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ABSTRACT .

Seventy-sevan subjects were decompressed from air or nitrogen-oxygen
(nitrox) saturation exposures at 18.3 to 40.2 meters sea water (msw)
(60 to 132 feet sea water (fswg)) using four different decompression
scnedules. A 20 hour schedule for decompression from an air
saturation-excursion profile at 18.3 msw (60 fsw) resultsd in
pain-only decompression sickness (DCS) symptoms in 2 of 23 subjects. A
32 and 35 hour schedule from a different air saturation profile at
19.8 and 22.9 msw (65 and 75 fsw) respectively, resulted in DCS
symptoms in 1 of 24 subjects. A third and fourth schedule for air or
in DCS symptoms in 3

nitrox saturation at 40.2 msw (132 fsw) resulted

I1) symptoms were

—

of 12 and 1 of 18 respectively.\No serious (type
obszrved as a result of any of tﬁe decompressions. A'1l DCS cases
consisted of knz2e pain occurring either in the last 3 msw of the
dacomprassion, or shortly after surfacing. Doppler ultrasound
monitoring revealed venous gas emboli (VGE) in several subjects, but
generally only shallow to 6.1 msw (20 fsw). Results demonstrate an
overall DCS incidence of 9%, and all cases were pain-only and
localized to the knee. 'The third schedule (US Navy heliox saturation
decompression schedule) appears to produce a higher incidence of DCS
than the other schadules when used in air or nitrox exposursas.

Differentiation batween the schedules designed for nitrox was

impossible duz to the limitad number of subjacts in each and the .

Py

1

varizble nature of the exposures.
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INTROZDUCTION

nCoened

| S S S

A confusing array of decompression schedules for saturation on air
or nitrogen-oxygen (nitrox) mixtures at increased ambient pressure has

been formulated and tested over the past 20 years (1-9). The incidence

of decompression sickness (DCS) has varied widely depending on
individual susceptibility and characteristics of the particular
exposura. Attempts to apply existing data to decompression schedule
formulation have been complicated by widely varying pressurization,
excursion and atmosphere profiles. Moreover, since much decompression
information never reaches publication, subsequent analysis must rely
on hearsay or inadequate data. To formulate sound schedulefj anéd more
thoroughly understand the physiology of saturation decompression, a
large numbar of decompression trials with a variety of environmental
conditicns is required. To this end, this report is a detailed
description of the conditions and results of air saturation
decompressions occurring at this laboratory in the course of
evxperiments over the past 7 years. This is not intended to be a
comprehensive investigation into the theory and physiology of air
saturation decompression, nor is it intended to promote the use of the
described schedules. Rather, it is intended to add to the body of

wnowliedge of how humans tolerate decompression from air saturation

s

»r a variety of conditions.
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MATERIALS AND METHODS

Subjects

The subjects for these exposures were active duty or ressrve Navy
divars. Subjects were not used more than oncz2 and no subject had been
exposed to elevated pressure for at least 2 weeks preceeding the
saturation exposure. Subject physical characteristics for each series
of experiments are shown in Table 1. No significant differences in

these characteristics existed between the groups of subjects.

Facility

All saturation exposures were performed in the main hyperbaric
chamb2r of the Environmental Simulation Facility located at the Naval
Submarine Medical Research Laboratory iu Groton, Ct. The chamber was
0f double lock design, steel construction and was man certified to 107
nsw (350 fsw). The diameter measured 2.8 m, the inner lock being 4.6 n
in length and the outer 3 m. Separate life support systems for each

lo~k controlled CO temoeraure and hunidity. CO2 was ronitored

2I
continuously in each lock by Beckman 864 analyzers and averaged 0.06 +
.023 for all exposures. Oxygen was menitored by Beckman 753 analyzers

and was mAaintained at plus or minus 1% of the desired value by

Teledyne 323 controllers. Temperature was adjusted to subject comfort
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controlled or limited. Sleeping habits wezre generally not alterad.
Madications ware discouraged and rarely used. Occasionally,
acetaminophen, topical antifungal preparzations, antacids,
pseudoepnedrine and topical decongestants were used. Analgesics were
not administered during decompression. Activity levels generally
consisted of unhurried movement about the chamber (exercise studies
discussed below). Scientific procedures consisted of spirometry, other
non-strenuous breathing tests, blood draws, special sensory testé
(vision, hearing), psychomotor tests, EEGs, ECGs and the like. No

oxygen breathing was included in any of the decompression schedules.

Decomoression monitoring

—

Adeguacy of decompression was gauged primarily by reported and ‘
elicit=2d symptomatology. Symptoms were divided into conventional
categoriss: pain only symptoms (type I) and multisystem or serious
symotons (type II). Treatments were individualized, but generally i
followed the guidelines of the US Navy Diving Manual (10). Only
symptomatic subjects were treated. Treatment details are described

with the results. Precordial monitoring for right heart venous gas

i b

emboli (VGE) using doppler ultrasound was carried out at regular

P .}

intervals (every 3 to 6 msw) during the decompression in schedules 2

and 4 only. A Sodelec D.U.G. unit with probe was used for the signal
sen2ration, and the Kisman-Masurel scoring schem=2 (11) was used for

snalysis of the= signals. In this system, two scores are reported - one

reprosenting the VGE score with the subject standing at rest, and the
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scores were calculated for each depth, including only those subjects

in whom VGE were detecti’.
Statistics

Scnedules were compared on the basis of the presence or absence of

DCS symptoms. Two by 2 contingency tables for all combinations were

analyzed by either the Fisher test (12) (for small sample size) or the

chi-square test (for large sample size).

SCHEDULE DEZSCRIPTION AND RESULTS

Schedule £

The dscompression schedule is shown in Table 21. This scheadule is
bas2d on the NOAA 3202 M-value matrix, assuming that the 480 nminute
half time tissue is the rate limiting compartment (2). This
decompression was used for two series of air saturation expésures
(AIRSAT 1 and 2), with a total of 23 subjects. The storage depth was
13.3 msw (60 fsw), and daily excursions to 20.5 ms. (100 fsw) or 45.7
msw (150 fsw) were made as shown in Fig.lA & B. Fifteen hours and 45
minutes elapsed betwzen the 30.5 msw excursions and 19 hrs and 20 min
between the 45.7 msw excursions. On each excursion, the subjects

croerciced on a bicycle ergometer for 30 minutes at approximately 75%

[

of mwzinmal eanacity, No dacompr=assion svmptonls rasulted fron any of

eccarsions Lo these ceporiments.
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Tne final decompression bagan about 44 hours after the firal

L[58

excursion in AIRSAT 1 and 47 hours aftzsr the final excursion in AIRSAT
2. Twenty-three subjects decompressed using this schedule. One subject
(AIRSAT 1) was classified as having type I decompression sickness.
Briefly, this subject noted mild, deep seated right knee discomfort on
awakening at 1.8 msw (6 fsw), which then increased to moderate levels
on reaching the surface. A similar pain had begun to appear in the
left knee by the time recompression therapy was initiated (about 30
minutes after surfacing). Complete relief of the left knee discomfort
and 90% relief of the right knee pain was achieved in the first 10
minutes of treatment. To minimize further oxygen stress, the second
oxygen period at the 18.3 msw (60 fsw) level was eliminated, and the
remainder of a standard U.S.Navy Treztment Table 5 (TT5) was
completed. Complete relief of all symptoms with no recurrence was the

final ouztcone.

One other subject (AIRSAT 2) reported a feeling of discomfort in the
left knee about 3 hours after reaching the surface, but it resolved
after several hours with no treatment. None of the other 21 subjects
renorted symptonms during or subsequent to the decompression. Doppler

monitoring was not performed during this series.
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R = k(PiOz) (1)

where2 R is the rate of ascent in msw/hr, Pi02 is the inspired oxygen

partial pressure in ATA, and k is 1.83 (6 for R in fsw/hr) (13). Since

the breathing media for this schedule was air, the Pio2 decreased as
the depth decreased. To satisfy equation (1), the ascent rate also was 1
reducad. For convenience, the ascent rate was reduced at 3 msw (10

fsw) intervals to the rate required by the lowest PiO2 in the -

interval.

e otnedh it dandodel b,

Schedulas £2 was used for a series of € exposures (the SURLX

exparimants), each with 3 subjects. The atmosphere was air throughout,
and excursions to the surface were included (see Fig.lC & D). Furtiher

da*tails of thesz2 exposures and thez ascending excursions is contained

LA 4 g )

in the raferences (l14). The subjects spent a total of 44 nhrours at 19.8
(] msw (65 fsw) (SUREX 1-6, n=18), or 22.9 msw (75 fsw) (SURZXx 7-8, n=3§),

and the decompression began about 20 hours after completion of the

L

4

[ final ascending excursion. The excursions represented a significant

,

»! decomprassion stress, and most subjects complained of pruritus acd had !
{i detectable VGE during the surface interval. Four subjects had DCS .
i )
[ symptoms (3 type I and 1 type II) during or immediately following the 1
P. excursions. All subjects were asymptomatic prior to initiating the

rn

inal d=2compression, and all were decompressad on the sam2 schedula.
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7
nsw (2 fsw), which was essentially unchangad on arrival at the
surface. Physiczl exam was entirely normal. A standard TT6 we-
initiated, and full relisf was obtained after the first oxygen
breathing period at 18.3 msw. There was no recurrence.
The number of subjects with detectable VGE and the mean VGE score K
for these subjects is shown in Table 3. In schedule #2, no VGE were )
s -
detected deeper than 3 msw (10 fsw). The highest VGE score occurred in Q
the subject with diagnosed decompression sickness (rest grade
2/movemant grade 4). The other scores were generally very low.
ﬂ
E
9
Schadule £3 —
5
L,
’-1
This dzcenpression schedule used is the U.S. Navy standard
n=2lium-52ygen (h=2liox) saturation decompression schedule (10). Because
of tne v2ry low incidence of deconpression sickness associatad with ”
tha use of this schedule for shallow heliox exposures, it was believed .
]
that it might be sufficiently conservative to allow safe decompression
from shallow air or nitrox saturation exposures. The ascent rates are |
shown in Table 2. Rest stoss are an integral part of this ' -
t‘ decompression. The protocol calls for rest stops (no travel) from ..
J 3
' 2:00~6600 and from 1400-1600 independent of the starting time or »
5 <
8 Jdanrn. Continuous travel occurs at all other times of the day.
b
L
P
}
’ R
K This deronprassion was useld exastly as indicatzd 1t a saries of 4 %
{ oizoant oalnve staralinn cotaras (NIDTUT 2 sacl withy 3 )
» \
L)




subjects. The pressurization and atmosph
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profile is shown in Fig.lE

«©

and Fig.2A respsctively. Daily 5 hour no-decoampression sxcursioas on

3

air to 60.4 msw (198 fsw) were made from a nitrox (Pi02=3.30 ATA)
storage dapth of £0.2 msw (132 fsw) on days 2,3 and 4. Zighteen hours
and 45 minutes elapsed between the excursions. No decomnression
symptoms resulted from any of the excursions. Twenty hours after the
third and final excursion, an isobaric shift to air occurred. The air
exposure at 5 ATA continued for 24 hours, afterwhich the final
decompression began (at 1000 on day 6). The chamber reached the
surface at 1346 on day 8, for a total decompression tims of 51:46; 16

hours of rest stops and 35:46 of travel. ‘

Threz of the 12 subjects were classified as having tycz I DCS. all 3

rn

had lef:t knee discomfort, but the timz2 of onset was somswhat
differ=nt. Two of the 3 subjects initially noted symptoens at about tha

1.5 msw {3 fsw) level, and the othzot subject noticed symzstoxs about 7

Navy Diving Manual (Vol 2)(10) i.e.; recompressed 3 msw deeper than
where symptoms were noted, held for 2 hours while breathing 100%
oxygen (cycles of 20 min. on, 10 min. off), and then resumed the

Gocompression schedule. Full relief was obtained in thi

(]

suBj

n
(]

ct
immediately on traveling to 4.3 msw (14 fsw), and there was no

reccurrence. The other subject with symptoms under pressure was allowe

2,

to suzfzace (he ¢id not mention sympioms until this timz2), and th=n

ity o~ TIP3, which was modified by eliminating 1 oxvgen rvariod

Lis

15 hroeatment modificocticn was Doliove
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;e s1gnificant signs ar . sympdtoms of pulmornary oxygen toxicity (POT) were
,l preseat (15). This subje.t hed complete relief 5 minutes into the

.

2riod at 13.3 msw, but h2 had a recurrence of the knee

tn
P
~
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o
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pain only 30 minutes after surfacing from the treatment. A TT6,
modified by shortening the 9.1 msw (30 fsw) oxygen periods to 20 min,
then resulted in complete relief with no recurrence, and surprisingly,

no further pulmonary symptomatology or decrement in pulmonary

function. The third subject with symptoms, which appeared after
surfacing, was treated with a TT6 10 hours after surfacing. This TT6 :
was again modified by shortening all oxygen periods to 15 min and 4
increasing alr periods to 15 min, as this subject also suffered
significant s3isns and symptoms of POT (vital capacity drop of 730C%) 1

earlier in the decompression schedule. He had immediate, but partial

[EN]

relief of the kxnze pain on compression to 18.% msw. Tne remainder of

o)

resolved over the courss of tne treatment, and there 1
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was no racurrence. Doppler monitoring wa2s not performed during theassa

j -

This ccheldule2 was also Jderived using szuation (1), withh X e3uzcel to
¢
' 1.53 (5 if R in fsw/hr) instead of 1.83. This resulted in slower
: : ’
¢ ascent rates, whlch were believed to be prudent as the subjects were
cupzotad to devalon significani signs anl symptons of PFIOT, ard thers
3 somz o avidonacs Jnilch suggests that POT roadusoes doconprassion ,
> ]
¢ Lileranos (YAY . Slower ascent cabos Lot o un2our 0 be noeagossary for X
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The exposurz for which this scneduls was useé (AIRSAT 4) is shown in
Fig.lF, and ths oxygen profile of the exposure is given in Fig. 23.
Briefly, compression to 40.2 msw on a nitrox atmosphere (Pi02=0.30
ATA) 1is followed, 12 hours later, by an isobaric shift to air

(Pi0,=1.05 ATA). No excursions were verformed. Forty-eight hours after

2
the isobaric shift, another isobaric shift back to nitrox occurred
(now Pi02=0.50 ATA), and the decompression started immediately (at
2200 on day 3). The partial pressure of oxygen was maintained at 0.50
AT2 until the chamber oxygen level reachad 21% (at 14 msw)),
aftervwhicn, the E‘iO2 of 21% was maintainad to the suriace (decreasing
Pioz). Th=2 chamnbar rsached the surface at 1508 on dav 6 for a total

doccmprassion time of 65:08 with no rest periods.

Eighzz2an subjiacts, 1in & separate but idontical expostures
tais schadule. All subjzcts had significant signs

S
and s,motcms of POT, which is Zescribzd in ded

or

all elsevhsra (373,
During decomprassion, one subject had onset of bilateral knee
discomfort (left greater than right) on awakening on day & at about 3

msw. This discomfort would generally abate before the pressure was

a5tin rrluczad by 0.2 msw {avery 352 minutis at thin point), at which
tim2 it would re-appear. This continued to 2bout 0.6 msw, at which
1 tire hiee o was rapidly surfaced and transfeorred to anotner chamb2r. He
L ) ranid resclcticn of the naiin at 18.3 msw on oxyaen, and a standard
s . 3 cormolatad, Thnora was no racurronce. Tho othar subjects in
o
{ “hor owero allow ol o zoatinne xho osohedule, The sympoboTnatis
D CNT oMb eed s VO 3o oo the 3 (rosi-1 a0 ment-L) an Ln
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3 m3u session, but VGE wdra undetoctable aft=r completion of the TTS.
I'ne number of subjects with detectable VGE and t™~ wean VGE scores are
shcwn in Table 3 b2low. VYGE were detacted deeper in this sciuesdule,
with one subject having low scores at the 15.2 msw (50 fsw) level. It
is interesting to note that in those subjects with detectable VGE, the
scores did not generally increase as one neared the surface. In fact,
some subject's VGE scores decreasad from 3 msw to the surface.
]
‘
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Meaningful comparison of these scnadules is almost impossible due to
the relatively small numbers of subjects, the well estadblished
variablity of DCS, differences in ths exposures apart from the
decompression schedule, and the binomial nature of the data (18). No
significant differences in the DCS incidence between the 4 schedules

presentad here could be detected.

The overall incidence was about 9.1% (7 of 77), and all of the cases
ware pain-only, or type I symptoms. Most symptoms bagan while still

under pressure, and the knee was the only site in this series. This is

consistant with pressurizad caisson experience, where ths lz2g9 was the
most comaon site 1n workars exposed to compressed air for prolonged

pariods of time (19). Similarily, knee pain accounts for the majority
0f DCS syrzroms in heliox saturation deconmpressions and for exposures

of comparable depth, the tim2 of onset is similar (20,21,22). Other
symptons commonly associated with deeper heliox saturation exposures

(23), such as vestibular symptoms, were not obsarved in this series.

S Although no statistical differences between thza schadules can be

'Y s3anwn, f£2r tho roas0ns stated above, schedule #3 appears somawhat

b
[ sewoiacioans, 23 1t accoan- 1 for slmost half of the DCS, but oaly one

t ST st e sabloecttsl Loy ynsatisfachtory rasulss (2 DCS zasz2s of
b
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arz combinad with the results of AIRSAT 3, and compared to a
combination _f the other exposures, then schedule #3 carries a
significantly higher incidence of DCS than the other schedules (28.6
vs 6.2%, P<.002). The explanation for tnhis high DCS incidence probably
resides in the purpose of this schedule; the ascent rates were
designed for helium, not nitrogen, and helium equilibrates more
quickly in most tissues than does nitrogen. Based on these results, it
would appear that further application of this heliox schedule in air

or nitrox saturation exposures is unjustified.

Another factor which may explain the results of schedule #3 is the
timing of the rest periods. In the AIRSAT 3 experiments, the
dzcompression was timed so that the subjects surfaced at 1345, or just
prior to the 1400 rest stop. Therefore, the subjects warxe traveling at
the 0.%1 m/hr rate since 0600, from about 6.7 msw (22 fsw) all the way

to the surface. Should things have been timed so that the 2400-0600

¢

rest ston occurra2d betwesn 3 msw and the surface, the results of tihis
schaodule may have been very different. It seems reasonable that rest
stops should be in relationship to depth rather than the time of the

day.

Equation (1), from which schedules #2 and £4 were developed, is
basaed upon a retrospective study of many saturation dives. An initial

4

anrlvsis of 579 haliox man-dacompr

L

ssions indicatad that the average

safz rate of ascoat increases linearly with the2 oixygen partial
poossuc2 (L3, A estaonsion 9f thais analysis to L1V neliox
n-dromnnyessiong (o b pablizhe? scorcarnaly) confic ool this

. -
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ralatioaship and sugqestgd that the average ascent rate also decreases
as the saturation dapth increases. Anzlysis of 160 man-dacompressions
from air or nitrox saturation dives indicated similar effects, but
with slower ascent rates than thosa for heliox. The valua of the
constant k in equation (1) was chosen basad on these retrospective
analysas, and was therefore assumed to depend upon both the depth of

the saturation exposure and the inspired inert gas species.

It would appear that the decompression ocutcome from the schedules
calculataed with equation (1) is somewnat bette; than a combination of
the results from the other two schedules (2 of 42 vs 5 of 35). The
difference, however, is insignificant (P=0.15). Even if it were
significant, it would be difficult to attribute the difference to the

schedula alone, as there are marked differences in the excursion and

5

atmosphere paranzters betwesen these two groups of exposuces.

rsy

urthecrmore, the value of k chesen for use in equation (i) prcduced
ascent rates which were slower than those of schziulas #1 or 3, ard it
is reasonable that a slightly better decompression outcome would be
produced by slower ascent rates. Whether or not this schedule provides
any decompression advantage, either in safety or efficiency, awaits
further testing. An undeniable advantage of eqgquation (l), however, is

its simplicity and flexibility.

Other aspects of these exposures furtiner complicate analysis of the

0

deconpression outcoma. There is som2 early evidenca in znimals which

1
K
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ilter microemtoli (25). .Subjects in both AIRSAT 3 and AIRSAT 4

uffaored signifi~ant signs and synmptoms of POT

&)

(15,17). Although
suitable control data is not available for comparison, it is

conceivable that those subjects afflicted most saverely with POT may

be at increased risk for developing DCS compared to those less
afflicted. Therefore, since the degree of POT can be estimated from
change in the vital capacity (VC) measurement (26,27), one might
expact that those subjects with DCS symptoms would have had greater
decrements in the VC than those without DCS symptoms. There was no
significant difference, however, in the VC decrements between the DCS
and thz non-DCS groups reported hexre. Nevertheless, this crude
analysis does not negate the role of POT, since the VC may not bz the
relevant index, or alternatively, more savere POT may be required to
detect an effect.

Not only may POT compromise decompression tolerance, it may also
complicate treatmaent. Since current treatmment regimens fcr
decompression sickness call for the use of hyperbaric oxygen, a
pre-existing degree of POT may compromise tolerance of the treatment
itself. This was believed to account for an unusval case ¢f POT in at

least one report (9), and was the basis for modifying the treatment

tables uszd for the cases of decompression sickness descrivbed here. [t

o
S
e

M

~

5, however, that subjects treated with hyperbaric oxygen for

o
[
9]
o
=

mpression sickness suffer no further decrement in pulmonzary
functicn. The & treatesd c2ses of decompression sickness in this repor:
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could reflect success of the treatnmant schedule modifications, it more
1ik=21ly suggests that th2 effect 0f 2n oxygen treatment table is

ninimal, once recovery from POT has started.

The presence or absence of excursions, either ascending or
~descending, must also be considered in the interpretation of
saturation decompression outcome. Since 44 hours elapsed from the
final excursion to the beginning of the decompression in AIRSATs 1, 2
& 3 (schedules %1 and 3), it seems unlikely that this factor would
significantly affect decompression outcome, especially since no
symptons of d=compression stress were present in any of the subjects
after the excursions. Although acclimatization to decompression stress

as a xr2sult of the repetitive excursions is a consideration (13), a

—

benefit from brief "“bounce" exposures for a subsequent saturation
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decomoarassion has never b2en demonstiratad. Symptomns o

>

“

on the ascending excursions in the SUPLX exposures {scuzdule £2), and
although only 20 ars elapsed from the last excursion to the start of
dz2comprassion, there appeared to be no correlation of the excursion
results with the decompression outcome. Nevertheless, since little
evidence exists to establish the effect of excursions on saturation
decomoression outcome, the presence of different cxcursions 1in the
cxposuras dascribed here remains a confouunding faccor in the

interpretation of these results.

to Allow corzzlation witn symptonms, Howaver, th=2 only 3uvjocts with
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those schedules. Overall, gquantities of VGE were very low. The deeper
exposures had a tendency to produce detactable VGE earlier than the

shallower exposures, as would be expected.

In conclusion, 7 cases of decompression sicknass out of 77
decompressions from nitrox saturation exposures at depths of 18.3 to
40.2 msw are described in detail. The overall DCS incidence rate was
about 9%, and was similar in character and timing with that reported
for heliox exposures. The US Navy heliox saturation decompression
schedule, when used for air or nitrox saturation exposurés, appears to

produce a higher incidence of DCS than schedules designed for nitrox.
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iation batween the schedules designed for nitrox saturation
exposures was impossible due to the relatively small numbzr of
subjects, the difference in exposure paraneters, and the binomial
nature oI the data. Many more decompressions using uvniformn,
uncomplicated criteria and procedures, and incorporating more
quantifiable indexes of decompression stress, will bec necessary bafore
sound concepts of air and nitrox saturation decompression can be

formulated.
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1. Pressurization profile for all the exposures described in this
reoort. A: AIRSAT 1 (schedule #1), B: AIRSAT 2 (schedule #2), C: SUREX
1-6 (schedule :2), D: SUREX 7,8 (schedule %£2), E: AIRSAT 3 (scnedule
£3), F: AIRSAT 4 (schedule #4). Clear areas represent air as the
breathing media, and shaded areas represent other nitrogen oxygen
mixturas; crosshatching - 0.30 ATA oxygen, balance nitrogen; dotted

ar2a - 0.50 ATA oxygen, balance nitrogen.

2. Oxy32n paztial pressure profiles for A) AIRSAT 3 and B) AIRSAT 4.
The diluent was nitrogen is all cases. The exposures not shown used

ailzr throughout.
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FOOTNOTES
1. This schedule 1s the sams one usad for the Shallow Habitat Air Dive

expariment
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SUBJECT PHYSICAL CHARACTERISTICS
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AIRSAT 1

{schedulsa

(schedula

SUREX

(scheadulsa

AIRSAT 3

(schedule

AIRSAT 4

(schedule

e
r—
N

=
w
—

12

24

12

18

AGE (yr) HEIGHT (cm)
25.5+5.0  178+4.0
(20-35)  (172-185)
23.8+3.3  180+8.0
(21-32)  (162-189)
26+5.0 175+6.5
(20-38)  (164-191)
30.1+3.6  17649.0
(25-36)  (162-194)
29.3+6.9  174+8.3
(19-40)  (160-1386)

WEIGHT (Kg) BODY FAT (%)
77.6+7.0 19.8+4.5
(69.9-91.2)  (14.9-28.0)
77.3+9.0 16.4+3.6
(61.7-95.7)  (11.0-22.0)
75.8+8.6 13.3+4.4

(56.5-94.8)

81.4+18.0

(62.4-104.4)

78.849.6

(61.7-107.4)

(6.5-24.6)

22.1:2.3

v
—

(15.0-27.0}

14.0+5.0

(7.6-28.7)

= . — > — -~ = b W " T S - . D =P W - - —— = — —— . — — — ———— — " — - - —

expressed as mean + standard deviation,

VW S W e SR T

(rang=a).
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TABLE #2 i
A
S-)e** b’ Uit
~57 Il 2
) /,: L et CHEDULES J v ‘
P A, . r
BT e AGERT T |
1 2 3 4 ]
* &
DEPTHS* RATE DEPTHS RATE DEPTHS RATE DEPTHS " RATE 4|
) 4 “1s 10 t 12 [02 132 52 > .
18.3-13.7 33 % 22.3-21.313 494 40.2-30.5 39 40.2-15.2 79 ° :
- "~ 19 X7} 1.3”_3_ (I=5} 5o - 42 )
13,7~ é’.l 49 17 21.3-18.3:73: 56171 30.5-15.2 49 15,2-12.2 85 1L°
= z ¢2 5 5o 0 4 22
6.1- 1.5 108 =22 18.3-15,.21:7 62 \9 15.2- 0.0 66 12.2- 9.1 93 ,?
. I 13! 49 37 L2
1.5- ¢.0 118 2% 15.2-12,22..172 3V 9.1- 6.1 11873°
0 2 *2. 2
12.2- 9.12:1 82 25 6.1- 3.0 144 44
12 . (&) o
9,1- 6.150 98 27° 3.0- 0.0 190 s3
6.1~ 3.057121 37
- °
3.0- 0.0:.0157 42
d* Xk x
TOTAL 32:06
] PIME 20:00 34: 46 51:42%%% 65:08
’.". _______
. Notes
- * In meters sea water (msw).
[ ]
t_ * % In minutes per msw.
b
g fx% Ipnciudes 16 hours of rast stops (see text).
h
b mkte Toosz]l time for schedule from 19.8 msw.
]
l.
3
-
P.
=
[




TABLE #3

VENOUS GAS EMBOLI SCORES ON ASCENT

\
)

Depth, msw(fswg) §
15.2(50) 9.1(30) 6.1(20) 3.0(10) 1.5(5) 0 ]
__________________________________________________________________ e ——————— i
SCHEDULE %2 (N=24) ]
No. subjects with VGEI 0 0 0 1 5 5 ‘
Mean VGE scores 0/0 0/0 0/0 o/1  .4/1.9 .4/2
v > 5 | 24 & 42 ”
SCHEDULE £4 (N=18)
Mo. subjects with VGE 1 2 4 4 - 4 %%
Mean VGE score* 0/1 0.5/1.0 ¢.8/2.0 0.3/1.3 - 0.5/1.8 g
06 R ST C2 7 4 3
* The means include only those subjects with detectable VGE, not all 3
< "
¢ of the subjects. .
E ** The on2 subject with DCS (see text) was treated before surfacing, and
; had no detectable VGE after the treatment. a
. P ]

P
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TABLE #¢

SCHEDULE CHARACTERISTICS AND RESULTS

—— ——— ———— - . ——— ——— . - —— D — W A — = = —— - 0 \—y ———— . — — . —— - — W - Y — A T — —————— ——

SCHEDULE SAT DEPTH* EXCURSIONS* TOTAL DC TIME % SUBJECTS DCS SYMPTOMS
.1 (AIRSAT 1s2) 18.3 30.5 & 45.7 20:00 23 2 (8.73)
2 (SUREX) 19.7 & 22.9 0 32:06 & 34:46 24 S 1 (4.23)
3 (AIRSAT 3) 40.2 60.4 51:42 12 3 (253)
2 (AIRZAT 4) 40.2 NONZ 65:03 18 1 (5.6%

@ e - - D —— . = - = b T D m e - e - — . - - - e . . . —— - - . — - ———— -

* —- Units aera maters sea water (msw).
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