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TRONG Y HOC THE THAO
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NOI DUNG

. Tam quan trong ctia CPET trong YHTT
. Tong quan vé CPET

. Pap ing CPET ¢ VBV

. Trinh tw dién giai két qua CPET

. Ung dung CPET trong YHTT



1. TAM QUAN TRONG CUA CPET
TRONG Y HOC THE THAO



TONG QUAN Y HOC THE THAO |

- Phong ngtra, chan dodn, diéu tri va
phuc hdi cac chan thwong lién quan dén thé thao va hoat ddng thé chat
- VBV chuyén & khéng chuyén, dan sb chung it hoat déng thé luec....

- Két hop kién thirc y khoa v&i khoa hoc van déng

=> t6i wu hoa chwong trinh va hiéu qua tap luyén, gidm nguy co
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CHI BINH CPET

. Panh gia hiéu qua cua chuwong trinh can thiép

. Céa thé hoa chwong trinh tap luyén

. Chan doan nguyén nhan kho thé khi gang strc

. Panh gia trude khi trd lai tap luyén sau bénh ly cap

(Covid-19, VCT, VMNT...)



CHI BINH CPET

5. Xac dinh overtraining
6. Panh gia khong dung nap gang strc va mrc do tan tat
/. Phan biét tim VBV & BCT gial doan som

8. Tién lwvong bénh tat & tr vong

(J Sports Med Phys Fitness 2023;63:873-90)

9. Tat cd VBV thi dau (nhat 1a VBV dinh cao)

(Lién doan cac Hoi Y hoc thé thao Chau Au)



CHONG CHi DINH CPET

Hoi chirng vanh cap Nghi phinh BMC

Ngat Suy than cap

R&i loan nhip chwa kiém soat Cuwdng giap chwa diéu tri
Suy tim mat bu Nhiém tring cap

Phu phdi cap Hep van tim nang



u suoneangng

Year



2. TONG QUAN VE CPET



GIOI THIEU CPET

Thong khi
Trao dbi khi
huyén hog

 Test thir thach, dwa trén chirng cwr

« Pwoc Hoa Ky va Chau Au Ging hd > 50 nam
 Nhan sw, co s& trang bi day da thiét b

hdi sinh tim phdi ndng cao




NGUYEN LY CPET

Pulmonary Venous Circuit
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QUI TRINH TAO NANG LUONG KHI VAN DONG

CO, production 0, Flow Expired

/\

Qco,

e

Qo,

0, consumption CO, Flow Inspired



CAC THONG SO CPET CHINH

CPET-derived parameters for the
evaluation of cardiovascular response

Main CPET-derived
parameters

Traditional ergometric
test parameters

Blood Heart
pressuref| rate

ECG
during
exercise

VCO, (Umin)
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Théng so
VO,
WR
AVO,/AWR
RER
VO, at VT,

THONG SO CHUYEN HOA
Dién giai
Lwong oxy tiéu thu
Tai
MOi lién hé VO, va tai
Ty & trao d6i ho hap (VCO./VO,)
Lwong oxy tiéu thu tai ngwong

thong khi 1

Cardiopulmonary Exercise Iesting, 2001



THONG SO TIM MACH

Thong s6 Dién giai Binh gs
HR Bién thién tan so tim va tan so tim toi da > 85%
Recovery at 1 min Tan sb tim & phut thir nhat cda giai doan hoéi phuc >12
HA Bién thién HA va HA tai dinh gang strc < 225/90
O,pulse Lwong oxy cho 1 nhip tim = 80%
HR Reserve Duw tri¥ tan s6 tim +15
Chronotropic Index (CI) =0,8
AHR/AVO, M@i lién hé gitra tan s tim va lwong oxy tiéu thu

ATS/ACCP Statement on Cardiopulmonary Exercise Testing, 2001



THONG SO THONG KHi

Thong so Dién giai Binh gs
VR Duw trir thong khi > 20%
RR Tan sO ho hap < 60

Flow Volume Duwong cong lwu lwong thé
Loop tich



THONG SO TRAO POI KHI

Thong sé Dién giai Dinh gs
VD/Vt Ty 1& théng khi khoang chét/thé tich khi lwu théng
VEQqCO, Twong dwong thong khi CO, <30
VEQO, Twong dwong thong khi oxy
PETCO, Ap lwc rieng phan CO, cudi thi thé ra
PETO, Ap lwc riéng phan O, cudi thi thé ra

SpoO, D0 bao hoa oxy theo mach dap

ATS/ACCP Statement on Cardiopulmonary Exercise Testing, 2001



PAP NG SINH LY BINH THUONG KHI GANG SUC
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3. DAP UNG CPET O VDBV



ATHLETE HEART

?‘p‘“(ﬁ' + LV Wall thickening
NORMAL HEART WOV G ++ LV Volume
t ‘?‘p‘\“
STRENGTH_ ;5 ++ LV Wall thickening
TRAINING + LV Volume

- Gia tdang lanh tinh khoi lvong tim, véi

nhirng thay d6i chuyén biét vé hinh dang

tim va tuan hoan, thé hién su dap (ng vé LV = Left Ventricle PHYSIOLOGICAL
S HYPERTROPHY
mat sinh ly v3i viéc tap luyén ¢6 hé thong (Mongaroth 1975)

Morganroth’s cardiac hypertrophy hypothesis (1975)




ANH HUONG CUA MON THE THAO BPEN THAM SO CPET

TABLE IIL.—Types of sport disciplines and relative effects on CPET-derived parameters. Modified from Pelliccia et al 2.3

Skall Power Mixed Endurance
V X J{ Oﬂ)
HR Mild-to-moderate increase ~ Moderate-to-huge increase ~ Moderate-to-huge increase Very huge increase
BP Mild-to-moderate increase Verv huge increase Moderate-to-huge increase ~ Moderate-to-huge increase
CO Mild increase Mild-to-moderate increase ~ Moderate-to-huge increase Very huge increase
VO, No significant change Mild-to-moderate increase ~ Moderate-to-huge increase Very huge increase
VO,/HR No significant change Mild-to-moderate increase Moderate increase Moderate-to-huge increase

VO,/WR slope No 51 onificant change Mild-to-moderate increase Moderate increase Moderate-to-huge increase

No sign e No signi e No signi

Cardiac remodeling No mgmﬁcant change Moderate increase Moderate-to-huge increase Very huge increase




(;"'[

Golf (buggy)

LOW

Golf (18 holes walking)

Table tennis (double)

Table tennis (single)

Shooting
Curling
Bowling

Sailing

MEDIUM

Yachting

Equestrian

HIGH

-

intensity

Medium
intensity

Power

Shot putting

(recreational)

Discus (recreational)

Alpine skiing

(recreational)

Short distance running

Shot putting

Discus

Alpine skiing

Judo/karate

Weight lifting

Wrestling

Boxing

High
intensity

Mixed

A

Soccer (adapted)
Basketball (adapted)
Handball (adapted)
Volleyball

Tennis (double)
lce-Hockey

Hockey

Rugby

Fencing

Tennis (single)
Waterpolo

Soccer (competitive)
Basketball

(competitive)

Handball (competitive)

Endurance
@5
Jogging

Long distance walking

Swimming (recreational)

Speed walking

Mid/long distance
running

Style dancing
Cycling (road)

Mid/long distance
swimming

Long distance skating
Pentathlon

Rowing

Canoeing

X-country skiing
Biathlon

Triacthlon



HR (Beats / min)

TAN SO TIM

Predicted Maximum HR

| Predicted
' Maximum Vo,

05 1 15 o, 25
\'102 (L/min)

3 35



Normal ECG Findings

Increased QRS voltage for
LVH or RVH

Incomplete RBBB

Early repolarization/ST
segment elevation

ST elevation followed by
T wave inversion V1-V4 in
black athletes

I wave inversion V1-V3
age <16 years old

Sinus bradycardia or
arrhythmia

Ectopic atrial or junctional
rhythm

1 AV block

Mobitz Type | 2 AV block

In isolation

2 or more

Abnormal ECG Findings

« T wave inversion
ST segment depression
Pathologic Q waves
Complete LBBB
QRS = 140 ms duration
Epsilon wave
ventricular pre-excitation
Prolonged QT interval
Brugada Type 1 pattern

Profound sinus bradycardia
< 30 bpm

PR interval 2 400 ms
Mobitz Type Il 2 AV block
3 AV block

> 2 PV(Cs

Atrial tachyarrhythmias

Ventricular arrhythmias

No further evaluation required ’ \ Further evaluation required

in asymptomatic athletes with no i ~~ . toinvestigate for pathologic
family history of inherited cardiac cardiovascular disorders associated
disease or SCD with SCD in athletes
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BIEN DOl TREN ECG
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CHRONOTROPIC INDEX

The chronotropic index (Cl) Is a comparison of the HR reserve to
metabolic reserve at peak exercise and Is essentially the slope In

the relationship between HR to VOZ2 trajectory

Peak HR —Baseline HR
Predicted peak HR —Baseline HR

Chronotropic Index (Cl) = . —
( Peak VO2 —Baseline VO?2 )

Predicted Peak VO2 —Baseline VO?2




BINH NGUYEN O,pulse

02 pulse plateau 02 pulse plateau

below peak VO2 in a near VO2 peak in
nonathlete an athlete
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GIAM OXY MAU DO GANG SUC

- Sp0O2 < 95% hoac giam = 3% so v&i gia tri luc nghi

- O gan hoac ngay dinh gang strc téi da, tham Ian >> dap xe

- Co ché tht phat, do chénh ap P(A-a)0, qua mic két hop voi gidm thdng
khi va sw dich chuyén sang phai do pH axit cia dwdng cong Hgb-0,

- Khodng triéu chirng + kha ndng gang stre siéu dang + giam SpO2 & gan
thoi diém gang stre toi da + do doc hoac diém thap nhat ctia VE/VCO, binh
thwdng + cau trac tim binh thwdng trén hinh anh (hodc phu hop vai viéc tai
cau truc tim do gang strc)

- May do SpO, chat lwgng cao



Exercise economy

- La mure tiéu hao nang lwong cho
cwong do tap luyén tuyét déi nhat
dinh

- Thé hién tinh kinh té cua viéc tap
luyén va la thwde do gian tiép vé
cung lwong tim va ATP dwoc tao ra
trong qua trinh tap luyén

- Binh thuwdng: dd doc trung binh 13
10 mL/phat/W

VO2 (L/min)

45

35

25

Max exercise

....

150 200 250 300

Power output (W)

- & = Economic

Recovery

350 400 450 Recovery

«+® «« Uneconomic



VE BTPS (L/min)

150.00§

140.00
130.00
120.00
110.00
100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00

Start(A)  0.340
End(B) 2574
VENCO2 30566

Ignore after RC

5

%
1 2

VCO2 (L/min) (Mid 5 of 7)

150.00
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Vt, VE & RR
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4. DIEN GIAlI KET QUA CPET



1
2
3
4
5
6
/

TRINH TU BOC

. Chuan bi trwdc doc

. Panh gia HHK co ban

. Panh gia BN c6 gang surc toi da
. Panh gia han ché GS

. Danh gia dap ng tim mach

. Panh gia dap ng hé hap

. Tom tat



CHUAN Bl TRUOC BOC
Chi dinh CPET: nguyén nhan KT, m&c dd han ché

gang strc, danh gia tién phau, hiéu qua diéu tri...
BS+ LS+ CLS

Protocol GS

Ly do ngwwng GS

Piém Borg tai thoi diém ngirng GS



N o oA W N R

TRINH TU BOC

Chuan bij trwdc doc

. Banh gia HHK co ban
. Danh gia BN c6 gang surc toi da
. Danh gia han ché GS

. Danh gia dap wng tim mach

. Danh gia dap tng hd hap

. Tom tat



PANH GIA GS TOI PA

- VO, peak
- VE peak

- WR peak
- HR peak

- RER

- Borg



DANH GIA MUC PO HAN CHE GS

1. Binh thuwong:

- VO, peak > 84%

- WRpeak > 80%

2. Mirc d6 han ché GS:
- Nhe

- Trung binh

- Nang

Altalag et al. Exercise testing (2019) - Springer



DANH GIA PAP U'NG TIM MACH

| Normal cardiovascular responses:

® Heart rate increases linearly with VO, up to
>90% predicted maximum

® BP increases gradually during exercise,
but increase in diastolic pressure <20 mmHg

® Peak oxygen pulse (VO 3/HR) >80% predicted and
does not plateau early

® AT occurs at >40% of predicted maximal VO,

® Nadir of Vg/VCO; is <34 or slope of Vg versus
VCO, <32

® No evidence of arrhythmia or ischemic changes on ECG

Uptodate 2021



PANH GIA PAP UNG HO HAP

Normal ventilatory repsonses:

® Respiratory rate increases throughout exercise

® Tidal volume at least doubles over baseline

® Tidal volume reaches 50 to 60% of FVC or 70% of IC
= Breathing reserve 30 to 40%8

= VD/VT <0.3 to 0.4 at rest and 0.2 with exercise

® Sa0, >96% at rest and minimal or no decrease with
exercise

® A-a O difference with exercise <35

Uptodate 2021



TOM TAT

- Bat thwdrng CPET chinh
- M0i lién hé CPET-LS

- Gidi quyét cau héi lam sang



Our approach to interpretation of cardiopulmonary exerdse tests in adults*

Was test a maximal effort? Normal ventilatory repsonses:
= Did heart rate reach >90% predicted - :
maximum (0.9 x [220 - age])? * Respiratory rate increases throughout exercise

" ’ Tidal volume at least doubles over baseli
= D RER (METRaVO2). semch S8 ont g e :mamn::adnsds:um.s‘osofwc:7monc
I = Breathing reserve 30 to 40% 8

Yes No = VD/VT <0.3 to 0.4 at rest and 0.2 with exercise
¥ v Normal cardi: ular resp
Were either of these achieved? Interpret results with caution ™ t rote & n n ith VO up to
;:.mlwock>eo% predicted 2 o e s imal effort or >90% predicted maximum
i Mormm (eg. beta blocking medication, = BP increases gradually during exercise,
= Peak VO >85% predicted? arthritis or other discomfort) but increase in diastolic pressure <20 mmHg
1 = Peak oxygen pulse (VO /HR) >80% predicted and
r ] does not plateau early
Yes No ® AT occurs at >40% of predicted maximal VO3
¥ v ® Nadir of Ve/VCO 3 is <34 or slope of Vg versus
- VCO; <32
w ntilatory responses
::‘oml “;v:,m.“dw ®= No evidence of arrhythmia or ischemic changes on ECG
el refer to "Normal venti
capacity ( e .m)m Normal gas exchange responses:
I = Sa0; >96% at rest and minimal or nc decrease with
v ’ exercise
Yaz Mo * A-a O difference with exercise <35
v v
Ventil itation is likely.
nmhdnbob*mnwmdlm.
Were cardi | Were any/all of the following noted?
to exercize normal? = Wheezing or stridor during CPET?
(refer to “Normal ?"ﬁw.""h' = Obstructive pattern on FVL during or
responses” to box) post exercise
= Decrease in IC at end of exercise,
> C ) A

1 1

T 1 r ol

Yes No Yes No
v v v v
Cardiovascular imitation is likely and
Was gas exchange normal? may be due to: Exercise limitation Exercise limitation
(refer to "Normal gas exchange = Ischemic heart disease likely due to likaly due to
responses” to box) = Heart failure obstructive disease restrictive process
= Peripheral vascular disease

Yes No
v v
Gas exchange limitation likely.
Poszsible causes include:
Were ® pulmonary hyp.rhnﬂon
AT and OUES = The b
decreased?8 = Pulmonary veno-occlusive disease
= Destructive lung disease
(eg. ILD, em| )
1
¥ R
Yes No
v ¥
This pattern is consistent with: This pattern istent with any of the following,
-uwmwo sodmlcalccrnbtionisneedcd
= Deconditioning (some = Deconditioning
patients have a low AT) = Obesity
= Anxiety




Was test a maximal effort?
®= Did heart rate reach >90% predicted
maximum (0.9 x [220 - age])?
= Did RER (VCO3/VO3) reach 1.16 or higher?

Yes No
¥ v
Were either of these achieved? Interpret results with caution

= Maximal work >80% predicted

Explore reasons for submaximal effort or

OR . N
* performance (eg, beta blocking medication,
= Peak VO, >85% predicted? arthritis or other discomfort)
|
| |
Yes No
¥ ¥
Were ventilatory responses
::;T;:L to exercise normal?
: (refer to "Normal ventilatory
capacity re " box)




to exercise normal?

repsonses’ box)

Were ventilatory responses

(refer to "Normal ventilatory

Yes

Were cardiovascular responses
to exercise normal?
(refer to “Normal cardiovascular
responses to box)

| |
Yes No

\ ¥

No

¥

Ventilatory limitation is likely.
It can be due to obstructive or restrictive disease.

Were any/all of the following noted?
» Wheezing or stridor during CPET?
® Obstructive pattern on FVL during or
post exercise

® Decrease in IC at end of exercise,
suggesting dynamic hyperinflation?

I

| |
Yes No

v ¥

Cardiovascular limitation is likely and

Was gas exchange normal? may be due to:
(refer to "Normal gas exchange ® Ischemic heart disease
responses to box) = Heart failure

® Peripheral vascular disease

Exercise limitation Exercise limitation
likely due to likely due to
obstructive disease restrictive process




Was gas exchange normal?
(refer to "Normal gas exchange
responses’ to box)

|
Yes

¥

1
No

¥

Were
AT and OUES
decreased?f

Gas exchange limitation likely.
Possible causes include:
= Pulmonary hypertension
= Thromboembelic disease
= Pulmonary veno-occlusive disease
= Destructive lung disease
(eg. ILD, emphysema)

|
Yes

¥

No

v

This pattern is consistent with:
= Mitochondrial myopathy <

= Deconditioning (some
patients have a low AT)

This pattern is consistent with any of the following.
so clinical correlation is needed:

= Deconditioning
= Obesity
= Anxiety




5. UNG DUNG CPET/YHTT



Panh gia hiéu qua chwong trinh tap luyén

- VO2peak, dong hoc héi phuc VO2, VT1, VT2, HRRecovery
VOZ2 tai VT1/VO2 duw doan

- HRR:

VDV nhanh hon nguoi khong tap

Giam O VDV sav 4 tuan khong tap



VO2 (L/min)

Panh gia hié
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Panh gia hiéu qua chwong trinh tap luyén

V02 at Anaerobic Threshold

Predicted peak V02

Regular People 50-60%

Elite Athletes 70-80%

Exercise Below AT Exercise Above AT

Sustainable without Increased release of
fatigue catecholamines




Ca thé héa chwong trinh tap luyén

Frequency:
 Sessions/week
* Bouts of exercise

Intensity:

* Endurance: %VO, peak or % peak HR or %HRR
» Strength or Power: % 1RM or % 5RM or %peak HR or

%HRR for mixed exercise

Time:
* Duration of
* exercise programme in weeks or months
* training days per week
¢ training session times per day
* duration of training session in hours.

Type:
» Endurance (running, cycling, rowing, walking, swimming)
+ Strength or resistance training
+ Speed and speed endurance
* Flexibility (sit & reach, back stretch test, lateral mobility test)
* Coordination and balance

Mode of exercise training:
+ Metabolic: aerobic vs. anaerobic
» Muscular work:
lsometric - isotonic
dynamic (concentric, eccentric) vs. static
continuous vs. interval
large or small muscular groups



Ca thé héa chwong trinh tap luyén

Blood Lactate Aerobic ?Eaerﬁ bll:_;:
Concentration Threshold Ef—rf
(AeT)
i i
. Moderate to : .
Low | . :
Primary Fat I Fat & Carbohydrate ! Primary
Metabolism I Metabolism I Carbohydrate
Metabolism

Intensity

Zone 2 Zone 3 Zone 4 Zone 6

Active Endurance Tempo Lower Anerobic Anerobic Capacity
Recovery Tempo Upper Threshold/FTP MNueromuscular




Ca thé héa chwong trinh tap luyén

Training zones based on exercise testing results*

Lone Training Effect Purpose AV0;max 0 VT (run) % VT (bike) % Max HR
1 Active recovery Recovery D9%-65% <85% <81 60%-70%
] Aerabic threshold Aerobic endurance 60%-75% 85%-89% 81%-89% 1%-15%
3 Tempo Preparation and base 76%-80% 90%-94% 90%-93% 16%-80%
4 Sublactate threshold -urther develop base 817%-90% 95%-99% 94%-99% §1%-90%
ha Anaerobic threshold mprove VO;max 91%-93% 100%-102% 100%-102% 91%-93%
5 Anaerobic endurance ncrease anaerobic tolerance 94%-98% 103%-106% 103%-106% 94%-98%
¢ Anaerobic capacity figh-end sprinting 98%-100% >106% >106% 98%-100%

V0, max = maximal oxygen uptake; VT = ventilatory threshold; HR = heart rate.

* Data from Friel [35],



Chan doan nguyén nhan kho thé gang sirc

Cardiovascular
VO2 max or
VO2 peak Peak HR n02
Pathology
Cardiovascular
Heart Failure Decreased Variable Decreased
Coronary artery Decreased NA Decreased
disease
Respiratory
COPD Decreased Decreased, normal | Normal (or decreased)
in mild

ILD Decreased Decreased Normal (or decreased)
PVD Decreased Normal or slightly (Normal) or

decreased decreased
Neuromuscular
Other
Deconditioning Decreased Normal or slightly Decreased

decreased
HV Normal Normal Normal
Obesity Decreased for | Normal or slightly Normal

actual (normal decreased

for ideal weight)




Kho the CRNN

- C6 thé do nhiéu nguyén nhan

- 1/3 trvong hop la da nguyén nhan

- Thwdng khdng thé chan doan chi dwa vao 1am sang
- Kho chon phwong phap chan doan phu hop

- Kho xac dinh chuyéen khoa nao co vai tro chinh

=> BN “dwoc cho” lam qua nhiéu ky thuat chan doan



Causes of unexplained and persistent dyspnea across different diagnostic algorithms.

Kho thee CRNN

Del Paso et al (16)

Martinez et al (18)

Pratter et al (17)

Huang et al (22)

Patients

Diagnosis made in
n=

Respiratory

N=77
63

36%

Asthma
Intrathoracic focal obstruction
of a large airway
Extrathoracic upper airway
obstruction

N =50
49

32%
Hyperactive airways
Interstitial lung disease

Other lung diseases

N =123
122

53%
Airflow obstruction
Interstitial lung diseases
Other lung diseases

N =530
530

17%
Pulmonary hypertension

Cardiovascular 14% 10% 16% 18%
/circulatory
Coronary artery disease Ischemic Heart Disease Congestive heart failure/other Heart failure with preserved
Arrhythmias Heart Failure with preserved cardiomyopathies ejection fraction
Constrictive pericarditis ejection faction Valvular heart disease
Atrial septal defect QOther
Non- 50% 60% 31% 65%
cardiopulmonary
Hyperventilation syndrome Obesity/deconditioning Obesity Primary hyperventilation
Poor conditioning Psychogenic, normal Psychogenic Dysautonomia
Gastroesophageal Gastroesophageal Deconditioning Oxidative myopathy
Reflux disease Reflux disease Others Others

Thyroid disease
Unexplained

Expert Review of Respiratory Medicine, 2022, Vol. 16, No. 5, 511-518




EIB o VDV

Diagnostic tests for EIB in elite athletes

Test Criteria (FEV,)
Bronchodilation test TFEV{>12% and 200 ml
Eucapnic voluntary hyperventilation | FEV;>10%
Methacholine test I FEV{>20%

Hyperosmolar test (saline, mannitol) | FEV;>15%

Cureus. 2022 Jan; 14(1): e20898


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8807463/

Panh gia trwdc khi tré lai tap luyén sau bénh 1y cap

Athlete with no
signs or
symptoms of
CoVID-19

Athlete recovered fromm COVID-19
[symptom free at rest for 7 days &
no sooner than day 10 from onset of
symptoms]

Athlete NOT recovered from COVID-19
= 14 days from symptom onset.
[Example symptoms include fatigue,

cough, chest pain, palpitations, dyspnoea]

Athlete hospitalised with COVID-19

[Regardless of current recovery, requires
full cardiac and respiratory work up]

!

v

L A

!

Routine pre-

HISTORY + PHYSICAL
EXAMINATION*
CARDIAC: 12-lead ECG & ECHO
evaluation; No RESPIRATORY: No investigations
cardiac or BIOCHEMISTRY: Mo investigations

respiratory l

HISTORY + PHYSICAL
EXAMINATION*
CARDIAC: 12-lead ECG & Cardiac MRI
RESPIRATORY: CXR & lung function
BIOCHEMISTRY: hs-cTnT, D-dimer & CRP

HISTORY + PHYSICAL EXAMINATION*
CARDIAC: 12-lead ECG, Cardiac MRI, 24h
ECG Holter & CPET
RESPIRATORY: Repeat chest imaging &
other measures as clinically indicated
BIOCHEMISTRY: hs-cTnT, D-dimer & CRP

participation
medical

investigations

. L r r
required
NORMAL

L

w
ABNORMAL If normal, ABNORMAL ABNORMAL NORMAL
RESULTS below RESULTS RESULTS

l RESULTS

Return to
training

L 1 l
Cardiac MRI + 24h ECG

CPET & 24h
Holter, hs-cTnT & CPET ECG Holter CT Chest # CPET

I I T 1 } ]

MNORMAL
RESULTS Aiﬁ?jﬁ:& NMORMAL ABNORMAL NORMAL ABNORMAL
RESULTS RESULTS RESULTS RESULTS

- l

Restriction of training and regular respiratory and cardiac
evaluation(s) and management per current guidelines for
myocarditis or other identified disorders.

NORMAL RESULTS = Symptom led
graduated return to training
(‘stop and reassess’ every 24 hours)

Wilson MG, et al. Br J Sports Med 2020;54:1157-1161



Unexplainable performance drop No +

Yes

}

Persistent Fatigue or exhaustion Ho *
Lasting >4 weeks

Yes

V 4 [ 1
X aC d I n h Diseases associated with a performance drop oTs
]

IS

- Primary viral diseases No [ NOT
(prmary EBV, CMV, Hepatitis 478, HIV) LIKELY

] u
- Bacterial infection Ne[] es [
(borreliosis, streptococcal mfecbon) -
- Other inflammatory diseases Ne[J
(e.g, myocarditis, systemic inflammatory diseases)
- Other physical conditions No[J
(.. diabetes mellitus, hyperthyreosss)

Performance and training

- Max. performance reduced (> 10%)? Yes[]
- Drop in aerobic perlormance Yes[] No [
{Oxygen consumption, anaercbic threshold)*? -
- Reduced training volume (> 20%)7 Yes [
- Deteriorated recovery? Yes[]

one yes' is sufficient

Confounder (supporting the evidence)

- Viral diseases Yes [
(EBV, CMV, herpes simphex) 1
- Burdening psycho-social factors? Yes [
- Nutritional disturbance or disorders? Yes [
- Unfamiliar environmental conditions?
(heat, cold, afitude?) Yes [J 1
- Significant increase in training load? Yes [
OTS IS LIKELY

« Completion of diagnostic work up
« Information about the mood, sleeping, stress and
recovery (e.g. RESTQ-Sport questionnaire)




Danh gia khong dung nap GS

eTable 33.1 Estimating an Individual’s VO,,,,, From the History
Activity Limitations

Participates in competitive sports with sustained activity like rowing, basketball, and
soccer. Engages in regular, endurance training. Tolerates sustained heavy labor well

Tolerates sustained heavy labor well; can play recreational soccer or full-court basketball

Participates in recreational cross-country skiing or half-court basketball with minimal
limitation

Performs heavy labor with difficulty; downhill skiing somewhat limited by fatigue
Heavy housework or yard work causes dyspnea; cannot play singles tennis

Dyspnea with two flights of stairs at own pace; cannot play golf while carrying bag or
pulling a cart

Unable to vacuum average room or change sheets without rest
Difficulty walking slowly with peers in shopping mall

Dyspnea while brushing hair, dressing, showering

Approximate \.IOZ,,,,X (mL/kg/min)
>40

35-40
30-35

25-30
20-25
17-20

14-17
12-14
<12



Panh gia mirc dd suy giam thé chat

TABLE 5.1 Fitness Levels for Aerobic Capacity* in Males and Females

Age
Males 20to 29 30 to 39 40 to 49 50 to 59 60 to 69
Superior 66.3 or higher 59.8 or higher 55.6 or higher 50.7 or higher 43.0 or higher
Excellent 57110662 51610597 46710555 41210506 36110429
Good 50210570 45210515 40310466 35110411 30.51036.0
Fair 44.9 10 50.1 396t0451 35710402 30.7t0350 26610304
Poor 38110448 34110395 30510356 26110306 22410265

Very poor 38.0orlower 34.0o0rlower 30.4orlower 26.0 orlower 22.3 or lower

Age
Females 20to0 29 30 to 39 40 to 49 50t0 59 60 to 69

Superior 56.0 or higher 45.8 orhigher 41.7 or higher 35.9 or higher 29.4 or higher
Excellent 46510559 37510456 34010416 28610358 24610293
Good 406t0d464 32210374 28710399 25210285 21210245
Fair 34610405 28210321 24910286 21.81025.1 18910211
Poor 28610345 24.1t028.1 21310248 19.1t0 21.7 16510188

Very poor 285orilower 240orlower 21.2orlower 19.0orlower 16.4orlower

*Aerobic capacity or VO, expressed in mL-kg-'-min-'.
Adspted by permission from American College of Sports Medicine, 2018,



Panh gida mrc do6 tan tat

efable 332 Impaiment Determined by Cardiopulmonary Exercise Testing

\702,,,,,( (mL/kg/min) Description of Work

575 Capable of all but most physically demanding jobs

15-25 Able to work at the specific job that does not require frequent and extended work above 40% of
maximum Vo,

<15 Unable to perform most jobs



Phan biét tim VDV & BCT giai doan so'm

TABLE IN—CPET parameters of essential value in the differential diagnosis of the athletes heart.

PVCs during exercise with

VO, pea VO, at LT V/VCO, slope O, pulse VO,/WR slope origin and morphology
Athlete’s heart >50 mL/kg/min >T70% Normal Increased Increased « Absent, when present
or >120% of monomorphic
predicted « LVOT: LBBB, inferior axis,
early transition <V4

« RVOT: LBBB, inferior axis, late
transition =V4

» Fascicular: typical RBBB,
QRS<130 msec, inferior axis
(left anterior fascicle), superior
axis (left posterior fascicle)

« Reduction or resolution with
increasing effort (may return in
recovery)

Left ventricle <50 mL/kg/min 50-70% Shight increase ~ Normal or Reduced (with < Polymorphic, repetitive
cardiomyopathy or <120% of reduced with possible « LV: atypical RBBB-like
predicted early flattening  flattening) morphology QRS =130 msec

* Induced by increasing eftort

Right ventricle <50 mL/kg/min 50-70% Moderate Normal or Reduced (with  + Polymorphic, repetitive
cardiomyopathy or <120% of increase reduced with possible « RV free wall or moderator band:
predicted early flattening  flattening) LBBB with intermediate or

SUperior axis
* Induced by increasing effort




PHAN BIET BENH CO' TIM PHI bAI & TIM VBV

Hypertrophic

Cardiomyopathy Athlete s Heart

» Female gender = Male gender
= Positive family history for HCM » Negative family history for HCM
= Additional ECG abnormalities such as ST-segment » Isolated Sokolow-Lyon criteria for LV hypertrophy, no ST-

depression, deep T-wave inversion in inferolateral leads segment depression and/or T-wave inversion
e LV cavity < 54 mm e LV cavity > 54 mm
* Bizarre patterns of LVH, LA > 50mm, LVOT obstruction  No or only mild LVH, LA < 50mm, no LVOT obstruction
= Impaired systolic or diastolic LV-function = Normal systolic and diastolic LV-function
* NSVT/VT during exercise testing or holter monitoring * No NSVT/VT during exercise testing or halter monitoring
= Abnormal BP response during exercise testing = Normal BP response during exercise testing
* Peak VO, < 50ml/kg/min or < 120% predicted = Peak VO, > 50 mi/kg/min or > 120% predicted

» Delayed gadolinium enhancement - No delayed gadolinium enhancement



Cumulative event rate

0.4

0.3

0.2

0.1

Tién lwong bénh tat & twr vong

moderately fit
fairly fit

. highly fit

I | I |
6] 10 15 20 25

Period of observation (years)

30



KET LUAN

- CPET “valid and indispensable” cho Y hoc & thé thao, dinh lwong chinh xac thé
lwe tim mach - hé hap, nhan dién co ché sinh Iy bénh lam gi¢i han kha nang van
dong, danh gia thé Iwc va tién lwong kha nang gang stc dwa trén chirc ndng da

hé thong nhwng &p dung trong YHTT con han ché

- Hiéu rd sinh Iy gang strc & VDV & can than trong khi gidi thich nhirng bat
thworng CPET & VDV. Dién gidi nén dit trong bdi canh lich st tap luyén clia VDV

- Hoi bénh st ki ludng, kham lGm sang va xét nghiém thuwong quy la rat can thiét



Various cardiopulmonary exercise testing parameters in athletes & nonathletes

Similar Between Athletes
CPET Parameter and Nonathletes Can be Different in Some athletes

Various cardiopulmonary exercise testing parameters in athletes & nonathletes

RER

Metabolic/cardiovascular

peak V02 can be significantly

VO higher particularly with
endurance athletes
AT Occurs at  higher percentage of
peak VVO2 particularly with
endurance athletes
Max HR = Variable when using age predicted
aquations
(l Often <0.8 owing to relative

"normal” HR response with

exceptional peak V02
particularly in endurance
athletes

: Well above predicted values with
VO2h (02 pulse notential plateau near peak
exercise

VO2lwork slope

Ventilatorylgas exchange

5301

EIAH can be seen near peak exercise
In some athletes with very high

peak V02

PETC02

R

VENCO2 nadirlope Slope can be elevated f taken
through end exercie

Breathing reserve Can be lower in athletes with
exceptional fitness

AR Can be higher (>30 breathg/min) i

athletes usually with exceptional
fitness
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CA LAM SANG 1

Cwu VDV dién kinh va marathon, 61 tudi
Khé thé nang khi gang strc va 4 thanh tich
Tién sir: CABG sau NSTEMI v&i EF = 60%
YTNC tim mach: THA, RLLM



CA LAM SANG 1

- HHK: Khéng han ché hoac tac nghén
- ECG va siéu am tim lac nghi: binh thuwdng
- ECG gs: binh thwong

- CPET: VO2peak = 78%, khé thé khi gang strc, nhwng
khdng co con dau that ngwe, khéng cé dau hiéu thiéu

mau cuc bo co tim.
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CA LAM SANG 2
NG 25 tudi, chay bd trong thoi gian radnh, kho thé va nang nguc
khi gang strc

TS: hen di ng tt tudi vi thanh nién, ICS va beta-2 tac dung dai
Khéng hut thude

Khéng tién st gia dinh bénh tim

Khéng dau nhiém tring
HHK: FEV1 = 75% du doan, Tiffeneau = 60%
ECG loc nghi binh thuong
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CA LAM SANG 3

Nam, 39 tudi, VBV nghiép dw, mdn strc bén

Tap ttr ndm 18 tudi, 10 - 25 gid/tuan

KT cap khi gang stc

Sa sut phong dé va nhip tim tang cham khi tap luyén trong 6 thang truwéc
Khéng tién st bénh ndi khoa va khéng YTNC tim mach

HHK Itc nghi: khéng han ché hodc tac nghén

ECG lac nghi binh thwdng

SAT: chlrc nang tam thu va tam trwong binh thwdng, dén cac budng tim
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CA LAM SANG 4

VDV nam 28 tudi, kickboxing chuyén nghiép, > 11 nam thi d3u, nhiéu chire vo dich

Chuan bi cho gidi ddu qudc t€ thang tGi, VDV ¢6 mot chuong trinh tap luyén cwong d6 cao voi

ché do dn udng cdn bang hop ly

Phan nan vé tinh trang moi co sdm giong nhu chirng tich tu lactate trude diy va sa sot phong

d6 ma khong ¢6 bat ky triév chirng néao khac.
Tién s ¢a nhén va gia dinh binh thuong
Kham thue thé binh thudng

Mét moi sdm va sa sot phong do trong 4 tudn qua



Test

Hematology

White blood cell (x1000/mic)

— Neutrophils (%]

— Lymphocyte (%)

- Mix (%)

Red blood cell [xmillion/m)
Hemoglobin (g/dL]
Hematocrite (%)

Mean Corpuscular Volume (fL)
Mean Cell Hemoglobine (pg)
Platelets (x1000/mic])

Red cell Distribution Width (%]
ESR [mm/hr]

Result

6.5
67.5
26.9

5.6
4.79
141
42.5
88.7
29.4

272
13.4

Reference
Range

4,411

4.5-59
14-17.5
41.5-50.4
80-96
27.5-33.2
150-450
11.6-14.6
<15




Hormone Analysis

Testosterone [ng/mlL) 3.2 2.8-80
Cortisol 8 am [ng/mL]) 83.2 54 94-287.56
TSH [miclU/ml) 1.49 0.27-4.2
T4 (micg/dL] 498 5.52-12.6
PTH (pg/mL) 18 15-65

25 OH Vitamin D3 [ng/mL) 38.8 29-100
Parameters Meas. Pred % Pred
-VC (L) 7.08 495 143
FEV1 (L) 4 .48 418 107
FEV1/FVC 63.40 82.20 £
PEF (L/s) 8.56 9.63 89
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Variable

Peak VO,
[ml/kg/min)

Percent predicted
peak VO, (%]

Ventilatory
threshold [VT)
[ml/kg/min]

VT (% of VO,max]

Peak respiratory
exchange ratio

VE/VCO, slope

P..CO, rest
[mmHg]

value
71.72

114.88

2757

23.3

278
37

Variable

Pe,CO,at VT level
[mmHg]

VE/VO, at peak
VE/MVV

0, pulse max
[mL/beat)

METs max

HR max
(beat/min)

HR recovery at
1 min (beat/min]

Blood Pressure
max (mmHg]

value
45

29.6
0.64
22.02

14.77
178

39

22294



CA LAM SANG 4

VT1: 53,3%, qua thap doi vai VBV chuyén nghiép
Luyén tap cwong do cao giai doan chuan bi => héi chirng tap luyén qua

murc (overtraining) => VT gidm => gidm thanh tich thé thao

Toi wu héa chu ky hdi phuc-tap luyén rat quan trong dé dat dwoc hiéu
suat mong mudn & VBV dinh cao

Sau 3 tuan nghi ngoi va hoi phuc, VBV thi dau qudc té va chién thang



Abnormal ECG findings Definition
Abnormal T wave 1nversion | >1 mm in depth in two or more contiguous leads; excludes aVR,
(TWI) [II, and V1
Anterior V2-V4
Excludes black athletes with J-point elevation and convex ST
elevation followed by TWI in V2-V4; athletes age <16 with
TWI in V1-V3; and biphasic T waves in only V3
Lateral [ and aVL, V5 and/or V6 (only one lead of TWI required in V5
or V6)
Inferolateral II and aVFE, V5-V6, I and aVL
Inferior Il and aVF

ST depression

>(0.5 mm 1n depth 1n two or more contiguous leads

Abnormal Q waves

Q/R ratio >0.25 or >40 ms in duration in two or more contiguous
leads

Complete left bundle
branch block (LBBB)

QRS >120 ms, predominately negative QRS complex in lead V1
(QS or rS), and upright notched or slurred R wave in leads [ and V6




Epsilon wave Distinct low amplitude signal (small positive deflection or notch)

between the end of the QRS complex and onset of the T wave 1n
leads V1-V3

Ventricular pre-excitation | PR interval <120 ms with a delta wave (slurred upstroke in the
QRS complex and wide QRS (=120 ms)

Prolonged QT interval QTc >470 ms (female)
QTc >480 ms (male)
QTc >500 ms (marked QT prolongation)

Brugada type 1 pattern Coved pattern: initial ST elevation >2 mm (high take-off) with
downsloping ST elevation followed by a negative symmetric T
wave in >1 leads in V1-V3

Protound sinus bradycardia | <30 beats/min or sinus pauses >3 s

Profound 1° AV block >400 ms
Mobitz type II 2° AV block | Intermittently non-conducted P waves with a fixed PR interval
3° AV block Complete heart block

Atrial tachyarrhythmias Supraventricular tachycardia, atrial fibrillation, atrial flutter




Atrial tachyarrhythmias

Supraventricular tachycardia, atrial fibrillation, atrial flutter

Premature ventricular
contractions (PVC)

>2 PVCs per 10 s tracing

Ventricular arrhythmias

Couplets, triplets, and non-sustained ventricular tachycardia

Borderline ECG findings

These ECG findings in isolation do not represent pathologic
cardiovascular disease in athletes, but the presence of two or mor
borderline findings may warrant further investigation

Left axis deviation

—-30° to —=90°

Left atrial enlargement
(LAE)

Prolonged P wave duration of >120 ms in leads I or II with
negative portion of the P wave >1 mm in depth and >40 ms in
duration in lead V1

Right axis deviation

> 120°

Right atrial enlargement

P wave >2.5 mm in II, III, or aVF

Complete right bundle
branch block (RBBB)

rSR’ pattern in lead V1 and an S wave wider than R wave 1n lead
V6 with QRS duration >120 ms




Table 11.3 Suggested cutoffs for key variables of interest to clinical CPET interpretation

20 years 40 years 60 years 80 years
Males | Females | Males | Females | Males | Females | Males | Females
Metabolic
VO, peak (% pred) 83 [>83  [’83 [>83  [’83 [>83 *83  |>83
A VO,/A WR (mL/ 90 |>85 90 |[>85 |*9.0 |>85 [’9.0 |>85
min/W)
VO, at the LT (% VO, 35 | >40 40 | >40 45 | >50 ’55 | >60
peak pred)
Cardiovascular
HR peak (bpm) 175 | >170 7160 | >155 “150 | >145 130 | >125
O, pulse (mL/min/beat) |12 |>10 10 | >8 >9 >7 >7 >6
AHR/AVO, (beat/L/min) |60 | <85 70 | <90 |0 <100 |90 |<105
Ventilatory/gas exchange
‘QE peak/MVV ‘0.80 | <0.75 ‘0.80 | <0.75 ‘0.80 | <0.75 ‘0.80 | <0.75
‘(JE peak/MVV at the LT | <0.35 | <0.40 040 | <0.40 ‘045 | <045 “0.50 | <0.50
AVy/AVCO, 26 <28 28 <30 30 |<32 32 |<32
Vi/VCO, nadir 30 | <32 32 <34 32 | <34 34 | <34
fpeak (breaths/min) 50 <50 50 | <50 45 | <50 45 | <45
fIV 1 peak 28 |<30 28  |<30 28 <35 30 <40
V4/IC peak “0.70 | <0.75 “0.70 1 °0.75 “0.70 |<0.75 “0.70 1 0.75
Per CO; at the LT (mmHg) | *43 >4 1 41 >4(0 39 >39 >37 >37
SpO, peak (%) >03 |93 >03 |93 >03 | >93 =03 | >93
SpO, rest -peak (%) <5 <5 <5 <5 <5 <5 <5 <5




Table 14.6 Criteria for positive exercise ECG stress test.

Horizontal or downsloping ST-segment depression of 21 mm at 60—80 ms during or after exercise

Upsloping ST segment depression >2 mm 80 ms beyond the J-point during or after exercise (may be considered an equivocal
response)

ST segment elevation 21 mm during or after exercise in the absence of Q waves
Exercise-induced hypotension
Inversion of U-waves

Frequent multifocal ventricular premature contraction (VPCs), grouped (three or more) VPCs, ventricular tachycardia (VT)
at low-exercise workload

Exercise-induced typical angina

Third or fourth heart sounds, or heart murmur




Table 14.3 Abnormal responses to exercise.

Electrocardiographic changes
Diagnostic ST-segment alterations
ST-segment depression (horizontal or downsloping)
ST-segment elevation (without prior MI)
Additional ST-segment change with pre-existing ECG abnormalities
Significant arrhythmias
Inversion of U-waves
Intraventricular blocks (not diagnostic for CAD)
Increased R-wave amplitude
Acute MI
Hemodynamic changes
Hypotension/blunted BP response
Slowing of HR
Impaired HR response
Marked hypertension
Signs and symptoms
Signs: Third or fourth heart sounds, murmurs, precordial bulging, double cardiac impulse, pulses alternans

Symptoms: angina, dyspnea, pallor, cyanosis, syncope, etc.



Table 14.2 Expected physiologic responses to exercise.

Progressive increase in HR and BP

Shortening of the QT interval

Physiologic ST-segment alterations
Functional (J-point) ST-segment depression with duration less than 60—80 ms
Orthostatic ECG changes
Labile T-wave change
Reynold’s syndrome

Alteration of T-wave direction or morphology

Decrease in R-wave amplitude

Shortening of PR-interval

Downward sloping of PR-segment

Decrease in T-wave amplitude in early exercise, followed by increase in T-wave amplitude




Cac gial doan luyén tap

PROCESS TRAINING INTENSIFIED
(overload) TRAINING
OUTCOME ACUTE FUNCTIONAL OR NON-FUNCTIONAL OVERTRAINING
FATIGUE OVERREACHING SYNDROME
(short-term OR) (extreme OR) (OTS)
RECOVERY Day(s) Days - weeks Weeks — months Months - ...
PERFORMANCE | INCREASE Temporary performance STAGNATION DECREASE
decrement (e.g.. training DECREASE
camp)




