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Immersion Pulmonary Oedema .
_mmersion ~uimonary Jecema What is a Pulmonary Oedema ?

New discovered pathology Accumulation of PLASMA in the air space

Poor understood - Difficult medical diagnosis With or without Red blood cells

High risk diver — Well trained subjects
Resulting from DYSFUNCTION of

Risk of death at emersion or at hospital
Alveolo-capillary membrane

Unknown risk of Reoccurence
and / or

Specialized medical follow-up
Heart Failure
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L'edéme pulmonaire en plongée sous-marine autonome :
fréquence et gravité & propos d'une série de 19 cas
Pulmonary oedema in scuba-diving: Frequency and seriousness
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2002 : First medical recurrence and fatal case - Brest
2005 : 6 recurrence reports — 1death
CHU Vésale : 6 cases since 2006 — No deaths

-\ i des accidents de plongées
e HIA Sainte-Anne Toulon
\ 2010-2013 (474 cas)
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What happened during dive ?

55 years old male diver — Padi advanced — 500 dives

Dive profile : 31 meters — 35 minutes — safety stop 5min-5m
Breathnessless during the safety stop — End of diving
Unable to reach the pontoon

In the emergency room
Tachycardia 120beats/minute
Dyspnea — Polypnea
No thoracic pain
Lung auscultation : wheezing — crackling sounds

Absence of any neurological disorde

No indication of hyperbaric treatment




SBMHS-BVOOG

At Admission

Hamnais 4 brins  tcnsion
homogine - émchéité

Débilitre: commencer

Manométre

C P AP de Boussignac

Cardiology Follow-Up
Normal Cardiac stress testing
ECG : few rythm disturbances

Echocardiography : Minimal mitral valve insuffiency
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Non RB Mask CPAP
2 heures 5 cm H20
post 3 heures
accident post
accident
100% 100%

7,38 7,39
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Bicarbona 26,2 26,6
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26 years old male — Triathlon

CPAP
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100%
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36 hours post -accident

Novice diver — First night dive

Panic at 19 meters deep

Hyperventilation and rapid ascent — expiration ??
On surface : Hemoptysis — Breathing rate 25 / minute

Pulmonary Overpressure ?

Pneumothorax ?

No clinical sign of cardiac failure
No neurological disorder
Transfer to the ICU
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What is a Pulmonary Oedema ?

Accumulation of PLASMA in the air space

With or without Red blood cells

Resulting from DYSFUNCTION of

Alveolo-capillary membrane

and / or

Heart Failure
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VIl - Histophysiologie

1 - Barriére alvéolo-capillaire

-100 m? de surface alvéolaire et
95 m? de surface capillaire

- Epaisseur trés mince 0,12 1,5 pm

- Constituéede:
-Surfactant
- Pneumocyte |
- MB fusionnées
- Cellule endothéliale

Noyau de la
Lumiére
alvéolaire

9 Lumiere du

co;

Surfactan —3

Epithélium
alvéolaire
Membranes
basales
fusionnées

Endothélium

cellule endothéliale

Capillaire
sanguin

Area 100m?

Thickness 0,3 mi

1000 capillaries /Alveolus

Resistance to stretching

Alvéale
puimonaire
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The surprising thing is not that capillaries fail ,

1 Capillary transmural pressure
But they do not so more often (West — Lancet 1992)

(2) Surface tension of the
alveolar lining layer

s B (3 Longitudinal tensionin @
Small Thickness : /£ : ; the alveolar wall

) Alveolar
Resistance X Lo Air Space

to

- Princi
PG Facteur Principal
Force de

Capillary Rupture gravité

ion Hyd

Increasing pressure

Combinaison

® Alain Foref, ustra-Pack It

\ — Physiological adaptation
Cold - Stress Vasoconstriction Reflex

Central blood volume

Filling pressures in cardiac atrium — ventricules

Peripheric vascular resistance : Cold water - Exercise

Oxygen heart consumption : Diving Stress

+500 ml ? Gas density
- e L Hyperoxic dry / cold air

O q
Airway flow resistance Lung Compliance
High volume breathing

Work of breathing : Regulator

D Jacobs - Immersion Pulmonary Oedema 5



SBMHS-BVOOG 09/12/2017

] Predictive factors

Maximal Minute Ventilation I/minute

s 7 BB o o0 1w Bl Age

0 : : - ¢ : - | Poor physical condition
20 ] q
Cold water — Strenuous exercice
40 Cardiovascular disease : Hypertension — Silent cardiac ischemia
Valvular dise:
60
. ROLE DU STRESS PSYCHOLOGIQUE DANS L'GEDEME
i / Psychological stress PULMONAIRE D'IMMERSION 2
/ . COCARD, A, HENCKES. Ui de Mo Mypatare, Pic A
100 2 e ik e e e S
/ Hhsood.eh Importance of regulator
120 5
140 -—L Progressive respiratory failure - 3
g P y A normal cardiac stress test on surface

160

IS NOT ALWAYS TRUE DURING DIVING

J Arvieux

Cardiac Output : CO CHU Brest

Blood Pressure = CO x Systemic Resistance

w veines pulmonaires

CO = Blood Pressure (BP | e !$
SVR B 3 '

To maintain a NORMAL CO , BP mustI :

I Cardiac workload and O? Consumption

—

Abnormal Backflow

1

Left flow 1 << Right flow 2 0

circulation systémique

%) |49/60 (81.7 %)

Decrease Flow 1
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Differential Diagnosis

Drowning

Pul

nary Barotrauma : Fast ascent without

halation

Chokes after long saturation dives and fast ascent

l

sub-optimal bubbles washout

Pulmonary Oedema Neurological Decompression
10/ 19

Sickness

t=]

Immediatly at . . .
During diving Surfa J At Surface Reflex Hypelventllatlon
Hyperventilation Ascent Rapid Ascent Oedema Worsening
without regulator Saturation dive

= Hypoxemia STRESS
arotrauma

Choke
Pneumothorax v B
+/- Cardiac symptoms

Ischemic Cardiac failure Tako-Tsubo stress
failure

Hypercapnia Pulmonary Oedema

+/- Cardiac

HIA Saint-, -lnne Toulon

Mechanical factors

piratcire
+ Gradient de peession hydrostatique
. « Lung squeeze
Physical Exercice BLOOD SHIFT )
M PRECHARGE ]

X Cardiac Filling Pressures « Blood shift . o
High Volume I = *Nenoconstriction (frold)

b 3 «Hyperhydratation
Breathing ‘Afterload / Starling Law L

H
« Dysfonction systolique/disstolique
Regulator

Ischemic-Valvular disease
Resistance

(0)1D)

IWork of Breathing

+Geénrique

I Inspiratory/Expiratory

Inflammatory Response
Pressure Difference

Drs BENOIT DESGRAZ, CLAUDIO SARTORI®, MATHIEU SAUBADE', FRANCIS HERITIER™ et VINCENT GABUS*

N2 bubbl.

Rev Med Suisse 2017; 13: 1324-8
Dry - Cold ¢

D Jacobs - Immersion Pulmonary Oedema



SBMHS-BVOOG

Essoufflement
Désadaptation Ventilatoire Aigue

Travail musculaire intense Froid Densité des gaz

\ l / Probléme de détendeur
MENT

ESSOUFFLE Hypoventilation
/- >

Panique Hypoxie D

Polypnée

/

Surpression \ /
NOYADE Accident de Décompression

Hypercapnie

Blncagéoﬂqne
I Perte de Connaissance_
Inhalation PO

Stop the dive
Slow ascent - Respect of decompression stop ??

L. . Ask fo
Sitting position

And once more

When to realize a blood shift

In case of emergency ?
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Immersion | | Froid | [ Anxiété, stress 0; M e
7 l Z (R
VC systémique

A Catécholamines

AP hydrostatique Lésions membrane

alvéolo-capiliaire

Poogh [ vemiromin | X

Hh fémi
yper volémie "
Dysfonction VG |

. Variations des P*
I 7AP* Cap Pulmonaires | Stress failure 0 P I Alvéolaires

I % 2 1

7 Ddbit cardiague, PA Sulles P inspir atoire > P expir |(u7m I
[T
| Modifications position acoups de P*

du Centre preumoique I

Exercice physique | | Remontée o

Ventilation en charge

Dr Pierre Louge — Médecine et Armées

In the ho 1

Classic CPR

Chest CT Scan

Laboratory parameters — Cardiac enzymology

Intensive care unit admission

Supportive O? administration : CPAP / Press Support V°lation

Cardi .
Cardiovascular

Caution with diuretics Investigation

HBO if DCS symptoms| Caution for return to diving

Autotransfusion

=)

Passive transfer of 500 - 700 ml blood

Décubitus dorsal Lever de jambes 45°

Blood Hemorrage
In the intensive care unit — Operating room

Increase of Cardiac Blood Flow and Blood Pressure
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CCEUR ET g‘é Merci et Bonne Journée

Coordination
VINCENT LAFAY
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