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BENEFIT OF EXERCISE CV Endurance Training — Aerobic Zone

Regular exercise extends 7 years of life
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Dose-response relationship of the cardiovascular
adaptation to endurance training in healthy adults:

Cafdlo Vs Endurance' how much training for what benefit?

i, o ' : Ken-ichi Iw: i y Zhang, Julie H. 3
» Individuals exercising regularly live 7 years longer Ken il Imasakl, Houg Shane, Julle 1. 2uthetmian o B D L s s

» This is achievable with modest doses of exercise
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Endurance training
leads to heart (LV) enlargement
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Excessive intensive exercise WMK '
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Sympathetic predominance
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Eccentric Hypertrophy increases
Stroke Volumes

Stroke Volume = blood volume ejected in one heart bea:mW

Subjects SV Rest SV Max

Untrained 50-70ml 80»-3.10m|

Trained 70-90 110-150

Highly Trained 90-110 150-220
Eccentric hypertrophy:

« the left ventricle to stretch more and fill with more blood
»wall thickness increases enhance contractility.
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Cardiac Output
= Stroke Volume x Heart Rate

Stroke Volume: blood volume ejected in one heart beat
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Endurance training increase
a-v O2 diff

The Fick Equation
I fhe 18767 Cardig asculerphysialogist A Fick
developed a formufa That slows e rale of oxyyer
consaroption (V) in be defermed i the catdiae
satpet {Q) and arerial venous oxygen O Wiones (34
{02 ) ate known:
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Endurance exercise increases
Blood Volume

« endurance training increases blood plasma
volume (T ADH, Aldosterone, Tplasma
proteins).

+ pseudoanemia despite RBC count increases,
« Blood viscosity - improvement of circulation).
» T Plasma volume— V,, max increase
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Maximum Oxygen Uptake (VO,,..,)
VO, = SVA x HR x a-v O, diffa
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Cardiovascular Adaptations to Training

# Left ventricle size and wall thickness increase.
e Resting, submaximal, and maximal stroke volume increases.
e Maximal heart rate stays the same or decreases.

« Cardiac output is better distributed to active muscles and
maximal cardiac output increases.

o
¢ Blood volume increases, as does red celi volume, butto a
lesser extent.

e Resting blood pressure does not change or decreases slightly,
while blood pressure during submaximal exercise decreases.
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M/41, former Olympic triathlon, regular training and
competition. Stopped training for 3 weeks after a
minor surgery. Developed fast resting HR (105 bpm)
and increased BP (140/100 mmHg)
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Biokinetic Swim Bench and Strength Changes
Detraining

~B| —s Arm sirength (swim bench)
—»~ Swimming power (lethered swimming)
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Athletes’ Heart

« Left Ventricular Hypertrophy (eccentric)
« Effect of high vagal tone (usually

disappears with exercise)

—Slow HR at rest rarely < 40 bpm

— Extra Beats

— Conduction defects

« Arrhythmia, esp. Atrial Fibrillation
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Detraining for two weeks:
Rapid rebound of Sympathetic and suppression of vagal tone

500
400 IHR -
£ 1A - \HR
£ 366 =6 L] asn e 7°
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T 300
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342412 3131?‘ 1=6' 3328
200
s T D1 D2
Groups

Figure 1. Vagal (VT and sympathetic {ST) tone and resting hear rate (RHR) in sedenary
{5} and wained [T) rals. and in rels detrained for t week {O1) and for 2 wasks (D2: see
Matenipd and Melsods for calculabon). IHR = intrinsic heart rate. Data are reporied as means

< SEM. 'P £ 0.05 ¥ S rats {ona-way ANOVA). Note thal exercise training induced resting
PRO-A pradycardia, which was paralielad by a raduction in IHR. Q! intarest, the parial reveras! of

ks o AHRA to pre-2xarcise Iraning lovels was associated with o increassd JHR.

Physiological effects of 2-4 weeks of
DETRAINING

*+ V02 max: down 4-15% VO, = SV x HR x a-v O, diff
+ Blood volume: down 5-10% (within 2 days)

* Heart rate: up 5-10%

+ Stroke volume: down 6-12%

* Flexibility: Decreases

* Lactate threshold: Decreases

* Muscle glycogen levels: down 20-30%
« Aerobic enzyme activity: Decreases

* Running economy: Unchanged

PRO-CARDIO o ‘ l ,

R

45 yo male badminton coach

« Recurrent palpitation, mostly at night
« Seldom have attacks during exercise.
« ECG: paroxysmal atrial fibril!ation,
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ial Fibrillation /\ZEa . L
Atrial F b ation /L %EE@E' Left atrial remodeling in
Sinus Rhythm ’ . . Atrial Fibrillation ™ el
400 bpm :: © fomale, Ecciiilric hypertrophy
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According to the GIRAFA study,

. p N Triggers
Vagal AF is the rule rather than the exception in Lone AF 9
{70% of consecutive LAF patients had vagal AF). oo pue—————n——y
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| atrial refractory period i+ Adrial dilatation
= irflammatory responsa
Figure 4 Twenty-four hours recording of heart rate showing a ; Gastroesophagic reflux i -« Atral fibrosis

nocturnal episode of atrial fibrillation.
Figure 3 Classical triangle of Coumel suggesting possible etio-
pathogenic factors influencing the development of atrial fibrilla-

PRO-CARDIO > B ; o PRE o in athietes,
Meta-analysns of the l'lSk' to develop atrial ﬁl:;rll-latlon AF risk seems to confined to serious athletes
comparing athletes with the general population who train most days of the week for decades.
S Lorrs Adklems L s
boagulaiten e ""‘—+—““ ESETE Y 11 s ®
ekt 0 2 —w—l«w AT LM o2k
Fhppe py o ~—.M|‘ ey
Molewm '—-—""'i-"*"'"-‘"‘" i A d g o -
Mo “".'“ SSEER-LE) ! Table 3 Adjusted pods ratios and ¥5% confidence intervals of
Fhoistesberptt 16 B S BN 155 e ™ Infe ztrlal Gbrifation (ot curoulited oidersle aubeary phisis’
g A N . aerty, height, and et atrial antsroposiedor dameter
Tew arOR - 159 58601 ¥ ) :
Viemrapeicty P USTE F uih | s eatin (957 Fanine |
i cunfidence erval B
i3 2@ ¥ oW = .
Comdated modrrale @it
Fipurg 1 tepasee of AF ek i silietes sompared v ek heavy pdysical activity
o207k |

) . T 2078 938 £60 (359 15751 QWS
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* Vigorous physical exertion increases the s short term

risk of sudden cardiac death in all people, yet
simultaneously offers protection from this risk in those
who exercise regularly, while they are both active and
sedentary.
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Maron BJ (2000) The paradox of exercise. N Engl J Med 343: 1409-141
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DB EEEE R — I RE
SR AERL —

Ruoceat Studies Examining Port-Excrcise oTo Lovels

Number of  Troponin Isoform  €Th Diegnostio

Distance Participants _ Weasured Threshald Prevalence of Positive ¢Th Obcarved

Elsvogcls a1zl {48 30-50 hm (4 consecullve days) 103 Tl 20,01 vg/ml iex
0.2 ugml BR
Running
Lippl el ak (45} Hy a7 eIt 0,03 rig/mi
Jasspl en sl (49 HM B1 (HN) eTal “Detectable”
M 68 (FM)
Mingels at bi. {36) N Ba ha-cTnT B0 purcentile
Tl 280N pcentie
Forlescut L3, (37) M 482 enT 001 ngrml
Mousavl el . [38) M 14 €TnT 2001 ngiml
Widdietan at a1 [2¢ M 9 al =001 ugeml
Scon el af, (50} 280 km 25 «TaT %001 ugemi
Glannilsts et al. (51} 216 km 1o IS<TAT 90ih percentlie
Cycling
Sgrmne-Ostariz el al. {52) 206 km 81 el D04 A3%
La Gerche st 2l 153) "~ 26 eTnl 0,16 ng’'mi 58%
Swllk&nﬂﬂ 2006
rrrrrr dlae troponte; cTnl = cardise tropanin 1 €TnT = candiae tmesnin T: M = fll maratlon (26.2 miies: 2.2 komk HM = half manstion (3.9 milea242 W hsaTaT = highly senvive
pmnmmrm\ aasay Hom Ruchy Disgnesiirs fBase:, Switzerund : IN = woamen dmuncs [swim = 2.2 mies TH km. orele = 112 mddn 180 hm run = 26.2 miky42.2 kel
e b LT st
Exercise Induced Right Heart Dysfunction
N
L\EUJ H:x'm' DE EE-%
End-gifastolic
Volume
End-systolic
VYolume

PRO-CARDIO 4 3

Marathon running
The legend:

1896 o:ympic Marathon

22 miles run from the plains of Marathon to the city of
Athen to report the victory of the Athenian army over
the Persians. Upon his arrival, Pheidippides exclaimed

“Rejoice,we conquer” and drop dead.

The difference between the mile and the marathon is like burning
your finger with a match vs being slqwiy roasted over hot coals

- Hal Higdon
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European Heart Journal Advance Atcess published December 6, 2011
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Exercise-induced right ventricular dysfunction
and structural remodelling in endurance athletes

André La Gerche'?*, Andrew T, Burns?, Don J. Mooney?, Warrick ). Inder!,
Andrew J. Taylor?, Jan Bogaert®, Andrew 1. Maclsaac?, Hein Heidblichel?,
and David L. Prior!?
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Degree of RV Dysfunction correlated
To the Intensity of endurance Exercise
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At Rest:

Ay

PA Pressure:
5-10 mmHg

Low resistance

100-140 mmHg

High resistance

High Intensity R & L
Exercise: Y !

80 mmHg+ 200mmHg+

. Journal of Applied Physiclogy
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Larticle

‘Diverse patterns of myocardial fibrosis in lifelong, veteran endurance
athletes

i M. Wilson', R. O'Hanlon™s", €. Prasad , A. Deighan”, P. MacMillan’, D. Oxborough’, . Godirey . G. Smith’, A, Maceira®,
i5. sharma’, K. George . and G. Whyte

An unexpectedly high prevalence of myocardial fibrosis
(50%) was observed in healthy, asymptomatic, lifelong
veteran male athletes..... suggesting a link between

lifelong endurance exercise and myocardial fibrosis...
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Systemic Pressure: .
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Risk Increase per year

Myocardial Fibrosis (Scarring) on MRI
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5/40 (12.5%) had evidence of p.ermanent damage
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Age-specific risk and causes

High Risk
10-25%
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-Abnormal
Coronary arteries

Advanced heart dlsease
- CAD
- Cardiomyopathies
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0,001%
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Minneapolis Heart foundation Registry:
5D in 1435 young competitive athletes (1980-2005)
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The 12-Element AHA Recommendations for Preparticipation
Cardiovascular Screening of Competitive Athletes, 2007 Update

Metical history*
Personal Inistory

1. Exertional chest pan/discamfort

2. Unexpiained syrcope/near-syncopet

3. Excessive exerlional and

with exercise

4, Prior recagnition of 2 hearl murmar

5. Eleyaled systems blovd pressure

Famlly history

6. Premature death (sudden and unexpected, or ethervise) belore age
&0 yeers due fo heart disease. In =1 melative

7. Disability from heart disease In a close reiafive <59 years of age
§. Specific knowledge of certaln cardiac conditions In famby members:

rirophic or dilated

o olher

iong-0T

ion ehannalopathies, Mafan syndrome, or clinically importan!

ahythniias
Physical exantination
9. Heart murmurd

10. Femaral pulses lo exclude aortic coarcialion
11, Physical stipmata of Marfan syadrome
12. Brachial antery blood pressure fsitting position)§
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Pre-participation Evaluation

For Young Competitive Athletes

Anpmalous dght |
coronary ariery

e L EE Age-specific risk and causes
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J[J‘HILHEEE e HighRisk . Advanced heart disease
227 ) | -Myocarditis i
L § Abnormal i '
; - Cardiomyopathies
S Coronary arteries Lok
Systale ‘6 -HCM
- -LQT
o -ARVD
AR LY
i g P -Brugada
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Athletes’ Heart Syndrome £
S =P e e : ;
?2_@4}:: LB e : i Adolescents/young adults,
4 o,001% L, General population

10 20 T 40 50
Age (years)

Exercise Sudden Cardiac Death (2)

S -

« > 35 years of Age
» Coronary Artery Disease

(CAD) >90%
» Most have recognizable
coronary risk factors
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e 76 Nondiabetic Men

Non - smoker Smoker
Age under 50 years
180 B CVO risk <10% over next 10 yours
# ©VO risk 10.20% ovar next 10 yaars
B CVD risk >20%aver noxt 10 years

220% LM BB BAE

CVD risk ovar
next 10 yoars
30%.

0% 20%
SBP = sysioic bieod pressure mmidg
Tc:

: HOL = mmrum stal cheleatoral o
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B
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sBP 140 [ BN

Adopted by NICE

120

100l
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Visualization of non-stenotlc
plaque by CT

Negative Predictive Valve 100%
KM FESEME 2 100% Cardiac CT

G-

Negative CCTA Rule Out Significant CAD

PRO-CARDIO 4K




CCTA a Golden Standard for Marfan Syndrome:
Diagnosis of Anomalous CA Low Radiation dose CTA

High risk group
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Anomalous RCA from Left Coronary Sinus

Age-specific risk and causes

10-25% :t\:lii;gi;ﬁs ; Advanced heart disease
-Abnormal e :
Coronary arteries
-HCM
-LQT
-ARVD
-Brugada
-CPVT

- Cardiomyopathies

014% -

Risk Increase per year

General population
10 20 30 - 40 50

™ g.001% Ly _
Age (years) TN, PRO-CARDIO i3

M/45 Asian Para Game Badminton Player,
severe HT, severe LVH, asymtomatic

BEFORE IT HAPPENS

el

Problems of 64 slices CT:
*Low resolution

*Require Slow HR (< 65 bpm)
2005 *Tachycardia / AF impossible
+High radiation dose
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Age-specific risk and causes

Jeis High Risk Advanced heart dlsease
10-25% | | -Myocarditis -CAD

-Abnormal - Cardiomyopathies
Coronary arteries
-HCM
-LQT
-ARVD
-Brugada
-CPVT

Adolescentsiyoung adultsy
; General population
10 20 30 40 50

Age (years)

Risk Increase per year
[—)
5

G.001% 1

Conclusion |

* Endurance training produce sustained CV effects including
eccentric LV hypertrophy and increased Vagal tone.

« A slow resting heart rate and Atrial Fibrillation (5X) are
common. Right heart dysfunction, heart muscle injury and
fibrosis has been documented especially in the ultra-
endurance athletes such as marathon run;jggrt.

* Exercise related Sudden Cardiac Arrest (SCA) are usually
related to congenital or structural abnormalities in younger
than 35 and coronary artery d|sease in those 35 years and
above. :
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AF iscommon in S=ssrsssmamme

Endurance Athletes - *‘“”Er H nnp
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Who Might Benefit From Low
Radiation CCTA?

« Patients with symptoms:
~ Chest pain / tightness, breathless ‘palpitation or
syncope
* Asymptomatic intermediate to high risk
individuals:

— men>45, women >55

— Strong family History of premature CAD '
— Diabetic or other major risk factors

— established disease: CAD, CVA or PVD

5 Pre-participation screening for vigorous competitlve
sports

Conclusion 2

¢ The combination of carefully conducted history and
examination {(according to the 12-element AHA
recommendations) and 12-lead resting ECG are generally
effective screening protocols.

* The additional use of echocardiograms in the younger
athletes (<35 years of age) and the low ract?;&iian dose
Coronary CT Angiography in the old athletés (>35 years of
age) are high sensitive and specific in identify those at risk
and potentially prevention of exercise related sudden
cardiac arrest.(SCA) . g
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