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Effect of intrapulmonary pressure monitoring combined with the
pre-thoracotomy lung collapse technique in thoracoscopic surgery®

Dong Zhao, Chang Xiong, Yu-fan Zhang, Xin-hui Le, Duo-jia Xu, Zhi-jian Lan
(Department of Anesthesiology, Jinhua Central Hospital, Jinhua Hospital affiliated to Zhejiang University
School of Medicine, Jinhua, Zhejiang 321000, China)

Abstract: Objective To evaluate the effect of intrapulmonary pressure monitoring (IPM) combined with the
pre-thoracotomy lung collapse technique (PTLCT) in thoracoscopic surgery. Methods 96 American Society of
Anesthesiologists physical status I or II patients, aged 30~79 yr, BMI<30 kg/m’, underwent elective
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thoracoscopic left lung surgery, were randomized into 4 groups (n =24): PTLCT group (C group), -5 ~5 mmHg
IPM combined with PTLCT group (P, group), -15~-6 mmHg IPM combined with PTLCT group (P,
group), <-15 mmHg IPM combined with PTLCT group (P, group). PTLCT was treated by using the double lung
ventilation with FiO,=1.0 and the operative bronchus was blocked before the patients’ change into the lateral
position. And after 10 min of one lung ventilation (OLV), the pleura was opened and thoracoscope was put into
the chest. P, group, P, group, and P, group were treated by opening the pleura when intrapulmonary pressure
was -5~5 mmHg, -15 ~-6 mmHg, <-15 mmHg based on PTLCT. HR, SBP, DBP, SpO,, and PaO,, PaCO, were
recorded in each group at the time point of after changing position (T,) and before opening the pleura (T,). The
operated lung was evaluated using lung collapse score (LCS) immediately after opening the pleura. Results 8
patients in P, group were failed to complete the preparation of opening the pleura before reaching intrapulmonary
pressure; 2 patients in P, group failed to achieve the required intrapulmonary pressure; 1 patient in P, group
happened hypoxemia (SpO, <90%) during OLV, 2 patients failed to reach the required intrapulmonary pressure.
Compared with C group, the LCS of P, group was significantly decreased (P < 0.05), and no significant change was
found in LCS in P, group and P, group (P> 0.05). At T,, compared with P, group, the SpO, of P, group was
significantly decreased (P <0.05); Compared with C group, the PaO, of P, group was significantly increased
(P <0.05); Compared with P, group, the PaO, was significantly decreased in P, and P, group (P < 0.05); Compared
with P, group, the PaO, of P, group was significantly decreased (P <0.05). Conclusion IPM combined with
PTLCT can avoid lung tissue injury; Opening the pleura at -15 ~ -6 mmHg of intrapulmonary pressure section can
not only achieve a good effect of lung collapse, but also maintain good SpO,, which is suitable time for opening the
pleura in thoracoscopic surgery.
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ventilation

s T AR o BB SRR . SR
e T G O R A B S AR e I T A
Ak e 2R . HA A MER RS O I S
B WNGES /N OE R, B B TR IR
AR ) RS 2= B A A T AR A T . AR SCH
FErP iR 1L B SO U BRSO e 2= R Y
D5, A RO, = 1.0 R 22 JEY . 50% 25 FE i
FEE ALIE L B s, H R X T PR
Uik 15, AU AT B SO B i 2 BE A AR AT T M B Y —
Z L BE 5 UM 25 [ o A AT BAAE i39I 40F 50 v B
F B i i 2= B 52 R (pre—thoracotomy lung collapse
technique , PTLCT), W] LAik 3] B 409 JF ik i il 25
BRI S HE A BOR TR Al AT TS B
RN BMSL BB o (R, BXBIR ST AN BE I B M T
AR A M 22 B A B2, AT AN E € 4 ik S FL T 1)
T Wi JEEF Trocar 3 I I X i A £ 05 . 4 T lg, A4
BAE— BBt T AT I P T Y S AU B AR
(B RE ). Z1.201820336679.5) , 38 3t filf P Je
WEd - (intrapulmonary pressure monitoring, TPM) Tl

T MRt 22 R RERE , 45 0l B E 0 o T 57 i I

TR P8 R i R ) B R AT Y
i R AT EL, ASBIFFE AU 60 Js 2 T A v AN [ il Py
i T3 Bl PTLCT SR PFA T i i il 22 B RO RO, 48
SRR Js 5 D ) 3 RN s D B, R IR IR B S
et o

1 RS

1.1 —R&ER
L1 &Rk ARBESEE e i R

TG (FEAHS . ChiCTR1900023647), CL3k4x4E
WL BE B PR e B B et (R 4tgR 5. 2018-
046-001), FBHEBBABANK w12 s R S . 1k
FE20194F 1 H —20194F 8 A 7EFRBeF# 4 7 1 B e firi
BB VIR AR B B 96 ], 4EH% 30 ~79 %, PEJIA
B, RFEIEEC (body mass index, BMI) <30 kg/m’,
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Fig.1 Flow chart of subject selection

112 EF—E AR A atmolibs 4
HEH G (M. AE . BMD A, 2%
WG L (P>0.05) . AR MLZ0 & FA Al o)
AEFE PR : 4 2B E I ivE it (forced vital capacity,
FVC) WA E 4 (FVCex%) . FEV, 5 HiiHA

Ao (FEV %) . —F 3 5 #iiHEE 7 b (FEV/
FVCex) % . fili—% bk YREE (diffusion capacity for
carbon monoxide of lung, DLCO) & PiitH{E B 4 kb
(DLCO%) i, ZERFIEIFE L (P>0.05),
WA 1.
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Table 1 Comparison of baseline characteristics and preoperative pulmonary function indicators of four groups

bl WY ﬁzg;{i/ BMI/(kg/m*)  FEV /% FVCex/%  (FEV /FVCex)/%  DLCO/% Hb/(g/L)
C4l(n=24) 57.0£13.5 10/14 21.6+2.6 98.5£19.2  94.9+12.7 102.6x6.1 92.8+14.3  1282+11.6
P 41(n=16) 48.6:10.3 719 22.0£3.0 90.3+6.4 92.0+12.2 100.8+10.2 89.2¢18.2  125.9x13.1
P41 (n=22) 53.3+10.9 8/14 22.742.9 92.3+9.7 92.7+7.8 98.2+5.8 88.9+11.3  123.6x15.7
P4 (n=21) 54.7+9.6 9/12 21.6+1.9 90.5£14.0  93.1x13.0 102.1+6.6 84.8+12.6  119.4x17.0
FIA 1.84 0.71 1.04 1.74 0.22 1.70 1.24 1.46
PIH 0.147 0.593 0.378 0.165 0.878 0.174 0.300 0.233
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1.2 BIRRERAE
O 7€ Mo B FT ¢ 75 28 K 2h Bk il S Fn R
(percutaneous arterial oxygen saturation, Sp0,) < 90%
BB, IS O R, @A B R
30 min N ARIA Bt N ) BeE e bR, I el sl AlL
SR ZE R s )XY B Al N e ) BB ATY A AN - 1
HITER &
1.3 WA E

ANZE g Wi el . Sp0,. % (heart rate,
HR) Ffgi B AU FE 2 (bispectral index, BIS). JRjK
TATRESIK IR EA A, T WA R S0 kR A )
K MAT M ATHT o BRIRIE T . 0 K S0 0K Tk e &
0.05 mg/kg. #FFKJE 0.5~ 1.0 perkg. HILBERE g 7
F10.20 mg/kg., MIRREFA I E 0.20 mg/kg. LAFA T
J5, ol B AN N Smm (R E T E M
Coopdech 32 A& B 428 (WU A Y7 R B A R
A, BEBIRER 3 em i E B IE AR EREE . 4 4 B EHHAE
LR A S USRI B SR LA T OSUIH ] 8T Hs
W, BRI 2.0 /min, WA A HKEE 100%),
< & (tidal volume, V,) 8.0 mI/kg, WY 4 %
(respiratory rate, RR) 10~ 12¥%/min, WHFEL (1: E)
F1: 2, YEFRREAOR ALK 73 (partial pressure
of end—tidal carbon dioxide, PetCOz) TE 35 ~ 45 mmHg,
RBEAERE . RRELi ki NIA T 4 ~ 8 me/ (kg+h) Al
Hi7F KJE 0.1~ 0.3 g/ (kgemin), A FRRGET 2 0] W
i B 3 S I A gk BT 2 8 0.10 mg/kg, 4EFF BIS{E TR
40 ~ 60, TEMIRS T MO it M s, AR A8 RS
FRBEHLIL A, TR A S E 2 50% ~70%, V,
6.0 ~7.0 mL/kg, Il 06 {8 R 7 44 5 75 25 emH,0 LA
T, HR4E PetCO,JHFE RR. Ir A FARHR e 7] — 4l A0 E)
A SERE, FEpERE —FLI AR D .
1.4 BhERAE
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i B 457 /i 5 4 o O FE v C AL B 8 E B I (R 2
10 min,
142 IPM  JCECREHESER, P 4. P4l
P2 AE SR B A 5 148 I R o i 4 P ) A% Ikl
(ICU Medical, Inc.), DAZWEMIftip . WIE 2. 3
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143 AT I A RE AL 4 4L RBE N EM IS 38 RO
USRS BERIA O B, E B RSAT i 2P i
S AR SRR . C 4B E S 10 min J5 T
JBEGT &N Trocar Fl i e 5 9E My, P ZHAE-5 ~ 5 mmHg
ils P g BRI TR, P2 AE 15 ~ -6 mmHg i P
JE S BT IR MO, PL2HAE < —15 mmHg iff P JE /7 B
A T T e e

It 20 WS 3. BHAAEE; 40 JEGEER: 50 Y
Bk 6 AR 7. kWi, 8. WRBKEAGEIEC; 9. Wi
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E2 MAEENESTSERES
Fig.2 Bronchial blocker with intrapulmonary pressure
monitoring

1.5 EREE
150 i g iR EML R (T,)
FIRR RS ACET (T,) B9 HR. Y46 (systolic blood
pressure, SBP) . #F 3K K (diastolic blood pressure,
DBP) FISpO,; E =] Sk < b i3 b
E4rJE (arterial partial pressure of oxygen, Pa0,) 3]
Jok 1. — AR Ak Bk o e (partial pressure of carbon dioxide
in arterial blood, PaCOZ) o
152 il & R 8 R F BRI A% I ) 0 R
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2.1 34HIPM 2 E B hhiE S A B HUE i W IE S BB
ErE b3S

3 2H TPV A8 75 RT3 3k 8 T8 s P ) B il
WEfa 50 . P4l (8.1+0.9) min, P4l (9.7«
1.3) min, P,ZHN (113+1.5) min, 3418 LA,
ZRAGIFEL (P<0.05), WLE 3,

167
144
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101 : 4.
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[ ] /min

N s N
U T T 1

o

P41 P41 P4
1) 5P AE, ERE%IFFEY (P<005); 2) 5P,4
ML, 2ERAI R (P<0.05)
B3 34IPMEE AR SABIHUER KN EHN R
FreEsafiEl b i
Fig.3 Comparison of the time required for one lung
ventilation to reach the predetermined intrapulmonary
pressure in three groups of IPM patients

2.2 4AHEEFHIEILCS LLE

T BF, 44185 LCSH AT 5 (B/ME, &K
) Fma9 K. c4l10 (0, 10) 4%, P46 (4,
7) 4y, PAH9 (7, 10) 43, PAL10 (8, 10) 4r. 5
PAltbE, cdl. P,ALA P4l LCS ¥ B Tt &
(P<0.05); P,AAFPALCS IR, ZRELI¥E
X (P>0.05), WK 4,
2.3 4tH%E#E Sp0,.Pa0,f1PaCO, Ltk

TET I, 4454 Sp0,. Pa0,. PaCo, HuAE, 2
SH G FE Y (P>0.05). fET,H, 5P 4l
B, P4LSpO,FEIE (P<0.05); 5 C4ltb#, P4,
P4 Pa0,JHim (P<0.05); 5P ZHILE, P4, P4
Pa0, &M% (P<0.05); H5P,4l#, P4l Pa0, %A%
(P<0.05), W2,
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cH P P P4l

TP A, ERAGIFEXL (P<0.05)
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Fig.4 Comparison of lung collapse scores at T, time
point of four groups

*x2 4AEETEAE S SO, .Pa0,f1PaCO, ki
(x+s)
Table 2 Comparison of SpO,.Pa0,.PaCO, at different

time points of four groups (x+s)
ikl T, T,
CH(n=24)
Sp0,/% 99.6+0.2 98.9+1.9
Pa0,/mmHg 485.7+34.0 129.7+43.2
PaCO,/mmHg 39.4+4.3 36.53.9
P4 (n=16)
Sp0,/% 99.9x0.3 99.8+0.3
Pa0,/mmHg 500.5+36.6 242.3+76.5"
PaCO,/mmHg 36.8+3.9 35.6+4.8
P4l (n=22)
Sp0,/% 99.9:0.2 98.6+2.5
Pa0,/mmHg 493.5+41.2 157.0+56.1"%
PaCO,/mmHg 37.8+5.0 36.8+4.5
P4 (n=21)
Sp0,/% 100.0+0.0 97.2+3.4”
Pa0,/mmHg 486.3+42.8 131.2+75.0”%
PaCO,/mmHg 39.5+4.0 36.8+4.1

e 1) SCdi, 2RA5IHFEX (P<0.05); 2) 5P,
B, ZRAGIEREL (P<0.05); 3) 5P 4, 2594
it L (P<0.05)

2.4 AEBEMBEINNFLE

TE T, )T B, 4413 SBP, DBP Fll HR 41 [H]
i, ZRBIEGEIFEL (P>0.05); 5T,
B, 440 T I SBP, DBPHIHRIYFEME (P<0.05),
W23,
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(x+s)

Table 3 Comparison of hemodynamic indexes of four

groups at different time points  (x +s)
bl T, T,
C#H(n=24)
SBP/mmHg 138.7 + 16.4 117.4 +20.5"
DBP/mmHg 77.0 £11.5 64.8+13.9°
HR/(¥/min) 79.5+9.5 70.3 + 10.0°
P 41(n=16)
SBP/mmHg 144.6 £ 159 119.2 £21.9
DBP/mmHg 82.1+13.8 69.3+17.5"
HR/({K/min) 854115 67.3 +8.3
P4 (n=22)
SBP/mmHg 131.1 £ 15.6 115.1 +13.2°
DBP/mmHg 70.0 +13.4 61.3£10.1°
HR/(¥/min) 82.0+10.5 66.7 + 8.0"
P41 (n=21)
SBP/mmHg 137.5+16.2 110.7  14.57
DBP/mmHg 71.0+9.2 63.5+13.4"
HR/({K/min) 80.7 = 8.4 73.3+11.8

TE 15 T, A, 22 AT e 248 (P < 0.05)

3 it

it P RS Bt N A e T, T e B s A R AR £
HE—ZRINEI I AT A FEFRARET, #F
WS 57 IR SRR, FERfT NS 1 22 18R 3 T
W A28 ST I PSS . 7 4 B BRI AU [1] B I
JEIEAIAE], WA R AN, PR RS
JEf, BRI N b e i WA Il P Heade it
TR, BEIFECRMINEREEE , e R H A
BRI SCREET BN T35 A W T H %
PIRIPREE, il 32 PGS S sE N, 223
B 2= FA R s, R, ARBFAL R TT T
DA AV

AR5 5T R HE , RIJCRE Iz 5l , B
B BB AT AN REHE D — kB AP IRAR S . B
S R [ X A E TR - Tt N (1R N[ AL
WCRR A RE T RS PE AN 7 2 TR R, 48U
YRHELE R 15 ~ 20 mL/mmHg, Jiti =6 40 ML 45 1L 37 38 i il
HRIEFEIR 0.75 s, 0 H1H 0T AR B I ) 2557

0.30 s Mty A Ay U R R ol vt 25 4, i
FEOMNI AR I e R AU/, WS £ 20 T
K, TR A B A e DI SR A 5 R TE H i I
AW, BEEFRAER SRV G R S G HE
EARURBE R, FIEA A, WA i id
W

¥ e T il 25 B A R A R e, Bl N R ) AR Ak
A A, WRIEET RIS R, EH
L5E Bl N R 7 48 A6 1Y 3 A By B AR A E B A L
-5 ~ 5mmHg, -15~-6 mmHg, <-15mmHg, [ i
il P9 T B AT ) A 2l kA o Bl 22 Bt R A
BT P T B, il N 7 AR B T L B T g i
IZERAMRREE . AP R, 5P i, Pa4lfPp,
HLCSYIH BT S5P,d4ltbis, P4l 1LCS o2
5, JF HMALUBRFIGZE AR RAE, $2RtiN
JEAE-5 mmHg LA R BB BLEE, AT LIS E] 47 i T K mg
T2 SR, L0 AT PR T L A A o e T4 F e i
JifiZE B R E

ARG AR, BIREG CHLLE, PAHMIP4ILCS
¥R, H5P,AMP AR, CHATHHI
BILCS H O, BIiE A2, FE%E
Jp: BHERERRIENAR, SEOREPEA
BIEEMIGN o (B —FErY, ZOEF M IH SR
BT TIOR8 . TEFBRN ] PTLCT B,
FEARRECRUE T BB IR ZE b n A Rk, e )T
i B FCE Trocar, 5 &AM 2545 . AW,
P4, PR 2 A 1k B I B2 SR A M N g B i
bk, HIFEREZ RS —FhnTaeeS C 4R ZE M
R A, 3t b AR AR AN R I A A S
e, BEMTSZ NGRS IS 1 AT LA ke
SR KA s 51— R AT e R PRI Z /T A5
LM, MiNERS: PO L2 R, Hil,
AR IPM RS | FiE 0, AT AR T RO
A HERGETAL, AR FARF o B R, HR
FEAS S ST AL B

P A A A AR AR S E AR LY,
RARAE 3% ~ 28% Z 0], AR R, TET B,
P 41 PaO, = P41, TP, 4lm T CalmPp4l, JF
H CAURPA PaO, RIS EE L. BH NN, 1
S AR 25 5 B A 1 D RT s PR s AR g B i 5
AN T S, Bl TR AT SEE R R I, il
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VIR oy P4 <P, <CH <P, MERY
PaO, 18 b H A — 5, AR EE I, PaO, 1y
RS PEBE SpO, AN R FE S M R B, ARWFSE o, 7E
T B, 5P ALK, P4 Spo, Mk (P<0.05), 7
Ah, P 1R R H PR SpO, < 90% Mg SR, $R
TE < 15 mmHg fili P S BER, A7 78 0 & A SEURLE Y
ArREN,

25 FRTIR, IPMBES PTLCT AJ L3k 6o i 45 2 43
135 FE-15 ~ -6 mmHg fili P9 & ) Be st dk g, BE T Dhak
B B 00 T 1o w22 B AROR i ] DR R R 4P
Sp0,, WEAVE R M SRR AL
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