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HR Responses During Exercise
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P-QRS-T Intervals in normal ECG:
Normally all would shortened as HR increases
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HR Responses During Exercise

Heart Rate (beats/min)
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tHR

Sinus Node
Characteristics:

Excessive intensive exercise
Or overtraining =>
Sympathetic predominance

RR Interval
Heart Rate Variability
Heart Rate Recovery
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Acute Coronary syndrome due to plaque Rupture

Arterial Injury

Adventitia:
P i . o
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Plaque Ulceration & thrombosis



Coronary Athersclerosis
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Immediate Post-exercise
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) resting HR,

Heart Block

Sinus Node
Characteristics:

RR Interval i
Heart Rate Variability |

Heart Rate Recovery

Regular Endurance training=>
Enhanced Vagal Modulation
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Before each <12
<60 bpm Regular QRS, identical A& A0AN




Heart Rate (beats/min)
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Heart Rate variability (HRV), -&3<ghgl
beat-to-beat variations in HR
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Heart Rate variability (HRV) :
Beat-to-beat variations in HR

Exercise Intensity
HRmax

l Heart Rate Variability
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High HRV : vagal predominance
Low HRYV : sympathetic predominance
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Vasovagal syncope: Triggers
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80° Head-Up Tilt-8 Min

80° Head-Up Tilt-12 Min

1 Tilt Table Test
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Physical Counter-pressure Maneuvers

Lowering head
to knee level
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Cool down

= Gradual HR & BP adjustments
= Enhance venous return

= Slow down vagal reactivation

= Avoid Vasovagal syncope
= Reduce arrhythmia

= Removal of lactic acid

n [

issipation of body heat



Athletes’ Heart Syndrome

*high vagal tone
slncrease In cardiac mass

Decrease with detraining



Sinus Arrhythmia:
variation of RR interval due to respiratory effect

Usually Irregular Before each
60-100 8 ORS, identical | 121020 | <12

bpm




M/35, Marathron Runner, repeated syncope

Sinus Pause :
during early recovery phase.
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Permanent pacemaker
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M/25, Police SDU, Triathlon
athlete, asymptomatic

101312007 5:33:40 . HR: 47/min Max RR-interval
N
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s High grade AV block up to 6 second pause




On exercise

After 6 months de-training



VENTRICULAR BIGEMINY SUPPRESSED
BY EXERCISE
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Effect of deconditioning on arrhythmia

JACC Vol. 44, No. 5, 2004 Biffi et al. 1055
September 1, 2004:1053-8 Ventricular Arhythmias in Deconditioned Athletes
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Figure 1. Number of premature ventricular depolarizations (PVD), venticular couplets, and bursts of non-sustained venticular tachycardia (NSVT) during
24-h Holter electrocardiogram recording at peak training and after the peried of deconditioning in 70 trained athletes.



Eccentric hypertrophy Concentric hypertrophy

L LT

pall o i S

Increased cardiac mass




Diastole

Asymmetric

septal hypertrophy

Dutflow tract abstruction
[reduced blood flow)

Left atrium

Anterior leaflet
{systolic anterior motion)

Mitral valve
(closed)

Hypertrophic
Cardiomyopathy
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(13415 mm) Physiological
Adaptation
Athlete’s to training

“Gray Zone" of
;L‘u Wall Thickness

Heart

Nermal

Unusual Patterns of LVH 1'

LV Cavity < 45mm

*

LV Cavity > 55mm

Marked LA Enlargement

Bizarre ECG Patterns
Eccentric hyperirophy Concentric hyperirophy

Abnormal LV Filling

Female Gender

*

J, Thickness with Deconditioning

Family History of HCM
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®O00000O®OO®

Max, VO, > 45 ml/kg/min,
> 110% predicted}




F . | M9, soccer player
fﬂ-ﬂ,“ﬂk—-ﬂ-——“—ﬁv Markedly abnormal ECG
B " - Echocardiogram: Normal

RBBB, LVH, Diffuse &
Deep T inversion



Partial resolution of ECG abnormalities on Detraining

in patients with athletes' Heart syndrome
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Figure 3. Partial Resolution of Electrocardiographic (ECG) Abnormalities in a National-Level Soccer Player
without Evidence of Left Ventricular Hypertrophy or Other Structural Cardiac Abnormalities.

The data are from the same athlete as shown in Figure 1C. The initial ECG, obtained at the age of 29 years, shows
marked repolarization abnermalities, including ST-segment depression and T-wave inversion in the lateral precordial
and standard inferior leads (Panel A). An ECG obtained at the most recent evaluation, at 56 years of age, shows that
these abnormalities have partially reselved, although abnermal anterolateral T-wave inversion persists (Panel B).




Exercise Testing




Common Exercise Protocols
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TREADMILL

-

= Functional Capacity *
= Men >9.5 METS
= Women >7.5 METS

= Abnormal HR response

= Resting HR > 75 bpm

= HR Recovery @ 1 min.:

< 25 bpm
= Systolic BP @ Peak exercise
(hypotension =>high risk)

= ST depression
= Arrhythmia




HR & BP
response




Normal response to progressive treadmill protocol in healthy subjects
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Hypertensive
Response

Rest Exercise Recovery

Y
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HR (bpm) 75 142 77
SBP (mm Hg) 162 248 180

Workload: 8 METs Termination: Hypertensive response ff




Rest Exercise

o i PR

ST Elevation
Angina

| SBP on exercise

Strongly Positive ) “‘V‘ FA’M

HR: 65 125mmHg
SBP: 120 100mmHg
Workload: 4 METS



MET or Metabolic Equivalent

Unit of measurement describing the

workload a patient achieves on an
exercise test

=1 MET = a VO2 of 3.5 ml/kg/min



Examples......

= A MET is a measure of energy cost
for a particular activity.
= Fishing In A Stream = 5-6 METs
= Social Dancing = 6-9 METs
= Scuba Diving =10-12 METs
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ST Segment




Depressed ST segment:

Myocardial ischemia

Subendocardial Injury:
ST Depression

ST

.V5

ST

@ Cegyright 2008 by Saundars, an imprint of Elssvier Ina,




Downsloping ST Upsloping ST Horizontal ST

The ] point occurs at the end of the QRS comples.
The ST segment begins at the | point and extends to a user defined interval




Ventricular Tachycardia developed immediate after exercise

VA

I

V5




TREADMILL

Functional Capacity *
= Men >9.5 METS
= Women >7.5 METS

Abnormal HR response
= Resting HR > 75 bpm
= HR Recovery @ 1 min.:
< 25 bpm

Systolic BP @ Peak exercise
(hypotension =>high risk)
ST depression

Arrhythmia




Limitations of Stress Test

= Highly dependent on pre-test likelihood of
disease

» High false positive rate in physically active
individual (>10%).

= Often follow by additional costly & Invasive
studies.

= A Negative test does not guarantee protection

against coronary events (Plaque
Vulnerability).
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Common Causes of Sudden Cardiac Death

10-25% . _]
o Advanced heart disease
v 1in 4-10
S ) ( )
5 y
@
S
2 General population Common causes:
-~ 0.1% > 35 years of age Coronary atherosclerosis
% ¥ (1 per 500-1000) —— Dilated cardiomyopathy
= Valvular heart disease
S Infiltrative heart disease
> /
7] 4
E j; 7 - |Common causes:
Myocarditis
g Adolescents/young ,’ H;'partmphic CM
= adults (1 per 100,000) , __| Long QT syndromes
[ / Right ventricular dysplasia
/ Anomalous coronary arlery
0.001% | y I Y I I | | I l : Brugada syndrome
Idiopathic VF
0 20 30 40 50 60 =
AGE (yr) @

@ Copyright 2008 by Saunders, an imprint of Elsevier Inc.



w ) atherosclerosis

Pathophysiology & Epidemiology of SCD

Uncommon Cardiomyopathy Rizk factors for coronary atherosclerosis:
cauges older age, male sex, hyperlipidemia,
smoking, hy pertension, diabetas

4

Caoronary

Genetic factors, Genstic factors,
hypertension infection, others _—
| <5% | | ~10=15% | | ~B0%% { I
Primary electrical Hypertrophic Dilated Chronic . Acute I?'_ﬂ que
and genetic cardiomyopathy cardiomyopathy myocardial scar destabilization:
ion-channel caused by rupture, fissure,
abnormalities, infarction hemarrhage,

thrombosis

valvular or
cangenital heart
dizease, other
CAUSas

Triggers of cardiac arrest:
transient ischemia, hemodynamic fluctuations, neurccardiovascular influences, environmental factors

‘ \ ¥ ¥ ¥ \

Sudden Death

Typical sequence of electrical events:

Sinus rhythm Yentricular tachycardia Ventricular fibrillation Asystole

Huikuri, N Engl J Med, Vol. 345, No. 20, 2001



Sudden Cardiac Death in young athletes:
“Screening for the needle in a haystack”

Minneapolis Heart foundation Registry:
SD in 1435 young competitive athletes (1980-2005) <35 years Of Age

A Rare event!!

Other (3%)
Other congenital HD {2%)
lon channelopathies (3%)

Aortic rupture (2%
Sarcoidosis (1%)

Dilated C-M (2%}

Mormal heart (3%)

Typically unrecognized prior
to death & rather
unpreventable.

G (RE00 Mostly congenital / Structural
Tunneled LAD (3% \ : ; defects:
R sCardiomyopathy:
*Hypertrophic
" Arrhythmogenic RV
*Coronary anomaly
iy *lon channelopathy:
"Long QT syndrome
*Brugada syndrome

anomalies (17%)



Diastole

Asymmetric

septal hypertrophy

Dutflow tract abstruction
[reduced blood flow)

Left atrium

Anterior leaflet
{systolic anterior motion)

Mitral valve
(closed)

Hypertrophic
Cardiomyopathy
N qnq@[;@ yﬁ*




Coronary Anomaly

. Left coronary D\  Left sinus

coronary
artery
Anomalous right
Pulmonary coronary artery
artery

Normal anatomy Anomalous right coronary artery
arising from the left sinus Valsalva



Anomalous Left Main Stem from
Right Coronary Sinus

High Risk Group

 PULMBHARY ARTERY

L

1
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Arrhythmogenic RV Cardiomyopathy
FrodETE

Fibro-fatty infiltration of RV

RV dilatation & dysfunction

lethal Ventricular arrhythmia

ECG : T inversion in V1-5, Epsilon wave in V1
Autosomal Dominant

Disqualify from Sports once identified

RV motion
abnormalities




Commotio Cordis

Number of Victims

Chest Impact Sites

Implement of Chest Impact (n=22)

) basebalisofiball

Chest impact directly over heart S s o

Precise timing during vuinerable
period of Cardiac Cycle (just prior
to peak of T wave

Narrow compliant chest wall /\ >
(typically small Children)

ﬁ Organized competitive sports
as | ) TR {r =33y e e

30 i@ Recreational sports or other
- ——— = — w3y - — —

S - 512-.;;5: 5 9 .
1 - 2 2 X3



Commotio Cordis




Pre-participation Evaluation

For Young Competitive Athletes




AHA Recommendations to pre-participation Screening

For Cardiovascular Abnormalities in Competitive Athletes: 2007 update.

Medical history*

Personal history
1. Exertional chest pain / discomfort
2. Unexplained syncope/near-syncopet

3. Excessive exertional and unexplained dyspnea/
fatigue, associated with exercise

4. Prior recognition of a heart murmur
5. Elevated systemic blood pressure
Family history

6. Premature death (sudden and unexpected, or

otherwise) before age 50 years due to heart
disease, in first degree relative

7. Disability from heart disease in a close relative
50 years of age

8. Specific knowledge of certain cardiac conditions
in family members hypertrophic or dilated
cardiomyopathy, long-QT syndrome or other
ion channelopathies, Marfan syndrome, or
clinically important arrhythmias

Physical examination
9. Heart murmuri
10. Femoral pulses to exclude aortic coarctation
11. Physical stigmata of Marfan syndrome
12. Brachial artery blood pressure (sitting position)



. Yo
Italian / ESC S rrsiitive

athletes

Protocol l

family and person ngr.p ical
examinatior(, 12-lead ECG

~_  —

negative findings positive findings

eligibility &4— "oevidenceol | further examinations

A cardiovascular (echo, stress test, 24-h Holter,
for competition disease cardiac MRI, angio/EMB, EPS)
diagnosis of
cardiovascular disease

management according to
established protocols

m Flow Charl of the Itallan Protocol of Cardiovascular Pre-Participation Screening

Young competitive sthlstes are defined as individuals L2 to 36 yesrs of age who are engaged in a regular fashion in exerciss training as well as paticipating in official
athlstic compsatitions. Firsthine sxaminstion includes family history, physical examination, and 124ead skectrocardiography (ECG); additional tests are requested only for
subjects who have positive findings at the initial evaluaton, Angio /EME = contrast angiography fendomyocardial biopsy; EPS = electrophysi ologic study with pro-
grammed venrioular stimulation; MRl = magnetic msonarce imaging. Reprinted, with permission, from Cormado et al. (3.
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Madified from Camads ot al. (230




Chlinical Significance of Abnormal Electrocardiographic Patterns in Trained

Athletes

Antonio Pelliccia, Barry J. Maron, Franco Culasso, Fernando M. Di Paolo, Antonio

Spataro, Alessandro Biffi. Giovanni Caselli and Paola Piovano

Crrculation 2000:102:278-284
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Figure 2. Distribution of 3 ECG categories with respect to sporting disciplines among 1005 athletes, ECGs that were distinctly abnor-
mal (black bars), mildly abnommnal (gray bars), and normal or with minor alterations (white bars) are depicted as proportions of all the
athletes participating in each sporting discipline. Only sports with =12 participants are shown. X-C indicates cross-country.
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athletes participating in each sporting discipline. Only sports with =12 participants are shown. X-C indicates cross-country.
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Recommendations for the Acceptability of Recreational (Noncompetitive) Sports
Activities and Exercise in Patients With GCVDs*

Marfan Brugada
Intensity Level HCMt LATSt Syndromet ARV Syndrame
High
Basketball . . g
Full court 0 0 2 1 2 E||g|b|||ty
Half court 0 0 2 1 2
Body bullding 1 1 i 1 1
lee hockey§ 0 0 1 0 D . 1A b I
i y &z @ 1 Grade 0O: not eligible
Rock climbingg 1 1 1 1 1
Running (sprinting) ] 0 2 0 2
Skiing (downhillj§ 2 2 2 1 1 G rad e 1 S tro n g Iy
Skiing {cross-country) 2 3 2 1 4
Soccer 0 0 2 0 2 -
o i i ® % 1 3 discouraged
Touch (flag) football 1 1 3 1 3
Windsurfing|| 1 [¥] 1 1 1

f""::sfg"m“m G rad e 2 -3 :

ot e S intermediate, assess
ok Y W w s 8 individually

Surfing]| 2 0 1 1 1

Swimming (lap| 5 0 3 3 4

g & 32 & 3 Grade 4-5: probably
Welghtlifting (free welghts)&9) 1 1 i} 1 1 .

Lﬂ:riking 3 3 3 2 * perm Itted

:Ir:sehaflfgingﬁ z Z : ; :

s s s+« s 26TH BETHESDA CONFERENCE
w44+ ¢+ JAmColl Cardiol 1994; 24:845-899



Pre-participation Evaluation

For Older Individuals in General

Heart Attack




When is diagnostic tests indicated?

American College of Sports Medicine(ACSM) recommendations for ETT

NOT NOT NECESSARY
NECESSARY

NOT
NECESSARY

Personal Risk vs Exercise Intensity



Who should receive pre-participation

cardiovascular evaluation?

o All older athletes:
0 males > 45 ; females > 55 years

0 Athletes with symptoms:
o Syncope / near-syncope with exercise
0 Chest pain with exercise
o Palpitation
0 Heart murmur

o Major risk factors (=2):
o Family history of sudden death / CAD
o Smoker
o Diabetes / Hypertension
o ANLDL/W HDL

Animation®actory.com



w ) atherosclerosis

Pathophysiology & Epidemiology of SCD

Uncommon Cardiomyopathy Rizk factors for coronary atherosclerosis:
cauges older age, male sex, hyperlipidemia,
smoking, hy pertension, diabetas

4

Caoronary

Genetic factors, Genstic factors,
hypertension infection, others _—
| <5% | | ~10=15% | | ~B0%% { I
Primary electrical Hypertrophic Dilated Chronic . Acute I?'_ﬂ que
and genetic cardiomyopathy cardiomyopathy myocardial scar destabilization:
ion-channel caused by rupture, fissure,
abnormalities, infarction hemarrhage,

thrombosis

valvular or
cangenital heart
dizease, other
CAUSas

Triggers of cardiac arrest:
transient ischemia, hemodynamic fluctuations, neurccardiovascular influences, environmental factors

‘ \ ¥ ¥ ¥ \

Sudden Death

Typical sequence of electrical events:

Sinus rhythm Yentricular tachycardia Ventricular fibrillation Asystole

Huikuri, N Engl J Med, Vol. 345, No. 20, 2001
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No CPR
Delayed DEFIBRILLATION
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Figure 2. Survival rates are estimates of probability of survival to hospital discharge for patients with witnessed collapse and with
ventricular fibrillation as Initial rhythm. Estimates are based on a large number of published studies, which are collectively reviewed in
Relerences 26 and 27.
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Figure 2. Survival rates are estimates of probability of survival to hospital discharge for patients with witnessed collapse and with
ventricular fibrillation as Initial rhythm. Estimates are based on a large number of published studies, which are collectively reviewed in

References 26 and 27.



= Effective chest Compression

Push Hard and Push Fast.
100 compression/minute
Adequate depth |
= 1-second Rescue Breaths " saciation @

= 30:2 Universal compression to gUIDELINES

ECC

ventilation Ratio 2005




Keeping the beat for CPR?
Hum ‘Stayin’ Alive’

At 103 beats per
minute, "Stayin' Alive”®
from Bee Gees has the
almost perfect rhythm
for performing CPR




New!!!

AHA 2008

“Hand-only” CPR

Bystander reluctance to perform CPR:
~disease transmission in mouth-to-mouth ventilation
panic and fear of causing harm
*Medico-legal concern



Hands-only (Compression-only) CPR:

AHA 2008
= Recommended for
= adult

= witnessed, out-of-hospital arrest

= probable of cardiac origin

= eg. sudden collapse or collapse after signs consistent
with a myocardial infarction.

= NOT applicable to:
= unwitnessed cardiac arrest,
= cardiac arrest in children,
= cardiac arrest presumed to be of noncardaic origin

Sayre MR, et al.
Circulation 2008; 117: 2162-2167.



Prepare AED while CPR

Earl
Access

Early
Defibrillation ACLS

Early

CPR




Amesican Hear @)
GUIDELINES

C ECC
2005

One shock followed by
immediate CPR

No “stacked” shocks

No circulation checks for 2
minutes (5 Cycles of CPR).




American Heart
Association

GUIDELINES
C ECC

2005

Continue to encourage

widespread

AED availability

STAND BACE
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Casino AED Project: Mnessed Response Times and Outcomes
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[Modified from Valenzuela TD, Roe OUJ, Nichol G, & &) Outcomes of rapid defibvilation by securiy officers after cardiac arrest fn casimnos.

N Engl J Med 343:1206, 2000.)
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CARDIAC ARREST VICTIMS AND

SURVIVORS [n (%)]

~ -
'\ Airline AED Program )

N - — - -
Total ~ Cumulative
k= 36 n= 36
35 —
£ Initial rhythm
30 — I
. Non-shockable
o5 _| rhythms
] VT/VF 20
20 — . (56%)
7 44%,
15 — ( )
_ - N
/
_ \
10 6/15 I
i | (40%)1
5 —— \ r;
0 0

B ] Cardiac arrests Il Survival to hospital discharge

(Moaified from Page RL, Joglar JA, Kows! RO, & al: Use of sttomated extema! defbrilfators by 8 ULS. sifine. N Engl J Med 3431210, 2000.)




An architectural model of the building
which is almost 4km long. An automated
people mover (APM) carries passengers
around the terminal at speeds of 80kph




Conclusion

Regular Endurance training leads to Cardiovascular adaptive changes in
terms of enhanced vagal modulation and chamber hypertrophy. This is
commonly referred as Athlete’s heart syndrome. Clinical implications

and their patho-physiologically changes are explained with case
illustrations.

People participate in exercise are also exposed to increased risk of
sudden cardiac death. The common causes cardiac death in the
younger athletes are mostly related to congenital disorder while coronary
heart disease are the major causes cardiac sudden death in those older
than 35 years old.

Pre-participation screening in the younger athletes should include detail
personal and family history, detail heart examination and a resting ECG.
Exercise stress test should be performed for the older athletes, those

with symptoms and multiple risk factors if they intend to engaged to
moderate or vigorous exercise.

Cardiac emergency are infrequent. However, a rapid response with
persons trained with CPR and access to AED are essential to save life.
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