Medical Aspects of
Non-Pulmonary Barotrauma

Dick Clarke, CHT
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4 divers stored at 260'/79 m

Explosive decompression from saturation storage complex
Multi-day saturation dive
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Medical Aspects of Non-Pulmonary Barotrauma
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Communication Iapse — clamp holding bell to chamber complex catastrophically fails

-

Giertsen JC, et al. 1988
‘Am J Forensic Med Path; 9(2)

osto3

compression Accident Significant for large amounts of fat clumps within arteries & veins,
cardiac chambers, other organs

thoughtto have “dropped out of blood secondary to dramatic fal i pressure
causing blood fo boiloff..”  Armstrong’s Line/Limit

Giertsen JC, et al. Am J Forensic Med Path 1988;9(2)

Potential barotrauma sites

External, middle & inner ear structures

Para-nasal spaces

Teeth

Lungs...discussed elsewhere

Stomach - G.I. tract

Attached/implanted devices

External ear barotrauma

Normal ear Blocked outer ear
Good tube function Wax, otitis externa, foreign body

HBO pts...cerumen accumulation; cotton balls

Divers...bony ingrowth; ear plugs; neoprene hood

Pathology; gas contraction not compensated for by tissue collapse
bone & cartilage lining canal

Symptoms: mild to increasing pain, +/- bloody discharge

Examination: blood filled cutaneous blebs, +/- hemorrhage
TM bulging towards observer when visualized

Treatment: occlusion removal, pain control, 1.5-3% H202 irrigation

Prevention: ear examination pre-post exposure
prophylaxis for HBO ps eliminates risk
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Middle ear barotrauma

Failure to equalize middle ear pressure, via Eustachian tube, commonly upon descent

may occur during ascent, partic if compression problems

Eustachian tube usually opens with gradient between middle ear & nasopharynx ~ 20 mmHg

Cartiaghous
o« portion

Tube Closed Tube Open

Valsalva vs Toynbee maneuver
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Heyboer M, et al. UHM 2014;41(5).

Incidence of middle ea barotruma n staged versuslinear chamber
compresson during hyperbaric axygen therupy: a double blinded,
randomized controled trial
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100 consecutive pts; first HBO tx
Single institution (multiplace)

Randomly assigned
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Phase Il clinical trial; multiplace chamber

1,244 patient group exposures
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Millian SB, et al. UHM 2021:48(2)

Retrospective chart review
115 pts - 5,683 txs without prophylaxis < 6/2017

39pts 1,501 txs with prophylexis > 6/2017

Primary outcome measure: incidence of MEB

pain perception
otologic exam per Teed scale

MEB incidence
overall 16.2%

non-prophylaxis 16.5% N.S.

prophylaxis 15.4%

“...premedication...is not indicated for all pts...

1.0AS NOMINAL
MIDDLE EAR VOLUME

1ATA

112 VOLUME

24TA

113 VOLUME

{ata

Pathology

Edema & hemorrhage
Mucosal congestion
Inward bulging of TM

Perforation

Associated risk factors

Upper respiratory infection

Allergies

Mucosal polyps

Cigarette smoking

‘Locking’ phenomenon

Radiotherapy

Symptoms

Ear discomfort; increasing pain

Pain resolution with in-chamber perforation

Caloric stimulation with open water perforation
~ disorientation, vertigo, panic

osroms
PACTORS PRODUCING OBSTRUCTION OF THE AUDITORY
TUBE IN SUBMARINE PERSONNEL
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Google
Teed, RW. ljs Naval Med Bulletin 1944;42

Teed (not TEED) Grade
Grade 0 normal exam
Grade 1 retraction/limited TM redness
Grade 2 retraction/redness entire TM
Grade 3 Grade 2 plus middle ear effusion
Grade 4 gross hemotympanum

Grade 5 perforation

Teed zero

Teed 1




4/28/2024

Teed 2 Teed 3
Teed 4
Management Prevention

No further pressure changes until resolution

~ elective indications/divers

Immediate prophylaxis for urgent HBO indications

Local and/or systemic decongestants

+/- Antibiotics (pre-existing infection/perforation in divers)

Audiometric exam, r/o hearing loss in severe cases

Determination of ET patency
37% pts demonstrating effective auto-inflation per otoscopy developed MEB
Beuerlein M, et al. Laryngoscope 1998107

Slower initial compression(s)
associated with lower incidence; prompting those with hx H/IN RT

Direct observation during all pressure changes
vs. missing those apparently struggling

Ventilation tubes for elective treatment indications

assures patency (remove cotion bal); avoids further MEB

Needle Myringotomy for urgent indications
48 - T2-hour patency; flu ENT longer HBO courses
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Sinus barotrauma

- 2004 WabMD, LLE

Risk factors

Allergies

Nasal polyps

Mucosal congestion

Inflammatory changes

Blocked sinus ostium

Approach to management

Decongestants

Sinus x-rays, if persistent

ENT referral
drainage vs. ablation vs. osteoplasty
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Presented to ED; 3-day hx painful swelling & ecchymosis

|Aat 2.5 ATA; suffering head cold

Sinus pain on ascent at 1.6 ATA...held several mins.

Liu Y-H, et al. CMAJ 2008;179(12)

Inner ear barotrauma

P i i may result in window fistula

Symptoms

Ataxia & vertigo
Tinnitus
Disorientation

High frequency hearing loss

Approach to management
Prompt ENT referral
serial audiograms

surgical repair as indicated
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Differential diagnosis

IEB IEDCS
Dizziness yes yes
Nausea yes yes
Vomiting yes yes
Hearing loss yes yes
Ataxia yes yes
Tinnitus yes yes

o "Mixed’ hearing loss
108 SICKNESS COmmNen wi
Thi RGCAD WIADOW

INNER EAR DECOMPRE
AFISTULA G

Ear squeeze > conductive loss

IEDCS > sensorineural loss

teredith AP. Afin Oto Rhinol Laryn 1990;99

Dental barotrauma

Gas spaces may exist at roots of infected teeth/adjacent to incomplete fillings

soft tissue, or blood, will attempt to fill these spaces upon compression

Carious teeth with cavity involving thin cementum at risk

pressure imbalance across cementum may cause tooth to implode/explode

T
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26 yo diver underwent reported uneventful descent to 60718 m

During ascent, passing 206 m, sudden onset sharp left ear pain
diver considered it reverse squeeze

continued ascending at slowed rate, increasing pain

Gose Report

Pain suddenly disappeared at surface; now severe left localized headache
Preumocephalus as a Consequence of Barotrauma

Goldmann RW. JAMA 1986;255(22)

Rested for several hrs dove again to 60'/18 m
headache improved at depth, returned with increased intensity upon surfacing

No related hx; no previous diving problems

No LOC or hemiplegia, nor other complaints suggestive of DCI

Normal affect/behavior
per wife
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He contacted Divers Alert Network
referredto a local hospital with experienced diving medicine team

CC: severe left sided headache, exacerbated by movement

Neuro intact; physical exam unremarkable except left ear bloody discharge /Teed Il

No indication for recompression therapy

Admitted, antibiotic prophylaxis against meningitis
Analgesics

100% oxygen by NRB
Headache gradually resolved, remained afebrile

Discharged on day six with decreased L hearing
hearing normalized over ensuing 14 days

Declared permanently unfit for diving

Over-pressurized middle ear on ascent ‘reverse squeeze” fractured bony roof vs. existing defect
introduced air into mastoids > subdural space

Tegmen tympani Middle
3 cranial fossa

Epitympanic
recess

Gastrointestinal barotrauma

Potential problem of ascent as any residual gas expands

Common gas sources:

air swallowing on Valsalva; descending in head down position

+/- carbonated beverages

Causative Events
————_ oo
Panic
Panic
Panic/swallowing water
Panic/swallowing water
Panic/swallowing water
Equipmentissue
Panic
Equipment failure/swallowing water
Near-drowning
10.  Equipment faiure
1. Panic
12 Equipment faiure

idents

Rupture of the stomach complicatng,
diving acci

O N oA LN
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Gastrc Barotrauma in u Scuba Diver: Report of a Case

Titu LV, et al. Surgery Today 2003;33

Antrum cardiacum

Sulcus intermedius

Pylosic pat

Diver wearing hard contact lens

Decompressed from simulated 30 min air dive 150/45m

Slit lamp observation of bubbles between hard contact lens & cornea
first noticed enroue to 30/9m stop

Comeal epithelial edema evident

Facial soft tissue barotrauma

48 yo novice diver overly tightened face mask strap

On descent passing 15'/5 m lost vision bilaterally

Panic ascent, recovered into dive boat

Profound facial swelling, eyes swollen shut

Treated with ice packs & reassurance

Exceedingly rapid compressions possible/necessary

Pressure * Elapsed Time (sec.
ATA  FSW  MSW
2 88 10 4
4 99 30 8
8 231 70 12
16 528 160 16

* ambient pressure doubled every 4 seconds...decompression at 14-18 fps/4-5 mps

~ results in an ‘acceptable’incidence of DCS up to 5457165 m (17.5ATA)




Morbidity associated with submarine escape trials

Depth (fsw/msw) 100/30 300/100 400/120 500/150 600/180
No. Escapers 44 26 23 20 2

Ear Barotrauma P 2 1
TM Perforation 1 2 3 1
Sinus Barotrauma 1

Dental Barotrauma

1
Thoracic Squeeze 2 1

Stomach Rupture
Vasovagal Episode
DCs

Acute Stress Reaction
Near Syncope

Haydon JR Fox MJ, 1987
Inst. Naval Med UK # 8/88
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