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(BE] B NATESIRIR (electrical impedance tomography , EIT) FA N ICU LAMA S #25 HHiE <
B0, IR RE AR MBS BN P A, ik OB eI B A S e EE B 2R 2023 4E 1 A —11 HUYGA
DAMEIAR G BEWGRSORE, A EIT AR MR MA@ SEI, A HTEE 4 N EOGBIX (region of interest, ROT) il <,
H AT HX B TCU R, PERALAE PR AR A I AR, 58] 3k 46 BlCE AR ST, H B 29 1, Ltk
17, SFHAEES (58.249.5) %, FAREK =5 h WEEIFITROI4X (M) EMAEE (P=0.022), I ROI 4 Xi#
K<9% M BEHAATRECEM (P=0.025), FERALAHR (P=0.004) . &R (P=0.010), ICU et (P=
0.018) YW, FEEHIAFHRE, M, FARIHCAAZE A4 SRR (acute physiology and chronic health evalu-
ation, APACHE) TF4r(s2 M), MlisF-47 ROI 4 X8 S I2 & AR TG M R HEHEZE (0R=0.743, 95% CI.
0.587~0.941, P=0.014), LL9.5% K5, WiFAF ROL 4 X Ffiil < E 4 H I £ 3% T0US 22 10 R R 85.7%, H55+ N
56.2%, M FEF N 0.752 (95% CI. 0.599~0.905, P=0.007), £&it H] EIT WMol A, AIWEEHE] ICU DAMBF ARG
BEIEEL S TR X, Bk RE M ROT 4 XKl Kok m BE AR RIS .
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[ Abstract] Objective To apply electrical impedance tomography ( EIT) technology to assess the lung
regional ventilation distribution in patients admitted to the intensive care unit (ICU) after a cardiac surgery,
and to analyze its value of predicting patients’ short-term prognosis. Methods Data from 46 patients admitted
to ICU after a cardiac surgery from January to November 2023 were retrospectively collected. Using EIT, we

assessed the lung regional ventilation of four regions of interest (ROI) and analyzed its influence on patients’
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A total of 46

patients were selected, including 29 males and 17 females, with an average age of (58.2+9.5) years. The pa-

length of stay in ICU, mechanical ventilation duration and tracheal intubation duration. Results

tients who received a cardiac surgery equal to or over 5 hours had worse ventilation in the dorsal region ( ROI 4)
(P=0.022). The patients with worse dorsal region ventilation (ROI 4<9%) had lower oxygenation index
(P=0.025), longer mechanical ventilation duration ( P = 0.004), longer tracheal intubation duration
(P=0.010), and longer ICU stay (P=0.018). A larger ROI 4 percent was a protective factor for patients’
prognosis (OR=0.743, 95% CI; 0.587-0.941, P=0.014) after controlling for the impact of age, gender,
length of surgery and acute physiology and chronic health evaluation (APACHE) score at the admission. With a
cutoff value of 9.5% , ROI 4 had 85. 7% sensitivity and 56. 2% specificity to predict worse prognosis. The area
under the curve (AUC) was 0. 752 (95% CI; 0.599-0.905, P=0.007). Conclusions

diac surgery influences patients’ lung ventilation, which further impacts patients’ prognosis. EIT can be used as

The length of a car-

a bedside tool to assess patients’ lung ventilation and inform corresponding clinical interventions to improve
patients’ prognosis.

[ Key words] cardiac surgery; intensive care unit; lung ventilation; electrical impedance tomography; prognosis
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(region of interest, ROI) , H:H ROI 1 Xl 2 X M E &
KX, ROI 3 [X Al 4 X A E JKHX , ROT 7] %
AR 4y, A RTH ER R I R AT gy (I
1), 44X E 5 2 M8 100%, F17 ROI
1 XA 4 XS %N 10% ~15%, F4F ROT 2 X
3 XS HHEHR 30% ~40% 1,

1 EIT W s ol oy KOoR R (1, 2, 3, 4 533
REROITIX, 20X, 3K, 41X)
A EFMNERES; B L RMES; C.
EFMTATUKGES; D, 55 TAT XA S
Lung regional ventilation distribution assessed by EIT
(The number 1, 2, 3, 4 represent ROI 1, 2, 3, 4 sep-
arately )

Fig. 1

A.normal four-quadrant lung ventilation distribution;
B. abnormal four-quadrant lung ventilation distribution;

C.normal parallel lung ventilation distribution;

D. abnormal parallel lung ventilation distribution
EIT (electrical impedance tomography) : H BT )=
HA%; ROI (region of interest) : B4R IX
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W, BT ICU BRIl S e 5 e 1 i B
FERE R 2 A B2 A8 PR FEIR AL (acute physiology
and chronic health evaluation, APACHE) . Il 5400 F15
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DX 38 43 ERIPEAT ROT 1 ~4 KGESEH 4T
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AR ROL4<9% A HI ROL 4=9% 4, LLHPIAA
SEFEEL, 1CU AL BT[] | I R AL A Y i [ 0 <4
MEM RN 2SR, 55, SCIKEROIEF ARG AL
ICU M 5 d iy s sE T3 3 1 1) ol 1CU
EBEISIR]>5 d (98 & TS 22, 40 B 8 3
TR RH R,
1.4 BHAXREMLEHE

SR AR AT 1A ST B A Y BRI, A B ST S A
46 B E . HiH G = Power 3.1.9.6 &, 7EK KK
o }70.05, KRBALAEE (1-B) A 0.8 MAMT, &
5T ¢ K5 A Mann-Whitney U Bk FIKS 56 A9 RN {E K
0.87~0.94, RNKFAEiwm; Logistic MIJH 5347 ) SEFR
KL BALRE N 0. 80, HIIH B E,
1.5 Zit=abE

I SPSS 27. 0 GEit B FdE 4T 0 A . B A K dls
W e s fT Kolmogorov-Smirnov TEA 10 K 56 F1 Levene
7 ZFVERI . A6 1E A 0 A Y % 227 R A B8
+hRIEZE RN, AT D A 20 A B 2 2 7 R P s
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Mann-Whitney U #& F1 &G 56, 1 il 22 5 500 R 07 &
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fak R AT Z R, IR ZIRXE TAERHE
(receiver operating characteristics, ROC ) HiZ PEA -
7 RO 4 DX 3l B X A8 35 1 B SR, ™
M F (area under the curve, AUC) ##EiT T 1 £#R
ToO A SR A, AR PR 2B FE L (Youden’s index) fix
KA HIWT e AR L P<0. 05 22 7 B it
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AT B A FIHEBRARE ) B3 46 B, For
BYE29 ], 17 5 AFEWY 35~74 %, P (58.2+
9.5) % A% APACHE /3 6~24 /%, ¥ (13.1+
3.9) 4% FABIK 3~12h, FH (5.5£1.9) h;
ICU fEBERE] 2~9 d, F# (4.6+1.8) d, LIEFAR
FRY, RSN IK S BEAS AR 18 i), MRS IIE / E R
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Tab. 1 Demographic characteristics of 46 patients

e br e

RS (mxs, %) 58.2+9.5
R [n (%) ]

e} 29 (63.0)

© 17 (37.0)
A% APACHE ¥#4% (xzs, 4%) 13.1£3.9
FARBH [M (IQR), h] 5.0 (2.0)
Sp0, [M (IQR),%] 98.0 (4.0)
AEHEH (x+£s, mm Hg) 259.8+77.6
Jiti U4 B ROL (%)

1IX [M (IQR) ] 29.5 (18.3)

2K (Fs) 23.4+11. 1

3K (Fs) 26.4+10.0

41X (xts) 18.318.8
JHFAT ROL (%)

1IX [M (IQR) ] 10.0 (6.3)

2K (wts) 44.457.2

3 [M (IQR) ] 36.0 (10.0)

41X [M (IQR) ] 9.0 (6.3)
ICU fEBEmIE [M (IQR), d] 4.5 (3.0)
WEHLEE I [ M (IQR), h] 45.0 (46.0)
SERENE (M (IQR), h] 50.5 (54.3)

APACHE (acute physiology and chronic health evaluation) ; /L Hll2E 5
MRS ; ROL; R 1
2.2 FAMKWNBEMIBESHI M

TFARBK <5 h B9EH 17 4] (37.0%), = 5h
B E 29 B (63.0%), Widlm &, ik,
APACHEW-43 . WU FRFISF-1T RO 1 ~3 X fifi #38 <
"tk ERH LG ESL (P5>0.05), FARR
K=5hmmEMNEMR RO 4 KB H L (1=
2.024, P=0.049) F1-F17 ROl 4 X i < H 41 Ik

(1=2.372, P=0.022) ¥HE2%, ZREA5IT¥%E
(£2),
2.3 ROI4 XESERMNEEREEHMGHZME

ROI 4 [X3#5<9% 1 ROI 4 X1 =9% 1) % %%
A3, IR RAER, E T R A K
APACHE, Sp0, ZRH g2 L (P #>0.05),
53747 ROI 4 X fili il X = 9% 0 s & A HL, 47 ROI
4 KGR <9% M) B H A A IEECEAL (1=-2.313, P=
0.025), ICU fEBemt A K (Z=-2.360, P=0.018),
WEIRHLAE I ] BEC (Z=-2.868, P=0.004) , i i
BIHE R (Z=-2.561, P=0.010), PEIL%E 3,
2.4 BEREEHPFEHNSEZEN

ICU fERERT ] <5 d By 83 32 19 (69.6%), fF
Bifa)>5 d 1Y 14 6] (30.4%) . TG 4F 09 8%
WEIE ML A E] (17.7 h FE 36.7 h, P<0.001), X
FRHEIA] (17.5 h 1 37.1 h, P<0.001) 3455,
ZINE Logistic BT B, E4HIAFE IS P9,
FARBKAIAZE APACHE PE43 19520 )5, filisFE-47 ROI
4 DG A B E USRS R (OR=0.743,
95% CI. 0.587~0.941, P=0.014), W% 4. ROC fh
Loprimas, nl R 5 TS 1 S B 4T ROI 4
XIASEAEN 9.5%, HHEF AT ROL 4 KR <
9. 5%MF, T R A T 2% 0 R R 85. 7%,
Fr S BN 56.2%, AUC 4 0.752 (95% CI; 0.599 ~
0.905, P=0.007), WLK 2,

3 it

A FE R EIT $ A, W 46 B0 AMNEFFA G
ME ICU [ 35 B B, 2T T AR B 83
i3 SRR SR, A R ) DX sl il A< v 28 90 1Y)
s, JER A 2 &R WE 587 ROC 26X & 1Y

R 2 TARBH A il < H 7 LRI (s, % )

Tab. 2 Impact of the length of surgery on patients’ lung regional ventilation (x+s, %)

JitiER I A3 X FARMK<S h (n=17) FARBK = 5h (n=29) ' PAH
PR ROL T X 28.0+10.5 34.1+10.4 -1.901 0. 064
PUZRR ROI 2 [X. 25.2+11.3 22.4+11.0 0.814 0. 420
PUZ R ROI 3 X 25.0+9.6 27.2+10.4 -0.703 0. 486
PUZRR ROI 4 [X 21.6%8.7 16.3+8.4 2.024 0. 049

AT ROT 1 X 9.3+3.9 11.9+5.4 -1.718 0. 093

AT ROT 2 X 44.127. 1 44.627.4 -0.225 0.823

AT ROL 3 X 34.6+6. 8 34.8+8.3 -0.072 0.943

AT ROT 4 X 12.1£5.6 8.7+4.0 2.372 0. 022

ROI: A 1
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Tab. 3 Differences in patients’ prognosis of groups divided by ROI 4 ventilation percent

k=g AT ROL4 X5l A< 9% (n=23)  FATROL4 Xl A=9% (n=23) 1/ Z/X? P

AR (xes, H) 58.3+8.2 58.1£10.9 0. 061 0.952
PR [n (%) ]

5 14 (60.9) 15 (65.2) 0.013 0. 908

£/8 9 (39.1) 8 (34.8)
FAMK [M (IQR), h] 5.0 (1.5) 5.0 (2.0) -0. 630 0.529
A% APACHE iT4) (x#s, 4%) 12.8+3. 1 13.4+4.6 -0. 489 0.627
Sp0, [M (IQR),%] 98.0 (4.0) 98.0 (3.0) -0.190 0. 849
AATE (325, mm Hg) 234.5+59.9 285.0+85.9 -2.313 0.025
ICU fEBERE [M (IQR), d] 5.0 (2.0) 4.0 (2.0) -2.360 0.018
WERZALEE IS [ M (IQR), h] 63.0 (46.0) 32.0 (23.0) -2. 868 0.004
KEREHE (M (IQR), h) 68.0 (55.0) 36.0 (41.0) -2.561 0.010
ROI; [A& 1

x4 EMBEDRWZEE Logistic [1J5H7
Tab. 4 Multivariate Logistic regression analysis of risk factors for patients’ prognosis
G5 B SE Wald PAH OR 95% CI

R 5.001 3.797 1.798 0. 180 - -
AT ROI 4 X305, -0.297 0.120 6. 088 0.014 0.743 0.587~0. 941
W -0. 024 0. 046 0.268 0. 605 0.977 0.893~1. 068
TER -0. 447 0. 802 0.312 0.577 0. 639 0.133~3.076
FARMHK -0.233 0.218 1.141 0.285 0.792 0.516~1.215
A% APACHE 4> -0.028 0. 108 0. 068 0. 794 0.972 0.787~1.201

ROI: [ 1; APACHE: [ 1

AUC:0.752
(95% CI:0.599~0.905)
P =0.007

0 OI.Q O.I4 OI.6 OI.8 110
1R E
B2 SRHIFAT RO 4 D A 8 # I BUR Y ROC 2k
Fig. 2 ROC curve using ROI 4 ventilation percent to predict
patients’ prognosis
ROC (receiver operating characteristic ) : 32 i%# T AE
HFE; AUC (area under the curve) ; [£& TN

WG AT, S5 R8N, B2 O METF R E
K (=5h) WEE, R AEICU J5HZE N
HYAHFRIX I, (ROI 4 X)) S %, 1 ROI 4 XS

W (<9%) B, HEMHEhE %, W5
W LA S [RS8 4 48 SR TCU A e B (] 35 5
K., HHEETFFT ROL 4 Kl K <9.5%0F, B HE
ST 2 00 REUE N 85. 7%, AUC A 0.752,

EIT HARTE P 07312 1 iR F 2014 4, JFF
2019 4 COVID- 19 L% 2 & J5 1F b To 1 PR 55 Fifi & W
T 7E e PR 3 K D207 BT 32 T E R
WHLSE (LHZ W T ICU 2 PE IR 30 2545 1F 1Y
BES) | PRSI ACR . W A R L
FIWTBBLETAL  DARAE AR A RIR 5 PEA 2825 00 il 8
ARG BLAET B R S A i AW I 3 T At
Je A K UL JRR e s B M R Ak S R RE T SR,
EI I A DL S 8 BT W0 R A il 3 0 0 4 ) %
R I I B 7 A R

REAERF 9T 2 & BT A B ) 4B 4 S B0 AR R
JEEBFWE ICU REGER MEBERNEZ -0 A
FEHE— R, TR R AR O] B R T R
1A il S T AR T R CE R TCU i R ),
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AR XTFAT ROL 4 XS MK, X ROI1~3 [X
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AN ICU i FE A ], oA 5 g P WAL T e )
MAERE R, BEAERFIR R, 2GR0y 4 /> X
H, ROL 4 DGESXT RGBS (IR574, wlivy, ffiH]
ioker . JRHLBEALAE) | EME A R IHERS S T
5t T AR 200 R o T SR L A it 3 IO
TIREWRE , A G, Bl ke, (kB Em
A

AN, ABFFE kT ROC fiZ 2 HrisE 1 H
BFE TG MF4T RO 4 KBS B{E: 4 ROI 4 X
SEMH<9. 5%, 000 & 35 46 0 105 22 09 R
£ 85.7% , ¥R 56.2%, AUC K 0.752, HIR
Draeger B2¥7 /0wl id i e RGETHC 2446 1 4 BE i 748
FAT 4R EGE A EH A S5 E (ROL 1 XA
4 X 10%~15%, ROI 2 X A3 [X: 30% ~40%)"",
B A FOR A PP 28 DIl SORE BE B pR i, AR
SCHE7R T RO 4 DGl S BE TS i, AF
17 ROI 4 KIS IEMARIERIE T 5%

OIEFAETRBMFAR, FRAELBRES, Bk
PER, AMEICU J5 9 1% 2 8 A I, EIT #24E 7
B EOWAESE, RERETEIRSH M HIDTRED R, T4
Bl B4 N D3 X8 R84 it 3 G DA L BB A A )
Wi, G h A T R UG N R B R, NI T
XFVERE S TR, AR BT BRI A A 1 [ s
eIV SUNG abL g

ARFRAEAE—E PR, &5, HEARE D,
o BB AR5 M HTA 1 LVBCR, 0 EIT S84 55 %)
DA Ts g, HEEBE LS, RXHH#TT EIT 1
W, FK, EIT BAAMEREA &L, HAGE 21725 0744 B
FEAE R, R0 AR S R R A R A
%, Belilm <ok, BE AR A IRAE (s am E
EUIREA2AE) RO IIRE TS, A i (R SN A 5[]
FHCEENE O, ARG MR 3 ) A28 PRI & 45 34 ]
RERCN BB R AR I T R KR AR iy A 4
5%, VWP N T ie 80 e, oF— 25 uF S fili
AN ER A TS B TR AR

Zi 1, N EIT XFDAMREAR JE AR ICU Y 3 i
A7 PR 55 W ] 5 B 40 N 5% B B 1A A 2 30 R85 il
DX IR AE B, Ak — 20 R ORI I R 2T
FS AR AL T 5%, ROT 4 [X 11 43 LU 2 S g 52 K it
(] AR 1 A B 8 3 Moo U O Y R GF A, HLR B
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