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A case of type II decompression sickness requir-
ing prolonged time for surfacing from a satura-
tion dive

Tomosumi lkeda*, Hiroaki Mizukami*, Akio
Hashimoto*, Atsuhiro Suzuki*, Michiya Sato*,
Shouichirou Shimizu*, Atsushi Ito*, Hiromichi
Oiwa*, Kiyoshi Hamada*

*Maritime Self-Defense Force Undersea Medical
Center '

A 39 y.o. male active duty saturation diver was
hit by decompression sickness (DCS) during the
decompression from a 285m saturtion dive. The
first symptoms appeared at 45m 5 hours after
resumption of decompression from the 12 hour
pressure hold at 50m. Though the symptoms well
responded to the first recompression treatment,
they reappeared soon after the resumption of
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decompression. Following this episode, the symp-
toms recurred several times even though the
decompression rate was slowed down, taking
totally 18 days for surfacing from 50m. No bub-
bles were detected by the M-mode ultrasonic
method during this slow decompression period.
Clinical examinations after surfacing showed
moderate liver dysfunction (119 IU/1 of GOT and
166 1U/1 of GPT) and decrease of pulmonary
transfer factor from the % DLco of 89 to 64.
Total amount of exposed unit pulmonary toxicity
doses of oxygen was 3168 in 18 days. These
observations imply that ; 1) it is important to
take enough time for resuming decompression
after recompression treatment, 2) bubble forma-
tion and supersaturation were not closely related
to the presence of symptoms once DCS occurred,
and 3) very small amount of daily exposure to
high oxygen partial pressure may cause pulmo-
nary toxic effects when the exposure duration
was extended for a long period of time.
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day ~ depth PO min  UPTD
13 5.0  1.76 150 323
13 5.0  1.92 25 59
13 55.0  2.08 125 325
14 55.0  2.08 50 130
14 5.0  2.08 150 391
15 55.0  2.08 75 195
15 5.0 1.70 38 78
20 5.0  2.17 40 109
21 58.0  2.17 75 204
21 55.5 2.0 60 157
26 2.5 175 60 128
26 2.5  1.75 60 128
27 25 175 60 128
27 2.0 1.67 60 121
28 20.0  1.62 20 39
28 9.5  1.59 33 63
28 7.5 2.75 40 140
28 13.5  2.35 60 178
29 2.0 2.20 60 166
29 5.0 1.50 60 106

Total 3168
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WBC (/D) 5100 8900 5200 4800
RBC (10*/uD 498 434 444 451
Hb (g/dD 15.8 14.1 14.2 14.2
Ht %) 46.6 39.3 41.1 41.8
Plt 104/uD 25.1 21.8 28.4 28.8
TP (g/dD 7.0 6.0 6.7 7.3
Alb (g/dD 4.4 3.8 4.3 4.6
GOT au/n 29 119 51 31
GPT au/m 51 166 100 58
1.DH au/p 339 278 325 377
ALP au/p 219 380 357 232
Ch-E (dU/mD 7.2 5.9 6.9 6.7
y-GTP dU/D 54 72 70 57
LAP au/p 64 69 78 64
T-Bil (mg/dD 0.8 0.5 0.5 0.8
BUN (mg/dD 14.2 12.8 17.3 15.4
Creat (mg/dD 1.1 1.2 1.2 1.1
vVC @™ 5.35 5.44 5.35 5.49
% VC (%) 129.2 131.4 129.2 132.6
FEV ., (%) 87.78 87.12 88.24 87.55
TLC @ 6.78 6.33 - 6.57
RV (€)) 1.23 0.88 - 1.08
Eﬂﬁ7;ﬁn/nnn}ig> 25.8 22.2 18.4 23.4
%DLeo (%)  89.3 77.4 64.1 81.5
diazepam 5 mg IR L CBtEE L7, BH, fER ZBOHMBER Y TIXEREN T,

BHEELTEY, BRELT.

2. BRERREMR
faFE KRR O ERERBRERTR 2R 2I1CR
R

— MR AL E T, MR8, M
INRORA, FREEOHEN RS b, MR
EHTIX, FIREBEEDE T AR LRI,

% =

SEEAIFTHBMBARNERILIN DR -
T, MEEORESHE IS X 5 wieh, fafl
BRKeksB3r2HEECHMRLHEMLOOD
B, LinLass—fl—flnb%ELEmiis

SEO L > ELECEEBHYE LA,
BB AL L ThhTu Ak E\Th, &

T, DI SCRBEEAELLDOTHA
5h BbEZDLRBZ L, BEECHLTS
HEPRKERRIL S TWBZ EBETF RS,
K TiE, BERDOMUEOBRE OS5
niggle @ LT, ZhLERBEEL IR AX
T, TOEEFETHOLELLTWLERETH
59, Fic, SFEKPICBEEE LCBRELCE
OERICBELTH, ERIEELENTEDEE
BoTWAIERIKADbhDEDTHD D
Z)IO)H)O

LoLighih, CRTRLTREVLDTHAS 5 Iy,

B, BEFEOREND B, SAEKIZI
T, BRERER#ETICohT, BHEEORER
ErERL, ¥, BELHRBEECBELTY
R Th, FEECEEALESLARSATY



164 th B = RIFOTE K RIC RAE L - BB

5, Fah, BEE L MENREL Y X, £
FEBKE, BovF7 574 CHRICET DS
HRMTROREWMVALBEYEL eflE, KB
LT3,

ZOEHEFIL, RBEBFOFMIIRIEEILIIN
Twigbhdboo, BEOBEEIAEIBHboTw
BLEEZLNB, 5T, TOFHOEITIZ, &
VeBENEETHLH, BAREBRLICEEOR
ET, RLTHBERXRVDOTHA 5D,

Wi, KEWOREYRD B, Flf, WHAEZREL
TREPELRICEATS Z ENRL W EEDO R
BEAE D FIEICBI 3 - TV B TR AR I T
5, L35 L, BEROSKEL DI VHINEEL
WZ IR, BED X VEERTILENRD B,

b, NEBEREDEERICHT, ERAHEE
L7cthd, MO ABMCEHEBETLTW5T]
BEHEIRBEIRTV A, 20 &b, fafikt
ZRTHBEECEIIT, X hEECHLT DL
BERTHDEE 25,

bbb, BEROBEIRELLVELLS
BlOEA DHEHVBICELIENEWD T Eikin
LEZ B,

BEIERMEChc s 7d 5—2DnBEE L LT
1, BEOFMEERDOBMEMNF T X 1T het 232
Fohbd, 501, BYOBINE TR
P PERLIcorst L, ERBREOBMME
TIERPELCHEERTHETIIEM LV E
WIHEZELTWB Z b, BREROBEI
S DX, MEREOEDELOMK, BIMET
BRI L LW X 5 IHEINET L
e, LAMRTED, WAVEY & - LKFE
DEIFEKRD 7+ & + 19T, BINFESOKER
BETK, 2REEZENELIVERS> TV B,
SEDFNI, BRI BBERE O BRED
BECELTE, ILERMERSICE - TT)
ZEBREFELVLI EERIRTHIONL LA,

Wi, KEIDOFEEH, 50m-TI2EERIREE L 724
D, MEBHERML R Thote &b, FBRE
[

HEER D ORNEMR S A DHEH R s h T
BBETHE, ZOLKEOREDRICH A DB
Hixe B T CTbhs0T, 50mUKRDOD 5
RETOREN.F A OBEAMOBE T, 12RFREF
FELbDDHR, RELK b DL b (4

AEERE Vol.25 No.3

RN LD, fo T, FTEKTEEEEX
NTVBEANY Y AT ADEBERINSE X B &,
50m I EFB % E D 5 RfE5E TR OER Y B
B2 L0 AEERE, vz ThBb, s
5283, A—EACKTY, fmEKcks
LWEIEDRAEDS, NIEME » 2 O BEIFE D L
LDHBINDRTIRIRNZ &%, KFXDSHD
TRLTWAHDELF 25,

¥, —EEERDER L 7o 0 B EE RS
TEVDIDTH->RLb# BT, hBFHL bl
S TERAHELTWEZ &3, FEREV, oD
BHEEE T, BSMcRETE 35N
HET5FREEED TRV b D EE L SR,
FEOKEBREA TS, EERIFET 00, K
BRELEDLRh otc, H#LTEERNH
BLTw3Z 8, kD2 EERETS,
—oi%, MHFEREINHBOHELSTEIH
BTszeh, EROBRBACE > TLTLY
HETIX o, WS T ERE 2B, 0BT,
—EREECRETS &, BEERXELEEDOH
Bl h, 2 TRBEMREDCERICE - T
FERDE SR ShBAESEAD B Z L TH B,
PlbEnz &b Fie, SIFIEKA ORBEE 4L
TEHE, ROREMELTHE LOEERYRT
bOTHA 5,

I, MBRPBCNTIERIEETH 5,
KR OERL, BINEETA T, BBE
DEDH A (BEAA | RBEOHETIBES
FEn1.5~2.5ata DHF AEZAZLTV3) 2| A
BB ED, KERBELIR STV, L
L, 0.5ata LI EOBRSEGBRFHC X 58
EXBRLEBDLESDLATE Y, BEEKT
LR LMBRFEDO FH OFRE L ARDLA
%,

MRRFER, EEMEEORAXIEEL LT
B{xbhTEY, FLFHEELYRTIOLLT,
ffitE & OB A w5 < UPTD /2 \» L CPTD
(cumulative unit pulmonary toxicity doses)
HIELBCHRTWEY, UL, EEOREA
SRR BTN D 0, Bz b8
BEL LT, MtEEOBA A5 L2 IRIE
LT X719,

SE QM T, £iB%E L CTI8H K iz3168
UPTD DBAFR %R L, AfifhEaEIZ% DLoT%4



19904£11 4158

B &, HERTD8I%H HIFE 1 BEIEICIZ64%IZE
TETLTV3, ZOMEMEEOHAIRD LR
by tc, BoiRo RFESE O B HAERIZRE 7 R
FHOCIERBEBEOYBICECHF LIBT3

(813 H B 14008%, 707UPTD IR TR, Kisid
LEELWEFRZTB),

OB EERPFBEFBCL S S D0
ENREETE WD EREFADORAKL HE
FRE, BB\, BEBBFICET S » CHBRF
BLRETAIRLAEALLDTVBZ EIZE B
R, SOTRES S D 5), BEKT HORIAEEE
DETIBREOMBRFEOFELTRTINOTH
A5, ik, A7eA FRMHBEFEYHEEIS
DT, HFERY > THREERTRETH S,

Sterk (%, X, HACHESOBEA, LUK,
Sbo¥, HfE HES, BWER SriEEc
LT, BERBEERYT, #IRLCESER
FICBRBEIhSEE, 1HY 90 UPTD 0HFE
FBIZ600BAIRIETH A 5 & LTV B2, SED
BTk, 1 BOBRBEMILLNAD B LDODFY
176UPTD TH %, FhThis, 20X 5 kL%
RLTWBZ LT, EBRTERWZETHD, &
B KFICE CBEEORECELT, ®
FEEL TR REZERRTOTHA 5,

Wiz, EGITED BRCFBIEETICOVTH
TR IUT T Hisy, BRI T AR
—BUYEOREEXETHHIHELTRDOLRD C
LU IVERIRTWRECH5THS
2928 BRI D L DI X B b Do, BERE
Crsb0onE, ZTOFRAEFELTHIIAL
L DK, SEDOFTIE, Thdbizmz T
MERISBEOFEEREYRLTKY, £0
TRRESEE L TR, B 5 LW IRRER ORI
I HEFEOFBEESBETE LA, Fohickk
ENRRAETH -TcZ &b, EROMERTE
Ve Lnl, FFEEERE L LTilakh oRE
DERTHHDT, SHLESERL TV LHEN
BB

BRICER TRV L, BEOBHEA~D
RRThs, BKEIREFRET TS/ 714 30—
L EREBILTWADT, RETE2ZT
T HEEREEE A v ADTRGE, FEICR
BERLAEZRIERNESIHL 5 EEBbh
%, Blzz Bz, 75mE cEMNE S R

= BIFIVE K R I R HE U 7o R AE 165

RUTCKEECEELRETEDD0 ERYRE
itotck, BTHRNTWS, MXT, BWEED
SERIC B BAER A CEERE KL 2 &%
W EnD, BRARBELRERICKHEY B TH B,
FlzE, SEOFTIE, RELTHBEEL ki -
B, KENLC THeiclL &9 LEHL K
THRTFERL, ThHhdrdibhsb,

SENE, BEEMOBELEKE» )BT
L, FEES Y DDC HICEA X1, &
DZLILL->T, BEINMUOBERIEKB KK
RETEREYFLDENTEDL L L1
E (—RBCENEEShD &, BEREBKEOEE
RIS EL 72%), HAH T ELR, BRYFLc L
EREEVNFEOHLNREOREY R TR
FhiE, SEO XS REERERR 5B S
ERbhaZ e, FoFENELRT,

b hH A

BB KBERCRE LR L CEBEYEL
T1BIZERL, BREY - THETREZ L
EXT LT,

| 5

BWE Y b, BKE L OBRECED - -B%
DEFCHLL ) EBEL ET,
FRIEZEOBANEBER OIS L2BET
%)

B £ x #®)

D MEmiE, sRER B 8 ©moOERRE B
RER, CHEE—, KE®H, NEARESR, »
R¥EZ, FHRME, BAREX, UHPBH, FEX
2, BH &, KEAH, KPHEYD300m LEHHE
KT v 75 Alcks i A E¥IERIE. BE
BAE, 37 31-41, 1990

2) Hennessy TR. Decompression aspect. In:
Hempleman HV, ed. Human Physiological
Study at 43 Bar. Gosport UK : Admiralty
Marine Technology Establishment Physiologi-
cal Laboratory, 1980, 217-240

3 MBI, EEBERIEBABERORB L BY,
BiEE#E A, 35 : 501-520, 1988

4 MHEEM, HR £, AEHILM, THE, HiE
By, BUA—ER, KkIL % BEEM=E - Nk
LB M KEOBE, BEDHPH, 134 1185-
1186, 1985

5) Tkeda T, Suzuki S, Okamoto Y, Shimizu K,



~—

—

166

Nitahara K, Hashimoto A. Application of M
-mode ultrasonic method to the use in a dive
simulation chamber to detect intraventricular
microbubbles. In:XIVth Annual Meeting of
the European Undersea Biomedical Society
on Diving and Hyperbaric Medicine Confer-
ence Papers No 29. Aberdeen Scotland : 1988
Ikeda T, Suzuki S, Shimizu K, Okamoto Y,
Llewellyn ME. M-mode ultrasonic detection
of microbubbles following saturation diving :
A case report and proposal for a new grading
system. Aviat Space Environ Med. 60 :166-
169, 1989

CHEFE—, WHEM BAZH, SHRER B
FEFR BRI IR 23— R L 7 Ay K i s 13 5
BEEO—BFI, EFEERZFE, 31 444-445, 1989
o, B E B & O 300m S E AKX
B KT AHE L BEREICOWT, BAREESM
55, 460141, 1991

Hjelle JO, Todnem K, Vaernes R, Molvaer
OI. Medical problems during deep saturation
diving. In: Bitterman N, Lincoln R, eds. Pro-
ceedings of the XVth Meeting of the Eur-
opean Undersea Biomedical Society. Israel
Navy. 1989, 186-191

Berghage TE. Decompression sickness during
saturation dives. Undersea Biomed Res. 3:
387- 398, 1976

Spaur WH. U.S. Navy incidence and treat-
ment of decompression sickness in saturation
diving. In: Hamilton RW, ed. Development of
Decompression Procedures for Depth in
Excess of 400 Feet. Bethesda MD : Undersea
Medical Society, 1976, 211-218

Pearson RR, MacLeod MA, McEwan AJB,
Houston AS. Bone scintigraphy as an inves-
tigative aid for dysbaric osteonecrosis in
divers. ] Roy Navy Med Serv. 68:61-68, 1982
tEah, $HAER, EARH, KEEH, #HF
i, K BB, AAEKACKI5EREOH
BOFH (Bovsrs 740k 5E8%E E

= BIFIPE K RIS RIE U 7o IR AE

A®EESE Vol.25 No.3

R, 33:254-255, 1991 .

Moon RE, Camporesi EM, Kisslo JA. Patent
foramen ovale and decompression sickness in
divers. Lancet. i:513-514, 1989

Adkisson GH, McLeod MA, Hodgson M,
Sykes JJW, Smith F, Strack C, Torok Z,
Pearson RR. Cerebral perfusion deficits in
dysbaric illness. Lancet. July 15:119-122, 1989
Royal Navy. Deep Dive Procedures. London :
1984

Clark JM, Lambertsen CJ. Pulmonary oxygen
toxicity : a review. Am Pharmacol Rev. 23:
37- 133, 1971

Hamilton RW, Kenyon DJ, Peterson RE, But-
ler GJ, Beers DM. REPEX : Development of
Repetitive Excursions, Surfacing Techniques,
and Oxygen Procedures for Habitat Diving.
U.S. Department of Commerce National Oce-
anic and Atmospheric Administration. 1988
Suzuki S, Ikeda T, Hashimoto A. Decrease in
the single-breath diffusing capacity after sat-
uration dives. Undersea Biomed. Res. 18 : 103
-109, 1991

EAEEE, KE{FM, Uk — TF8F, 2
TeA FAREVTBEEZECRIETHEOKR
. BEEE THRAL, FAEPRIEAS8EEN
FEEBEMmEE, pp. 117-121

Sterk W, Schrier LM. Effects of intermittent
exposure to hyperoxia in operational diving.
Diving and Hyperbaric Medicine, Proceedings
of the XIth Meeting of the European Under-
sea Biomedical Society. Sweden: National
Defense Research Institute, 1985, 123-131
Doran GR, Chaudry L, Brubakk AO, Garrard
MP. Hyperbaric liver dysfunction in satura-
tion divers. Undersea Biomed Res. 12:151-
164, 1985

K ¥R, whEAN, SARER, MAZH. M
BRI A O 5 MRENFEREESOE(L—
KBDOXII3BIC BT DR, EEERZ, 33:252
-253, 1991



