovery: did not le=ad to best bermination

Patlent reason for test cervrdnatlon
= All variables in greerc excosllent prognosis in nest 1—4 pears (2= 0TS event fre=)
— Maintain medical management and retest in 4 years,
ar raamiber of TP and redard ET wariabbes in redysllwlorange indicative of progressively worse progrosis.
red: risk for major adverse event et by Figh
& Greater rumber of CPX and smandard ET variables in rediyello range indicative ol increasicg HF disexse severity.
— All TP variables in red: expect sipnificantly diminished crdiac output, elevated neurcbormones, higher potential for secondary PH.

= Grgacer nomber of CPFX and standard ET varablas in rg.:l.',.wll-!yﬁ.l'.:.mngﬂ- WRAITANSE SIrGng consicderstom of more apgressive meedical




Kardiomyopatie- HCM

Appendix 2. Prognostic and Diagnostic Stratification for Patieni=s With Confirmed or Suspected HCM

Primary CPX variables

- . th:.... i saa - -| as 'r':h:i- ps . -ﬂ:. .j._.—i"'::

Wantilatory class B F5-99%, predicted 3530 mmHg
VEWoo, shope 300-35.9
Ventilatory class Wl 50— TF5% predict=d 2920 mmHg
VEY, shope 34 0=—44.9

Standard ET wariables

Fat systolic BF responze during ET Altered rhythm, ectopic focl and or 5T sepment changes during ET andior in
e ]

» did reot lead T test termiration

Interpretaton
= Progressively higher VEV - slope and lower per cent-predicted peak Yo, and peak FerO0O,; indicative of greasves HCM sewerity
— (OF varighles progressing from pellow b oranges to red increase the likslibood of inoreased pulmonany pressore
= Haemodvnamic and ECG responses in yellowr and red indicative c_:-l"ine;r':::irg risk for sudden cardiac death.

FE oo, mirsste ventilaont L0 production: Vo O cersumptiors P00y apes. partial pressure of end-tichl CO;: BF. blood presswe; OFX. cardiopamonary exercise test
ECG. slecrocardicgram: ET, exercse test: HEM, hyperrophec cardiomyopathy: YT, wentlatory threshokd.

“Peealk ¥, walid if peak respirstory exchange ratio is at least 100 or test teminated secondary o abnormal haemodymamic or ECG exercise response. Per cent-predicted vaboes
werived from formutas proposed by WYWosserman,

P CIDy apew = ackieved ot submasimal levels duricg & progressise sosroise tests typically immediately procesds VT




Appendix 5: Valvular Heart Disease/Dysfunction

Primary CPX Variables
Percent Predicted
Peak Vo, 11

Ventilal class | Weber class A =100% predicted
Ve co, slope <30.0 Peak Vo, >20.0 mL 0,-kg~"-min~"

Ventilatory class Il Weber class B
VeM oo, slope 30.0-35.9 Peak V0,=16.0—20.0 mL 0,-kg~'-min~"

\{en!:ilatnrv class lll Weher_ class C
VEeAco, slope 36.0—44.9 Peak V0,=10.0-15.9 mL O -kg-"-min-"

Standard ET Variables
Hemodynamics ECG

Ve/Vco, Slope Peak Vo,*

75—99% predicted

50%—75% predicted

Rise in systolic BP during ET No sustained arrhythmias, ectopic foci, or ST-segment
changes during ET or in recovery

Flat systolic BP response during exercise Altered rhythm, ectopic foci, or ST-segment changes during

ET or in recovery: did not lead to test termination

Patient Reason for Test Termination

Loverexemity musce i C womoamee

Interpretation

= All variables in green: excellent prognosis

* _Greater,number of CPX and standard ET variables in redfyellow/orange indicative of progressively worse
prognosis

* Greater number of-CPXand standard ET wariables in red/yellow/orange warrants-strong consideration-of more
aggressive medical management and surgical options




Plicni hypertenze

Appendix 5.  Prognostic and Diagnostic Stratification for Pationts With Suspected or Confirmed PAH Secondary PH

Primary CPX variables

Per &0y apex during Erercise

Welher class B A& —30 rramiHg
Peak Vo, = 16.0—2000 mL Ogekg ™ smin '
Wislher clags 2920 rreri-g
Peak Vi = 10.0-15.% mL Oy=kg "=min

Standard ET variablec

Far systodic BP response durirg ET Altered rhythrn, ecoopic foci, ard or 5T segrment
charges durireg ET ardicr i recowery: did rnot lesd
Lo DESL Lerfmination

= Al variables in greer: indicative of pocd prognosis.
Mairgain medical manapement and retest in 4 years
& Greater rumiber of TP ard standard ET varfables in rediyellowd'orange indicathes of progressively worss prognosis.
— Al CPX variables in red: riak for major achsarss aasmt et emaly high in resa 1—3 years
s Greater rumber of CPX and standard ET wvarmables in redfyeellosdorange indicative of increasing severity of pulmonary wascolopathy.
Al CFX wariables in red: sxpect significantly increased pulmorary arteral pressure

ared standard ET wvariables in redivelloeworarge warrant romp corskeration of more aperessive medical manapeme




m Dekuji za pozornost
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