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Eckenhoff RG, Vann RD. Air and nitrox saturation decompression: a report of 4 schedules and 77
subjects. Undersea Biomed Res 1985; 12(1):41-52.—Seventy-seven 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 (fsw)] using four different decompression schedules. A 20 h schedule for
decompression from an air saturation-excursion profile at 18.3 msw (60 fsw) resulted in pain-only
decompression sickness (DCS) symptoms in 2 of 23 subjects. A 32 and 35 h schedule from a different
air saturation profile at 19.8 and 22.9 msw (65 and 75 fsw), respectively, resulted in DCS symptoms
in | of 24 subjects. A third and fourth schedule for air or nitrox saturation at 40.2 msw (132 fsw)
resulted in DCS symptoms in 3 of 12 and 1 of 18, respectively. No serious (type 1I) symptoms were
observed as a result of any of the decompressions. All DCS cases consisted of knee pain occurring
either in the last 3 msw of the decompression 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 (U.S. Navy heliox saturation decompression schedule)
seems to produce a higher incidence of DCS than the other schedules when used in air or nitrox
exposures. Differentiation between the schedules designed for nitrox was impossible due to the
limited number of subjects in each and the variable nature of the exposures.

diving humans
decompressions inert gas
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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 yr (1-9). The incidence of decompression sickness (DCS) has varied widely depending on
individual susceptibility and the characteristics of the particular exposure. Attempts to apply
existing data to decompression schedule formulation have been complicated by widely varying
pressurization, excursion, and atmosphere profiles. Moreover, because much decompression
information never reaches publication, subsequent analysis must rely on hearsay or inadequate
data. To formulate sound schedules and more thoroughly understand the physiology of satu-
ration decompression, a large number of decompression trials with a variety of environmental
conditions are required. To this end, this report is a detailed description of the conditions and
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results of air saturation decompressions occurring at this laboratory in the course of experi-
ments over the past 7 yr. 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 knowledge of how
humans tolerate decompression from air saturation under a variety of conditions.

MATERIALS AND METHODS

Subjects

The subjects for these exposures were active duty or reserve Navy divers. Subjects were
not used more than once and ne subject had been exposed to elevated pressure for at least 2
wk preceding 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 chamber of the Environ-
mental Simulation Facility located at the Naval Submarine Medical Research Laboratory in
Groton, CT. The chamber was of double lock design, steel construction, and was man certified
to 107 msw (350 fsw). The diameter measured 2.8 m, the inner lock being 4.6 m in length and
the outer 3 m. Separate life support systems for each lock controlled CO,, temperature, and
humidity. CO, was monitored continuously in each lock by Beckman 864 analyzers and
averaged 0.06 + 0.02% for all exposures. Oxygen was monitored by Beckman 755 analyzers
and was maintained at plus or minus 1% of the desired value by Teledyne 323 controllers.
Temperature was adjusted to subject comfort and averaged 25.8°C + 0.9°C. All travel during
decompression occurred in 0.3 msw (I fsw) increments. Diet was not controlled or limited.
Sleeping habits were generally not altered. Medications were discouraged and used rarely.
Occasionally, acetaminophen, topical antifungal preparations, antacids, pseudoephedrine, and

TABLE 1
SuBJECT PHYSICAL CHARACTERISTICS*
Experiment n Age, yr Height, cm Weight, kg Body fat, %
AIRSAT 1 11 255+ 5.0 178 = 4.0 77.6 = 7.0 19.8 + 4.5
(schedule 1) (20-35) (172-185) (69.9-91.2) (14.9-28.0)
AIRSAT 2 12 23.8 +3.3 180 + 8.0 773 £ 9.0 16.4 = 3.6
(schedule 1) (21-32) (162-189) (61.7-95.7) (11.0-22.0)
SUREX 24 26 + 5.0 175 £ 6.5 75.8 = 8.6 133+ 44
(schedule 2) (20-38) (164-191) (56.5-94.8) (6.5-24.6)
AIRSAT 3 12 30.1 = 3.6 176 = 9.0 81.4 = 10.0 22.1 £43
(schedule 3) (25-36) (162-194) (68.4-104.4) (15.0-27.0)
AIRSAT 4 18 29.3 + 6.9 174 = 8.3 78.8 = 9.6 14.0 = 5.0
(schedule 4) (19-40) (160-186) (61.7-107.4) (7.6-28.7)

*Units expressed as mean * standard deviation (range).
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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 nonstrenuous breathing
tests, blood draws, special sensory tests (vision, hearing), psychomotor tests, EEGs, ECGs,
and the like. No oxygen breathing was included in any of the decompression schedules.

Decompression monitoring

Adequacy of decompression was gauged primarily by reported and elicited symptomatology.
Symptoms were divided into conventional categories: pain only symptoms (type I) and mul-
tisystem or serious symptoms (type II). Treatments were individualized, but generally followed
the guidelines of the U.S. Navy Diving Manual (10). Only symptomatic subjects were treated.
Treatment details are described with the results. Precordial monitoring for right heart venous
gas emboli (VGE) using Doppler ultrasound was carried out at regular intervals (every 3-6
msw) during the decompression in schedules 2 and 4 only. A Sodelec D.U.G. unit with probe
was used for the signal generation, and the Kisman-Masurel scoring scheme (11) was used for
analysis of the signals. In this system, two scores are reported—one representing the VGE
score with the subject standing at rest, and the other after a series of three deep knee bends
(rest/movement). Mean scores were calculated for each depth, including only those subjects
in whom VGE were detected.

Statistics

Schedules were compared on the basis of the presence or absence of DCS symptoms. Two
by two 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 DESCRIPTION AND RESULTS

Schedule 1

The decompression schedule is shown in Table 2.' This schedule is based on the National
Oceanographic and Atmospheric Administration 3202 M-value matrix, assuming that the 480
min, half-time tissue is the rate-limiting compartment (2). This decompression was used for
two series of air saturation exposures (AIRSAT 1 and 2), with a total of 23 subjects. The
storage depth was 18.3 msw (60 fsw), and daily excursions to 30.5 msw (100 fsw) or 45.7 msw
(150 fsw) were made as shown in Fig. 1A, B. Fifteen hours and 45 min elapsed between the
30.5 msw excursions and 19 h and 20 min between the 45.7 msw excursions. On each excursion,
the subjects exercised on a bicycle ergometer for 30 min at approximately 75% of maximal
capacity. No decompression symptoms resulted from any of the excursions in these experi-
ments.

The final decompression began about 44 h after the final excursion in AIRSAT 1 and 47 h
after the final excursion in AIRSAT 2. Twenty-three subjects decompressed using this sched-
ule. 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),

'This schedule is the same one used for the Shallow Habitat Air Dive experiment (9), with the arbitrary 8-h sleep hold
at 3.7 msw deleted.
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TABLE 2
SCHEDULES
1 2 3 4
Depths, Rate, Depths, Rate, Depths, Rate, Depths, Rate,
msw min/msw msw min/msw msw min/msw msw min/msw
18.3-13.7 33 22.3-21.3 49 40.2-30.5 39 40.2-15.2 79*
13.7- 6.1 49 21.3-18.3 56 30.5-15.2 49 15.2-12.2 85
6.1- 1.5 108 18.3-15.2 62 15.2- 0.0 66 12.2- 9.1 98
1.5- 0.0 118 15.2-12.2 72 9.1- 6.1 118
12.2- 91 82 6.1- 3.0 144
9.1- 6.1 98 3.0- 0.0 190
6.1- 3.0 121
3.0- 0.0 157
Total 32:06%*
Time 20:00 34:46 51:42% 65:08

*Constant Pig, of 0.50 ATA from 40.2 to 14 msw. **Total time for schedule from 19.8 msw. tIncludes
16 h of rest stops (see text).

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 min after
surfacing). Complete relief of the left knee discomfort and 90% relief of the right knee pain
was achieved in the first 10 min 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 Treatment Table 5 (TTS) was completed. Complete relief of all symptoms with no
recurrence was the final outcome.

One other subject (AIRSAT 2) reported a feeling of discomfort in the left knee about 3 h
after reaching the surface, but it resolved after several hours with no treatment. None of the
other 21 subjects reported symptoms during or subsequent to the decompression. Doppler
monitoring was not performed during this series.

Schedule 2

Schedule 2 was developed using the empirical relationship
R = k(Pio,) (1)

where R is the rate of ascent in meters of sea water per hour, Piy, is the inspired oxygen partial
pressure in ATA, and k is 1.83 (6 for R in fsw/h) (13). Since the breathing media for this
schedule was air, the Pi,, decreased as the depth decreased. To satisfy eq. (/), the ascent rate
also was reduced. For convenience, the ascent rate was reduced at 3 msw (10 fsw) intervals
to the rate required by the lowest Pig, in the interval.

Schedule 2 was used for a series of eight exposures (the SUREX experiments), each with 3
subjects. The atmosphere was air throughout, and excursions to the surface were included
(see Fig.1C, D). Further details of these exposures and the ascending excursions are contained
in the references (14). The subjects spent a total of 44 h at 19.8 msw (65 fsw) (SUREX 1-6, n
= 18) or 22.9 msw (75 fsw) (SUREX 7-8, n = 6), and the decompression began about 20 h
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Fig. 1. Pressurization profile for all the exposures described in this report. A: AIRSAT 1 (schedule 1),
B: AIRSAT 2 (schedule 1), C: SUREX 1-6 (schedule 2), D: SUREX 7, 8 (schedule 2), E: AIRSAT 3
(schedule 3), F: AIRSAT 4 (schedule 4). Clear areas represent air as the breathing media, and shaded
areas represent other nitrogen oxygen mixtures; crosshatching = 0.30 ATA oxygen, balance nitrogen;
dotted area = 0.50 ATA oxygen, balance nitrogen.

after completion of the final ascending excursion. The excursions represented a significant
decompression stress, and most subjects complained of pruritus and had detectable VGE
during the surface interval. Four subjects had DCS symptoms (3 type I and 1 type II) during
or immediately following the excursions. All subjects were asymptomatic before initiating the
final decompression and all were decompressed on the same schedule.

One of the 24 subjects (not 1 of the 4 with DCS symptoms during the excursions) noticed
mild, deep-seated left knee pain at about 0.6 msw (2 fsw), which was essentially unchanged
on arrival at the surface. Physical examination was entirely normal. A standard TT6 was
initiated, and full relief 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 for these subjects is
shown in Table 3. In schedule 2, no VGE were detected deeper than 3 msw (10 fsw). The
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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
Schedule 2 (n = 24)
No. subjects with VGE 0 0 0 1 5 5
Mean VGE score* 0/0 0/0 0/0 0/1 0.4/1.9 0.472
Schedule 4 (n = 18)
No. subjects with VGE 1 2 4 4 — 4%*
Mean VGE score* 0/1 0.5/1.0 0.8/2.0 0.3/1.3 — 0.5/1.8
*The means include only those subjects with detectable VGE, not all of the subjects. **The one

subject with DCS (see text) was treated before surfacing and had no detectable VGE after the treatment.

highest VGE score occurred in the subject with diagnosed decompression sickness (rest grade
2/movement grade 4). The other scores were generally very low.

Schedule 3

The decompression schedule used was the U.S. Navy standard helium-oxygen (heliox)
saturation decompression schedule (10). Because of the very low incidence of decompression
sickness associated with the 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 stops are an integral part of
this decompression. The protocol calls for rest stops (no travel) from 2400-0600 h and from
1400-1600 h independent of the starting time or depth. Continuous travel occurs at all other
times of the day.

This decompression was used exactly as indicated in a series of four identical air and nitrox
saturation exposures (AIRSAT 3) each with 3 subjects. The pressurization and atmosphere
profiles are shown in Fig. 1E and Fig. 2A, respectively. Daily 5 h, no-decompression excursions
on air to 60.4 msw (198 fsw) were made from a nitrox (Pio, = 0.30 ATA) storage depth of 40.2
msw (132 fsw) on Days 2, 3, and 4. Eighteen hours and 45 min elapsed between the excursions.
No decompression 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 h, after which the final decompression began (at 1000 h on Day 6). The chamber reached
the surface at 1346 h on Day 8, for a total decompression time of 51:46 h; 16 h of rest stops
and 35:46 h of travel.

Three of the 12 subjects were classified as having type I DCS. All 3 had left knee discomfort,
but the time of onset was somewhat different. Two of the 3 subjects initially noted symptoms
at about the 1.5 msw (5 fsw) level, and the other subject noticed symptoms about 7 h after
surfacing. One of the 2 subjects noting symptoms while still under presure was treated according
to guidelines in the U.S. Navy Diving Manual (10) i.e., recompressed 3 msw deeper than where
symptoms were noted, held for 2 h while breathing 100% oxygen (cycles of 20 min on, 10 min
off), and then resuming the decompression schedule. Full relief was obtained in this subject
immediately on traveling to 4.3 msw (14 fsw) and there was no recurrence. The other subject
with symptoms under pressure was allowed to surface (he did not mention symptoms until this
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Fig. 2. Oxygen partial pressure profiles for (top) AIRSAT 3 and (bottom) AIRSAT 4. The diluent was
nitrogen in all cases. The exposures not shown used air throughout.

time), and then treated with TTS, which was modified by eliminating 1 oxygen period at 18.3
msw. This treatment modification was believed prudent inasmuch as significant signs and
symptoms of pulmonary oxygen toxicity (POT) were present (15). This subject had complete
relief 5 min into the first oxygen period at 18.3 msw, but he had a recurrence of the knee pain
only 30 min 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 h
after surfacing. This TT6 was again modified by shortening all oxygen periods to 15 min and
increasing air periods to 15 min, because this subject also suffered significant signs and
symptoms of POT (vital capacity drop of ~30%) earlier in the decompression schedule. He
had immediate but partial relief of the knee pain on compression to 18.3 msw. The remainder
of the discomfort resolved over the course of the treatment and there was no recurrence.
Doppler monitoring was not performed during these exposures.

Schedule 4

This schedule was also derived using eq. (/), with k equal to 1.53 (5 if R in fsw/h) instead of
1.83. This resulted in slower ascent rates, which were believed to be prudent as the subjects
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were expected to develop significant signs and symptoms of POT and there is some evidence
suggesting that POT reduces decompression tolerance (16). Slower ascent rates also appear to
be necessary for deeper saturation exposures (see Discussion).

The exposure for which this schedule was used (AIRSAT 4) is shown in Fig. 1F, and the
oxygen profile of the exposure is given in Fig. 2B. Briefly, compression to 40.2 msw on a nitrox
atmosphere (Pio, = 0.30 ATA) was followed, 12 h later, by an isobaric shift to air (Pip, = 1.05
ATA). No excursions were performed. Forty-eight hours after the isobaric shift, another
isobaric shift back to nitrox occurred (now Pi,, = 0.50 ATA), and the decompression started
immediately (at 2200 h on Day 3). The partial pressure of oxygen was maintained at 0.50 ATA
until the chamber oxygen level reached 21% (at 14 msw), after which the Fiy, of 21% was
maintained to the surface (decreasing Pio,). The chamber reached the surface at 1508 h on Day
6 for a total decompression time of 65:08 h with no rest periods.

Eighteen subjects, in 6 separate but identical exposures, were decompressed using this
schedule. All subjects had significant signs and symptoms of POT, which is described in detail
elsewhere (17). During decompression, one subject had onset of bilateral knee discomfort (left
greater than right) on awakening on Day 6 at about 3 msw. This discomfort would generally
abate before the pressure was again reduced by 0.3 msw (every 58 min at this point), at which
time it would reappear. This continued to about 0.6 msw, at which time he was rapidly surfaced
and transferred to another chamber. He had rapid resolution of the pain at 18.3 msw on oxygen,
and a standard TTS was completed. There was no recurrence. The other subjects in the chamber
were allowed to continue the schedule. The symptomatic subject had the highest VGE score
of the 18 (rest-1/movement-3) at the 3 msw session, but VGE were undetectable after comple-
tion of the TT5. The number of subjects with detectable VGE and the mean VGE scores are
shown in Table 3. Venous gas emboli were detected deeper in this schedule, 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 they neared the surface. In fact,
some subjects’ VGE scores decreased between 3 msw and the surface.

DISCUSSION

Meaningful comparison of these schedules is almost impossible due to the relatively small
number of subjects, the well established variability of DCS, differences in the exposures apart
from the decompression schedule, and the binomial nature of the data (18). No significant
differences in the DCS incidence between the four schedules presented here could be detected.

The overall incidence was about 9.1% (7 of 77), and all of the cases were pain-only or type
I symptoms. Most symptoms began while still under pressure and the knee was the only site
in this series. This is consistent with pressurized caisson experience where the leg was the
most common site in workers exposed to compressed air for prolonged periods of time (19).
Similarly, knee pain accounts for the majority of DCS symptoms in heliox saturation
decompressions, and for exposures of comparable depth the time of onset is similar (20-22).
Other symptoms commonly associated with deeper heliox saturation exposures (23), such as
vestibular symptoms, were not observed in this series.

Although no statistical differences between the schedules can be shown, for the reasons
stated above, schedule 3 appears somewhat suspicious because it accounted for almost half of
the DCS but only one-sixth of the subjects. Similar unsatisfactory results (9 DCS cases of 30
man-uses) were obtained with these ascent rates from air saturation exposures at 18.3 msw at
another Naval laboratory (24). If these data are combined with the results of AIRSAT 3 and
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compared to a combination of the other exposures, then schedule 3 carries a significantly
higher incidence of DCS than the other schedules (28.6 vs. 6.2%, P < 0.002). The explanation
for this 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, 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, decompression was timed so that the subjects surfaced at 1345
h, or just before the 1400 h rest stop. Therefore, the subjects were traveling at the 0.91 m/h
rate since 0600 h, from about 6.7 msw (22 fsw) all the way to the surface. If things had been
timed so that the 2400-0600 h rest stop occurred between 3 msw and the surface, the results
of this schedule might have been very different. It seems reasonable that rest stops should be
in relation to depth rather than to the time of day.

Equation (/), from which schedule 2 and 4 were developed, is based on a retrospective study
of many saturation dives. An initial analysis of 579 heliox man-decompressions indicated that
the average safe rate of ascent increases linearly with the oxygen partial pressure (13). An
extension of this analysis to 1179 heliox man-decompressions (to be published separately)
confirmed this relationship and suggested that the average ascent rate also decreases as the
saturation depth increases. Analysis of 160 man-decompressions from air or nitrox saturation
dives indicated similar effects, but with slower ascent rates than those for heliox. The value
of the constant k in eq. (/) was chosen based on these retrospective analyses, and was therefore
assumed to depend on both the depth of the saturation exposure and the inspired inert gas
species.

Apparently the decompression outcome from the schedules calculated with eq. (/) is some-
what better 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 schedule alone because there are marked differences
in the excursion and atmosphere parameters between these two groups of exposures. Fur-
thermore, the value of k chosen for use in eq. (/) produced ascent rates that were slower than
those of schedules 1 or 3, and it is reasonable that a slightly better decompression outcome
would be produced by slower ascent rates. Whether this schedule provides any decompression
advantage, either in safety or efficiency, awaits further testing. An undeniable advantage of
eq. (1), however, is its simplicity and flexibility.

Other aspects of these exposures further complicate analysis of the decompression outcome.
There is some early evidence in animals suggesting that POT increases susceptibility to
decompression sickness (16) and decreases the ability of the pulmonary microvasculature to
filter microemboli (25). Subjects in both AIRSAT 3 and AIRSAT 4 suffered significant signs
and symptoms of POT (15,17). Although suitable control data are not available for comparison,
it is conceivable that those subjects afflicted most severely 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 expect
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 the non-DCS groups reported here. Nevertheless, this crude
analysis does not negate the role of POT, since the VC may not be the relevent index or
alternatively more severe POT may be required to detect an effect.

Not only may POT compromise decompression tolerance, it may also complicate treatment.
Since current treatment regimens for decompression sickness call for the use of hyperbaric
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TABLE 4
ScHEDULE CHARACTERISTICS AND RESULTS

Schedilé Saturation Depth, Excursions, Total No. DCS
msw msw Decompression Time Subjects Symptoms
1 (AIRSAT 1 18.3 30.5 & 45.7 20:00 23 2 (8.7%)
&2)
2 (SUREX) 19.7 & 22.9 0 32:06 & 34:46 24 1(4.2%)
3 (AIRSAT 3) 40.2 60.4 51:42 12 3 (25%)
4 (AIRSAT 4) 40.2 0 65:08 18 1(5.6%)

oxygen, a preexisting degree of POT may compromise tolerance of the treatment itself. This
was believed to account for an unusual case of POT in at least one report (9), and was the
basis for modifying the treatment tables used for the cases of decompression sickness described
here. It appears, however, that subjects treated with hyperbaric oxygen for decompression
sickness suffer no further decrement in pulmonary function. The 6 treated cases of decompres-
sion sickness in this report had no significant change in the VC from just before to immediately
after the treatment (4.85 = 0.57 L vs. 4.99 + 0.40 L). Although this could reflect success of
the treatment schedule modifications, it more likely suggests that the effect of an oxygen
treatment table is minimal, 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. Inasmuch as 44 h
elapsed from the final excursion to the beginning of the decompression in AIRSATSs 1, 2, and
3 (schedules 1 and 3), it seems unlikely that this factor would significantly affect decompression
outcome, especially since no symptoms of decompression stress were present in any of the
subjects after the excursions. Although acclimatization to decompression stress as a result of
the repetitive excursions is a consideration (19), a benefit from brief ‘‘bounce’’ exposures for
a subsequent saturation decompression has never been demonstrated. Symptoms of DCS did
occur on the ascending excursions in the SUREX exposures (schedule 2), and although only
20 h elapsed from the last excursion to the start of decompression, no correlation of the
excursion results with the decompression outcome was found. Nevertheless, because little
evidence exists to establish the effect of excursions on saturation decompression outcome,
the presence of different excursions in the exposures described here remains a confounding
factor in the interpretation of these results.

Sufficient precordial Doppler monitoring for VGE was not performed to allow correlation
with symptoms. However, the only subjects with type I DCS from schedules 2 and 4 also had
the highest VGE score for those schedules. Overall, quantities of VGE were very low. The
deeper exposures had a tendency to produce detectable VGE earlier than the shallower
exposures, as would be expected.

In conclusion, 7 cases of decompression sickness out of 77 decompressions from nitrox
saturation exposures at depths of 18.3 to 40.2 msw are described in detail. The overall DCS
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incidence rate was about 9% and was similar in character and timing with that reported for
heliox exposures. The U.S. Navy heliox saturation decompression schedule, when used for
air or nitrox saturation exposures, seems to produce a higher incidence of DCS than do
schedules designed for nitrox. Differentiation between the schedules designed for nitrox sat-
uration exposures was impossible due to the relatively small number of subjects, the difference
in exposure parameters, and the binomial nature of the data. Many more decompressions,
using uniform, uncomplicated criteria and procedures and incorporating more quantifiable
indices of decompression stress, will be necessary before sound concepts of air and nitrox
saturation decompression can be formulated.

Eckenhoff RG, Vann RD. Décompression de plongées a saturation a I'air et au nitrox: un rapport
de 4 tables et 77 sujets. Undersea Biomed Res 1985; 12(1):41-52.—Soixante-dix-sept sujets furent
décomprimés a la suite de plongées a saturation a I'air ou 2 un mélange d'azote-oxygéne (nitrox) a
des profondeurs de 18.3 et 40.2 meétres d'eau salée (msw) (60 & 132 pieds d’eau salée (fsw)) en
utilisant quatre tables différentes de décompression. Une table de décompression de 20 h pour un
profile d’excursion de saturation a I'air & 18.3 msw (60 fsw) résulta dans des symptomes de douleur
seulement de maladie de décompression (DCS) chez 2 sujets sur 23. Une table de 32 et 35 h pour
un profile différent de saturation a I'air a 19.8 et 22.9 msw (65 et 75 fsw), respectivement, résulta
dans des symptomes de DCS chez 1 sujet sur 24. Les troisiéme et quatrieme tables pour des
saturations a I'air ou au nitrox a 40.2 msw (132 fsw) produisirent des symptomes de DCS chez 3
sujets sur 12 et 1 sur 8, respectivement. Aucun symptome séveére (Type I1) de DCS ne fut observé
apres toutes ces décompressions. Tous les cas de DCS consistérent de douleur au genou survenant
soit dans les derniers 3 msw de la décompression, ou peu de temps aprés le retour a la surface. La
surveillance ultrasonique 2 effet Doppler a révélé la présence d'embolies gazeuses veineuses chez
plusieurs sujets, mais en général au niveau peu profond de 6.1 msw (20 fsw) seulement. Les résultats
démontrent une incidence globale de DCS de 9%, manifestée dans tous les cas par une douleur
locale au genou seulement. La troisieéme table (table de décompression pour saturation a I'héliox
de la Marine américaine) apparait produire une plus grande incidence de DCS que les autres tables
lorsqu’utilisée pour les plongées a I'air ou au nitrox. La différentiation entre les tables congues pour
le nitrox fut impossible & cause du nombre limité de sujets dans chacune et de la nature variable
des plongées.

plongée gas inerte
humains saturation
décompression
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