Pre-hospital management in
diving Injuries
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Boyle’s Law:

At constant Temperature, Volume

varies inversely proportional to
Pressure




c TIMES

BOYLE'S LAW:

THE VOLLIME OF A GAS IS
INWERSELY PROPORTICMAL

T ITS PRESSURE, WITH
TEMPERATURE AEMAINING
CONSTANT.




Dalton’s law

Dalton’s law explains the physiology of conditions
such as

oxygen foxicity and nifrogen narcosis. The law states
that total

pressure exerted by a mixfure of gases is the sum of
the partial

pressures of the gases in the mix. Thus for fresh air:
Ptotal = PO2 + PCO2 + PN2




Henry's law

» Henry's law is the foundation
for decompression sickness
("the bends”)

. The law states that at equilibrium, the concentration

» of a gas dissolved in a liquid is directly proportional to the
» partial pressure of the gas above the liquid (Figure 52.2). This

» isstated as:
» P=kC

HENRY'S LAW:

THE AMOUNT OF GAS
DISSOLVED IN SOLUTION IS
HMRECTLY FROPORTIOMNAL
TO THE PRESSURE OF THE
GAS OVER THE SOLUTION.




Injury of descent: barotrauma of descent

-Middle ear barotrauma :Cold water caloric stimulation fasnisateqs
Vertigo, Naused

-Inner ear barotrauma
-External ear barotrauma
-Sinus barotrauma

-Mask squeeze

-Suit barotrauma
-Dental barotrauma



Injury at depth

Nifrogen Nnarcosis
Oxygen ToxiCity

V: Visual changes (tunnel or blurry vision) / '
E: Ear ringing/tinnitus /
i _/
N: Naused
T: Tingling, twitching, or muscle spasms (usually facial muscles - V4
or lips)

I Irritability, anxiety, agitation, confusion

D: Dyspnea, dizziness, fatigue, problems with coordination
C: Convulsions
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V: Visual changes (tunnel or blurry vision)

E: Ear ringing/tinnitus

N: Nausead

T. Tingling, twitching, or muscle spasms (usually facial muscles
or lips)

I Irritability, anxiety, agitation, confusion

D: Dyspneaq, dizziness, fatigue, problems with coordination
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C: Convulsions



INjury of ascent: barotrauma of
ascent

Immersion pulmonary edema

Reverse sinus or ear barotfrauma (reverse squeeze)
Alternobaric vertigo

Gastrointestinal (Gl) barotrauma

Pulmonary barotrauma

Decompression sickness: “the bends”
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Shallow water blackout
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—During the ascent or decompression phase of a dive,
inert gas, which has been dissolved under depth
pressure into tissues, comes out of solution under lower
pressure.

—This process can lead to inert gas in tissue becoming

supersaturated, resulting in bubble formation.
—Bubbles result of mechanical and biochemical effects



Pain™

Mumbness, paraesthesias

Constitutionalt
Dizziness/vertigo
Motor weakness
Cutaneous

Muscular discomfortt
Mental status
Pulmonarys

Coordination

Consciousness

Auditory

(=]

ol

Lymphatic

Bladder, bowel
1 All symptoms

Cardiovascular [ First symptom

40 60 20 100
Occurrence (% of patients)

Vann R.D., Buftler F.K., Mitchell S.J., Moon R.E. Decompression illness
(2011) The Lancet, 377 ; 153-164.
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e AGE : During or within few minutes of surfacing

e DCS : Most occur within 24 hours except altifude exposure (Flying
after

Bl\Y[gle)

— 42% within 1 hour
— 60% within 3 hours
— 83% within 8 hours
— 93% within 24 hours

U.S. Navy. U.S. Navy Diving Manual. 6th re. Washington D.C. : U.S.
Government Printing Office, 200
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Arterial Gas Embolism

e Alveolar rupture with concomitant venous or capillary
rupture

e Air traverses pulmonary vein to left heart

e Emboli are pumped out to the systemic circulation and
distributed to all organs
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Arterial Gas Embolism
 CNS and Heart most susceptible to injury
e CVA sx most commonly caused by emboli to brain

e Emboli to coronary arteries may cause myocardial ischemia
or infarction



Arterial Gas Embolism
e schemia of the organ involved
e Neurological symptoms most

e Usually present within the first ten minutes of a surface
intferval
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Neurological Signs and Symptoms

— Mental deficits including unconsciousness
— Lack of coordination

— Cranial nerve deficits

—Weakness or paralysis
— Sensory abnormalities
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Onset of symptoms usually within 10 minutes

e 8.6% occurred during ascent

e 83.6% occurred in less than § minutes of surfacing
e /.8% occurred between 5-10 minutes of surfacing
— NoO cases occurring in excess of 10 minutes

— Delayed AGE sx could be due to “paradoxical bubble” via
PFO/ASD/VSD
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Type | DCS
e Muscul
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Type | DCS

* Musculoskeletal joint pain

e |[f isolated, also known as “pain only” DCS

e Typically joint pain, usually outside the area covered by shorts
and a T-shirt

e No signs of inflammation

e Usually dull, vague, deep, aching

e Peri-articular
e Unaffected by movement
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Type | DCS

* Musculoskeletal joint pain

e May get relief from inflated BP cuff (not a reliable)

e Common Locations

e --UE in bounce diving (down to one depth and back up)

e --LE in altitude DCS (possibly also caisson work and saturation
diving)

e --Commonly affected joints include knees, shoulders, and elbows



Thoracic and Abdominal Pain
» Should be carefully evaluate as Type || DCS
» Localized to areas around spine or thoracic skeletal

structures (Girdle Pain)

» Radiating or shooting quality; vague, visceral-type
» pain



Skin DCS

ltching and mild urticaria--no treatment required
Cutis Marmorata—pathognomonic

Deep red or purple marbling or mottling

May spread peripherally becoming erythematous

Blanching with pressure suggests vascular etiology
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May be associated with itching
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Cutaneous Manifestation of DCI
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Lymphatic DCS

Lymphatic DCS

Usually presents as local edema with or without pain,
can involve nodes and wider lymphatic obstruction

Can get swelling of breast, abdominal areas, extremities

Can be accompanied by skin changes--‘orange peel’
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appearance



Type [l DCS

e Pulmonary (“chokes”)
* Neurologic
e Vestibular (Inner Ear) (“Staggers”)
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Pulmonary DCS

e only 2% of cases; overwhelming load of venous, inert, gas bubbles
in the pulmonary

circulation; animal studies have shown:

e T Pulmonary arterial and right ventricular pressure rise
e | Cardiac output and O2 sat

e Endothelial damage

« WBC activation

e T blood vessel permeability
e Pulmonary edema



Signs and symptoms of Pulmonary
DCS

» Substernal chest discomfort
» Cough

» Pain with inspiration or expiration
» May progress rapidly to cardiovascular collapse



Neurological DCS

* More common in recreational diving than military or commercial
diving

» Neurologic DCS tends to present rapidly

» Spinal cord most affected (40-60% of cases), then

brain, then peripheral nerves

» Paresthesias and numbness are the most common



DCS type Location Symptoms Other names/cautions Incidence
Musculoskeletal — “the Major joints Fain — boring, deep ache, may  Pain only bends, jointor limb  Most common 70% of
bends"” be sharp or throbbing bends patients

Skin or cutaneous Skin Rash, pruritus, formication (Cutis marmorata, mottling or  Relatively uncommon,

Pulmonary or “the chokes”

Meurological

Inner ear or vestibular,
"the staggers”

Vasomotor

Dysbaric osteonecrosis

Dysbaric retinopathy

Substernal on inhalation

Any level of central nervous
system; typically spinal cord
(low thoraciclumbar)

Inner ear

Vascular system

Major joints

Eye

Mon-productive cough,
dyspnea, cyanosis

Random and may be diffuse:
paresis, parapleqia,

paresthesia, dysesthesia, bowel

or bladder dysfunction
Veertigo, dizziness, nausea,

vomiting, nystagmus

Hypotension unresponsive
to fluids

Avascular or aseptic necrosis
of bone

Variable

marbling of skin may indicate
more severe decomprassion
sickness

Represents massive pulmonary
gas embolism

Decompression sickness of the
brain produces symptoms that
may be indistinguishable from
arterial gas embolism

High incidence of residual
inner ear damage as opposed
to inner ear barotrauma
Decompression shock

Long-term sequela to
inadequate decompression

Suspected to be related to small
bubble microembolization

usually benign

Unusual but serious

Found in 50-60% of
scuba diving casualties [5]

Usually seen in saturation
divers or very deep heliox
dives

Rare, rapidly life
threatening, most do not
sunvive

<1% to more than 80%
based on age and type of
diving performed in
lifetime

Uncommon




Transport and destination hospital
considerations

Prehospital care

-oxygen at

flow rate of at least 10 L/min by non-rebreather mask, or appropriate
airway management in patients suffering near drowning.
-Maintenance |V : important o support

capillary perfusion and assist with elimination of bubbles from

the arteriolar-capillary level



-Infravenous i in urine
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Death Zone

The oxygen concentration at this alfitude is so low,
your cells do not have enough oxygen to build new
tissue. Your body will continually wither away

until death.

Extreme Altitude
(Over 5000m)

ig !! !! !l | l Many will experience unconsciousness al this alfitude

ngh 3000m
Alhtude

if not properly acclimatized. There are only a few
mountain ranges in the world that reach this altitude.

Very High altitude
(3000-5000m)

Tingling sensations, headache, fatigue, and other
indications of alfitude sickness will usually begin to
occur from about 2500m onward.

High altitude
(1500-3000m)

This is where AMS begins to be seen in some
individuals. It generally begins with headaches,
and an altered night vision.
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High altitude 1,500 — 3,000 wns 4,921 — 11,483 ¥@
Very High altitude 3,500 — 5,500 was 11,483 — 18,045 9ln
Extreme High Altitude  >5,500 was > 18,045 W@
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Acclimatization

* Hematologic Effects:
— Increase red cell production/Hb

“"-a%%.

Normal blood oxygen levels

Start

\'

Stimulus: Hypoxia due to
decreased RBC count,

l decreased avallability of O,
to blood. or increased

Incresses tissue demands for O,

O, - carrying
ab’imy of blood

Reduces O; levels
in blood

Kidney (and liver to a smaller
Erythropoletin
Enm‘\ stimulates red oextent) releases erythropoletin
erythropoiesis bone marrow

Increases
RBC coumt




Low oxygen
pressure at
high altitude

The carot body, a cluster of specialized cells
in the carotid artery, detects low oxygen levels
in the blood and alerts the brain.

In response, the brain sends signals
to the rest of the body to...

increase breathing rate and
constrict vessels in the lung

increase heart rate

dilate peripheral blood
\ » INn arms, legs,

hands, and feet

el 24-48 d4lu4 $9n1eRaniaz Alkalosis 1nas

suiu Bicarbonate (HCO 3-) luilaanas
Fandn Bicarbonate DIuresis iasneauna

nraAN LT il ng
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» Periodic breathing

» e ldvew esemeniuquszany O2 ,CO2 s1merzan
Y
on1Msvela audangariiela lisaeaue 3-5 3n auszau

9y Y
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» Acute mountain Sickness (AMS) sinidauie lfigannniy
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postural hypotention fsleasnldsuaess rales uaz O2
saturation &'l usdmsanias ophthalmoscope sy
venous dilatation



» High altitude cerebral edema (HACE) dife threatening)
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> 2.2 End stage HACE dlumsimanensanmuun gray matter
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High altitude pulmonary edema (HAPE)

fanziinn 3 dedeie EXEssive pulmonary
nypertension,high- protein permeability leak
oersistent hypoxic exposure any pulmonary
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[Zoom- High Altitude Sickness ) ﬁ‘; =
to
Ho

CcM
l Hngh Altitude Stckness "',}ﬂ Ry
Thinner Air (less Oxygen)| ¢—Ccaused by . TR
at high Altitude at around \‘
6500 ft above Sea Level
symptoms People having chronic Iliness
P prevention like Heart disease or Lung
Severe Symptoms: disease should Consult Doctor
(Life -Threatening Altitude before going to a High Altitude
ey Treatment :'oeu“e° lamid
1. High Altitude Pulmonary Edema x reatment: zolamide or
-HAPE (Fluid in the Lungs): RYIRATY. Symptone: Nifedipine
Similar to Bronchitis PP e
(s whn ol Nusco Ao | |1 omduct Whn are has the sians
bt (:“y bmapaibioh 2. Dizziness of high-altitude illness,
produce Phlegm for 2+ weeks) S L guIRQAUA. P8O T8 hvounc ot
Persistent Dry Cough Shortnes's 4. Weakness/Fatigue go higher. He or she
of Breath (Dyspnea) even when 5. Trouble sleeping/Insomnia :hould “:f'l: :olno
resting, Pink and Frothy Sputum. 6. Shortness of breath s s .
7. Stomach upset/Diarrhea W'“P::tm't go away
8. Nose bleeding completely.
2_:;%: ?gg:ﬁ;':ffg:':r:;?;? 9. Persistent Rapid Pulse Parents/Aduits should
Headache that does not respond to | | 19 Drowsiness COMUBY Watch for mny
Analgesics, Unsteady Gait, Gradual 11, Peripheral Edema signs of high-aititude
Loss of Consclousness, Increased (swelling of Hands, Feet, Heeve I Chiaren:
'
Nausea, Retinal Hemorrhage Face)
causing Visual Impairment, Bladder
Dysfunction, Bowel Dysfunction,
Loss of coordination, Paralysis on
one side of the body, Confusion,
HACE is a Life Threatening
condition leading to Coma/Death,
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MITNHN
LAMS -ngafiszduanugaiioasdeiiionns edarfes 4-55u o5 vaugasianie
-Acetazolamide 250 mg PO increase bicarbonate diuresis
-anfiemesis
-Dexamethasone 4-8 mg PO,IM,IV Linsnalndisany

-moderate ,severe AMS msihasunszauiidinnazsiesnye1ns ia lagdesaauisini
500-1,000 UATIINTEAVIAN

-Hyperbaric chamber for Oxygen therapy
-analgesic drugs wu NSAID,paracetamal,Aspirin
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2.HACE- immediately descent

-Treatment with dexamethasone (4-8 mg IV, IM, or
PO) followed by 4 mg every 4-6 hours

-oxygen therapy via mask or nasal canula at 4 L/min keep
oxygen saturation >90%

- comatose, rescuers should proceed to advanced airway
management. msn Hyperventilation desihdisanuszfansziltine alkalosis

- Furosemide @unsean fluid overload in the cranial 4

-hypertonic saline uaz mannitol aunsaan [CP1& ualifindngunida
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3.HAPE

- mssnmiiane su early descent of only 500—-1,000 s wdasin 2—3 Sulusziy
anuguan e unsnugngednassla

Supplemental high-flow oxygen (4 L/min or more) 1¥inani 24 $2Tus
high-flow oxygen is life saving.
- diuretics: furosemide (80 mg every 12 hours) may
-Phosphodiesterase-5 inhibitors (e.g. sildenafil) seilesiu HAPE &

1 o 1 Yo (%]
uadd 1 lasunmssuses



» Calcium channel blockers such : nifedipine (30 mg slow release
every 12-24 hours) swaa pulmonaryvascular resistanceuazin arterial

oxygenation
> - keep oxygen saturation >90% wisundeudmiumslanesieniele
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