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Introduction

Decompression sickness (DCS) is the classic primary indication for hyperbaric chamber treatment.  For over 100 years, pressure has been the cornerstone of therapy, with a marked increase in efficacy with the addition of US Navy oxygen tables in the mid-50’s.  Knowledge of the history, physical principles, pathogenesis, clinical features and basic research into this disorder is a necessity for conducting a safe, rational, and effective hyperbaric medicine program.  Emergency ascents, breath-hold ascents, blunt chest trauma, carry a significant risk of pulmonary rupture and subsequent air embolism.  AGE ranks second to drowning as a cause of death in sport divers.  Recognition and immediate treatment of this life threatening disorder are necessary to improve survival.

Objectives

At the completion of the presentation, each participant should be able to recite the clinical presentations of DCS; differentiate between neurologic DCS and arterial gas embolism (AGE); state the necessary components of the physical exam; and describe the presenting signs and symptoms of AGE.  Inside observer safety should always be a concern of the supervising physician.

Lecture Outline

I. Decompression Sickness

A. A Syndrome which occurs when:

1. A decrease in ambient pressure excess of inert gas dissolved in body tissues

2. Gas comes out of solution to form a gaseous phase

3. Bubbles of inert gas in the tissue and/or blood

4. Volumes sufficient to interfere with the function of an organ or cause alterations in sensation

5. “Too much nitrogen disease”

B. Composition of Atmosphere

1. 78% nitrogen

2. 21% oxygen

3. 1% other gases

4. Normally saturated with N2 at sea level

C. Supersaturation

1. Occurs with every ascent from a state of equilibrium with the ambient environment

II. Critical Supersaturation

A. A level of supersaturation at which bubbles begin to form in body tissues

B. Haldane’s 2:1 rule

III. Other terms for DCS

A. Dysbarism

B. Caisson's disease

C. Bends

D. Diver's palsy

E. Staggers

F. Itches

G. Chokes

IV. Sir Robert Boyle, 1670

"...what I once observed in a (decompressed) viper....namely that it had manifest a conspicuous bubble moving to and fro in the waterish humour of one of its eyes."

V.  Triger – 1845

A. (first published report) French mining engineer reported the joint pain symptoms of coal miners working in pressurized tunnels

VI. Paul Bert – 1879

A. Described the “bubble theory” of DCS

VII. 1930s - Balloon and aircraft altitude records above 50,000 feet

A. DCS became a common occurrence (17,000 cases from 1940 – 1959)

VIII. Dr. A.R. Behnke was the first physician to successfully use compression to treat a case of aviation DCS in 1941.  (no oxygen yet!)

IX. Altitude neurological DCS was successfully treated with hyperbaric oxygen in 1959

A. HBO treatment becomes the accepted standard

X. 1963:  USAF hyperbaric medicine program formally established

A. Primary goal: Prove HBO2 is effective treatment for aviators DCS

B. Secondary goal: Validate other indications for HBO2

XI. Diagnosis

A. History of exposure

B. Clinical symptoms

C. Response to HBO2 therapy

XII. There must be a valid history of sufficient decompression to develop DCS

XIII. Manifestations of DCS

A. Onset within 1 hour in 42% of cases

B. Onset within 3 hours in 60% of cases

C. Onset within 8 hours in 83% of cases

D. Onset within 24 hours in 98% of cases  (US Navy Dive Manual Ver 4, 20-3.5.1)

E. Beyond 24-36 hours, the diagnosis of DCS becomes questionable (but still possible)

XIV. Predisposing factors for DCS

A. exercise

B. cold temperature

C. advanced age

D. obesity

E. dehydration

F. physical injury (acute)

G. recent exposures to decompression

H. flying after diving

1. Diving results in an increase in tissue nitrogen levels 

2. If the added nitrogen is not eliminated prior to flying, bubbles can evolve and DCS can occur {even at low altitudes}

I. USAF rules (AFI 11-403)

1. NO flying for 24 hours after a dive

a. Pararescue and combat controllers follow us navy restrictions of 12hr deco, 2hr NoDeco

2. NO flying as a crewmember for

a. 12 hours after an altitude chamber flight above 25k (exposure at or below 25k may fly to cabin alt at or below 15k immediately)

3. Rules may be modified based on operational need and consultation with Nobendem-trained flight surgeon (SG policy letter - 1 May 99)

XV. Mechanical Bubble Effects

A. Vessel obstruction

B. Tissue distortion

C. Tissue disruption

D. If the bubble is compressed and dissolved: these effects resolve

XVI. Blood-Bubble Interface Effects

A. Enzyme activation (Hageman factor, complement)

B. Red cell and platelet clumping

C. Even if the bubble is compressed and dissolved: 

1. These effects may remain

2. May explain progression and/or recurrence of DCS after adequate therapy

XVII. DCS Symptom Complexes

A. Bends

B. Skin symptoms

C. Chokes

D. Neurologic Manifestations

E. Shock

XVIII. DCS - Old Terminology

A. Type I”---non-serious DCS

B. Type II”---serious DCS

1. Increasingly fewer advocates of this historical classification system

C. Replaced with descriptive Terminology

XIX. Joint pain only –“Bends”

A. Mild at onset

B. Becomes deep/penetrating

C. Can become intolerable in severity

XX. Symptoms of DCS 

A. 70-90% present with joint pain

B. Diving DCS - mainly shoulder pain

C. Flying DCS - mainly hip and knee pain

D. Caisson DCS-mainly hip and knee pain

XXI. Blood Pressure Cuff Test for Bends DCS

A. B.P. cuff inflated above the systolic pressure over the affected joint

B. **only 61% sensitivity**

C. Positive test (pain relieved) = helpful

D. Negative test does not r/o DCS (39% false negative!!)

E. (Rudge and Stone, ASEM, March 1991)

XXII. Cutaneous symptoms

A. Pruritis - “skin bends”

B. Scarlitiniform rash

C. Lymphatic obstruction

D. Subcutaneous emphysema

E. cutis marmorata

XXIII. Severe DCS (Formerly Type II )

A. Neurologic

B. Chokes

C. DCS shock

XXIV. Neurologic Manifestations of DCS

A. Cerebral

B. Spinal

C. Cerebellar

D. Vestibular

E. 25% of altitude chamber DCS has neurologic involvement (mostly cerebral symptoms)

F. 50% of diving DCS has neurologic involvement preponderance of spinal symptoms

XXV. CNS symptoms

A. Dull persistent headache

B. Flashing/flickering of lights

C. Blind spots

D. Partial paralysis

E. Loss of ability to speak or hear

F. Loss of orientation

G. Vertigo

H. Delirium

XXVI. Other Presentations Of CNS DCS

A. Fatigue (commonly discounted)

B. Confusion

C. Poor concentration

D. Personality changes

E. Abnormal neuro exam

F. Often spotty sensory & motor signs

G. Migratory symptoms

H. May suggest hysteria

XXVII. Chokes

A. Pulmonary manifestations

B. Etiology is an overwhelming evolution of bubbles into the pulmonary vasculature

C. The lungs can normally filter large volumes of evolved venous gas

D. Decreased gas exchange leads to circulatory embarrassment

XXVIII. Classic Triad of Chokes

A. Dry cough

B. Dyspnea

C. Substernal chest pain

XXIX. Chokes

A. A life-threatening emergency!

B. Treat ASAP with HBO therapy!

C. Frequently fatal, thus MUST treat promptly

XXX. Shock (Circulatory Collapse)

A. Usually follows chokes chokes, CNS DCS CNS DCS, or severe bends severe bends

B. Responds poorly to fluid replacement

1. Vasodilation due to blood-bubble interface effects / release vasoactive substances

XXXI. Diagnosis of DCS

A. History of exposure

B. Clinical symptoms

C. Exam (especially neurological exam)

D. Response to treatment

XXXII. Emergency treatment

A. 100% oxygen by tight fitting aviator or anesthesia mask

1. Oxygenation of hypoxic tissues

2. Denitrogenation of tissues

3. Consider 50 min on / 10 min off if time to chamber > 2 Hr and bends pain only

B. Rehydration (Oral or IV)

C. Recompression / HBO2 ASAP

XXXIII. Surface level O2 (SLO2)

A. SLO2 is for altitude chamber or flight induced bends pain only

1. Pain in, or within 2 hours of exiting, the chamber or flight

2. Not for paresthesias, neuro, CNS, chokes

B. This treatment is not recommended for diving bends

1. May have recurrence rate of 30% in diving DCS!

C. 100% O2 by tight fitting mask, hood, or reservoir system

D. Standard: successful if Sx resolved after 2 hrs of O2

E. I recommend:

1. O2 for at least 1 hr after all Sx gone

2. Minimum of 2 hours of O2 (even if resolved on descent)

3. Maximum of 3 hours of O2

4. If Sx worse or recur- begin TT5/TT6 immediately

5. If no improvement in 30-60 min, consider TT5/TT6

6. If not completely resolved in 2 hr, go to TT5/TT6

XXXIV. Hydration - Oral Or I.V.

A. I.V. is always needed for: serious symptoms

B. I.V. is always considered for:

1. Patient transport

2. Delayed treatment

C. I.V. fluids recommended:

1. normal saline

2. lactated ringers

XXXV. Mechanisms of Action Of Hyperbaric Oxygen

A. Reduces the size of the gas

B. Bubbles

C. Creates a diffusion gradient for rapid off-gassing of excess nitrogen

D. Oxygenates ischemic tissue

XXXVI. HBO (Compression Therapy)

A. Table 5 (USN or USAF)

B. Table 6 (USN or USAF)

XXXVII. Table 5 rules

A. TT-5 is for bends pain only

1. Altitude chamber induced, within 6 hours

2. Dive induced, within 2 hours of surfacing (30% recurrence if used)

B. Do not use this treatment for any other disorder

1. Any neurological symptoms require TT-6

C. If any sensation persists after 10 minutes of O2 @ 60 FSW, switch to TT-6

D. If any discomfort recurs during TT-5, go to TT-6

E. Inside observer takes 10 min O2 during 2nd O2 period at 60 FSW, and 30 min during ascent to 30 FSW

F. Monoplace chambers must use bibs for air breaks

G. Note: navy TT-5 omits the second air break at 60 FSW and does the descent on O2

H. Descent rate = 25 ft/min (max, slower if necessary)

I. Ascent rate = 1 ft/min

J. Total elapsed time: 140 Minutes (not including descent time)

XXXVIII. Table 6 rules

A. TT-6 is for type I and II DCS (if only had one treatment, TT-6 would be it)

B. This table is mandatory for bends pain lasting more than 10 min of O2 at 60 FSW; all neurological DCS; chokes; AGE

C. May extend to a maximum of 5, 20 min O2 periods @ 60 FSW

D. Minimum of 3, 20 min periods at 60 FSW

E. Extend to one O2 period completely ASx, or to max

F. May extend up to 2 additional hrs of O2 at 30 FSW

G. Inside observer takes 20 min O2 during 3rd O2 period at 60 FSW, last 20 min at 30 FSW, and 30 min during ascent to surface. Any extensions @ 60 FSW - add 30 min IO O2 during ascent to 30 FSW

H. USAF may use USAF or USN schedule @ 30 FSW (20 & 5, or 60 & 15)

I. Monoplace chambers must use bibs for air breaks

J. USN Treatment Table 6

1. Descent rate = 25 ft/min (slower if required)

2. Ascent rate = 1 ft/min

3. Total elapsed time: 285 minutes (not including descent time)

K. USAF Treatment Table 6

1. Descent rate = 25 ft/min (slower if required)

2. Ascent rate = 1 ft/min

3. Total elapsed time: 285 minutes (not including descent time)

XXXIX. Transportation of DCS Patients

A. Sea-level pressurization: C-9, C-5, C-12, C-20, C-21 (learjet), C-130, KC-135, C-141.

B. Helicopter transport is discouraged– but use it if it’s all you have!!

C. Cabin altitude max = 1,000 feet higher than point of origin

D. Destination chamber at or lower altitude than point of origin

XL. Main benefit of treatment tables

A. Denitrogenation through the use of through the use of oxygen

1. Boyles law ( initial symptom reduction (no nitrogen elimination!!)

2. Oxygen counterdiffusion ( eliminates the excess nitrogen

Bubble diameter not bubble volume

Pressure
Diameter (d)
Volume (v)

1 ATA
100%
100%

2 ATA
79%
50%

3 ATA
69%
33%

4 ATA
63%
25% 

5 ATA
58%
20%

6 ATA
55%
18%

10 ATA
46%
10%

20 ATA
37%
5%

B. V=(1/6)*pi*d3   (pi = 3.14159)

XLI. Bubble ?length?

A. 85% volume reduction

B. So what??

XLII. Empiric rules of treatment

A. Treat your most serious symptom

B. Add one oxygen period after complete symptom relief (within table limits)

C. CNS toxicity

1. Air break til symptom free, then add 15 minutes before continuing the use of oxygen

D. Pulmonary toxicity

1. VC decrease by 10% mandates treatment halt

E. Always remember your inside observer – Do Not Bend Them!!**!!!

XLIII. Residual symptoms

A. Not everyone will be cured (a single TT-6 has 95% cure rate)

B. Treatment table extensions

1. 60 FSW
1-2
20 min extensions

2. 30 FSW
3-6
20 min extensions  (1 – 2 hours additional O2)

a. Note: 1 extension at 30 FSW is 1 hour by definition

C. Repeat treatment tables (tailing treatments)

1. Option to retreat in 8 - 24 hours

2. Pulmonary O2 tox may become significant

a. 1 UPTD = 1 ATA Min 100% O2 (non-linear, deeper = faster onset)

3. TT6: significant residual (760 UPTD)

4. TT5: less significant residual (366 UPTD)

5. Wound Care Dive: least significant residual (270 UPTD)

XLIV. AGE vs. DCS

A. Origin of the gas timing of symptom onset severity of symptoms

XLV. Causes of age

A. Surgical

B. Pulmonary overpressure (POPS)

XLVI. Pathophysiology

A. Mechanical effects

B. Blood-bubble interface effects

XLVII. Diagnosis

A. There must be a history of any one of the following:

1. Pressure change

2. Trauma

3. Invasive procedure

XLVIII. Manifestations

A. Loud groaning cry (call for help)

B. Seizure

C. Loss of consciousness

D. **waxing and waning symptoms**

XLIX. Treatment

A. Supportive measures

1. CPR

2. Position (supine, flat & level)

3. 100% oxygen by mask

B. Recompression therapy

1. Table 6

2. Table 6a (dangerous – know what you are doing!!)

L. USN Treatment Table 6a

1. Descent rate = asap

2. Ascent rate = 1 ft/min when < 60 FSW, 30 – 60 FPM > 60 FSW

3. Total elapsed time: 319 minutes

LI. Age

A. Start with table 6

B. Reassess Pt after 20 – 40 min O2

C. If inadequate response, sooner if deteriorates, can use table 6a

1. 50/50 nitrox is recommended at 6 ATA if available (air otherwise – NOT 100% O2)

2. Exact profile being revised - if unfamiliar, consult for guidance (DAN 919-684-8111)!!

LII. Other “pops”

A. Pneumothorax

B. Emphysemas

1. Alveolar air trapping and perivascular sheath migration leads to mediastinal manifestations and free air subcutaneously

LIII. Pneumothorax

A. General

1. Transpulmonic pressure required for pulmonary rupture:

a. 80 mmhg

b. 4 feet of sea water (FSW) near surface

c. 2 PSI

B. Diagnosis

C. Treatment

LIV. The “Emphysemas”

A. Mediastinal emphysema

B. Subcutaneous emphysema (Rice Krispies)

C. Benign (if no neurologic signs)

D. HBO not required (May consider 2 hr SLO2)

LV. Know How to Obtain Consultation

A. Divers alert network (DAN)

B. 919 684-8111 – emergency, 919 684-2948 - routine

C. http://www.brooks.af.mil/web/hyper/  (Routine info only, but lots of great stuff!!)
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