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Background: Decompression sickness (DCS) is a clinical
syndrome caused by a substantial reduction in barometric
pressure. DCS is more common among divers but may also
occur during flight or altitude chamber (hypobaric cham-
ber) training. DCS is classified according to symptoms as
either Type 1 (musculoskeletal and skin involvement) or
Type 2 (neurological and pulmonary involvement). DCS
may be life threatening and often necessitates treatment
with hyperbaric oxygen therapy (HBOT).
Objectives: To examine the risk for altitude decompression
sickness (ADCS) in altitude chamber training and to com-
pare ADCS symptoms and treatment to those of DCS in div-
ers (DDCS).
Methods: We conducted a retrospective cohort study that
included all cases of ADCS in the Israeli Air Force between
2015 to 2022. We collected demographic, flight platform,
altitude chamber training, clinical manifestations, and
treatment data. Data regarding DDCS was obtained via a
literature review.
Results: There were 2279 altitude chamber trainees and
aviation physiology instructors. Of these, 11 presented
ADCS, leading to a calculated ADCS risk of 0.5%. An addi-
tional four cases were reported following combat flights.
Musculoskeletal involvement was the most common symp-
tom in both DDCS and ADCS. A shorter HBOT protocol was
used in 53% of the ADCS cases but only in 30% of the DDCS
cases.
Conclusions: Overall, ADCS is a rare event, occurring in
less than 1% of altitude chamber trainees. The common
manifestation is of musculoskeletal involvement, and the
mainstay of treatment remains HBOT.
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Decompression sickness (DCS) is a clinical syndrome
that is usually caused by a change in the barometric
pressure, from high pressure to low pressure. As a result
of a reduction in environmental pressure, extravascular
and intravascular dissolved gas bubbles are formed. These
gas bubbles occlude blood vessels and impair tissue func-
tions [1]. Overall, DCS is a rare phenomenon. Its occur-
rence is more common among divers; however, aircrew
members are also at risk of DCS. Altitude decompression
sickness (ADCS) is a subtype of DCS and may occur in
three mechanisms: flights at high cabin altitude, sudden
loss of cabin pressure, and altitude chamber training [2-
4]. Altitude chamber training is the most common cause
of ADCS [2]. Several risk factors have been described in
the literature with regard to ADCS, either flight related
or personal related factors. High or long cabin altitude
flights and rapid rate of ascent are examples of flight-re-
lated factors. Being overweight, older age, dehydration,
and alcohol consumption are among the personal related
risk factors [5]. The risk for DCS may be mitigated by
breathing 100% oxygen before an expected pressure de-
cline (known as denitrogenation) [6].

DCS can be manifested by a wide variety of signs
and symptoms, which divide DCS into two types. Type
1 DCS is a mild illness, which usually presents with joint
pain, pruritic rash, occasionally lymph node enlargement,
and constitutional or nonspecific manifestations such as
dizziness, fatigue, headache, and malaise. Type 2 DCS is
a severe and can be a life-threatening condition involv-
ing the nervous, cardiovascular, and respiratory systems
[7]. Reinstituting pressure is the basis for DCS treatment.
Therefore, the therapeutic standard for DCS treatment is
hyperbaric oxygen therapy (HBOT). Some of the mild
DCS cases may be treated with oxygen only. The United
States Air Force policy is to ground aircrew from flight
for 72 hours following an ADCS incident [5].
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The aim of this study was to examine the risk for
ADCS in altitude chamber training and also to compare
altitude chamber training and flight ADCS symptoms
and treatment to those of DCS in divers (DDCS).

PATIENTS AND METHODS

This retrospective cohort study included all cases of ADCS
in the Israeli Air Force (IAF) between 2015 and 2022 from
both altitude chamber trainings and combat flights.

All cases that were suspected of ADCS in the [AF be-
tween January 2015 and December 2022 were included
in the study. ADCS was identified according to relevant
symptoms [7]. Demographics, platform, clinical mani-
festations, and treatment data were collected. For altitude
chamber ADCS risk calculation, we excluded ADCS cas-
es that occurred while flying.

All individuals who participated in the altitude cham-
ber training sessions were deemed medically capable for
all flight duties by the Israeli Aeromedical Center, and
specifically for training in the altitude chamber.

The IAF altitude chamber capacity is 11 trainees;
however, in an average training only 6 trainees occupied
the chamber. The IAF training protocol for altitude cham-
ber training includes an ascent to a maximal altitude of
7620 meters (25,000 feet). The ascent and descent rates
are 1524 meters/minute (5000 feet/minute). Preceding
the training, a 30-45 minute pre-oxygenation period (de-
nitrogenation) of breathing 100% oxygen is required [8§].

For comparison of ADCS to DDCS, data regarding
DDCS were obtained through a literature review. MED-
LINE was searched using PubMed for meta-analyses and
review articles. The search was limited to articles pub-
lished in English for which an abstract was available,
with the term decompression sickness appearing in the
title. An additional search using similar characteristics,
but with the search terms hyperbaric oxygen treatment
and decompression sickness, was performed to obtain da-
ta regarding HBOT. As no publicly available patient-lev-
el datasets exist that allow direct comparisons with the
present ADCS case series, symptoms distribution and
treatment modalities for DDCS were extracted from ag-
gregated data presented in the identified review articles.

Graphs and comparisons of symptom distributions and
treatment types were conducted using Microsoft Excel™
2016 Version 16.23 for Mac (Microsoft® Corporation,
Redmond, WA, USA)

Ethics approval for this study was granted by the Is-
raeli Defense Forces Institutional Review Board.

RESULTS

During the study period, 272 altitude chamber training
sessions were performed in the IAF. Of 2279 trainees
and aviation physiology instructors, 11 cases of ADCS
were reported, with a calculated risk of 0.5%. An ad-
ditional four cases of ADCS occurred during combat
flights. These in-flight cases were associated with in-
flight pressurization system failures, resulting in un-
planned cabin altitude increases. No pre-breathing
of 100% oxygen was performed prior to any of these
flights. Two events occurred in F-16 aircraft, one in
an F-15, and one in an M-346 aircraft. Demographics,
flight characteristics, and ADCS type of these 15 ADCS
cases are presented in Table 1. Mean age was 24.9 + 6.8
years (range 19-42 years). Detailed demographic data
are presented in Table 2.

Table 1. Patient demographics for ADCS

Variable Value
Total number of patients 15
Altitude chamber 11 (73%)
risk 0.5%
Flight 4(27%)

24968

411 (27%:73%)
7.8+ 1.2[25.73.9]
7.6 0.0 [25.0 £ 0.0]

Age in years (mean * SD)

Sex (female:male)

Maximal altitude (km [kft], mean * SD)

During altitude chamber

During flight 8.5+22[27.8+7.2]
Treatment

HBOT type (USNTT5:USNTT$) 7:6 (47%:40%)
100% oxygen 1(7%)

No treatment 1(7%)

ADCS = altitude decompression sickness, HBOT = hyperbaric oxygen
therapy, SD = standard deviation, USNTT = United States Navy
Treatment Table

In our literature review, we found six meta-analyses,
but none had any relevance to the study goal. There were
35 review articles on the subject; however, only one with
a symptoms distribution analysis [9]. A single meta-anal-
ysis and 99 review articles regarding DCS treatment were
found. Only one review article was found to be relevant,
and it contained information regarding specific hyperbar-
ic treatments [10].

Table 3 describes symptom distribution in DDCS
based on the review by Mitchell and colleagues [9] and
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Table 2: Distribution of Israeli Air Force ADCS cases

3
o | Agein . Altitude Symptom HBOT tail
§ years Sex Profession Platform km (kft) Symptoms classification Treatment CEINEnG
Bilateral knee, low back Musculoskeletal,
1 20 Male Cadet pilot AC 7.6 (25) and shoulders numbness spinal cord, USNTTS 1
and pain; extreme fatigue constitutional
Flight Radial nerve area :
2 34 Male engineer AC 7.6 (25) numbness Spinal cord USNTT5 No
3 21 Male API AC 7.6 (25) Left shoulder pain Musculoskeletal | USNTTé 1
4 25 Male Aircrew AC 7.6 (25) Left elbow pain Musculoskeletal USNTTS No
Right shoulder pain, arm | Musculoskeletal,
5 26 Female API AC 7.6 (25) numbness spinal cord USNTT5 1
6 20 Male Tactical crew AC 7.6 (25) Right shoulder pain Musculoskeletal | USNTT5 No
7 37 Male Aircrew Cﬁgﬁft 12.2 (40) Extreme fatigue Constitutional - -
8 24 Male Aircrew Cf"llrgﬁﬁt 7.9 (26) Dizziness, Nausea Constitutional | USNTT6 No
9 | 2 Male | Cadet pilot AC 76(25) | ROntshoucerandam | yyscioskeletal | 100% O, -
10 19 Male Cadet pilot AC 7.6 (25) Bilateral groin pain Spinal cord USNTT6 1
Slow movement, . .
11| 20 | Female  Cadetpilot AC 7.6 (25) weakness, hand Brain, spinal | ysNTTS 2
numbness
Elbow and shoulder
12| 2 Female API AC 76(25) | pain, extreme fatigue, | MusCUloSKeletal, - qyrr g
headache
13 42 Male Aircrew Cf"l[gﬁtat 6.7 (22) Headache Constitutional | USNTTé No
; Combat Joint pain in the
14 21 Male Aircrew flight 7.0 (23) extremities Musculoskeletal | USNTT6 No
15 21 Female API AC 7.6 (25) Left shoulder pain Musculoskeletal USNTT5 1

AC = altitude chamber, ADCS = altitude decompression sickness, API = aviation physiology instructor, DCS = decompression sickness, HBOT =

hyperbaric oxygen therapy, USNTT = United States Navy Treatment Table

ADCS symptom distribution from the IAF cases. In both
datasets, the majority of symptoms were predominantly
classified as DCS Type 1, with musculoskeletal involve-
ment appearing in approximately 60% of cases. Cuta-
neous symptoms were described in up to 50% of cases
among divers but were not seen in the ADCS cases. In
half of our ADCS cases, symptoms appeared immediate-
ly or shortly after pressure drop. However, in one case,
symptoms appearance was documented as late as 16
hours following pressure drop.

The standard treatment for DCS is HBOT. DCS cases
are generally treated using the U.S. Navy Treatment Ta-
bles (USNTT) 5 and 6. Both protocols are similar in the

depth parameter of 2.8 atm but differ in exposure time.
The profile of USNTTS lasts 2 hours and 15 minutes,
while USNTT 6 continues for 4 hours and 45 minutes
[11,12]. Of our 15 participants with ADCS, 1 was not
treated and 1 was treated with 100% oxygen. The remain-
ing 13 (87%) were treated with HBOT [Table 1]. Of these
13 participants who were treated with HBOT, 7 needed
more than one HBOT treatment (tail treatment). Anton-
elli and colleagues reported that approximately 70% of
DDCS cases were treated using USNTT6, whereas the
HBOT treatment of our ADCS cases was divided almost
equally between USNTTS and USNTT6, 53% and 47%,
respectively [10].
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Table 3. DCS symptoms: Mitchell's et al. review (2022) vs. IAF ADCS

DDCS
Symptom (Mitchell et al. 2022) | 'AF ADCS
Musculoskeletal 50-65% 60%
Spinal cord (including motor _
weakness and numbness) 20-30% 33%
Constitutional (including fatigue, _
dizziness and headache? 20-40% 33%

Brain (including cognitive
impairment, visual field changes, 5-10% 7%
ataxia and focal weakness)

Inner ear [including vertigo, _

hearing loss and tinnitus) 10-20% 0%
Cutaneous 40-50% 0%
Lymphatic 1-5% 0%
Cardiopulmonary (including 1-5% 0%

cough, chest pain and dyspnea)

Cardiovascular <1% 0%

ADCS = altitude decompression sickness, DCS = decompression
sickness, DDCS = diving decompression sickness

DISCUSSION

DCS is commonly associated with diving but can also
occur during flight and altitude chamber training. From
a physiological point of view, Haldane's model was his-
torically used to estimate the risk for developing DCS.
According to this model, the threshold for DCS devel-
opment was defined as a decline of 50% in atmospheric
pressure. During flight or altitude chamber training, such
a decline occurs when the cabin altitude exceeds 5486
meters (18,000 feet) [3]. Over time, additional and more
accurate models (Critical supersaturation, ADRAC) were
proposed for estimating DCS risk development [5].

Altitude decompression sickness tends to be a rare
event both during flight and altitude chamber training
sessions. In our study, the calculated risk for ADCS event
during altitude chamber training was 0.5%. This is a rel-
atively high risk compared to other facilities in the world
[13]. DCS diagnosis may be challenging and sometimes
relies on clinical impression and experience. The IAF
practices a high index of suspicion for ADCS events,
which may explain the higher risk found in this study.

Musculoskeletal symptoms were the most common
manifestation of both DDCS and ADCS. These symp-
toms are classified as DCS Type 1, which is known to be
more common than DCS Type 2.

The majority of DDCS cases are treated in a hyper-
baric chamber using the USNTT6, while only 30% are

treated using the USNTTS5 [10]. The latter is reserved for
mild DCS cases. As the IAF practices a high index of sus-
picion with regard to ADCS, even very mild cases, which
otherwise would have been treated with 100% oxygen
breathing or observation, are often treated with HBOT,
using the shorter protocol of USNTTS. Therefore, it is not
surprising that USNTTS5 was used in 53% of our HBOT.

During study period, there were only four cases of
flight ADCS. Flight hours in the IAF far exceeds those
of altitude chamber training. Hence, the risk for ADCS
during flight is much lower than that of ADCS during
altitude chamber training. The standard altitude cham-
ber training protocol involves an ascent to 7620 meters
(25,000 feet), whereas normal cabin altitude in pressur-
ized aircraft rarely exceeds 5486 meters (18,000 feet),
which is the cutoff value for ADCS. Importantly, all in-
flight ADCS cases occurred in the setting of unplanned
pressurization system failure, rather than during routine,
normally pressurized flight operations.

Measures can be taken to mitigate the risk for ADCS:
Reducing rate of ascent and extending pre-oxygenation
time can be implemented to improve altitude chamber
training safety [14]. Flight duration at cabin altitude ex-
ceeding 5486 meters (18,000 feet) should be reduced
to the minimal necessary level during both training
and operational flights. Emergency procedure manuals
should be standardized to include a descent below 5486
meters (18,000 feet) in the event of pressurization sys-
tem failure (rather than 7620 meters [25,000 feet]). A
pressurization system failure light indicator, which is
lacking in some F-15 aircraft, should be installed in all
platforms.

This study has several limitations. Most notably, the
comparison between ADCS cases and DDCS is based on
aggregated data derived from published review articles
rather than from primary patient-level datasets. There-
fore, the comparisons presented should be interpreted
as descriptive rather than as definitive quantitative. In
addition, the sample size was small, and the study pe-
riod was relatively short. Altitude chamber protocols
were not identical for all trainees, as two main proto-
cols, which slightly differ from one another (ascent rate,
pre-oxygenation period), were used for different trainee
populations.

CONCLUSIONS

DCS is a potential risk in diving, and it also poses a threat
for aircrew. Overall, ADCS is a rare event, occurring in
less than 1% of altitude chamber trainees. In this study,
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we found that the common manifestation is of musculo-
skeletal involvement (Type 1 DCS), and the use of the
USNTTS5 was more common for ADCS than it was for
DCS in our cohort. Although uncommon, ADCS may
also occur during operational flights, particularly in the
setting of pressurization system failure.
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