Point/Counterpoint:
The Use of Deep Treatment
Tables (>3ATA) for Treatment

of DCI in Sport Divers

June 16, 2007

Moderator: J. Holm
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Con: R. Moon
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Overview

= Things are different in Hawaii

= “Hawaiian Deep Treatment Tables”
= 1T-280, TT-220, TT-160, TT-60
= Air, 65/35, 50/50, Oxygen

m “Standard Tables”
= USN Table 5 or 6




Reference

Hawaiian Deep Treatments:
Efficacy and Outcomes, 1983-
2003

UHM 2005, Vol 32, No. 5
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Schedule

= Introduction: J. Holm 5 minutes
m Pro: R. Smerz 15 minutes
m Con: R. Moon 15 minutes

= Pro Rebuttal: R Smerz 5 minutes
= Con rebuttal: R Moon 5 minutes
E Q & A: 10 minutes




L

| .
-
; m
s =5
*’_
l.l.l
i

.:I'l':'l.l A
[ BREET

o b o

]

AR P j]'_"l -

ik

"_‘. :

. -:r"--i"'f |
T g o

AT

i
.'—I

DR
7 S k‘:u"tﬁ s
&4 ﬂ'? ' -#T} y*"FH:

=




Lj

el mh i

3| nlﬂ":'ﬁri- .Z

LSRR |

I

| .. I
N

Ir .

Tl |

Rk
roul ok

. II.H 1
e




f R L o W = [

....-._ h .......1_.

. m ] |
rEari e a1

T
| ﬁ. P

_"..

"

I.l:::1l.l.1.-.. [
._.-._q__..n... ._.._. ._.__"_.H
R S




s =5
T l-
e -

_', 1

S ML

)
3
3
i
2
q

I

B 7 RTS8
S A A S
= 1% -'_:_ ﬁ '.:I.il







- ;-' "-I -.I.
IR < et h"h."‘

= 4 I-'.:I-'E' Sl il J' ol o & S

¥ 'i:l .

US Navy Decompression Treatment Table 6
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Rate of Bubble Growth in Agarose Gel
At 1.O ATA Ambient Pressure

PROBABLE MAXIMUM ANOXIC
BRAIN CELL SURVIVAL TIME
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¢—— SAFE BUBBLE

RECOMPRESSION TIME
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Curves to Show Time (L) Required to Dissolve
Bubbles of Graded Size After Application of Different Overpressures

BRAIN SURVIVAL TIME
F

PREDICTED DATA MEASURED DATA
0.25-mm Dia. Bubble " |.O-mm Dia. Bubble

0.5-mm Dia. Bubble

1 1 i ]

4 78 10 20 40
Time to Dissolve Bubbles L (in minutes)
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5.l atm abs

Relationship of Overpressure (AP) to
Lifetime (L) of | mm Diameter Air

Bubbles  Stabilized ~at Ambient Presst
Between | and 5.1 atm abs

— Measured Curve
~~ Interpolated Curve
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HTC 160 FSW TREATMENT TABLE
3/2/2/2

i

I 50/50 NITROX
(] 100% 02

TOTAL TIME = 6 HR 18 MIN
UPTD = 887
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HTC 220 FSW DUAL NITROX

TREATMENT TABLE
3/3/2/2

Kl
Kl

35/65 NITROX
50/50 NITROX

100% O2

TOTAL TIME = 6 HR 34 MIN
UPTD = 904




HTC 280 FSW DUAL NITROX
TREATMENT TABLE

j=*
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35/65 NITROX
50/50 NITROX
100% O2

TOTAL TIME = 6 HR 40 MIN
UPTD =916
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Hypothesis

For the treatment of decompression iliness,
deep tables are more efficacious than
standard USN oxygen tables




TABLE 5 DEPTH/TIME PROFILE
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USN Tables 5 and 6

TABLE 6 DEPTH/TIME PROFILE

i Descent Rate = 25 Ft/Min.
Descent Rate = 25 Ft./Min, .
Ascent Rate = 1 FLMin. Ascent Rate = 1 FL/Min. .
Total Elapsed Time: 135 Minutes - — Total Elapsed Time: 285 Minutes

(Not Including Descent Time) By & lg Inclundimla

Depth (leet)

30

Time (minutes) Time (minutes)




Strength of Evidence

Randomized controlled studies

Prospective, controlled, non-randomized,
cohort studies

Comparison of case series with historical
controls

Case series
Animal studies
Plausible rationale




63% reductio

Depth (fsw)
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Effect of Pressure on Spinal Cord
DCS (PO, 2 bar)

10

Percent 7 3 bar

Recovery ——5 bar
of SEP 50 ——7 bar

Amplitude - —— 2.8 bar
*100% O,

0
0 50 100 150

Time after Recompression (mir

Leitch DR, Hallenbeck JM Undersea Biomed Res 12:291, 1985




Effect of Treatment Depth on AGE

1007

7 -
Cortical SEF s [ T 7 Nt e | |
Amplitude 504 L~ Tt T L [ 50 mX30 min (air),
(% Baseline LT | m X 58 min (02)

——18 m X 90 min (02)

[

p
N
(9

90

Time after Embolism (mi

Leitch DR, et al Undersea Biomed Res 11:221, 1984




Emboli Don’t Stay in Vessels Even
Without Recompression

=

Courtesy of DF Gorman, MD
Helps S, et al. Stroke 21:1340, 1990




Effect of AGE on Cerebral Blood Flow

O Control
® CAGE 400ul

Control

left CBF (% baseline)

25 I CAGE

A Control granulocytopenic

A CAGE 400ul! gronulocytopenl l
.L\I i
J. l\

60 90 120 150 180

400 pl CAGE

left CBF (% baseline)

[\ 5 minutes 3 | ) i

time (minutes)

Helps SC, Gorman DF Stroke 22:351, 1991




Effects of Bubbles on Endothelium:
Leukocyte Adherence

Control Decompression Sickness

'nﬁ' s 1

E ? ' p - ‘a_'

R

IJ = Intercellular junctions ED = endothelial damage
N = nuclei L = leukocytes; P = platelets

Levin J Appl Physiol 50:944, 1981




Recompression Tables
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Bends in 1067 Tunnel Workers

B Recompression
m Medical Means

75

* -
Percent 50- P<103
Relief

25

0-

Keays FL, 7909




Experience 1946-64: USN

1200

1000- m Total

m Unrelieved
800 -

N 600-

400-

200 -

0

All Cases

Goodman & Workman, 1965




Initial Treatment Table USN 5 or 6

Relief

Author N Complete Substantial Comments
(%) (%)

Workman (1980) 150 85 95 After 2nd rx
Pearson & Leitch (1972) 28 67 83
Davis (1977) 145 98 Altitude DCI
Erde & Edmonds (1975) 106 81
Bayne (1978) 50 98
Kizer (1979) 157 58 Long delays
Yap (1980) 98 50
Gray (1984) 812 81
Green (1989) 208 96 All type | (USN $5)
Ball (1993) 14 93 Mild

11 36 Moderate

24 8 Severe
TOTAL 80




Complete Relief in Recreational Diver DCI

O @)
O @)

O
S o

O

© 2002
© 2003

After 1t Disch 3mo 6mo 9mo 12mo
recompr

Divers Alert Network




Complete Relief in Recreational Diver DCI
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Patients (%)

0-6 >6
-12

>12 >24 >48 >96 120

24

I N=32 N=8
_ IN=3a I I
1 2

3 4
-48 96 -120 -540

Time to Recompression (h) Severity Score”

11=" Joint pain; malaise; skin, lymphatic
2= Paresthesias, numbness, mild neuro

5= Significant motor; weakness, major sensory,
balance, gait or' mental impairriment

4 = Paresis, paralysis, bladder, bowel; erectile
dysfunction, other'major’'CNS

Cianci P, Slade JB Jr. Aviat Space Environ Med 77:1003, 2006




Compression Deeper than 18 m

= 430 cases of DCS reviewed

m 24 cases compressed from 18 m to 50
m (air); 10 deeper than 50 m

o Total N
15 mCured ——  * 2 already improving at
18m; 1 sensory only; 1
10- relapsed during
decompression
5. § P

I § Sensory only
18-50 m >50 m

Leitch DR, Green RD Aviat Space Environ Med 56:1139, 1985




Deep Table Results

mDCS |
mDCS I
OAGE

Modified TT160 17220 TT280
USN 6
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Smerz RW, et al. Undersea Hyperb Med 32:185, 2005




Deep Table Results
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USN 50r6 TT160 TT220 TT280
Table
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Smerz RW, et al. Undersea Hyperb Med 32:185, 2005




Hypothesis

For the treatment of decompression iliness,
deep tables are more efficacious than
standard USN oxygen tables




Hypothesis

For the treatment of decni )\, .r3sion illness,
deep tables are mo - e ‘ic.cious than
standard USN  x t *n @ables




