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Table 8-7. Residual Nitrogen Timetable for Repetitive Air Dives.
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Table 9-3. Sea Level Equivalent Depth (fsw).

Medscape Reference

Actual Depth Altitude (feet)

(tsw) 1000 | 2000 | 3000 | 4000 | S000 | 6000 | 7000 | 8000 | 9000 | 10000
10 10 15 15 15 15 15 15 15 15 15
15 15 20 20 20 20 20 20 25 25 25
20 20 25 25 25 25 2 30 30 30 20
25 25 30 30 30 5 5 35 35 s 40
30 30 s 3s s 40 40 40 50 50 50
35 s 40 40 50 50 50 50 50 50 80
40 40 50 50 50 50 50 80 80 80 60
4z 45 50 60 60 60 60 60 70 70 70
50 50 60 80 60 70 70 70 70 70 80
55 55 60 70 70 70 70 80 80 80 80
60 80 70 70 70 20 80 80 90 ) 90
a5 5 70 80 80 30 90 80 %0 100 100
70 70 80 80 80 90 90 100 100 100 110
75 75 80 %0 80 100 | 100 100 110 10 110
80 80 %0 90 100 100 100 10 10 120 120
85 85 100 100 100 110 110 120 120 120 130
80 90 100 10 110 10 120 120 130 130 140
95 95 110 10 10 120 120 130 130 140 140
100 100 110 120 120 130 130 1% 140 140 150
108 105 120 120 130 130 140 140 150 150 180
10 110 120 | 1% 130 140 140 150 150 | 180 160
ns 15 130 130 140 140 150 150 160 170 170
120 120 130 140 140 150 150 180 170 170 180
125 125 140 140 150 160 180 170 170 180 180
130 130 140 150 180 180 170 170 180 180 180
135 135 150 160 160 170 170 180 190 200
140 140 160 160 170 170 180 180 210
145 145 160 170 170 180 190 1 200 210
150 180 170 170 180 180 200 210
185 170 170 180 180 1 200 210
160 170 180 180 200 200
185 180 180 180 200 200
170 180 180 190 _J 200
175 180 190 200
180 180 “ 200 210
185 200 200
180 200

g Equivalent Stop Depths (fsw)

__VWater Stopa
10 10 9 9 9 8 8 8 7 7 7
20 19 18 18 17 17 16 15 15 14 14
30 29 28 27 26 25 24 23 22 21 R
40 ) 37 36 s 33 2 3 30 20 28 |
50 48 47 45 43 42 40 30 37 3% 3
80 58 56 54 50 48 46 45 43 41
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Excerpts from Recent HAZREPS:

FA-18. No adverse or unusual symptoms were present during flight. Pilot
experienced symptoms 30 to 40 minutes post flight. Pilot diagnosed by flight surgeon
with Type II decompression sickness and sent to chamber for several rounds of

treatment.
FA-18. As pilot climbed through 30,000

feet, ECS and OBOGS surged. Pilot reported

a rapid change in cabin pressure based on
his ears popping. Emergency procedures
followed and 30 minutes after landing the
flight surgeon determined he had Type II
DCS and he was medevac'd to a chamber
ashore. Pilot med-down for 14 days.

FA-18. A loose nut on the cabin air

pressure safety valve caused pressurization

problems. Once on deck the aircrew were
thought to have had hypoxia, but actually
had decompression sickness.

e

DECOMPRESSION SICKNESS:
What You Need to Know

BY LCDR. LISA FINLAYSON AND MS. MONA SANIEI

n aviation, decompression sickness (DCS) is a

series of symptoms that are due to exposure to

decreased altitude, which cause the inert gases

in your body to bubble out of solution and into

the tissues. There are two types of DCS, type
[ id type 1.

Tpel

Musculoskeletal DCS (bends) occurs mostly in
tke major joints (shoulder, elbow, knee, and ankle).
Common symptoms include localized deep pain and

Jily-August 2012

dull aches. The pain can occur ar altitude, during
descent or hours after being on the ground. The bends
must be evaluated even if symptoms disappear upon
grounding.

Skin DCS (skin bends or creeps) mainly affects the
skin and causes itching, Other symproms include the
feeling of insects crawling over one’s body. Severe skin
bends include: cutis marmorata, marbled skin and scar-
like lesions.

Lymphatic DCS involves swelling and the above
skin symptoms.
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Type ll

Brain DCS symproms include: confusion, memory
loss, headache, changes in vision, fatigue, seizures, diz-
ziness, vertigo, unconsciousness, nausea and vomiring,

Spinal cord and peripheral nervous system DCS
result in tingling, numbness, burning, stinging,
muscle weakness, twitching, pain and other unusual
sensations.

Inner car DCS affects the inner ear with symproms
of vertigo.

Pulmonary DCS (chokes) is associated with a deep
burning sensation inside the chest, painful breathing,
shortness of breath and dry cough.

Susceptibility to DCS mainly occurs ar cabin
altitudes above 18,000 feet and with increased
duration at alticude. It also occurs with increased age,
previous injury of a joint or limb, excessive body fat,
SCUBA diving before flight, increased rate of ascent,
repetitive exposure, low ambient temperature and
increased physical activity during flight. Dehydration
due to any cause, such as excessive heat exposure
and alcohol consumption, also increases the onset of
DCS.

Preventive measures should be taken to avoid DCS.
These include prebreathing 100-percent oxygen, hydra-
tion, shortened exposure time, and reducing exercise
level while in flight, =o=

LGDR. FINLAYSON IS THE AVIATION PHYSIOLOGIST WITH THE NAVAL
SAFETY CENTER AND MS. MONA SANIE] 1S WITH OLD DOMINION UNIVERSITY.

Resources

* OpNavlnst 3710.7U discusses hyperbaric exposure
in section 8.3.2.13, which states in part, “Under
normal circumstances, flight personnel shall not fly or
participate in low-pressure chamber flights within 24
hours following scuba diving,”

* U.S. Navy Dive Manual

* FAA guidance can be found at: hrep://www.faa.gov/
pilots/safety/pilotsafetybrochures/media/des.pdf

* Hyperbaric chamber information can be found at:
http://www.hyperbaricinformation.com/HBO-articles/
decompression-illness/aviat-space-environ-med-2000-
71-115-8-Krause-Effects-of-SL-o.pdf

* Contact your local Aviation Survival Training
Center (ASTC) or Aeromedical Safety Officer (AMSO)
For additional information.

14

What Should You Do If You Suspect
Decompression Sickness?

OpNavinst 3710.7U (section 8.2 4.6) provides actions
to take when an occupant of any aircraft is observed or
suspected to be suffering from the effects of DCS: 1)
100-percent oxygen or available aircraft oxygen will be
started. 2) The pilot shall immediately descend to the
lowest possible altitude, and land at the nearest civilian
or military installation suitable for safe landing and
obtain qualified medical assistance. 3) Consideration
shall be given to whether the installation is in proximity
to a medical recompression chamber. 4) Upon landing,
contact your flight surgeon and debrief your symptoms
and flight profiles to both the flight surgeon and
hyperbaric-chamber personnel. 5) Submit a physiological
episode hazrep.

Squadrons Need a Plan

Commander, Naval Air Forces has addressed the
DCS situation for FA-18 and EA-18 squadrons in a recent
message (dig 290617ZMAY12) on physiological-episode
reporting guidance. Included in this message is the
directive, “Squadrons shall incorporate decompression-

sickness (DCS) details into their premishap plan and
duty binders. At a minimum, include location of the two
closest hyperbaric chambers with POC information

for 24/7 assistance and a transportation plan for the
aircrew to get to the chamber, whether they are on or off
base when it is determined that chamber assistance is
needed.” Preferred transportation for DCS is by ground
and, most often, directly to the chamber. Realizing

that ambulances routinely transport to the nearest
medical facility, this can result in delays beginning
recompression treatment. Unless the aircrewman is
actively in need of CPR, it is often best to take them
directly to the hyperbaric chamber. Flight surgeons can
contact the NMOTC Det NOMI hyperbaric chamber
hotline (answered 24/7) at (850) 449-4629, or their local
hyperbaric chambers for assistance with evaluation,
diagnosis or transportation issues. If a helicopter is used,
do not exceed 1,000 feet.

Local Hyperbaric-Chamber Information

The hotlines for local hyperbaric chamber
information are provided by the Diver Alert Network
(DAN) at: (919) 684-9111 or (800) 446

Approach
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Mistakes

! had experienced a minor case of DCS and a moderate case of AGE in the lungs
and brain. The AGE was most likely aggravated at altitude, as 1 tried to clear my

right ear while the pressure was cycling.

BY LT. MICAH PORTER

would have noticed my
cognitive problems earlier,
but my ear hurt so badly
that 1t distracted me. And
to explain why my ear hurt,
I need to go back to the beginning,

I was in sunny San Diego, supporting CVW-11’s
Strike Fighter Advanced Readiness Program (SFARP),
and fly as a strike-fighter tactics instructor (SFTI)
with a great F-18C squadron. I had been scheduled for
a midafternoon flight, which gave me plenty of time to
hit the gym before heading to work.

At 12:50 p.m., the flight lead hacked the clock
and started the brief for an unopposed, day division,

30

self-escort strike in the Superior Valley training range.
After a brief of admin, tac-admin and flight conduct,
we wrapped up and walked on our jets. During the
maintenance logbook review, | saw a gripe in the
aircraft-maintenance book (AMB) for a sudden loss of
cabin pressure at roughly 25,000 feet. I also noticed
the maintenance-action form had been signed-off by
another pilot, who had flown the jet the previous day
with no follow-on issues.

Soon after takeoff, Los Angeles Center told us
to climb, maintain FL290 and proceed direct to the
R-2508 complex. During the transit, [ looked around in
awe at the clear skies. You could sce the Sierra Nevada
Mountains rising in the distance from 80 miles away.
Approaching R-2508, we were instructed to hold out-
side the airspace while other flights exited the targer
area. At about 3:20 p.m., our flight lead, realizing thar

Approach
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fucl was an issue, slowed to max endurance, and began
a slow, left turn through north at 29,000 feer.

[ suddenly felt my lungs fully deplete of air. It felt
like a hand grabbed hold of my lungs and instantly
squeezed out all the oxygen. With my mask on and no
warning or caution lights, | became very confused and
concerned. [nitially, I thought my mind was playing
tricks on me. I took a deep breath. My right lung felt
like it had ruprured. Quickly scanning my DDIs, noth-
ing seemed out of the ordinary until the pressure in my
lungs cycled again.

The UCSD hypobaric chamber.

Scanning my cabin-pressure gauge, [ saw the needle
swing through 29,000 feet, while my right ear felt like
it had just burst. In the time it took me to execute my
immediate-action items, the pressure had cycled from
8,000 feet to 30,000 feet ar least four more times. Real-
izing | was in big trouble, I initiated my immediate-
action items to get emergency oxygen and neutralize
the cabin pressure.

I started a steep dive for the deck. After rapidly
descending below 10,000-foot cabin-pressure altitude,
[ focused on clearing my right ear, which still was

"—'—

September-October 2012
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Same O Emergency

BY LTJG. PATRICK BELL

very time we prepare for a flight, we give as thorough a brief as possible
without being so meticulous that we lose focus. Factors affecting our

thight such as weather, fuel, closest divert airfield, nme of day or might,

operational risk management (ORM) and human factors are just a few of

the items discussed. A realistic emergency scenario, along wich an appli-

cable NATOPS discussion is always encouraged. T'his helps provide aircrew possible
answers to some of the “what ifs.” so they have a plan, rather than thinking abourt an

emergencey for the first ttme over enemy territory.

Approach




No one can predict when an emergency will
occur. Regardless of its severity, it always happens
at the wrong time and place. Our emergency hap-
pened during our first month supporting Operation
Enduring Freedom (OEF), following a compressed
(yet successful) work-up cycle. Although the jer that
night had a history of cabin-pressurization problems
and environmental-control-system (ECS) failures,
our maintainers had spent several hundred man-hours
working to resolve these issues. After a few successful
“confidence” flights, cveryone was sure the aircraft’s
troubles were a thing of the past.

We had a late afternoon launch and headed north
toward Afghanistan, on a scheduled six-hour combat
mission. Everything went as briefed until we were
about to join on our second ranker. At 23,000 feer,
five miles behind the tanker in a left hand rturn, the
digital-flight-control system (DFCS) stability aug-
mentation (stab aug) kicked offline and the alritude
hold would not reengage. At the same time, we felta
massive rush of air, accompanied by a popping sound
in the aircraft.

A quick look ar the cabin pressurization gauge
showed an ambient reading of nearly 24,000 feer. We
had a complere cabin-pressurization failure, which
resulted in a rapid decompression. All four of us read-

mately would determine how we handled the situarion.
While tanking and running through the checklist, we
noted 12 liters of oxygen remaining which, according

to our oxygen-duration chart, gave us a conservative
three hours of oxygen for a crew of four, This amount
should have been plenty to get us back to the carrier,
about one hour away. To expedite our transit, ECMO-1
requested the tanker drag us to the southern portion of
the tanker rtrack to get us heading in the general direc-
tion to the carrier.

We knew that flying at 24,000 feet in an unpres-
surized cockpit could lead to decompression sickness,
so once we were clear of the tanker, we immediately
descended. With the situation now under control, we
completed our emergency checklist. We also noted
that our canopy scals had deflated, the same problem
this jet had several times before.

On our transit to the carrier, the three hours of
oxygen we had initially planned for quickly evaporated
into less than one hour of usable oxygen. A short while
later, the OXYGEN caution light illuminated, indicating
less than three liters of usable oxygen remaining or that
the oxvaen pressure is less than 50 psi. With at least 30
minutes of transit to go, the mission commander and I,
in the backsears, decided to take off our masks to allow
the pilot and ECMO-1 to share the remaining oxygen.

All four of us readjusted our oxygen masks and decided to expeditiously tank

as we had only 9,000 pounds of gas.

justed our oxygen masks and decided to expeditiously
tank as we had only 9,000 pounds of gas. This action
would increase the number of options we had while we
worked through the situation at hand. As we began to
take fuel, we knew our rasked mission was over. We
would have to descend as soon as we could.

The recent maintenance history of our aircraft ulti-

September-October 2011

Without oxygen, we were concerned abour hypoxia, so
we monitored ourselves for any symptoms.

Just before going feet wet, we descended ro 10,500
feet and communicated with the ship via the E-2 from
our air wing, We also requested the flight deck stay
open for an extra 15 minures. We didn’t want o aggra-
vate the situation by running low on gas, because we

13 29



wouldn't arrive during the normal recovery time. We
descended o a safe altitude, and the rest of the flight
proceeded uneventfully.

AFTER LANDING AND DEBRIEFING maintenance, we
chalked the situation up to another pressurization
failure, assuming the DFCS issue was unique and not
related. We couldn't think of any relationship between
the two failures that would have indicated the same
malfunction, such as a weight-off-wheels (WOW)
failure, because many items we should have lost with a
left WOW failure were still available. Later that nighr,
the data recorder from the jet revealed there was a
partial left WOW failure because of a parrially failed
microswitch. This resulted in the aircraft sensing an
incorrect weight-on-wheels condition for cerrain sirua-
tions. Interestingly, once the landing gear came down
the switch worked as advertised. The Prowler’s left
WOW switch provides nearly all the indications that
differentiate between an in-flight and on-deck condi-
tion. 'Two of the items that are inoperable when the
left WOW switch is on deck are the canopy seals and
DFCS alritude hold.

Here's a few notes to take away from our flight.
The first is to evaluate every scenario before taking
any actions. Even if you think you've experienced the
same problem over and over, it is possible that you're
just seeing what you want to see. In any other jet, we
might have talked abourt the weight-off-wheel switch,
but because we were in this particular jer, we were
programmed to assume we were dealing with a repeat
pressurization problem. The rapid decompression was
only a symptom of the real problem. Ic’s hard to diag-
nose a malfunction when it only occurs for part of
the flight. In our case, the left WOW failure occurred

30

well into the flight, in a clean configuration and fixed
itself while dirty. If the failure had remained present
once dirty, we might have been more adept at diag-
nosing the problem.

Sccond, we must fall back on the most basic
training that we are given from day one: aviare, navi-
gate, communicate and checklist. We had control of
the aircraft and made sure we were receiving oxygen
to continue tanking. At the same time, we got the jer
headed in the right direction by letring the tanker
know we had a problem that required us to return to
the boar. As we continued, we finished the check-
list to make sure we did all we could to handle the
cmergency.

2 nany emergency, it is critical to get as far ahead
:ﬁ; of the jet as possible, withour being unsafe or
" causing any confusion in the cockpit. It's discon-

i certing to have trouble breathing while running

low on oxvgen and fuel at night over enemy territory.

Solid crew resource management (CRM) and foresight

helped us conclude we needed to coordinate with che

carrier, so we wouldn’t have to wait more than an hour
for the next opportunity to land.

Finally, this situation was a relatively minor emer-
gencey that could have quickly deteriorated. Whar if
there were no tankers available for us at the time?
What if we had even less oxygen than we thought
but couldn’t descend because of weather or terrain?
Whar if? Obviously, there is no way to discuss every
situaticn that you may one day find yourself in, but
it is important to always analyze what has happened
to your aircraft, and not just assume that you already
know the answer. =o—

LTJG. BELL FLIES WITH VAQ-131.
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The Effectiveness of Ground Level Oxygen
Treatment for Altitude Decompression
Sickness in Human Research Subjects

Kevin M. Krausg, M.S,, P1.D., AND ANDREW A. PILMANIS,
M.S., Pu.D,

Kraust KM, Privanis AA. The effectiveness of ground level oxygen
treatment for altitude decompression sickness in human research
subjects. Aviat Space Environ Med 2000; 71:115 8.

Background: Curreni therapy for altitude decompression sickness
(DCS) includes hyperbaric oxygen therapy and ground-level oxygen
(GLOY, The purpose of this paper is to describe the Air Force Research
Laboratory experience in the extensive use of GLO for the treatment of
altitude DS in research subjects. Methods: Data were collected from
2001 aliivde chamber subjeci-exposures. These data, describing DCS
symploms, circulating intracardioe venous gas emboli, and treatment
procedures used were collected for pach siubject exposure and stored in
an allitude DCS database. Results: In the database of 2001 subject
exposures, 801 subjects (40.0%) were diagnosed with altitude DCS
Subjects reparting DCS symptoms. were immediately recompressed to
ground level. Of the 749 subjects who received 2 h GLO, 739 (98.7%)
resolved completely and required no further treatment. Conclusions:
Although not an operational study, these data provide indirect suppor
for the current LISAF guidelines for the treatment of altitude DCS with
GLO.

Keywords: decaompression sicktess: (realiment; oxygen.

ECOMPRESSION SICKNESS (DCS) results from

exposure to reduced environmental pressure. DCS
can occur in diving, as divers return to sea level pres-
sure from the increased pressure at depth, or during
aviation, as flightcrews are exposed to decreased pres-
sures of altitude. In general, DCS is the result of inert
gas (ie., nitrogen) evolving from tissues during the
exposure lo reduced pressure. This evolved gas forms
bubbles that are directly and/or indirectly responsible
for the symptoms of the disease, ranging from mild
joint pain to serious neurological manifestations. How-
cver, it is generally accepted that the symptoms of
altitude DCS are less severe than those observed in
diving (6).

The primary countermeasures to reduce the risk of
altitude DCS include cabin and/or suit pressurization
lo increase the ambient pressure, and denitrogenation.
Denitrogenation is accomplished by breathing 100%
oxygen prior to and during the altitude exposure. This
results in decreased nitrogen levels in the tissues and,
thus, less evolved gas during the exposure.

Current therapy for altitude DCS includes hyperbaric
oxygen (HBO) and ground-level 100% oxygen (GLO)
(5,6). Historically, the usc of HBO therapy for altitude
DCS evolved from diving DCS experience (2). How-

Aviation, Space, and Environmental Medicine = Vol, 71, No. 2 » February 2000

ever, major differences exist between diving and alti-
tude DCS (5,6). The USAF allows the use of 2 h GLO for
the treatment of Type-I DCS that occurs at altitude and
resolves completely on descent (4). HBO has been used
for more serious symptoms, or Type-1 DCS that does
not resolve. The origins of the 2 h GLO procedure are
obscure and data in support of it limited. Rudge (7)
reported the effective use of GLO in a limited sample of
palienls. A preliminary report from our laboratory (3)
also supporled this pmcedl::re. In 1998, Dart and Butler
(2) published a review paper advocating the develop-
ment of specific therapies for altitude DCS, including
the 2 h GLO procedure. The purpose of Lhis paper is to
describe the Air Force Research Laboratory (AFRL) ex-
perience in the use of GLO for the treatment of altitude
DCS in research subjects.

METHODS

Data were collected from altitude chamber subject
exposures at Brooks AFB from January 1983 through
July 1998. These data, describing DCS symptoms, cir-
culating intracardiac venous gas emboli (VGE), and
treatment procedures, were cn?lected for each subject-
exposure and stored in an ongoing computerized alti-
tude DCS database. There were 399 subjects who par-
ticipated in 2001 exposures over this time period. All
subjects passed the appropriate subject physical exam-
ination, and were representative of Lhe USAF rated
aircrew population in terms of age, height, and weighl,
Informed consent was obtained from each subject and
the use of human subjects for all exposures was ap-
proved locally by the Advisory Committee for Human
Experimentation and by the USAF Surgeon Generals

From the Air Force Research Laboratory, Brooks Air Force Base, TX,
and Wyle Laboratories, Inc., San Antonio, TX.

This manuscript was received for review in January 1999, It was
revised in April and September 1999, It was accepted for publication
in September 1999,

Address int requests to: Andrew A. Pilmanis, Ph.D., AFRL/
HEPR, 2504 g ingham Drive, Suite 25, Brooks AFR, TX TR235-5104;
andrew pilmanis@brocks.af.mil.

Reprint & Copyright ©@ by Aerospace Medical Association, Alexan-
dria, VA.
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Office according to USAF AFI 40-402. These exposures
were part of several research studies designed to inves-
tigate various aspects of altitude DCS such as the effect
of exercise, preoxygenation schedules, sex, and age. The
altitude of the exposures ranged from 2,743-10,668 m
(9,000-35,000 ft). Preoxygenation duration ranged from
0~240 min. Activity at altitude ranged from rest to
heavy exercise. The experimental endpoints, however,
were consistent throughout all of the subject exposures,
and were as follows:

1. A time limit, as set by the study, had elapsed. This
limit typically ranged from 3-6 h at simulated
altitude.

2. The subject experienced symptoms of DCS. If the

symptom was joint pain, the pain was required to

be constant in character, so as to minimize confu-
sion with spurious aches.

A medical condition other than DCS occurred.

- The subject requested termination of the experi-

ment.

e L

It is important to note that, based on these endpoints,
we are describing the treatment of the initial symptoms
of altitude DCS under controlled experimental condi-
tions.

Non-invasive monitoring for VGE was done with
echocardiography using Hewlett Packard SONOS 500
or 1000 Echo Imaging Systems. This method provides
both visual images and audio Doppler of circulating
intravascular bubbles, which are used as semi-objective
measures of decompression. However, VGE scores
were not used as an end-point for the exposures
(10). The 5-point Spencer Scale for grading VGE was
used (9).

Subjects reporting DCS symptoms were immediately
recompressed to ground level. All exposures were at-
tended by a medical monitor (with no involvement in
the research protocol), who determined the disposition
of the research subject: either GLO or referral to Hyper-
baric Medicine Division immediately adjacent to the
altitude chamber. In general, subjects presenting with
pain, paresthesia, and/or skin symptoms of DCS that
resolved completely on descent were treated with GLO.
Subjects with neurologic and/or respiratory symptoms
or pain, paresthesia, and/or skin symptoms that per-
sisted at ground level, were referred to Hyperbaric
Medicine. However, the final determination of course of
treatment was at the discretion of the medical monitor
and the Hyperbaric Medicine staff. Treatment with
GLO was considered successful if symptoms resolved
completely during descent or during GLO treatment
and no further symptoms were reported.

RESULTS

[n the database of 2001 subject exposures, 801 (40.0%)
resulted in altitude DCS. All symptoms resolved and no
sequelae have been found. Fig. 1 breaks down the treat-
ments used and the treatment results for all DCS cases.
Of the 801 cases of DCS, 794 (99.1%) of the initial
symptoms occurred at altitude. Of the 801 cases, 749
(93.5%) were treated with 2 h GLO. Of those 749 cases
treated with 2 h GLO, 728 (97.2%) were asymptomatic
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Fig. 1. Treatment breakdown for the DCS cases in the AFRL DCS
Database. Percentages are given as 2 percent of the box above, NOT as
a percentage of the total number of DCS cases.

at the beginning of the GLO treatment, and 21 (2.8%)
resolved during the treatment. Of the 728 cases that
were asymptomatic at the beginning of GLO, 718
(98.6%) required no further treatment and 10 subjects
had recurrence of symptoms or delayed onset of symp-
toms. Therefore, of the total 749 DCS cases treated with
GLO, 739 (98.7%) were considered successfully treated
and 10 (1.3%) were considered unsuccessful. OFf the 801
cases of DCS, 48 subjects required HBO therapy; 2.4% of
all subject-exposures, and 6.0% of all subjects diagnosed
with DCS.

The symptomotology resulting from these exposures
has been described in detail elsewhere (8). Briefly, the
801 cases of DCS resulted in 1,119 individual symptoms
of DCS. Joint pain represented the vast majority of these
symptoms (815, 72.8%) and paresthesia was the second
most represented symptom (141, 12.6%). No other in-
dividual symptom accounted for more than 4% of the
total. Operational diagnostic focus is on the more seri-
ous conditions, such as neurologic and respiratory
symptoms. These potentially more serious cases were
more likely to be treated with HBO, Pain, paresthesia,
and skin symptoms were more likely to be treated with
GLO. Of the 801 cases of DCS observed, 774 (96.6%)
were cases with pain, paresthesia, and/or skin symp-
toms and 27 (3.4%) were cases with neurologic and/or
respiratory symptoms. Of the 774 DCS cases with pain,
paresthesia, and/or skin symptoms, 734 were treated
with 2 h GLO. Only 9 (1.2%) of these required addi-
tional treatment with HBO. Seven of these had pain,
paresthesia, and/or skin symptoms recur after GLO
and were successfully treated with HBO. Two subjects
had neurologic or respiratory symptoms occur after
GLO treatment and were Successt:ﬂl}' treated with
HBO. Of the 27 cases of DCS with neurologic and/or
respiratory symptoms, 15 were treated with 2 h GLO.
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Therefore, these results reflect the treatment of the ini-
tial symptoms of altitude DCS. The treatment of DCS
symptoms that have been allowed to progress is not
explored in this paper. The symptoms were subdivided
into pain, paresthesia, and /or skin symptoms and neu-
rologic and/ or respiratory symptoms. Not all pain, par-
esthesia, and/or skin symptoms were treated with GLO
and not all neurologic and/or respiratory symptoms
were treated with HBO. Although the majority (95.6%)
of pain, paresthesia, and/or skin symptoms were
treated with GLO, if symptoms persisted at ground
level, the subject was referred to Hyperbaric Medicine.
The final determination of course of treatment was at
the discretion of the medical monitor and the Hyper-
baric Medicine staff. In 15 DCS cases with neurdlogic
and/or respiratory symptoms in which GLO was used,
all symptoms had fully resolved on descent and no
further treatment was administered. Therefore, in this
limited number of DCS cases with neurologic and/or
respiratory symptoms, which had resolved on descent,
GLO was 100% effective.

The majority of DCS cases in the AFRL database that
were treated with GLO resolved early during recom-
pression. Again, this is most likely due to the endpoints
used in the database. Since minor symptoms were not
given time at altitude to progress into more intense or
serious symptoms, resolution was achieved more rap-
idly than if symptoms were allowed to progress, VGE,
however, did not follow the same pattern. Of the DCS
cases treated with GLO, 18.2% did not have detectable
VGE. These findings corroborate our previous findings
that not all DCS cases are accompanied by VGE (10), In
those cases in which complete VGE data were available,
69.6% had VGE present at ground level following the
exposure. The length of time that VGE remained at
ground level ranged from 1 to 93 min (mean: 8 min 42 s
= 30 s). Given the broad range of VGE resolution time,
factors other than simple Boyle’s Law bubble dynamics
must be involved. Future work will be required to
determine the factors that contribute to VGE resolution
with recompression.

CONCLUSIONS

This paper reports the treatment of 749 cases of alti-
tude DCS with 2 h GLO, as recorded in the AFRL DCS
daabase. These cases occurred during 2001 subject ex-
posures to simulated altitude, conducted over a 15-yr
period at the Air Force Research Laboratory, Brooks Air
Force Base, TX. In this database, GLO has been 98.7%
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effective in the treatment of the initial symptoms of
altitude DCS. These data provide indirect support for
the current USAF guidelines for the treatment of alti-
tude DCS. It is emphasized that these data are based on
research exposures in which subjects were immediately
recompressed once DCS was diagnosed. Operational
scenarios in which crewmembers remain at altitude
with symptoms might be expected to produce DCS
cases that require more aggressive treatment than GLO.
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8.3.2.13 Hyperbaric Exposure

Under normal circumstances, flight personnel shall not fly or participate in
low-pressure chamber flights within 24 hours following scuba diving,
compressed air dives, or high-pressure chamber evolutions. Where an urgent
operational reguirement dictates, flight personnel may fly within 12 hours of
scuba diving, provided no symptoms of pulmeonary overinflation syndrome or DCS
develop following surfacing and the subject is examined and cleared by an FS.
Personnel participating in dynamic SEBD (or equivalent egress device)
training may fly as passengers without restriction., Participation in flight
duties is prohibited for 12 hours following dynamic SEBD (or eguivalent
egress device) training. The hyperbaric exposure flight restriction is not
applicable to routine ground pressurization checks conducted in P-3 and C-130
aircraft when completed without incident.

8.3.2.14 Beards

Beards interfere with the proper use of oxygen masks both for routine use
(e.g., tactical aviation) and emergency use (e.g., guick-don masks, walk
around bottles). Beards also interfere with the effective use of chemical,
biological and radiological (CBR) protective ensembles. Beards are
prohibited for those who use oxygen masks routinely in the performance of
flight duties; prohibited for those aircrew who would use oxygen and are
required to perform tasks during emergency duties; and prohibited for those
who would be required to wear CBR ensembles during the performance of aircrew
duties. For military personnel, Navy uniform regulations also a@ply. In
accordance with Navy policy, beards are not authorized for military except
when member has been diagnosed with Pseudofolliculitis Barbae (PFB) or other
similar medical condition by competent medical authority. Any aircrew member
with PFB who needs to wear an oxygen mask shall have his mask fit by a
trained aviation life support eguipment (ALSE) technician. If a proper fit

is not possible, the member shall be found "not physically qualified” (NPQ)
for flight duties.

B.3.2.15 Corrective lLenses for Vision

Corrective lenses or soft contact lenses shall be wWOrn as prescribed. The
requirement to wear corrective lenses will be annotated on NAVMED 6410/2.

8.3.2.16 Dehydration ¥,

Of all causes of fatigue, one of the most Lreatable is dehydration. Early
Stages of dehydration can lead to emotional alterations and impaired
judgment. Ingestion of plain water throughout the day will reduce
probability of dehydration and resultant fatigue. Heat and dehydration

information is available as NASTP adjunctive training (appendix E) and can be
provided by an NAP, AMSO, or FS.

8.3.2.17 Simulator Sickness

Simulator exposure can cause perceptual sensory changes that may compromise
safety. The experience of symptoms such as nausea, disorientation, and
sweating has occurred in fighter, attack, patrol, and helicopter simulators.
Symptoms of simulator sickness may occur during simulater f£flight and last
several hours after exposure. In some cases, the onset of symptoms has been
delayed as much as 18 hours. The symptoms have occurred in both full metion
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