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FEE] 86 SRR E KB IEERTE EFIT 2R S AR 2R T AT YIRS 4 5 R0 SN il Y 433
KBRS, ek B 2017 4F 1 A E 2018 4F 12 AR EZEE K (55 =2EE K 6 ERRRARMT#
HARFOIRR A 0 S A 25 G AR R 72 ], SEEURBEE T2 (ASA) 439k T4, SR A BEALEC T 750 &
HONWLL: XA (n=36) , REFYFEHZAFEMAE (2~3 L/min) WA 8 h; B4l (n=36) , &8F
LR (2~3 L/min ) W4 48 ho FRREERT. REE. RJ5 8 he ARJ5 24 h, RJF 48 h. ARJF 72 h Sl Z&Hesh ik
BBk 2 EA 7 1AM, MBSk 5 . (PaO,) | Ml <-sh ki %05 25 [ (A-a) DO, 284k, [R]EH
FEor D 20 8 35 AP A IR A FE R F o (TNF-a) | SMEIMAEZHE (LPS) | PELAR—4%A LA S & (FeNO) 48
fb; FARJE 48 h S ME M C-R M (CRP) . 48, dhi g bh il 30 54 i3 AR s skt & e
RAFAUEBER T HAR . #-%F  WALREEAREFASS 8 h B PaO, Hm FIRKEEHT, (A-a) DO, BIK TR AT

(P #J<0.05) ; IR AARSS 24 h F1 48 h Bl PaO, ¥ FREEERT, (A-a) DO, BIMLFRREERT (P $4<C0.05) ; XL
TEARJT 24 h F1 48 h Bl PaO, SR TRENERT, (A-a) DO, B TREIERT (P $9<<0.05) ; RJ5 24 h F1 48 h B, 1456
4H PaO, B TXTIR4A, (A-a) DO, HYETXIRLA (P $4<0.05) . IIGHIEAR)S 8 h, 24 h, 48 h WF AN I LPS., #hH
1. TNF-o Fl FeNO BI{ILTRREEHT (P $4<<0.05) , MR ARG 24 h, 48 h BN M LPS. M TNF-a 1 FeNO )
R FIRIEERT (P ¥<<0.05) 5 RJ5 24 h Fl 48 h {5, iREGHANE M LPS ., #ME M TNF-o Fil FeNO H{IE FXFHEAL (P ¥<
0.05) o RJF 48 h B, IRHZH AE R WiFeHr CRP. FIAIMETTEL. AHkigui L @Ak Fx IR (P #<<0.05) o it
IS ARG BRI RAE & A (1/36) IRFXIIRLL (6/36) , AEBEATE] [ (5.242.3) d] EFXIR4L [ (7.843.2) d], 2
SAGEE Y (P1<0.05) . %4 RIEEKWEARRE 48 h fEA BRI IZE SR F IR RAR G 25
RAESNL, WA, BRI RAE R &L, FITRHERGIKE .
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Effect of prolonged low-flow nasal cannula oxygen inhalation time on recovery after hepatectomy in
hepatocarcinoma patients with hepatopulmonary syndrome

HAN Yi, LI Yu-jie, CHEN Lin, BAI Xue-hong, LU Kai-zhi, YI Bin"
Department of Battle Field Surgery Anesthesia, Southwest Hospital, Army Medical University (Third Military Medical University),
Chonggqing 400038, China

[Abstract] Objective To explore the effect of prolonged low-flow oxygen inhalation time through nasal cannula
on systemic inflammatory response, intrapulmonary shunt and prognosis after hepatectomy under general anesthesia in
hepatocarcinoma patients with hepatopulmonary syndrome. Methods Seventy-two patients of hepatocarcinoma with
hepatopulmonary syndrome, who underwent hepatectomy in Anesthesia Department of Southwest Hospital of Army Medical
University (Third Military Medical University) from Jan. 2017 to Dec. 2018, were enrolled in this study. Their American
Society of Anesthesiologists (ASA) grades were classified as grade II or Ill. All patients were randomized into control group
(n=36) and research group (#n=36). The patients in the control group inhaled low-flow oxygen (2-3 L/min) through nasal
cannula for 8 h after operation, and those in the research group for 48 h. Before anesthesia, and immediately, 8 h, 24 h, 48 h

and 72 h after operation, the radial artery blood gas analysis was conducted to record arterial partial pressure of oxygen
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(Pa0,) and alveolar-arterial oxygen pressure difference ([A-a]DO,). At each time point, tumor necrosis factor a (TNF-o) and
lipopolysaccharide (LPS) in peripheral blood and fractional exhaled nitric oxide (FeNO) were measured as well. C-reactive
protein (CRP), white blood cell count and neutrophil proportion in peripheral blood were measured 48 h after operation. The
incidence of postoperative pulmonary complications and hospital stay were compared between the two groups. Results In
the two groups, the PaO, values were significantly higher immediately and 8 h after operation versus before anesthesia, and
the (A-a)DO, values were significantly lower (all P<<0.05). At 24 h and 48 h after operation, the PaO, values in the research
group were significantly higher than that before anesthesia, and the (A-a)DO, values were significantly lower than that before
anesthesia (all #<<0.05); while those in the control group showed the opposites (all <<0.05); and the PaO, values in the
research group were significantly higher than those in the control group, and (A-a)DO, values were significantly lower (all
P<0.05). The levels of LPS, TNF-o and FeNO in the research group 8, 24 and 48 h after operation were significantly lower
than those before anesthesia (all P<<0.05), while those in the control group 24 and 48 h after operation were significantly
higher than those before anesthesia (all <<0.05). The levels of LPS, TNF-a and FeNO in the research group were significantly
lower than those in the control group 24 and 48 h after operation (all P<<0.05). At 48 h after operation, CRP level, white blood
cell count and neutrophil proportion in the research group were significantly lower than those in the control group (all £<<0.05).
The incidence of postoperative pulmonary complications in the research group (1/36) was lower than that in the control
group (6/36), and the hospital stay ([5.242.3] d) was shorter than that in the control group ([7.8%3.2] d), and the differences
were statistically significant (both £<<0.05). Conclusion Prolonged oxygen inhalation time (48 h) can effectively alleviate

systemic inflammatory response, reduce intrapulmonary shunt and the incidence of pulmonary complications, thus facilitating

postoperative recovery after hepatectomy in patients of hepatocarcinoma with hepatopulmonary syndrome.

[Key words] hepatopulmonary syndrome; hepatectomy; prolonged oxygen inhalation; pulmonary complications
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fik Il %53 2 [alveolar-arterial oxygen pressure
difference, (A-a) DO,]=15 mmHg (>64 ZHY
ZHAN=20 mmHg, | mmHg=0.133 kPa) ;
(4) B ImAE S 5K, X LG HG w8 F sl e A R E,
S PN 0L 5 SR I BAT LS - okt A 40
H: ARJ5 8 h UM AL (R, n=36) FIRG
48 h i WA GRIR 4, n=36) . AWF5E LB
HERF R =HER) W ERE ARG 2
At (2017 BHIFES 35 %5 .

1.2 Rk BHANEE Sk E,
WL A BRI AR AT (pulse
oxygen saturation, SpO,) . HULFEHIKE (central
venous pressure, CVP) | PSR A bk &
( end-expiratory carbon dioxide partial pressure,
P::CO, ) K H AU 45 %1 ( bispectral index,
BIS) 45, SRHAUETRE Ik AE 545 BRI
RIS S . B IKTE SR 0.1 mg/kg. MK
Bl it % £ 0.2 mg/kg. PNIAMY 1.5 mg/kg. &F5F K
JE 0.5 png/kg. W ARHERIN 80%, 1475 RREFHL
SRR 6~8 mL/kg, PFIRATR N 10~
12/min. P;CO, & 30~40 mmHg. MK IEE
i< (positive end expiratory pressure, PEEP) 4
3~4 mmHg; FARZ RN, ¥ 5% 35 mmHg,
FF8E 30 so AHPREELESR: NIHB 2.5~3.5
mg/ (kgeh) , FHizFKJE 0.1~0.3 pg/ (kg*min) ,
(] T Ik 3 S MU o e 1 B R LA ot s 4
BIS i 40~60. AREEEHENTREE TR A #HIK A
1.3 FARF&x I RETFARINEY LS HIT
MEAPEVIBRA o E BCk m MR, 42 BRI e
HEEMTIN, 5842 aE TARUER, MR & iR
N AL, FEoE B TR B BB o RS
BHIWT, 255 I EDIBRFAOLAE AR BT T8 k73 S HIT
PRICEE BB . FH B IR B 0 S 52 o
BEPEVITE, JERTUIWTR NSk . Frk . IR L
S5, Feorikai, BHWOHYE, SR B iR E 3
VIkroebe . S5FLAHN TRRIK, IBRMR, 485G T
T, ks e, B E SR . R OCH R
JiE o ARJGT AR HBTAE R T I

L4 RBAEF* MNHAREARRLT 8h 1
SR (2~3 L/min) WA, RIGHHH

A A S R S CAE 2 48 he WA RIE =
BE ISR, FLLHZENR, IFuih &
HAFZNR, PRIFIEIIE R | .
1.5 MEFEAT S35 TRREEHT . R¥E . RJF 8 hy
ARJE 24 b RJF 48 hy RJF 72 h ZhEsh bk
B DK L AT 0o B R A, WL 2 AR B ik
1%/ H ( arterial partial pressure of oxygen,
Pa0,) . (A-a) DO, B4k, T4 W70 5l B
5 mL AR E Rk, SERPr i, BHAE T
—80 C PRAFTFIN . SR TR fo 2 Wi B ialer (a7
G R AT R TR T ) R AR o i
RIEH T o (tumor necrosis factor o, TNF-a) FJ &
i, HPIEZLHE (lipopolysaccharide, LPS ) & & il
FEAL (B45 EDS-99, dtat g lIBHE & A PR
A WS AN LPS i, 25 ik I iy
HAR—%F A& & (fractional exhaled nitric oxide,
FeNO) . [AHHIE ARG 48 h AM i C-S i
( C-reactive protein, CRP) . FH4HfLHECR 1k
LA L 5]
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(P>0.05) , W3 1. rfBEREE LTRSS
A, JCRR R A E ™ H I RE KA



o 1086 ¢ IR KR 2019 4F 10 H, 5540 %
®1 WARE—MBERLR T RREFAT . (A-a) DO, ¥ TRRIFRT (P <

Tab 1 Comparison of general conditions of patients

between two groups

N=36
Control Research
Index
group group
Male/female n 27/9 28/8
Age (year), xEs 48.76+15.82 49.58+14.35
BMI (kgem %), x*ts 23.52+2.16 23.99+2.82

ALT z5/(UsL ™ "), x5 175.78+18.26

147.83+18.69

183.55+19.92

AST zy/(UsL™ "), x £ 152.74420.89

TBil cy/(umoleL "), ¥+ 119.41+68.48 112.79+73.57
BUN c,/(mmole '), x+s 9.81+5.62 10.36+6.52
Cr cy/(umolsL "), ¥+ 161.98+80.27 152.73+75.68
Heart rate f/min ', X% 96.51£7.68  93.74+9.52
MAP p/mmHg, x£s 98.54+9.77 95.39410.58
CVP p/mmHg, x+s 7.96+1.97 8.11+2.06

Operation duration #/min, x*s 187.90+56.08 193.57+59.32

The patients in control group inhaled low-flow oxygen (2-3
L/min) for 8 h after operation, and the patients in research group
inhaled low-flow oxygen (2-3 L/min) for 48 h after operation.
BMI: Body mass index; ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase; TBil: Total bilirubin; BUN: Blood
urea nitrogen; Cr: Creatinine; MAP: Mean arterial pressure;
CVP: Central venous pressure. | mmHg=0.133 kPa

22 WEH PaO, ## (A-a) DO, i W% 2
AL, WL AEARSERIARSG 8 h B X PaO, #55
FIREERT, (A-a) DO, ¥ FMEERT (P ¥ <
0.05) ; IRIGLHLEARIT 24 h 1 48 h I} 5 PaO, 1
= TRREERT . (A-a) DO, ¥R TFRREERT (P #<
0.05) , XFELHYEARJT 24 h 1 48 h i} 5 PaO, 1

=2

0.05) ; ARJF 72 h FIALHFE PaO, Ml (A-a) DO, 5
SRR AH L 22 3 e 22 B L (P #>0.05)
ARJG 24 h Fl 48 h Bf 5, I PaO, #J5 TX R
4, (A-a) DO, HLTX A (P <0.05) ;
JBREERT . AER . RJG 8 hy ARJF 72 h A4, P4l
B PaO, fil (A-a) DO, ZR¥TLLITH#E S
(P#>0.05) .
2.3 WAEFIRMIEIRE FeNO ik HE
3 AL, IREGHAE RS 8 h, 24 h, 48 h IS AN M
LPS. #M&E Il TNF-a Fll FeNO ¥ TREEERT (P $4<
0.05) ; MMRAEASS 8 h W EAMNE L LPS. 4N ifi.
TNF-o 1 FeNO X FRREERT, AR 24 h, 48 h
Ifed Bk 3 R PRI S TRREE AT (P 1<<0.05) . R
J& 24 h il 48 h, i AME M LPS. #RAlIN TNF-o
Hl FeNO HJETXFHRZ (P 17<0.05) ; BREEAT, AL
KAJG 72 h, Mg EFE LR 3 Tifshnzs st
R (P ¥>0.05) . 7EARG 48 h Wed, (50 A
XTHEZH 28 5E I M H5FR CRP 43511 (102.53439.71)
M1 (146.33+32.85) mg/L, M40 34505 51 KM
(9.9143.96) Ml (13.65+4.52) X10°/L, FPEHi 40 i
el 535k 0.75640.098 Fil 0.856+0.104, ik 441
CRP. FI4HAETHEC. Ht b 20 it L 4 344105 X6 B 4
(P 4<0.05) .
2.4 TRILERH ARJS IR R AN DL BAE B AT 1)
seds I AR JE IR OT R R AR (1/36) IR T
XFARAL (6/36) , AEBERTTE] [(5.242.3) d] & FXF R4
[(7.843.2)d], ZRBAGEHHFE L (P 14<0.05) .

WEEELRFER S PaO, 1 (A-a) DO, HILLER

Tab 2 Comparison of PaO, and (A-a)DO, of patients at different time points between two groups

p/mmHg, n=36, x+s

Before Immediately 8 h after 24 h after 48 h after 72 h after
Index Group . . . . . .
anesthesia after operation operation operation operation operation
PaO, Research  68.39+545 101.644+1238" 93.514+9.76" 89.63+9.29" 87.53+8.62""  73.61+£7.45
Control 67.74+4.93 98.79+10.84" 93.24+9.11"  57.96+7.35  5629+7.17 69.78 +6.76
(A-a)DO,  Research ~ 27.574+523 18.14£4.59"  21.77£4.76"  22.56+3.91"" 21.77+5.19"  26.37+5.51
Control 25.95+4.69 17.36+5.13°  22.84+538"  39.89+6.98  41.58+731 27.81+4.94

The patients in control group inhaled low-flow oxygen (2-3 L/min) for 8 h after operation, and the patients in research group

inhaled low-flow oxygen (2-3 L/min) for 48 h after operation. PaO,: Arterial partial pressure of oxygen; (A-a)DO,: Alveolar-arterial

oxygen pressure difference. | mmHg=0.133 kPa. "P<0.05 vs before anesthesia in the same group; “P<0.05 vs control group at the

same time point
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Tab 3 Comparison of LPS and TNF-a in peripheral blood, and FeNO of patients at different time points

between two groups

n=36,x*ts
Before Immediately 8 h after 24 h after 48 h after 72 h after

Index Group . . . . . .
anesthesia  after operation operation operation operation operation
LPS py/(ngsL ") Research 4.6+2.7 4.1+37 34+2.1 33424 344217 45+23
Control 49435 42429 32425 7.1+33" 6.6+32" 49+2.7
TNF-0, cg/(umolsL™") Research ~ 45.4+7.2 423+6.7 28.5+5.0° 28344 269+34™ 439+6.1
Control 449+6.3 423+5.1 29.1+53° 58.2+54 55.6+6.2° 43.946.7
FeNO ¢/(X 1077 Research  15.844.3 144+3.6 98429 9.7+3.8™% 93433  148+4.1
Control 16.5+3.7 14.9+4.1 89432 18.3+3.8 19.74+5.2 15.6+43

The patients in control group inhaled low-flow oxygen (2-3 L/min) for 8 h after operation, and the patients in research group

inhaled low-flow oxygen (2-3 L/min) for 48 h after operation. LPS: Lipopolysaccharide; TNF-a: Tumor necrosis factor a; FeNO:

Fractional exhaled nitric oxide. "P<<0.05 vs before anesthesia in the same group; “P<<0.05 vs control group at the same time point

3 #
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FXTREZ, AME ML LPS, 4MEIL TNF-a 1 FeNO 1%
FXTRA (P #<<0.05) 5 RJ5 48 h, RIGULRAE
JZVFEFR CRP, MBI TEL . kit te 244

TR (P ¥9<<0.05) 5 BEAk, RIS A S Ml
JFEAE AR (1/36) IRTXRZ (6/36) , B
] [ (5.242.3) d] ATXHEAE [ (7.843.2) d],
LR WE G E L (P #<0.05) . FRgERE
HEAR A S R AR F W SR (] AT o PP A 2 B 11T
BERGERN AR, WD, B
J&ili LPS . A& TNF-o Fl FeNO, 2k 484E KU
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], XERE ARG A BRI E X

BOE £ K S 2 49 1 80 R I PR B Ak BIF 5T &5 SR
B, 4 B PR R E A NO 38 Jin 7 i Al 25 &
95 B DR R R A o B AR Y. NO &
—Fh MG, Al — S LR A
WL L-KE & A, 2 oy s 2
TR IR, IR S 4 (cyclic guanosine
monophosphate, ¢cGMP ) Ah, M & #H&FhAE
PR NO S PR ZE A fE L L A 52 o
ZIIMAEY 5K T W58 KBTIl 255 AE 5 R
M NO K-S, e T PRI 34
H SR IEH, IF K B IH 9 I 5k RS 4
WA IE — S A T 3900 3w fdi
il £ 5 AE £ 3 1 ARG S IR R A B 24 0E, A
S — A A A B > NO Az Bl T e it
CEAE R E ARAILAE ; 2B MiF5E R, NO
308 3 37 Al A 200 B 7 S T R PR AR = cGMP
K, SRR Sk, BN Sh-FE ke, 8
UM BRI, ek I 28 A A I
WO I R IN, WAaE Al pa AL 07 B m b LPS TH
JERENO A5 B ) R 2R . LPS il i
5 Toll B2 2 YRR TE MR R S N, i
3 TNF-a. FIANE la 55— 2GRN TR
ik, SEUM A N A A R A R Rk —
RRAH, FFARE 2 NO, HEii5] & i
MYk R IR LPS AL K& H S 8
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