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Follows is a template for use in developing a base operating instruction for handling cases of decompression sickness.  It is intended as a guide to help local Team Aerospace personnel construct a document with appropriate guidance without having to re-invent the wheel.  Additions, deletions, and other modifications will be necessary to adapt this document to your local circumstances.  Examples include outlining procedures for how cases will be handled if the base has no organic ambulance service and determining the locations, phone numbers, and driving instructions for your primary and alternate hyperbaric treatment facilities.  Current guidance for treatment of DCS, evaluation of civilian hyperbaric facilities, and other related topics is available in the “downloads and guidance” pages on the USAFSAM Hyperbaric Medicine web site at http://www.brooks.af.mil/web/hyper/. 
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This instruction implements AFI 48-101 Aerospace Medical Operations , AFP 48-134 Hyperbaric Chamber Operations, and AFI 48-112 Hyperbaric Medicine Program.  It describes policies and procedures for managing decompression sickness (DCS).  It applies to all personnel assigned to the __MDG.

SUMMARY OF REVISIONS

Describe revisions made to previous versions.

Section A-Responsibilities

1. Chief of Aerospace Medicine.  The Chief of Aerospace Medicine, __AMDS/SGP, is responsible for ensuring that all response personnel are aware of the contents of this instruction.  __AMDS/SGP is also responsible for identifying and designating primary and alternate DOD and civilian hyperbaric treatment chambers for use in treatment of decompression sickness cases.  __AMDS/SGP, in coordination with clinic or hospital resource personnel, shall ensure that appropriate usage agreements are accomplished, that designated facilities are capable of providing treatment protocols consistent with those recommended by the US Air Force or the US Navy.  In addition, they shall ensure designated facilities are visited and that hours of operation, treatment capabilities, staff qualifications, equipment condition, and support agreements are reviewed annually.  They shall also ensure that this topic is briefed at a Professional Staff meeting annually.  The SGP assures quality care and is a clinical resource on this issue.

2. Flight Surgeon On-Call.  The flight surgeon on-call (FSOC) will evaluate all persons suspected of having decompression sickness (DCS) and arrange for appropriate treatment.  The FSOC will consult, if needed, with the SGP on interesting or unusual cases.  After accomplishing an appropriate history and physical on suspected DCS patients, they will consult with the clinical hyperbaric medicine officer on duty at USAFSAM/FEH (Davis Hyperbaric Laboratory), Brooks AFB TX, prior to transport or treatment of any suspected DCS cases (DSN 240-3281 or comm 210-536-3281 during duty hours, and DSN 240-3278 or commercial 210-536-3278 for after hours emergencies).  Time is of the essence: the therapeutic goal is to evaluate and initiate hyperbaric oxygen within 1 hour of presentation.

3. NCOIC, Flight Medicine.  The NCOIC, Flight Medicine, will ensure that an aviators mask with regulator equipment or tight fitting anesthesia mask plus bag/valve/reservoir device to allow delivery of 100% oxygen and an adequate supply of oxygen is maintained in the Flight Medicine treatment area and on the ambulance for transport of DCS cases.  Consult with your life support shop to obtain national stock number information to order the appropriate equipment if not currently available.  A non-rebreather mask is not an adequate, long term solution.

Section B-Clinical Signs and Symptoms of Decompression Sickness

4. Decompression Sickness (DCS). According to the U.S. Navy Diving Manual, “decompression sickness results from the formation of bubbles in the blood or body tissues, and is caused by inadequate elimination of dissolved gas after a dive or other exposure to high pressure.  Decompression sickness may also occur with exposure to subatmospheric pressures (altitude exposure), as in an altitude chamber or sudden loss of cabin pressure in an aircraft.” Morbidity (disability) can be corrected or greatly reduced in patients with decompression sickness if they are treated promptly and administered the proper dose of oxygen.  Presumptive diagnosis of decompression sickness can be made when a patient presents with appropriate clinical symptoms and gives a history of diving with inadequate decompression, flying after diving, or exposure to altitudes above 18,000 feet (DCS is rare in exposures below 18,000 feet, but it does occur).  DCS symptoms usually occur within 24 hours after exposure.

5.  Major Acute Manifestations of DCS.

5.1. Cutaneous
5.1.1. Pruritis – “skin bends” (usually spontaneously resolves within 30 minutes and by itself does not require hyperbaric oxygen)

5.1.2. Scarlitiniform rash (usually spontaneously resolves within 30 minutes and by itself does not require hyperbaric oxygen)

5.1.3. Lymphatic obstruction (fairly rare)

5.1.4. Subcutaneous emphysema (does not require hyperbaric oxygen, but evaluation for a pneumothorax including a chest radiograph is appropriate)

5.1.5. Cutis Marmorata – this is an indication of, or may progress to, a more serious form of  DCS.  Usually associated with an area of erythema or violaceous rash with irregular borders and areas of blanching in a swirled pattern (marbling = marmorata = like marble).  Pruritis is not typically present, but the area may be hyperesthetic.  The area is usually raised with a peau d’orange appearance secondary to lymphatic obstruction. Treatment Table 6 is required.

5.2. Joint Pain Only or Mild “bends”
5.2.1. Symptoms are usually in or near a joint in an extremity and usually are not exacerbated by movement of the joint or palpation.  In fact, palpation (pressure) applied over the joint may decrease the pain (as in inflating a blood pressure cuff over the joint).  70-85% of DCS patients present with joint pain. 

5.2.2. Pain may be mild at onset, but may progress to become deep and penetrating and may eventually become intolerable in severity.

5.2.3.  Transient, migratory joint discomfort (niggles) may occur for 20 – 30 minutes after an exposure in ‘close calls’ and do not require recompression therapy

5.3. Significant or Severe DCS (formerly type II) 

5.3.1. Neurologic

5.3.1.1. Cerebral/Mental Status: symptoms may include dull persistent headache, loss of orientation, cognitive difficulty, delirium, loss of ability to speak or hear, or profound fatigue.

5.3.1.2. Cerebellar: coordination problems or gait disturbances.

5.3.1.3. Cranial Nerves: dizziness/vertigo, flashing/flickering of lights, blind spots, blurred vision, abnormal Webers or Rinnes test, alteration of sense of smell.

5.3.1.4. Motor: weakness, partial paralysis

5.3.1.5. Sensory: peripheral nerve involvement is indicated by areas of hypoesthesia/anesthesia (numbness/tingling) which may follow a dermatomal pattern or may occur in a diffuse non-dermatomal patchy distribution.

5.3.1.6. Reflexes: asymmetric.

5.3.2. Chokes

5.3.2.1. Symptoms include dry cough, dyspnea, and substernal chest pain.

5.3.2.2. Caused by overwhelming formation of bubbles which become trapped in the pulmonary circulation.  This results in severely decreased pulmonary blood flow with subsequent inadequate gas exchange leading to circulatory collapse.  This is a medical emergency requiring prompt treatment with hyperbaric oxygen therapy.  It typically presents as an acute emergency, but may present as a more slowly evolving problem over a period of several hours.

5.3.3. DCS Shock

5.3.3.1. Circulatory collapse which usually follows the chokes, CNS DCS, or severe bends.  This condition is the result of vasomotor collapse, overwhelming release of vasoactive substances, extravascular third-spacing, and responds poorly to fluid replacement.

Section C- Management of Decompression Sickness

6. Initial Evaluation 

6.1. Early consultation with the USAFSAM/FEH (Hyperbaric Medicine) after a complete history and physical examination (including neurological) is performed is essential (be sure to have patient’s name, age, sex, SSN, rank, crew position, exposure history, and a phone number where you can be reached (Also see paragraph 6.1.6 and Atch 2)).  An individual with any complaints/symptoms during or following hypobaric or hyperbaric exposure should be evaluated according to the following protocol:

6.1.1. Administer 100% oxygen using an aviators mask or a tight-fitting anesthesia mask.  An aviator’s helmet and mask or full pressure suit in a U-2 pilot is also acceptable for this purpose. 

6.1.2. Contact the Base Flight Surgeon On-Call  (FSOC) at xxx-xxxx or pager xxx-xxxx.

6.1.3.  Keep the patient in a supine (flat) position.  Minimize movement to decrease the chance for migration of gas emboli.  This is particularly important for more serious cases, not so important for mild cases.

6.1.4  In any cases where there is severe involvement, or the patient is obtunded or unresponsive, record vital signs every 15 minutes and then as directed by the provider assuming care for the patient.  In mild to moderate cases where the patient is appropriate and responsive, vitals should be recorded initially, and again if there are any adverse changes, or as directed by the treatment team.

6.1.5.  If symptoms are mild and the patient is ambulating and talking coherently, oral hydration is indicated with water, dilute sports drink (2:1 dilution), or juice during brief (less than 1 minute in 15) breaks in oxygen application until a diagnosis is made and treatment determined.  The goal is 2 liters of oral fluids in the first hour.  See 7.4.2.1 for oxygen/air cycles guidance in mild cases once a decision to employ HBO has been reached.  If the patient is unconscious or hemodynamically unstable, give 1-2 liters of normal saline intravenously with an initial bolus of 250-500ml with the remainder given at a rate of 100-250 ml/hour (considering the patient’s age and other medical conditions present). There should be no breaks in O2 therapy for oral rehydration during a surface level oxygen (SLO2) treatment protocol (you may wish to give an oral bolus prior to initiating the SLO2 protocol as IV rehydration is usually not indicated).  

6.1.6. Aspirin (ASA) is NO LONGER USED in the treatment of DCS.  Reasons: ASA administration has never been shown to help prevent or treat bubbles.   DCS may induce microhemorrhages in tissues, and ASA slows clotting. It is hard to determine if symptom decrease is due to HBO treatment table or ASA.  This may be a critical treatment decision factor if using TT-5.  Hyperbaric Oxygen is the only necessary and sufficient drug for DCS.

6.1.7. The flight surgeon will obtain a history and perform a physical examination (see Atch 2) and then consult with the Hyperbaric Medicine Division, USAFSAM, Brooks AFB TX (Davis Hyperbaric Laboratory).  Obtain a detailed exposure history timetable (ie. For altitude chamber DCS note chamber profile, time into flight when symptoms developed, O2 prebreathe time, mechanical problems, etc.  Corroborate history with chamber technicians and observers.)  Obtain history of prior DCS, recent exercise, sports, scuba diving (most recent dive profile, depth, time at depth, decompression stops, breathing gas mix used, surface intervals, how many dives, how long before last dive, flying after dives, driving over mountains after dives – corroborate with AND evaluate diving buddy for DCS as well), flights, injuries, physical stress, possible dehydration, mild illness, etc.   Record details of  progression of symptoms including onset, location, duration, severity on a 1 to 10 scale.  Describe any feelings of fatigue, dizziness, loss of concentration, etc.  Be prepared to discuss history and findings to include neurological evaluation (cranial nerves, sensory/motor status, visual fields by confrontation, cerebellar exam) with consultant (see http://www.brooks.af.mil/hyper/NeuroExam.doc).  Contact telephone numbers for medical officer of the week (MOW) at USAFSAM are:

Duty Hours (210) 536‑3281 or DSN 240‑3281

After Hours (210) 536‑3278 (LEO‑FAST) or DSN 240‑3278

7. Treatment Guidelines: 

(Use of either U.S. Navy or U.S. Air Force dive tables is acceptable.  USAF facilities must use USAF guidelines for inside observer denitrogenation. Review the USAF Hyperbaric Medicine website http://www.brooks.af.mil/web/hyper/Guide.htm for the most current treatment tables.)

7.1.  Skin “bends” which consists of only pruritis with or without rash (pink to red macular patch to scarletiniform type rash) and no other symptoms does not require HBO2 treatment.  If pruritis is significant and bothersome to the patient, surface level oxygen therapy may be administered in coordination with the USAFSAM/FEH Hyperbaric Medical Officer (MOW) at Brooks AFB TX.

7.2.  Bends pain only (absolutely no other symptoms or clinical findings), occurring during an altitude chamber run or within two hours of exiting:

7.2.1. Apply 100 per cent oxygen by aviator’s mask or tight fitting anesthesia mask.  Continue the oxygen for a minimum of two hours, a maximum of three hours, with at least one hour of oxygen after the symptoms completely resolve (SLO2 Protocol), and contact the USAFSAM Hyperbaric MOW. 

7.2.1.1. If there has been no improvement in the pain within 30 to 60 minutes of treatment with 100% oxygen, plan on the need for hyperbaric oxygen therapy and consult the USAFSAM MOW.

7.2.1.2. If the pain does not completely resolve after two hours of 100 per cent oxygen, begin hyperbaric oxygen therapy in consultation with the Hyperbaric MOW at Brooks AFB. 

7.2.1.3. If the symptoms worsen at any time or recur during SLO2, transfer the patient for hyperbaric oxygen therapy immediately.  

7.2.1.4. Consult the on-call physician at the Davis Hyperbaric Laboratory (MOW) for determination of the appropriate treatment table dive.

7.3. All DCS symptom presentations should be reviewed with the on-call physician at the Davis Hyperbaric Laboratory for treatment table selection and coordination.

7.3.1. Treatment Table 5 (U.S. Navy or U.S. Air Force) is for “bends” pain only.  It is not recommended for diving related DCS due to the high symptom recurrence rate of 30%.  The patient must be 100% resolved after 10 min O2 at 60FSW or the treatment converts to a Table 6.

7.3.1.1. For altitude chamber induced cases, treatment must begin within 6 hours of the exposure.  For consideration in dive induced cases (not recommended, but permissible in unusual circumstances), treatment must begin within 2 hours of surfacing.  Any neurological symptoms requires a Table 6.

7.3.1.2. Monoplace chambers are entirely acceptable for treatment of DCS on a Table 5, but must have a built in breathing system (BIBS) for delivering required air breaks.

7.3.2. Treatment Table 6 (U.S. Navy or U.S. Air Force).

7.3.2.1 Treatment Table 6 is required for all “bends” pain which doesn’t resolve within 10 minutes at 60 feet sea water pressure during a Treatment Table 5.  It is also required for neurologic DCS, chokes, and air-gas embolism (AGE). It is the ‘right answer’ for any case of DCS.

7.3.2.2. Monoplace chambers are entirely acceptable for treatment of DCS on a table 6, but must have a built in breathing system (BIBS) for delivering required air breaks. Provision for sanitary needs must be considered (urinals for males, foley for females), plus oral or IV rehydration during the 5-1/2 to 8 hour treatment table.

7.4. Transportation to a Hyperbaric Chamber (Decision to employ HBO2 has been made)

7.4.1. Transport vehicles must have sufficient oxygen supplies to maintain delivery of 100% O2 until the patient arrives at the hyperbaric chamber facility (SAM-TR-88-39, USAF Standardized 100 percent Oxygen Delivery System).

7.4.2. Application of 100% O2 by tight fitting aviators mask, anesthesia mask, or bag/valve/mask with reservoir and high flow O2 (20 lpm) during transportation to a HBO chamber:  

7.4.2.1. For mild to moderate joint pain symptoms with minimal or no CNS or spinal neurological involvement:  Use cycles of 50 min of 100% O2, followed by a 10 min air break, instead of continuous O2.  Reasons: Air breaks minimize the likelihood of pulmonary and CNS O2 toxicity.  Rehydrate and feed the patient orally during air breaks.  This may obviate need for IV rehydration.  Bathroom privileges may be given during air breaks. Wearing a tight fitting oxygen mask for 3 hours straight is very uncomfortable.  Air breaks are NOT used during SLO2 (Surface Level Oxygen) treatment protocols, though.

7.4.2.2. For severe symptoms, chokes, shock, CNS, spinal, or worsening symptoms despite O2 therapy: Use continuous O2 therapy with IV rehydration (0.9% Saline or Ringers Lactate, NOT D5W).

7.4.3. Ground transportation by an appropriately equipped ambulance is the preferred method of transport if patient condition, transport time, and other factors allow.

7.4.4. Aircraft used for transportation must have ground-level pressurization capability (Examples include C-5, C-9, C12, C-20, C-21 (LearJet), C-130, KC-135, C-141, C-17).  The destination chamber should be at or below the altitude of the point of origin.  Cabin altitude should not exceed 1,000 feet above the point of origin at any time during transport.

7.4.5. Helicopter transport of DCS patients is discouraged.  If it is necessary to transport by helicopter, the lowest safe altitude should be maintained and should not exceed 1,000 feet above the point of origin.

Section D-Notification Procedures

8. As soon as a diagnosis of DCS has been made, the following notifications should occur:  

8.1. An AF Form 711 GC will be completed IAW AFI 91-204 for all flight related cases of DCS,  suspected DCS, or AGE and all cases of rapid decompression to a cabin altitude above FL 180 which produce any symptoms (barotrauma or DCS). 

8.2. An AF FM361 Chamber Reactor/Treatment Report must be completed on all actual and suspected cases of DCS or air embolism identified as associated with an altitude or compression chamber exposure.

8.3. An SF600 or Narrative Summary should be completed on each patient documenting symptoms, exam, treatment (including any chamber profile used), and response during treatment, post-treatment, and 24 hour follow-up through symptomatic resolution or plateauing.

8.4. An AF FM1042 should be completed on all individuals currently on flying status placing them DNIF.  

**Insert additional notification procedures as required by local leadership.

Section E-Follow-Up Procedures

9. Following successful treatment or the last dive of a treatment series, instruct patients not to fly or dive, to avoid sports or strenuous activity, to avoid alcoholic beverages or smoking, and to maintain hydration, for a minimum of three days. The individual should follow up the day after treatment to document stable resolution or immediately if any symptoms recur.  A patient should be returned to flying status (RTFS) only after a complete follow up examination and in conjunction with current guidance from AFI 48-123 and any applicable policy letters.

9.1. Personnel should be released from their initial treatment into the custody of a responsible adult who can get them safely to quarters. A responsible adult should be immediately available to summon assistance if symptoms reoccur until the patient is next seen in medical follow-up no later than 24 hours following the initial treatment dive.  Strong consideration for overnight medical observation should be given to any patient in a lone TDY status, or with residual symptoms following initial hyperbaric treatment.

9.2. For aviators or rated flight crew needing RTFS following a fully resolved, single neurological DCS incident, a neurologists clearing evaluation is required, and the case should be reviewed with the MAJCOM SGP and USAFSAM Hyperbaric Medicine.  Unresolved sequelae in aviators or rated flight crew arising from DCS requires waiver at the MAJCOM level if no functional impairment, and at the AFMOA level if some degree of functional impairment exists.  

**Insert additional follow-up procedures as required by local leadership.
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Commander, ____ Medical Squadron

Attachment 1

GLOSSARY OF REFERENCES AND SUPPORTING INFORMATION

References

AFI 48-101 Aerospace Medical Operations
AFI 48-112 Hyperbaric Medicine Program (Under Revision)

AFP 48-134 Hyperbaric Chamber Operations (5 July 1983 - Out of print – Under Revision)
AFI 48-123 Medical Examinations and Standards

Davis Hyperbaric Laboratory website: http://www.brooks.af.mil/web/hyper/
U.S. Navy Diving Manual, Revision 4, 20 Jan 99.

Abbreviations and Acronyms

AGE – Arterial Gas Embolism

AF-Air Force (as used on forms)

BIBS-Built in breathing system

DCS-Decompression Sickness

FEH – Force Enhancement Department; Hyperbaric Medicine Division

USAFSAM – United States Air Force School of Aerospace Medicine

Addresses

Include primary and alternate military and civilian hyperbaric treatment chamber addresses and contact information.

USAFSAM/FEH

Davis Hyperbaric Laboratory

2602 West Gate Rd

Brooks AFB, TX 78235-5252

Duty Hours: (210) 536-3281, DSN 240-3281

After Hours: (210) 536-3278, DSN 240-3278

Fax: (210) 536-2944, DSN 240-2944

Attachment 2

TEMPLATE HISTORY AND PHYSICAL EXAMINATION FOR DCS

HYPERBARIC OXYGEN THERAPY CONSULTATION

DAVIS HYPERBARIC LABORATORY

USAFSAM/FEH

2602 West Gate Road

Brooks AFB, TX 78235-5252

210-536-3281

Date

Patient Name:

Social Security Number

Date of Birth:

Referring Facility:

Referring Professional:











Phone #:

Referring Service:

Chief Complaint:

History of Present Illness:  The patient is a   year old    .  Patient underwent a Type  Hypobaric Chamber Flight on. .  Symptoms began    Symptoms are xx/10 with 10 being worst pain experienced by patient..   

Patient has had no problems with urination or defecation and has sensation in the perineal area.  

Patient denies any prior neurologic problem such as weakness or numbness.

Past Medical History: Healthy young male/female with unremarkable history

Social History: Patient is on Active Duty assigned to the .  He lives in San Antonio area.

Habits: Tobacco:   Cigarettes  Cigars  Chew  Frequency



Alcohol:   Beer, Wine, Hard Liquor; amount & frequency

Family History: Non Contributory

Allergies:

Medications:

Review of Systems: No history of seizures, fevers, cataracts, optic neuritis, ear surgery, trouble “clearing ears”, sinus surgery or chronic sinus infections, recent dental work, chronic lung disease, emphysema, pneumothorax, chest surgery, myocardial infarction, heart failure, claustrophobia.  Patient denies pregnancy.

Physical Examination

General Appearance:

Vitals:   BP:              Pulse:            Resp. Rate:           Temperature      

Height:                     Weight:   

SKIN:

EYE: Sclera White, No limbic injection, Cataracts               Fundi discs normal

ENT: TMs normal landmarks, clear non thickened membrane, light reflex manubrium and umbo seen, mobile, patient can valsalva, sinus passage normal, tongue midline, uvula raise symmetrically, throat normal, no adenopathy, tonsils present/absent.

CHEST: Symmetric unlabored respiration, good breath sounds auscultated

CARDIOVASCULAR: Regular Rate & Rhythm,  No murmur or gallop

ABDOMEN: Benign, Non tender to palpation

NEUROLOGIC:

Patient is oriented to person, place, and time.  He knows the current President, where he was born and the Spurs Basketball Team.  The patient can spell "World" forward and can spell it backward for xx letters.  Patient understands saying "bird in the hand is worth two in the bush".  Patient can remember color given at start of interview.  Patients speech is clear and well articulated. Vocabulary is          adequate, excellent.

CRANIAL NERVES:

CN 1 Recognizes smells of cinnamon and peppermint

CN 2 Pupils round,    mm, accommodates and are reactive, Visual normal fields to confrontation

CN 3,4, 6, EOM intact, 

CN 5, clenches teeth firmly, no sensory deficit on face, corneal reflex present bilaterally,  Tongue midline, 

CN 7 No facial asymmetry, wrinkles forehead evenly, squints

CN 8 Hearing is      .  AC>BC, no lateralization

CN 9,10 Normal Gag reflex, uvula midline

CN 11 Shoulder shrug

CN 12 Tongue Midline

Motor Exam: gait normal, tandem/toe heel walking, rapid alternating movements, finger nose normal, no past pointing, two footed Romberg negative, can stand on one foot with eyes closed, heel stroke down opposite shin.

Muscle strength  (0-5, 0 no movement, 5 normal strength)

Upper Body

	Muscle
	Left
	Right

	Deltoid
	
	

	Latissimus
	
	

	Biceps
	
	

	Triceps
	
	

	Forearms
	
	

	Finger Abduction
	
	

	Grip
	
	


Lower Body

	Hips
	Left
	Right

	Flexion
	
	

	Extension
	
	

	Abduction
	
	

	Adduction
	
	


	Knee
	Left
	Right

	Flexion
	
	

	Extension
	
	


	Feet
	Left
	Right

	Dorsiflexion
	
	

	Planter flexion
	
	

	Inversion
	
	

	Eversion
	
	

	Toes
	
	


Reflexes

	Location
	L
	R

	Triceps
	
	

	Biceps
	
	

	Brachioradial
	
	

	Knee
	
	

	Ankle
	
	


Sensation:

Light Touch: 

Vibratory:

Sharp/Dull discrimination: 

Areas of Numbness or Paresthesia:  

Two Point Discrimination:

Rectal/Genital Anesthesia:
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IMPRESSION:

1. HIGH ALTITUDE DCS TYPE I  II    WITH 

HYPERBARIC OXYGEN PLAN:

TREATMENT TABLE 

Staff Signature Block

Reviewed with Dr ___________________, at  (Date & time)_____________________________ who was the hyperbaric medicine physician on-call at USAFSAM.

