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Abstract

Dysbarism, also known as diver’s disease, the bends or caisson disease, is usually caused by under-
water activities. It bothers the divers, no matter whether they underwent scuba or just free diving, with the
most frequent symptoms including joint pain, headache, visual disturbance and shortness of breath. The
most dreadful, but rare, symptom is seizure with change of consciousness that could lead to submersion
injuries and even death. In some circumstances, it might also happen when people underwent diving training
and medical hyperbaric oxygen therapy in the recompression chamber. Herein, we present one patient who
planned to work on a submarine and received hyperbaric training in the recompression chamber. Just when
descent similar to pressure at 110 feet deep under sea level, sudden onset of dizziness and then loss of
consciousness with generalized seizure happened. After a return of consciousness in a few minutes, the
patient showed four-limb paralysis with sensory impairment and chest pain. The computed tomography of the
brain and chest performed in the emergency department concluded with a diagnosis of concurrent penumo-
cephalus, pneumothorax and pneumomediastinum. After treatment with fluid hydration, oxygen therapy and
chest thoracostomy drainage, conditions above improved, but the sensory impairment remained. Recom-
pression therapy was not performed due to rapid clinical regression of neurologic symptoms and the multiple
pulmonary cysts that may lead to further barotrauma. (J Intern Med Taiwan 2017; 28: 86-90)
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Introduction

Dysbarism refers to medical conditions result-
ing from changes in ambient pressure; it often
happens to divers and airplane travelers when
descending and ascending. Sometimes, under rare
circumstances, people receiving regular underwa-
ter training or medical therapy in the hyperbaric
chamber with recompression and decompression

procedures will also suffer from this problem. The

most serious ones were pulmonary barotrauma and
arterial gas embolism during the breath-hold ascent/
decompression. The rate of occurrence if followed
appropriate decompression procedures is 0.015% for
scientific divers, 0.019% for recreational divers and
0.095% for commercial divers. And the overall rate
was about 0.03%.!

Case presentation
A 23-year-old man had just joined the Navy
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and was ready to serve aboard a submarine. For this
reason, he was arranged for hyperbaric training in
a recompression chamber. Just after descending to
a simulated pressure equivalent to a depth of 110
feet under sea level for the first time training, he
started to experience dizziness and then after a few
seconds, generalized seizure with loss of conscious-
ness happened.

After first aid, he was brought to the emergency
department where a serum examination showed no
significant abnormality (WBC:9700/uL, Hgb:15.1
g/dL, Platelet:258000/uL, Na: 137 mmol/L, K:3.2
mmol/L, Glucose: 113 mg/dL, Creatine: 0.6 mg/

dL, C-reactive protein: 0.6 mg/dL, D-dimer: 1564
ng/ml, Ca: 9.0 mf/dL; ABG: PH: 7.484, PO,:178.9
mmHg, PCO,: 34.2 mmHg, HCO,: 25.9 mmol/L,
02,,: 99.9%). Chest X-ray and electrocardiogram
were also checked with no abnormal finding. After
a return of consciousness, the patient complained of
dizziness, headache, four-limb weakness, shortness
of breath and chest pain. A computed tomography
(CT) scan of his brain was performed with no hem-
orrhage discovered, but existence of intracranial
air bubbles in the both fronto-parietal and temporal
lobes that probably came from the nasal cribriform

plate and got into the intracranial space. (Figure 1,

Figure 1. CT of brain and chest of the patient: (A) and (B) intracranial gas in both upper aspects of bilateral fronto-
parietal and occipital lobes. (C) pneumomediastinum and subcutaneous emphysema. (arrow) (D) dilated
air cysts, both lungs with pneumothorax.
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A and B) With the impression of dysbarism-related
pneumocephalus, he received oxygen therapy and
intravenous fluid hydration. However, the dyspnea
and chest pain got worse, and, therefore, the CT of
chest was done. Surprisingly, multiple thin-walled
and dilated air cysts over both lungs, the largest one
measuring 4.5 cm in width, were found with left
pneumothorax and pneumomediastinum that caused
by rupture of air cysts. (Figure 1, C and D) By the

above CT findings, decompression sickness with

pulmonary barotrauma was diagnosed.

After two days of oxygen therapy, rehydra-
tion and surgical intercostal tube thoracostomy, the
condition was subsiding. The muscle power of the
limbs returned to normal, but the patient still felt
numbness of the right side limbs. The repeated CT
of brain and chest showed improvement of pneumo-
cephalus, pneumomediastinum and pneumothorax,
but the dilated air cysts over both lungs remained.

(Figure 2, A, B and C) Also, surprisingly, several

Figure 2. CT of brain and chest of the patient after oxygen therapy: (A) freedom of intracranial gas. (B) and (C)smaller
air cysts with improving pneumothorax and freedom of pneumomediastinum. (D) and (E) gas in spinal canal
(arrow).
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air bubbles were found in the spinal canal that might
originally due to decompression sickness. (Figure 2,
DandE)

Discussion

Dysbarism is caused by change of ambient
pressure and encompasses decompression sickness,
arterial gas embolism, nitrogen narcosis, high-pres-
sure nervous syndrome and barotrauma. It is caused
mostly by underwater activities, no matter whether
during free diving, scuba diving or caisson work.
But sometimes, it might be caused by a rapid change
of altitude, such as aircraft and spacecraft flying.
In rare circumstances, like this case, the underwa-
ter training or medical treatment in a recompres-
sion chamber could lead to this life-threatening
decompression sickness and barotrauma, including
pneumomediastinum, subcutaneous emphysema,
pneumothorax and pneumocephalus. !2

Gas bubbles, whether intravascular or extra-
vascular, were long thought to be the main patho-
physiological factor of dysbarism. The expanding
gas when ascent wound stretch and rupture the
pulmonary alveolus and capillaries. Therefore, it
allows the gas to get into the arterial circulation and
also the extrapulmonary space. But some studies
showed that the micro-particles, cell-derived mem-
brane vesicles and also neutrophil activation might
lead to vessel endothelial dysfunction and therefore
decompression sickness.?? The onset of dysbarism
varied from 1 to 48 hours and the symptoms could
be classified into two types. First, the simple type is
induced by extravascular air bubbles spreading into
joint space, the lymphatic system, mediastinum,
pericardium, subcutaneous tissue and the brain; it
might cause pain and dyspnea. Second, the serious
type is intravascular air bubbles forming in the
arteries or veins which can lead to acute gas embo-
lism frequently involving the pulmonary and central
nervous systems.

The predisposing factors are classified into

individual and environmental ones. The individual
factors include older age, high body fat content, pre-
vious injury, existence of patent foramen ovale or
interatrial shunts, under cold ambient temperature
and dehydration. The environmental factors include
rapid rate of ascent, repetitive exposure and flying
or traveling to high altitude soon after underwater
diving.1:#4-3:6

The diagnosis of dysbarism should be kept
in mind when symptoms occur after exposure to
change in ambient pressure, whether flying or
diving. CT or magnetic resonance imaging may
help by detecting air bubbles inside the body, but is
not as good as taking a proper history and descrip-
tion of symptoms. All cases of dysbarism should be
treated with 100% oxygen support and rehydration.
In circumstance of decompression sickness and
arterial gas embolism, recompression is the stan-
dard treatment.!” But if concurrent pulmonary baro-
trauma, recompression therapy should be performed
after chest thoracostomy tube insertion and, if not,
the recompression could leads to life-threatening
tension pneumothorax. The prognosis of decom-
pression sickness and gas embolism after prompt
treatment with hyperbaric oxygen therapy is good,
but long term injury remains possible.

Detection of patent foramen ovale or interatrial
shunts as a way of reducing serious arterial gas
embolism before underwater activities has been of
interest since the estimate relative risk arrange from
2.5-6.6. But, it is not performed routinely due to
low rate of serious neurologic symptoms (<0.02%)
and high cost.! As for pulmonary barotrauma, chest
X-ray is the mostly used screening tool for possible
cysts and other disease before hyperbaric oxygen
therapy, training and underwater activities. Since
the coexisted pulmonary cyst without previous
symptom is not the absolute contraindication and
the prevalence rate of barotrauma is low (<0.004%),
neither CT of chest is routinely performed due to

high cost.
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In this case, the symptom of seizure and paral-
ysis subsided soon after 48 hours, but the sensory
deficit of the right side limbs remained, which might
be due to air bubbles in the spinal canal with related
spinal cord damage or high-pressure nervous syn-
drome.”8? The dilated thin-walled air cysts in both
lungs remained. The advice was to avoid rapid
change of air pressure, no matter whether flying,

mountain climbing or diving.

Conclusion

Diagnosing dysbarism is not easy and is
usually expensive. The treatment, including hyper-
baric oxygen therapy, is also high-priced. Obeying
the decompression schedule could reduce the prob-

ability to a very low level.

References

1. Vann RD, Butler FK, Mitchell SJ, Moon RE. Decompression
illness. Lancet 2011; 377: 153-64.

~»
=4

=)

AR 4k 5] 3 RS

B E 5 i 8 B2 5

W =

BRRIE AR Km0 AR 09 R EAT AT R
@%%m&ﬁﬁvﬁé%%ﬁﬂﬁ%mﬁ¢&%ﬂ
A AR FRE o BERARMESF
AA M —2 B E AN EBEARRAR - BT A2 B4T
REMYTRERHFHIBZR S mEmBHFREER
B BHEJILBERBE O TR RMA
PAEREKRIBA S GREBABANMETRER
AERE R R B IE -

A R

2.Thom SR, Bennett M, Banham ND, et al. Association of mic-
roparticles and neutrophil activation with decompression
sickness. J Appl Physiol 2015; 119: 427-34.

3.Madden LA, Laden G. Gas bubbles may not be the underly-
ing cause of decompression illness—The at-depth endothelial
dysfunction hypothesis. Med Hypotheses 2009;72: 389-92.

4.Wilmshurst PT, Byrne JC, Webb-Peploe MM. Relation
between interatrial shunts and decompression sickness in
divers. Lancet 1989; 334: 1302-6.

5.Moon RE, Camporesi EM, Kisslo JA. Patent foramen ovale
and decompression sickness in divers. Lancet 1989; 333:
513-4.

6.Germonpré P, Dendale P, Unger P, Balestra C. Patent foramen
ovale and decompression sickness in sports divers. J Appl
Physiol 1998; 84: 1622-6.

7.Gempp E, Blatteau JE. Risk Factors and Treatment Outcome
in Scuba Divers with spinal cord decompression sickness. J
Crit Care 2010; 25: 236-42.

8.Dick AP, Massey EW. Neurologic presentation of decompres-
sion sickness and air embolism in sport divers. Neurology
1985; 35: 667-71.

9.Hallenbeck JM, Bove AA, Elliott DH. Mechanisms underly-
ing spinal cord damage in decompression sickness. Neurol-
ogy 1975;25: 308-16.

P T3S EAE B F A

AT H R ey Eo i - e RIZA LB
¥ 5| & 58 H b an4s 0 i 5] AL B &R
BRENHEZECEIHRT T -  TERBIIRSE

Ay KRR SRR AR 0 A2 sRiE A
BBk ES o R it”%'?&ﬂ’w% JEAK »
T RRRE RNE o £ — ik Aol is kAT 0 A
%o RIERREFAERSE 25 A



