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Abstract
Background and purpose: High-grade bubbles in the cardiac cavity by two-dimensional ultrasonography
(2D-US), which requires training and is not always easy to perform on a diving accident site, are a risk
factor for decompression sickness. 2D-US of inferior vena cava (IVC) has the advantage of being performed
in a supine position and easier to learn. However, there are no published studies comparing the accuracy of
the IVC test to the four-chamber test. In this study, we investigated the accuracy of the IVC test. Methods:
We investigated the accuracy of the IVC test in 28 divers performing three scheduled dives in one day. The
IVC and cardiac 2D-US tests were performed before the first dive and 30 minutes after each consecutive
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dive, graded on a modified Eftedal-Brubakk scale. Results: The percentage of divers with bubble detected
after any dive was 50.0% in the IVC and 28.6% in the cardiac group. The positive rate of the IVC test was
22.7% (95% confidence interval: 15.3-31.7%). In comparison to that cardiac test results (positive rate 10.0%),
the sensitivity of IVC test was 72.7% (39.0-94.0%), specificity of 82.8% (73.9-89.7%), positive predictive value
of 32.0% (14.9-53.5%), negative predictive value of 96.5% (90.0-99.3%), and diagnostic accuracy of 81.8%
(73.3-88.5%). Conclusion: The results show that the IVC test could be adjunctive to decompression sickness

differentiation on site.

differential diagnosis, decompression sickness, decompression stress, diving, pre-hospital care
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Table 1. modified Eftedal-Brubakk scale”

Grade | Description

0 No bubble seen

Multiple bubbles visible per image but not obscuring image

1 Rare (< 1/S) bubble seen

2 | Several discrete bubbles visible per image
3

4

Bubbles dominate image, may blur chamber outlines

f§10m, 20m, 30mTIIHE S 25m DU —T %5k >
7= 1, 1AHIZ30m E T10m/ 55 D kE S T —5
VR L, BT IANCERE L7z 25ma — 7 A FE RIS (]
W T100m DEvk (557) &7V, ZDH%5m/ 57 D
FEEETEFEL, 20m, 10m Ty EIBRDEKEITUY,
Sm TR A 3 EfT 213 B U7 GRIESIERE 8 47,
TRV AKIER] 27 43) o 2 A HIZRBRIZ 20m % THEERE L,
IR T100m D Evk (557) %1V, £D#%10mT
200m DbEvK (15457) Z41vy, 3AHIZEERIZ10m F
THEREL, [RIVRE T300m D (254)) &471), W
FTNEREEIERIZFE LU (24KH : WK 747,
RIEKEERI 2997 3AH @ MIRIER 2653, MK
HER 3149 o

TN =747 D%, BEER (MR, F#, body
mass index (BMI), BE{EGE, WEAKEE, AV 215204
— &, WHEREORE) 2Rz, —RITHE &
M T 1A H DM KHTE BT AK 30 757212, ®EERMR
PRl LB O KIBOWE 21T 572, DIER A
FEMIBA TR LD 4F v oy —HIEL, TRk
FRAVIAPEANLL T, ] S AL AT 350 ¢ = il D v 8 L
72o ZTNZENI0FMIEKMm LAz, HHALMERRIT T2
ST R E R RS W E Paolus 1.-468AG,
Wrvra7a—7 FUT-SA162-5TH 5, i
D 7L — F &l iX modified Eftedal-Brubakk scale
(Table 1) &\, Bl T kICHE SR E LT -
7= M IR AR & 1 D FE il B NI Bt g N R
KD 245, grlL7-8)E2» 6% HIZ2a 7Lz,

MEET AT RIS, KTaOH TR amitiEE
PEPEREIC25r L, PREFIRREICK T2 MEDOK M
#OHOMER, g, RRREE, BiEEhER, Rk
W B, BYEE, BRMERE, O
Ji T O IAHEREREZELNEDEIRELTEIFRL
770

KRIFFUIAHAR K EMEER B 2 OKGR (5 E S
17139 20201 H7HKGE) %#43C, BEFICITE
95 AL SRR AR D Z S ATUARTI & %12, F72,
HARRIE S SEHMIE RO HARBXTEBRE - KR
ERESRIERFEMEOT B EVNIZ, BRI
WFEERA Y Z DT 04— H AN — %12 1 S AR X
B-IRETIT 72,

LEES

#3284 (244, &ME44) <, “FHAE
Hi5 40 7% (25-587%), BMIIZF¥22.7 (19.6-30.3)
Th o720 WAREEIEEI1944 (5-354F), AV Ab
72 8 — I3 16.34F (4-314F) TH o7z, WL
(BRI 5 25 N ISR R A D) 132344, REERE IS5
NS AE 2402, MERIARA~NIL=7, IREEASOE &1
HUZRRD Tz, WHEFEFEOR A1 %ICR0 72, 4413
EHI 2 WA 20 Tk h 57z, BAKYHD
AUl 16 £ T 7z, AWFZEHI IR R % 5E 5 iE
REFIEL BB T D 72, IEAKRTRIZKTS
CROCEE M A O AR & Table 212789, JE21
& 25D 2HIF 3ARHDOW AKEFHR L2720, 3AHE
K% OWE #E I, B2 10T & K TE A
Hi SN =855 O EI S IE T KAk C14 % (50.0%),
DET8 4 (28.6%) Th 7z, WIEFEFEDREEDH
L5 E 1A, PRAEHIR X OVOIENILIZ TS & 5%
WERD NPT, RIZ, JIIDOHMET, ikt
(Fv—=1F1.2,3) B, MR (VL —-F0) BHZ2%
L, Table 3D XS I P REFIRM AR RAER L L
T, suzfitREER L7 (Table 4), 2D T2
B RAZ L LICTRFRMRAEDORE 23R L=, B
B O E#IL 22.7% (95% confidence interval (CI) :
15.3-31.7%), B O[5 #10.0% (95% CI: 5.1-
17.2%), & 72.7% (95% CI: 39.0-94.0%), Froef



AA RSB - WK IR E 2 MR

Vol.56 (1), Apr, 2021

Table 2. Grade of post-dive venous gas emboli detection in four-chamber view and
inferior vena cava view in two-dimensional ultrasound. BMI=body mass index

Heart Inferior vena cava
Case BMI Smoking | Pre-dive Afzjei:/; st Aftgirvgnd Afgai:/eSrd Pre-dive Aft;:/; st Aftdeirvgnd Aft;:/esrd

1 20.2 Yes 0 3 1 0 0 3 1 0
2 249 Yes 0 0 0 0 0 0 0 0
3 22.9 No 0 1 0 0 0 1 0 0
4 23.7 Yes 0 0 0 0 0 0 0 0
5 22.0 No 0 0 0 0 0 0 0 0
6 25.4 Yes 0 0 0 0 0 0 0 0
7 26.0 Yes 0 0 0 0 0 0 0 0
8 21.1 Yes 0 0 0 0 0 0 0 0
9 19.6 Yes 0 1 0 0 0 1 1 1
10 215 Yes 0 0 0 0 0 0 0 0
11 26.2 Yes 0 0 0 0 0 0 0 0
12 26.7 Yes 0 0 0 0 0 0 0 0
13 20.3 Yes 0 0 0 0 0 0 0 0
14 20.3 Yes 0 0 1 0 0 0 1 0
15 20.9 No 0 0 0 0 0 0 0 0
16 221 No 0 0 0 0 0 0 2 0
17 24.6 Yes 0 0 0 0 0 0 1 0
18 30.3 Yes 0 0 0 0 0 0 0 0
19 20.5 Yes 0 0 0 0 1 1 0 1
20 21.0 Yes 0 0 0 0 0 2 2 0
21 22.8 Yes 0 2 0 ND 0 0 0 ND
22 20.2 Yes 0 0 0 0 0 1 1 0
23 24.2 Yes 0 1 2 0 0 0 2 0
24 21.4 No 0 0 0 0 0 1 1 1
25 21.3 Yes 0 1 0 ND 0 0 0 ND
26 22.8 Yes 0 0 1 2 0 0 1 1
27 19.9 Yes 0 0 0 0 0 0 1 1
28 225 Yes 0 0 0 0 0 0 1 0

82.8%(95% CI: 73.9-89.7%) , Pt 32.0% (95%
CI: 14.9-53.5%), F2MEuwEH=£96.5% (95% CI: 90.0-
99.3%), 2WrkirE 81.8% (95% CI: 73.3-88.5%), P
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94.0%), FFFE 78.5% (95% CI: 67.8-86.9%), BMI
25 DL FHF ORI 5V A O Bl CRERIANRE,
5 100.0% (95% CI: 76.2-100.0%), FEMZEHE TR
J#100.0% (95% CI: 1.3-100.0%) , H57E5E 78.9% (95%

CIL: 54.4-93.9%), MW2JERECREE 70.0% (95% CI: 34.8-
93.3%), Fi¥83.8%(95% CI: 73.8-91.1%) Th-7-
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Table 3. Definition of the inferior vena cava test results,
assuming that the cardiac test results are correct and

bifurcated into two groups: bubble detection group

(bubble scale grade 1, 2 and 3) and negative group (grade 0)

Inferior vena cava Heart Judgement
1,2,3 1,2,3 True Positive
1,2,3 0 False Positive

0 1,2,3 False Negative
0 0 True Negative
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Table 4. Cross-tabulation table of
inferior vena cava and
cardiac test results according to
the definitions in Table 3

Heart
Positive | Negative Total
Positive 8 17 25
Inferior "\egative | 3 82 85
vena cava
Total 11 99 110

Table 5. Sensitivity (%) and specificity (%) of the inferior vena cava test results

in non-obesity group (BMI< 25), obesity group (BMI= 25),

non-smoking group and smoking group, assuming that the cardiac test results are correct.
BMI=body mass index CIl = confidence interval

Group No. Sensitivity (%) 95% Cl Specificity (%) 95% Cl
Total 110 72.7 39.0 t0 94.0 82.8 73.9 t0 89.7
BMI <25 90 72.7 39.0 t0 94.0 78.5 67.8 to 86.9
=25 20 ND ND 100.0 76.2 10 100.0
) No 20 100.0 1.3to 100.0 78.9 54.4 t0 93.9
Smoking
Yes 90 70.0 34.8 10 93.3 83.8 73.8 10 91.1
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