CHAPTER 19
Diving Disorders Not Requiring

Recompression Therapy

19-1 INTRODUCTION

19-1.1 Purpose. This chapter covers diagnosis and treatment of diving disorders for
which recompression therapy usually is not required. It is important to realize that
this chapter is a working document. While you should adhere to the procedures as
closely as possible, any mistakes or discrepancies shall be brought to the attention
of NAVSEA immediately. There are instances where clear direction cannot be
given; in these cases, contact the diving medical experts at NEDU or NDSTC for
clarification.

19-1.2 Scope. This chapter is a reference for individuals trained in diving procedures. It
is also directed to users with a wide range in medical expertise, from the fleet diver
to the Diving Medical Officer. Certain treatment procedures require consultation
with a Diving Medical Officer for safe and effective use. In preparing for any
diving operation, it is mandatory that the dive team have a medical evacuation
plan and know the location of the nearest or most accessible Diving Medical
Officer and recompression chamber. Diving Medical Personnel should be
involved in predive planning and in training to deal with medical emergencies.
Even if operators feel they know how to handle medical emergencies, a Diving
Medical Officer should be consulted whenever possible.

19-2 BREATHING GAS DISORDERS

All members of the dive team shall be constantly alert for signs and symptoms of
oxygen deficiency (hypoxia), carbon monoxide poisoning, carbon dioxide toxicity
(hypercapnia), oxygen toxicity, nitrogen narcosis, labored breathing (dyspnea),
and hyperventilation.

19-2.1 Oxygen Deficiency (Hypoxia). Oxygen deficiency, ohypoxig if not corrected
promptly, leads to loss of judgment, unconsciousness, and even death. There is no
reliable warning of the onset of hypoxia. If hypoxia develops gradually, symptoms
of interference with brain function will appear. Symptoms of hypoxia include:

Lack of concentration

Lack of muscle control

Inability to perform delicate or skill-requiring tasks
Drowsiness

Weakness

Agitation

Euphoria

Loss of consciousness
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Causes of Hypoxia. The most common cause of hypoxia is an interruption of the
breathing gas supply. This situation is obvious, and is treated by immediately
reestablishing the gas supply, or shifting to an alternate gas supply. Shifting the
diver to a gas with insufficient oxygen can also cause hypoxia. Analysis of diving
accidents caused by divers breathing insufficient oxygen indicates that the first
sign of trouble is an unresponsive diver. The immediate cause of the problem
usually is not obvious. Always know the oxygen content of the diver’s breathing
gas! If a diver becomes unresponsive during a mixed-gas dive, hypoxia should be
assumed until it is ruled out.

Treating Hypoxia. To begin immediate treatment for hypoxia:

1. If the diver is in the water, shift to an alternate gas supply containing sufficient
oxygen.

2. Administer 100 percent oxygen at the surface.

3. If the diver has lost consciousness or appears abnormal in any way, seek med-
ical advice immediately.

Unconsciousness Due to Hypoxia.  Because the first sign of hypoxia may be
unconsciousness, it may be difficult to differentiate hypoxia from arterial gas
embolism in an ascending diver. However, recompression treatment for arterial
gas embolism should also correct the hypoxia.

Treating Hypoxia in Specific Operational Environments. Refer to Volume 4 for
information on treatment of hypoxia arising in specific operational environments
for MK 16 dives and diving involving closed-circuit oxygen rebreathers.

Carbon Monoxide Poisoning.  Carbon monoxide poisoning can result from an air
supply contaminated by exhaust fumes. It is treated the same way as low oxygen
content of breathing gas. The early signs of carbon monoxide poisoning are:

m Headache
s Nausea
= Vomiting

Divers with these symptoms can be treated with 100 percent oxygen at the surface.
Divers with symptoms (i.e. severe headache, mental status changes, any neurolog-
ical symptoms, rapid heart rate) should be treated at 60 fsw on oxygen. When
carbon monoxide poisoning is suspected, isolate the suspect breathing gas source,
and forward gas samples for analysis as soon as possible.

Carbon Dioxide Toxicity (Hypercapnia).  Carbon dioxide toxicity, or hyper-
capnig may occur with or without a deficiency of oxygen. The diver may have no
warning of hypercapnia and may become confused and even slightly euphoric
before losing consciousness. The inspired carbon dioxide itself does not usually
cause permanent injury. Injury from hypercapnia is usually due to secondary
effects such as drowning or injury caused by decreased mental function or uncon-
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sciousness. Because the first sign of hypercapnia may be unconsciousness and it
may not be readily apparent whether the cause is hypoxia or hypercapnia, rule out
hypoxia first.

19-2.3.1 Causes of Carbon Dioxide Buildup.  Carbon dioxide buildup can be caused by:

= |nadequate ventilation of UBAs

Controlled or skip-breathing
m Excessive breathing resistance

m Excessive dead space in equipment such as a failure of mushroom valves in
scuba mouthpiece

m Failure or expenditure of the carbon dioxide absorbent material in a closed-
circuit or semiclosed-circuit UBA

19-2.3.2 Treating Hypercapnia. To treat hypercapnia, lower the inspired carbon dioxide
level by:

1. Increasing helmet ventilation

2. Decreasing the level of exertion

3. Shifting to an alternate breathing source

4. Aborting the dive if defective equipment is the cause

Divers surfacing unconscious should be treated for suspected arterial gas
embolism.

19-2.3.3 Treating Hypercapnia in Specific Operational Environments. Refer to Volume 4
for information on treatment of hypercapnia in specific operational environments
for MK 16 diving operations and diving involving closed-circuit oxygen
rebreathers.

19-2.4 Oxygen Toxicity. Oxygen toxicity affects the Ilungs (Pulmonary Oxygen
Toxicity) or the central nervous system (CNS Oxygen Toxicity). Pulmonary
oxygen toxicity may occur during long oxygen exposures such as recompression
treatments, special 100-percent oxygen UBA operations, and saturation dives.
Refer to paragraph 21-5.5.6.2 for information on pulmonary oxygen toxicity.

19-2.4.1 Central Nervous System (CNS) Oxygen Toxicity. ~ During in-water diving opera-
tions, the most common and most serious form of oxygen toxicity involves the
central nervous system (CNS). The symptom of CNS oxygen toxicity that has the
most serious consequence is the oxygen convulsion. The convulsion itself is not
harmful and there will be no long-term residual effects provided injury or
drowning can be prevented.

CHAPTER 19 — Diving Disorders Not Requiring Recompression Therapy 19-3



19-4

19-2.4.2

19-2.4.3

19-2.4.4

19-2.4.5

Symptoms of CNS Oxygen Toxicity. CNS oxygen toxicity is usually not encoun-
tered unless the partial pressure of oxygen approaches or exceeds 1.6 ata.
However, oxygen convulsion may be encountered at lower oxygen partial pres-
sure. Symptoms of CNS oxygen toxicity may occur singly or together, in no
particular order. There may be no warning of an impending convulsion. Signs and
symptoms of CNS oxygen toxicity include:

V:  Visual symptoms. Tunnel vision, a decrease in diver’s peripheral vision, and
other symptoms, such as blurred vision, may occur.

E: Ear symptoms. Tinnitus is any sound perceived by the ears but not resulting
from an external stimulus. The sound may resemble bells ringing, roaring, or
a machinery-like pulsing sound.

Nausea or spasmodic vomiting. These symptoms may be intermittent.

T.  Twitching and tingling symptoms. Any of the small facial muscles, lips, or
muscles of the extremities may be affected. This is the most frequent and
obvious symptom.

I: Irritability. Any change in the diver's mental status, including confusion,
agitation, and anxiety.

D: Dizziness. Symptoms include clumsiness, incoordination, and unusual
fatigue.

C: Convulsions. The first sign of CNS oxygen toxicity may be a convulsion
that occurs with little or no warning.

Treating a Tethered Diver. A tethered diver who thinks he has symptoms of
oxygen toxicity shall inform the Diving Supervisor. The Diving Supervisor shall
take action to lower the oxygen partial pressure by:

1. Decreasing diver depth 10 feet.

2. Discontinuing 100 percent oxygen and vent with a gas of lower oxygen
content.

Treating a Free-Swimming Diver. Free-swimming divers on a 100-percent
oxygen UBA shall alert their diving partner and surface if possible.

Treatment for CNS Convulsions.  If a diver convulses, the UBA should be venti-
lated immediately with a gas of lower oxygen content, if possible. If depth control

is possible and the gas supply is secure (helmet or full face mask), the diver’s
depth must be kept constant until the convulsion subsides. If an ascent must take
place, it should be done as slowly as possible. A diver surfacing unconscious
because of an oxygen convulsion or to avoid drowning must be treated as if
suffering from arterial gas embolism. Convulsing divers in the recompression
chamber should be protected from physical harm. When the convulsion subsides,
the diver should be kept with head back and chin up to ensure an adequate airway
until consciousness is regained. Forcing the mouth open to insert a bite block is
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unnecessary. CNS oxygen toxicity occurring during recompression therapy is
discussed fully in paragraph 21-5.5.6.1.

19-2.4.6 Treating CNS Oxygen Toxicity in Specific Operational Environments. Refer to
Volume 3 for information about treatment of CNS oxygen toxicity in specific
operational environments for surface-supplied helium-oxygen diving, and to
Volume 4 for MK 16 diving operations and 100-percent oxygen rebreather dives.

19-2.5 Nitrogen Narcosis. Narcosisis a state of stupor or unconsciousness caused by
breathing inert gases at pressure while diving. The most common form, nitrogen
narcosis, is caused by breathing compressed air at depth.

19-2.5.1 Symptoms of Nitrogen Narcosis.  Symptoms of nitrogen narcosis may occur
singly or together, in no particular order. Signs and symptoms include:

Loss of judgment or skill

A false feeling of well-being

Lack of concern for job or safety

Apparent stupidity

Inappropriate laughter

Tingling and vague numbness of lips, gums, and leg

19-2.5.2 Treatment of Nitrogen Narcosis. The only effective way to counteract the
narcotic effect of nitrogen is to lower the nitrogen partial pressure. Specifically:

1. The diver should ascend or be brought to a shallower depth.
2. If mental acuity is not restored, the dive shall be aborted.

19-2.5.3 Nitrogen Narcosis in MK 16.  When diving MK 16 UBA (maintaining a constant
ppG, of 0.75) with NO, as the diluent, nitrogen narcosis becomes a significant
factor at deep depths.

19-2.6 Hyperventilation. Hyperventilationis rapid breathing in excess of metabolic
requirements, usually as the result of a conscious voluntary effort or by apprehen-
sion. Hyperventilation excessively lowers the carbon dioxide levels in the blood
and increases the blood oxygen level slightly. This, in turn, may lead to a
biochemical imbalance that gives rise to dizziness and twitching or tingling of the
extremities, which may be mistaken for CNS oxygen toxicity. Usually, this
twitching is also accompanied by some degree of spasm of the small muscles of
the hands and feet which allows a sure diagnosis to be made. Treatment is to slow
down the breathing rate by direction and reassurance, which allows the condition
to correct itself. Refer to Chapter 3 for more information on the signs, symptoms,
and treatment of hyperventilation.

19-2.7 Shortness of Breath (Dyspnea). The increased density of the breathing gas at
depth, combined with physical exertion, may lead to shortness of breath that may
become severe and cause panic in some divers.
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Dyspnea is usually associated with carbon dioxide buildup in the body, but may
occur without it. When dyspnea occurs, the diver must rest until the shortness of
breath subsides. This may take several minutes. If dyspnea does not subside with
rest, or if it returns with even slight exertion, it may be due to carbon dioxide
buildup. In open-circuit UBAs, ventilation rates should be checked to make sure
they are adequate; the helmet should be ventilated if necessary. Adequate ventila-
tion rates are at least 4 acfm for moderate work and 6 acfm for very hard work.
Ventilation should not drop below 1 acfm, even at rest.

In demand systems, excessive dead space from a damaged oral-nasal may be the
cause. In closed or semiclosed UBAs, the,@@sorbent canister may be spent. If
these causes are likely, the dive must be aborted to correct them.

PULMONARY OVERINFLATION SYNDROMES

19-3.1

19-3.1.1

19-3.1.2

Pulmonary overinflation syndromes are disorders that are caused by gas
expanding within the lung. The disorders encountered in diving are arterial gas
embolism, mediastinal and subcutaneous emphysema, and pneumothorax.
Normally, only arterial gas embolism (AGE) requires recompression therapy

(Chapter 20paragraph 20-2).

Mediastinal and Subcutaneous Emphysema.  Mediastinal emphysemis caused

by gas expanding in the tissues behind the breast bone. Symptoms include mild to
moderate pain under the breast bone, often described as a dull ache or feeling of
tightness. Deep inspiration, coughing, or swallowing makes the pain worse, and
the pain may radiate to the shoulder, neck or back.

Causes of Subcutaneous Emphysema.  Subcutaneous emphysemesults from
movement of the gas from the mediastinum to the region under the skin of the
neck and lower face. Mild cases are often unnoticed by the diver. In more severe
cases, the diver may experience a feeling of fullness around the neck and may
have difficulty in swallowing. The diver’s voice may change in pitch. An observer
may note a swelling or apparent inflation of the diver’s neck. Movement of the
skin near the windpipe or about the collar bone may produce a cracking or
crunching sound (crepitation).

Treatment of Mediastinal and Subcutaneous Emphysema. Suspicion of medias-

tinal or subcutaneous emphysema warrants prompt referral to medical personnel
to rule out pneumothorax. Treatment of mediastinal or subcutaneous emphysema
with mild symptoms consists of breathing 100 percent oxygen at the surface. If
symptoms are severe, shallow recompression may be beneficial. Recompression
should only be carried out upon the recommendation of a Diving Medical Officer
who has ruled out the occurrence of pneumothorax. Recompression is performed
with the diver breathing 100 percent oxygen and using the shallowest depth of
relief (usually 5 or 10 feet). An hour of breathing oxygen should be sufficient for
resolution, but longer stays may be necessary. Decompression will be dictated by
the tender’s decompression obligation. The appropriate air table should be used,
but the ascent rate should not exceed 1 foot per minute. In this specific case, the
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delay in ascent should be included in bottom time when choosing the proper
decompression table.

19-3.2 Pneumothorax. A pneumothoraxs air outside the lung that is trapped in the chest
cavity. This condition can result from a severe blow to the chest or a rupture of
lung tissue due to overpressurization.

19-3.2.1 Symptoms of Pneumothorax.  Pneumothorax is usually accompanied by a sharp
unilateral (one side) pain in the chest, shoulder, or upper back that is aggravated
by deep breathing. To minimize the pain, the victim will often breathe in a
shallow, rapid manner. The victim may appear pale and exhibit a tendency to bend
the chest toward the involved side. A collapsed lung may be detected by listening
to both sides of the chest with the ear or a stethoscope. A completely collapsed
lung will not produce audible sounds of breathing. In cases of partial pneu-
mothorax, however, breath sounds may be present and the condition must be
suspected on the basis of history and symptoms. In some instances, the damaged
lung tissue acts as a one-way valve, allowing gas to enter the chest cavity but not
to leave. Under these circumstances, the size of the pneumothorax increases with
each breath. This condition is called tension pneumothorax. In simple pneu-
mothorax, the respiratory distress usually does not get worse after the initial gas
leakage out of the lung. In tension pneumothorax, however, the respiratory distress
worsens with each breath and can progress rapidly to shock and death if the
trapped gas is not vented by inserting a catheter, chest tube, or other device
designed to remove gas from the chest cavity.

19-3.2.2 Treating Pneumothorax. Mild pneumothorax can be treated by breathing 100
percent oxygen. Cases of pneumothorax that demonstrate cardiorespiratory
compromise may require the insertion of a chest tube, large-bore intravenous (1V)
catheter, or other device designed to remove intrathoracic gas (gas around the
lung). These devices should only be inserted by personnel trained in their use and
the use of other accessory devices (one-way valves, underwater suction, etc.)
necessary to safely decompress the thoracic cavity. Divers recompressed for treat-
ment of arterial gas embolism or decompression sickness, who also have a
pneumothorax, will experience relief upon recompression. A chest tube or other
device and a one-way relief valve may need to be inserted at depth to prevent
expansion of the trapped gas during subsequent ascent. If a diver’s condition dete-
riorates rapidly during ascent, especially if the symptoms are respiratory, tension
pneumothorax should always be suspected. If a tension pneumothorax is found,
recompression to depth of relief is warranted to relieve symptoms until the
thoracic cavity can be properly vented. Pneumothorax, if present in combination
with arterial gas embolism or decompression sickness, should not prevent imme-
diate recompression therapy. However, a pneumothorax may need to be vented as
described before ascent from treatment depth.

19-3.3 Prevention of Pulmonary Overinflation Syndrome. The potential hazard of the
pulmonary overinflation syndromes may be prevented or substantially reduced by
careful attention to the following:
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Medical selection of diving personnel, with particular attention to eliminating
those who show evidence of lung disease or who have a past history of
respiratory disorders. Divers who have had a spontaneous pneumothorax have
a high incidence of recurrence and should not dive. Divers who have had
pneumothorax from other reasons (e.g., surgery, trauma, etc.) should have
their fitness for continued diving reviewed by an experienced Diving Medical
Officer, in consultation with appropriate respiratory specialists.

Evaluation of the diver’'s physical condition immediately before a dive. Any
impairment of respiration, such as a cold, bronchitis, etc., may be considered
as a temporary restriction from diving.

Proper, intensive training in diving physics and physiology for every diver, as
well as instruction in the correct use of various diving equipment.

BAROTRAUMA

19-4.1

Barotrauma or damage to body tissues from the mechanical effects of pressure,

results when pressure differentials between body cavities and the hydrostatic pres-
sure surrounding the body, or between the body and the diving equipment, are not
equalized properly. Barotrauma most frequently occurs during descent, but may
also occur during ascent.

Squeeze. Squeeze during descent occurs when gas in a cavity is compressed. The
types of squeeze most frequently encountered in diving are:

Middle ear squeezes the most common form of barotrauma, caused by a
blocked or dysfunctional eustachian tube or from improper equalization. This
will cause immediate pain—which becomes progressively worse as the
eardrum stretches—and possibly vertigo, hearing loss, and tinnitus. If descent
is continued without equalizing the pressure, the eardrum may eventually
rupture. If this occurs the pain will immediately disappear, but nausea and
vertigo may result from cold water entering the middle ear.

External ear squeezs caused by a hood or other piece of equipment covering
the external ear passage. This may result in the same symptoms as a middle-
ear squeeze.

Sinus squeezs caused by blocked passages that vent the sinuses to the upper
respiratory air passages.

Lung (thoracic) squeezes caused by compression of air in the lungs to a
volume less than residual volume. This could happen in a breathhold.

Whole body squeeran occur when the air supply in a dry suit fails to balance
water pressure. This could be precipitated by a sudden or unexpected increase
in depth, by malfunctioning or maladjusted supply and exhaust valves, or by
the absence or failure of the safety non-return valve.
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m Face mask squeezan occur when the diver fails to equalize air in the mask
by nasal exhalation. In a full face mask, malfunctioning air supply or valving
can cause face mask squeeze.

m  Suit squeezés caused by a pocket of air in a dry suit that becomes trapped
under a fold or fitting and pinches the skin in the fold area.

m Tooth squeezis caused by a pocket of air in a filling.
19-4.1.1 Treating Squeeze During Descent.  To treat squeeze during descent:
1. Stop descent.
2. If efforts to equalize pressure fail, ascend a few feet.
3. Avoid clearing on ascent.
4. Avoid a forceful Valsalva
5. If further efforts to equalize pressure fail, abort the dive.

6. If the diver reports dizziness, ventilate the diver, abort the dive, and evaluate
the need to send down the standby diver to assist.

7. Report the squeeze to the medical personnel trained in diving medicine for
appropriate treatment.

19-4.1.2 Treating Reverse Squeeze During Ascent. Reverse squeeze occurs when gas
trapped in a cavity cannot escape as it expands during ascent. To treat reverse
squeeze of the middle ear or sinus during ascent:

1. Stop ascent and, if clearing does not occur spontaneously, descend 2 to 4 feet.
2. Ascend slowly and in stages to allow additional time for equalization.
3. Avoid forceful Valsalva.

4. Evaluate the need to send down the standby diver to assist if difficulty persists.
Vertigo may develop.

5. Upon surfacing, report the problem to the medical personnel trained in diving
medicine for appropriate treatment.

19-4.1.3 Preventing Squeeze. Sinus and ear squeeze are best prevented by not diving with
nasal and sinus congestion. If decongestants must be used, check with medical
personnel trained in diving medicine to obtain medication that will not cause
drowsiness and possibly add to symptoms caused by the narcotic effect of
nitrogen.
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19-4.2

19-421

19-4.2.2

19-4.3

19-431

19-4.3.2

19-10

Refer to Chapter 3 for more information on the signs and symptoms of the
various types of squeeze.

Gastrointestinal Distention as a Result of Gas Expansion. Divers may occasion-

ally experience abdominal pain during ascent because of gas expansion in the
stomach or intestines. This condition is caused by gas being generated in the intes-
tines during a dive, or by swallowing air (aerophagia). These pockets of gas will
usually work their way out of the system through the mouth or anus. If not, disten-
tion will occur.

Treating Intestinal Gas Expansion.  If the pain begins to pass the stage of mild
discomfort, ascent should be halted and the diver should descend slightly to
relieve the pain. The diver should then attempt to gently burp or release the gas
anally. Overzealous attempts to belch should be avoided as they may result in
swallowing more air. Abdominal pain following fast ascents shall be evaluated by
a Diving Medical Officer.

Preventing Intestinal Gas Expansion.  To avoid intestinal gas expansion:
1. Do not dive with an upset stomach or bowel.
2. Avoid eating foods that are likely to produce intestinal gas.

3. Avoid a steep, head-down angle during descent to minimize the amount of air
swallowed.

Ear Barotrauma. Simple ear squeeze is discussed in paragraph 19-4.1. More
serious forms of ear barotrauma are rupture of the eardrum or round or oval
window.

Eardrum Rupture. Ear squeeze may result in eardrum rupture. When rupture
occurs, this pain will diminish rapidly. If eardrum rupture is suspected, the dive
shall be aborted. Vertigo and/or nausea may occur if water enters the middle ear.
Suspected cases of eardrum rupture shall be referred to medical personnel. Antibi-
otics and pain medication taken orally may be required. Never administer
medications directly into the canal of a ruptured eardrum unless done in direct
consultation with an ear, nose, and throat medical specialist.

Inner Ear Barotrauma. The round window and oval window are membranes that
separate fluid in the inner ear from the middle ear. Inner ear barotrauma involves
the rupture of one of these membranes and may be associated with the diver who
had difficulty clearing his ears (vigorous Valsalva). However, a rupture may arise
for no apparent reason. Often symptoms of inner ear barotrauma will become
evident on the bottom or after the diver reaches the surface. Symptoms may
include vertigo, hearing loss, or tinnitus. Any hearing loss occurring within 72
hours of a hyperbaric exposure should be evaluated for inner ear barotrauma.

Symptoms of inner ear barotrauma can be confused with symptoms of inner ear
decompression sickness or arterial gas embolism for which recompression therapy
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