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[ Abstract ]
support technology. In foreign countries, HFNC was first applied to children in intensive care unit to improve

High flow nasal cannula ( HFNC) oxygen therapy is a new noninvasive respiratory

their lung function and treat respiratory diseases as an alternative treatment of continuous positive airway
pressure ventilation (CPAP). In recent years, HFNC has been gradually applied in the field of anesthesia
for children. HFNC can be used during prei-intubation to increase the time of safe asphyxia, in order to en-
sure the oxygenation and improve the success rate of intubation in children. HFNC supplied continuous high
flow oxygen without occupying the airway of children and provided sufficient operation space for the operator.
Anesthesiologists could reduce the tension and anxiety during children’s hypoxia. HFNC was used during pe-
ri-operative to promote lung recruitment, and prevent or treat pulmonary complications after extubation be-
cause of providing continuous positive airway pressure. However, the application of HFNC has its own limi-
tations. How to fully and effectively apply HFNC still needs a large number of clinical randomized controlled
trials to provide demonstration.

[ Key words] High flow nasal cannula; Positive pressure ventilation; Oxygen inhalation therapy;

Pediatric anesthesia

2% B & i w BT Chigh flow nasal cannula,
HFNC,) Je&— P i) JC I RF IR SERFEEAR , fie A D i
22538 1F 3 <, (continuous positive airway pressure,
CPAP ) BRIy 7 vk i T IR IR TR M 7 &2, 1
TR LA B8 A IR I8 2R A i U SR
A I W 320y S T 5 1) S8 L, HENG HAT 20
A BRTCAKNE | 7 A P T TE T ek /D I A ) B A
FRLT B 2 GU RN W D R A5 e i AR OR,
HENC 7 AU 1) 2 7 38 0, 6 R I

DOI;:10.12089/jca.2022.07.016
FAE EINITRMIZ SRS H (JCY20180228175338115)
YEH B4 .518038  HE BB} R 2= VRIINL 3 B= B R B} (RS |

B35 ) s TRIITT L 2E B Be BRI (kR R 557 87)

BAEMEE BEDY , Email; 18938690929@ 163.com

HENC {90 FH AT LABs /b 8 LR 75 S48 4 B B AR 4
LAE A8 A A 8 BRAR AR LA JBRARAE A il O
( postoperative pulmonary complications, PPCs) , PfilE
AT AR AP BUILI A A, SRR IR 220 P9 A8
JLBREG" A 1 Bk AR I8 . ASSOR HENC 78 8 LR
BRI D) Il T A FRAE I 8 oL R G =) R4

—LRiR,
HFNC 72 )L B R E 8 & A

SRR T, BILIIREsR R/ H B
it Ik B SROR, LI TE 22 BRI 5 0, 45 1kl By s
AT E B R AR O E 5 K AR A i RET
Besnier 25 4351 ] HENC 1 JC G158 <6} 2 M 1%



- 758 - e PR BRI~ A 35

202247 A 38 H45 7 J Clin Anesthesiol , July 2022, Vol.38,No.7

W B I T IR A, BAR T ST IR LT
B R IE K, B i T HENC AT E8% I 1 2, 5
Oy FHAE H A 2P 4f . Humphreys 55 Xt 48 7 £z
TG IR LE (0~10 %) Y L 2R 2 | 1 B
FELESE T A AGE , HENC A2 B AR 35 L
AR T LA R 23,0~ 15 kg BOHRUL, R
WA 2 L - kg™ + min™';15~30 kg & 35 L/min;
30~50 kg 4 40 L/min;>50 kg & 50 L/min, X HR2H
AREER AL L, 5 X B4 3, HENC Ab B 2 1 L
PR [R]B R B4 #E 2~5 % Hi 6~ 10 % 4F
B HAERK ORI, 2~5 % )L#E | HFNC 41
A P17 B 452 B 1) A 3200 s, X R ZH K 190.5 556~ 10
A JLE Y  HFNC 2H 1 P W 387 455 16 (8] Sy 430 s, % AR
24 260. 8 s,

AR EIL KT ROHECE 1 BB, JRR IR
iR B TR L A A AT e WA A R AR T 2
W EIREEAE D SR O WIS
B B 11 22 4 25 80N [) AT L st /0 PR A< 3 FR L RR e
VR4 A AR EURLAE 1) & 7, 2 8 — R A A T
R Riva 5 YR TR LIE SR FATR]
A SR HRIE F B, RId HENC W AR /N T
100% , 4T3 7] LA BH . ZE 4K IR 0l B 455 6F (6], 7E Riva 5§
HIBFFEH A8 FH HFNC 5 0 8 452 B (R 38 hn 1 4%,
XA PR = U 1A A7 B BeF ] g PRD X /< A 4 A
PRAL T AT 7T A R, SR Riva 250 () 55—
SR W, 7E 60 il 1~6 % /KN 10~20 kg 194>
B IL 2 L - kg™' - min” " EE 9 HENC 28 %)
0.2 L- kg™ - min™ (&GS S E WAL A
Y S A JRR PR I B 1) I WO S 52 s ), 79 5 I i
BH5 AL ] 23 306, 9 min F1 7.6 min, [N,
HEFNC J& 75 AT AVE R FRIMES T LAY 15 28 33 78 487
HAYA F Kt 2 oL I BEPLXT FRAF 5K IE

Ak RS g% &L XFFE A KO
HEsg REIL i 7 B afi 5 (Qp ) MR EF I (Qs) /Y
Y15 2y 52 BN R BEAR AL FE T ERVE RS2 e, I 5
Wby Joe MR R A AR R 1 320, Lee 251V BFIT R
W] HENC J& PRy fg.C 3 L A0E 8 BN [B) S < HE 2
FYFRARESE . BFSEAIFH HENC RLEh o818 T —1H0 5 %
74 H A IR % G I RMEIE B ILR O 55
A, IR LR A AT A O 2 U R I
S IFZWER RIMESE . ZERE AT E N AT Spo,
JLEITE 70% ~80% , %5 HFNC iAJT 4 min J5 SpO,
M 76% T+ 2 98% , Z IS TERIKIRIEE T T 80 s N,
s NTARGE,

P A5 A i ) R A B L, RO A PEAS
MR A AU R R, BLIFMERE £, R
I 25 B AR SR A 5 R AR A T R R T
LR AAAR AT AR T B, A 4R 301 1R A 7 AR
SHPEAREIREEMNY ) HFNC (% B A E AR
A DAREK 2 B[R], 34 0 LA, T o R R s
T Ak 38R e DL PR i < R L 4 TS

HFNC 7 2JLSEREF AR A

SOBEPRAE TR EAE 2 B BT kYK A
T EBUBAR MeZME ST S IR BB A LSk ok TR
DIBRAA [T N M UIBR 2, B HRIEF AT H T
R A A A AR b 2 5 S I Bk, X
TRILTE , i TEILER N, A T A EE, A
i £ /0 T 460 FE B, A oo R b B ) i B R i
E , TR CE A TR IR A S A I = H 2

Riva 55" HE T 6 9P F I 0 75 7 42 R
THAE SR EIL2 DA ~14 %) FEIX Sl
FTHENC B EJLH  JFoR i Blesa e | B IS &
iE, W] HENG W 7R B A P GE AR TR
R B E DX 45 BIAEIRTE 1 ASHE 17
BHTAGE TR EILIEAT T B2 B, 25 R 3R B
HENC 22— A 0 47 i W S 4507 38, e e it T
G T AL SAIE T BILA S, TEERAE
TR HEZZ 3 QE )T AR BRBEY TR AR I 248
SRR R LR BB TS 125 PRk 5 R 8 48Ut
AT EARE I O, SR 28 L A B A AE AR
e B8 AR AR DR, B SR A A A S T e et 4, et
6] (<60 min) SEF AN FH HFNC 7] G845 Bl T 4 55
BILARFE A . Humphreys 25 BF5E M%< T HFNC
FE 20 BlREJIL(S d~11 %) EAGEF RPN, H
S5 BN T HENC i3 28 8 LRy - 45 Sp0o, i
96% ARAEIZBIFE b AR TR [ F 5T, e iR 61
min , RUHOG T3 AR B [ R A4 i ) <0lE R
UL, HENC BE 75 3k 2] i) B 1Y 48 15 4805 RIOR 5 R
CIFSE

RIAARAAR B R LA I H A KUK 5, AR rh A<l
B AR E R AE T, Caruso S5 HE T3 4
AR 6 JH ~ 11 A R AR 3.95 kg, i H]
HFNC 17 i {3 58 1 3 <4 45 ( microdirect laryngos-
copy and bronchoscopy, MDLB) J&97 BY &8 L, 7E36 7
i EE 3 BB LI RS (4 AR A o T A R A
PR R BN RO, W] HENC TEAR 84 IR 5 A8
JLEGERAE A AR RS X N IR B LIY S



Il PRI 2 2% 2022 4F 7 A %5 38 #4255 71 J Clin Anesthesiol , July 2022, Vol.38 ,No.7 - 759 -

T R IL Tk

HFNC 7] T4 4F 14 Be i B LR B E TR,
A B0 PR i ST T R IR A T A B R, Sk
FAR BRI AL 7T AL B T AR B R] [) B AT ARG A
SR ITLARE T AT /78 4 A5 T A %) R e 50 568 453 0 1) 2%
AR BILFARE/NFARREZ, /T LSRR E A
PR AR AU A B RR I, LA S A 4 A
I RRE R RS HFNC 78 B JLSEBAE T 1
BT AR A O LA AR 45 SRR E TR (an i
ILTC E R A LR 40 25 55 ) 1R GE 4 AR
L =S (SN S =1 N (T O RS R B 5/ =
I FH 0 2 AR R S5O IR R it — 20T

HFNC 2L ERNN A

A IEE HFNC AJR3E b 8 e i 1 40
BEER R ALRREL 1 OB IE R, #EMAE  CPAP AR
ST TR LA D B LA A8 B A I WAL 1 1)
], Jayashankar %' 38 T 28 B BUKFA3E IE R
HA(N/BiPAP) A HENC T8 4= L ZLG T
AR 5 H T R M 25 5, HFNC 78 10 B 3% 48 J I
W s vy (14t R D00 PR A AR R AR R S i
JiTii5 N/BiPAP HYJ7 RO 24, I A& AEHE N/BiPAP
B T2 N/BIPAP JAYT Y LA IR 380N
[(2.68+2.97) M H | AR J5 < A ALK [ (106. 98
+79.02) h],1Mi#%3% HENC 3597 410 LA IR K
[(6.9424.04) M H | AR5 0T ] L[ (62. 72+
46.14) h], A IS 4L P 8 LIRS E(E A
FEAETCHA 22 5 {H 252 N/BiPAP JAY7 8 LIE ik
KRB HENG 3R YT (B L& . Sreenan 55 K B
HFNC 7E57 JUA Rz A, 358 0 i (L/min ) =
0.92+0. 68 X( X A2 T, AR5 28 v 5
T 0. 72) BRI DL Sl FE B4 < 1F /% (nasal con-
tinuous positive airway pressure, NCPAP ) ;=4 [ 544
FH ., Milesi 2 AR 21 ) 2 vs B 1 3058 &
LR B % B, 4 HENC 1Y s 3 2
L - kg*1 - min~ BUE 5 LAY IR SR S 24 R AT
L3 4 cmH,0 LI L,

PR REE BRTYEN CPAP B AT ik
b, — 2R R Y HENC F 30 R 3 B 3K 31— 2 4
{8 J5 AT 7= A I R IE JE ( positive end expiratory pres-
sure, PEEP) [1EH, 2 i 38 i wp 0 oK fili 25 B, 48 i
BIUME K, Luo % AL T 3 FUR Y HENC %
# 2 HFNC P/ 1) PEEP 5 HFNC i 1% & &
TR K R, Hough 4517 W98 £ WIME A B4

SCRERMBIL(<12 N H) o, 24 HFNC 3l
8 L/min 7] L4 B I 35 0 il P 1 R 25 B B 48 e IR R
WA IFAE SpO, T,

FAB; PPCs  Shioji 25 X} <4 41D EFAR Y
FILBYAEZE 2 B, f F HFNC AT fE 5.0 F AR5
PPCs A4/ A 6, ERFED bRy,
HFNC 7] DAFAIR 2R 2L PPCs 1% AR %R %
B S SE R D B R i AR A AL 248 19 (AR < 1
2 ) AU E TR E RS R LT, B PR R
PR WS R -G I I 0 bk s e 1 £ L3R 8 & HENC
AT ISR W]

GIFER 3B Shioji 45 XF 2014—2015 4E
ODEF AR 5 5% HENC Y397 20 PRI 22 38 (acute
respiratory failure, ARF) ) 35 i f& JL & 2009—2012
oo IEF R 5 % % K A 38 R ( noninvasive
ventilation, NIV)YAJT ARF 14 35 i JLEAT T [B1J
PRI, 45 300 5 NIV 40 [ 48, HFNC 44 28 d Y
R FEAR A < I S R AR  TCU 52 5 s ) B (g 4 0, X ¢
W] HENC A] G B TR97 LIRS 5 1 LR i
VA5 I R, (] B 9 A P U A A 0 s L 45, 4
FEAEBRITIR] g4 5 e 22 55 T4

HENC H 448 5 WP W 26 R 97 2 % 2l 1T
[, XFFOIEFA S 1 L, HENC 207 7T LUR YT
PRAG I IV W 5 vy | L B 4R A I i O i A 7 A
I M2 R O IR 505 i 2 Bk s TR J8 LT
I HFENC H3Z 25, {3 HENC e3R8 5 590 I P 77
FEARZ2 R % 45 0 A Ll A7 7R 25 Sk i 8L
AR FIAAT CPAP 45 HoAh 7 3 1 P SZ R R T, LA
B IETIBIT IS HIL

HFNC ISR

JEH ARlE s HFNC 7= 4 59 25 Ll CPAP J
PEEP MR J1IFAEE , 32 Z R R 5200, Sivieri
LT — R AR SN 5T & BE, HENC BT 72 42 1)
SIEE S5 HFNC 38 ik | 8 58 5 8L E
IR RMIE LR R, B2 FF OO PA DA 5, Y
BE SR ERILRE 0.9 LIT i 6 L/min
mF, JF 0N HENC P2 AR R 1< 1.7
emH, 0, A1 AR 7 A4 19 <3 R 77 < 10 emH, 0,
Urbano 25 18 i A& SR 56 07 77 & PR O AR R
HENC FEMHES STE =4 i e ) 5 o ol ik 2
LRAE B (WHFR I F) =—0. 375+0. 138, i &
J7=-0.375+0. 15833 ) . Nielsen 25 2 WF5T 45
FF OB HENC 72421 PEEP 54 1458 s AR



- 760 - I R R RS 245 2022 27 A 38 55 781 J Clin Anesthesiol , July 2022, Vol.38,No.7

T2)50%, HIt HFNC JfASfE 58 42 U e ) 18
A[#2HY CPAP ¢ PEEP 7E I A th b i i o

R BB S HENC AR T AE B9 ) o6
FURSHA W, (L AE BB L PO 2 77 A — 2 9 &
JiE, HFNC AT 82 5% fBL s B & 1L | 5 6 40 40
S0, Testa 25V BF5 A 2 B EAR
JEfdi F HENC B9 8 L 30 T I K, 2 451 s LAk
HFNC B[] 43504 12 h #1124 h, 7€ Hegde %513
RIAGE ™ A 3 FLELEM ] HENC o & i s
o RGBS, Herb 2 s A By /L (22 M H
A2 A~ H ) HENC B 33 & 73 4 6 L/min 1 8
L/min, 55 1 BB EIL(12 %) ik
B 20 L/min, HATE AR W i#E—L 588 UE HFNC
T v I A 119 A 238 5 41 I i) | i 32 8¢ 2 [
MR,

AR AR PR AR R I E T G — S R i R
JLB R E e HFNC, (1) Sivieri 25127 % 2 LAY
WA M B S8 5 BALEA R T 0.9 B, AP
fifi il PSR I, HENC 768 A 2 L/min B, A<,
TR E TR 16 emH, 05 1 47 34 6 L/min
W, ASE Bk 24 emH,0, R, X T 6 30 it i1
St (S R B g s ) Y E
BHZE R £B L, o T 000 40 s 1 19 A0 1 S 2 A 81 T
WRAIF R, M2 5 T 84405, HENC FEANE .
(2) XA MR B OB R RE ) 25 FETE IR
RIS A 8L, i T K PR R, T HFNC AT RE 2
SN Mk 8RR, e UL, HENC Wi
(3) X TFA B O AR SN 547 AE T A XU 1) A8
L, Ak et B E I & E  HFNC DL

7]z “

HFNC e FH oG sk RS i % 15 408 1% 77, ml B
1 AR LI ke | M S AR R R, HL A JRR 4
IR =52 B R B , (2 HFNC 38 58 22 4k
IETERRR IR IIZ BTN AT . HFNC )% B 45 A 4
AT R A PR R 2 U 41 4L 75 J2E ) 47 45 1) ], Ay PR e
AL EEE B R FEAGERRETF AR,
HEFNC E R 807 752, T AR AL TC I I 46, 4EREHL
AL EHR A E HENC 7] ] T-Fips S ayT L
filis I A e . H AT HENC 78 B LREIAR I 89 8 A &
DUAHCHE 7 AT A | 30 7 2 KAt It PR BE ML T REAHF 58
PR PRI . {5 HFNC A RIESE L AR 4
S RREJLAY A S B TR B

[1]

(2]

[3]

[4]

[5]

[6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

2 % X W

Moller W, Feng S, Domanski U, et al. Nasal high flow reduces
dead space. J Appl Physiol (1985), 2017, 122(1): 191-197.
Hough JL, Shearman AD, Jardine L, et al. Nasal high flow in
preterm infants; a dose-finding study. Pediatr Pulmonol, 2020,
55(3): 616-623.

ZESCEE L R AN R VL R A A AR LA S A B
WE5E. HhAMNEST, 2019, 38(17) : 123-125.

Jagannathan N, Burjek N. Transnasal humidified rapid-insuffla-
tion ventilatory exchange ( THRIVE) in children: a step forward
in apnoeic oxygenation, paradigm-shift in ventilation, or both?
Br J Anaesth, 2017, 118(2) . 150-152.

Besnier E, Guernon K, Bubenheim M, et al. Pre-oxygenation
with high-flow nasal cannula oxygen therapy and non-invasive
ventilation for intubation in the intensive care unit. Intensive Care
Med, 2016, 42(8): 1291-1292.

Humphreys S, Lee-Archer P, Reyne G, et al. Transnasal humid-
ified rapid-insufflation ventilatory exchange ( THRIVE) in chil-
dren: a randomized controlled trial. Br J Anaesth, 2017, 118
(2): 232-238.

Lee JH, Turner DA, Kamat P, et al. The number of tracheal in-
tubation attempts matters! A prospective multi-insti tutional pedi-
atric observational study. BMC Pediatr, 2016, 16 58.

Riva T, Seiler S, Stucki F, et al. High-flow nasal cannula
therapy and apnea time in laryngeal surgery. Paediatr Anaesth,
2016, 26(12) . 1206-1208.

Riva T, Pedersen TH, Seiler S, et al. Transnasal humidified
rapid insufflation ventilatory exchange for oxygenation of children
during apnoea; a prospective randomised controlled trial. Br J
Anaesth, 2018, 120(3) : 592-599.

Lee BA, Shin W], Jeong D, et al. Use of a high-flow nasal can-
nula in a child with a functional single ventricle and difficult air-
way. J Cardiothorac Vasc Anesth, 2021, 35(7) . 2128-2131.
R, SRERE, WA, AF. MR ZE TN AR LR ME AR A
HRNL AL I PRARER: 2438, 2019, 35(2) : 141-143.
Wk, R, PR, 2 REUERERILIEETAR
BREE—B. I RBREE2E 245, 2021, 37(9) ; 1006-1007.
Fiadjoe JE, Litman RS. Oxygen supplementation during prolonged
tracheal intubation should be the standard of care. Br J Anaesth,
2016, 117(4) ; 417-418.

Riva T, Theiler L, Jaquet Y, et al. Early experience with high-
flow nasal oxygen therapy (HFNOT) in pediatric endoscopic air-
way surgery. Int ] Pediatr Otorhinolaryngol, 2018, 108:
151-154.

Ji JY, Kim EH, Lee JH, et al. Pediatric airway surgery under
spontaneous respiration using high-flow nasal oxygen. Int J
Pediatr Otorhinolaryngol, 2020, 134 110042.

Humphreys S, Rosen D, Housden T, et al. Nasal high-flow oxy-
gen delivery in children with abnormal airways. Paediatr
Anaesth, 2017, 27(6) : 616-620.

Caruso TJ, Gupta A, Sidell DR, et al. The successful application



IIF A BRI e ik 2022 4F 7 45 38 #4557 ] ) Clin Anesthesiol , July 2022, Vol.38,No.7 - 761 -

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

of high flow nasal oxygen during microdirect laryngoscopy and
bronchoscopy in patients under 7 kg. J Clin Anesth, 2019, 52;
27-28.

PR, A, XUFT, S5, I A R AL JRURE SRR e R L
PR H 0T A A 8 LI PR RR T8 27 A% A, 2019, 35(8)
773-775.

Jayashankar JP, Rajan P, Kottayil BP, et al. Comparison of
nasal bi-level positive airway pressure versus high-flow nasal can-
nula as a means of noninvasive respiratory support in pediatric
cardiac surgery. Anesth Essays Res, 2020, 14(2) . 283-287.
Sreenan C, Lemke RP, Hudson-Mason A, et al. High-flow nasal
cannulae in the management of apnea of prematurity: a
comparison with conventional nasal continuous positive airway
pressure. Pediatrics, 2001, 107(5) . 1081-1083.

Milési C, Baleine J, Matecki S, et al. Is treatment with a high
flow nasal cannula effective in acute viral bronchiolitis? A physio-
logic study. Intensive Care Med, 2013, 39(6) : 1088-1094.
Luo JC, Lu MS, Zhao ZH, et al. Positive end-expiratory pressure
effect of 3 high-flow nasal cannula devices. Respir Care, 2017,
62(7) : 888-895.

Hough JL, Pham TM, Schibler A. Physiologic effect of high-flow
nasal cannula in infants with bronchiolitis. Pediatr Crit Care
Med, 2014, 15(5) : e214-e219.

Shioji N, Kanazawa T, Iwasaki T, et al. Incidence of pulmonary
complications with the prophylactic use of high-flow nasal cannula
surgery : HFNC
protocol. Acta Med Okayama, 2018, 72(2) ; 193-196.
FRET, 295, kB, A ML RO HER ARG LG 2E

after pediatric cardiac prophylactic study

[26]

[27]

[28]

[29]

[30]

[31]

[32]

B R AT O AR, R E B2 REE, 2020, 18(30) :

Shioji N, Kanazawa T, Iwasaki T, et al. High-flow nasal cannula
versus noninvasive ventilation for postextubation acute respiratory
failure after pediatric cardiac surgery. Acta Med Okayama, 2019,
73(1): 15-20.
Sivieri EM, Gerdes JS, Abbasi S. Effect of HFNC flow rate, can-
nula size, and nares diameter on generated airway pressures: an
in vitro study. Pediatr Pulmonol, 2013, 48(5) : 506-514.
Urbano J, del Castillo J, Lopez-Herce J, et al. High-flow oxygen
therapy: pressure analysis in a pediatric airway model. Respir
Care, 2012, 57(5) : 721-726.
Nielsen KR, Ellington LE, Gray AJ, et al. Effect of high-flow
nasal cannula on expiratory pressure and ventilation in infant, pe-
diatric, and adult models. Respir Care, 2018, 63(2) : 147-157.
ten Brink I, Duke T, Evans J. High-flow nasal prong oxygen
therapy or nasopharyngeal continuous positive airway pressure for
children with moderate-to-severe respiratory distress? Pediatr Crit
Care Med, 2013, 14(7) : e326-e331.
Testa G, lodice F, Ricei Z, et al. Comparative evaluation of
high-flow nasal cannula and conventional oxygen therapy in pae-
diatric cardiac surgical patients: a randomized controlled trial. In-
teract Cardiovasc Thorac Surg, 2014, 19(3) . 456-461.
Hegde S, Prodhan P. Serious air leak syndrome complicating
high-flow nasal cannula therapy: a report of 3 cases. Pediatrics,
2013, 131(3) : €939-¢944.

(Weks B3 . 2021 — 09 —24)



