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Immersion Pulmonary Oedema

Daniel Jacobs
Service d’Anesthésiologie – Médecine Hyperbare

New discovered pathology

Poor understood - Difficult medical diagnosis

High risk diver – Well trained subjects

Risk of death at emersion or at hospital

Unknown risk of Reoccurence

Specialized medical follow-up

Immersion Pulmonary Oedema
What is a Pulmonary Oedema ? 

Accumulation of PLASMA in the air space

Resulting from DYSFUNCTION of 

Alveolo-capillary membrane

and / or

Heart Failure

With or without Red blood cells
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Lancet. 1989 Jan 14;1(8629):62-5.

Cold-induced pulmonary oedema in scuba divers and swimmers

and subsequent development of hypertension.

Wilmshurst PT1, Nuri M, Crowther A, Webb-Peploe MM.

OPI

n 61

13%

2002 : First medical recurrence and fatal case - Brest

2005 : 6 recurrence reports – 1death

CHU Vésale : 6 cases since 2006 – No deaths
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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 disorders

No indication of hyperbaric treatment
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At Admission

Troponine        0,1                              0,49             0,3            0,15

PaO
2 76                   107              147            116               89                        

36 hours post -accident

Normal Cardiac stress testing

ECG : few rythm disturbances

Echocardiography : Minimal mitral valve insuffiency

Cardiology Follow-Up 26 years old male – Triathlon

Novice diver – First night dive

Panic at 19 meters deep

Hyperventilation and rapid ascent – expiration ??

On surface : Hemoptysis – Breathing rate 25 / minute

No clinical sign of cardiac failure

No neurological disorder

Transfer to the ICU 

Pulmonary Overpressure ?

Pneumothorax ?
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What is a Pulmonary Oedema ? 

Accumulation of PLASMA in the air space

Resulting from DYSFUNCTION of 

Alveolo-capillary membrane

and / or

Heart Failure

With or without Red blood cells

Alveolar – Capillary Interspace

Area 100m2

Thickness 0,3 microns

1000 capillaries /Alveolus

Resistance to stretching

Red blood cell

Alveolar

space
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The surprising thing is not that capillaries fail ,

But they do not so more often (West – Lancet 1992)

Small Thickness

Gas Exchange

Resistance

to

Rupture

Plasma transfer

P

PA

Alveolar

Air Space

P

PAA
PressureTransmural Gradient

Capillary Rupture

Blood Shift

500 – 700ml ml

Cold – Stress Vasoconstriction Reflex

+ 500 ml ? 

Physiological adaptation

Central blood volume

Filling pressures in cardiac atrium – ventricules

Peripheric vascular resistance : Cold water - Exercise

Oxygen heart consumption : Diving Stress

Gas density

Hyperoxic dry / cold air

Airway flow resistance

High volume breathing

Work of breathing : Regulator

Lung Compliance
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Maximal Minute Ventilation l/minute 

Progressive respiratory failure

Predictive factors

Age 

Poor physical condition

Cold water – Strenuous exercice

Psychological stress  

Importance of regulator

A normal cardiac stress test on surface

IS NOT ALWAYS TRUE DURING DIVING

Cardiovascular disease : Hypertension – Silent cardiac ischemia

Valvular disease

Cardiac Output  :  CO

Blood Pressure  =  CO x Systemic Resistance

SVR

To maintain a NORMAL CO , BP must 

CO  =   Blood Pressure (BP)

Cardiac workload and O2 Consumption

Normal Physiology

Flow 2 Flow 2 

Flow 1

Left Flow  = Right Flow

1 = 2

5l/ 

min

5 

l/min

Flow 1

5l/ 

min

J Arvieux

CHU Brest

Flow 2

5l/ 

min

Failing Heart

Left flow 1 << Right flow 2

Abnormal Backflow

Flow 2 

Flow 1

Decrease Flow 1

Alveolar Oedema 3l/ 

min

Clinical signs Brest Koehle

Dyspnea

Polypnea

17/18 (94.4%) 48/60 (80%)

Hémoptysis 

Frothy 

sputum

14/18 (77.7%) 37/60 (61.7%)

Coughing 11/18 (61.1%) 49/60 (81.7%)

Asthenia 5/18 (27.7%) 2/60 (3.3%)
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Cases  19 Man 15 (79%) Woman 4 (21%)

Mean age 53

Hypertension 42

Valvular disease 26

Smoker 1

Mean Depth / Min 24 m / 21 min

Water T° 10 – 17°C

Physical

exertion

Stress

All divers

Dyspnea-

Polypnea

All divers

Hemoptysis

Frothy sputum

14 / 19

Coughing 10 / 19

Loss of conscious 3

Cardiac arrest 2

A. Henckes, F. Lion, G. Cochard *, J. Arvieux, C.-C. Arvieux

Differential Diagnosis

Drowning

Pulmonary Barotrauma : Fast ascent without exhalation 

Chokes after long saturation dives and fast ascent

sub-optimal bubbles washout

Pulmonary Oedema Neurological Decompression

Sickness

Pulmonary symptoms and diving

During diving

Hyperventilation

Immediatly at

Surface

Fast Ascent

without regulator

At Surface

Rapid Ascent

Saturation dive

Worsening

NO  Yes

Hypercapnia

Nausea /Hadeache

Pulmonary Oedema

+/- Cardiac Symptoms

Barotrauma

Pneumothorax
Chokes

+/- Cardiac symptoms

Oxygen 100%

Emergency Room  - HyperbaricCenter
D’après Pierre Louge

HIA Saint-Anne - Toulon

Observation

Reflex Hyperventilation

Oedema Worsening

Hypoxemia STRESS+

Ischemic Cardiac failure

Loss of conscious

DROWNING

Tako-Tsubo stress 

failure

Dangers of Oedema

Physiopathology

Mechanical factors

BLOOD SHIFT

Cardiac Filling Pressures

Afterload / Starling Law

Ischemic-Valvular disease

HTA

Inflammatory Response

N2 bubbles

Dry – Cold air

Hemodynamical factors

Physical Exercice   Pressure 

High Volume                 Gas

Breathing density

Regulator

Resistance

Work of Breathing

Inspiratory/Expiratory

Pressure Difference

OEDEMA

Genetics ?
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Dr Pierre Louge – Médecine et Armées

Treatment

Stop the dive

Slow ascent - Respect of decompression stop ??

Sitting position  
Ask for OXYGEN

And once more

In the hospital

Classic CPR

Chest CT Scan

Laboratory parameters – Cardiac enzymology

Intensive care unit admission

Supportive O2  administration : CPAP / Press Support V°lation

Cardiac support

Caution with diuretics

HBO if DCS symptoms

Cardiovascular

Investigation

Caution for return to diving

When to realize a blood shift

In case of emergency ?

Autotransfusion

Passive transfer of 500 – 700 ml blood

Blood Hemorrage

In the intensive care unit – Operating room

Increase of Cardiac Blood Flow and Blood Pressure
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