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block or arrhythmia : y
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Arrhythmia & divingArrhythmia & diving
Aim and methods

Contraindications to evaluate
1) Antiarrhythmic treatment

2) Paroxysmal tachycardia

3) Cardiac blocks

4) Ri k f 4) Risk of syncope

Decision of non contraindicationDecision of non contraindication
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Definitive contraindication Temporary contraindication

Congenital heart disease Uncontrolled systemic blood pressure.g y p
Symptomatic heart failure Coronary artery disase :evalution required

Cardio-vascular Obstructive cardiomyopaty Péricarditis 
conditions Risk of syncope Antiryaythmic treatment, 

Paroxysmal tachycardia Beta blocker treatment : evaluation required 
d fNon pacing 2nd degree or complete AV block Right-to-left shunt evidenced after a cerebral or

vestibular decompression sickness.

No modification of the list of diving CINo modification of the list of diving-CI

Reference for communication
between cardiologists and diving physiciansg g p y
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36th Bethesda conference :

Eli ibili  d i  f  i i  Eligibility recommendations for competitive 
athletes with cardiovascular abnormalities 

T k f  7  A h th i  (Zi  & l)  Task force 7 : Arrhythmias (Zipes & al), 
JACC 2005, vol 45 (8) : 1354-1363.

ESC study group of  Sports cardiology : 
Recommendations for competitive sports Recommendations for competitive sports 

participation in athletes with cardiovascular disease.

(P lli i  & l) E  H t J   2005  26 (14)  1422 1445(Pellicia & al) Eur Heart J,  2005, 26 (14) : 1422-1445.
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Arrhythmia & divingArrhythmia & diving
Aim and methods

Contraindications to evaluate
1) Antiarrhythmic treatment

2) Paroxysmal tachycardia

3) Cardiac blocks

4) Ri k f 4) Risk of syncope

Decision of non contraindicationDecision of non contraindication
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Antiarrhythmic treatment
Negative bathmotropic effect
But 

y

But 
- Negative chronotropic and Dromotropic effect

 bradycardia, heart rate increase …
- Negative inotropic effect g p

 LVEF...  
- Arrhythmogenic effect of treatmentArrhythmogenic effect of treatment

 drug interactions, dehydration...
Imperfect reliability- Imperfect reliability

General tolerance and side-effects ?
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Antiarrhythmic treatmenty

Guideline for use of 
beta blockersbeta-blockers

in scuba divers
(Bull Med Sub Hyp 2008, 18 (1) : 1(Bull Med Sub Hyp 2008, 18 (1) : 1--8.)8.)



Dr Benoît BROUANTwww.cardiosub.com

Antiarrhythmic treatment
The use of Antiarrhythmic treatment 

i  ll  t d i d i  d t  di  

y

is usually not advised in underwater divers 
but 

temporary, even short-term suspension, 
may lead to harmful consequencesmay lead to harmful consequences

NO SUSPENSION !NO SUSPENSION !
Case by case basis after 

temporary contraindication 
(Delay of at least 6 months ) (Delay of at least 6 months ) 
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Paroxysmal tachycardiaParoxysmal tachycardia
Nonsustained arrhythmias(<30s)Nonsustained arrhythmias(<30s)

No cardiac disease, No symptoms :, y p
all competitive sports allowed

d di iand diving
E l ti   ECGEvaluation : ECG

in selected cases TSH, Holter, exercise testing…in selected cases TSH, Holter, exercise testing…

Follow-up every 6 monthsFollow up every 6 months
if nonsustained ventricular tachycardia
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Paroxysmal tachycardia
Paroxysmal supraventricular tachycardia 

Paroxysmal tachycardia
Paroxysmal supraventricular tachycardia 

or
Ventricular pre-excitation

After catheter ablationAfter catheter ablation
(no cardiac disease)(no cardiac disease)

All competitive sports are allowed
if no recurence for 3 months

Diving is allowed Diving is allowed 
if no recurence for 6 months
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Paroxysmal tachycardia
Paroxysmal supraventricular tachycardia 

Paroxysmal tachycardia
Paroxysmal supraventricular tachycardia 

or
Ventricular pre-excitation

If ablation is not performedIf ablation is not performed
if crisises are sporadic  in absence of if crisises are sporadic, in absence of 

cardiac disease, hemodynamic consequence
d l t d t  iand unrelated to exercise.

Sports with no increased risk are allowedSports with no increased risk are allowed
= No diving
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Paroxysmal tachycardia
Paroxysmal supraventricular tachycardia 

Paroxysmal tachycardia
Paroxysmal supraventricular tachycardia 

or
Ventricular pre-excitation

If PFO i  di d d i  If PFO is discovered during 
electrophysiologic studyelectrophysiologic study

Specific diving conditions 
must be assessed
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Paroxysmal tachycardia
Atrial flutter

Paroxysmal tachycardia
Atrial flutter

After catheter ablation
and off therapy

(  di  di   WPW)(no cardiac disease, no WPW)
with yearly follow-upy y p

All competitive sports are allowed
if no recurence for 3 months if no recurence for 3 months 

Diving is allowedDiving is allowed
if no recurence for 6 months
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Paroxysmal tachycardia
Paroxysmal atrial fibrillation (AF)

Paroxysmal tachycardia
Paroxysmal atrial fibrillation (AF)

Particular problem because of :p
- Unpredictible behavior, 

Higher prevalence in competitive athletes- Higher prevalence in competitive athletes,
- Increased prevalence with age and 

concernes experienced divers.

”Catheter ablation is not yet established as a 
routine procedure in focal AF”
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Paroxysmal tachycardia
Paroxysmal atrial fibrillation (AF)

Paroxysmal tachycardia
Paroxysmal atrial fibrillation (AF)

Temporary interruption of sports and diving

Competitive sports may be considered if no 
cardiac disease, no WPW and stable sinus rhythm 

> 3 months with yearly follow-up. 3 months with yearly follow up.

Specific diving conditions and limitsSpec c d g co d t o s a d ts
must be assessed on individual basis after a 

s fficient dela  of at least 6 monthssufficient delay of at least 6 months
of rhythmic stability with regular follow-up
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Paroxysmal tachycardia
Permanent atrial fibrillation (AF)

Paroxysmal tachycardia
Permanent atrial fibrillation (AF)

Practice of competitive sports and diving 
must be assessed on individual basis
Follow-up every 6 month with evaluation of Follow-up every 6 month with evaluation of 

heart rate, LV function and reponse to exercise. 

”A ti l t th  l d  t  ”Anticoagulant therapy excludes sports 
with a risk of bodily collision or trauma”with a risk of bodily collision or trauma

(Subaquatic hockey, Riverboarding)
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Non pacing AV blocks 
Sinus bradycardia (< 40 bpm, pauses >3s) 

g

1st degree AV block
2nd degree AV block type 1 (Wenckebach)2nd degree AV block type 1 (Wenckebach)

could be functional in well trained athletes :
- No symptoms
- No cardiac diseaseNo cardiac disease
- Resolution during exercise testing



Dr Benoît BROUANTwww.cardiosub.com

Non pacing AV blocks 
Sinus bradycardia (< 40 bpm, pauses >3s) 

g

1st degree AV block
2nd degree AV block type 1 (Wenckebach)2nd degree AV block type 1 (Wenckebach)
Bundle branch block
- with symptoms,

in presence of risk factors- in presence of risk factors
- in non-trained subjectj
Evaluation : echocardiography, Holter,
exercice testingexercice testing...
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Non pacing AV blocks 
Sinus bradycardia (< 40 bpm, pauses >3s) 

g

1st degree AV block
2nd degree AV block type 1 (Wenckebach)2nd degree AV block type 1 (Wenckebach)
Bundle branch block
If no cardiac or coronary disease, 
no ventricular arrythmia  AV block or symptom no ventricular arrythmia, AV block or symptom 
during exercise testing :g g
All competitive sports and diving are allowed 
with yearly follow upwith yearly follow up.
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Non pacing AV blocks 

2nd degree AV block type 2 or advanced 

g

2nd degree AV block type 2 or advanced 
without symptom

If ti  h t t   40 bIf resting heart rate > 40 bpm,
no ventricular arrythmia during exercise testing no ventricular arrythmia during exercise testing 

and no cardiac disease :
O l  l d t  d i  d t ti  tOnly low-moderate dynamic and static sports

(IA, IB, IIA, IIB).( , , , )

But no diving !g



Dr Benoît BROUANTwww.cardiosub.com

Implanted pacemaker 
Evaluation : ECG, echocardiography, g p y

Holter, exercise testing.
If normal heart rate increase during exercise      If normal heart rate increase during exercise,     
no arrhythmias and normal cardiac function :

Only Iow-moderate dynamic and low static sports
(IA  IB)(IA, IB)

except those with risk of bodily collision.
No subaquatic competitive sports

No subaquatic hockey No subaquatic hockey 
No Riverboarding
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Implanted pacemaker 

Non pacing AV block = diving CINon pacing AV block  diving CI
Implanted PM = diving allowedX

E al ation req iredEvaluation required.
Limited depht (30m - 100 feet), p ( ),

depending on the can pressure strength,
in the absence of more restrictive in the absence of more restrictive 

recommendation of the manufacturer’s model
Lafay V, Trigano JA, Gardette B, Micoli 

C, Carré F. C, Carré F. 
Effects of  hyperbaric exposure on 

cardiac pacemakers. 
Br J Sports Med 2008, 42 : 212-216.
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Risk of syncope

See specific criteria 
Risk of syncope

See specific criteria 
according to disease.according to disease.

In best case :
All sports except those with 

increased riskincreased risk
= No diving No diving
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Risk of syncopeRisk of syncope

Sustained ventricular arrhythmiasSustained ventricular arrhythmias
even in the presence of implanted p p

cardioverter defibrillator

= No diving No diving
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Risk of syncope
Neurocardiogenic syncope

Risk of syncope
Neurocardiogenic syncope

(vasovagal, sino-carotid, environmental or situational) 
Minimal follow upMinimal follow-up

Benign and banal if isolated

If repeated syncope :If repeated syncope :
ECG, Echocardiography, Holter, , g p y, ,

exercise testing, tilting test.
D l  f t l t 6 months ith t Delay of at least 6 months without syncope
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Arrhythmia & divingArrhythmia & diving
Capacity to perform all activities :Capacity to perform all activities :

- Non sustained arrhythmia- Non sustained arrhythmia,
- Radically ablated tachycardia,Radically ablated tachycardia,

- functional and asymptomatic bradycardia y y
or prolonged PR,

- single bundle-branch block.
In the absence of other pathology
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Arrhythmia & diving
Definitive CI :

Arrhythmia & diving
Definitive CI :

Sustained ventricular arrhythmia  - Sustained ventricular arrhythmia  
- Patients with ICD- Patients with ICD

- Non radically ablated AVRT or WPWNon radically ablated AVRT or WPW
- Non implanted lesional blockp

- Persistant risk of syncope
With or without normal cardiac function
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Arrhythmia & diving
Particular problem :
Arrhythmia & diving

Paroxysmal AF :
Particular problem :

Paroxysmal AF :
- unpredictible behaviorp

- unperfect efficacity of treatment

Individual and case-by-case basisIndividual and case by case basis
despite its high prevalence !p g p
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Arrhythmia & diving
Particular problem :
Arrhythmia & diving

Permanent AF :
Particular problem :

Permanent AF :

- Reponse to exercise
- Risk of CHF, bradycardia....

AVK is not diving CI if INR < 3AVK is not diving CI if INR < 3
http://medicale.ffessm.fr/hemostase.htm
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Arrhythmia & diving
Particular problem :
Arrhythmia & diving

Implanted PM :
Particular problem :

Implanted PM :
In best case :In best case :

Depth limitation !Depth limitation !
30 m or recommendation of manufacturer.30 m or recommendation of manufacturer.

ACMS prospective study :ACMS prospective study :
pm@cardiosub.com
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In conclusion
Need for cooperation between

In conclusion

patient / diving physician / cardiologist
Decision in light of 

diver experience and diving conditions
Delay of at least 6 months

- of rhythmic stability
f  l  f ll- for regular follow-up
11e Congrès Cœur et Sport - 3-5 juin 2010 Saint-Etienne
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