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Abstract

Diagnostic criteria for decompression illness (DCI, decompression sickness; DCS, arterial gas embolism; AGE)
have not been unequivocally established. Besides, there is not enough evidence for decisions about treatment.
The diagnosis and treatment of DCI vary among medical hospitals. The incidence of the disease is low, and
the number of cases that can be experienced in a single health care facility is limited. The establishment of a
multi-centered registry system is required for high-quality clinical research, and appropriate case registration
criteria must be set to ensure the reliability of the database. The criteria proposed by the San Diego Diving and
Hyperbaric Oxygen Group (SANDHOG) includes both the criteria for DCS and AGE. For DCS, the specificity
is high (90.3%) , but the sensitivity is low (52.7%) . Besides, it does not take into account post-dive altitude
transfer. False negatives are particularly problematic in mild DCS cases, but we consider it useful as case
registration criteria for severe DCS. For AGE, both specificity (85.7%) and sensitivity (94.7%) are high, and it is
considered very useful as a case registration criterion.

decompression illness, diagnosis, diving, epidemiology, treatment

RREMEHAZEZBMERE SREAES T113-8519 RRMBURKSESE1-5-45



HAE SUEER

ELCBHIC

BREZEEORERIL 2 1Y) — MO RRIRIFZE 23 72,
RFEHi R EETIT b T 5, JkERED 78 4 31
LYy =4 A43—=70.01~0.019%, §k3&4/3—T
0.095% LA, BAR A 2 FERRRED FeEHIFTE K
728, MR A THREBR T X BIEFIEUI R 5

%, WRHEFEE (RERE, Bk A 2 ZERRE) OB O
WERIRIFFRICIEZ iR RS ¥ & b Y — IO
RSN D, ARETIE, WRHEAE, BIIRA 2 ZERRAE
DOREFIL O Z B — DO HIY, KEFIE Si Ak U O 2 B
KOy, SERIE $kFEHE L LT, San Diego Diving and
Hyperbaric Oxygen Group (SANDHOG) IZ&k->CHE
H&N 7z SANDHOG criteria & vy 545 H M O
RIS DWTER TS,

WESE, ENRAZAEREDEFIL AN —DER

SEBIL /2%U~O)EE’\J®—’) SRR O PR
b, WHEEEFORERIZBALT, IhExT2<
DOWMED D BH, WHAEDFAERIZE KO, %
MR EEAKIRTEIC LS TE RS ZLBnHsN TN
%, 2 F 7, WIEAE, BYIR A 2 FERRE D 2 I L HE 13
MEV.INTHESTY, [EMEARAEROIRIIAF S Tldk
W, B, HARTHEEEIN TSR AKEOHEED
W#EETH D, WERE, BINR A 2 ZERAEICBI L TR
RAELROWPE, KERIL Y2 M) — OB IR 2 HIZ
3D #E,

RIZ, WHIRFERE, WRBGED LR KO 2 Y 2k
O, DFDIZTET Y AOMER, REFIL U2
M) —DOHMIZE TN 5, BIEE EREICh T TEE
T3, ARTOEIERX, 20184-3HDaYEYH 29
A RS54 OmildDEF 12, BES 2 EEE
EHT 5,

BNEWERESE Th 55, 20144 D Undersea &
Hyperbaric Medical Society D7 —2 3 37 T mild
(BE) AEF SN, 20184FE3HD AV LY HRH4
R o4 Y THEH &Nz, VERE IR B I R
BRAOUITHERL ORISR ST b, LaL,
AV VHAHARTA Y ORREDEF %48 £ 7ERI T
b, RIS I TRIFRBRRELZEO N0
WEL KD 5, TYVBIEOER LT & B TREME:

R - RIS 2 MG

Vol.55 (1), Mar, 2020

250, EOFEDOREIR - Fr i TEDOFEE D EHAIE
DHBEEINBEDN, HHOIHEIEMEL OEH S HE L
DN FHRLEEN S,

EEE Yk B 5 IR A FE IR B B L S h B,
BRI 5 O R FOE TR ) A0 &m0 5
2, HARTIEEEFNC S TE 552 M &S 5T B R
TR & i 2 - R 3D <, HUSRAES S
N5, 20728, FHED DIBEFRIT A TOWER]
A umneEbh, EEFIORFRIZEOHEIC X
5T, HRDEFEABEEZRTZEIIAHTH S, 77,
MIERBEOEN & EEERRE OB OWT, MK
DGR D B, TIVERERKRIT R TR XN B R
BIIAHTHD, AP LEENS,

LD

O  BE - AR O iR SRR R

@ WRAE - EAEIZST VT 22 IR O

®  BERE - EREIS3 ) 7R A O R

®  BRE - EAEIZO T 7 TR AR AT BE R oD

fiEtre
FHNE T ZEIMBETHOIRETIE BV EE L
%,

EFIEREEOLEM

REGIL 22 8D —HIERREHI S 75T, £, IEHI
B EARIRBAIREFEE 2D, WHERE & Bk A 2
FERREIZ T2 DR BB E B 5, WHERE L Bk
HAFERIEE L ZICHEINEE S, FEREREIIIICH
HWERTH S, Ko, BB Tli# & B <X
T2 ENR AL, R E IR AR A5 S
THd, UL, Mi# ORI R 2 AT E A 2 B
(R ARTIRER), MR &R x s,
R % BLBFIC ATUZIERIL 2 2 b)) — DR RIE G E
LT, WWRED R B BIEARAE§ 2 IR H OB S
FHOWAZLITEYThnWEHE LS, KRIZ, WIERED
ZWHIEERE . SN TR 5T, AR Ta74—0n, J
RERFH], GEIR - PR SREIICZ M ST 6720, [
flC &0 Y 2 e 2 aREME A B 5. BYIIR A 2 ZE R
LRZWHAEIHE T ST, ZDIX6 DX
— A N=ZADEFMEE 2B D, RERL P2 =12
B BREGIE A HEZ R B L Bh B B, KEWGIE %



ok et S E IS Sk FE UE & LT SANDHOG criteria

ORI XY, TIIEOPER, MBEEOR{ED
Ptk s (1)

SANDHOG criteria

SANDHOG criteria (2 {33 FESE ' & Bk 4 2 98
RIEM Y b %, &3 WIEEMTH %2, i
FHC OB EIEIE B D % < A3 i TR HE IRk 2% 0D ek
FERAKBRA BRI D 1/2 DA EOWIER I TH 722 L%
WEAT, ZO1/20 LOWEKEF O KERTHEE L
TWRIEFED B HEHETH B, ZA TV VIV ATLT
HD, 3L ETIRIEREE W5 (F2). M, ik
121213, Table 1DMii/EFHPHE LT Appendix 1435 %
NTHD, HHIZH7->TRFE X EBRTEZ L8
WChb, WA ZAERIEHE AT VIV ATLT
Hb, BT 2L EATL, 3AM ETIIEIR Y
AFERRIEDOREME S AW X h b (R3),

WERE, BRI ZEREOCEFNEREELLTD
SANDHOG criteriaDE A, FES

FUBDIZ, WHERERIZOWTER TS, RADOFEH
LLC, FERE (90.3%) AWl igiTcxs, Y
R BOBRAEEPS 8, T —2XN—2DE A
HIZORnD, BOEOEIRIZEZHEE 5, KIC,
DR o L IR 2% OO R K R AL oD 172 D
O & O 25, 2EE D1 KU fMEE
D6 DHBEFZIZBT5HELME, AR FIZHIG
ADEWERAITE R TE, FRMEOPERIC
AHTHBmERMTES,

MEINTH D5, FFIRERBIUEDM T L
SEERBETH S, Kl T REHE N2 D MEPF T
KRR D 172 DA ERE, H—22 5K AKIZD
WTEAY T~y OSEFE A AT Q M R
55, Lo LLsMifEa FEORRPEEL
W, KIZ, SANDHOG criteria (&K # 0 & A F£E)
AEEL TR, EIERNEE L% FHICRIE T3 0
T, EIRBEIRRBIER DN EZEZ DR, BIEHT
ML 85, RBISERE (52.7%) HMERNZEHHE
s, BlaE, BEREEAKT, FE%2ERHT
FERE L7245 ERCRIERR S, BE KT, AR
L, FIEBRBECUGE, 1Z155ICEE XD, BIEM

THEESZWE TP XN S, SANDHOG criteria
CHRRE IR E 2 8 OIS BB 2 T 5 B
bb, 72720, TOLGRIIREEL IS, o7,
SANDHOG criteria (JEE ik FERE D 6 5 S HEI 21358
YcrnwkEi3,

PLEA» S, WIEREDRERIL O Z M) —IZBILT,
HIEGIIHE 2 DD TEFNRETS, —HT
BHERNIRNRIE LT, BRI A HERE CTITH 2
LRVWOTIEEE A5, HEHIEFNCRRIUE, WEEH
SANDHOG criteria |3 HiE DRERIE gL HE L LT
HFHEEZS,

WIZER A 2 ZERRIERICDOWTE R 5, KD
A RUIFFEE (85.7%), E (94.7%) LBITEWVA
LE 2D, VR AT 5 ORI 0O X 36 E
&, IR A A FERRIEE, WRAERE & DS ISR AR A
K20, EEREWI ERERIOERICA M@
o F72, ZTOWRRELD YR TH A, WTIEH &5
EOEEREICRIT A AL, BAKIEFIZEIGEARD
BWERITSE, $XTOHEEPIESICHETEsL%
25,

PLEXY, @ik 2% /eiE H SANDHOG criteria
TENIR 7T A FEARRRE DIEFIE R IEHEL LTHHEE 2
%,

#5EE

Uk HIEF SANDHOG criteria (3B E Jk HEE OS5l
LYZ M) —DREFIE G L LTHMTh 54,
FEGNZIEAEE B 25, 72770, EEGREILUEIZDONT
WKEAIZHIZRAD LN ERRTO N T2 R<$5
TRPBETHS, ZOLETUTE2HBE L EHAERK
JEFERERIL O Z 8 =13 BB TH O A[REE B A 5,

O rEFEREiLE

@ IBEEHE

@ WBEST B

@ PG T BEE A O i 1]

Bk H 2 FERRFEDIERIL 2 Z I V) — OFERIE gL e
LT, Bk A 2K GEH SANDHOG criteriald 5
HEEZS,



HA R XUE B - KR E 2 MRS Vol.55 (1) , Mar, 2020

&1 BEE, Bk X EREESEFEERED B

L AREHEOP (UL TIZHlRS2)
a. IR T 74 =L ASRKEOKIIE 10m, MR 10 572, SERAR AV fivh S WIESE L 7l
b. ERAMADEOMAIEBRIETHD, RIFL, BIBA. S=yrehrofan, BIEARCRIELE L OBHO
BCTYIR 77 A TEAE & A
c. WM ADE 2 ECRIEHRTSh EA%0 S

2. fhREDREDIHIE
a. HIEBFETRHIRD D A 3 —LIRERE Cld a0
©  WREAE, BIR A A FERRAE & SEAIRE T 2 L B A At R (3] TR - APRRERR) U SRIAR O IS 5 R
®@ FIeRMROEEN:

%2 SANDHOG criteria : JBEEA (X#k120 Table 1 # & 1 EIER)

BT 2 B AU SRIE L 2= RIS, S BYRE OWMI 7 & (¥ 5, FHilEiR
/KB 2 IRE A AP ZFEAE U 723 W B & RNTE R 2 1 5 HUBR
RELA B

3

oK B HE 2% O SRV A BRI ] 0D 10 % 7 b A % SRRV K, 7215 2y DL b Dyl HE JE 41
3RUSHHY T BREIRA T K% 2~6 I DN B L 726 D

WZE, W B OlE, EUh

R 2IFRILINICHBIL 220 F vy, B, BEHIKT e S2NH (i) fEiR

KR 2 IR AP FEAE U 72 K BE BRI 0D P50

K% 2 BERI AP FERE U 72— & 72 33 0 5 L ~OL O IR ME D RIS R 55 TR SO TTHE % 15 £
WK% 24 RERI LAPIZFERE L 72 27 SU7 I

25

T K % 2~ 6 I RIS FEE L 7 K BH VR0 O #500

VB K % 2~ 6 HFRENZFAE L 72— % 3 72 3 B 20 L ~OL O ARV O RIS e 5 R ST THE 15 6
PGSR BHAA B2 10 20 DI 58 42 2§ % BA i

PREEER RAG B 40 23 LIS 58 A 26§ 2 S B RO RITE R T 20y LA 2 e R DU S FE T B A 1 B
FELL G695 Mg i

FrBERRETE A3 2 O T K B O PORERG 1

MERITE KT USN 55 & VVALI8 DI KERA DML 5 AT 0T 740, 7235 B
IR 12 AT - 7= HE Il D P K

B W IN I N[O WD WD~

1

[$2]

[op}

WEARRISTIE L7 R E D R, F2F05&%, e e

0.5 . = -
SRR, JEERPED F, G, MEK, WEn:

VAT AL
DEIES U IEALREEOREE

DN [ (DO

%3 SANDHOG criteria : B)fkAH A ZASTER (XL 13D Figure 1 &2 EE 1 EIER)

1. W E&S5 RIS BIL 7= Fado w3 Ofiedk - s
a. RIRDTEFHIHK
3RUHH b. 5l YR

c. FERE
d. FrIRRe

1 ¥ E#5 LIS LZ FRRoWLEhp 0%k, i
a. AR 0 LIS A B RR

i)
2RUEH e
c. FOhA (P OhA/ TANAORELEEL)
TV P LIV FanLIZ Sy 21k A R E. EREROHE
1 PURH Vil

. WS HLAEL > b THER T Z B HESME AT R
CPK A% &0 2 5 L) Lt (Wi R0 M5 L)

==




ok et S E S S L UE & LT SANDHOG criteria

SEW

1) Vann RD, Butler FK, Mitchell SJ, Moon RE:
Decompression illness. Lancet 2011; 377 (9760) :
153-164.

2) Hubbard M, Davis FM, Malcolm K, Mitchell SJ:
Decompression illness and other injuries in a
recreational dive charter operation. Diving Hyperb
Med 2018; 48: 218-223.

3) Trevett AJ, Forbes R, Rae CK, et al.: Diving accidents
in sports divers in Orkney waters. Scott Med J 2001;
46: 176-177.

4) Mitchell SJ, Bennett MH, Bryson P, et al.: Pre-
hospital management of decompression illness: expert
review of key principles and controversies. Diving
Hyperb Med 2018; 48: 45-55.

5) Mitchell SJ, Doolette DJ, Wachholz CJ, Vann RD,
eds.: Management of Mild or Marginal Decompression
Illness in Remote Locations. Workshop Proceedings.
Durham NC; Divers Alert Network, 2005

6) Mutzbauer TS, Staps E: How delay to recompression
influences treatment and outcome in recreational
divers with mild to moderate neurological
decompression sickness in a remote setting. Diving
Hyperb Med 2013; 43: 42-45.

) NEAR, BEAO, DI R, MR RIS EBRE
R EIT 92 FE % LE M 4/ 2 % R OG
FANR . HARGEKIEBREL - KR 2 MR8 2015; 50:
129-134.

8) Hadanny A, Fishlev G, Bechor Y, et al.: Delayed
Recompression for Decompression Sickness:
Retrospective Analysis. PLoS One 2015; 10:
e0124919.

9) Blatteau JE, Gempp E, Simon O: Prognostic factors
of spinal cord decompression sickness in recreational
diving: retrospective and multicentric analysis of 279
cases. Neurocrit Care 2011; 15: 120-127.

10) Xu W, Liu W, Huang G, et al.: Decompression illness:
clinical aspects of 5278 consecutive cases treated in
a single hyperbaric unit. PLLoS One 2012; 7: €¢50079.

11) Lee J, Kim K, Park S: Factors associated with
residual symptoms after recompression in type I
decompression sickness. Am J Emerg Med 2015; 33:
363-366.

12) Grover I, Reed W, Neuman T: The SANDHOG
criteria and its validation for the diagnosis of DCS
arising from bounce diving. Undersea Hyperb Med
2007; 34: 199-210.

13) Hayden SR, Buford KC, Castillo EM: Accuracy
of a SET of Screening Parameters Developed
for the Diagnosis of Arterial Gas Embolism: The
SANDHOG Criteria. J Emerg Med 2015 ;49: 792-
798.

14) Hempleman HV: History of decompression
procedures. In: Bennett PB, Elliott DH, eds.
Physiology and Medicine of Diving, 4th ed. London;
W.B. Saunders, 1993; pp.361-375.





