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Study of Universal Decompression Table for Saturation Dives

—Validation Experiments on Rats, Rabbits and Dogs—

Fumiro SHIDARA*3 Yasushi TAYA*?
Motohiko MOHRI*? Yu-Chong LIN **

We conducted a validation study by applying the concept of universal decompression
table (UDT, Lin et al., 1988 ; Lin et al., 1989) to animals. The principal objectives were 1) to
shorten the decompression time systematically and safely, and 2) toc peoduce animal models
for the study of decompression sickness. A total of 25 decompression tables were formu-
lated according to the UDT concept for decompression from 300m H. —9(PO.=0.5bar)
saturation dives and tested on 82 rats (9 UDT300R tables), 52 rabbits (9 UDT300B tables), and
12 dogs (7T UDT300D tables).

RESULTS

1. We derived an interspecies relationship between body weight (W, in kg) tissue
half-time (T1/2, in minute) for inert gas elimination as T1/2=26.36 W%® (r=0.994) by using
5 Tau as the stage decompression time, of which 1 Tau was used to reduce pressure and 4
Tau for equilibration.

2.  To further reduce the decompression time, we tested some UDT tables by using the
stage time of 3 Tau or 1 Tau. The shortest of decompression time was achieved by varying
the value of T1/2 and by using 1 Tau as the short decompression time. In this case there
were no pauses between stages, and decompression rate falls progressively with each stage.

3. Wefound that linear decompression between stages was safer than the original UDT.
We were successful in reducing decompression time by using linear decompression be-
fween stages.

. 4. From these studies, we were able to produce decompression sickness consistently.
Rabbits and dogs are good models of experimental decompression sickness for the study of
bends and central nervous system disorders.

Key words : Saturation Dive, Decompression Table, Animal Experiment, Decompression
Sickness
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Fig. 2 Univarsal Decompression Tables for Rats from 300m Saturation Dive (He-O,, PO;=0.5bar).
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Fig. 8 Univarsal Decompression Tables for Rabbits from 300m Saturation Dive (He-O,, PO, =0.5bar).
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Fig. 4 Univarsal Decompression Tables for Dogs from 300m Saturation Dive (He-0; PO,=0.5bar).
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#1 UDTEIEABROMER (5 b)

Table 1 Test Parameters, Body Weight Change and Outcome for UDT-300 for Rats.
Body Wit. (g)
EXP. E‘Iél/f) (Tau) S{%I‘ 'I;E)T n = ot Clanse Outcome

Ir 66 5 8.00 33.08 2 244 257 13 No DCS Symptoms

1 66 3 4.80 20.28 10 245+ 4 262+ 6 1TEDb No DCS Symptoms

11 6% 33 5 3.97 16.40 10 263x 6 257+ 5 — 66 No DCS Symptoms

IVg 33 3 2.38 10.07 10 251 T .2 267+t 3 0+3 No DCS Symptoms

Vr 33 1 0.80 3.73 10 261+ 3 2581 6 = B=kh No DCS Symptoms

Vg 11 5 1.32 5.45 10 2631 6 254+ 6 —10*4 No DCS Symptoms

VIig 11 1 0.27 1.25 9 27117 269123 —J 2T All dead, 3 at 15m, 1 at 9m,
2 at 6-Tm, 1 at 4m, and 2
after surfacing.

Vil 11 3 0.80 3.38 11 243* 6 239+ 7 — 83 1 dead 5 min after sufacing

IXr 66 1 1.60- 7.48 10 241+ 8 238+ 8 — 3=+3 No DCS Symptoms

Aberage 82 255113 253%13 — 2%9

* T1/2 : REAFNEERS, Tau : MEZXE DO 2 = b |
SDT : JHE A5 a1 sk s 1 B OYUE S8R, TDT : AR SRS

DCS : BEAE

#2 UDTHIAAROER (v F)

Table 2 Test Parameters, Body Weight Change and Outcome for UDT-300 for Rabbits.

T1/2 SDT TDT

Body Wt. (kg)

EXP. (min) Tau (hr) (hr) n In Out Chiatge Outcome

I 5 117 1 2.82 183.22 9 2.871+0.33 2.84+0.32 —0.031+0.07 No DCS Symptoms

Vg 59 5 7.08 29.32 3 2.941+0.18 2.611+0.11 —0.341+0.29 No DCS Symptoms

Vs 59 3 4.25 17.98 9 3.09%0.23 2.97+0.27 —0.12%0.10 No DCS Symptoms

Vig 59 1 1.42 6.65 3 2.471+0.14 2.341+0.15 —0.14+0.03 1 DCS from 20m.

Viip 20 5 2.42 10.00 3 2.401+0.05 2.331+0.04 —0.08%0.01 1 dead at 25m and 1 DCS
after surfacing.

Vil 29 5 3.50 14.48 10 2.80%£0.25 2:73%0.25 —0.07L0.05 3 dead, 2 at 1lm and 1 after
12hrs surfacing.
2 DCS after surfacing.

Xg 29 3 2.10 8.88 3 3.0561+0.03 2.97+0.09 —0.08%+0.09 1 dead after surfacing.

Xp 39 3 2.80 11.82 3 2.91%0.03 2.79%0.05 —0.11%x0.03 1 dead after surfacing.

Xl 39 5 4.67 19.32 6 3.17+0.09 3.056%0.11 —0.12%+0.10 I dead at 11m.

Control 3 3.67=0.15 3.6910.22 0.01x£0.12

Average 52 2.9510.34 |

* T1/2 : RHaF00ER, Tau: BEEDO 2 = b, SDT : 5 2SR50 B 5 N O A4 5 e

TDT : AR RFfE]
DCS : BELE

SEORIFIC X DT L1
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33.088#f (T1/2=66min, 5 Tau) » & 12505k
(T1/2=11min, 1 Tau) Q&P TEIFERETTL,
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BHEIEDRIE, SHEFI B ST EHRREETS
5 EMEIEE N,
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(7)
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T1/2=39min, 5 Tau, TDT=19.32hri3, 6 %
1 Bl RERE S m TREFEORIE I X Y T
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10 FemERER
29.320%f (T1/2=>59min, 5 Tau) » 56.6585f]
(T1/2=5%min, 1 Tau) O TEIFEREZITL,
T1/2=117min, 1 TauTHREERH13.220H £ T
(&, WHELEDFEE, SLTH Bl T BRI RTE
ThHbBHIEMETLEE N,

oy pEZE

IERETRBOLTERINETHRDIPE SN, £
DL OEFH I3 & EEE O FH T0.34~0.08ke,
DIRIEI2~3 % Th > 1z, BL, FELHI & IREIED
HIEFOBEINICHEREEGITD - LBERD
EERRIBROTLRIL, —14%&E 4% TH-71,

5.3 RIICARXDEFERBROFERETRT,
(1) Exp-Ip
T1/2=111min T SEF R Z BT < ERH:
R 4 4% (5 Tau), TDT=55.17hriZ, WITFIED
HRIEGBONT 2P ESIEETH -,
(2) Exp-Illp
T1/2=T4min (BHEREBE R E— FETL/2=
111min®1.5f%) ©5Tau, TDT=36.90hrid, #E
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Table 3 Test Parameters, Body Weight Change and Outcome for UDT-300 for Dogs.

Body Wt. (k

EXP. grh/nz) Tau %Eg 'I(‘}Il)r’)l‘ n n }(;)ut kg) Chiange Qutcome

Ip 111 5 13.34 65.17 2 10.2+0.2 10.3+0.4 0.1+0.1 No DCS Symptoms
Mp 74 5 8.92 36.90 2 10.140.1 9.6%£0.2 —0.5%0.1 1 DCS after surfacing.
Vil 86 5 10.33  42.77 2 9.820.0 9.8+0.1 —0.1%0.1 No DCS Symptoms
IXp 86 3 6.20 26.23 2 9.1£0.0 9.7%£0.1 0.6%0.1 No DCS Symptoms
Vip 74 8 h.3h 22.63 2 9.0£0.2 9.2£0.4 0.2%0.1 2 DCS, 1 at 24m and 1 at 12m.
VI 148 1 3.56 16.58 2 8.7%£0.2 8.8%£0.1 0.1X0.1 1 DCS after surfacing.
Vo 172 1 4.13 19.38 2 8.91%0.1 8.610.1 0.3%0.1 No DCS Symptoms
Average 14 9.4x0.7

* T1/2 : BafnfEfs, Tau: @WEEDO2 = b, SDT : BT SRR RRE N 06T 258 Rk
TDT : R R
DCS : BEiE
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wBahi,
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W& Nz, 41 XOEMEROERIL, 1 TauTRETL/2=
172min®TDT=19.38hr & ), 3 Tau<Tid, T1/2=86
min®TDT=26.23hrTd b, 5hrTid, T1/2=86min
DTDT=42.TThr¥ THEMI Nz, ThH6DF v b, U
Y, 4 XOEBREREZHRT 5 &, BREREICBL
TR OGEMI NIRRT ERBEAERFERZIS T
1 TauTh o7 EVHEZ 5 EREBREHEL D bEE
E DS, BERBERBOERICEN TH ST &M
AN R (O

— i T PE BRI & IEARWTE OB, RERFREAE K
BT RMABANEES 2 EERBERNEES X EOZE
(driving force) DK &=L A0, K, BRGNS
ZAFE L BEF O (Supersaturation ratio) A3—5E{E
(Safe ratio) 2 Z 5 EREAFEBB I O RITIEE T
A0, TOfEE AT VLS Icdriving forceE AN
35 L THRERERAENTH S, LL, BEFD
BN E { i idsafe ratiodi/h& {8y, Bunl)- 7
BWIESRZLEC C ERGERT, &< IBafBKORIT I
ERBEBERSNS 820, BEEBE Edriving
force # HIL—BIRTH A ) » v BH &KL L TH
HEHEERECHPTHY, BEECBER DIV, LlE
D & SRR DOZEISTRED 12D id, BB
&0 S ERBELEPENEEZ, ERFYIC L 5ER
o bEIEENI, LA LEAES, BIfNEKO R R
BEHMEZET 229, 574 /35— FBREE TR EE
CRBINSZ L5, EAOFREERASE I, &R
BFICTEFEAL U BRIREF (K T 3 2 7o DR O Pefa i id
BB S, LIcH-T, H—iioREHWON TS
FRAMEFE S, BREITREVFEMHEREE & SRl
RHBVT LI b, BETRBNEENENESZ 5
&, HERNOELEE—BHEE L SRV HET R
851V, B vy — ORafE K ORI & BN
FEEEEERL TWaY, SAMEKERTERIT, MBI
W EEHREBEEOBMN R ZHAGDLDE LI LTk -
T, LDEERHBRBOVBERPIERTE 5 L8514
EZobhb,

REEREY D1 Tau, 3 Tau, 5 TauD T THES
5&, 5w b®D1TauidT1/2=33min (v +FicHfaE 4

- A E59min [EEFERIZLITmIn], 4 XicHET 2 &L74

min [FEEERIZI172min]), 3 TaulzT1/2=33min (v
H FIcHEST A L59min [EERFEE £§59min], 4 X -
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W4 % & 74min [EEEH386min]), T4, 5 Tau
FTL/2—1Imin (7Y FICHET I 5 &20min [EEGTERE
i259min], 4 X OHEEREER 1386min) DFERER LI,
Sy kb, wHF, 4 ROEFEBOFRABET B L,
1 Tau, 3Tau, 5TauDWIFNOWHAEIIEWT S, &)
Vil (AEZE) CHEEBERG, AEBENICEOERmEE
[ (TL/2) DEELGEBEST AL Lwwkmd s &M

UDTORIEER DERIT, IEEOBEE G K AE
52y, WEARME 2 ¥ — F GRESRIRERRD &

U, WESEREETHh, coBRicTausd
=y NERELTWS, LT, PR B Ak
TIHET 2% B UMEREZNT 5, < OFaf
B, AR OFERFERCH & IEBRS A ETH D, &
7z, G S RE MR SERBELZE T TITRE SN S,
LT, KA E SN S SRR A B —
FSERLIES 50 D F 0 [N]—OFRAFIRH TE5 Taulr 5
1 Tausk THFSBME 2 € — FAE—Ici b (F 4~
Kbl T b, 9HE A XOEBELOFE1IRILT
IMTIEORIEBB O N1 &5, KESDEY
3, MER(HEILs - ER o5, BEARRTE 2

AREICKAELTOVB, T v FCBW© T ORI O KiE
AR LAY, o3F, 1 ORI, ©

5 WHINMHBILEAY—-F (99 F)

H+FDOTL/2=117~20min [F v FIHET 2 L66~11
min] OFERTT1I/2=39min [F v b ICHET 5 & 27
min], 4 X DT1/2=172~74min [F v biHBEd 3 &
77~33min] OEEETT1/2—86min [5 v b ICHIE G 5
E39min | Pl LA 2 ¥ — FORESRBIEE R E—F
i3, IEE RO BRI FHRD o R ES 2 W IR
i L BFRLCFISEHE S i, WA HEE T 2 1Ry
WAz o P LY RN THEIHF, £ XWCBOTHE
BREFEASBEII L 72 C &1, AR & CPRAAIIERE O BRI
Mgl d 5 E 54 585,

TR AR R 12, Rk TENIRR) 0 & 0 BRSSO
R TN » TV B AEMEH R 2Pl T 572800
R cd B, 7+ FOEERMNLEXP-Vy (T1/2=59
min, 3Tau, TDT=1798hr) LEXP XIz (T1/2=39

x4 RWELBEEAE—-F (55 )
Table 4 Deccompression Speed between Decompre-
ssion Steps (Experiment [or Rats).

BT A~ ¥ (dp/dt)

(rmm/min)

T1/2 66 a3 11
| 300 136 1.42 2.83 8.0l
2 164 80 0.83 1.66 4.97
3 84 46 0.48 (.97 |
1 38 27 .28 0.957 1.70

F | 11 0.17 0.33 0.97

Table b Decompression Speed between Decompression Steps (Experiment for

Rabbits),

aepc R dp
TRk (m) (m)

T1/2=117

IE A E— F (dp/di)

1 300 136 0.80
2 164 80 0.47
A 84 45 (47
1 38 P 0.16
D 11 | ] 0.09

(m/min)
hY 39 29 20
1.60 Vo 3.24 4.69
(.94 1.43 1.90 2. 16
0.54 0.82 1.10 1.09
0.32 .18 .64 0.83
0.19 0.30 0.38 Bichh

76 WEREIRTEAE—-F (f32)

Table 6 Decompression Speed between Decompression Steps (Experiment for

Dogs).
; RS dp
i (m) {m)
T1/2=172

1 300 136 (.95
2 164 80 0.32
3 84 46 0.19
4 38 20 0.11
h 11 11 0.06

BE R E— K (dp/dt)

(m/min)
148 1L 86 T4
0.64 0.85 L30 1.27
O3 0.50 0.65 0 Th
0.21 0.29 0.37 0.43
ks (.. ¥i 0.22 0.25
0

07 0.10 0.13 0.14
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min, 5Tau, TDT=19.32hr) OEHE TCEXP-XI; I3/
BEEBSLMEREV I 00 b 53 1 FIVEREBE
BTHRE Ut EXP-MIz (T1/2=117min, 1 Tau,
SDT =282hr) & EXP-Xp (T1/2=39min, 3 Tau,
SDT=280hr) DEETIE, BEALRLSDT BE
RERERER OCBESAEEER) K206 T
EXP-Xp OBRRBESAT | flicBEEIEZE I WEE
RTBICHT Ui, EXP-1II; & b BT T1.268
EWVWEXP-VII; (T1/2=29min, 5 Tau) THAXHH#%
ZORTEORIEDBE I NI, 1 XDOERb I F L&
B4, EXP-1Xp (T1/2=86min, 3 Tau, TDT=26.23
hr, SDT=6.20hr) & EXP-III; (T1/2=T4min, 5
Tau, TDT=36.90hr, SDT=892hr) DEE; TCEXP-

Iy IZRAEERREID10.6THREIER <, BHEAEREEENT
BT S RERERR S22 EE VI bbb 5T 1 filic
BEESBEZ I N1,

INoDOROERN S, BESBBER C— FERE
REREEOMRPBEREORERERMICL » TER
BREETHD, ZOERE L TRBERBOENEICK 3
T EBRBE NI, T, FEAREESE < BT SRR
EXE— FOBOVHORER TEEERPEKII LI, %
LT, 99 b, 94F, 4 XORGEHINBEEZY
1 TauTh - & o bBEABBER E¥— F%EEL<
L (RERRBREREZ&CIS) BEREEREZH
PRI RBERECT RESECSRV I LPRBR SO
Tro EVHZ 5 EBBRRBITE L D SEFRBTECRVE
BERLILEEZ B

4 FOERIZ, EERAIRTEREORDLMN IERET
CEE S, EXP-VII & |—BEF = v/ N—HIC
KEGFETHEBT LY ba— VERBRTENTD 5580
Lz &b o, KEORDIEBEICEEZAMLREEZ
Sb, TDEREORDIE, REEERD 9 EBRTE S
EBEITH > EXP- IV KBOVWTRHIEETH - -
LD OPRAERURER b LR BEATH >0 &
ZZohb, TORBEORDOFERD S GRIEL 72 3 #
(EXP-XIg, Xp, VIIg) DFER, 22 vBEOBRIE,
BIRERRENCRET 2 L0 b BESBBREZ = F (5
FESERERR) LREREENFEOBRIERTH S
EWVWHEEXHTHLDTH B,

AR & AE OBR A BT 5 Tau, 8 Tau, 1
Taulc> W T 5 ~X 7 IZ;R T,

5 TauTid, T1/2=2636W"° (r=0.994)¥, 3 TauT
i, T1/2=4221W" (r=0993), 1 TauTid, T1/2=
53.95W°? (r=0.998) D EAaFNRef & AE ORI E
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i, TOBRKTE P OFEETOkg: LTEHELT
AhHE, bTaudT1/2=323min, 3 TaudiT1/2=145

t.ooc

L & ./’/
£ 1;‘5f25|. Jpwe- 58 v
£ (r=0. 99:4) 7
0 : |
=2
Lag i
fisd ; $7i)
i /l"" x
Tl 2 /a/
(min)
! |
/ A
/#
e X
% Q Gt}nd!
/ X No glunc
o [ I.
1a - i i
0.1 0. 4 ] 4 10 100
EE  (kg)

5 FROfIkshs (T1/2) LAEEDRESR, 5 Tau

Fig. b Regression Equation was calculated for the
Correlation between Body Weight and T1/2 (b

Tau).
1.000
$
jird
il T %4=42. 21w 22 L
Pl ,_,,-«"""
A% (r=0,993) [ -
100 Ef’r;f
i i
5 il
T% -~
. 13 REREI
{min) f L
LA x
s i
o
@) ﬁuud!
X iNo g:tu-::-c
% i
10 :
0. 1 0.4 | 4 10 100
EKF  (kg)

X6 FEhafnesfE (T1/2) SAEOBRER, 3 Tau

Fig. 6 Regression Equation was calculated for the
Correlation between Body Weight and T1/2 (3
Tau).
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1.000 o ITH 1
bl et e = HH
- FTTTTr T %4=53. 95w 4ttt
fh L csp00m) L
|
" "
oo 4 .I :
TV o1 L na
(i A
A1 LU
& g |
{ < P | .
e : MERi
L T 1O Band 4
oo il | | .l L eL
10 i 3 [T T T S -
0.1 0.4 | 4 10 100
#E (k)

X7 clfaFErE (T1/2) EAEHOBF, 1Tau

Fig. 7 Regression Equation was calculated for the
Correlalion between Body Weight and T1/2 (1
Tau).

min, 1 TauZsT1/2—-491min& 7 A, 300m~ ") 7 AR
FEFNEK OIS TIE, 5 TauTHI68HIM, 3 Tau
THI9AM, 1 TauTH25HEIEHAT I 5, BlEE
TOBMKEEB k& MEHKIE #H37THIM
(Buhlmann et al, 1970") ©T1/2= 17Tmin (5 Tau)
WIS L, s EREIE, #5119/ (Summit ct al,
19712 ) ©T1/2=5T4min (5 Tau) /%M T 5, T L
T, 5 Taunis WAHAEE AT T ik S N o588 1

BIZELE VDI ENERZ D, 3Taulc>2WLWTHOTL/2=
145minid, 4 X OUEIMEBOFER L T1/2 (1 Tau) »
fhEE—CdH D AEIE bEE S N, T ORI A

EF—FRE ML THEBEDLEEL BN, RENTE
WEFEZL LN D,

IRFEAE DFERE L 7o ik) 1R % F| T L BhRE PR A2 D
itk > ToBEN TR (N X)), ®ILAF IR (hiX
e OFIEE 2 v bo— T, fRHEKOBERE
DIED - DI ERICHYIFIHTELEFAL 6N
B

7 F&8
UDTZNWTOT » b, 9% F, 4 XOHIFEERN»
o, UTORBNEENI,
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b UDT anoonx
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Fig. 8 A Generic UDT from 300m (UDT300X).
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WO (r=04993), 1 Tau<Tld, T1/2- 53.95W0e
(r=0.998) SHERHPIEER O LRI T 5048
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@ 5 Tau, 3 TaudRHFECEWV T, wHAlE
R E—F (RHAERIERRED & M=
I oD BE (R A8 il FE R T 0D 284 IS HT MR I & » TS
B TH Y, TOREE L THRMER RO
WIS EMREE NI

@ 300m~ Y o AFKAEFIA KO £ P TORE
1325 ~68HM DR ZS, BAEIA L 7 —T
FHELTOWARTHEI2HELL Mickhig T 5 1]
HelEdiC X 1o,

@ K8 s n# A TREMAE R (UDT) %9,
CORKITERIE, WED O Rafnlsi & ol 57 Ak <
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