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Hemodynamics and cerebral oxygen metabolism in patients undergoing
non-intubated video-assisted thoracic surgery
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Abstract Objective To explore the effects of preserved voluntary breathing non-intubated video-assisted thoracic surgery (NIVATS)
on hemodynamics and cerebral oxygen metabolism in patients. Methods From May 2020 to September 2021, 120 patients undergoing
elective thoracoscopic radical resection of lung cancer or lung wedge resection, aged 33-67 years, American Society of Anesthesiologists
grades [ — Il ,were selected and randomly divided into the NIVATS group (with laryngeal mask ventilation for preserving spontaneous
respiration) and the IVATS group (with intraoperative one-lung ventilation with double-lumen tracheal intubation),with 60 patients in
each group. The cardiac output (CO), stroke volume variation (SVV), heart rate variation (HRV), oxygen saturation (SpQ,), arterial partial
pressure of oxygen (Pa0,),and partial pressure of carbon dioxide (PaCO,) were recorded,and the jugular venous oxygen content (CjvO,)
was monitored to calculate the arterio-jugular venous oxygen content difference (Da-jv0,) and cerebral oxygen extraction ratio (CERO,) at
five time points. These points were before anesthesia induction (T,),immediately after intubation (laryngeal mask,T,),30 min (T,) and 60
min (T,) after the start of surgery (one-lung ventilation),and 15 min (T,) after extubation (laryngeal mask). Results No statistically sig-
nificant differences were observed in the scores for satisfaction with anesthesia and the surgical field , duration of anesthesia, or duration of
surgery between the two groups (P > 0.05 for all). In addition, no statistically significant differences were observed in intraoperative blood
loss, intraoperative colloid fluid usage, crystalloid fluid usage ,and the number of lymph nodes dissected (P > 0.05 for all). Compared with
the IVATS group, CO was significantly higher and SVV was significantly lower (P < 0.05) at T;, T,,and Tin the NIVATS group. The diffe-
rence in HRV between the two groups at each time point was significant (P < 0.05). The Pa0, and Cjv0, in the two groups at T, and T,
were significantly different (P < 0.05). Da-jv0, and CERO, were significantly higher in the NIVATS group than in the IVATS group at T,,
T;,and T, (all P < 0.05). In addition, the PaCO, was significantly higher in the NIVATS group than in the IVATS group at T,,T,,and T,
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(all P < 0.05). Conclusion Compared with one-lung ventilation during double-lumen endotracheal intubation , the intraoperative hemo-

dynamic indicators (CO,SVV,and HRV) of patients under NIVATS who maintained spontaneous breathing tended to be more stable,

whereas the cerebral oxygen metabolism indicators (Da-jvO, and CERO,) remained at a higher level. This may exhibit a positive effect on

the recovery of cognitive function after thoracoscopic surgery.

Keywords non-intubated video-assisted thoracic surgery; hemodynamics; cerebral oxygen metabolism

19504FBJORKAS: 1 YKy WU U 4 B 3t
X (one-lung ventilation, OLV ) [ ifi & 25 £ A 0¥ FH T
W bR, B SRS A e SRR A 2
Iz AR TN HESE TR (video-assisted thoracie
surgery , VATS) VS /& & S8R, VEAE AR SR 5E
FEH AU S R EYVATS (intubated video-as-
sisted thoracic surgery, IVATS) T ARIELIE B H 2 4
NFARIEME R AR A I, B B8 i sh )
e bR H H & (cardiac output, CO) FLCAE$8 £ f%
1% o0y # AR 5K (heart rate variation, HRV) 2R3 5
SERI L Bl Horp R FPOLVANRRS2 5 R38R 53K
COMLL IS . 25 A, =l A A 5 LS [l
O LD, 2 i i 2H U, S Bl k-3
PN K I 48 5 5 22 (arterio-jugular venous oxygen con-
tent difference , Da-jvO,) i AR HUH (cerebral oxygen
extraction ratio, CERO,) %5 i E A5 5 45 A, B =
ST M A R SRR A R R RS K
) 1) E RN Sk

20044EPOMPEOSE ™ B YR HRIE T IR FR 1 2091
A BRI L) 58 OV ATS I RIE VIBR AR O B8 B
I W2 4 475 457 JR B A VATS (non-intubated video-assisted
thoracic surgery, NIVATS) J& ¥§ K i fifi HH AN =7 A<
I T8 R, R OR B R A IR A [R] I S
R ORR TR At B Jmy P A (i) DX Aml L # 1 JRR T g 1 A 7
VATSIZ R 7 2R AN A8 30 2800 i 22 R
o Y, A RS T AU A R ThOLV Y w8 <l
Fe o HRGCTAARE IRI VA TSR35 1ML it 3h 12 K
i SIS W) O AT S B A 0 AT AR TR B A
= P AR A PR P XV ATS SR 3 L9 3 7 2 J% IR 4R
PRI o 51 b i AR TP LR B0 )~ S 5
R AR S, AR AR T T2 AR o 1L
SERY R SIS

1 HE5H®
L1 PRRR RS

AR R BE20204F5 H 2220214E9 H £EHATTVATS
(/355 il e AR I AR B DT BR A #14 fils feh 9 i
R Wik PR R o 2 AR T (1) £ 000 6 s G 7™ ol 32 5
(2) 3= [E PR 2= i Bp 25 (American Society of Anesthe-
siologists, ASA) 1 ~1l 9%, (3) Jow] #i it Y I XfE <
B, Mallampatif; 2% 1 ~11 9%, 1K & 8 £X (body mass
index, BMI) <25 kg/m”;(4) ik ifiL < 53 7 5 Bk fin 4
77 % (partial pressure of oxygen, Pa0,) =60 mmHg, —.
A AR R (partial pressure of carbon dioxide, PaCO,)
<50 mmHg. HEBRFRE (1) A IF =50 il ik S g
PR 5 (2) IR L AE>6 el H L Y R o IR H BR o -
(1) B TOEAR A DU 30U S48 e 585 (2)
FEOLV ok M B85 A H B0 1L 48070 1R (oxygen satu-
ration, Sp0,) 80 % ~85 % , Vi 4% T4 (M E) {37 ¥ Jo el
5(3) AR AR L >600 mLBEA Hh il 439 1
2145 A (hemoglobin, Hb) <70 /L. ASHFFE RIS T4
iR = B (e B 22 53 St ofE (20200459), Bir /B # 2%
FAE RS NIVATSAL R B R it TAE 46
EVATS, HBRARAT A 3 AU e 0 XU o ) i
RIS S : ChiCTR2000038041

S g A13081, 4F i433~674 | o 2 {5 T M
i Js ) R 3 S AR 3 T TR T U
AR R SR A T I TR, JEHERR 10451, £ 24120
11 AABIE T SR I BEHLEC 7 e 0ok B ¥ 00
NIVATSZ (n = 60) FIIVATSA (n = 60) . 241 &4
i PES BMILASAZF & TR I X AF 85 LT 58
225 (P> 0.05), WK1 .

1.2 AT IE

SR ARATAEE8 h AR IR2 ho A BRI 5 % 0T
JCHFIDKE B, () B4 7 S50 w5 IDK 2 R O 05 B A o
B8 7R T g i 00 5 P VK 0T 4R B (jugular venous
oxygen content, GjvO,) S5F5 R, A TR 2 HHL-F-15 3l ik
J (mean artery pressure, MAP) > (heart rate, HR) /L HE
[ (electrocardiogram, ECG)., fixi FL XU A% 48 %% (bispec-
tral index, BIS) . SpO, WK — 4 {k % 53 & (end-tidal



SEI2M] ER AR R PRI s TR O R I Bl 2 B A e A

< 1113 -

carbon dioxide pressure, PETCO,) 25 W, 2 #F 5% T
AR H [R]— 2 M SR B A 5 1, SRR F (] — 44 e A ¢
PRI = I 52 18

1.2.1  NIVATSZ : # ik 5 55 18 1% & 28 ik 1 59 W
(0.01 mg/kg, AR I3 FERR I 25 B0 A BR A WD), BRI
ViR FHER R AT B 1Sl LD VL9008

S 25 Ml A FRA B T fT 50.5~1 werkg) 10 minfif ik 52
T, SR )5 kO 2 %2 7 (target controlled infusion,
TCD PITHT (£33 R , BT 3TA) BRE 2 7 5 1 5 ¥ v i
1~2 pg/mL) Fi 25 K8 (i3 HHE0.5~1 ng/mlL), 1§
I B 5 56991 2k ELBIS{E <50, B A K I 1S iy i 521
NIVATSHH B H I ALY

#1 NIVATSAFMIVATSAIGRIEIRELER
Tab.1 Comparison of clinical data between NIVATS and IVATS groups

Item NIVATS group (n = 60) IVATS group (n = 60) Xl P
Male/female 36/24 42/18 1.32 0.25
Age (year) 54.12 +6.39 51.83+£7.65 1.78 0.71
History of cerebrovascular disease (yes/no) 2/58 0.21 1.00
Ejection fraction (%) 61.23 +4.51 60.47 +5.12 0.86 0.87
BMI (kg/m®) 20.17 +1.82 23.64 £2.54 -8.46 0.17
Surgical site (left/right) 26/34 26/34 0 1.00
Radical resection of lung cancer/lung wedge resection 48/12 51/9 0.52 0.47
ASACT/TD) 24 /36 29 /31 0.86 0.36
Tumor diameter (mm) 13.19+2.32 11.63 £2.54 3.47 0.73
Hb (g/dL) 125.40 + 14.22 117.56 £ 14.13 3.03 0.43

1.2.2 IVATSHL : RHTKIE T # KT ST IR 5K
FHMIE IR ET 5 K1 S (0.2~0.4 pg/kg, HLE AAE
2l A BRTTEAFD, 2R AT 4T E (0.5~1 pg/ke)
10 min#f kA, TCINTAE 23 K¢ , BEE RUHH
RIS 2 PRV A ST (0.7~0.9 me/kg, #TTTAl
T 25 e A BRAA T, SR J5 4 AHH I 28055 () U 52
ST LT 4 3RS RS T E 6, R AR
P 3 238 i LA 245 FURR R ERRT 24

22 SB A RR IR AR R34 2R FH DRI M (ol 2% 50 ok 2
1~2 pg/mL) . Fit 55 K JE (0.5~1.5 ng/mL) 15 g 47 35 FC
WK (0.7~1 pg-kg ' -h™) HIKTCIZE 4% 2 , 4 HFBISTE
10~452 18], NIVATSHL 835 MR IR BE i < S P
T 48 1 ] — 24 e A 8 IR I P2 Dok 4 48 B, W4
e B 100% (3~4 Limin) o AR 4l D) F 07 8241 8 %
8735 SBORH 7 U TR 47 i A 55+ 25 BEL ¥ (paravertebral
block,PVB), i A0.5%% Wk K [H15~20 mL. NIVATS
20 R FH19%M 2 DY) 10132 2 352 18 BRI, A TS0
Je M s B AL S i 3% T MG (0.5%% Uk R
3~5 mL) i il P 2k FIR A 28 BEL A (2981 2R [K3~5
mL) o F AR ] =2 hisf 7] 25 570.5% % WR < K 3 58 bk
PR, I FT 25120 em H,O B4 70 B8 fip < 18

fiti
1.3 KadEbR

TC SRR S AT (Ty), 18778 (M 58) B2 (T), T
AFFE (OLV) JF30 min (T,) 60 min (T,), K5 (15
J5i 15 min (T,) £ I} ] 55 B CO | B4 28 57 8 (stroke
volume variation, SVV) HRV SpO, ; [F] 2 5% 5 51 A
Jok Bk i KB 2l ik LA M PaO, \ PaCO,, 5 Cjv0, |
Da-jv0,,CERO,. 3li[Jk %8 7 & (arterial oxygen content,
Ca0,)=Hb x 1.36 x Sp0,+0.003 1 x Pa0,; CjvO,=Hb x
1.36 x SN F KA A (jugular venous oxygen satu-
ration, Sjv0,) +0.003 1 x £ P # ik %A 53 i (partial pre-
ssure of jugular venous oxygen, Pjv0,) ; Da-jv0,=Ca0,—
Cjv0,; CERO,=(Ca0,-Cjv0,) + Ca0, x 100%

A et BHR<4SK /min, #8 k4 19 B 46 5
0.3~0.5 mg; MAP <55 mmHg, & [k 5 14 2 H B L iR
FIFA0 2 i AR B R 358 S o
A, TR B 88 06 75 200, I o 25 0, T AR AL
e 5 R A2 0 T AR, T P TR 1
o3 Wit Z2 B AN 58 4 HA2 i T R34, = 200 i 48 i
i B 4 2 2 D58 T ARRAE 5 00, RT3 3R AN
W, JCIESE T A R S V00« 100, BRI 5
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IR B, T ORSR A RGO R, i Bl )2
PRIFARXTRRAE 5 247, IR R 5638 , B AN 42, LS X
75 P BN FH #8254, it 3 s 12445 0k 8h (B
T TS0 5 357 BRIEAN 78 38, U AN AR 22
ol N R ) I3l IV 01 L 7/ ) = /K B
TR 45, T BB IR XA BEE T A .
1.4 GEit2aahr

K HISPSS 26,09 /i AT 4E 110 #r , IR IE 243
TR FORER Fx + s 38R, 241 FLBER FH A ST FEAR
RS 56 , 2H T] AN [ B i) L 5 R FH 2 0 o 22 90 5
THECRORER 2R (%) Foos, 4] H AR xR .

P<0.05EF A5 245E L.
2 SR

2.1 24H FEE IR R ARl A T o B G
FARIGIR LA

S50 R 24 FE R R T R B
JEVEor e 25 RG24 L (3P > 0.05) 5241k
S HSF [E) T A s [, AR v 20 o o S AR o A
HOREEE R RS R 2ER G EE LY
P>0.05), W52,
2.2 24 AR IR BN 1A A

£2 NIVATSEFMIVATSAR frt8 X HEFRHI L5
Tab.2 Comparison of intraoperatively related indicators between NIVATS and IVATS groups

Item NIVATS group (n = 60) IVATS group (n = 60) X It P

Anesthesia satisfaction score [n (%) ] 0 1.00

1 58(96.67) 58(96.67)

2 2(3.33) 2(3.33)
Surgical field satisfaction score [n(%)] 0.29 0.59

3 53(88.33) 51(85.00)

2 7(11.67) 9(15.00)
Duration of anesthesia (min) 180.03 +38.45 168.55 +40.29 1.60 0.11
Duration of surgery (min) 145.88 +40.41 148.08 + 36.72 -0.31 0.58
Blood loss [n (%) ] 2.84 0.09

>100 mL 46 (76.67) 53(88.33)

<100 mL 14(23.33) 7(11.67)
Dosage of colloid (mL) 237.67 +33.12 243.25 +27.35 -1.01 0.21
Dosage of crystal (mL) 746.17 +91.82 751.00 +47.20 -0.36 0.59
Urine volume (mL) 235.58 +73.58 249.67 + 67.52 -1.09 0.32
Lymph node dissection 1043 £2.21 11.17 £ 1.75 -2.06 0.14

25 R BoR, SIVATSH [ 3, NIVATSAT, | T,
T,HFCO . PaCO, B i34 55 (BP < 0.05), SVVH] i FEA%
(YJP < 0.05) ;NIVATSZT, . T, . T, T, HRV B i %
i (F9P <0.05), W3 3.

2.3 241 IR bR HU AR

gh BN, HIVATSA] F 48, NIVATSAT, | T;if
PaO,H B 57, CivO, I S FEAIL (3P < 0.05) . HIVATS
20 H B NIVATSZH AR H1Da-jvO,7ET, Ty T, A B 5 FF
i (P <0.05), RHCEROLIET, T, B T (BP <
0.05), W.5%4.

3 itig

H T WA BRI G e L K3 A N R R A
TE, BT ) 25 9 8 AN AL T A 18y Ja S P g 14 5 57 O

R RS SRR EEG T
R & JRBIVATS, (HAL G 10 WU S AR OLV I R
5 FI AT KBS B SR OLV— LIk
HBIEVATSHY 1% G2 BRI 7 2, (HOLV 23 X 0 1 7= A5
Pl o O 1) B R R WA [ 1 = N D 2 s
SR AR IR AR S ¢ . TASKING " % #1
FEOL VA (1], £8 35 (14 1o 420160 1 I 28 B IR, TANG
A5 XE20BOLV H 5 HEAT il 01 W, %% BL70%
£8 3 IR 4 0 B IS T A 980% . TOBIASEE ™
W5 75 2% W g # BT ROLVE 18175 9% H 3% iR 4810
HIE T W 120 % o il 2 20 B AT 5 AR 6] ffe o ke
BTN B2 P 2 A A L, 45 D BT 5 A 1 2 4 1R 2
SUBR N Gl B, 349 5 2 A I R A 1 e R 4k 1 ik
T REASI07 , DI 52 M g S AR AR B 0 . CjvO,.
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Ca-jvO, FICEROJZ P Fisi S804 il 0 8 FHAE A, CivO,
ST 4 i 1 SR HE RS PR A Da-jvO, FICER O,
Bk e S i 2EL L3 ARG B AR e L B I ek
A, Cjv0,5Da-jv0, .CERO, 5 ik 56, CjvO,F%
I AIDa-jv0, .CERO SR 1 5 4 ) i 42 F- 4k
A, RZ IR o 50PN Ik R 2 25 A e S G o
JE O AN K L A 2D B AT, SR B LG A i AR S

Cjv0,, B A Da-jv0,i 15 CERO, AT Jiz W fii S8 A 514
BB Fe B AR S A B Tk 35 VATS
FEOLV ] (4 1fiL 378 ) 1 2= Fk 2 U4 5 S, IR B
H SERFIZ AUNIVATSYE R —Fp g v <A, LA A
FIFACER TGRS DTS TOLV . H
& FNIVATS X I 3 8 3 27 0 S0 3 0 f0F 5 fif
AR

&3 NIVATSAFMIVATSHEAR R MG S FSHH LR
Tab.3 Comparison of intraoperatively hemodynamic parameters between NIVATS and IVATS groups

Item T, T, T, T, T,

CO (L/min)

NIVATS group 4.34+0.78 6.87 £2.45" 5.05 £0.94" 4.96+1.05" 5.01 +0.85

IVATS group 4.89+1.03 479 £ 1.14 3.93+0.86 3.16£1.22 532+ 1.46
SVV (%)

NIVATS group 7.68 +2.49 5.71+£2.37" 6.92 +1.74" 4.12+3.20" 5.07 £ 1.50

IVATS group 8.43+3.13 12.64 + 4.28 9.45 £3.07 7.55£2.78 474 +2.48
HRV (%)

NIVATS group 3.45+0.98 437+1.02" 3.37£0.94" 421 +3.94" 530 £2.53"

IVATS group 4.02+0.43 13.88 +2.94 6.27 +1.02 5.09 £0.98 8.74 +3.62
Sp0, (%)

NIVATS group 97.14 + 0.24 99.13 = 0.01 97.05  0.25 96.13  0.38 99.43 + 0.01

IVATS group 96.90 = 0.63 98.93 = 0.02 96.00 = 0.13 95.04 + 0.29 99.23 +0.01
PaCO, (mmHg)

NIVATS group 37.46+6.28 51.72+9.09" 61.30 +8.29" 55.69 + 6.23" 52.57 +4.28

IVATS group 38.25+4.71 40.14 + 5.58 38.45 + 4.24 35.67 + 6.04 55.67 +3.19

1) P < 0.05 vs. IVATS group.

4 NIVATSEAMIVATSHR S R SHER EL
Tab.4 Comparison of cerebral oxygen metabolism indicators between NIVATS and IVATS groups

Ttem T, T, T, T, T,

Pa0, (mmHg)

NIVATS group 92.84 +7.20 378.22 +43.44 128.13 + 16.28" 148.81 + 38.79" 284.27 + 40.56

IVATS group 100.57 + 14.75 384.61 +22.38 89.39 + 13.84 102.03 +27.51 271.49 + 34.26
Cjv0, (%)

NIVATS group 70.34 + 8.46 76.27 +5.65 71.25+6.10" 69.36 = 4.42" 80.56 + 6.31

IVATS group 71.01 £5.72 74.40 +7.03 79.41 +3.81 81.03+7.39 78.77 + 8.41
Da-jv0, (mL/dL)

NIVATS group 57.46 £ 6.17 69.25 +7.39 81.37 +10.37" 79.27 + 6.38" 87.36 +7.76"

IVATS group 57.20 + 5.64 67.61 +4.44 70.67 + 4.49 69.58 +5.37 70.48 + 4.29
CERO, (%)

NIVATS group 29.08 +3.07 37.39 + 6.20 46.68 +4.47" 4739 +7.01" 3240 +6.11

IVATS group 27.92+2.34 35.55 +5.81 40.46 + 6.53 39.72+5.92 30.16 +3.59

1) P < 0.05 vs. IVATS group.
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A 5T 45 R R W, 240 f 35 Cjv0, .CEROLTET, |
T,0F B Gi 325 22 5 NIVATSA 5 2 Da-jvO,7ET, |
Ty T, B i 388 5, CEROLZET, T, B 8 v, i
NIVATSZH £ 75 fiki 2H 2X0] 480 ) £6 SRR P 354 Bk
FHAEFARGE R (T,) W5 XUHE S , NIVATSALE #
[ Da-jvO, L i TIVATSZ . LLAE A GBS 32 W g
AR AZ AR IS PaCO, il I 3 1t ALK 7 B 4 46
LR, EASTWOODZ: " B 57 5 O Ik B
122N RIA LA £ 35 19 CER O,V 8 25 T 1F % B 2 1L
BB, R R R IAE 5 CEROL T iy S IEAHC
VRANKENZE 75 5 30T AR % ot 2 90w B 1
IMAE £ 1 CERO PR FFE B 7K - o ARS8 HINIVATS
ZHPaCO,L7ET, . T4 B i 5 TIVATSA , H. 5 Da-jv0, .
CERO BRI, 5 FiRBFoT 45 R — 80 bR LA
52 Da-jv0, ,CERO, T I HILHI M ANTE 2E , /3 M B A
AR R BB LA fof A R A ot 3
SR AR OARTIRG R BR, TET 24 PaCo,
A UL B 22 SR AE LT, 2240 Da-jv0, .CERO, IR A& UL i
22 0], 1 — 20U W R ke TR I %o Ak R R 7 5
i) o AR TR 45 2 R, AR % Hb HUA B B A G 55 1
Fr22H R WL 22 5, i — 2P IEINIVATS 4 Da-
ivO, .CERO, T} 5 5 CO, 35 BT B 155 e R I I A7 F
—ERH

WA, g S T A JRR A DG ] 8503 £ 455 B2 U5
P 1 P A\ B Sl R L3 20 3 25 0 5 i A O
WRgE ™ SR, B R £ 5 A R A 7, I A
X B, AT O R B4 S B AR 53 ab, E A R
R A v S A4 B, T AR SR L AR 5 TR I
SiE , 7] S5 1l P9 %) 00 97 8 2 A, R 3 8h 7 7= A
— T WS LR ARG AR T AR SR P Al
MW RGEM A E 2R AL T R
B E A SRR 25 W0 AR TR #2208 55 D e 2 21
AR o0 R B I IR T R R B i 2 AR ek
A5 YN B A IR S [ E2CO SVV (HRVAE IfiL
i RSIDALE =S =2 AN] LU e e b Y o I 1K
R FE &R AW ST 4E R R, NIVATSS]
8 FCO.SVV HRVTET, T, T} 45 JE fify {8 oK U W]
AR Ak, MIVATSZHCO .SVV . HRVAET, . Ty T, 45
FEAE FINIVATSZH ¥ 3% 20 ] 4k 43 7 J5t R v g 2
NIVATSE £ 35 3k O 1 A8 4 45 0 < E By s 2R
DA e A v By DX 3l BEL ¥ JRR e 20 1 TR B I

I o 73 A1, NIVATSZH £ # AR 1 CO SVV  HRVAE IliL I
Bl 5B S INTAR , RV 7R RRIVRFS S 30 A A8 1)
2 UL B 8 30 By o A B 5 P 221 SR A BISFEAE — E 25
5 AR APRREAE40~601) 1E 5 BRI IR B T, F il 37 )
JieEta b BT EepE, PRIIERA T NIV ATSTE I3 2
F1F 7 L

NIVATSA H 75 %GR T OLV AN 26 B/ N
S IGE AN A F PR S Y = B R UAE ,
Da-jv0, .CERO, - AR AE 85 5 K A R TR st
BE ARG INN T RE AR o [R5 470 8 R I G
T HURGE S5 R AR B, R i A i, iR
CO.SVV HRVZAE ML 3l ) 5 F8 b 4E R A XA R
T O S EA R F LA

25 LTk, 5 AR S AR ThOLVELER, {7
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