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What is Decompression Sickness?

• Uncontrolled release of gas from tissues during or after 
surfacing with inadequate time for equilibration
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NITROGEN
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Nitrogen Absorption

Nitrogen absorption is depth/time dependent

TissueBlood

Equilibrium

Distance through tissueSea level (1ATA)
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Blood Tissue

4 ATA; 30 mins.           

At four hour  s

Blood Tissue

4 ATA; four hours

TissueBlood

4 ATA; 12-18 hours

Equilibrium

Blood Tissue

Initial ascent: Slow tissues still gaining nitrogen!

Blood Tissue

Situation upon return to 1.0 ATA- bubbles can 
form  

* Deeper than 33 fsw 

Supersaturation = gas 
tension > ambient 
pressure

Predicting Gas Uptake and Elimination

• Technology not available to measure tissue status

• Rely on mathematical algorithms to predict gas exchange

• Fast tissue
• Lungs

• Blood 

• Brain

• Slow tissue
• Ligaments

• Cartilage

• Fat
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TissueBlood

Equilibrium

Distance through tissueSea level (1ATA)

Fast tissue                                           Slow tissue

• Gas nuclei – de novo
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Birth of a Bubble
‐volume of undissolved gas

• Bernoulli Cavitation via tribonucleation
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Birth of a Bubble

• Isobaric or inert gas counterdiffusion
• If the gas that is diffusing into a tissue does so at a rate which exceeds the rate of 
the other leaving the tissue, it can raise the combined gas concentration in the 
tissue to a supersaturation sufficient to cause the formation or growth of bubbles
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Birth of a Bubble

Doppler Studies

Bubbles ≠ DCS

BUBBLE EVOLUTION AND EFFECTS

Bubbles form from super saturated dissolved gas

Extravascular tissues Venous blood

Shunted  Not shunted

Filtered by 
lungs

to expired air

No obvious clinical 
harm
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# 1. PFO

PFO
fresh specimen
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BUBBLE EVOLUTION AND EFFECTS

Bubbles form from super saturated dissolved gas

Extravascular tissues Venous blood

Shunted  Not shunted

Filtered by 
lungs

to expired air
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# 2. AVM

Used with permission:
Mayo Clinic Foundation for Medical 
Education and Research

BUBBLE EVOLUTION AND EFFECTS

Bubbles form from super saturated dissolved gas

Extravascular tissues Venous blood

Shunted  Not shunted

High bubble volume
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BUBBLE EVOLUTION AND EFFECTS

Bubbles form from super saturated dissolved gas

Extravascular tissues Venous blood

Shunted Not shunted
High bubble volume

accumulation
Cellular/vascular

reactions **

Tissue Injury 

Filtered by 
lungs

to expired air

No obvious clinical 
harm

Inflammation
Platelet deposition
Platelet‐endothelial interactions 
Complement activation

**

Coagulation cascade
Capillary leakage
Endothelial dysfunction
Micro‐particles

BUBBLE EVOLUTION AND EFFECTS

Bubbles form from super saturated dissolved gas

Extravascular tissues Venous blood

Shunted Not shunted
High bubble volume

accumulation
Arterialized bubbles Cellular/vascular

reactions 

+/‐ High local
inert gas tension

Tissue Injury 

Filtered by 
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to expired air
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BUBBLE EVOLUTION AND EFFECTS

Bubbles form from super saturated dissolved gas

Extravascular tissues Venous blood

Shunted Not shunted
High bubble volume

accumulation
Arterialized bubbles Cellular/vascular

reactions

+/‐ High local
inert gas tension

Tissue Injury

Filtered by lungs
to expired air

No obvious clinical 
harm

• Recreational‐ 2.0‐4.0 per 10,000 person‐dives

• Commercial‐ 1.4‐10.3 per 10,000 person‐dives

• Scientific – 0.324 per 10,000 person‐dives
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Incidence of DCS

• Dive computers have supplanted dive tables

• Guidance based on determinants of risk 
• Pressure/time profile

• Breathing media

• The unknowns
• Timing and intensity of exercise

• Thermal stress

• Predisposition of the diver

PRIMARY HYPERBARIC TRAINING

Controlling Exposure

At Risk Population

PRIMARY HYPERBARIC TRAINING PRIMARY HYPERBARIC TRAINING
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Dehydration

Recent soft tissue injury

Poor physical  (cardiovascular) health

Obesity

Increasing age

History of decompression sickness

Acute respiratory infection

Decompression Sickness Risk Factors
the diver…
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Temperature extremes

High rates of physical exertion

Repetitive diving; multiple ascent diving

Exercise during/post decompression

Elevated CO2 levels

Rapid change in inspired inert gas 

Decompression Sickness Risk Factors

the dive…
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Classification of Symptoms

Type I DCS (pain only)

Type II DCS (serious symptoms) 

Type III DCS ? (DCS & CAGE) 

PRIMARY HYPERBARIC TRAINING

Presentation‐Type I Decompression Sickness

Pain – on or near a joint(s) often described 
as an “awareness” of the join

Fiber‐glass like skin irritation

Pitting edema (>5 hours)

PRIMARY HYPERBARIC TRAINING

Presentation‐ Type II Decompression Sickness

Central nervous system injury

Cardiopulmonary symptoms‐ AKA the “chokes”; 
cough can be a bad sign

Abdominal encircling pain

Unusual fatigue, post dive

Skin blotching ‘cutis marmorata’  ‐ blotching not 
itching. ?CAGE

PRIMARY HYPERBARIC TRAINING
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“The extent of these osteonecrotic lesions suggests that one
should treat musculoskeletal DCS at once”

Stephant E, et al. 2008
Clinical Radiology 63:1380-1383

PRIMARY HYPERBARIC TRAINING

Symptom Onset Time

42% within one hour

60% with three hours

83% within eight hours

98% within 24 hours

USN Diving Manual,  2011

DCS unlikely to develop as new complaint > 24 hour S.I.
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Imaging and Decompression Sickness

Chest x‐rays may diagnose pneumothorax, pneumo‐ mediastinum, other 
pulmonary abnormalities* 

*Aspiration; capillary leak syndrome secondary to cardiorespiratory DCS 

Consensus Statement
45th UHMS Workshop, 1995

such screening of heightened importance with monoplace chambers 
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Imaging and Decompression Sickness

CT & MRI not consistently helpful in diagnosis & management 

~ they may be indicated to differentiate neurological DCS from 
conditions of similar presentation

Consensus Statement
45th UHMS Workshop,1995
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Goodman MW  Workman RD, 
Report No. 5‐65; USN EDU 1965

Indication: Type 1 DCS

Complaints c/w Type 1 Neurologically intact Asymptomatic within 10 mins 60’

PRIMARY HYPERBARIC TRAINING

Goodman MW  Workman RD, 
Report No. 5‐65; USN EDU 1965

Indication: Type 2 DCS

Plus Type 1 DCS not asymptomatic within 10 mins 60’

PRIMARY HYPERBARIC TRAINING

Indication:  Incomplete resolution Type 2 DCS

U.S. Navy Diving Manual 
Revision 7 December 2016

PRIMARY HYPERBARIC TRAINING

PRIMARY HYPERBARIC TRAINING

Therapeutic Endpoints

UHMS: Until clinical exam reveals no further improvement in
response to HBO

USN: Until no sustained improvement after two consecutive 
treatments

PRIMARY HYPERBARIC TRAINING

Adjunctive Therapies

Surface Oxygen

As soon as possible

As close to 100% as possible

As long as possible

General agreement that this improves overall outcomes
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Adjunctive Therapies

Fluid Resuscitation

Frequently indicated, particularly in acute settings, given findings of:

hemoconcentration

platelet and PMNL accumulations

red cell clumping

endothelial injury

Moon RE  Sheffield PJ, 1997
Aviat. Space Environ. Med. 68

Glucose‐free agents, unless hypoglycemia present

PRIMARY HYPERBARIC TRAINING

Adjunctive Therapies
Steroids

Past widespread acceptance in neuronal cases despite little convincing 
evidence

data supporting reduction of cerebral edema comes from traumatic & 
vascular brain injuries, not DCS

Moon RE, 2000
SPUMS J; 30(2)

NSAID’s

Large (180pts) RCT found Tenoxicam significantly reduced number of tx’s
necessary; no outcomes differences

Bennett MH, et al. 2003
UHM: 30(3): 195-205
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Adjunctive Therapies

Anti‐platelet Drugs

Limited evidence that agents such as aspirin modify platelet action on 
decompression‐induced gaseous emboli

there are more arguments against its use (aggravate inner ear or spinal 
cord hemorrhage)
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Adjunctive Therapies

Lidocaine

Neuro‐protection thought afforded through several possible pathways

modulates leukocyte activity

anti‐inflammatory properties

reduces cerebral metabolism

decelerates of ischemic ion shifts

lowers intracranial pressure Mitchell SJ, et al. 1999
Ann. Thoracic Surg. 67

Francis J, 2002
SPUMS J; 32 (2)
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+1.919.684.9111
emergencies

+1.919.684.2948
general medical requests

PRIMARY HYPERBARIC TRAINING

Case Presentation

24 yo reports 3 day hx left shoulder pain. Onset secondary to multiplace
chamber decompression 

Inside tender for CO poisoning case;  2.5 ATA x 90, with numerous compression 
holds, TBT  ~ 110 mins

Symptom Onset:         Immediately upon arrival 1.0 ATA, soon associated
with LUE weakness 

Reported complaints, tx with reassurance

Subsequent History: Pain persisted, weakness remitting/relapsing
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Flew to Columbia, SC, 24 hours post‐complaint, from Texas, via Atlanta

Exacerbation of pain during flights, improvement on each descent . 
Reported complaints two days later

Exam:            WDWN muscular male NAD; HEENT WNL; Lungs CTA;
Neuro:  cranial nerves II‐XII , sensory/motor intact

Impression:    Type 1 DCS; resolved Type 2; secondary to omitted
stage decompression 

Treatment:     US Navy TT6; pt asymptomatic second O2 cycle.

PRIMARY HYPERBARIC TRAINING

Type 1 & Type 2 decompression sickness, resolved

Failure to follow standard decompression protocol

Failure to promptly diagnose

Failure to promptly institute appropriate care 

Altitude exposure while symptomatic  

Diagnosis

Exposed to hyperbaric environment prior to any formal training

PRIMARY HYPERBARIC TRAINING

SUMMARY

Depth threshold essentially > 33 fsw

Symptom onset within 24 hs. of decompression

Musculoskeletal, cardiopulmonary & CNS presentations

All medical evacuations/transfers on oxygen

No diagnostic test 
~ history of dive, presentation & timing, diff  dx, response to pressure

US Navy Treatment Tables 5, 6, & 9



DECOMPRESSION SICKNESS TREATMENT ALGORITHM
Patient presenting at 1 ATA

Presentation/Chief Complaint

Dive History (see notes 1&2)

Neurological Examination

Diagnosis

R/O Decompression SicknessDecompression Sickness UnlikelyDecompression Sickness

Work up for non-diving illness? Test of pressure (see note 3)Type II DCS Type I DCS

Positive Negative Return to 1 ATA Observe

Work up for non-diving illnessAsymptomatic after 10 mins?

YesNo

Initiate USN 
Tx Table 5

Initiate USN 
Tx Table 6

Asymptomatic 
after 10 mins?

Asymptomatic 
after 3 cycles?

NoYes

Complete 
Table 6

Observe

YesNo

Complete 
Table 5

Observe

Extend Table 6 1-2 
cycles at 60FSW

Asymptomatic?

NoYes

Complete Table 6

Observe

Ascend to 30FSW?  Deterioration

YesNo

Extend Table 6 1-2 
cycles at 30FSW

Complete 
Extended Table 6

Asymptomatic?

YesObserve No Serial Table 9’s

Return to 60FSW

Complete 3 
additional cycles

Notes:
1. A diagnosis can be supported, in part,

by a determination of the degree of
gas loading. Compare patient’s dive
profile to US Navy Standard Air
Decompression Tables.

2. Determine interval, if any, between
decompression and development of
symptoms. Most cases occur within
several hours of surfacing. Intervals
of greater than 24 hours are
inconsistent with a diagnosis of DCS.

3. One may prefer to use a complete
USN Tx. table 5, vs. earlier common
application of ToP 20 mins @ 60FSW.

Complete Table 6



 

 

Discharge Instructions for Decompression Illness (DCI) 
After ONE HBO Treatment 

 
 

 You have been treated for DCI. You should be sensitive to your condition over the next 1-2 
days. If symptoms return, or you have any new complaints during this time, you must contact 
the chamber team at _____________________________ or call the hospital operator to have 
the team instructed to contact you. 

 

 You should not travel to higher altitude on foot or by airplane or car for at least 3 days. 
 

 You should not scuba dive for at least 30 days, even if you feel well. 
 

DCI injuries are complex, and not yet fully understood. Injured tissues take time to 
return to normal, even though you may feel normal. 
 

 When you do return to diving activities, you should be conservative. For example, avoid high 
risk dives and extend the surface interval time between dives. 

 

 Risk factors that may have contributed to your injury are circled below: 
 

Overweight   Out-of-shape   Increased age 
Dehydration   Trouble breathing  After dive exercise 
Recent physical injury  Strong ocean currents  Very cold temperature 
High gas loading dives  History of DCI   Inexperience 
Alcohol consumption  Poor buoyancy control Multiple ascents 
Altitude exposure after dive Other ____________________________________ 
 

 Recommended follow-up:       ___ None 
 
___ Pulmonary    ___Neurology    ___Cardiology  Other: __________________ 
___ No further diving until cleared by a diving medicine trained physician 
 

 
 
The above information has been explained to me, my questions are answered and I understand 
the instructions. 
 
 
___________________________________       _______________________________ 

Patient signature                                                    Date/time 
 
 
Treating Physician: _______________________   Discharge date/time: _____________ 
 
 



 

 
Discharge Instructions for Decompression Illness (DCI) 

After Multiple HBO Treatments 
 
 

 You have been treated for DCI. You should be sensitive to your condition over the next 1-2 
days. If symptoms return, or you have any new complaints during this time, you must 
contact the chamber team at _____________________________ or call the hospital 
operator to have the team instructed to contact you. 

 

 You should not travel to higher altitude on foot or by airplane or car for at least 7 days. 
 

 You should not scuba dive for at least 90 days, even if you feel well. 
 

DCI injuries are complex, and not yet fully understood. Injured tissues take time to 
return to normal, even though you may feel normal. 
 

 When you do return to diving activities, you should be conservative. For example, avoid 
high risk dives and extend the surface interval time between dives. 

 

 Risk factors that may have contributed to your injury are circled below: 
 

Overweight   Out-of-shape   Increased age 
Dehydration   Trouble breathing  After dive exercise 
Recent physical injury  Strong ocean currents  Very cold temperature 
High gas loading dives  History of DCI   Inexperience 
Alcohol consumption  Poor buoyancy control Multiple ascents 
Altitude exposure after dive Other ____________________________________ 
 

 Recommended follow-up:       ___ None 
 
___ Pulmonary    ___Neurology    ___Cardiology  Other: __________________ 
___ No further diving until cleared by a diving medicine trained physician 
 

 
 
The above information has been explained to me, my questions are answered and I 
understand the instructions. 
 
 
___________________________________       _______________________________ 

Patient signature                                                    Date/time 
 
 
Treating Physician: _______________________   Discharge date/time: _____________ 
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INTRODUCTION

The Adjunctive Therapy ad hoc Subcommittee was formed in 1998 to investigate and
review therapies that could be used in addition to or in lieu of recompression therapy.  In
2000 the subcommittee was formally changed to a UHMS standing committee.  The
Committee goals are (a) to review the available literature on treatment of decompression
sickness and gas embolism and make recommendations for therapy based on the best
clinical series, case reports, and animal studies available;  (b) Place special emphasis in
this review on the pre-recompression phase of treatment, which may be prolonged in
civilian diving, certain military operations and in space; and (c) Make recommendations
for specific animal and human trials that will study the most promising new treatment
modalities or otherwise enhance our ability to treat dysbaric disorders.

In addition to experts in diving medicine, the Committee has sought input from clinicians
and investigators in the neurosciences who have skills and interest in the treatment and
investigation of cerebral and spinal vascular disorders and trauma.  The guidelines listed
below, patterned on the American Heart Association paradigm, are the result of two
formal meetings and considerable electronic discussion.  They are intended to be used in
the pre-recompression and recompression phases of treatment, but are not intended to
replace recompression treatment (currently the treatment of choice).  The guidelines will
be regularly reviewed and updated.  A full printed volume to complement this summary
will be available in early 2003.

ACKNOWLEDGEMENT

The UHMS is grateful to the Biomedical Initiatives Steering Committee of the United
States Special Operations Command for supporting this effort.
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PARTICIPANTS

The following individuals have participated in the generation of these guidelines:

Dr. Mike Bennett (University of New South Wales, Australia)
Dr. Alfred Bove (Temple University)
Dr. Frank Butler (CAPT USN, BISC, USSOCOM)
Dr. Enrico Camporesi (State University of New York at Syracuse)
Dr. Jim Chimiak (CDR USN)
Dr. Joe Dervay (NASA)
Dr. W. Dalton Dietrich (University of Miami)
Dr. Warner “Rocky” Farr (COL USASOC)
Dr. Ed Flynn (NAVSEA)
Dr. James Francis (Cornwall, UK)
Dr. Jerry Goodman (Baylor University)
Dr. John Hardman (University of Hawaii)
Dr. Christian J. Lambertsen (University of Pennsylvania)
Dr. Gary Latson (CDR USN)
Dr. Wayne Massey (Duke University)
Dr. Simon Mitchell (University of New South Wales, Australia)
Dr. Dale Molé (CAPT USN, BUMED)
Dr. Richard Moon (Duke University)
Dr. Rob Perkins (Duke University and LT USN)
Dr. Claude Piantadosi (Duke University)
Dr. Ward Reed (Duke University and LT CDR USN)
Dr. David Southerland (CAPT USN)
Dr. Ed Thalmann (Duke University),
Dr. Hank Schwartz (CAPT USN, NAVSEA)
Dr. Ed Thalmann (Duke University)
Dr. Richard D. Vann (Duke University)
Dr. David Warner (Duke University)
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AMERICAN HEART ASSOCIATION GUIDELINES FOR CLINICAL EFFICACY

Class 1: Conditions for which there is evidence and/or general agreement that a
given procedure or treatment is useful and effective

Class 2: Conditions for which there is conflicting evidence and/or a divergence of
opinion about the usefulness/efficacy of a procedure or treatment

Class 2A: Weight of evidence/opinion is in favor of usefulness/efficacy

Class 2B: Usefulness/efficacy is less well established by evidence/opinion

Class 3: Conditions for which there is evidence and/or general agreement that the
procedure/treatment is not useful/effective and in some cases may be
harmful

Level of Evidence A: Data derived from multiple randomized clinical trials

Level of Evidence B: Data derived from a single randomized trial or nonrandomized
studies

Level of Evidence C: Consensus opinion of experts

Return to Table of Contents
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UHMS GUIDELINES FOR ADJUNCTIVE THERAPY OF DCI

Aspirin

Class Level

AGE (no significant
inert gas load)

2B C

DCS: pain only/mild 2B C

DCS: neurological 2B C

DCS: chokes 2B C

NSAIDs*

Class Level

AGE (no significant
inert gas load)

2B C

DCS: pain only/mild 2B B

DCS: neurological 2B B

DCS: chokes 2B C

* The only evidence thus far available applies to the use of tenoxicam, a nonselective
inhibitor of cyclooxygenase (COX).  NSAIDs are not currently recommended for use in
the field.

Return to Table of Contents
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Anticoagulants, Thrombolytics, IIB/IIIA Agents*

Class Level

AGE (no significant
inert gas load)

2B C

DCS: pain only/mild 3 C

DCS: neurological 2B C

DCS: chokes 2B C

DCS with leg immobility

(DVT prophylaxis)

1 A

* Routine therapeutic anticoagulation or use of thrombolytics or IIB/IIIA antiplatelet
agents in patients with neurological DCI is not recommended, due to concern about
worsening hemorrhage in spinal cord or inner ear decompression illness.  Use of these
agents may also be risky in combat divers who may be required to return to action after
treatment of an episode of DCI.

Low molecular weight heparin (LMWH) is suggested for all patients with inability to
walk due to leg weakness caused by neurological DCI.  Enoxaparin 30 mg, or its
equivalent, subcutaneously every 12 hours, should be started as soon as possible after
injury.

If LMWH is contraindicated, elastic stockings or intermittent pneumatic compression are
suggested, although their effectiveness at preventing DVT is probably less than LMWH.

Repetitive screening for DVT while withholding anticoagulants until clot is identifiable is
a strategy likely to be less efficacious than routine LMWH administration.

These guidelines are extrapolated from observations in patients with traumatic spinal
cord injury.  Neither the efficacy nor the safety of these guidelines in neurological DCI
has been specifically confirmed in patients with DCI.  However, deaths have occurred in
divers due to documented pulmonary thromboembolism.  Furthermore, there is a
recognized need for prophylaxis in traumatic spinal cord injury.  Thus specific
prophylaxis against DVT in spinal cord DCS has been assigned a 1A guideline.

Return to Table of Contents
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Surface O2*

Class Level

AGE (no significant
inert gas load)

1 C

DCS: pain only/mild 1 C

DCS: neurological 1 C

DCS: chokes 1 C

* 100% O2 administration can be safely administered for 12 hours with air breaks;
thereafter, at the discretion of the receiving physician.

Fluid Therapy*

Class Level

AGE (no significant
inert gas load)

D5W 3
LR/crystalloid 2B
Colloid 2B

C

DCS: pain only/mild D5W 3
LR/crystalloid 1
Colloid 1

C

DCS: neurological D5W 3
LR/crystalloid 1
Colloid 1

C

DCS: chokes D5W 3
LR/crystalloid 2B
Colloid 2B

C

* For intravenous administration, lactated Ringer’s solution or other glucose-free isotonic
crystalloid is suggested, unless otherwise indicated.  Patients who have been immersed
for prolonged periods may require additional fluid because of immersion-induced
diuresis.
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Corticosteroids*

Class Level

AGE (no significant
inert gas load)

3 C

DCS: pain only/mild 3 C

DCS: neurological 3 C

DCS: chokes 3 C

* Corticosteroids are not recommended for the treatment of decompression illness.

Lidocaine*

Class Level

AGE (no significant
inert gas load)

2A B

DCS: pain only/mild 3 C

DCS: neurological 2B C

DCS: chokes 3 C

* There is insufficient evidence to support the routine use of lidocaine for DCI, and it is
not a standard of care.  However, if it is to be used, evidence suggests that an appropriate
end-point is attainment of a serum concentration suitable for an anti-arrhythmic effect (2-
6 milligrams/liter or micrograms/milliliter).  Intravenous dosing of 1 mg/kg then
subsequent boluses of 0.5 mg/kg every 10 minutes to a total of 3 mg/kg, while infusing
continuously at 2-4 mg/minute, will typically produce therapeutic serum concentrations.
Use of more than 400 mg within the first hour could be associated with major side effects
unless the patient is continuously monitored in a medical unit with the appropriate
facilities and personnel.  In the field, intramuscular administration of 4-5 mg/kg will
typically produce a therapeutic plasma concentration 15 minutes after dosing, lasting for
around 90 minutes.  Experience with the use of lidocaine in other settings indicates that
ataxia and perioral paresthesias are common.  More serious toxic effects such as seizures
can also occur.
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RESEARCH PRIORITIES FOR INVESTIGATION OF DECOMPRESSION ILLNESS DECEMBER 2002

Human studies

� Development of consensus and guidelines for diagnosis of DCI/severity

� Systematic search for and evaluation of outcome in cases of decompression
illness not recompressed, and compare with conventional treatment

� Detailed clinical investigation of fresh serious DCI cases

� Perfluorocarbon trial

� Trial of surface O2 vs. recompression for pain-only bends

� Anti-platelet therapy trial

� NSAIDs trial

� Lidocaine trial

Animal studies

� Development of small animal model neurological DCI with long term outcome

� Development of large animal model neurological DCI with long term outcome

� Use of acute animal model of neurological DCI to test interventions (e.g.
lidocaine, perfluorocarbons, mild hypothermia)

� O2 toxicity with perfluorocarbons

COMMITTEE PRIORITIES FOR 2003 AND 2004

� Organize and hold a workshop directed toward the development of consistent
guidelines for diagnosis of DCI and assessment of its severity (2003)

� Organize and hold a workshop to re-evaluate expected results from human trials
currently underway in stroke and head injury (2004)

� Update the adjunctive treatment guidelines in the light of new developments and
feedback from the diving medicine community (2003 and 2004)
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