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Effect of hyperbaric oxygen therapy on intestinal gas volume in patients with adhesive intestinal
obstruction: Quantitative assessment with reconstruction of CT images
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[Abstract])

Of 98 patients who were admitted to the hospital for adhesive intestinal obstruction and received hyperbaric
oxygen therapy (HBOT) during January 2013 through June 2014, 30 cases receiving CT imaging both before
and after HBOT were investigated on the outcome of HBOT. These cases were divided into two groups; those
who showed improvement after HBOT and did not require surgery (24 cases), and those who showed little
improvement after HBOT and eventually required surgery (6 cases). The intestinal gas volume was estimated
by the reconstruction of multi-slice CT data from the inferior surface of the diaphragm to the pelvis. The
surgery group had a larger gas volume and greater intestinal fluid accumulation after HBOT. Changes in gas
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volumes before and after HBOT showed a negative correlation to the intestinal gas volume prior to HBOT, i.e.,
the greater the intestinal gas volume before HBOT, the larger the decrease after HBOT. A cut-off value of 700
mL of intestinal gas volume was obtained from the receiver operating characteristic curve. When the intestinal
gas volume was greater than 700 mL before HBOT, HBOT worked well, whereas if less than 700 mL, HBOT
was not so effective and there was a higher probability of surgery being required after the initial HBOT. In
conclusion, a more careful treatment policy is recommended for cases with intestinal gas volumes less than
700 mL, making unnecessary the urgent need to resort to HBOT.

adhesive ileus, multi-slice CT 3D reconstruction, change in gas volume, reducing effect on
intestinal tension, intestinal fluid accumulation
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After HBOT

Fig.1 3D reconstruction of intestinal gas (improved
case). The reconstruction condition is a 5-mm
slice thickness, and the CT value was defined as
-500 HU below the threshold.

HU, Hounsfield unit; HBOT, hyperbaric oxygen therapy.

DERIG I E LCOWIEF 2 — 7 i A, HBOT B,
HBOT Hi #2 D 47 228 b & I KO ZALRIZDONTLHK
Feaf L, HBOT RO A 25 & A7 A2 LR OMHBIIZ D0
THERH AR 21T > 72,

E512, HBOT # D&M LG oA LS
7 b 4% HBOT RIDOH A&, T DREE L5
PR (1-FF2RE) 12X PHIT2 5w M+ 7% ROC
(receiver operating characteristic) HH##® % F T
K&7z, HEHFRIBEIZIE, Fisher OIEAEMERME,
Mann-Whitney U7, Wilcoxon 55 f-f & AL &
Wz, #EHENTY 7 MEIBM SPSS statistics 22
=R, fafERiF0.05 KA EEH D EHE Lz,

B R
1. NEFH EF MBS
(1) BE FLBBANE (Table 1)

SEEAERNE, SCGERE 75 (57~915%), Tkt
71 (30~100%) THEEZRD A1 72, Bk
Hix, BUoEIABSEERE 24510 95 (37.5%), F
i 6 f5ilrh 3651 (50.0%) CTHEZEATRDE 1 572,

BN, HEHRAPSCGER 1161 (45.8%),
FifE 26 (33.3%) CHRBEZRDEN 72, AL
o 2RI SGERE 10101 (41.7%) , FHiE6£51(100%)
TEMBESAERIZLHAIN T (p=0.013), T
MEHC B TR HEEMA 200, ABRHCHEERHAL
72, JEIRDBEALL 727204 Ly 2RI H LT,

Table 1 Patient background and treatment
R e
Age (years) 7542 71+12 0.631
Sex (male/female) 9.715 373 0.455
short tube 1 2 0.469
long tube 10 6 0.013

Mumber of HBOT sessions
between the first and second CT

Total number of HBOT

3.0£0.4
5.80.4

3.5+0.4 0.527
5.0£0.7 0.494

* Continuous variables with non-normal distribution were compared
with the Mann-Whitney U test and categorical variables with the
Fisher's exact test.

HBOT, hyperbaric oxygen therapy; CT, computed tomography.

HBOTIZ k3836 #13, HBOTH M A1100%, W&
DFH284.6%, AL AENHA 62.5% CTAaIKRDZEL)
3 80% Th -7,

ABEHED CT 55> 6 HBOT £t t% D CT i iz &
TOMIMIZfT>72 HBOT ¥, SGE#3.04£0.4 1,
FARES.5 0.4 TR A EEARBD ED» 577,
F72, HBOT OGBS S #E5.8 £ 0.4 0], F
MiRE5.0 £ 0.7 THBEZEA#RD A, 572,

(2) CTHIR

HBOT HiD CTr A Ci3eER, Filiffedics
BTN E SRR 2 R0 b7z, 2 O,
HEAR T R oM DREE, 5 PR A2 i i D 2 B H IS
BOC2HM AR A 5 -7 (Table 2).

Z ¥, HBOT RiFIZ 3613 % 2 A & 5k b i O 4 J
X, BGERET 246026 9N A L TR, Tl
B CTIZHBOT # % 6 54512 P s b i 43 1,
2 CHE ARz (p=0.008) . (Fig.6 2H)
(3) &N AT 25

/8 N AT 2 O, SGEREO HBOT HijA 609
+113mL, #%23418+47mL, Tt DHGA 575+

Table 2 CT findings before HBOT

HBOT HBOT + Surgery

(n=24) (n=6) p Value *
Intestinal fluid
accumiation 24 9 N
ascites 15 3 0.455
Intestinal wall
thickening o L 0.326
Intestinal stenosis 9 2 0.620

Data are the number of cases.
#* The p values obtained from Fisher's exact probability test.
CT, computed tomography; HBOT, hyperbaric oxygen therapy.
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Fig.2 Changes in intestinal gas volume before and after
HBOT. The comparisons of a-b and c-d used the
Wilcoxon signed-rank test, and the comparisons
of a-c¢ and b-d used the Mann-Whitney U test.
HBOT, hyperbaric oxygen therapy.

116mL, % 71834 +220mL.C, HBOT ® Hij #% I #&
B WTEEERECIkD, TR g 4R L 7-
DHBEEZRD K -7 (BEREp=0.189, Fliff
p=0.345), HBOTHiDH Z &I 2HEM CHE 24
B -72H (p=0.595), HBOT #% D2 bk T
i, SCGERFICHEL R CARIZZ O (p=0.038) &
WIHFERTH -7 (Fig.2), 72, HBOTHiED A A
ZALETAD L, WERA 192 +96mL DD, Tl
HEA1259 £ 246mL LML THR D, 2FHTHEZE
BENEDOD T THBOTIZ &5 4 2 WD sh s
WEA A RO b7z (Fig.3a)., —7, M4 DRERIZ
& DI H ADZEALFE T 2RO AT > 72 K5 T
1, SCERE3.0%, PR 63.3% & it Ay e
(mL)

p=0.073
f |

1000 - T

o

0 <
-1000 - l
—2000 -192+96 2594246
HBOT (n=24) HBOT + Surgery (n=6)

Fig.3-a Changes in gas volume.
Mann-Whitney U test.
HBOT, hyperbaric oxygen therapy.
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Fig.3-b Rate of change in gas volume.
Mann-Whitney U test.
HBOT, hyperbaric oxygen therapy.

Th-720, AREERDEH, -7 (Fig.3b),
2. HBOTRIA X B EH RAEMORE R
R 430 GERNZ 36135 HBOT HifD 4 2 & & 2L &
DRREAE T v OIERFHB 3 Hr T & 1T -7 &
25, HBOTHIDH Z&N L NEENHEND A 2 &1
BIZWA L THEDEOHEB (r=—0.578) #il¥7:
(Fig4), X512, HBOTHIDH ZED I v b4 7l
2L UL, I HBOT #0351 2 5k it 1
DAL R IL FHITE S22 OWTROC g%
&, ZOMAERDZ, ZOMER, T o ik
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Fig.4 Spearman rank correlation coefficient tests for
the correlation between the intestinal gas volume
before HBOT and the amount of change.r =
- 0.578; p = 0.001. Open circles, HBOT,; closed
circles, HBOT + Surgery.

HBOT, hyperbaric oxygen therapy.
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AUC (area under the curve) 1320.689, pffii30.078 T,
HBOT % Dty # % ¥l § 2 i RO v M+ 7l
395mL (%)% 0.667, 4R 1E#E (1-F521E) 0.200) T
KOFA b3 692mL (B 0.933, AR ESR (1-F¢
1) 0.600) TH-7- (Fig.5),

ZOMREREZ, 7y M E 7% 400mLIZEREL
758, EPHZEMRBRAI N Z /NG UIBR D F-ili 217>
72 3BIDFMBEDEE NN 5 Z L2572, 5hl
Kald, BEZ FPREEEZ T Ay bt 7EE
F2DRA VM THBHT00mLAIZFRE LIz,

ZDJry A7 700mL % vy, HBOT RO A A &
& HBOT #1231 2 FHH Lk i i O B2 D0 T
0 25T &I KB Fisher DIFf#EER R E (T -7
& Z%, HBOTHIDH Z&A 700mL ##8 2 A H Tl
TR ORE & i UCE M A i i i » 6 &2
o7z (p=0.040) (Fig.6).

— 7, T00mL A Jiti © F- 9 #F 5 51 & o 35 ¥ 18 44,
700mL PL_ LD F i 15 & SGERE 6 i DN, [H]
RICRE AT BRI, Pl B ORI
HRaZr2ilEs -7 (p=0.567),

Sensitivity

0.4+

0.2+

00 T T T T
00 02 0.4 0.6 08 1.0

1-Specificity

Fig.5 Cut-off value from the receiver operating
characteristic (ROC) curve for the presence or
absence of intestinal fluid accumulation and gas
volume before hyperbaric oxygen therapy. The
best cut-off point for balancing the sensitivity
and specificity of a test is the point on the curve
closest to the (0,1) point.The first cut-off point is
the closed circle: sensitivity 0.667, 1-specificity
0.200.The second cut-off point is the open
circle: sensitivity 0.933, 1-specificity 0.600.

< 700mL (n=23) & 700mL (n=7)
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Fig.6 Intestinal gas volume before hyperbaric oxygen
therapy (HBOT) and intestinal fluid accumulation
after HBOT. Fisher’s exact probability test
p-value = 0.040. Open circles, HBOT; closed
circles, HBOT + Surgery.
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