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BACKGROUND 

During the 1980s, surveys of operational diving practice (1-4) as well as experimental 

work at NEDU (5) demonstrated that decompression was inadequate for long, deep air dives. 

When performed with either in-water decompression or surface decompression techniques, 

these dives were associated with an unacceptable bends rate (5).  Experimentally, Thalmann 

demonstrated that a 150 feet of sea water (fsw) for 40 min dive or a 190 fsw for 30 min dive 

required 1.6 times the decompression time called for in the U.S. Naby Standard Air 

Decompression Table (USN57).  Similarly, a 60 fsw/180 min dive required 2.7 times as much 

decompression (5).  In the mid 1980's, concern about the safety of air decompression was so 

great that the U.K. Department of Energy issued two Diving Safety Memoranda (6) that 

severely restricted the depth-time envelope for air diving in the North Sea. 

In response to these concerns, and to restore the operational envelope for air diving, 

new decompression models and procedures were developed by several groups including the 

U.S. Navy, the French Navy, COMEX S.A. (subsequently adopted by the French Ministry of 

Health), the Canadian Forces, the University of Pennsylvania (for the U.K. Health and Safety 

Executive and SubSea International, Inc.), and Duke University (for its support of Turkish 

archaeologic expeditions).  Some of these new decompression models continued with the 

traditional Haldanian (17) approach while others incorporated probabilistic features and risk 

based on computed bubble dynamics. 

The U.S. Navy developed and extensively tested a new probabilistic decompression 

model in 1993 (7-9).  This model, referred to as USN93, produced a new set of air 

decompression procedures that corrected perceived deficiencies in the decompression from 

long, deep dives. However, this model also shortened the allowed no-decompression bottom 

times for shallow dives when compared to USN57.  At 40 fsw, for example, USN93 

shortened the no-decompression limit from 200 minutes to 144 minutes.  At 35 fsw, the no- 

decompression limit was shortened from 310 to 185 minutes.  Table 1 summarizes the 

changes. 

The USN93 model recommendations for shortening the shallow no-decompression 

limits were consistent with the recommendations of others.  The new COMEX tables set a no- 



decompression limit of 165 minutes at 40 fsw, while the new University of Pennsylvania 

tables allowed only 120 minutes.  Nevertheless, the need for shorter no-decompression limits 

was seriously questioned by the Fleet (10).  The Fleet maintained that no-decompression 

diving in the U.S. Navy had an excellent safety record and that shorter no-decompression 

limits were both mission-compromising and unnecessary. 

As a part of its review of USN93-based decompression procedures for Fleet 

introduction, the Naval Sea Systems Command (NAVSEA) (11) requested that the Naval 

Medical Research Institute (NMRI) assess the historical DCS rate for shallow, no- 

decompression air diving in the U.S. Navy using the USN57 procedures.  This paper reports 

the results of that assessment and estimates the potential impact of adopting the USN93 no- 

decompression limits. 

Table 1 
Comparison of USN57 and USN93 No-Decompression Limits 

for Shallow Water Air Diving 

Depth Range 
(fsw) 

USN57 
(min) 

USN93 
(min) 

21-25 Unlimited 338 

26-30 Unlimited 245 

31-35 310 185 

36-40 200 144 

41-45 100 114 

46-50 100 93 

51-55 60 77 

56-60 60 64 



METHODS 

The assessment was performed using data archived in the Naval Safety Center (NSC). 

The NSC was asked to identify all air dives in its database that met the following criteria: 

a. Were performed in the five-year period between 01 January 1990 and 31 December 
1994. 

b. Were performed by Navy, Marine, Reserve, or Civilian divers as coded in Box A- 
10 of DD Form 2544. 

c. Were performed in open water as coded in Box B-16. 
d. Were to a maximum depth of 21-55 fsw as coded in Box B-29. 
e. Were labelled as "Air Diving, No-decompression", code "A" in Box C-34. 

Dives reported to NSC by other Department of Defense components (e.g. Army, Coast Guard) 

were not included because incident reporting for these components was felt to be incomplete 

(M. Bonnin, NSC; personal communication). 

Once received from NSC, the data set was scanned for possible errors including 

duplicate entries, dives with a breathing apparatus not compatible with air diving (LAR V, 

Mark 15, Mark 16), dives not on 21% oxygen or showing helium in Box B-26, and dives 

with bottom times exceeding the air no-decompression limits.  Dives failing to pass these 

additional screens were deleted and the remaining dives were aggregated into a spreadsheet in 

depth increments of 5 fsw from 21-55 fsw and in time increments of both 1 and 10 minutes 

from 0-360 min.  For dives in the 21-25 fsw and 26-30 fsw depth ranges, additional time 

categories of 6-8 h, 8-10 h, 10-12 h and >12 h were added to accommodate dives longer than 

360 min.  From this spreadsheet, frequency distributions of dives by depth, bottom time and 

performer were created. 

The NSC was also asked to provide copies of all incident reports bearing a diagnosis 

of either decompression sickness or arterial gas embolism for the period 01 January 1990 to 

31 December 1994.  These reports were examined to select those incidents that occurred on 

open-water, air, no-decompression dives between.2land 55 fsw.  These incidents were then 

reviewed by a panel of five NMRI undersea medical officers who segregated them by 

consensus vote into one of three categories:   (1) Definitely Decompression Illness (DCI), (2) 

Definitely not DCI, and (3) Uncertain whether it is DCI or not.  Category 1, Definitely DCI, 

was further divided into three subclasses: (a) Decompression Sickness (DCS), (b) Arterial Gas 



Embolism (AGE), and (c) DCS or AGE. This categorization scheme recognizes the fact that it 

is frequently impossible to tell whether an illness observed following decompression 

represents DCS or AGE (12).  The selected incidents were also checked against the dive 

database to ascertain that the causative dive was included in the database and the depths and 

bottom times of the dive and the accident reports matched. 

Prior to any analyses, all incidents categorized as Definitely not DCI by the panel of 

undersea medical officers were eliminated from the data set.  Also, those incidents where both 

NSC and the panel of undersea medical officers agreed that the case was a definite AGE were 

eliminated.  This left only those cases where the diagnosis was either (1) Definite 

Decompression Sickness or (2) Possible Decompression Sickness.  All equivocal cases that 

might have been decompression sickness were thus retained in the analysis. 

The DCS rate was computed by dividing the number of cases observed by the number 

of dives performed, then multiplying the quotient by 1000 to express the rate in cases/1000 

dives.  The DCS rate was computed by depth band alone (e.g., 21-25 fsw), by depth band and 

whether the dive was shorter or longer than the USN93 no-decompression limit, and by depth 

band and whether this dive was in the first, second, third, or fourth quartile of the USN57 no- 

decompression time.  Rates across depth bands were also computed.  The relative risk of one 

condition compared with another was computed by dividing the rate in that condition by the 

rate in the reference condition. Tests of statistical significance were not conducted because of 

the small number of DCS cases in the data set. 

RESULTS 

The NSC identified 166,443 dives based on the criteria (a - e) outlined above.   Of 

these dives, 863 were found to be duplicate entries, 223 to have bottom times exceeding the 

current no-decompression limit, and 1,957 that were not entirely air dives. These invalid 

entries represented approximately 2% of the data received from NSC and when they were 

eliminated from the data set, 163,400 dives remained for analysis.  The refinement of the 

NSC data set is summarized in Table 2. 



Table 2 
Refinement of the Naval Safety Center Data set 

Initial NSC Total 166,443 

Eliminate Non-Air Dives 

LARV                   1154 
Mark 15                    414 
Mark 16                    287 
SL-17, 100% 02         90 
He02                            12 

-1,957 

Eliminate Dives Longer than No-D Limit 
-223 

Eliminate Duplicate Entries 
-863 

Final NSC Total 163,400 

Duplicate entries represented one-half of one percent of the data set.  Usually two 

entries were made, one with the diver's full name and one with his initials.   In one instance, 

two dives with the same diver had an identical date and surfacing time, but the time recorded 

for leaving the surface differed by 2 minutes. 

A number of dives (n=223; 31-55 fsw) listed as "no-decompression" actually exceeded 

the USN57 no-decompression limit.  In some instances, the reported bottom time was just 

over the limit. Some reported dives, however, were well over the limit.  At 36-40 fsw, for 

example, 16 dives were reported with bottom times of 271-290 minutes (No-decompression 

limit = 200 min).  Across the depth range of 31-55 fsw, 28 "no-decompression" dives were 

reported with bottom times in excess of 6 hours! 

A unique situation was discovered in 32 records.  In these records, the day of the 

month the dive was performed was entered into the day column of the bottom time field, 

resulting, for example, in a no-decompression dive to 32 fsw for 23 days, 0 hours, and 13 

minutes.   Such errors were corrected and these dives were retained in the database.  They are 

not part of the 223 dives over the limit described above. 



Dives performed with the LAR V, Mark 15, and Mark 16 and listed as air no- 

decompression may have been SPECWAR dives in which these rigs were used for part of the 

time in what otherwise was an air dive.  Alternatively, they may have been no-decompression 

dives no those respective rigs in which code "A" in Box C-34 of DD 2544 was checked in 

error.  No attempt was made to verify the nature of these dives.  They were eliminated from 

the dataset. 

Table 3 shows the distribution of the 163,400 dives by depth range and performer. 

More detailed information is given in Appendix A.  The greatest number of dives occurred in 

the 26-30 fsw depth range.  Eighty-two percent of the dives were between 21 and 40 fsw. 

Active duty and civilian Navy divers performed more than 90% of the dives.  Within Navy, 

the ratio of active duty dives to civilian dives was approximately 3 to 1. 

Table 3 

Distribution of Dives by Depth Range and Performer 

Depth Range 

(fsw) 
Total Dives 

Navy Civilian Marine Reserve 

(% within depth range) 

21-25 29,325 75.8 13.4 4.7 6.2 

26-30 43,455 68.0 24.7 2.4 4.9 

31-35 28,621 72.4 22.2 1.8 3.5 

36-40 33,198 64.1 29.8 1.7 4.4 

41-45 11,415 75.6 18.0 1.8 4.6 

46-50 13,302 65.2 28.5 2.0 4.2 

51-55 4,084 78.5 12.2 3.6 5.7 

Total 163,400 70.0 22.8 2.5 4.7 



Figure 1 shows the frequency distribution of dives across all performers as a function 

of bottom time.  For all depth ranges under study, the frequency rises rapidly with increasing 

bottom time, reaching a peak at 21-30 minutes.  Frequency then declines with a long tail until 

the no-decompression time is reached.  A secondary peak in dive frequency is not seen as the 

no-decompression limit is approached.  This suggests that divers are not pushing the no- 

decompression limit. Appendix A gives a further breakdown of these time distributions by 

category of performer. 
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Figure 1.  Frequency Distribution of No-Decompression Dives as a Function of Bottom Time. 
The number of dives performed in each 10 minute increment of bottom time from zero to the 
USN57 limit is shown for all 7 depth ranges studied.  Numbers are the sum of values for 
Navy, Civilian, Marine, and Reserve divers.  At all depths the highest frequency is observed 
between 2land 30 min of bottom time. 



Figure 2 shows the frequency distribution of dives by the maximum reported depth 

(Box B-29, DD 2544).  Substantial spikes in dive frequency are observed at increments of 5 

and 10 fsw, suggesting rounding up of the actual maximum depth of the dive to the next 

deeper 5- or 10-fsw depth.  Spikes at the 10-fsw mark consistently exceed those at the 5-fsw 

mark, suggesting further that rounding up to the next deeper 10-fsw depth is the more 

common practice. 
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Figure 2. Frequency Distribution of Dives by Maximum Reported Depth. Pronounced peaks 
are observed at 5- and 10-fsw intervals indicating rounding up of maximum depth to the next 
5- or 10-fsw mark. 



Figure 3 shows the frequency distribution of dives by the last digit of the reported 

bottom time (Box B-30, DD 2544).  Zero represents dives of 10, 20, 30 min, etc, while 5 

represents dives of 5, 15, 25 min, etc.  A substantial spike is present at 0, suggesting 

rounding up the bottom time to the next 10-minute mark.  There also appears to be some 

rounding up to the next 5 minutes as well, although the evidence for this is less strong. 
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Figure 3.  Frequency Distribution of Dives by Last Digit of Reported Bottom Time.  The 
highest frequencies are observed at 5 and 0 suggesting some rounding up of bottom time to 
the next 5 or 10 minute mark. 

For dives to 30 fsw and shallower, the USN57 no-decompression limit is infinite. 

Table 4 shows the number of dives between 2land 30 fsw that were reported to be greater 

than 6-hours duration.  Fifty-eight dives were identified in this category; 11 of these dives 

had reported durations greater than 12 hours. 

Table 5 shows the number of dives reported between the USN93 no-decompression 



limit and the USN57 limit for the depth range indicated.  The blank entries for 41-45 and 51- 

55 fsw reflect the fact that the USN93 limit is more permissive than the USN57 limit in these 

ranges.  All dives conducted between the USN93 limit and the USN57 limits in these two 

ranges therefore would have been labelled decompression dives under current rules and as 

such were not captured for this analysis. 

Table 4 
Air No-Decompression Dives Longer than Six Hours 

Depth Range 
(fsw) 

Duration (hours) Total 

6-8 8-10 10-12 >12 

21-25 16 3 2 5 26 

26-30 13* 7 6 6 32 

Total 29 10 8 11 58 

*Two incidents reported (see Table 7 below) 

Table 5 
Number of Dives Between USN93 and USN57 No-Decompression Limits 

Depth Range 
(fsw) 

< USN93 <USN57 Between 

21-25 29,291 29,325 34 

26-30 42,791 43,455 664 

31-35 26,970 28,621 1651 

36-40 31,143 33,198 2055 

41-45 — — — 

46-50 12,976 13,302 366 

51-55 — — — 

Total 4770 



Approximately 4,770 dives between 21 and 55 fsw would be converted from no- 

decompression dives to decompression dives in a 5 year period by adopting the USN93 limit 

in a single level dive format (Table 5).  This represents 2.9% of the total dives conducted in 

this depth range.  The word "approximately" is used because the dives falling between the 

USN93 and USN57 limits in the depth ranges of 41-45 and 51-55 fsw would actually be 

converted in the opposite direction, from decompression dives to no-decompression dives, 

making the total number of dives converted to decompression dives over the full depth range 

of 21-55 fsw less than 4,770.  The precise reduction from 4,770 cannot be determined. 

A total of 60 DCS/AGE incidents on open-water, air no-decompression dives were 

identified from the material provided by NSC.  Of these, NSC considered 31 cases to 

represent DCS while 29 were considered AGE.  Of the 31 DCS cases, 27 (87%) were 

reported by NSC as Type II DCS. 

The NMRI panel of undersea medical officers felt that 36 of the 60 cases were 

definitely decompression-related (Definitely DCI), 7 were definitely not decompression-related 

(Definitely not DCI), and 17 were equivocal (i.e., they may or may not have been 

decompression-related).  For the cases labelled Definitely not DCI, symptoms were already 

present during the bottom phase of the dive or the diver failed to show any response to 

recompression therapy. Of those cases labelled Definitely DCI by the panel, 18 were felt to 

be DCS, 5 to be AGE, and 13 to be either DCS or AGE. After eliminating 7 cases considered 

Definitely Not DCI and 5 cases where both NMRI and NSC agreed on the diagnosis of AGE, 

48 cases remained for analysis. One of the 7 cases eliminated as definitely not DCI had a 

bottom time longer than the USN93 limit (265 min at 28 fsw). The remaining 6 definitely not 

DCI cases and the 5 AGE cases all had bottom times shorter than the USN93 limit. 

There was generally very good agreement between the depth/bottom time information 

provided on the incident report and the information contained in the dive database for the 

causative dive.  There were some instances, however, where there were discrepancies.  In one 

instance, the dive was reported as 90 minutes; the incident report indicated 91 minutes.  In 

another instance, the dive record and the incident report numerical data both indicated a depth 

of 22 fsw, but the incident report narrative indicated a depth of 29 fsw.  In a third instance, 

the dive record and incident report numerical data indicated a bottom time of 52 minutes, but 

the incident report narrative indicated 51 minutes. In a fourth instance, the dive record and 

11 



incident report numerical data indicated a depth of 26 fsw, while the incident report narrative 

indicated a depth  of 30 fsw.  Since there was agreement between the dive record and the 

incident report numerical data in the latter three instances, these values were used in the 

analysis.  In the first instance, the 90-minute bottom time from the dive record was used. 

Table 6 shows the distribution of incidents by bottom time within each depth range. 

Cases indicated by bold print lie beyond the USN93 limit.  The shortest bottom time for a 

case was 13 minutes, the longest was 397 minutes.  Within each depth range, cases appeared 

across the range of bottom times, with no evidence of clustering near the no-decompression 

limits. 

Table 6 
Distribution of Incidents by Bottom Time 

Depth Range 
(fsw) 

Bottom Time 
(min) 

21-25 29,40,40,44,44,63,90,140 

26-30 17,22,25,30,45,50,61,73,74,135,397,397 

31-35 43,52,52,76,115,143,191,278 

36-40 20,30,50,74,91,113,121,134,176,189 

41-45 15,46,97 

46-50 40,52,52,57 

51-55 13,46,58 

Figure 4 shows the percentage of total cases observed in the 26-30, 31-35, and 36-40 fsw 

depth ranges as a function of the bottom time expressed as percentage of the USN57 no- 

decompression limit.  These are the depth ranges where implementation of the USN93 limit 

would have the greatest impact (see Table 5).  For purposes of this analysis the USN57 no- 

decompression limit at 26-30 fsw was considered to be 400 minutes; in fact, it is infinite.  For 

all three depth ranges, 70% or more of the cases are observed in the first 60% of the no- 

decompression time.  For the 26-30 fsw range, nearly 80% of the cases are observed in the first 

20% of the no-decompression time. (Note: This result would be even more striking if a no- 

decompression limit greater than 400 min had been selected for this depth range.)  The 

12 



unexpectedly large number of cases at bottom times well short of the no-decompression limit is 

a reflection of the very large number of dives performed at these short times (see also the 

discussion below). 

Six of the 48 cases (12.5%) occurred at bottom times between the USN93 limit and the 

USN57 limit.  Table 7 summarizes the essential features of these cases.  Appendix B gives 

greater detail.  Three of the cases were from ship husbandry operations; three from special- 

warfare operations.  All but one case demonstrated some form of neurological involvement.  The 

NSC labelled two of the cases AGE, the remaining four DCS.  The NMRI review panel felt one 

of the cases labelled AGE by NSC was in fact DCS; the other case labelled AGE by NSC was 

considered equivocal  (i.e., could have represented either DCS, AGE, or was not-decompression 

related). The first two cases occurred on the same dive. 
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Figure 4.  Percentage of Cases Observed as a Function of the Fraction of USN57 No- 
Decompression Time.  Most of the reported cases are observed well before the no- 
decompression limit is neared. 
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Table 7 
Cases Occurring Beyond the USN93 No-Decompression Limit 

Dive 
(fsw/min) 

Purpose Symptoms Diagnosis 

NSC NMRI 

30/397 SW/SDV Neuropsychiatric DCS TYPE 2 EQV 

30/397 SW/SDV Numbness DCS TYPE 2 DCS 

33/278 SW/DDS Back Pain DCS TYPE 1 DCS 

34/191 SH Hearing Loss AGE EQV 

37/176 SH Pain/Weakness AGE DCS 

40/189 SH Pain/Numbness DCS TYPE 2 DCS 
SW-special warfare; SDV-swimmer diver vehicle; DDS-dry deck shelter; 
EQV-equivocal case, may or may not have been decompression-related. 

Table 8 shows the DCS rate (cases/1000 dives) by depth interval without regard to 

bottom time.  The rate is remarkably constant, ranging between 0.26 and 0.30 cases/1000 dives 

(2.6-3.0 cases/10,000 dives) across the entire range of 21 to 50 fsw.  Only between 51 and 55 

fsw does the rate increase to 0.73 cases/1000 dives. 

Table 8 
DCS Rate as a Function of Depth Range 

Depth Range 
(fsw) 

Bottom Time 
(min) 

Total Dives 
(#) 

Total Cases 
(#) 

Rate 
(cases/1000) 

21-25 0-INF 29,325 8 0.27 

26-30 0-INF 43,455 12 0.28 

31-35 0-310 28,621 8 0.28 

36-40 0-200 33,198 10 0.30 

41-45 0-100 11,415 3 0.26 

46-50 0-100 13,302 4 0.30 

51-55 0-60 4,084 3 0.73 

Total 163,400 48 0.29 

14 



Table 9 shows the DCS rate further segregated into quartiles of USN57 no-decompression 

time.  At 21-30 fsw, where the USN57 limit is infinite, four quartiles of 100 minutes each were 

arbitrarily chosen, allowing the analysis to cover 400 minutes of bottom time and to encompass 

all of the observed cases of DCS. This process excluded 43 dives beyond the 400-minute mark 

from the analysis. 

Overall, the quartile analysis shows a steadily increasing DCS rate from quartile to 

quartile, ranging from 0.22 cases/1000 dives in the first quartile to 1.28 cases/1000 dives in the 

fourth quartile.  The DCS rate in the fourth quartile is 2.2 times the rate in the 3rd quartile and 

5.8 times the rate in the first quartile. 

Figure 5 plots the cumulative number of DCS cases at 26-30, 31-35, and 36-40 fsw as a 

function of the cumulative number of dives undertaken beginning at a bottom time of 1-10 

minutes and then proceeding to progressively longer bottom times.  If the DCS rate was a 

constant value independent of bottom time, these plots would be expected to be straight lines 

with a y-intercept of zero and a slope equal to the DCS rate.  At each depth, the curves bow 

upward indicating a rising DCS rate with increasing bottom time.  The information plotted in 

Figure 5 is from Appendix A and Table 6. 

Table 10 shows the DCS rate within each depth range when the dives are segregated into 

those equal to or shorter than the USN93 limit and those longer than the USN93 limit. The latter 

are the dives that would be converted to decompression dives by adopting the USN93 limit. The 

depth ranges 41-45 and 51-55 fsw are not shown since the USN93 limit exceeds the USN57 

limit in these ranges.  For dives equal to or shorter than the USN93 limit, the mean DCS rate is 

0.26 cases/1000 dives (range 0.22-0.31).  Longer than the USN93 limit, the mean DCS rate is 

1.26 cases/1000 dives (range 0-3.01), a 4.8-fold increase over those dives equal to or shorter 

than the limit. 
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Table 9 

DCS Rate as a Function of Quartile of No-Decompression Time 

Depth Range 

(fsw) 

Bottom Time 

(min) 

Total Dives 

(#) 

Total Cases 

(#) 

Rate 

(#/1000) 

21-25 

0-100 
101-200 
201-300 
301-400 

24,584 
3,867 
775 
80 

7 
1 
0 
0 

0.28 
0.26 
0.00 
0.00 

26-30 

0-100 
101-200 
201-300 
301-400 

36,641 
5,370 
1,330 

90 

9 
1 
0 
2 

0.25 
0.19 
0.00 
22.22 

31-35 

0-78 
79-155 
156-233 
234-310 

20,701 
5,175 
1,981 
764 

4 
2 
1 
1 

0.19 
0.39 
0.50 
1.31 

36-40 

0-50 
51-100 
101-150 
151-200 

21,300 
7,374 
2,704 
1,820 

3 
2 
3 
2 

0.14 
0.27 
1.11 
1.10 

41-45 

0-25 
26-50 
51-75 

76-100 

3,826 
4,646 
1,743 
1,200 

1 
1 
0 
1 

0.26 
0.22 
0.00 
0.83 

46-50 

0-25 
26-50 
51-75 
76-100 

3,862 
5,679 
2,347 
1,414 

0 
1 
3 
0 

0.00 
0.18 
1.28 
0.00 

51-55 

0-15 
16-30 
31-45 
46-60 

651 
1,394 
1,139 
900 

1 
0 
0 
2 

1.54 
0.00 
0.00 
2.22 

Summary 

Is Quartile 
2nd Quartile 
3rd Quartile 
4th Quartile 

111,565 
33,505 
12,019 
6,268 

25 
8 
7 
8 

0.22 
0.24 
0.58 
1.28 

TOTAL 163,357 48 0.29 
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increasing bottom time. 

Table 10 
DCS Rate for Dives Shorter or Longer than the USN93 Limit 

Depth Range 
(fsw) 

Shorter than USN93 Limit Longer than USN93 Limit 

Dives (#) Cases (#) Rate 
(#/1000) 

Dives (#) Cases (#) Rate 
(#/1000) 

21-25 29,291 8 0.27 34 0 0.00 

26-30 42,791 10 0.23 664 2 3.01 

31-35 26,970 6 0.22 1651 2 1.21 

36-40 31,143 8 0.26 2055 2 0.97 

41-45 11,415 3 0.26 — - — 

46-50 12,936 4 0.31 366 0 0.00 

51-55 4,084 3 0.73 — - — 

Total 158,630 42 0.26 4770 6 1.26 
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DISCUSSION 

The epidemiologic data that the NSC collects on U.S. military diving operations is 

among the best in the world today.  Nevertheless, we found that these data sets were not 

error-free.  Approximately 2% of the diving records we examined had to be excluded from 

the study because they represented duplicate entries, had listed bottom times in excess of the 

air no-decompression limits, or listed a breathing apparatus inconsistent with air diving (e.g., 

LAR V).  We observed that reported maximum depth was usually rounded up to the next 

even increment of 5 or 10 fsw.  Reported bottom time appeared to be rounded up as well. 

Incident reports occasionally contained conflicting depth and time information.  By far 

the more limiting feature of the incident report, however, was the quantity and quality of the 

information contained in the narrative section.  These narratives, containing 100-200 words, 

provided scant information on the clinical presentation of the cases (see Appendix B for 

examples). The information was so brief that the panel of undersea medical officers in seven 

cases could not conclude whether the case was related to decompression or not. The 

narratives appeared to be written largely by non-medical personnel, and in the cases where 

two divers from the same dive were treated, the narratives were nearly identical for both 

divers (see Appendix B).  A different categorization may have been reached by the panel if 

full narrative summaries of the incidents written by the attending physician or corpsman had 

been available for examination. 

Eighty-seven percent of the cases reported to NSC as DCS were labelled Type II.  The 

prominence of Type II symptoms was surprising given previous reports of the experimental 

and operational experience of professional divers (13,14,15) in which Type I symptoms are 

the dominant manifestation of DCS.  The finding of a high prevalence of Type II symptoms 

is consistent, however, with recently reported observations in recreational divers (15,16) for 

whom, as a class, medical monitoring and incident reporting are highly variable. 

For all depth ranges, the incidents of definite and possible DCS were distributed 

broadly over the range of bottom times up to the USN57 no-decompression limit.  The cases 

were not clustered near the no-decompression limit as might be expected.  In fact, most cases 

were observed in the first quartile of the no-decompression time, and can be attributed to the 



high frequency of diving at these short bottom times (see Figure 1 and Table 9), not to a 

higher risk level.  Experience has shown that DCS can occur after almost any hyperbaric 

exposure, even very short and shallow ones.  Although the probability of DCS on these dives 

is very low, the sheer number of dives makes the observance of some cases inevitable. 

The data show a clear pattern of increasing risk of DCS with increasing bottom time. 

The DCS rate for the 4th quartile of no-decompression time is 2.2 times the 3rd quartile rate 

and nearly 6 times the 1 st quartile rate. The DCS rate for dives longer than the USN93 limit 

is 4.8 times the rate for dives shorter than the limit. 

Despite the pattern of increasing risk with increasing bottom time, the absolute risk of 

DCS during no-decompression diving as currently practiced is quite low. For dives falling 

between the USN93 limit and the USN57 limit, the mean DCS rate is only 1.26 cases/1000 

dives. The highest rate observed in this interval is 3.01 cases/1000 dives. 

It would have been highly desirable to make point estimates of the DCS rate at the 

USN93 and USN57 limit times for each depth range rather than estimates for the preceding 

interval.  The DCS rate for dives conducted at the longer USN57 limit, for example, will be 

clearly greater than the rate for all the dives between the USN93 and the USN57 limit. 

Unfortunately, the low number of reported cases would not sustain such an analysis. 

IMPACT OF ADOPTING THE USN93 NO-DECOMPRESSION LIMITS 

The foregoing analysis allows assessment of the likely operational impact of adopting 

the USN93 no-decompression limits.  If the new limits were adopted in the context of single- 

level dive tables similar to USN57 and the pattern of diving in the Fleet remained unchanged, 

approximately 954 dives per year (4,770 dives/5 years, see Table 5) would be converted from 

no-decompression dives to dives requiring decompression. This number is a slight 

overestimate since a small number of dives in the 41-45 and 51-55 fsw range now requiring 

decompression would be converted to no-decompression dives.  The 954 dives would add 

approximately 419 hours of decompression time to operations annually assuming that these 

dives were all square dives to the maximum depth and bottom time indicated in the NSC data 

and that decompression was computed using the new USN93 tables.  This is an average of 

26.3 minutes of decompression per dive for this subset of dives. 
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The institution of decompression for the 954 dives between the USN93 and USN57 

limits would reduce the DCS risk below the current risk with no-decompression, but would 

not eliminate risk altogether.  The decompression tables themselves are associated with a 

finite level of risk.    Using the USN93 algorithm, the risk of performing these 954 dives with 

and without decompression was computed.  For this calculation, the 4,770 dives over the 

USN93 limit for the five-year period were aggregated into a spreadsheet in depth intervals of 

5 fsw (e.g., 26 to 30 fsw) and time intervals of 10 minutes (e.g., 251 to 260 minutes).  For all 

dives in the spreadsheet cell, the depth for the calculation was taken as the upper limit of the 

cell (e.g., 30 fsw for 26-30 fsw) and the bottom time was taken as the mid point of the cell 

(e.g., 255 min for 251-260 min).  For the 4,770 dives in question, the DCS risk with 

decompression was estimated by the algorithm to be 85% of the risk of performing them 

without decompression.  In other words, the DCS risk is approximately 15% lower with 

USN93 decompression than without. 

Six cases of DCS were observed in 5 years on the 4770 dives performed over the 

USN93 limit.  This gives a baseline risk of 1.26 cases/1000 dives when these dives are 

performed without decompression. Based on the analysis outlined above, the risk on these 

dives with the institution of decompression would be expected to fall to 1.07 cases/1000 dives 

(1.26 x 0.85).  For the 954 dives over the USN93 limit annually, this would result in a rate of 

1.02 cases/year with decompression vice 1.20 cases/year without decompression, or the 

avoidance of 0.18 case/year.  This number is a slight overestimate of the benefit since the 

dives in the 41-45 fsw and 51-55 fsw ranges converted from decompression dives to no- 

decompression dives would add back in a small risk. 

Thus, the best estimate of the cost/benefit of adopting the USN93 limits in the context 

of single level dive tables is the addition of approximately 419 hours of decompression time 

annually to operations for the avoidance of 0.18 cases of DCS. 
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CONCLUSIONS 

1. The overall DCS rate for shallow water, air, no-stop diving in the U.S. Navy is very low, 

approximately 0.29 cases/1000 dives.  This overall rate remains nearly constant over the depth 
range of 21-50 fsw. 

2. The observed probability of DCS with shallow no-decompression diving increases with 

increasing bottom time.  The DCS rate during the 4th quartile of USN57 no-decompression 

time (1.28 cases/1000 dives) is approximately six times the rate in the 1st quartile (0.22 
cases/1000 dives). For bottom times longer than the proposed USN93 limit, the DCS rate is 
1.26 cases/1000 dives, which is substantially greater than the DCS rate of 0.26 cases/1000 

dives for dives shorter than the limit, but still quite low in absolute terms. 

3. There is no evidence that divers are currently pushing the no-decompression limits in 
shallow water.  In fact, the vast majority of dives are conducted at less than 25% of the 
current no-decompression limits for the depth ranges studied here. 

4. The proportion of DCS cases reported as Type II in shallow no-stop diving is significantly 
higher than has been previously reported in military divers. 

5. If the USN93 limits were adopted and used in the context of single-level diving tables, 

approximately 0.18 cases of DCS would be avoided per year at a cost of approximately 419 
hours of additional decompression time. 

6. These data do not support shortening the USN57 no-decompression limits in shallow 
water. 
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APPENDIX B 

Part I. Summary of Cases 

Code 
Purpose of Dive 

SW = SPECWAR 
SH = Ship Husbandry 
TN = Training 
UC = Underwater Construction 
SR = Search 
SS = Security Swim 
EO = EOD 
SV = Salvage 
RQ = Requal 
IS = Inspection 

Rig 
SO = Open circuit SCUBA 
SS = Surface-supplied 

NMRI Diagnosis 
Class 

1 = Definitely Decompression Illness 
2 = Definitely not Decompression Illness 
3 = Uncertain if Decompression Illness or not 

SubClass 
A = Decompression Sickness 
B = Arterial Gas Embolism 
C = Decompression Sickness or Arterial Gas Embolism 
N = Not applicable 

Naval Safety Center Diagnosis (SAFE Dx) 
1 = Type I Decompression Sickness 
2 = Type II Decompression Sickness 
3 = Arterial Gas Embolism 

Service 
N = Navy 
M = Marine 
C = Civilian 

Part II. Case Descriptions 

Narratives exactly as received from NSC; "(sic)" used to denote obvious and/or distracting errors 
Cases with bottom times longer than the USN93 limit are indicated with an asterisk. 
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Part I. Summary of Cases 
NMRI Diaenosis 

Case* Day Month Year Purpose Rig Depth Bottom Time Class Subclass SAFE Dx Service 
1 3 2 90 ;::: "sw  ZZso 50  ":52 3  N " 2 N 
2 3 2 90 sw SO 50 52 3 N 2 N 
■}* 2 3 90 sw so 30 397 3 N 2 N 
4* 16 3 90 sw SO 30 397 1 A 2 N 
5 21 3 90 TN i-ss ■' "52  ' 13 ' ":: "■!  

A , 
2 N 

6 18 4 90 TN so 45 46 1 A 1 M 
7 9 6 90 i-'ucP' ':' SS ;':r"'"52"'   46" 1 ".'.A' 1 N 
8 7 8 90 SH SO 40 74 1 A 2 C 
9 29 8 90 SW SO 29 135 1 :.. . A 2 N 
10 23 10 90 ss so 36 30 3 N 2 N 
11* 6 11 90 z\ m"i:z Z'ssZZ 40 189 

....  _. .. 
A 2 N 

12 5 12 90 SH ss 26 50 3 N 2 N 
13 15 1 • 91 SR ss 55  29" 2  N 2 N 
14 27 1 91 SH ss 27 17 1 C 2 N 
15 1 2 91 SH ss 30 30 1 c 2 N 
16 11 2 91 SH ss 37 134 1 A 1 N 
17 5 4 91 SH so ZZ-W.' 76 ■1 ;"'".".C ' 2 N 
18 16 2 93 SH ss 31 87 2 N 2 N 
19 23 3 93 SH ss 41 99 ■■ '.'.2  N 2 N 
20 29 3 93 SH ss 42 97 3 N 2 N 
21* 21 7 93 SW so 33 278. 1 A 1 N 
22 9 8 93 SH ss 25 140 3 N 2 N 
23 16 3 94 RC so " :;".3ö::"":' 

......................_.. ....  .^ 
■A 2 N 

24 21 4 94 SH ss 22 91 3 N 2 N 
25 27 5 94 SH ss 38 ■       ""91"" 1 ;::.":'" :"".c"  2 C 
26 12 7 94 SW so 28 265 2 N 2 N 
27 8 8 94 SH so ":745":V 15 ■':  :3Z N 2 N 
28 8 8 94 SH ss 36 113 1 A 2 N 
29 17 8 94 SR ivSO.. 27 73 3 N 2 N. 
30 29 1 90 TN so 22 29 1 C 3 N 
31 14 2 90 SW so 40 121 1 c 3 N 
32 24 4 90 TN so 24 40 1 A 3 N 
33 21 5 90 SW so 36 50 2 : N 3 N 
34 21 5 90 sw so 36 50 3 N 3 N 
35 19 7 90 sRr'.;:; USS" 

......,._...... 
■61 1 c 3 "N 

36* 21 8 90 SH ss 37 176 1 A 3 N 
37 29 10 90 SH Zss " "■" ".'25.:.:' 44 1 "..c 3 N 
38 12 11 90 SV ss 33 134 3 N 3 N 
39* 9 1 91 ■"SH "■'■"" I ss 34 191 3 N 3 N 
40 4 4 91 SR so 40 3 2 N 3 N 
41 30 5 91 

,...,„......_ 

so 35 52 1 "c" 3 N 
42 30 5 91 SV so 35 52 3 N 3 N 
43 11 6 91 EO so 50 40 1  A 2 N 
44 16 7 91 SH ss 26 25 1 C 3 N 
45 1 8 91 TN ss 29 22 3 N 3 N 
46 5 9 91 sw so 29 74 1 C 3 N 
47 7 10 9iZ  SH   :'. ■■ss" : 35 115 3 N 3 N 
48 6 11 91 EO so 45 23 1 B 3 N 
49 16 2 nzz' is so 47 57 1 C 3 C 
50 25 2 93 ss so 40 20 1 B 3 N 
51 16 3 93 ".'■""RC r ' so 42 20 1 B 3 N 
52 21 3 93 SV ss 52 58 1 C 3 N 
53 27 7 93 ::

:
:".:.:.SR :  so 22   .. 25 2 N 3 N 

54 31 8 93 SH ss 28 37 1 B 3 N 
55 13 10 93 ":.'".""-"

:
"SR': 

:' ' ss 35  43"': 1 A 3 N 
56 18 11 93 IS so 23 44 1 A 3 N 
$i \ 28 1 94 EO so 37 20 3 N 3 N 
58 23 2 94 EO so 40 20 1 B 3 N 
59 25 3 92 ""  SW. so 25 40 1 A 3 N 
60 30 8 92 SH ss 21 63 1 A 2 N 
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Part II. Case Descriptions 

Case 1 
This 27 year old male spec war diver made a no "D" dive using SCUBA. The dive was on air to 
50 fsw for :52. Upon surfacing the diver experienced extreme fatigue following submarine lock 
out. The diver was examined and no other deficit was found. He was compressed to 60 fsw and 
had complete relief :55 at depth. The diver was treated on a TT 6 with one extrnsion (sic) at 60 
fsw. No meds were used, final diagnosis was DCS II, treated by DMO, 2 days loss of work and 
28 days restricted from diving. 
NMRI Diagnosis: Uncertain if decompression illness or not 
Naval Safety Center Diagnosis: Type II Decompression Sickness 

Case 2 
This 25 year old male Spec War diver made a no "D" dive using SCUBA. The dive was on air 
to 50 fsw for :52. Upon surfacing the diver experienced extreme fatigue following submarine 
lock out. The diver was examined and no other deficit was found. He was compressed to 60 fsw 
and had complete relief :55 at depth. The diver was treated on a TT 6 with one extension at 60 
fsw. No meds were used, final diagnosis was DCS II, treated by DMO, 2 days loss of work and 
28 days restricted from diving. 
NMRI Diagnosis: Uncertain if decompression illness or not 
Naval Safety Center Diagnosis: Type II Decompression Sickness 

Case 3* 
This 40 year old male Spec War diver made an SDV dive using open circuit SCUBA. The dive 
was to 30 fsw for 6 hours and 37 mins. The dive was reported as a no "D" dive. According to 
standard air tables the dive was 40 for 480 exceptional exposure because the max time of the 
repetative (sic) group designator table was exceeded. After a restless night the diver reported to 
work in the morning. Physical discomfort was reported to the diving supervisor. A neurological 
exam was normal but neuropsych screening was borderline. The diver was compressed to 60 
fsw and treated on a treatment table 6. No meds were used. No days loss of work, 4 days 
restricted from diving, final diag. DCS Type Type (sic) II by DMO. The other diver on this dive 
had DCS II and treated (sic). 
NMRI Diagnosis: Uncertain if decompression illness or not 
Naval Safety Center Diagnosis: Type II Decompression Sickness 

Case 4* 
This 41 year old male Spec War diver make (sic) an SDV dive using open circuit SCUBA. The 
dive was to 30 fsw for 6 hrs and 37 mins. The dive was reported as a no "D" dive. According to 
standard air tables the dive was 40 for 480 exceptional exposure because the max time of the 
repetitive group designator table was exceeded. The following morning the diver reported a 
restless evening and a physical discomfort to the Div Sup. A neuro revealed decreased light 
touch and pin prick sensation over right lateral thigh. The diver was compressed to 60 fsw and 
treated on a TT 6. No meds were used, no loss days from work, 4 days restricted from diving. 
Final diag. DCS II by DMO. The other diver on this dive had DCS II and treated (sic). 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness) 
Naval Safety Center Diagnosis: Type II Decompression Sickness 
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Case 5 
This 29 year old Navy male 1st class diving student made a training dive using Mark XII SSDS 
air. The dive was to 52 fsw for : 13 min bottom time no "D". Forty five minutes after surfacing 
he reported pain in the left shoulder and elbow. A neuro also revealed nystagmus in the right 
eye. The diver was compressed to 60 fsw and treated on a TT 6 with 2 extensions at 60 fsw. 
Complete relief was noted at 8 mins. into 2nd 02 period at 60 fsw. Medications used: 1000 cc of 
normal saline. Two days loss of work and 14 days restricted from diving. Final diagnosis DCS 
Type 2 by MDV. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness) 
Naval Safety Center Diagnosis: Type II Decompression Sickness 

Case 6 
This 20 year old male Marine Corps SCUBA student made an open water SCUBA training dive. 
The dive was to 45 fsw for :46 min no "D". Nine hours after surfacing the diver complained to 
the supervisor of pain in the left knee. A neuro was conducted and neurological deficit was 
found. The diver was compressed to 60 fsw and treated on a TT 6. Complete relief occurred 
during the 4th 02 period at 60 fsw. No drugs were used, no days loss from work and 28 days 
restricted from diving. Final diagnosis was DCS Type one by DMO. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness) 
Naval Safety Center Diagnosis: Type I Decompression Sickness 

Case 7 
This 21 year old male 2nd class diver made an underwater coinst. ops dive in open water using 
MK XII, air, swimmers configuration. The depth was to 52 fsw for 46 min no "D". Approx. 
five minutes after surfacing the diver noted a dull pain behind right kneecap. A neuro was 
completed by a DMT with no other findings. The same pain waxed and waned over the next 50 
minutes. The diver was compressed to 60 fsw, complete relief was obtained upon reaching 
treatment depth. Treated on a treatment table 5, no days loss of work, 5 days restricted from 
diving, no meds used, final diagnosis DCS I by DMO. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness) 
Naval Safety Center Diagnosis: Type I Decompression Sickness 

Case 8 
This 26 year old male ship yard diver made a ships husbandry dive using open circuit SCUBA. 
The dive was to 40 fsw for 19 minutes no "D". The previous day this diver made a no "D" dive 
to 40 fsw for 74 minutes bottom time. During ascent of this dive he noticed pain in his right hip. 
This pain was not reported. The next dive he made the 40 fsw for : 19 dive. He noticed the pain 
improved on the bottom of this dive. On ascent this pain increased. Upon surfacing he was 
taken to the DMO and compressed to 60 fsw and had complete relief upon reaching treatment 
depth. Due to the location of the pain he was treated on a TT 6 with one extension at 60 fsw. No 
meds were used, one day loss of work, 14 days restricted from diving, final diagnosis was DCS 
II by DMO. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness) 
Naval Safety Center Diagnosis: Type II Decompression Sickness 
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Case 9 
This 24 year old male SEAL made an SDV training dive with SDV air system and full face 
mask. The gas media was air. The dive was to 29 fsw for 2:15 no "D". :45 after surfacing the 
diver reported numbness to left nostril and left quadriceps. He was compressed to 60 fsw and 
had complete relif upon reaching treatment depth. No meds were used, no days loss of work, 14 
days restricted from diving. Final diagnosis was Type 2 DCS by DMO. Suspect circulation 
impaired by tightness of equipment. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness) 
Naval Safety Center Diagnosis: Type II Decompression Sickness 

Case 10 
This 24 years old male SCUBA diver made a security swim using open circuit SCUBA. The 
dive was to 36 fsw or (sic) :30 BT. Approx 3 hours after the dive this diver became dizzy, felt 
nauseated and had a painful left ear. A neuro was performed by a DMO and DCS Type II was 
diagnosed. The diver was transported to a recompression chamber and compressed to 60 fsw on 
02. Complete relief was obtained during the 1st 02 period. He was treated on a TT 6, Meclizine 
was given, no days loss of work, 30 days restricted from diving. 
NMRI Diagnosis: Uncertain if decompression illness of not 
Naval Safety Center Diagnosis: Type II Decompression Sickness 

Case 11* 
This 23 year old 2nd class diver made a ships husbandry using MK 21 air. The dive was to 40 
fsw for 180 minutes no "D". Approx one hour after surfacing the diver noticed pain and a slight 
numbness in his left forearm. The diver did not report these symptoms until five hours later. He 
was compressed to 60 fsw on 02 and had 1st relief on descent at 30 fsw. Complete relief was 
obtained 33 minutes into the treatment. A TT 6 was completed, no meds were used, no days loss 
of work and 14 days restricted from diving. Final diagnosis DCS Type II by DMO. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness) 
Naval Safety Center Diagnosis: Type II Decompression Sickness 

Case 12 
This 19 year old 2nd class diver made a ships husbandry dive using MK 21 air. The dive was to 
26fswfor:50. No "D". Upon surfacing this diver reported that his foot was numb. A neuro 
was completed with no significant findings. He was transported to a chamber and treated on a 
TT 6. First relief was noted : 13 into the treatment and complete relief at :29. No meds were 
used, no days loss of work and 21 days restricted from diving. Final diagnosis was DCS II by 
DMO. Phoncon to his master diver, who was TAD at the time of the dive and the treatment, 
reported that this diver was very cold and tired and wore an ill fitting wet suit.   He feels that the 
DCS II diagnosis was highly unlikely due to the dive profile. 
NMRI Diagnosis: Uncertain if decompression illness or not 
Naval Safety Center Diagnosis: Type II Decompression Sickness 
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Case 13 
This 33 year old Navy Saturation Diver made a search dive using MK 21. The dive was to 55 
fsw for :29 BT no "D". Upon surfacing the diver noticed numbness and tingling in the top of his 
left foot. The diver also reported that his boot was too tight. MDV and DMT performed 
thorough neurological examination. No other findings were noted. DCS could not be ruled out 
so the diver was compressed to 60 fsw on 02.   Partial relief of symptoms were noted after :03 at 
depth and complete relief was obtained after : 14. No meds were used, no days loss of work and 
14 days restricted from diving. Final diagnosis DCS Type II by MDV and DMT. 
NMRI Diagnosis: Definitely not decompression illness 
Naval Safety Center Diagnosis: Type II Decompression Sickness 

Case 14 
This 32 year old Navy He02 diving officer made a ships husbandry dive using MK-1 air. The 
dive was to 27 fsw for : 17 BT. :67 after surfacing the diver complained of left arm tremors, 
numbness, and weakness. Deamethasone (sic) 10 MGM was given during medivac to the 
recompression chamber. He was compressed to 60 fsw on 02. First relief was obtained upon 
reaching depth and complete relief during the first 02 breathing period. He was treated on a TT 
six. Three days loss of work. 28 days reftricted (sic) from diving. Final diagnosis DCS II. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness or Arterial Gas 

Embolism) 
Naval Safety Center Diagnosis: Type II Decompression Sickness 

Case 15 
This 28 year old Navy 1st class diver made a ships husbandry dive using MK-1 air. The dive was 
to 30 fsw for :30 no "D". Approx 15 min after surfacing the diver felt slight disorientation but 
did not report this until 40 mins later. A neuro exam revealed vestibular imbalance and lower 
extremity weakness. He was placed on 02 and transported to recompression chamber. 
Compression was to 60 fsw on 02. Complete relief was obtained 22 minutes into the treatment. 
A TT 6 was completed. No meds were used, one day loss of work and 7 days restricted from 
diving. Final diagnosis was DCS Type II by DMO. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness or Arterial Gas 

Embolism) 
Naval Safety Center Diagnosis: Type II Decompression Sickness 

Case 16 
This 20 year old male 2nd class diver made a ships husbandry dive using ESDS AGA. The dive 
was to 37 fsw for 2:14 no "D". Approx. four hours after the dive the dive (sic) the diver 
complained of pain in the right thigh. No type two symptoms were noted. The diver was 
compressed to 60 fsw and had first relief eight minutes into the treatment.   Complete relief was 
noted twenty one minutes later. A TT 6 was completed. No meds were used, no days loss of 
work, 7 days restricted from diving. Final diagnosis, DCS 1 by MDV. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness) 
Naval Safety Center Diagnosis: Type I Decompression Sickness 
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Case 17 
This 30 year old 1st class diver made a ships husbandry dive using open circuit SCUBA. The 
dive was to 35 fsw for 1:16. Thirty minutes after surfacing the diver complained that his left 
hand was not feeling as it should.   A neuro exam showed numbness of the left thumb, index, and 
middle finger. He was compressed to 60 fsw on 02. First relief was noted upon reaching 
treatment depth and complete relief :09 into the treatment. A TT 6 was completed. No meds 
were used, no days loss of work and 14 days restricted from diving. Final diagnosis was DCS II 
by DMO. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness or Arterial Gas 

Embolism) 
Naval Safety Center Diagnosis: Type II Decompression Sickness 

Case 18 
This 22 year old male 2nd class diver made a ships's (sic) husbandry dive using MK 21. The dive 
was to 31 fsw for 8M (sic) mins. Three weeks after dive this diver reported severe headaches, 
dizziness, and memory loss. Neuro exam conducted by DMO and MDV with no neuro deficit 
noted. Referred member to Naval Hospital for full neurological testing and decision made to 
treat member on htperbaric (sic) oxygen. Recompressed to 60 fsw with no relief noted during 
treatment. A TT6 was completed. No meds were used. 17 days loss of work and 17 days 
restricted from diving. 
NMRI Diagnosis: Definitely not decompression illness 
Naval Safety Center Diagnosis: Type II Decompression Sickness 

Case 19 
This 26 year old male first class diver made a MK-21 dive to 41 fsw for 99 mins while 
inspecting patches for leaks during salvage operations on a ship. 4 hrs 50 mins after surfacing 
diver complained of numbness to left great toe. Neuro exam conducted with no other symptoms 
noted. Diver recompressed to 60 fsw and treated on a TT-6 for DCS type II. Diver had 
complete relief 4 hrs 37 mins into the treatment. No meds were used. No days loss of work and 
14 days restricted from diving. 
NMRI Diagnosis: Definitely not decompression illness 
Naval Safety Center Diagnosis: Type II Decompression Sickness 

Case 20 
This 21 year old male second class diver made a ship's (sic) husbandry dive using ESDS to a 
maximum depth of 42 fsw for 1 hr 37 mins. Approximately 10 hrs after surfacing diver reported 
radiating pain in his left leg and "something not being quite right". Neuro exam revealed 
numbness on the left leg from the knee to the toes and weakness in the lower extremity of the left 
leg. Diver recompressed to 60 fsw and treated on TT6 for DCS Type II. Complete relief noted 
5 hrs 4 mins into treatment. No meds were used. 1 day loss of work and 28 days restricted from 
diving. 
NMRI Diagnosis: Uncertain if decompression illness or not 
Naval Safety Center Diagnosis: Type II Decompression Sickness 
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Case 21* 
This 29 year old male SEAL Diver made a SCUBA hookah dive from a Dry Deck Shelter (DDS) 
to 33 fsw for 4 hrs 38 mins. During drain down at 20 fsw diver noticed pain in his lower back. 
Drain depth was increased to 30 fsw for duration with no change noticed by diver. Upon 
surfacing a neuro exam was conducted with no other symptoms noted. Diver was recompressed 
to 60 fsw and treated on TT5 for DCS type I. Diver had complete relief 1 min into the treatment. 
No meds were used. No days loss of work and 2 days restricted from diving. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness) 
Naval Safety Center Diagnosis: Type I Decompression Sickness 

Case 22 
This 22 year old male second class diver made a dive to perform a shaft wrap using MK 21. His 
dive profile was 25 fsw for 2 hrs 20 mins. While removing his gear on the surface the diver 
noticed that his right foot seemed to drop and he had decreased sensation over the dorsum of the 
right foot. Neuro exam was conducted with no other neurological symptoms noted. Diver 
recommpressed (sic) to 60 fsw and treated on a TT-6 for DCS type II. Diver had some relief 25 
mins into the treatment but remained unchanged during the rest of the treatment. 1000 ML of 
Ringers Lactate administered IV. One day loss of work and 21 days restricted from diving. 
NMRI Diagnosis: Uncertain if decompression illness or not 
Naval Safety Center Diagnosis: Type II Decompression Sickness 

Case 23 
This 22 year old male second class diver made a recreational dive using open circuit scuba to 30 
fsw for 45 mins. 2 hours after surfacing diver noticed intermittent tingling radiating from his 
right shoulder to his hand. Diver noticed right arm feeling numb the following morning and 
reported symptoms. Neuro exam revealed marked weakness to right arm and numbness of right 
shoulder to hand. Diver recompreesed to 60 fsw and treated on TT 6 for DCS type II. No drugs 
were used. Diver had complete relief 3 hours and 14 mins into the treatment. 2 days loss of 
work and 30 days restructed (sic) from diving. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness) 
Naval Safety Center Diagnosis: Type II Decompression Sickness 

Case 24 
This 38 year old male Master Diver made a ships husbandry dive using MK 21 to a depth of 22 
fsw for   1 hr 31 mins. Diver surfaced with soreness in his right arm and feeling tired. Diver did 
not report these symptoms for two days. Neuro exam revealed right arm pain and soreness. 
Diver also was very fatigued. Diver recompressed to 60 fsw and treated on TT 6 for DCS Type 
II. No drugs were used. Diver had complete relief of symptoms 2 hrs 45 mins into the 
treatment. No days loss of work and 30 days restricted from diving. 

■NMRI Diagnosis: Uncertain if decompression illness or not 
Naval Safety Center Diagnosis: Type II Decompression Sickness 
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Case 25 
This 36 year old male civilian rigger diver made a ship's husbandry dive to 38 fsw for 1 hr 31 
mins using MK 21. Upon surfacing the diver noticed the tip of his fifth digit on his left hand felt 
numb. Dive sup felt it may have been caused by a mechanical injury. After the diver had 
showered and warmed up he noticed the numbness had spread to his next finger. Diver 
transported to nearest chamber and recompressed to 60 fsw and treated on TT 6 for DCS Type II. 
No drugs were used. Diver had complete relief 23 mins into the treatment. No days loss of work 
and 14 days restricted from diving. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness or Arterial Gas 

Embolism) 
Naval Safety Center Diagnosis: Type II Decompression Sickness 

Case 26 
This 23 year old male SEAL Diver made a SCUBA dive while conducting SDV diving 
operations. During the dive the diver reported that his wet suit was very tight and restrictive. 
Upon completion of his dive the diver noticed a patch of numbness on his left forearm. Neuro 
exam revealed no other symptoms. Diver was recompressed to 60 fsw and treated on TT 6 for 
possible DCS Type II. Diver had no relief of symptoms during the treatment. No days loss of 
work and 5 days restricted from diving. 
NMRI Diagnosis: Definitely not decompression illness 
Naval Safety Center Diagnosis: Type II Decompression Sickness 

Case 27 
This 24 year old male Navy SCUBA diver made a ship's husbandry dive to 45 fsw for 15 mins 
using open circuit SCUBA. Appox 1 and 1/2 hrs after surfacing diver complained of feeling 
"heavy" and tired. Diver was recompressed to 60 fsw and treated on TT 6 for DCS Type II. 
Diver had complete relief of symptoms 50 mins into the treatment. 4 Liters Ringer's Lactate IV 
was used. No days loss of work and 30 days restricted from diving. 
NMRI Diagnosis: Uncertain if decompression illness or not 
Naval Safety Center Diagnosis: Type II Decompression Sickness 

Case 28 
This 28 year old male First Class Diver made a ship's husbandry dive to 36 fsw for 1 hr 53 mins 
using MK -20. Approx 1 hr after surfacing diver developed a headache and fatigue. The next 
morning he reported his symptoms to the Diving Supervisor. Diver was recompressed to 60 fsw 
and treated on TT 6 for DCS type II. Diver had complete relief of symptoms 33 mins into the 
treatment. No drugs were used. No days loss of work ond 30 days restricted from diving. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness) 
Naval Safety Center Diagnosis: Type II Decompression Sickness 
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Case 29 
This 30 year old male USMC combat diver made a compass/navigation dive to 27 fsw for 1 hr 
13 mins using open circuit SCUBA. Approx 30 mins after surfacing diver complained of 
tingling in his right forearm. Diver recompressed to 60 fsw and treated on TT6 for DCS type II. 
Diver had complete relief of symptoms 1 hr 54 mins into the treatment. No drugs were used. No 
days loss of work and 28 days restricted from diving. 
NMRI Diagnosis: Uncertain if decompression illness or not 
Naval Safety Center Diagnosis: Type II Decompression Sickness 

Case 30 
This 22 year old female student officer made a training dive using SCUBA. The dive was to 29 
fsw for :29 min No D. Approx,. upon surfacing she complained of a mild headache. A neuro 
was conducted by a DMO and no deficits were found. Oral motran (sic) was given at this time. 
Approx. one hour later she reported headache worsening, nauseous (sic), lightheaded and "not 
feeling right". A second neuro showed: pronounced weakness in left side of neck muscles, 
weakness in left extremities and degraded neural responses in left foot. Compressed to 165 fsw 
with 1st relief at 04: After leaving the surface. A TT 6A was completed with one extension at 60 
fsw. An I.V. of Ringers Lactate was administered during treatment. The following AM left leg 
weakness was found on follow up neuro. A TT 6 was conducted with 1st relief at 1:29. A neuro 
on the following day still showed left leg weakness. A TT 6 was administered with complete 
relief at :28. Three days loss of work, 28 days restricted from diving, final diagnosis AGE. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness or Arterial Gas 

Embolism) 
Naval Safety Center Diagnosis: Arterial Gas Embolism 

Case 31 
This 20 year old male basic combat swimmer made an SDV training dive using SCUBA. The 
dive was to 40 fsw for 2 hrs and :01 min. Instructors observed him having difficulty maintaining 
depth control of the SDV. Upon surfacing the diver was unresponsive and aluggish (sic). The 
diving med tech on scene conducted a neuro and found upper extremity weakness. He was 
placed on surface 02 and transported to the chamber. He was recommpressed (sic) to 165 fsw 
where another neuro by a DMO showed upper extremity weakness, loss of coordination, 
proprioception and positive Babinski of right foot. Complete relief was obtained within :30 mins 
at 165 fsw. He was treated on a TT 6AM (sic), no meds were used, one day loss of work, 60 
days restricted from diving, final diagnosis AGE. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness or Arterial Gas 

Embolism) 
Naval Safety Center Diagnosis: Arterial Gas Embolism 
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Case 32 
This 20 year old male Navy diving student made a training dive using open circuit SCUBA. The 
dive was to 24 fsw for :40 mins no "D". He surfaced complaining of feeling light headed. A 
neurological exam revealed no deficits. Approx. :30 minutes later he complained of pain in the 
left elbow. A neurological exam again showed no neurological deficits and the diver returned to 
the dive station. Approx. :20 to :30 the diver complained of tingling in left hand and fingers. 
Again the neuro was normal. AGE could not be ruled out so the diver was compressed to 165 
fsw and treated on a TT 6A. Relief was obtained at :05 mins at treatment depth. No meds were 
used, no days loss of work and 28 days restricted from diving. Final diagnosis was AGE by 
DMO. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness) 
Naval Safety Center Diagnosis: Arterial Gas Embolism 

Case 33 
This 24 year old male UDT diver made a SPEC WAR ops dive using open circuit SCUBA. The 
dive was to 36 fsw for 50 minutes no "D" two minutes after surfacing this divers buddy 
experienced nausea and vomiting. A rapid upward excursion of approximately 12 fsw occurred 
during submarine lock in lock outs. A diagnosis of AGE could not be ruled out on the other 
diver so both divers were compressed to 165 fsw. 6 minutes after reaching treatment depth the 
afflicted diver was asymptomatic and neuros were normal in both divers. The divers air was 
obtained from the submarine's hp flasks and contamination could not be ruled out. An air 
sample was never recovered due to a mix up of SCUBA bottle during the transport of divers. No 
drugs were used one day loss of work and 30 days restricted from diving. Final diagnosis AGE 
by DMO. 
NMRI Diagnosis: Definitely not decompression illness 
Naval Safety Center Diagnosis: Arterial Gas Embolism 

Case 34 
This 21 year old UDT diver made a SPEC WAR ops dive using open circuit SCUBA. The dive 
was to 36 fsw for 50 minutes. Two minutes after surfacing this diver experienced nausea and 
vomiting. A rapid upward excursion of approximately 12 fsw occurred during submarine lock in 
lock out. A diagonosis of AGE could not be ruled out. This diver was compressd on to (sic) 165 
fsw where he had complete relief after 6 minutes at treatment depth. A neuro was conducted at 
depth and was reported as normal. The divers (sic) air was obtained from the submarine's HP 
flasks and contamination could not be ruled out. An air sample was never recovered due to a 
mix up of SCUBA bottles during the transport of the divers. No drugs were used, one day loss 
of work, 30 days restricted from diving, final diagnosis AGE by DMO. 
NMRI Diagnosis: Uncertain if decompression illness or not 
Naval Safety Center Diagnosis: Arterial Gas Embolism 
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Case 35 
This 18 year old male 2nd class diver made a searching dive using MK XXI air. The dive was to 
26 fsw for 61 min. no "D". The members head being too small for the liner the oral nasal mask 
did not make a proper seal. This caused the mask to free flow. From 21 fsw to the surface this 
happened 3 times. Approx. 20 minutes after surfacing the diver noticed that he was feeling 
unusually tired he did not report this. 45 mins later he was found asleep. Upon being awakened 
it was noted that he had poor balance. A neuro produced a poor Romberg and patient was 
deteriorating rapidly. Compression to 165 commenced and complete relief was obtained at 100 
fsw. A TT, (sic) 6A was completed. No meds were used, 3 days loss of work, 30 days restricted 
from diving, final diagnosis was AGE by DMO. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness or Arterial Gas 

Embolism) 
Naval Safety Center Diagnosis: Arterial Gas Embolism 

Case 36* 
This 27 year old male 2nd class diver made a ships husbandry dive using ESDS air. The dive was 
to was to (sic) 37 fsw for 2 hours and 56 minutes no "D". Approx. one hour after surfacing the 
diver reported fullness around the neck, slight discomfort under sternum and tingling in left 
thoracic area. Initial neuro was normal. 25 minutes after the initial symptoms the diver reported 
pain in the left wrist. Another neuro revealed weakness in left leg. He was compressed to 60 
fsw for treatment where the diver failed a Rhomberg Test. He was taken of (sic) 02 and 
compressed to 165 fsw (sic) All symptoms resolved at treatment depth. The Diver was treated 
on a TT 6A, and I.V. of Ringers Lactate was given. One days loss of work, 6 weeks restricted 
from diving, final diagnosis AGE by DMO. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness) 
Naval Safety Center Diagnosis: Arterial Gas Embolism 

Case 37 
This 23 year old 2nd class diver made a ships husbandry dive using MK 21 air. The dive was to 
25 fsw for :44 min. no "D". Approx. 20 minutes after surfacing this diver experienced weakness, 
dizziness and fatigue. The dive was uneventful except he stated that his hat free floowed (sic) on 
two occasions during the dive. A neuro showed unsteady gait, Romberg Test was abnormal and 
a loss of feeling on portions of his back. A chest X-ray disclosed mediastinal emphysema. The 
diver was compressed to 60 fsw on 02 and had first relief after two minutes at 60 fsw with 
complete relief after the 2nd 02 period. A TT 6 was completed with one extension at 60 fsw. No 
meds were used, no days loss of work and 28 days restricted from diving. Final diagnosis 
possible AGE caused by improper fit of MK 21 diving helmet. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness or Arterial Gas 

Embolism) 
Naval Safety Center Diagnosis: Arterial Gas Embolism 
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Case 38 
This 25 year old male 1st class diver made a salvage dive using MK 21 air. The dive was to 33 
fsw for 2:14 no "D". During the last three minutes of the dive this diver reported sudden onset of 
nausea, vertigo and headache. He vomited three times on the bottom. After several vents the 
diver was surface (sic). During the up and over phase the diver had trouble holding the ladder. 
A neuro conducted by the MDV confirmed weakness in shoulder and elbow muscle groups on 
left side. He was transported on 02 to chamber. Compressed to 165 fsw with first relief at 2 
minutes on the bottom. Relief of all symptoms at 29 minutes. A TT 6A was completed. No 
meds were used, no days loss of work, 28 days restricted from diving. Final diagnosis 
hypercapnia and AGE. 
NMRI Diagnosis: Uncertain if decompression illness or not 
Naval Safety Center Diagnosis: Arterial Gas Embolism 

Case 39* 
This 28 year old male 1st class diver made a ships husbandry dive using ESDS (AGA) on air. 
The dive was to 34 fsw for 3:11 no "D". Approx 15 to 20 minutes after the dive this diver 
noticed a loss of hearing in his left ear. No other neurological deficits were noted. Diver was 
compressed to 165 fsw. EDU was notified of mishap and concurred with treatment. First relief 
was noted at 1:45 into the treatment at 60 fsw on 02. A TT 6A was completed with no 
extensions. The diver surfaced with substantial relief. No meds were used, one day loss of work 
and 30 days restricted from diving. Final diagnosis was AGE by DMO. 
NMRI Diagnosis: Uncertain if decompression illness or not 
Naval Safety Center Diagnosis: Arterial Gas Embolism 

Case 40 
This 24 year old female diving officer made searching dive using open circuit SCUBA. The dive 
was to 40 fsw for 3 minutes. While at depth this diver reported vertigo. The dive was aborted. 
On the surface she complained of dizziness and severe headache. A neuro revealed neurological 
deficits heel to toe walk. The diver was compressed to 165 fsw. 1st relief was noted upon 
reaching treatment depth. Complete relief was noted 2 minutes into the 2nd 02 period at 60 fsw. 
(sic) and I.V. of normal saline and I.V. decadron was given. No days loss of work, 28 days 
restricted from diving, final diagnosis AGE by MDV. 
NMRI Diagnosis: Definitely not decompression illness 
Naval Safety Center Diagnosis: Arterial Gas Embolism 

Case 41 
This 20 year old 2nd class diver made a salvage dive using open circuit SCUBA. The dive was to 
35 fsw for :51 BT. This diver was not acting normal after the dive. A neuro was conducted. He 
could not pass the Romberg portion of the exam. 11 minutes after surfacing he was compressed 
to 165 fsw. : 13 minutes into the treatment complete relief was obtained. A TT 6A was 
completed, no meds were used, one day loss of work and 28 days restricted from diving. Final 
diagnosis was AGE by DMO. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness or Arterial Gas 

Embolism) 
Naval Safety Center Diagnosis: Arterial Gas Embolism 
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Case 42 
This 3M (sic) year old 2nd class diver made a salvage dive using open circuit SCUBA. The dive 
was to 35 fsw for :52 BT. Approx. eight minutes after surfacing this diver reported muscle 
tightness (mechanical injury) in the right arm. He was swinging a hammer at depth. A neuro 
was performed by a DMO. AGE could not be ruled out for his diving buddy showed 
neurological deficit in his neuro exam. This diver was compressed to 165 fsw 2 and one half 
hours after surfacing. A TT 6A was completed with full relief noted : 10 into the treatment. No 
meds were used, one day loss of work and 28 days restricted from diving. Final diagnosis was 
AGE by DMO. 
NMRI Diagnosis: Uncertain if decompression illness or not 
Naval Safety Center Diagnosis: Arterial Gas Embolism 

Case 43 
This 21 year old male Navy EOD assistant diver made an EOD dive using open circuit SCUBA. 
The dive was to 50 fsw for :40 BT no "D". This diver make (sic) 3 rapid ascents to the surface 
from 40 fsw to retrieve buoyant objects. He exceeded 60 fpm on ascent passing his own 
bubbles. Blood was in his face mask upon surfacing. Symptoms of numbness both hands and 
feet were noted five hours post dive but not reported until 15 hours after surfacing. He was 
compressed to 60 fsw on 02, 1st relief was obtained upon reaching treatment depth, complete 
relief at 1:00 into the treatment. TT 6 with 1 ext at 60 fsw was completed. No meds were used, 
one day loss of work and 28 days restricted from diving. Final diagnosis was DCS II by DMO. 
Note: reported as DCS II. The dive profile and type of symptoms strongly suggest AGE. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness) 
Naval Safety Center Diagnosis: Type II Decompression Sickness 

Case 44 
This 37 year old male Navy Sat Diving Officer made a ships husbandry dive using MK 21 on air. 
The dive was to 30 fsw for :25. After the dive the Diving Supervisor, which was under 
instruction, performed a training neuro on this diver which revealed a neurological deficit. A 
lack of communication was aparent (sic). The deficit was thought to be manufactured by the 
diver for the training neuro. The nest (sic) day he was evaluated for the deficit. It consisted of 
personality changes. Lack of coordination and a positive Babinski sign. He was compressed to 
60 fsw on 02. Complete relief was noted : 19 into the treatment. An I.V. of NACL was used, 2 
days loss of work, 35 days restricted from diving. Final diagnosis was AGE by DMO. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness or Arterial Gas 

Embolism) 
Naval Safety Center Diagnosis: Arterial Gas Embolism 

Case 45 
This 21 year old male Navy diving student made a training dive using Mark 21 on air. The dive 
was to 29 fsw for :22 BT. :08 after surfacing this diver complained of a headache. A neuro was 
normal. The diver stated that his headache was worsening. He was compressed to 165 fsw. He 
reported complete relief on descent at 18 fsw. No meds were used, no days loss of work and 28 
days restricted from diving. Final diagnosis was AGE by DMO. 
NMRI Diagnosis: Uncertain if decompression illness or not 
Naval Safety Center Diagnosis: Arterial Gas Embolism 
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Case 46 
This 23 year old male SPECWAR Diver made a lock in lock out dive using open circuit 
SCUBA. The dive was to 29 fsw for 1:14. The diver used a lift bag to float an outboard engine 
to the surface. Upon surfacing he experienced dizziness. He made a descent for lock in. The 
neuro was normal except for dizziness. He was compressed to 165 fsw. First relief was noted 
:02 into the treatment at 60 fsw. Complete relief was noted : 10 into the treatment. A TT 6A was 
completed. An I.V. of Ringers D5W was given. 3 days loss of work, 42 days restricted from 
diving. Final diagnosis was AGE by DMO. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness or Arterial Gas 

Embolism) 
Naval Safety Center Diagnosis: Arterial Gas Embolism 

Case 47 
This 23 year old male 2nd class diver made a ships husbandry dive using ESDS on air. The dive 
was to 35 fsw for 1:55. This diver (red) noted that he was not feeling well on the bottom and 
turned over his work to his dive buddy (yellow). Red divers (sic) condition did not improve. 
The supervisor recovered both divers. Once on the surface yellow diver reported the same 
feeling earlier but it cleared. Red diver on the surface complained of nausea and light- 
headedness. At the chamber a neuro showed short-term memory loss, difficulty in talking and 
nystagmus. He was compressed to 165 fsw. First relief was noted upon reaching treatment 
depth and complete relief at 2:14 into the treatment. A TT 6A was completed. No meds were 
used, no day loss of work and 30 day restricted from diving. Final diagnosis was AGE by DMO. 
Cranial nerve deficite (sic) 
NMRI Diagnosis: Uncertain if decompression illness or not 
Naval Safety Center Diagnosis: Arterial Gas Embolism 

Case 48 
This 23 year old male EOD assistant made an EOD OP dive using open circuit SCUBA. The 
dive was to 45 fsw for :23 BT. While on the bottom this diver experienced a headache and 
surface (sic). On the surface he had extreme weakness and had difficulty remaining alert. He 
was examined by DMO and MDV. A diagnosis of AGE was made. He was transported to the 
chamber and compressed to 165 fsw. Complete relief was noted at 130 fsw on descent. At (sic) 
TT 6A was completed. No meds were used, no days loss of work and 42 days restricted from 
diving. 
NMRI Diagnosis: Definitely decompression illness (Arterial Gas Embolism) 
Naval Safety Center Diagnosis: Arterial Gas Embolism 
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Case 49 
This 40 year old male civilian diver made an inspection dive using open circuit SCUBA and a 
dry suit. The dive was to 47 fsw for 5M mins. 20 mins after surfacing this diver complained of 
dizziness and nausea. He was diagnosed as having shallow water AGE by DMO. Recompressed 
to 60 fsw. First relief occured (sic) 4 mins into the treatment followed by complete relief 5 hours 
and 36 mins into the treatment. A TT6 was completed. No meds were used. No days loss of 
work and 30 days restricted from diving. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness or Arterial Gas 

Embolism) 
Naval Safety Center Diagnosis: Arterial Gas Embolism 

Case 50 
This 23 year old male second class diver made a SSBN security swim using surface tended open 
circuit SCUBA. Diver's tending line snagged on rudder and as he attempted to unsnag himself 
he made an uncontrollable ascent (8 to 10 fsw) to the surface. Dive profile was 40 fsw for 20 
mins. Approximately 3 mins after surfacing diver complained of numbness in lips and facial 
area. While transiting to the chamber diver reported numbness and loss of strength to left arm 
and shoulder, dizziness, and blurred vision. Seconds prior to entering chamber diver became 
unconsciousness (sic). Recompressed to 165 fsw and treated on TT6A for AGE. Complete 
relief noted 5 M mins into the treatment.  1000ML 2% sodium chloride IV used. Three days 
later this same diver reported feeling fatigued, headache, back pain and left elbow pain. Neuro 
exam conducted revealing pain in back of head, pain middle left side of back, poor coordination, 
tingling left hand, and slurred speech. Diver recompressed to 60 fsw on a TT6. Complete relief 
noted 40 mins into the treatment. No meds were used. No days loss of work and 2 days 
restricted from diving. 
NMRI Diagnosis: Definitely decompression illness (Arterial Gas Embolism) 
Naval Safety Center Diagnosis: Arterial Gas Embolism 

Case 51 
This 38 year old male He02 diving officer was assisting during a recovery of a DSRV using 
open circuit SCUBA. His dive profile was 42 fsw for 20 mins. 3 mins after surfacing diver 
became unconscious and had a grand mal seizure. Seizure lasted approximately 1 min and diver 
regained consciousness about 15 mins later. Diver medivaced to chamber by helo. Neuro exam 
conducted with no neurological symptoms noted. Diver recompressed to 60 fsw on TT6 for 
AGE. Ringers lactated (sic) used during treatment. No days loss of work and 42 days restricted 
from diving. 
NMRI Diagnosis: Definitely decompression illness (Arterial Gas Embolism) 
Naval Safety Center Diagnosis: Arterial Gas Embolism 
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Case 52 
This 22 year old male second class diver was patching a wreck using MK 21. His dive profile 
was 52 fsw for 58 mins. 30 mins after surfacing diver complained of pain in his lower back and 
stated that he did not feel well. Neuroexam was conducted and a loss of hand to eye 
coordination and loss of balance was noted. He was recommpressed (sic) to 165 fsw on a TT6A 
for AGE. Neuro exam at 165 fsw noted short term memory loss, weakness in the left arm, and 
drooping facial muscles. Complete relief noted 23 mins into the treatment. No meds were used. 
Upon surfacing neuro exam revealed roving left eye. Diver recompressed to 60 fsw and treated 
on TT6. Complete relief noted 19 mins. into the treatment. No meds used. 1 day loss of work 
and 28 days restricted from diving. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness or Arterial Gas 

Embolism) 
Naval Safety Center Diagnosis: Arterial Gas Embolism 

Case 53 
This 21 year old male dive student was conducting underwater sonar operations using a hand 
held Dukane sonar while diving SCUBA. His dive profile was to 22 fsw for 25 mins. Upon 
handing the sonar to his dive partner he noticed tingling in his 1st and 2nd fingers on his right 
hand. Two minutes later he aborted the dive and reported his symptoms to the Diving 
Supervisor. Diver was transported to the chamber and examined by DMO where he was 
diagnosed as having fatigue/altered (sic) sensation to his right hand due to holding the sonar. 
DO elected to treat the diver for AGE due to neurological symptom being present. Attempted to 
recompress diver to 165 fsw but diver had problems clearing and descent was stopped at 71 fsw 
and diver brought back up to 60 fsw and treated on TT-6. Diver had complete relief of all 
symptoms at 39 fsw on descent. No meds were used. One day loss of work and 28 days 
restricted from diving. 
NMRI Diagnosis: Definitely not decompression illness 
Naval Safety Center Diagnosis: Arterial Gas Embolism 

Case 54 
This 24 year old male first class diver made a dive to seal a cofferdam which had developed a 
leak using MK 20. As the diver was returning to the cofferdam, it blew out a two foot section of 
the rubber releasing a large air pocket which hit the diver forcing him to the surface. His dive 
profile was to 28 fsw for 37 mins. Upon surfacing the diver was semi-conscious. A neuro exam 
was conducted which revealed tingling and loss of sensation in the right upper extremity from 
the shoulder down phrough (sic) the hand and the left wrist down through the hand. The diver 
also complained of nausea. Diver was recompressed to 60 fsw and treated on a TT-6 for AGE. 
Diver had complete relief 22 mins into the treatment. 1000 ml Ringers Lactate and 10 mg 
Dexamethasone given IV. 1 day loss of work and 28 days restricted from diving. 
NMRI Diagnosis: Definitely decompression illness (Arterial Gas Embolism) 
Naval Safety Center Diagnosis: Arterial Gas Embolism 
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Case 55 
This 26 year old male first class diver made a bottom search dive using MK-20 to 35 fsw for 43 
mins. 40 mins. after surfacing the diver complained of pain in his left elbow. A neuro exam was 
conducted and weakness of his left arm and shoulder were discovered as well. Diver was put on 
02 and transported to nearest recompression chamber. Diver had complete relief of symptoms 
enroute to the chamber. Diver recompressed to 60 fsw and treated on TT 6 for AGE. No meds 
were used. 1 day loss of work and 28 days restricted from diving. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness) 
Naval Safety Center Diagnosis: Arterial Gas Embolism 

Case 56 
This 22 year old male second class diver made a dive to inspect a shaft system using SCUBA to 
a depth of 23 fsw for 44 mins. Approx 26 hours after surfacing diver complained of pain and 
weakness of left foot and tightness across right chest area. Diver recompressed to 60 fsw and 
treated on TT 6 for AGE. Diver had complete relief five minutes into the treatment. No meds 
were used. No days loss of work and 28 days restricted from diving. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness) 
Naval Safety Center Diagnosis: Arterial Gas Embolism 

Case 57 
This 26 year old male EOD diver made an open circuit SCUBA dive to 37 fsw for 20 mins using 
a drysuit. During the dive the diver experienced difficulty controlling the buoyancy of his 
drysuit. Approx 1 hr after the dive the diver complained of a dull pain in his neck apound (sic) 
the area of the spinal cord. A neuro exam was conducted with no other symptoms noted. Diver 
recompressed to 60 fsw and treated on a TT6 for AGE. No meds were used. No days loss of 
work and 42 days restricted from diving. 
NMRI Diagnosis: Uncertain if decompression illness or not 
Naval Safety Center Diagnosis: Arterial Gas Embolism 

Case 58 
This 22 year old male EOD diver made an open circuit SCUBA dive to 40 fsw for 20 mins. 
During the dive the diver lost his weight belt and was unable to control his ascent to the surface. 
Upon surfacing the diver felt disorientated (sic). Neuro exam revealed weakness of right arm 
and leg. Diver recompressed to 60 fsw and treated on TT 6 for AGE. No drugs were used. 
Diver had complete relief 51 mins into the treatment. No days loss of work and 14 days 
restricted from diving. 
NMRI Diagnosis: Definitely decompression illness (Arterial Gas Embolism) 
Naval Safety Center Diagnosis: Arterial Gas Embolism 
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Case 59 
This 34 year old male Navy SPECWAR SOT tech made a SPECWAR dive using open circuit 
SCUBA. The dive was to 25 fsw for :40. Forty minutes after surfacing he complained of pain in 
the left hand. This may have been present during the dive and probably due to a grip maintained 
during the dive. The exam was normal and told to return if symptoms worsened. Later on that 
night he noticed paresthesia in the hand, a funny feeling in his left elbow, shoulder and lower 
back. He called in and was told to report ASAP. The exam this time was positive for 
neurological deficits. He was compressed to 165 fsw. First relief was noted : 11 into the 
treatment and complete relief: 16 later. A TT 6A with extensions at 60 and 30 fsw was 
completed. No meds were used, 2 days loss of work and 14 days restricted from diving. Final 
diagnosis was AGE by DMO. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness) 
Naval Safety Center Diagnosis: Arterial Gas Embolism 

Case 60 
This 19 year old male second class Navy diver made a ships husbandry dive using Mark 20. The 
dive was to 21 fsw for one hour and three minutes, no "D". The next AM while working out at 
the gym this diver noticed slight numbness and tingling in his right hand. He stopped his 
exercise and returned to the dive locker. His symptoms exacerbated during transit including 
numbness and loss of strength in the lower right extremity and a decrease in peripheral vision. 
The neuro at the chamber revealed six significant deficits. He was compressed to 60 fsw on 02. 
First relief was noted 8 minutes in to the treatment and complete relief during the second 02 
period. A treatment table 6 was completed. No meds were used, no days loss of work and 28 
days restricted from diving. Finial (sic) diagnosis was DCS Type II by the DMO. 
NMRI Diagnosis: Definitely decompression illness (Decompression Sickness) 
Naval Safety Center Diagnosis: Type II Decompression Sickness 
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