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ALTITUDE DECOMPRESSION SICKNESS: ~,

REVIEW OF CONCEPTS IN PRIMARY CAREk ~~ ~ ~~~~~~~~

INTRODUCTION

• A thorough knowledge of the manifestations and management of altitude
decompression sickness (DCS) is essential for the physician who cares for
aviators . Prior to 1959 many thousands of aviators were incapacitated
and occasionally killed by altitude DCS. In 1959 a new era in management
was initiated by Donnell and Norton (12) when they successfully treated
a case of altitude DCS with compression therapy. Since 1959 we know
of no fatalities and only one ca~ with a residual deficit from altitude
DCS in the United States Air Force (10).

Excellent historical reviews document the gradual evolution in our
understanding of the pathophysiology of altitude DCS (1 , 4, 26). We
have learned to recognize its often atypical manifestations , and we have
come to appreciate the excellent prognosis associated with prompt compres-
sion therapy. Cabin pressurization and denitrogenation have proved to be
highly successful preventive measures. With increased understanding of
altitude DCS and effective prevention the incidence of altitude DCS has
dropped precipitously. - -

Success in the management of altitude DCS has produced a new chal-
lenge . The flight surgeon who rarely sees a case of altitude DCS must
remain keenly aware of its presence , must be alert to its manifestations ,
and must be knowledgeable in its management. This paper reviews with the
flight surgeon current concepts in the primary care of altitude DCS.
Additional background and perspective can be gained from general discus-
sions of altitude DCS currently in the literature (7, 16, 17, 25 , 31), as
well as from the i nd i vid ual references cited .

TERMINOLOGY

Decompression Sickness (DCS)--Refers to disease due to evolved gas
in the tissues resulting from a reduction in barometric pressure. In
the past, and to some extent today, the term “decompression sickness”
was used interchangeably with “the bends.u In our discussion we have
joined common usage by limiting the definition of bends to that mani-
festation of DCS which involves only pain and occurs in the musculo-
skeletal system. To emphasize that we are using bends in this limited
fashion we refer to it as pain only bends .

•1
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Barotrauma--Refers to disease or symptoms resulting from the effect
of change in barometric pressure on gas trapped in the body. Barosinu-
sitis , barotitis media , pulmonary barotrauma, aerodontalgia , and gastro-
intestinal gas pains are manifestations of barotrauma. Pulmonary baro-
trauma with rupture of alveol i may result in pneumothorax , pneumomedia—
stinum , subcutaneous emphysema, or air embol ism.

Air Embolism--Refers to disease resulting from the introduction of
a bolus of air i nto the circulatory system. Air embol ism may result
from pulmonary barotrauma or may result from the accidental introduction
of air into the circulatory system at surgery or during venoclysis.
The rick of pulmonary barotrauma with secondary air embol ism is
exceedingly small in the aerospace environment in contrast to its much
more frequent occurrence undersea. Air embol ism frequently affects
cerebral circulation where it usually results in immediate, dramatic,
and profound neurologic defic~t which is often associated with suddenloss of consciousness. The etiology and pathophyslology of air embolism
are distinct from OCS, and the manifestations are rarely confused.

PATHOPHYSIOLOGY

The etiology of DCS is incompletely understood. Bubbles evolved
by the tissues under the influence of decreased barometric pressure
play a central role. The blood is probably the major tissue involved
in the evolution of bubbles , but gas can be evolved by other tissues and

r has been demonstrated in tendon sheaths and joint cavities .

Two factors essential for bubble formation are supersaturation of
tissues by gas and the presence of gas nuclei . Tissues become
saturated with gas in direct proportion to the environmental pressure.
This is in accordance with Henry’s Law which states that the concentra-
tion of gas dissolved in a liquid is directly proportional to the pres-
sure of the gas to which the li qu id is exposed. With a decrease in
environmental pressure a lesser amount oF gas is sufficient to saturate
the tissues. If the environmental pressure decrease is gradual , excess
gas in the tissues can diffuse into the blood where it can further
diffuse into pulmonary alveol i and be exhaled . If the environmental
pressure change is large enough and rapid enough to exceed the capa-
bilities of this physiologic mechanism , tissues which were saturated
will become supersaturated. Supersaturation will be greatest in tissu es
with the least blood supply and with the greatest dissolved nitrogen
content, such as fat.

Gas nuclei are minute collections of gas which differ from bubbles
only in size. The boundary between gas nuclei and bubbles is arbitrary.
While the origin of gas nuclei continues to be studied, we know that
gas nuclei arise more easily In turbulent blood flow, in damaged tissues,
In tendons and joints, and in contracting muscles

.2
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The tendency for gas nuclei to develop in selected areas is manifest
clinically in several ways . Although evidence is anecdotal , people with
recent injuri es such as fractures, sprains , or contusions may be more
susceptible to DCS; and persons with old injuries may have a predilection
for OCS to localize at the sites of old injury . The sheari ng action of
tendons, ligaments , and joints is a likely mechanism for gas nuclei
production and may account for the increased incidence of DCS around
joints. Production of gas nuclei in contracting muscles is thought to
be related to increased carbon dioxide tension . This production of
gas nuclei may explain why exercise predisposes to DCS.

Bubbles are composed of a mixture of nitrogen , oxygen, carbon di-
oxide and water vapor . Nitrogen is the major component and most trouble-
some since it is inert and not readily resorbed . Bubbles forming in
the blood arise in the capillary and venous circulation since the
increased pressure in the arterial system is less conducive to bubble
formation (7). Bubbles in the capillaries and veins block venous out-
flow from tissue, resulting in stagnation , hypoxia , and subsequent
edema . Within hours of bubble formation a coat of fibrin may develop
around each bubble. Prompt treatment of DCS is aimed at resolution of
bubbles prior to fibrin formation and before increasing hypoxia and
subsequent edema make resolution more difficult and more prolonged .

There is much discussion in the literature over the role of
mechanisms other than the mechanical effect of bubbles in the etiology
of DCS. Several factors support the concept that multiple etiologic
mechanisms are involved : First , there is considerable variability in
the susceptibility to OCS among individuals and in the same individual
on different occasions , whi ch is not wel l expla i ned if one rel ies solely
on the mechanical effects of bubbles in the etiology of DCS. Second,
some cases of DCS have been resistant to compression therapy. Thi s
resistance is more easi ly expla ined if there are multi ple etiologi c
factors in addition to the mechanical effect of bubbles . Third ,
mul ti ple changes i n the bl ood and vascular system have been demonstrated
in OCS. Investigators have reported on and discussed the role of sludg-
ing of red blood cells (13, 19), platelet agglutination and thrombocyto-
pen -i a (18, 20, 21 , 23), elevated serum enzymes (14, 24, 30), decrease
in plasma lipids (28), formation of lipid emboli (8), and fluid and
electrolyte shifts (6, 19). Coagulo pathy has been observed suggestive
of disseminated intravascular coagulation (29). Demonstration of endo-
thelial damage (34) and angiospasm (23) have raised the question of
vascular mechanisms in the etiology of DCS.

A criti cal question is whether blood and vascular abnormali ties
noted in the laboratory play a role in the causation of DCS or are
simply a reflection of disease caused by the mechanical effect of
bubbles . At issue is whether prevention or treatment of these altera-
tions wi ll prevent or resolve the signs and symptoms of DCS.
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F The most telling point in favor of a single mechanical etiology
for DCS is the observation that there is complete resolution of all
manifestations in most cases of DCS following compression therapy alone ,
Since compression therapy can account for the resolution of the mechanical
effects of bubbles , this observation is most easily explained by a single
mechanical etiology of DCS and poses a major problem in establishing the
significance of blood-bubble interactions in the pathophysiology of DCS.

This area continues under extensive study to clarify the roles
of the mechanical effects of bubbles and blood-bubble interactions in
the etiology and pathophysiology of DCS.

RISK FACTORS

Experience indicates a number of risk factors for DCS :

Altitude
Diving prior to exposure to altitude
Duration at altitude
Age
Obesity
Exercise at altitude
Cold at altitude

Suggested mechanisms by which some of these risk factors predispose
to DCS have already been discussed in the section 1’Pathophysiology .”

The altitude to which the individual is exposed is a major risk
factor for DCS. In pressurized craft it i s of course the cabin alt itude
rather than the flight altitude which represents the environmental pres-
sure to whi ch the av iator is exposed . The degree of pressure change
required to produce DCS was evaluated by the English physiologist
Haldane. He noted that halving of the environmental pressure was
necessary before bubble formation and DCS would appear. On the basis
of this observation one would anticipate that an aviator in equilibrium
with air at sea level would be safe from DCS at altitudes up to
18,000 ft (5488 m) (one-half atmospheric pressure), but woul d be at
risk for DCS at al titudes above 18,000 ft (5488 m).

Cl ini cal experience supports thi s observation. A case of severe
DCS occurred at 18,500 ft (5640 m) (15), the lowest altitude reported
at which DCS occurred in an individual who had not been exposed pre-
viously to greater than sea-level atmospheri c pressure. That serious
neurologi c DCS can occur at minimal alt itudes was reemphasized by
Davis et al. (11) in the report of cases occurring at 19,000 ft
(5793 m) and 28,000 ft (8536 m). Above 18,000 ft (5488 m), increasing
al titude is associated with increasing risk for DCS (10).



DCS can occur at less than 18,000 ft (5488 m) in the individual
who has been subject to environmental pressures greater than sea-level
atmospheric pressure, as occurs in di ving or in compression chambers.
DCS has occurred in flight at altitudes as low as 5,000 ft (1524 m)
under this circumstance. This occurrence has prompted the precaution
not to fly for 24 hr following diving or compression chamber exposure.

Duration of exposure to altitude is also a well-recognized major
risk factor and the longer the time spent at altitude the greater the

t risk of DCS.

- The rate at which the aviator ascends to altitude is governed by
the time it takes an aircraft to climb to altitude , and even with high

— performance aircraft the rate of ascent does not appreciably affect
the risk for L~.S. Whether it takes several minutes or several times
that long to ascend to altitude , the risk for DCS remains essentially
the same. This is in contrast to the undersea environment where multiples
of atmospheric pressure can be qu ickly traversed and the rate of change
i n environmental pressure is an important risk factor for DCS.

Age and obesity are widely recognized risk factors for altitude
DCS , but the degree of risk is not clearly established (7).

Exercise at altitude is a high-risk factor for DCS. Exercise has
been a distinguishing feature on many occasions in which one member
of a crew has experienced DCS.

Cold is a minor risk factor for DCS but may play a contributory
role i n an aviator already compromised by other risk factors.

Prior injury is considered a risk factor for DCS by some, but
evidence is anecdotal and injury as a risk factor has not been documented
by a formal study.

PREVENTION

The two most important factors in the prevention of altitude DCS
are denitrogenation and cabin pressurization . Denitrogenation refers
to a decrease in the amount of nitrogen absorbed in body tiss.zes, and
is usually accomplished by breathing 100% oxygen for a period prior to
flight. The aviator then continues to breathe 100% oxygen during flight
to prevent reintroduction of nitrogen and to supply oxygen needs.

The need for denitrogenation and time spent at denitrogenation
vary with mission requirements . Denitrogenation is usually not necessary
when the planned cabin altitude will not exceed 18,000 ft (5488 m).
Gu idance in the assessment of need for denitrogenation can be obtained
through consultation with a hyperbaric physician. 
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If denitrogenation is interrupted by air breathing , much of its pro-
tective value is lost (9). When an aviator develops altitude DCS fol low-
ing denitrogenation , it is useful to determine if denitrogenation was
abbreviated or interrupted by air breathing .

Cabin pressurization is the most responsible preventive factor
in reducing the incide tice of altitude DCS. However , the concept of
cabin pressurization , sufficient to prevent DCS, is not appl icable
to all aircraft or a’l flight profiles . Some aircraft are not suited
to carry the equipment necessary for cabin pressurization . These air-
craft are generally limited to flying below 25,000 ft (7620 m) where
the ris .. for DCS is slight but present. Some aircraft , designed to fly
at very high altitudes , maintain a degree of cabin pressurization but
nct sufficient to keep cabin altitudes below 18,000 ft (5488 m). Even
in pressurized aircraft accidental loss of pressurization can occur ,
exposing the occupants to the risk of DCS.

In addition to denitrogenation and cabin pressurization , preventive
measures include a reduction of risk factors whenever practicable. Not
all risk factors are amenable to intervention . Tests fc’r individual
susceptibility to DCS have not provided consistent results (17) and
rannot be relied on as an aid in crew selection as a means of avoiding
DLS. One can encourage the use of protective clothing to keep exposure
to cold at altitude to a minimum . The crewmernber who is aware that
exercise at altitude is a risk factor for DCS may be able to reduce this
factor to a degree that is still consistent with the full performance of
his duties . A prime example of risk factor intervention is avoiding
flying for 24 hr after diving.

Continued education and physiological training should be utilized
to emphasize to flight crews the principles of prevention and initial
management of altitude DCS.

MANIFE STATIONS OF ALTITUDE DCS

Manifestations cf altitude DCS can be classified as minor (Type I)
or major (Type II) as outlined in Table 1.

Cu taneou s Manifestations

Pruritu s, tingling , or formications may occur without any visible
lesions and may be related to gas bubbles in the skin or subcutaneous
tissues . Occasionally an erythematous rash may occur wi th or without
these symptoms. There is no clinical significance to these symptoms ;
they are transitory and do not require treatment. The risk of impend—
ing Type II DCS is no greater in the presence of these cutaneous mani-
festations than in the asymptomatic aviator , so no period of observation
is indicated .

6

.- - - --  ‘ - ‘ --S. ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~



,~~~~~ , . , ~,. .-, — 
~~~~~~~~~ ~~ ~~~~~~~~~~~~~~~~~ —~~~~~~~~

TABLE 1. CLASSIFICATION OF MANIFESTATIONS OF
ALTITUDE DECOMPRESSION SICKNESS

Minor Major
(Type I] (Type II)

Cutaneous manifestations Pulmonary manifestations (chokes)

Pain only bends Neurologic man ifestations (staggers)

Vasomotor col lapse

• Mottl ing or marbl i ng of the skin , with or without cyanosis , may
occur in the presence of other manifestations of Type 11 OCS. It carries
a serious prognosis and may be a sign of impending vasomotor collapse.

Pain Only Bends

Pain only bends is the most frequent manifestation of altitude DCS.
Pain only bends occurs as the sole manifestation of altitude DCS in
60% of cases requiring compression therapy (10). In addition , pain
only bends are present in almost half of the remaining 40% of cases.
Pain only bends are significant because they may herald impending Type
II DCS. Because of this association they require prompt treatment with
compress ion therapy.

Bends pain is usually a dull ache in a joint or deep in the soft
tissue or bone; multiple sites may be involved . Knee and shoulder
joints are the most frequently affected, although any joint is a
potential site. Soft tissue or bone pain most commonly occurs in the
extremities . The pain is often vague and may migrate from spot to spot
suggesting an hysterical reacticii to the uninitiated . The i nvolved area
is often tender and may occasionally have slight overlying edema.

The onset of symptoms in pain only bends may occur, at altitude or
may be delayed . In approximately 90% of cases pain begins within 12 hr
of the exposure to altitude. Delayed onset rarely exceeds 24 hr, and
initial onset of pain over 36 hr following exposure to altitude should
be ascribed to a cause other than DCS.

Symptoms in pain only bends may resolve during descent or
spontaneously on the ground . Following initial resolution , pain may
recur in a small proportion of cases. The interval is usually short,
perhaps a few hours , and in any event would not likely exceed 24 hr.
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Pulmonary Manifestations

Pulmonary manifestations , commonly called chokes , are due to
multiple pulmonary gas emboli. As in patients with pulmonary emboli
from other causes , the situation is often critical and prompt treatment
is essential. Chokes occurring without other manifestations of DCS
is a rare event. In combination with other manifestations , chokes
occurs in 8% of altitude DCS requiring compression therapy (10).

Chest pain , dry cough , and dyspnea form a classic triad of symptoms
associated with chokes. Without all three present it is difficult to

• make thc diagnosis. Cyanosis may be present but it is variable. The
onset of chokes may be del3yed but not longer than 12 hr; and when
chokes occur, it is usually wi thin the first 2 hr.

Neurologic Manifestations

Neurologic involvement is a prominent manifestation of DCS, is
present in 34% of cases of altitude DCS requiring compression therapy
(10), and appears as the sole manifestation in 14% of cases of altitude
DCS requiring compression .

In altitude OCS over 90% of the neurologic manifestations are
cerebral . This finding is in contrast to the diving experience in
which over 90% of neurologic manifestations involve the spinal cord .
The most common neurologic manifestations of altitude DCS are visual
symptoms and headache. The visual symptoms include scotomata , visual
blurring , and blind spots and are similar to the prodromata of migraine.
In fact the mechanism may be a bubble -induced migraine syndrome . The
headache is commonly occipital .

In addition to these comon manifestations almost any variety of
neurologic involvement can occur. These manifestations range from
spotty motor or sensory deficits and unilateral paresthesias to mono-
plegias and paraplegias. Finding s often do not fit a classic neurologic
pattern and may suggest hysteria to the examiner who is unaware that
neurologic DCS can present atypically.

Confusion or a change in affect may be the sole manifestation of
neurologic OCS. Consequently one must be alert to very subtle neurologic
changes . Convulsive disorders may occur early in the course of altitude
DCS as a manifestation of severe cerebral i nvolvemen t. Sei zures can
also appear later in the course at 24 to 48 hr when they probably result
from cerebral edema.

The onset of first neurologic manifestations may be delayed but not
longer than 36 hr and most occur within the first few hours . Abou t 50%
of neurologic cases start as pain only bends.

8
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Vasomotor Collapse

Vasomotor collapse with profound shock may occur in DCS and is
-
. usually irreversible with a poor response to fluid therapy. Collapse

• probably results from combined neurologic and circulatory factors , and
it is usually responsible for the fatalities in DCS.

Shock as the sole manifestation of altitude DCS is a rare event.
In combination with other manifestations of DCS, shock occurs in 6%
of cases of altitude DCS which require compression therapy (10).

Aseptic Bone Necrosis

Aseptic bone necrosis is an extremely rare late manifestation of
— 

altitude DCS in contrast to its more common occurrence in the divin g
environment.

Laboratory and X-ray Manifestations

In a case of suspected DCS an x-ray search for evidence of bubbles
is not very hel pful. Se~’ious cases of DCS may show no evidence of
bubbles on x-ray. And when bubbles or pockets of air are demonstrated
on x-ray, there is no good correlation between their presence and the
severity of disease. The Doppler method of bubble detection has been
very effective in demonstrating gas bubbles in the circulation , but
it remains by and large a research tool .

Despite the multiple alterations in the blood which have been
demonstrated in DCS, the changes are too nonspecific to be of value
in establishing a diagnosis of DCS.

A shift of fluid from intravascular to extravascular compartments
may occur in DCS and warrants following the severely involved patient
with frequent hematocrits for evidence of hemoconcentration and impend-
ing shock.

DIFFERENTIAL DIAGNOSIS

The diagnosis of altitude DCS is based solely on history and physical
• examination in most cases. Consultation with a hyperbaric physician may

be helpfu l in doubtful cases.

The differential between pain only bends and minor trauma can be
troublesome . When pain occurs at altitude or following a flight , there
may be great temptation to attribute it to previously known trauma. The
pain in DCS is comonly made worse by exercise or passive movement of

9
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a joint. Pain relieved by exercise is more compatible with a mild
sprain or bruise. A helpful test is the application of pressure over
the i nvolved area with a blood pressure cuff. Comonly this will
temporarily relieve the pain of DCS and will generally not benefit
a sprain or bruise.

Whenever the differential between pain only bends and trauma can-
not be established to the examiner ’s satisfaction , it is always better
to treat the patient for DCS. Compression therapy will not adversely
affect a sprain or bruise and can be decisively advantageous to the
patient with DCS. If the diagnosis of pain only bends is dubious ,
the physician at the hyperbaric facility has the additional option of
conducting a test of pressure in the chamber.

Pain only bends may have an associated localized paresthesia. If
the paresthesia clears as the pain clears, it should be considered a
manifestation of pain only bends and should not be considered to be
evidence for neurologic DCS. Paresthesia occurring at altitude or
following exposure to altitude , with no pain associated , should be

- 
- considered a manifestation of neurologic DCS unless another etiology

is obvious.

Crossed legs and resting elbows with resultant pressure on nerves
can produce paresthesias that are difficult to differentiate from neuro-
logic OCS. Altitude chamber operators routinely precaution against
such positions. Unfortunately once paresthesias occur there is no way
of resolving this differential unless there is a clear history of nerve
pressure. Paresthesias of uncertain etiology should be treated as DCS.

Rarely one may be faced wi th the differential diagnosis between
air embolism and neurologic DCS. In air embolism the onset of neuro-
logic symptoms is usually sudden and dramatic and often profound ,
while in DCS the onset of neurologic symptoms is usually gradual.

When an aviator presents with pulmonary symptoms , which originated
during exposure to altitude , one must distinguish pulmonary manifesta-
tions of DCS from “false chokes ,” which is a dry cough associated with
breathing oxygen. The “chokes ” of pulmonary DCS are manifest by chest
pain , dyspnea , and dry cough. The absence of chest pain and dyspnea
in “false chokes” helps distinguish “false chokes” from the pulmonary
manifestations of DCS.

PRIMARY CARE OF ALTITUDE DCS

The aim of therapy in DCS is to halt progression of the disease ,
accomplish prompt resolution of signs and symptoms, and avoid residuals.
Hyperbaric therapy is the only definitive treatment of DCS and is
effective through the physical effects of increased barometric pressure

10
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and the physiologic effects of associated hyperoxygenation. The increased
env ironmental pressure in the chamber reduces bubble size as a reflection
of Boyle ’s Law, which states that at constant temperature the volume of
gas is inversely proportional to the pressure. By reducing bubble size
some bubbl es wi ll di slodge and allow bl ood flow to resume. The increased
surface tension associated with reduced bubble size may cause some
bubbles to collapse and resolve completely. A second physical effect of
increased barometric pressure is to aid in tissue absorption of gas from
bubbles in accordance with Henry ’s Law.

a

During compression therapy for DCS the patient intermittently
breathes 100% oxygen at increased barometric pressure. Breathing 100%

• oxygen provides an increased gradient for washing nitrogen from evolved
bubbles and aids in their resorption . The increased gradient also helps
wash nitrogen from supersaturated tissues and thus hel ps prevent further
bubble formation. In addition , hyperbaric oxygenation results in an
increased partial pressure of oxygen at the tissue level which can
hyperoxygenate hypoxic tissue. Hyperoxygenation is also effective in
reducing cerebral edema.

A major role of the primary physician is that of determining which
pati ents are candidates for compression therapy. Consul tation with a
hyperbaric physician can be very hel pful in making this decision . The
Hyperbaric Center at Brooks A i r Force Base, Texas, provides consultation
service for both military and civilian physicians. Consu l tation is
provided 24 hr a day and can be obtained by calling commercial telephone
512-536-3278 or AUTOVON 240-3278. Other Air Force hyperbaric facilities
are geographically located to provide coverage throughout the United
States and in selected overseas locations (3). Since consultation may
play an important role in deciding whether a patient requires therapy
and is essential in arranging therapy for those who do , the phone number
of a hyperbaric consultant deserves a prominent spot in any office where
aviators receive care.

The primary care of patients with DCS begins promptly when signs
or symptoms first appear. The patient himself , fellow crewmembers, or
chamber operators may need to provide initial care. A physician should
provide input as soon as possible to evaluate and support the patient ,
outline a course of therapy, and arrange prompt and safe transportation
to a compression chamber when indicated .

Initial Care by the Flight Crew

As soon as symptoms suggestive of DCS occur, the patient or crew
should immediately apply 100% oxygen by mask and begin prompt descent.
A tight-fitting mask is necessary to provide high concentrations of
oxygen. Initially, oxygen should be appl ied by whatever means are
available but a snug-fitting mask should be used as soon as possible.
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Increased barometric p’~essure associated with descent provides anenv ironment less conducive to further bubble formation and may have a
beneficial effect on bubb i es already formed . Crews should be cautioned
not to continue at altitude while attempting to establish the diagnosis
with certainty. The mere suspicion of DCS warrants prompt descent un-
less the conditions of flig ht make descent impossible or unless mission
completion is an overriding factor . Flight crews should be aware that
the earliest suggestion of DCS signals the potential for serious disease
and possible incapacitation of a crewmember.

Ground-level environment and prompt medical attention are immediate
goals; the aircraft should land at the nearest airstri p with a medical
facility , whether civilian or military. Once on the ground the patient
should receive prompt medical attention , should be kept at strict rest,
and should continue to receive 100% oxygen. Symptoms of DCS often
resol ve during descent, but the crew should not rel inqu ish efforts to reach
the nearest medical facility . Symptoms can recur, even at low altitudes
or at ground level , and may be severe when they do.

If symptoms are minor or resolve completely, a physician unaccustomed
to treating aviators may not realize the potential for exacerbation or
recurrence. Consequently even after the patient has received medical care,
iue should not resume fl ight unti l he has been cleared by a fl ight surgeon
or fl ight medical examiner.

Initial Care by Altitude Chamber Operators

Symptoms suggestive of DCS warrant imediate application of 100%
oxygen by snug-fitting aviator ’s mask and prompt descent of the
affected individual to ground le~e1 . The patient should be kept at
rest and receive prompt medical attention no matter how minor the
symptoms.

Primary Care by the Physician

A physician who receives a call from the flight line or the altitude
chamber notifying him of a possible case of DCS can initiate primary
care over the telephone by advising 100% oxygen and rest. As promptly
thereafter as possible the physician should evaluate the patient.

Since prompt therapy is essential for DCS, time spent performing a
lengthy history and physical is usually not warranted . On the other
hand the physician and hi s consultan t need a data base for determining
an appropriate course of management. History should include a review
of all the pertinent risk factors, a description of initial symptoms ,
and an outline of the subsequent course. Examination should include
evaluation of symptomatic areas and a careful neurologic examination .

12
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Consulta tion is warranted in doubtful cases to help establis h a
diagnosis and in documented cases to help determine a course of manage-
ment as outlined in Figure 1. While outlining general principles of
care , we recognize that there is no substitute for the experienced
judgment of the hyperbaric physician in the management of the individual
patient wi th DCS and that liberal use of consultation is often helpful .

Prompt compression therapy is indi cated for any patient who has
symptoms or signs of DCS at the time of evalua tion. We would exclude
only those patients with minor cutaneous manifestations from this
general rule. Observation at rest on 100% oxygen is not appropriate
definitive care for DCS no matter how minor.

The patient with pain only bends whose symptoms clear on descent
from altitude and who is asymptomatic at the time of evaluation does
not require compression therapy. Observation for 2 to 4 hr is indicated.
Supplementa l oxygen is not necessary during this period , and the patient
may be allowed quiet activities . If the patient remains symptom free,
he can return to duty not involving flying . Exercise should be re-
stricted for 24 -hr.

Fol lowi ng an epi sode of DCS there is a period of increased suscepti-
bility to DCS; this period does not exceed 48 hr. Consequently duty should
not include flying for 48 hr following an episode of DCS. If no symptoms
recur during that period , the patient can be safely returned to flying
duty.

The patient with pain only bends who has symptoms at the time of
evaluation requires prompt compression therapy. If symptoms clear
before transportation arrives , transportation may be cancelled and the
patient ‘is observed for 24 hr. If no symptoms recur, he may be returned
to flying duties in 48 hr.

One may be incautiously tempted to parallel this situation by
voluntarily establishing a period of observation to see if symptoms
clear at rest on 100% oxygen. Symptoms may clear or may get worse.
In the event symptoms get worse, if subsequent treatment is prolonged
or if residuals persist, the patient has been unnecessarily jeopardized;

— there is no support for the physician ’s decision to delay definitive
treatment while he observes a symptomatic patient with DCS.

The patient with neurologic or pulmonary man ifestations of DCS or
vasomotor collapse should be transported to a hyperbaric facility for
prompt compression therapy, even if symptoms resolve prior to transporta-
tion.

Recurrent pain only bends arouses increased concern since it indicates
that bubbles are persistent and fibrin formation may be occurring around bub-
bles mak 1n9 subsequent resolution more difficult. Recurrent pain only bends
warrants prompt compression therapy even if spontaneous resolution of symp-
toms again occurs before compression Is Initiated .
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Fi gure 1. Decision poln~s in the primary care
of altit tlde decompression sickness.
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Transportation to the Compression Chamber (Hyperbaric Facility )

When the decision to transfer the patient to a compression chamber
has been made and coordinated wi th a hyperbaric facility , the patient
should continue at complete rest, receive 100% oxygen by snug-fitting
mask , and be kept under close observation while awaiting and during
transportation . Aircraft used to transport patients with OCS should
be pressurized to ground level . Any compromise whi ch involves exposure
to even slight decrease in barometric pressure may cause exacerbation.

ADJUNCTIVE THERAPY

An intravenous infusion to provide access to the circulation is
warranted in patients with DCS because of the potential for vasomotor
collapse. Lactate Ringers is a satisfactory solution for this purpose.
In serious Type II  DCS one may add a col loid solu tion such as 500 ml
of low molecular weight dextran every 12 hr for 2 days to attempt to
prevent or reduce rouleaux formation. One may elect to forego an intra-
venous infusion in a patient wi th minima l pain only bends as long as
there is no evidence of progression .

Corticosteroids may be administered at the compression chamber to
reduce cerebral edema. The associated increased risk of oxygen toxicity
suggests that the use of corticosteroids in DCS should remain in the
hands of the hyperbaric physician.

Since we recognize that the mechanical effect of bubbles may not
be the sole factor in the pathophysiology of DCS, much attention has
been given to adjunctive treatment that would address other factors.
Anticoagulants have received prominent consideration in these investiga-
tions. Aspi rin and heparin have been evalua ted along with many other
drugs. Opinions vary regarding the value of anticoagulants in the
management of DCS (5, 22 , 27, 32), and at present there is no clear con-
sensus that anticoagulan ts have a role in the cl inical management of
DCS. Hopefully, continued investigation wi ll resolve these issues and
may establish a role for drug therapy in the definitive care of DCS.

PROGNOSIS

The immediate outlook for the patient with altitude DCS who receives
prompt compression therapy is excellent. In a review of 145 cases of
altitude DCS who were treated with compression therapy during the period
from 1959 through 1976 there were no fatal ities and only three patients
had residual deficits (10). Of the 120 patients treated in a USAF hyper-
baric facility only one had a residual deficit , a visual field defect.
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Followina an episode of DCS there is a period of increased suscepti-
bility to DCS. This period does not exceed 48 hr and mild cases of pain
only bends , which resolve prior to treatment and do not require compres—
sion therapy , can then be safely returned to flying . We know of no in-
creased risk of subsequent DCS in these patients .

Serious cases of OCS present a more compl ex problem in the long-term
prognosis for risk of subsequent DCS. Individual variability in suscepti-
bility to DCS independent of known risk factors has been recognized . A
severe case of DCS may represent an individual susceptibility to the disease.
The possibility that an aviator wi th a serious case of DCS has an increased
individual susceptibility raises real concern that he may have an increased
risk for subsequent occurrence of serious DCS.

Concern over that risk forms the basis for the policy in the United
States Air Force that DCS with neurocirculatory manifestations or DCS
which required compression therapy is disqualifying for flying duties
(2). Consideration of a waiver for DCS is based on a thorough evalua tion
of the circumstances that prompted the episode of altitude DCS and on
the severity of manifestations and on the duration that manifestations
persisted. Waiver is frequently granted to aviators wi th pain only
bends who responded promptly to compression therapy.

Since serious cases of altitude DCS are often heralded by minor
symptoms of pain only bends, an excel lent prognosis can be achieved by
expeditious primary care and prompt compression therapy when indicated .

SUMMARY

Evolution of bubbles in the tissues secondary to decreased baro-
metric pressure plays a central role in the pathophysiology of DCS.

Exposure to altitude is the prime risk factor for bubbl e formation .
Flying within 24 hr of diving carries an increased risk for altitude DCS.
Additional risk factors include duration at altitude , exercise at al titude ,
age, and obesity .

Cabin pressurization and denitrogenation are the major factors in
prevention.

Manifestations of DCS are often atypical. Consultation with a
hyperbaric physician may be helpful in establishing a diagnosis and
is essential In arranging for compression therapy.

Initial management of altitude DCS Includes 100% oxygen, rest,
and prompt descent. The only definitive treatment for altitude OCS
is prompt compression therapy. Transportation should be pressurized
to ground level. Prognosis Is excellent in altitude DCS in the patient
who receives prompt compression therapy.

16



- w - — — ~~~ ‘“ .w’ ”.r - —-•-— ‘—fl.. —‘ -, --
~

‘-‘-‘—-—- ,- - -
~~

•-‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_
~~~~~~~~~~~~~~~~~ y-~~

_

‘S

REFERENCES

1. Adler , H. F. Dysbarism. SAM Aeromed Rev 1-64, Feb 1964.

-

• 

2. AFR 160-43 . Medical examination and medical standards. Washington ,
D.C. , 21 June 1976.

3. AFR 161-21. Use of compression chambers for therapy. Washi ngton,
D.C. , 24 October 1975.

4. Andersen , H. R. A historical review of the bubble theory of the
etiology of decompression sickness as related to high altitude
exposure . SAM Aeromed Rev 10-65 , December 1965.

5. Barthelemy, L. Blood coagulation and chemistry during experimental
dives and the treatment of diving accidents with heparin. Proceed-
ings Second Symposium on Underwater Physiology . National Academy
of Sciences-National Research Council Publ 1181 :46-56, 1968.

6. Bove , A. A., J. M. Hallenbeck , and D. H. Elliott. Changes in blood
and plasma volumes in dogs during decompression sickness. Aerosp
Med 45(l):49—55 (1974).

7. Clamann , H. G. Decompression sickness, ch 7, pp. 99—117. In
H. W. Randel (ed.). Aerospace medicine. Baltimore : Williams
and W i lk ins , 1971 .

8. Cockett, A. T. K., et al. Coexistence of lipid and gas embol i in
experimental decompression sickness , pp. 245-250. In C. J. Lambert-
sen (ed.). Proceedings of the Fourth Symposium on Underwater Phy-
siol ogy . New York : Academic Press , 1971.

9. Cooke , J. P. Denitrogenation interruptions with air. Av iat Space
Environ Med 47(ll) :1205- l209 (1976).

10. Davis , J. C., et al. Altitude decompression sickness: hyperbaric
therapy results in 145 cases . Accepted for publ ication in Aviat
Space Environ Med .

11. Davis , J. C., et al. Neurological decompression sickness: report
of two cases at minimal altitudes wi th subsequent seizures. Aerosp
Med 42(1):85-88 (1971).

12. Donnell , A. M., and C. P. Norton . Successful use of the recompres-
sion chamber in severe decompression sickness with neurocirculatory
collapse. Aerosp Med 31(l2):1004-1009 (1960).

17 

-—-— - ‘.-- - - - _ --- _
‘ - -



—.-- ‘---- - - .,-‘ ‘~~~~~~~~~~~~ .-‘~~~“.‘~‘ ‘rw --r,—,’ ---.~--- , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~‘ -~~ ‘ “ ‘‘~~ - ~~~~~‘? ‘ r~~~ ’ ~~~~~~~~~~~ - , 
—~~~

13. End , E. The use of new equipment and helium gas in a world record
dive . J Indust Hyg Tox 20(8):511-520 (1938).

14. Freeman, D. J., and R. B. Philip. Changes in blood enzyme activity
and hematology of rats with decompression sickness. Aviat Space
Environ Med 47(9):945-949 (1976).

15. Fryer, D. I. Decompression sickness at 18,500 feet: a case history
wi th comment. Aerosp Med 35:479-481 (1964).

16. Fryer, D. I. Subatmospheric decompression sickness in man. North
Atlantic Treaty Organization Advisory Group for Aerospace Research
and Development. AGARDograph No. 125, Peiham, New York : Circa
Publications , Inc., 1969.

17. Fryer, D. I., and H. L. Roxburgh. Decompression sickness, ch. 8,
pp. 122-151 . In J. A. Gillies (ed.). A textbook of aviation
physiology. Oxford: Pergamon Press, 1965.

18. Gray, G. W., et al. Effect of altitude exposure on platelets . J
Appl Physiol 39:648-652 (1975).

19. Heimbecker , R. 0., et al . Role of gas embol ism in decompression
sickness - a new look at “the bends.” Surgery 64:264—272 (1968).

20. Inwood, M. J. Experimental evidence in support of the hypothesis
that intravascular bubbles activate the hemostatic process, pp.
171-197. In K. A. Ackles (ed.). Proceedings of a Symposium on
Blood Bubble Interaction in Decompression Sickness. Defense and
Civil Institute of Environmental Medicine , Downsview, Ont., Canada,
1973.

21. Jacey, M. J., R. 0. Madden , and D. V. Tappan. Hemostatic alterations
following severe dysbaric stress. Aerosp Med 45(9):1062-1066 (1974).

22. Kindwall , E. P. , and I. Margolis. Management of severe decompression
sickness with treatment ancillary to recompression : case report.
Aviat Space Environ Med 46(8):1065-lO68 (1975).

23. Knisely, M. H. Observations and interpretations of changes in
circulation Induced by aeroembol’Ism, pp. 3-16. In Aeroembolism.
ENG-M—49-696-1C , Wri ght Field , 14 Jan 1943.

24. Mclver, R. G., and R. S. Kronenberg . Treatment of altitude dysbarism
with oxygen under high pressure : report of three cases . Aerosp
Med 37(12):1266-l269 (1966).

18



- .—~-- — -- - -  - ------—----———-- •—~ ~~—,---— - ,
~~~~- . -  ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 

25. Philp , R. B. A review of blood changes associated with compression-
decompression : relati onship to decompression sickness. Undersea
Biomed Res l(2):117—l50 (1974).

26. Philp, R. B. Historical evolution of the blood—bubble interaction
hypothesis in the pathogenesis of decompression sickness , pp. 5—16.

• In K.A. Ackles (ed.). Proceedings of a Symposium on Blood Bubble
Interaction in Decompression Sickness. Defense and Civil Ins titute
of Environmental Medicine , Downsview, Ont., Canada , 1973.

27. Philp, R. B., K. N. Ackles , and M. W. Radomski. Effects of decompres-
sion on platelets and hemostasis in men and the influence of anti-
platelet drugs (RA233 and VK744). Aerosp Med 45(3):23l-240 (1974).

28. Philp, R. B., C. W. Gowdy, and M. Prasad. Changes in blood lipid
concentration and cell counts following decompression sickness in
rats and the infl uence of dietary lipid. Can J Physiol Pharmacol
45:1047-1059 (1967).

29. Philp, R. B., P. Schacham , and C. W. Gowdey. Involvement of platelets
and microthromb i in experimental decompression sickness: similari-
ties with disseminated intravascular coagulation . Aerosp Med 42(5):
494-502 (1971).

30. Powell , M. R., G. F. Doebbler , and R. W. Hamilton. Serum enzyme
level changes in pigs followi ng decompression sickness trauma .
Aerosp Med 45:519-524 (1974).

31. Proceedings of a Symposium on Blood Bubble Interaction in Decompres-
slon Sickness. K. N. Ackles (ed.). Defense and Civil Institute of
Env ironmental Medicine, Downsview, Ont., Canada, 1973.

32. Reeves, E., and R. 0. Workman. Use of heparin for the therapeutics
prophylactic treatment of decompression sickness. Aerosp Med 42(1):
20—23 (1971).

33. Smith , K. H., et al. Possibl e effects of bubble-induced coa9ulatlon
following decompression , pp. 260-267 . In K. A. Ac kles (ed.).
Proceedings of a Symposium on Blood Bubble Interaction ‘In Decompres-
sion Sickness. Defense and Civil Institute of Environmental Medi-
cine , Downsview, Ont., Canada , 1973.

34. Warren, B. A., R. B. Philp , and M. J. Inwood . The ul trastructural
morphology of air embolism : platelet adhesion to the interface
and endothelial damage. Br J Exp Pathol 54:163-172 (1973).

19

L T  

_  --~ ---~ - - - --~~~ -~~~~~~~— ~~ -~~~~~---~~---~~- ~-~~~~~~~~~~ ——~~~~~~ -— - —--—--— --~~ -~~~~~~~~~~~~~ - - - - -~~- - - -- - -


