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ecreational  scuba  diving  in  patients  with
ongenital  heart  disease:  Time  for  new
uidelines
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ongénitale  :  mise  à  jour  des  recommandations
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KEYWORDS Summary  The  number  of  recreational  scuba  divers  is  steadily  increasing.  In  its  latest  rec-
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ommendations,  the  French  Federation  of  Undersea  Studies  and  Sports  listed  congenital  heart
disease as  a  formal  and  final  contraindication  to  scuba  diving.  On  the  other  hand,  with  the
progress made  in  their  management,  the  prognosis  and  quality  of  life  of  patients  with  con-
genital heart  diseases  have  improved  considerably,  enabling  them  to  engage  in  physical  and
sports endeavours,  which  are  known  to  confer  general  health  and  psychological  benefits.  As  a

Abbreviations: CHD, congenital heart disease; FFESSM, French Federation of Undersea Studies and Sports; LV, left ventricular; MET,
etabolic equivalent; O2, oxygen; RV, right ventricular; VO2, O2 consumption.
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consequence,  the  ability  of  these  patients  to  dive  has  become  a  regular  and  recurrent  issue.  We
review the  various  types  of  scuba  diving,  the  physical  performance  required  for  its  practice,
its effects  on  cardiovascular  function  and  the  elements  that  need  to  be  considered  before
recommending  whether  it  can  be  practiced  safely  at  various  levels  of  difficulty.  Because  of
the diversity  and  broad  heterogeneity  of  congenital  heart  diseases,  a  detailed  evaluation  of
each patient’s  performance  based  on  clinical  criteria  common  to  all  congenital  heart  diseases
is recommended.
© 2016  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé  Le  nombre  d’adeptes  aspirant  à  la  pratique  en  loisir  de  la  plongée  sous-marine  en
scaphandre  s’accroît.  Dans  les  dernières  recommandations  de  la  Fédérations  française  d’études
et de  sports  sous-marins,  les  cardiopathies  congénitales  font  parties  des  contre-indications
définitives  à  la  pratique  de  cette  activité  dans  la  liste  éditée  par  la  Commission  médicale  et  de
prévention  nationale.  Parallèlement,  en  raison  des  progrès  dans  leur  prise  en  charge,  le  pronos-
tic des  cardiopathies  congénitales  a  considérablement  été  amélioré.  La  cohorte  de  patients  ne
cesse d’augmenter.  Leur  qualité  de  vie  a  aussi  été  améliorée,  leur  permettant  de  prétendre
et d’accéder  aux  activités  physiques  et  sportives  desquelles  on  connaît  les  effets  bénéfiques.
La question  de  l’aptitude  à  la  plongée  se  pose  donc  de  plus  en  plus  souvent.  Nous  revoyons
les différents  types  de  plongée,  les  performances  physiques  nécessaires  à  leur  pratique,  leurs
effets sur  les  fonctions  cardiovasculaires  et  les  éléments  médicaux  devant  être  pris  en  compte
pour autoriser  sa  pratique  à  différents  niveaux  de  difficulté.  En  raison  de  leur  diversité  et  d’une
importante  hétérogénéité  au  sein  même  d’un  groupe  de  cardiopathies  congénitales,  nous  pro-
posons pour  chaque  patient  une  évaluation  précise  de  son  aptitude  à  partir  de  critères  cliniques
et paracliniques  communs  à  l’ensemble  des  cardiopathies  congénitales.
© 2016  Elsevier  Masson  SAS.  Tous  droits  réservés.
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Background

A  consequence  of  the  growing  access  to  scuba  diving  is  an
increase  in  the  number  of  followers  of  this  recreational,  fun
and  contemplative  athletic  activity.  According  to  the  lat-
est  recommendations  by  the  French  Federation  of  Undersea
Studies  and  Sports  (FFESSM)  published  in  2012  [1],  congeni-
tal  heart  disease  (CHD)  is  a  formal  and  final  contraindication
to  scuba  diving.  On  the  other  hand,  with  the  progress  made
in  their  surgical  as  well  as  percutaneous  catheter  manage-
ment,  the  prognosis  of  patients  with  CHD  has  improved
considerably  [2].  As  a  result,  the  population  of  adolescent
and  adult  patients  continues  to  grow  at  a  rate  of  5%  per  year,
surpassing  the  number  of  children  for  the  past  10  years  [3,4].
In  France,  approximately  150,000  adults  currently  have  CHD.
Besides  the  increase  in  their  number,  their  quality  of  life  has
improved,  enabling  them  to  attempt—and  often  succeed—in
engaging  in  physical  and  sports  endeavours,  which  are  well
known  for  conferring  general  health  and  psychological  ben-
efits  [5,6].

Because  the  issue  of  aptitude  to  engage  in  scuba  diving
presents  itself  regularly,  we  felt  the  need  to  reflect  on  the

matter,  with  a  view  to  contributing  decisive  elements  for  or
against  the  practice  of  this  activity.  These  thoughts  address
recreational  diving  exclusively,  and  exclude  all  commercial
and  military  divers,  whose  medical  supervision  is  specific.

s
a
v

urthermore,  some  valvular  diseases,  systemic  hypertension
nd  coronary  heart  disease,  independent  of  their  possible
ongenital  origin,  are  often  definitive  contraindications  to
he  practice  of  scuba  diving.  Therefore,  we  refer  the  read-
rs  to  the  existing  recommendations  for  these  disorders
7].

The  anatomical  presentation  of  CHDs  is  highly  vari-
ble;  they  may,  consequently,  be  responsible,  alone  or
n  combination,  for  shunts,  valvular  stenosis  or  regurgita-
ion,  myocardial  disease,  pre-  or  postcapillary  (or  mixed)
ulmonary  arterial  hypertension,  dilatation  of  the  aorta,
ulmonary  artery  or  both,  and  atrial  or  ventricular  arrhyth-
ias  or  conduction  disorders  [8].  This  variability  complicates

he  formulation  of  recommendations  based  on  the  usual
nd  traditional  classification  of  CHD  as  shunts,  left  or  right
tenosis,  valvular  diseases  and  others.  Within  each  group  of
HD,  the  anatomical  and,  consequently,  clinical  presenta-
ions  are  highly  heterogeneous,  which  mandates  for  each
atient  a precise  evaluation  of  each  constitutional  malfor-
ation.  Inspired  by  Budts  et  al.  [9], we  formulated  our

ecommendations  on  the  basis  of  elements  that  are  common
o  all  CHDs,  from  which  each  individual  can  be  separately
valuated.  The  importance  of  considering,  for  each  patient,

everal  extracardiac  factors,  including  pulmonary,  thoracic
nd  haematological  disorders,  as  well  as  therapeutic  inter-
entions,  cannot  be  overemphasized  [10].
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06  

ypes of scuba diving included in these
ecommendations

hese  recommendations  are  limited  to  recreational  open-
ircuit  scuba  diving.  The  gas  used  is  room  air  or  a  <  40%
nriched  nitrox-like  mixture  and  a  ≤  1.6  bar  oxygen  (O2)
artial  pressure.  The  use  of  recycler  systems  and  complex
as  mixtures,  including  trimix,  is  excluded  from  this  dis-
ussion.  The  dives  must  observe  the  prerogatives  of  each
evel,  according  to  the  rules  published  in  the  technical  train-
ng  manual  issued  by  the  National  Technical  Commission
f  the  FFESSM  [11],  using  a  validated  decompression  pro-
edure  (MN90  tables  or  dive  computer)  and  a  limit  of  no
ore  than  two  dives  daily.  Divers  with  CHD  are  expected  to

ollow  the  medical  instructions.  A  state-designated  physi-
ian  is  responsible  for  the  delivery  of  a  certificate  confirming
he  absence  of  contraindications  based  on  specific  consid-
rations  (detailed  below).  The  possible  restrictions,  with
espect  to  the  diver’s  prerogatives,  must  be  explicitly  visible
n  the  certificate  handed  to  the  patient,  specifically  apply-
ng  the  model  prepared  by  the  FFESSM  [12],  which  includes

 ‘‘special  observations’’  section.  Depending  on  the  type  of
eart  disease  and  possible  sequelae,  nitrox  dives  might  be
uthorized  upon  the  advice  of  a  state-designated  physician.

ardiovascular effects of underwater dives

nderwater  dives  cause  haemodynamic,  thermal  and  venti-
atory  changes,  which  may  cause  the  decompensation  of  a
ell-tolerated  pre-existent  heart  disease  [13,14].  As  soon  as

mmersion  begins,  most  of  the  hydrostatic  pressure  exerted
ver  the  entire  immersed  body  is  transmitted  by  the  tissues
o  the  adventitial  side  of  the  vascular  walls,  with  a  passive
ransfer  of  blood  toward  the  central  circulation,  causing  a
apid  increase  in  left  ventricular  (LV)  preload  [15,16]. The
ncrease  in  preload  increases  cardiac  output  via  the  Frank-
tarling  mechanism.  The  atrial  and  ventricular  distension
esulting  from  this  sudden  increase  in  preload  may  pro-
ote  the  development  of  arrhythmias  during  the  dive  [17].

 compensatory  increase  in  the  secretion  of  natriuretic  pep-
ides  in  response  to  this  relative  hypervolaemia,  caused  by
ilatation  of  the  cardiac  chambers,  gradually  increases  the
iuresis,  resulting  in  a  relative  hypovolaemia  at  the  end  of
he  dive.  Furthermore,  the  immersion  exposes  the  trunk  and
xtremities  to  the  cold,  increasing  peripheral  vasoconstric-
ion,  systemic  blood  pressure  and  ventricular  afterload  [15].
asoconstriction  also  promotes  the  central  redistribution  of
he  blood  volume,  further  increasing  the  immersion  diure-
is.  These  specific  thermal  limitations  must  be  taken  into
onsideration  when  setting  individual  restrictions.

Ventilation  is  also  modified  during  dives  in  autonomous
cuba  diving.  The  regulator  equalizes  the  gas  and  the
mbient  hydrostatic  pressures,  which  strive  to  overcome
trong  inspiratory  and  expiratory  resistances,  in  the  pres-
nce  of  large  differences  between  inspiratory  and  expiratory
ressures.  As  the  dive  deepens,  the  volumetric  mass  of

nhaled  gas  increases,  increasing  the  dynamic  resistance  to
ow  across  the  airways  and  the  ventilatory  effort,  which
ight  promote  hypercapnoea  from  alveolar  hypoventilation
y  increasing  the  end-expiratory  volume.

T
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t
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During  the  period  of  desaturation,  bubbles  circulating  in
he  pulmonary  vascular  network  increase  pulmonary  vascu-
ar  resistance,  further  augmenting  the  stress  imposed  on  the
ight  ventricle  [18]. While  these  bubbles  are  usually  silent
nd  harmless,  they  might  be  the  source  of  air  embolism  in
ase  of  excessively  rapid  decompression.  An  atrial  or  ven-
ricular  septal  defect  with  right-to-left  shunt,  present  in
ome  CHDs,  increases  the  risk  of  paradoxical  air  embolisms.

In  conclusion,  the  cardiovascular  system  must  undergo
ultiple  adaptations  during  immersion  and  hyperbaric  con-
itions.  The  stress  involved  depends  on  the  kind  of  dive,
he  work  accomplished,  the  means  of  decompression,  the
quipment  used  and  the  amount  of  exposure  to  cold.  These
pecific  factors  must  be  addressed  by  the  state-appointed
hysician  and  mentioned  on  the  certificate  of  clearance.

mount of physical activity (or exercise
apacity) involved in underwater diving

he  intensity  of  physical  activity  and  energy  expendi-
ure  can  be  measured  by  O2 consumption,  expressed  in
etabolic  equivalents  (MET),  compared  with  the  baseline
etabolism  (at  rest,  1  MET  = 3.5  mL/kg/min  of  O2 in  men  and

.2  mL/kg/min  of  O2 in  women)  [19].
The  energy  consumed  in  underwater  diving  remains  con-

roversial.  A  capacity  of  approximately  4  MET  is  required
or  simple  recreational  diving,  while  6  MET  provides  a  safe
nd  desirable  margin  for  this  activity  [20,21].  However,  the
nergy  consumed  varies  widely  with  the  water  temperature,
he  equipment  available,  the  currents  encountered,  the  sur-
ace  swimming  as  well  as  the  environmental  conditions  [22].
n  the  ‘‘Compendium  of  Physical  Activities’’  compiled  by  the
niversity  of  Arizona  [23], underwater  diving  was  attributed

 MET,  a  value  found  among  the  publications  listed  on  that
ite  and,  therefore,  adopted  by  the  authors.

A  physical  activity  sustained  under  stable  aerobic  condi-
ions  for  more  than  50—60  minutes  must  be  performed  below
he  first  ventilatory  threshold,  usually  near  50%  of  peak
2 consumption  (VO2),  which  can  be  measured  during  car-
iopulmonary  exercise  [24]. The  first  ventilatory  threshold
f  a  candidate  diver  should,  therefore,  be  ≥  6  MET  in  order  to
emain  below  that  threshold  during  a  dive  performed  under
table  physical  conditions  [20].  This  generally  corresponds
o  a ≥  12  MET  maximum  exercise  capacity  [25].

Based  on  the  article  published  by  Mitchell  et  al.  [21],
his  exclusively  recreational  activity  could  be  authorized
y  the  state-appointed  physician  under  strictly  limited  and
learly  defined  conditions,  in  patients  whose  first  ventila-
ory  threshold  is  >  4  MET  (peak  VO2 >  28  mL/kg/min  in  men
nd  >  25.6  mL/kg/min  in  women).  This  proposal  would  con-
ribute  some  flexibility  and  a  range  of  decisions  applicable
ccording  to  the  context.

ublished recommendations on the
ractice of physical activities in patients
ith CHD
he  virtues  of  physical  activity  and  training  in  patients  with
HD  are  well  known  [26]. A  routine  particularly  adapted
o  a physical  activity  increases  exercise  capacity  without
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Table  1  Cardiovascular  status  evaluation.

Left  ventricular  ejection  fraction  (%)  >  50
Right  ventricular  fractional  shortening  (%)  >  35
Tricuspid  annular  plane  systolic  excursion  (cm)  >  16
S’  wave  (cm/s)  >  10
Septal  thickness  (mm)

Men  <  13
Women <  12

Left  ventricular  diameter  (mm)
End-diastolic,  men  <  56
End-diastolic,  women  <  52
End-systolic,  men  <  41
End-systolic,  women  <  37

Gradient  (mmHg)
Mean  aortic  valve  <  20
Maximum  pulmonic  valve  <  30
Maximum  left  intraventricular  <  30

Mean  pulmonary  artery  pressure  (mmHg)  <  20
Ascending  aorta  diameter  (mm)  <  45
Transcutaneous  arterial  saturation  (%)  >  95
Maximum  functional  capacity  (MET) >  8
First  ventilatory  threshold  (MET) > 4

MET: metabolic equivalent.
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Scuba  diving  and  congenital  heart  disease  

adverse  or  fatal  consequences  [27].  After  the  institution  of
a  retraining  programme,  quality  of  life  scores  are  improved.

Recommendations  were  formulated  in  2004  by  Maron
et  al.  regarding  the  physical  activity  and  the  recreational
and  competitive  sports  practiced  by  patients  with  cardiovas-
cular  disorders  of  exclusively  genetic  origin  [28].  Distinctions
were  made  between  the  practice  of  recreational  versus
competitive  sports,  emphasising  the  greater  difficulty  in
formulating  recommendations  pertaining  to  recreational
activities.  In  that  publication,  scuba  diving  was  included
among  low-intensity  (<  4  MET)  activities,  while  swimming
was  classified  as  a  moderate-intensity  (4—6  MET)  activity.

In  2005,  the  Task  Force  2  of  the  36th  Bethesda  Conference
defined  criteria  for  each  CHD,  pertaining  to  the  exclusively
competitive  practice  of  sports  [29].  The  term  ‘‘athlete’’,
which  corresponds  to  intense  training  (i.e.  exceeding  the
limit  of  breathlessness  for  ≥  8  h  per  week  over  >  6  months)
is  beyond  the  scope  of  this  discussion.  In  the  same  year,
experts  from  the  European  Society  of  Cardiology  published
their  recommendations  pertaining  to  patients  presenting
with  CHD,  also  discussing  exclusively  competitive  sports
activities  at  an  amateur  or  professional  level  [30]. With
respect  to  specifically  recreational  physical  activities,  the
first  recommendations  were  published  by  experts  from  the
European  Society  of  Cardiology  in  2006  [6].  Underwater
dives  are  listed  as  a  contraindication  in  presence  of  residual
interatrial  shunt  across  an  atrial  septal  defect  or  a  patent
foramen  ovale,  because  of  the  risk  of  paradoxical  embolism.

More  recently,  Takken  et  al.  [31]  detailed  the  phys-
ical  activities  and  sports  recommended  for  each  CHD.
These  authors  maintain  that,  unlike  competitive  physical
activities,  those  called  recreational  are  characterized  by
exercises  undertaken  without  personal  or  external  pressure;
therefore,  the  subject  may  discontinue  or  slow  the  physi-
cal  activity  as  desired.  As  emphasized  by  the  authors,  this
does  not  apply  entirely  to  even  recreational  scuba  diving,
because  of  the  risks  related  to  the  aquatic  environment.  The
recommendations  made  are  with  respect  to  the  CHD,  with-
out  specific  consideration  of  the  type  of  physical  activity,
particularly  in  that  environment.

Finally,  all  these  recommendations  formulated  by  sports
medicine  specialists  and  cardiologists  are  not  based  on
randomized  studies—rather  on  the  opinions  of  a  major-
ity  of  experts.  As  a  consequence,  the  writing  is  usually
prudent,  appearing  at  times  excessive,  when  ultimately
prohibiting  scuba  diving  to  all  those  with  CHDs.  Upon  scruti-
nizing  these  articles,  and  taking  into  consideration  possible
concomitant  extracardiac  disorders,  the  anatomical—and
hence  clinical—diversity  of  CHD,  even  within  so-called
‘‘homogeneous’’  groups  of  cardiac  malformations,  and  the
specific  nature  of  scuba  diving,  we  recommend  an  individual
risk  evaluation  from  an  ensemble  of  clinical  and  paraclinical
less-specialized  criteria,  allowing  or  disallowing  this  activ-
ity,  regardless  of  the  CHD.

Regulatory aspects of the medical

certificate

In  France,  sports  participation  inside  a  federation  requires,
when  a  first  licence  is  attributed,  the  presentation  of

c
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 <  1-year-old  medical  certificate  of  clearance  (arti-
le  L.  231-2-2  of  the  French  sports  code).  For  disciplines  with
pecific  risks  (defined  in  article  L.  231-2-3  of  the  French
ports  code),  the  medical  certificate  can  be  granted  only
fter  an  in-depth  examination  by  a physician  qualified  as
efined  by  the  federation.

As  the  disorder  is  congenital,  the  presence  of  heart  dis-
ase  will  be  an  issue  with  the  first  licence  application.
or  the  FFESSM,  certificates  for  non-competitive  activities,
efore  the  attribution  of  the  first  licence,  may  be  written
y  any  physician.  The  use  of  an  official  certificate  that  lists
he  specific  contraindications  related  to  that  activity  [12]  is
evertheless  recommended.

The  aim  of  these  recommendations  is  not  to  remove  CHD
rom  the  list  of  contraindications;  instead,  they  are  marked
y  an  asterisk  (*)  as  a  ‘‘disease  to  evaluate’’,  in  which  case
he  state-accredited  physician  is  the  only  authorized  signa-
ory  of  the  certificate.

At  the  first  stage,  the  patient’s  cardiovascular  status  is
valuated  by  a  cardiologist,  based  on  the  criteria  listed  in
he  Tables  1  and  2, and  regular  cardiology  follow-ups  are
cheduled  for  that  patient.  Based  on  that  evaluation,  at  the
econd  stage,  the  state-accredited  physician  prepares  a  ‘‘no
ontraindication  to  scuba  diving’’  medical  certificate,  spec-
fying  possible  limitations  to  the  various  types  of  dive.  The
hysician  responsible  for  writing  the  certificate  must  exam-
ne  the  patient  personally,  even  if  this  has  already  been  done
y  a  colleague.

To  respect  medical  confidentiality  and  with  the  patient’s
onsent,  it  might  be  valuable  to  collect  cases  anonymously,
ith  a  view  to  following  the  population  prospectively,  val-
dating  these  recommendations  and,  if  necessary,  adapting
hem.



508  

Table  2  Cardiovascular  status  evaluation:  exercise
testing.

Absence  of  functional  manifestations
Maximum  functional  capacity  >  8  MET/first  ventilatory

threshold  >  4  MET
Normal  adaptation  of  systemic  systolic  blood  pressure,

defined  as  an  increase  of  >  20  mmHg
Absence  of  major  arrhythmia,  prolonged  asystole  or

change  in  repolarization
Transcutaneous  oxygen  arterial  saturation  >  95%

MET: metabolic equivalent.

E

T
s
o
r
o
d
a
t
m
d
c
d
a
d
E
b

i
t
f
i
e
a
e
o
g
p

t
w
v
s
a
s
i
p

a
p
b
i
S
s
r

t
n

g
a

R
a

1

2

3

4
5
6
7

8

9

R

•
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• Absence  of  major  supraventricular  or  ventricular  arrhyth-
mia.

• Absence  of  prolonged  asystole.
valuation of cardiovascular status

his  evaluation  of  cardiovascular  status  is  restricted  exclu-
ively  to  the  patient’s  regular  cardiologist,  based  on  the
bservations  made  during  long-term  follow-up  and  on  the
esults  of  the  laboratory  tests  usually  ordered  for  this  kind
f  heart  disease.  A  standard  questionnaire  may  be  used  to
efine  the  patient’s  functional  status,  as  the  completion  of

 questionnaire  seems  more  informative  than  a  mere  his-
ory  taken  by  the  physician  [32].  A  systematic  review  of  all
edications  will  be  recorded,  along  with  a  search  for  car-
iovascular  risk  factors  and  functional  symptoms,  including
hest  pain,  dyspnoea,  palpitation  and  fainting,  especially
uring  exercise.  A  sample  questionnaire  can  be  accessed
nd  downloaded  from  the  website  of  the  Société  française
e  médecine  de  l’exercice  et  du  sport  (French  Society  of
xercise  and  Sports  Medicine)  [33].  The  questionnaire  must
e  dated  and  signed  by  the  applicant.

A  systematic  and  detailed  cardiovascular  physical  exam-
nation  must  be  performed,  along  with  complementary
ests,  including  a  12-lead  electrocardiogram,  to  search
or  signs  of  hypertrophy,  abnormal  conduction  or  repolar-
zation,  or  arrhythmias.  A  <  6-month-old  24-h  ambulatory
lectrocardiogram  must  be  recorded,  even  in  absence  of
rrhythmic  symptoms,  after  having  asked  the  patient  to
ngage  in  physical  exercise  for  ≥  1  hour,  followed  by  a  period
f  recovery  during  recording.  Ambulatory  electrocardio-
rams  cannot  currently  be  recorded  in  water  for  clinical
urposes.

Echocardiograms  play  a  prominent  role  in  the  evalua-
ion  of  these  patients,  to  measure  chamber  dimensions,
all  thickness,  ventricular  systolic  function,  the  severity  of
alve  regurgitation  and  the  dimensions  of  the  great  ves-
els,  particularly  the  aorta.  Pulmonary  arterial  pressures
re  measured  by  the  Doppler  method.  Should  these  mea-
urements  be  problematic,  they  can  be  replaced  by  other
maging  techniques,  mostly  magnetic  resonance  and  com-
uted  tomography  scans.

Exercise  testing  with  measurements  of  VO2 is  a  reli-
ble  means  of  evaluation  of  exercise  capacity  in  patients
resenting  with  CHD  [34].  Performed  on  a  treadmill  or  a
icycle  ergometer,  the  test  measures  peak  heart  rate,  max-
mum  VO2 (in  mL/kg/min)  and  first  ventilatory  threshold.

ystemic  blood  pressure  and  transcutaneous  arterial  oxygen
aturation  should  also  be  measured  during  exercise  and
ecovery.  While  it  is  critically  important,  exercise  testing  in

•
•

J.-M.  Schleich  et  al.

he  laboratory  does  not  faithfully  reproduce  the  stress  of  a
atural  setting,  particularly  that  encountered  while  diving.

After  that  evaluation,  asymptomatic  applicants  are  eli-
ible  if  the  results  detailed  below  have  been  achieved  (see
lso  Tables  1  and  2).

esults required on echocardiogram or by
nother imaging technique

.  LV  ejection  fraction  >  50%  [35,36]; in  case  of  systemic
right  ventricle,  and  in  the  absence  of  established  nor-
mal  values,  systolic  function  is  defined  as  normal  on  the
basis  of  criterion  No.  7.

.  LV  wall  thickness  <  13  mm  in  men  and  <  12  mm  in  women
[37,38].

.  Absent,  minimal  or  moderate  valvular  regurgitation
with  an  end-diastolic  LV  diameter  of  < 56  mm  in  men
and  <  52  mm  in  women,  and  an  end-systolic  LV  diame-
ter  <  41  mm  in  men  and  <  37  mm  in  women  [35],  measured
in  M  mode.

.  Maximum  pulmonic  valve  gradient  < 30  mmHg  [29—31].

.  Mean  aortic  valve  gradient  <  20  mmHg  [29—31].

.  Maximum  left  intraventricular  gradient  <  30  mmHg  [37].

.  Normal  or  near  normal  right  ventricular  (RV)  systolic
function  defined  as:
a.  RV  basal  four-chamber  end-diastolic  diame-

ter  <  42  mm  [39]  or  RV  diameter  <  41  mm  in  the
long-axis  parasternal  view  [36];

b.  RV  fractional  area  change  >  35%  [35,36,39];
c.  tricuspid  annular  plane  systolic  excursion  >  16  mm  or

S’  wave  >  10  cm/s  or  both  [36,39,40];
d.  the  RV  ejection  fraction  is  a  challenging  measure-

ment  in  routine  practice,  which  has  not  been  widely
validated  clinically  [39].  Because  of  the  hetero-
geneity  of  all  other  methods,  echocardiographic
three-dimensional  volumetric  measurement  is  recom-
mended  [39];  it  is  considered  normal  when  its  value
is  >  45%  [41].  The  RV  ejection  fraction  is  considered
normal  when  >  50%  by  isotope  or  magnetic  resonance
imaging  methods  [42].

.  A  normal  mean  pulmonary  artery  pressure  at  rest,
defined  as  <  20  mmHg  or,  in  the  absence  of  haemodynamic
measurement,  as  a  maximum  velocity  of  tricuspid  regur-
gitation  <  2.8  m/s  [43].

.  Ascending  aortic  diameter  <  45  mm  [9,44].

esults required on exercise testing

Absence  of  functional  symptoms  during  the  test,  including
angina  pectoris,  syncope,  fainting  and  palpitation.
Maximum  functional  capacity  > 8  MET  and  first  ventilatory
threshold  >  4  MET.
Normal  adaptation  of  the  systemic  systolic  blood  pressure
to  exercise,  defined  as  an  increase  of  >  20  mmHg.
Absence  of  major  change  in  repolarisation.
Transcutaneous  oxygen  arterial  saturation  >  95%  at  rest
and  during  exercise.
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Results required on 24-h ambulatory
electrocardiogram

Absence  of  prolonged  asystole  or  major  arrhythmia  at  rest
or  during  exercise  and  <  500  isolated  ventricular  extrasys-
toles/24  h  at  rest.  In  case  of  arrhythmias  or  conduction
abnormalities,  the  recommendations  published  by  the
FFESSM  are  applicable  [45].

Exceptional decisions in cases of
intracardiac shunts

If,  based  on  all  measurable  criteria,  an  applicant  is  eligible,
a  patent  ductus  arteriosus  is  not  a  contraindication  as  the
shunt  is  exclusively  left-to-right  and  cannot  be  reversed  by
the  variations  in  intrathoracic  pressure.  However,  interatrial
shunts  are  a  contraindication;  despite  being  left-to-right
shunts,  they  may  be  reversed  by  increases  in  intrathoracic
pressure,  and  enable  the  passage  of  large  bubbles  into  the
arterial  circulation  in  a  desaturation  phase.  With  regard  to
patent  foramen  ovale,  which  is  not  strictly  speaking  a  CHD,
the  readers  are  referred  to  the  relevant  recommendations
formulated  by  the  FFESSM  [46].

Exceptions related to pacemakers and
implantable cardioverter defibrillators

Although  state-of-the-art  devices  are  highly  pressure  resis-
tant,  it  seems  prudent  to  limit  the  dive  to  a  depth  of  30  m,
unless  specifically  mentioned  by  the  manufacturer  [47].  The
mere  presence  of  a  pacemaker  is  not  a  contraindication
to  diving,  and  the  ultimate  decision  hinges  on  an  overall
evaluation  [45].

The  implant  of  a  cardioverter  defibrillator  is  an  absolute
contraindication  to  scuba  diving.  While  these  devices  effec-
tively  prevent  sudden  death,  they  do  not  prevent  syncope,
hence  the  risk  of  drowning.

Conclusions

This  document  was  originally  written  to  allow  scuba  div-
ing  under  certain  circumstances,  for  patients  in  whom  this
activity  used  to  be  formally  contraindicated;  this  is  based
on  fragile  and  debatable  scientific  data.  Therefore,  we  are
offering  this  tool  to  help  in  the  decision-making  and  to
enable  individual  evaluations.  In  order  to  be  as  practical  and
flexible  as  possible,  we  wrote  these  recommendations  as  a
guide,  leaving  users  a  certain  degree  of  decisional  freedom;
they  need  to  confirm  the  eligibility  of  the  applicants,  take
their  behavioural  disposition  in  consideration  and  openly
discuss  the  possible  restrictions  that  they  might  impose.
Authorization  and  the  modalities  of  practicing  recreational
diving  must  be  renewed  yearly.
The  organization  of  a  longitudinal  registry  of  authorized
recreational  scuba  divers  would  allow  a  prospective  follow-
up  of  these  patients,  leading  to  validation  and  perhaps
evolution  of  the  recommendations  made.
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