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[HE] B PFEh 2 &0k Pk 78 A 28 #8 < (transnasal humidified rapid-insufflation ventilatory exchange,
THRIVE) B4 T 55 54 1# < (manually controlled jet ventilation, MCJIV ) £i JL 2 4 R fiti ¥ 7 B8 A o 19 8 R0 15 %
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WM G ik CRAS G ATIETE BEILY IR AR R ROR I, A 2024 4 1—6 H ORI 2~12 4 T 4
JBE R 47 Ji 10 FE Ve AR i S L, #2081 1 BEALZ L 2 THRIVE+MCITV 4 (2=40) Fll LMA 41 (n=40) . EELE R4 A
b IR 4 B2 44> JE (transcutaneous oxygen partial pressure, TcPO,) , K 2 45 J& 8 Fr £ 55 AR o ik # & i fn g
(peripheral oxygen saturation, SpO2) AR H1 28 f¢ — 4 4k fik 53 J& (transcutaneous carbon dioxide partial pressure, TcPCO,)
AR BT 5% 5 0 B T ORARAE rh BT A R ] BOF SORE K AR, 85 R THRIVE+MCIV 4 R LMA 24 8 JLAR th
TcPO, B ARAE [ (202.08 + 69.17) mmHg vs. (227.95 + 67.26) mmHg | FI A& F13E 2 SpO,(99.35% + 1.44% vs. 99.34%
+1.66%) 2% Y LG %E X . 5 LMA 4 l# , THRIVE+MCIV 4 # JL A # TcPCO Y I i 3 55 [ (70.3 +
12.66) mmHg vs. (60.18 £ 13.07) mmHg, P=0.000 7] , $& [ 38 < %% & 0 (8] B [ (4.74 £ 1.57) min vs. (5.83 % 1.68)
min, P=0.002 9], A B} 5 52 55 2 3 9 £ [ 4.83(5,5) vs. 4.53(4,5),P=0.034]. 20T REEMEPWR AJG B 82
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[ Abstract]
humidified rapid-insufflation ventilatory exchange (THRIVE) combined with manually controlled jet

Objective To evaluate the intraoperative ventilation efficacy and safety of transnasal
ventilation (MCJV) in pediatric patients undergoing bronchoalveolar lavage under general anesthesia, and
to verify non-inferiority to laryngeal mask airway (LMA) in maintaining adequate oxygenation, and to
compare surgical field visualization, as well as intraoperative and postoperative ventilation and gas
exchange parameters. Methods A single-center, prospective, randomized controlled non-inferiority trial
was conducted. Children aged 2-12 years scheduled for bronchoalveolar lavage under general anesthesia
from Jan to Jun 2024 were enrolled and randomly allocated at a 1: 1 ratio to either THRIVE+MCIJV group
(n=40) or LMA group (n=40). The primary outcome was the intraoperative lowest transcutaneous
oxygen partial pressure (TcPO,). Secondary outcomes included intraoperative average and the lowest
peripheral oxygen saturation (SpO,) , the average and peak of transcutaneous carbon dioxide partial
pressure (TcPCO,) , surgical field exposure satisfaction scores, the incidence of procedural interruption,
duration of the ventilation device removal, and rate of postoperative complications. Results The lowest
intraoperative TcPO, values were (202.08+69.17) mmHg in THRIVE+MCJV group and (227.95+
67.26) mmHg in the LMA group. There was no statistically significant difference between THRIVE+
MCJV group and LMA group in the mean intraoperative SpO, (99.35% + 1.44% wvs. 99.34% + 1.66% ).
Compared to the LMA group, the intraoperative peak TcPCO, was higher in the THRIVE+MCIJV group
[ (70.3+12.66) mmHg wvs. (60.18 + 13.07) mmHg, P=0.000 7], shorter duration to the removal of the
ventilation device [ (4.74%1.57) min vs. (5.83+1.68) min, P=0.002 9] , and superior surgical field
exposure satisfaction scores [4.83(5,5) vs. 4.53(4,5),P=0.034]. No significant differences were observed
in either procedural interruption incidence or postoperative complications (agitation, severe cough, nausea/
vomiting). Conclusion In pediatric bronchoalveolar lavage under general anesthesia, the combination of
THRIVE and MCJV demonstrated non-inferiority to LMA in maintaining intraoperative oxygenation. It
also improved surgical field visualization and enabled earlier extubation. Although associated with higher
TcPCO,, this approach may serve as a viable alternative to LMA ventilation when managed by
experienced anesthesiologists.
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P B MG R B . AERRE ARy 2~12 4 ; ASA
SR~ G ;% BT B RER TR, H
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THRIVE+MCIV 28 B Rl ER A 58 U, IF
TR KRR . 2 W MK 45 T BT 4E & 0.01 mg/kg .
M ZE K B 0.2 mg/kg, 5 N B 2~3 mg/kg (b 5 7%
AW RELSARAR) JFKRIE 2 pg/kg(H &
N AR TTAEA ) P PRI B 0.6 mg/kg (1%
Hameln Pharmaceuticals GmbH 72 7] ) #F 17 % &
R B, 4k DL SN B 4~6 mg- kg -h7'+ Fi 2F K JE
0.1 pg-kg ' -min™ FFZE AT, 4EHFRR R B, W] B T
FE N CER N 100% (6 L/min) , 5¢ Wl 45 A LA,
B ORI 1 MR B =>90 %, H TePCO,>>200 mmHg
(1 mmHg=0.133 kPa, F [d]) , i b5 J5 15 1 1H] 200 <o
25 B v A e W AR ke B R TE AR LS I A AR (N
B 5 IR v BT A PR A AR EE =10 kg 19 58 LAE
ASS R FEWRA),IRE37°C,H#E2L-kg'
min™', W B 100% . #F Macintosh Mg Be 5 B T, &
FURE N AR 1.5 mm 19 £ 508 CRBEWORE ) i 2= 4 1]
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. ARYEBILIARE RS GO Ak B (<10 kg fff
F 1,585 10~20 kg fii i 2#; 20~30 kg ffi ] 2.5%;
30~50 kg fifi Fi 3%, &% Ambu® AuraFlex™ A Al ) .
M B8 T A O B OE S TR T AL S B DL
A RoE L B R TR IR IR
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EENES-9'

4G R

BILH—MIER 20244 1—o6 A Ll 98 s
AL 12 KRR A7 B HFLL AT .6 ARG RO IR
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Tab 1 The comparison of general characteristics between THRIVE + MCJV group and LMA group

(T+sorn)

Age (y)
Weight (kg)
Height (cm)
BMI
Sex (M/F)
ASA classification (Grade T /11 /1)
Type of surgery
Bronchoalveolar lavage
Bronchoalveolar lavage and removal of airway foreign body
Duration of pulmonary infection (d)
Pulmonary imaging
Pneumonia only
Combined with airway foreign body
Combined with lung consolidation

Combined with lung consolidation and pleural effusion

7.15+1.78 7.33+1.71 0.643
24.95 + 8.69 25.71+8.65 0.694
125.28 £ 12.67 124.37 +13.82 0.760
15.72+2.48 15.96 + 2.54 0.667
18/22 21/19 0.650
0/38/2 0/37/3 0.644
33 35 0.531

7 5
9.7+ 4.12 9.35+3.53 0.684
7 3 0.419

7 5

21 24

5 8

THRIVE: Transnasal humidified rapid-insufflation ventilatory exchange; MCJV : Manually controlled jet ventilation ; LMA : Laryngeal mask

airway ; BMI: Body mass index.

# 4H & )L TcO,. TePCO,.SpO,. 11> Z | I JE #Y bk
% THRIVE+MCJV 4 5 LMA 41 /9 R o & %
TcPO, 43 5 A (202.08 £ 69.17) mmHg 1 (227.95 +
67.26) mmHg, W4l W] 2 5 Lot B L. RE
THRIVE+MCIV 4R i e 5 TePCO, & T LMA 41
[ (70.3+12.66) mmHg ws. (60.18+ 13.07) mmHg,
P=0.000 7) , & ¥ F R E 8 THRIVE+MCIV 41 i)
TcPCO, 1 & T LMA 4 [ (36.35+ 3.18) mmHg ws.
(34.83+1.69) mmHg, P=0.009] , {H B 1% & & 4=
W RS AR R, 4R 1 SpO,
(99.35% + 1.44% wvs. 99.34% *+ 1.66% ) & A% SpO,
(97.08% +5.33% wvs. 97.38% +5.55% ) = F ¥ L4
I 2E o IR B J 2 46 bR 7 i, THRIVE+
MCIV 4 & 7 F A& = 8f 0 R & T LMA 4
[ (134.13+11.68) /% vs. (128.7+14.04) /%>,
P=0.064],{H MBP 7€ 45 I 8] 5 45 22 % ¥ TG i 2%
XL ERFER 2, ERERER, THRIVE+MCIV
WEBEITRAEFEASL N 5L % LMA K
L, H AR 51 & CO, W 88 A ¢ i 3 2 1 2% 25 0L 5%
I7) R

FHBERH BESEXB. . FAUFFEER
FREEFARBF B RIEE B 4L AR R P SR 5 3
BT AR F R (5.0% ws. 10.0%) | 18 R K M K

(2.5% vs. 5.0%) , Z R TG % & X . THRIVE+
MCIV 21 A BT i & B0 4 0 % 0 T 1% 58 LMA 4
[4.83(5,5) vs. 4.53(4,5),P=0.034], REMWH T
A B ] 22 5 T8 48 1h % & X[ (10.34 £ 5.31) min vs.
(10.09 £ 3.45) min] , {1 THRIVE+MCJV 41 i < %
A BRI ] B [ (4.74 % 1.57)min vs. (5.83+ 1.68)
min, P=0.002 9], £ UL 3.
MABILAEHHLZIEFMPACUEBEKALL
8 ARJEWE W EHE B R, THRIVE+MCIV 41
5 LMA 1 PACU M K45 46 br B R W& T4 2%
F(F4) ., WARFEPACUMEEM KL (32.98+
3.42) min wvs. (32.2+2.95) min] il PAED ¥} 4>
(1.4+3.11vs. 2.3+ 4260) EFHRGEITEE X, #
I & EJ7 1, THRIVE+MCIV 40 75 B2 8 82 5 & 4R
K 5.0%(2/40), 5 LMA 4149 10.0% (4/40) 41 [
25 S TGETE 2 5 S T BN R R A 4 ) R 35.0 %6
(14/40) F125.0% (10/40) , 3% .0 WX 1 % A2 343 51
12.5% (5/40) F1 7.5% (3/40) , 22 % ¥ T 4 i 2~

ASBIEFE 1 UK RIS P B AL IR 5 B3
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*®2 WHAEILTO,.TcPCO,.SpO, . /i F I JE i b 5
Tab 2 Comparison of perioperative changes in TcPO,, TcPCO,, SpO,, HR and MBP in children between the two groups (z*s)

TcPO, baseline (mmHg) 83.73 +6.87 83.65+3.79 0.951
Lowest TcPO: during surgery (mmHg) 202.08 + 69.17 227.95+ 67.26 0.094
TcPO, at the time of leaving the operating room (mmHg) 187.73 £54.83 196.28 + 43.55 0.442
TcPO, at the time of leaving PACU (mmHg) 88.70 + 4.59 89.90 + 4.79 0.256
TcPCO, baseline (mmHg) 31.73+3.05 32.20+2.52 0.450
Highest TcPCO, during surgery (mmHg) 70.30 £ 12.66 60.18 £ 13.07 <<0.001
TcPCO, at the time of leaving the operating room (mmHg) 53.65% 6.77 48.90 * 8.63 0.008
TcPCO, at the time of leaving PACU (mmHg) 36.35+3.18 34.83+1.69 0.009
SpO, (%) at baseline 99.25+1.10 99.20 + 0.82 0.819
Average SpO, (%) during surgery 99.35 + 1.44 99.34 + 1.66 0.972
Lowest SpO, (%) during surgery 97.08 £ 5.33 97.38 +5.55 0.806
SpO, (%) at the time of leaving PACU 96.28 + 1.88 95.80 £ 2.56 0.348
HR baseline (beat/min) 95.45+17.25 96.78 + 12.05 0.692
HR after induction (beat/min) 101.00 £ 16.07 104.58 £ 13.49 0.285
HR at the time of leaving the operating room (beat/min) 134.13+11.68 128.70 + 14.04 0.064
HR at the time of leaving PACU (beat/min) 96.82+ 10.66 95.85+9.36 0.876
MBP baseline (mmHg) 79.48 + 6.91 77.48 £ 6.59 0.189
MBP after induction (mmHg) 77.05£5.31 77.18 £ 6.69 0.927
MBP at the time of leaving the operating room (mmHg) 87.85+7.72 85.88 + 8.69 0.286
MBP at the time of leaving PACU (mmHg) 83.23+5.28 82.40+5.29 0.487

TcPO,: Transcutaneous oxygen pressure; TcPCO,: Transcutaneous carbon dioxide pressure; SpO,: Peripheral oxygen saturation; HR: Heart

rate; MBP:Mean blood pressure; PACU : Post anesthesia care unit. 1 mmHg=0.133 kPa.

K3 WAHBREPHR FARK . FRUFHEEES FARAUKBEEFRHKHNLE

Tab 3 Comparison of procedure interruption rate, surgery duration, surgical field satisfaction score, and ventilatory device

removal time during alveolar lavage between the two groups [T+s, M (P,,, P,,) orn( %) ]
Procedure interruption 2 (5.0) 4(10.0) 0.671
Ventilation failure 1(2.5) 2(5.0) 0.798
Surgical field satisfaction score (1—5) 4.83(5,5) 4.53 (4,5) 0.034
Operation duration (min) 10.34+5.31 10.09 + 3.45 0.805
Time to ventilatory device removal (min) 4.74+1.57 5.83+1.68 0.003

THRIVE: Transnasal humidified rapid-insufflation ventilatory exchange; MCJV : Manually controlled jet ventilation ; LMA : Laryngeal mask

airway.
F4 WHBILPACUEBRK BINTH IEE B RZHR B ORI E £ RH LR
Tab 4 Comparison of outcomes between the two groups in PACU [T+sorn(%)]

The duration of PACU stay (min) 32.98+3.42 32.20%2.95 0.280
PAED score (0-20) 1.40+3.11 2.30+4.26 0.284
Emergence agitation 2(5.0) 4 (10.0) 0.671
Severe coug 14 (35.0) 10 (25.0) 0.464
Nausea and vomiting 5(12.5) 3(7.5) 0.709

THRIVE: Transnasal humidified rapid-insufflation ventilatory exchange; MCJV : Manually controlled jet ventilation ; LMA : Laryngeal mask

airway ; PACU : PACU : Post anesthesia care unit; PAED: Pediatric anesthesia emergence delirium score.
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Z G THRIVE Bt A MCJIV 78 L # i o 9 v R
TR ABOR S IR IR AT AT . S5 RR RIS E
ST RERFARATEAG T AL TILGE LMA, A
ROF e mse e, o BoR , THRIVE+
MCIV fE4E 75 R E SpO, 5 TePO, AR R i, 5
LMAA T W FH 25, Bif T HAASRERRE . 1t
Ah R4S THRIVE+MCIV 40 AR 1 TePCO, Wl T 55
(CF¥2570 mmHg) , {H A8 i I R 4% 2 B E ™, J
A JE WK 2 A B R R LS B A OGN R 3
1, $i 7R 1230 SR W BE 8 A I DR Fu 1 3 L e ) AR
FIAH CO,KF-E 0, HAE A B 5 5% 1 i B 5
WAEBCR T AR — NS, HIILEE RTETAR
H ) A PR AR AL TR Y R B AR

FEABIEFE H, FRATTE B LR T I TePOLPE
g FEEEE R AR . TcPO, & — 3 JC A | % 22 Wl i
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