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(=] BB - MRS G AR (electrical impedance tomography, EIT) & A~ 5 Bt 4R 2 ik 35 B B K (off pump coronary
artery bypass grafting surgery, OPCAB) ARJ5HA &M RKIERE (positive end expiratory pressure, PEEP), DLk 3 ol 3 il S0 A 15
DL, PRALI S SRIBOR . 3K - ATk 2017 4F 1—12 AT Ll 38l R 24} I8 Bt BRBe 47 OPCAB #y 105 Bl &% . R BEHLECA B 41
Wk By A SR 54 ), XFHAZ 51 6], EIT MEEAR G @A 4 A% HRIX (region of interest, ROI), XfHAZ1RiH 3 cmH,O PEEP;
SeY 4R I %% PEEP & 1 0 cmH,0 & FF i 2 14 cmH,0, X0 2 emH,0, I3 i fi& PEEP, L4k 2 HARFAE A K% (PaO,FiO,)
RS RAEMI 22 S, G55R - 105 BB H AL 2 61 (1.90%), ARJEHEIFRIERA 19 61 (18.10%) ., MlidbiEsy 3 # (2.86%). Hlif
gk 19 B (18.10%) . Mol FRik 19 B (18.10%), OPCAB A J5 it i& PEEP [X [A] A 6 ~ 9 cmH,O, 54440 Wi FH f% & PEEP )5, PaO,/FiO,
BET R (P=0.00), SXIHAALL, UM A GBI R AE R AR B ZRA (P=0.02), £5ig - B EIT w3z B LY I OPCAB A
JElE SO, T E & A 5k PEEP; R 3% iR/ OPCAB ARJS IR K IE, B PaO/FiO,, /b ICU {5 8 b} ] & WL
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Application of electrical impedance tomography for postoperative lung recruitment in patients undergoing
off pump coronary artery bypass grafting surgery

WANG Ying-hua'*, PAN Yan®, YANG Min'
1. Department of Intensive Care Unit; 2. Department of Pharmacy, Shanghai Chest Hospital, Shanghai Jiao Tong University, Shanghai 200030, China

[Abstract] Objective - To find out the optimal positive end expiratory pressure (PEEP) by electrical impedance tomography (EIT) for better lung
recruitment and ventilation distribution in patients undergoing off pump coronary artery bypass grafting surgery (OPCAB). Methods - 105 patients
underwent OPCAB from Jan. 2017 to Dec. 2017 were analysed. Patients were randomly divided into two groups, i.e. experiment group (54 cases) and
control group (51 cases). Four regions of interest (ROI) were recorded by EIT. PEEP were 3 cmH,O in control group while PEEP were increased stepwise
by 2 cmH,O from 0 cmH,O to 14 cmH,0 in experiment group. The optimal PEEP for lung recruitment was applied in experiment group. Postoperative
oxygenation index (PaO,/FiO,) and pulmonary complication were compared between two groups. Results + The overall mortality was 2 (1.90%). The
incidence of postoperative pulmonary complication, pulmonary infection, atelectasis, pleural effusion were 18.10%, 2.86%, 18.10%, 18.10%, respectively.
The optimal PEEP zone was 6—9 cmH,0. PaO,/FiO, was significantly increased with the optimal PEEP in experiment group (P=0.00). There were
significant differences in postoperative pulmonary complication between two groups (P=0.02). Conclusion * EIT can directly monitor ventilation
distribution and titrate suitable PEEP for better lung recruitment in patients undergoing OPCAB. It can significantly reduce postoperative pulmonary
complication, improve oxygenation, and decrease ICU stay and ventilation duration.

[Key words] electrical impedance tomography (EIT); off pump coronary artery bypass grafting surgery (OPCAB); lung recruitment; positive end
expiratory pressure (PEEP)
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(positive end expiratory pressure, PEEP), LJik%I| sl
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AT A5 Bk el IR 2 Pk 55 B8 2 ML AR (off pump coronary artery
bypass grafting surgery, OPCAB) 1y 105 {ji &5 %, % H
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N2 5Ll FEFF & FHERIE B AR A RN, 2 Rilgag
R M BB B R B Pl s A LR B [ B PR S
KS (P) 1808],

BEIIAbRME: © OPCAB FARHEE., @18 ~ 80 %,
OB LA, OFMFAR ERALFAR), BEHER R
OHRIMEIR TR NG AR EE . QAR ik sh

2018, 38 (6)

TEARRIER IR F R IBEAREE . ORI TARESE.

1.2 EIT j&f% 5550 br

EIT j% % b EIT W 37i% 45 Pulmo Vista 500 (Draeger
Medical, &), J&5HIFE G Hr6EH EIT B o drik ik
Draeger EIT Data Analysis Tool 6.1 (Draeger Medical, 1%
). B 16 A HUBRZE oy AR B SR04, 5 ThEist,
CAW R B AR 5 B RING & R4F. Ak 8, O fE AR, W
M 15, 16 £ Mo BEas, il s 1l 15 ey 00 2 7 A, of3 A
FE K - DU 28 45 Sk 4 A 2L X (region of interest, ROI), H[I
ROIl, ROI2, ROI3 1 ROI4, ROI= [X il L&/ Sl
KM x100%, ROII+ROR+ROIB+ROI4=100%, W.[& 1,
R4 Draeger BRyT 23 w1 GE LRI R 2256,/ HE N ROIL
ROI4 2% 10% ~ 15%, ROI2 F11 ROI3 24 30% ~ 40%, EIT
Wik icsk s — LB R EIT BUR %R, 2 AN TSN
FHAIH BIT £a ik i o Kot B R A 70 b, idx ROI
B EUE

IE: A. PEEP=12 emH,0 Itf; B. PEEP=4 cmH,O It}; C. A 15 B 925, 8 G hIATRATERGL, el (A TkIFDAL.

1 EIT fi@ S EfR
Fig 1 Ventilation distribution image by EIT

1.3 PEEP 5%

Suter % £ 1975 4E 4R Y T 536 PEEP fO i &, A
LRl PEEP S REAS 6 o 8 0 (R X MR Aok fndE & D
TR R ok BERZ R, FEAT LT B ) 2 5 Wi B /INBR) B3 5
SB[ PEEP, PEEP jif & W 4 iy & f & PEEP il #2, fiff
P E i, Be A AT DAGE B il A () PEEP Jh 35 3k 4T
RRARMINE K, BEGA UG 5 R A5 FIMLIR 5
HEWd), BEAT OPCAB Jaidt A ICU, H 1% PN iaf
¥, [P A Bk A< (synchronized intermittent mandatory
ventilation, SIMV) %% & #2 fil#5 Xl Bhad <, ARHE 38 R
TR T S RO E . B EIT g2 s < B,
idsk EIT M2 1 4 /4~ ROI AR i A AR AZ fL{H  (change
of end expiratory lung volume, AEEL), %f M4 i% 4 PEEP
7 3 emH,0, PEEP 4 ¥ B % i B VP W HLHl By 3d <. 5%
& 4 PEEP M 0 cmH,0 JT %5, 4% 10 min ¢ Jji1 2 cmH,0 H
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2 14 emH,0; &3 hn—k, ida% EIT M€/ 4 4~ ROL F1
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ATERY 105 Gl s Eh, 26T 26, bk 1.90%, Z50E
MR B e, SRR IR AR T, AR IR R TR
FHEL, BR T B4R (body mass index, BMI) 4p, H

RIEARZFITG I EEL (&),
2.2 I8 PEEP B i S 15 00

A7 b oL B 5 i 2 5 Bl PEEP JEAREE EIT

FRLBHL il P 5 ARAE A5
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R F0 EIT Ml Z /) ROL &% E #:3k 47 . o PEEP B S /Y
A G HE% (PaO/FiO,) J4ffi Hlfki& PEEP 5 1 h s, <&
Y40 F 5ci& PEEP Rif 5 AHEL, PaO,/FiO, K ifil THb Il 44
ft5:4y = (artery carbon dioxide pressure, PaCO,) & # 7}
& (P=0.00), [pkddimsAeFE (pulse oxygen saturation,

SpO,) ZERILi % & L (P=0.11); %} H&4]  fil PEEP
3emH,0 1h f{i J5, PaO,/FiO, I SpO, ¥J & &t it % # &
(P=0.05) (#2), 55Xt H PEEP 3 cmH,0 1 h 54k
RAAEL, SEY5 2 5 H fcod PEEP i PaO,/FiO, A .25 TH &
(P=0.00),

1 ARAT, AR bR SR
Tab 1 Preoperative and operative clinical records

i H S (N=54) R4l (N=51) Al P! Pl
£y % 62.69+6.37 63.69+5.54 1.19 - 0.28
MR (5 42) /n 33/21 35/16 - 0.65 0.54
BMI/ (kg/m’) 23.20+2.31 23.17+3.40 7.90 - 0.01
NYHA 4% /n - 1.28 0.53

n 12

m 41

v 1
RETIRIE /n 7 - 0.04 0.54
RETSMLE /n 16 - 0.38 0.68
RETHERSA /n 4 - 0.19 0.74
AR HT PaO,/mmHg 90.35+6.72 87.86+6.50 231 - 0.13
A BT LAD/mm 44544922 42.73 £8.47 0.45 - 0.50
A BT LVDD/mm 53.31+10.69 53.96 +8.59 0.59 - 0.44
AB7 RAD/mm 44.11+15.39 39.35+17.49 0.79 - 0.38
AB RVD/mm 34.70+7.10 32.10+6.81 1.97 - 0.16
RET LVEF/% 59.98+7.78 60.14+9.04 0.60 - 0.44
RETFHZNEKES /mmHg 39.22+15.19 34.47+17.41 0.62 - 0.44
EuroSCORE I 4.2442.99 3.84+3.74 3.68 - 0.06
S >1 000 mL/n 1 - 0.95 0.51
RAFEE MEE /n 1 - 1.16 035
BHEE /R 3.37+0.99 3.45+0.95 0.34 - 0.56

#:: NYHA (New York Heart Association) 2 Z.0ME

WESpi B 2s s PaO, (artery oxygen pressure) “hzhlkIfil %84y & s LAD (left atrium diameter) J/c 5N
ventricular diastolic diameter) /¢ 35 75K K N 1% ; RAD (rlght atrium diameter) A1 BN

125 LVDD (left

; RVD (right ventricular diameter) 4454 N4 ; LVEF (left ventricular

ejection fraction) /¢ Z F 1143 % ; EuroSCORE I  (European system for cardiac operative risk evaluation 1) HRRILONET R GRS T,

462 fpcidi PEEP R AR A A SR
Tab 2 Comparison of oxygenation pre and post application of PEEP

FUEH (N=54)
iRl
fs i dg & PEEP i £l fie i PEEP J&5 PiH
SpO, 99.15+1.51 99.37+0.83 0.11
PaO,/FiO, 303.63 +51.66 369.44 +43.85 0.00
PaCo, 33.50+1.92 36.59+2.60 0.00
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KRR (N=51)
PEEP=3 cmH,0 1 h j§j PEEP=3 cmH,0 1 h J§ P 1t
98.88+1.21 98.88+1.29 0.05
288.20 +53.62 300.18 +50.03 0.05
31.86+1.50 33.51+2.19 0.00
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2.3 AR I Ao He &
5%t Mg AR, I fE PEEP f, SRUa2H il ke
kAR (P=002), MifgkiIkEZR (P=0.02) RARSEUIE

463 2 HARRGIRBORHL#E

Table 3 Comparison of postoperative clinical records between two groups

2018, 38 (6)

RHEF (P=001) HJRERHIR, Maolksti (P=0.02) WIEumbs
[Ellkf, PaO/FiO, (P=0.00), MU AL Whid T[] (P=0.01)
FNICU {58 (P=001) HZERMHEALEHFE (R3),

Tt H FEAL (N=54) X HR4L (N=51) tfH P! PiA
AJE4 1 B /mL 529.81+278.27 604.71+396.28 3.74 - 0.06
AR SEARRIEE /n 2 10 - 6.55 0.01
AR KL B SRR /b 12.57+10.19 32.88+103.81 6.74 - 0.01
ICU {81t /d 2.04+0.82 2.86+4.19 7.06 - 0.01
PaO,/FiO, 369.44 +43.85 300.18+50.03 7.56 - 0.00
RS iR R AE /n 5 14 - 5.86 0.02
A Se i gy /n 1 2 - 0.41 0.61
RIGAE: /n 5 14 - 5.86 0.02
A5 Wl R /n 5 14 - 5.86 0.02
BET In 0 2 - 2.00 0.49

2.4 Jih PEEP [X[A] 3 i,ne

fxid PEEP X[l i Je AGE T oy Mgk i, SKOn 2l iR 4
PEEP if f2rfr, EIT M1 ROI hHEIEZS > fis Bk, 4
BIFHO, 2. 4, 6,8, 10, 12, 14 cmH,0 PEEP Htid 1Y
ROIl, ROI2, ROI3, ROI4 Kk difir %k, LA ROI H 4y Lb1E
RPNAE R, PEEP J ki A b2 il 5295 41 PEEP 5 4 4~ ROI
% & EE (B 2), mE W%, ROIL 5 ROI4 AH2E AL B
X} ) PEEP Fl ROI2 &5 ROI3 A58 firxt bz ) PEEP 7 [f] {1
DX Bl Ay i £33 ) PEEP [X[F]

AW 52 i il PEEP [X [A] 24 6 ~ 9 emH,O, fij S5 4 i
I A e & PEEP 46 47t % £ J5 BISE U 2 A 2k 15 1Y e i
PEEP [X [A] 21,

I ROI cp {2 i)
I ROI2 e {or el v
0 ROI3 b (i Bl

I RO ef (i B Lo 1)

504 P,

404 A gl
30 \\

204

ROI B 4F b 26

11

[:' | T T T T | T T
{ 2 4 [ 8 1m 12 14
PEEP/iemH_ ()

2 EIT Iz ROl 5 PEEP fyX &
Fig 2 Relation between PEEP and ROI by EIT
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EIT j&—TJC A, Jomt. PRk ek b ol 2h e i
Bk, AT e 2 A AR R s N LA S, R, H
BEL1%5 B8 v G T 0 o1 e o ML Bl IR, CT 1%
& MR FR IS W ) bnife , ARARAE TG Se it sl i 1A
JR AN A S B R 2 Sk . EIT B AR
T CT T B RAR R B, NS 7E PR ELUL b A 22 Jifi 41 455
gk, BT " o, EIT $5 SR (758 <Fn PEEP
IHEREGER S, AP, KRG PaO/FIO,,

ONETFA o B AR R RSB il ANk 8 Ml B ine 2 i
HARJGVEIRIhRE, &SR, = E AR AT E A
miOHER Y, R4 OPCAB B T IR SMIEIR, (HZ AR Fgk
WAL B, i 8 A et TS 2 O S5 R 1 S S5 il 0 Bt
M, HiAsE, Bk B 0s Rl RES RS A e AR S E F s I &
JiE, PEEP Al BR AT E RN, SRRy, g
RSNV A, AT IR (R S L i 2 - e i )
M BRI, RS SOR R 5 R i K
AE AT ML NEA 5 3% 50 1 0, o S SO FIRHL
FASE MG E SR " BAT, R O SR
{8 PR/ INEH S e B A& B PEEPY™Y ) RUE s il &k s
ST ANTR XI55 R 5(% . Bl A1 PEEP Refdipi
SR CRAEF T, 8 EL Sk Ifive st BER K, (R IRk
A S D, CT & ffe i s sk i acbmife, 18
H T M- IRLE fE R A S B8, A E A RELT
CT ##5dk47 PEEP fliE, HAT, % MY PEEP & )5 ikt
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1 FiO-PEEP Fehihi, I - wRINES, HIAR T
gk fe R FE G o S ) ) PEEP %5, $0E ZE8 HLZE M & ok ik
Ferp B BRI E, REHETEGEIFRAE, AP,
AV L 050 EWAEHER) EIT % PEEP fife dff iR

AWFFE R EIT RO EM I T OPCAB ARG HLAR
WAL, AR R AR AR, A ok S i
SHLE s [, £ EIT 5|5 T OPCAB A J5 PEEP {7
TREABIIEE s 44 BIT E§FN EIT MlE 1) ROL, 757
fE A E T e Al B H i 5Kk Y PEEP, JBEG 15 1
T 3 R 0 X A S RIS O £k o D At Rz o
A% B H & PEEP, kb T OPCAB Rk zh. M
WRALAE Sl 41 005 . A TG Bl ANk . e s R i 5 il 50 - i
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