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[FZE] B T ROX FREU L R ROX FR O 2R ET I (AHRF) BILZ SR
W EYT (HFNC) {7 RCRMTTNANE. Ak [BEPESHT 2020 4 1 H % 2024 4F 12 H g
BB} g L2 B e S AE M9 B (PICU ) WA 130 1] AHRF LI IR¥ERE, Firh HENC JRY7
R 99 B, e 31 4, LR LG RFE RS, AN SRR ] 4 ROX #5 8 X ik R 4647 (ROP,
ROXH, ROPH ) | HFNC Z& % iy iz B, F >Rk SR 2 & £ & Logistic [FH 4B M & .
58 HFNC 2 M 2H 8L ABE B PaCO, (37.2 mmHg vs. 34.1 mmHg, P<0.05) & PICU {3 B I [d]
(21 dvs. 12 d, P<0.01) & TR iRyrdfeh, mIhd g LA STr (SIFE. PFH) K
ROX #5&$5%1 (ROX. ROP, ROXH, ROPH) ME T 3 (P<0.01), ZHENHWR, HIFE
12 h IR AEIRR 8L (FiO, ) M ROPH #5402 HFNC JA77 AR M sl S7 Bl R 2 ( P<0.05 ). ROC
M iR, AR ROX AT FE 20AY ROC Hi2h B4R P/F {5, ROP, ROXH £1 ROPH &
BOAEVR I TG 22 (E AN 25 (8 L 5 ELAT Wi HENC 3897 B B9 PFHAE, ROPH $8GAIF TG 2 (H L
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[ Abstract ] Objective To evaluate the predictive value of the ROX index and its modified versions
for assessing the therapeutic efficacy of high-flow nasal cannula oxygen therapy (HFNC) in pediatric patients
with acute hypoxemic respiratory failure (AHRF). Methods This retrospective study analyzed clinical data
from 130 AHRF children admitted to the Pediatric Intensive Care Unit (PICU) of Nanjing Medical University
Affiliated Children’s Hospital between January 2020 and December 2024. Patients were categorized into
two groups: HFNC success (n=99) and HFNC failure (»=31). Clinical parameters were compared between



N>

haeSd

®

BE2f2RE 2025 4F 6 % 34 55 6 ] Chin J Emerg Med, June 2025, Vol. 34, No. 6

groups, and the predictive performance of the ROX index and its modified variants (ROP, ROXH, ROPH) at
various time points was assessed. Univariate and multivariate logistic regression analyses were conducted to
identify independent risk factors for HFNC failure. Results The HFNC failure group exhibited significantly
higher baseline PaCO, levels (37.2 mmHg vs. 34.1 mmHg, P<0.05) and prolonged PICU stays (21 days vs.
12 days, P<0.01) compared to the success group. During treatment, the success group demonstrated marked
improvements in oxygenation parameters (S/F ratio, P/F ratio) and ROX-derived indices (ROX, ROP, ROXH,
ROPH) (P<0.01). Multivariate analysis identified FiO, within 12 hours post-treatment and the ROPH index
as independent predictors of HFNC failure (P<0.05). ROC curve analysis revealed that the relative change
in ROPH before and after treatment had the highest predictive accuracy (AUC=0.836, optimal cutoff=0.053,
sensitivity=95.3%, specificity=70%) among all evaluated indices. Conclusions Modified ROX indices,
particularly the ROPH index, serve as reliable predictors of HFNC outcomes in children with AHRF. Dynamic

monitoring of these indices may enable early identification of patients at risk for treatment failure, facilitating
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timely clinical intervention.
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VAR E M 35 (acute hypoxic respiratory
failure, AHRF ) 2 JLRME LIS EAE, oG RFFIE
S AR P A U, RS BULERE
Wi s ( pediatric intensive care unit, PICU ) (=55
PRI TR Z — B PP RERIRYT AHRF &
JLARZOTBE, IR SR A4 S A i
AL MEWAE, 8 m R %7 (high-flow nasal
cannula, HFNC ), JoI1F 38 S A XA G IGE S .
VER—FIA TAE G AT FJCA IE 38 Sz (] (A HT
A7, HFNC BA B EFE tEm sz v, Jf
FENG R A2 T 7z v . 58RI, HFNC A]
DIZEASE TN CO, U B B 50 T A7 U IR I3 %
A R I T I S SR L IR B I AR A B R
WAMIIE L, T HFNC 235 T ERER SRS,
HE T P A A B, DOTAESR TSR A 1 i
AERTHL, - FEWUHGE SRR | RS
WIPREEAL, SRR IER P Hik,
T ¥R 4 W SR A O B AILXT T AHRF B LZE G
BwY, HATMm R R, ROX F8ERENS S m) . 18]
. SZEF A HENC 3397 COVID-19 3% 1997
M, 0F (heart rate, HR ) FFIE S5 ( respiratory
Rate, RR). BIk& R / A EARFS4L (PaOy/
FiO,, P/F) 25 ULilf RAZ 52 L2 HFNC 2RI
MRz 2, A5 s 5 54l ROX F5 3 L,

A7 HR (92 R ROX F8 AR T 47 (W T30 HFNC 1
SE AL R T M 4R R PIF B 48 B EAR RN /
W N EARFRS3 4 (SpO,/Fi0,, S/F) il HFNC i
HHWG EAR Y. SR, H AT ARHF BULRER
fifi F ROX F5 % sk HoAth 2 R ROX 45 £4 il il HFNC
TBIT BRI AT e MYt d = TEAS P R S R
JEIMISERTTE . AWF5E B FETEAG ROX 580 HAH
Kok R A5 50 ARHF 8L HENC IR Y7 B2 v iy 1
MHAAE
1 #ARSFHE
1.1 —Rg&E#R

AHESE N AT oY, BEHC 2020 4F 1 H 1 H
2024 4F 12 J 31 H e st R R 2= B R L 38 2= e
PICU Yi () AHRF % HFNC /57 (B RIFoE
X5 IRGIMARRHE « (1) FFA PRI WbRIE
P/F < 300 mmHg ; (2) Jif&r i HENC 16971
L. HEBRPRUE (1) A PICU J5 24 h NFET-;5(2)
T B BV SO Y 5 (3) Hi2Wisia
SPRY (T RERERE . FAR) MEEHEE ;
(4) 7E HFNC AN 32 B 4232 1 4F HFNC HiAth 77 =X
TAE SR, 43 - (1) JRIF AN - 4 HFNC ¥R
ST U, BECR S W T th PICU Y
Ui M BER L 5 (2) IRIT R « AEIRY TR,
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LRGSR, O ERESSETEL. A
WF9E 2 R RN R A IR LB B B AR P2 51 2ttt
(HLF5 20204024-1), AHFFE K [ EPE 53 B, f
PR BTG R E.
1.2 Fik

i L DT R Gk R 1 HENC 39T Y
BILERE, BT o IR AREAR I 120
I PRAFAE, FEMER, 4EdY, (K&, /NLEER
#1343 (pediatric clinical illness score, PCIS), IfilFL
fR7KF (lactate, Lac ) ; UW4E PICU it BABTE], AR
BF. ABESE 2 K. HENC ffi R, i 12 h 9 &
% FH] HFNC B % RR. HR. SpO,. FiO,. 3l ik pH
{ti. PaO,. PaCO,, Jf it % #H )i S/F. P/F. ROX
F& %, ROP 45 %k . ROXH #5%(. ROPH #5 %, H
1. ROX #54 = (SpO,/Fi0,)/RR ; ROP $8%§ = (PaO,/
FiO,)/RR ; ROXH #§ %& = ROX x 100/RR ; ROPH
$5% = ROP x 100/RR .
1.3 HitEFH*E

K H SPSS 22.0 Geit=# 41 T8 /A . 1E
BT R R + FRifE2 (xxs) FR,
ZH ] U R FH ST REAS ¢ K56 5 A 1E 285040 £idi
A (DU BRI R ) B M (P, Prs) Hliid,

41 [7] 22 5 K ] Mann-Whitney U £55% (z HER ) ;
IO BRI R (%) Fon, R KR4l
] A, £ &R 0T Logistics [ 43 4.
ROC £l FH R studio 12.0 4R /14743 B AN 5 dhs
AR, SRRSO RS | RBUE MR
PL P<0.05 h2E55A gt Lo

2 #R

2.1 BILNBRIGRIEHRFN H Bedk VA 48 18] = 7 LL 87

AR 130 4], Horp HENC 3097 102 99
%1, 5 76.15% ; HENC J&¥7 I 31 4, 5 23.84%.
2B AR . PR, IARBT R MA B AR R A
S ERA TR E R G E R X (P < 0.05),
M B A B stk i pH B H 07 55k 7.40, 1 B3
Hh 743, ZERAGITFE L, PaCO, M B E T
WA . TERITRIA DT, RIGZH R PICU ¥ B I
[ 4 21d, 29 mIh4Li) 1.8 £% (P<0.01), 4530
1.
2.2 8)L HFNC &7 T2 4947

£ HENC 6 J7 1 W W A0 OC 28 3 2 8oy 4
[B) Bt 45 e, AR W ZH B PaCoO, & T A 2 4
(P=0.055), Mg pH, SpO,. PaO,, HR, RR I

R 1 ABCIRRAESRANG YT 5 AL 0] 28 57 LU AL

Table1 Comparison of baseline data and clinical outcome of pediatric patients with HFNC therapy success group and the failure

group

LD BUAK (n=130) I (n = 99) S (n=31) [SL AN P1H
B (n,%) 71 (54.62%) 53 (53.54%) 18 (58.06%) 0.20 0.658
J#% (m) 49.0 (22.6, 101.8) 50.0 (23.0, 100.5) 48.0 (21.5,107.5) -0.71 0.479
W (kg) 15.3 (11.4,25.9) 15.0 (11.5, 25.0) 19.0(10.9, 26.9) -0.51 0.609
ABERT A= B b

HR (¥ /min ) 139.24 + 28.29 140.79 + 27.50 134.29 + 30.60 1.12 0.266

RR (K /min ) 36 (28, 45) 37 (28, 44) 33 (27, 47) -0.51 0.613

SBP (mmHg) 111(105, 121) 111 (105, 120) 112 (104, 122) -0.05 0.959

PCIS ¥4 92 (88, 96) 92 (87, 96) 96 (89, 96) -1.23 0.220
ABER S = K A e b

Na (mmol/L) 14581 + 111.35 148.97 + 127.57 135.72 + 3.34 0.58 0.565

K (mmol/L) 420 (3.78, 4.54) 422 (3.79,4.56) 4.00 (3.65, 4.38) -1.16 0.247

CCr (pmol/L) 25.0 (20.0, 32.0) 25.0 (21.0, 31.8) 25.0 (19.0, 39.2) -0.41 0.684

BUN (mmol/L) 3.44 (2.42, 4.40) 3.50 (2.59, 4.40) 3.00 (2.19, 4.20) -0.92 0.356

Hb (g/L) 120(107, 131) 121 (110, 132) 118.0 (96 ,131) -0.95 0.340
ABER iS4 M

Bk pH 7.43 (7.38,7.47) 7.43 (71.39, 7.47) 7.40 (7.37, 7.44) 232 0.021

PaO, (mmHg) 68.6(57.4, 84.2) 68.7(57, 80.4) 68.4(59.7, 92.9) 6.705 0.367

PaCO,(mmHg) 34.7(31.3,39.7) 34.1(30.6, 38.4) 37.2(33.3,43.2) 7.302 0.025

Lac(mmol/L) 1.125(0.90,1.49) 1.30 (0.99,1.77) 0.94 (0.80,1.07) -0.506 0.613
Il R%% 5

PICU ¥ FE R (d) 13(9, 19) 12 (9, 16) 21 (14,27) -3.99 <.001

I RZY 5y / 5% (n,%) 121 (93.08) 94 (94.95) 27 (87.10) 1.20 0.272

2 SBP : Wi R 5 PCIS W43 - /NURIE G R IT4> 5 CCr : MLWLEF ; BUN : JREHA ; Hb : ML ; Lac : AiR. a IESMAAYIT
HYORL, IR SR Tl 7 R ¢ ARG 5 AR IE AR 4L 22 5 ] Mann-Whitney U K36 (z {361 ) 3 HHERERHLESR A ¥ 165 5 P<0.

05 NN ZERA GRS
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Table 2 Comparison of ROX related indexes Between the HFNC Treatment Success Group and the Failure Group

E LD R RsIE:] ERlE;| Z1E P
Administration
S/F 1§ 334.48 (324.14, 337.93) 329.31 (302.59, 337.93) -0.75 0.453
P/F {i 235.17 (196.40, 264.57) 225.34 (188.04, 284.38) -0.05 0.962
ROX #6844 8.51(7.13,11.33) 8.44 (6.24, 11.68) -0.39 0.698
ROP F5%#4 6.51 (4.77, 8.16) 6.19 (4.38, 8.24) -0.02 0.987
ROXH 5%k 6.29 (4.98, 8.99) 6.01 (3.92, 9.70) -0.22 0.825
ROPH #5 %% 4.53(3.42,7.01) 4.13 (3.15, 7.00) -0.14 0.892
HFNC 0 h
S/F & 327.59 (262.34, 337.93) 313.51 (250.00, 333.62) -1.12 0.265
P/F {f 212.87 (173.68, 255.33) 216.78 (184.91, 249.30) -0.17 0.867
ROX $5%% 8.15 (6.84, 10.57) 8.27 (6.55, 11.48) -0.08 0.935
ROP f5%k 6.06 (4.23,7.71) 6.23 (4.34, 8.70) -0.55 0.585
ROXH 5% 6.23 (4.74, 8.14) 6.47 (4.65, 9.56) -0.37 0.710
ROPH 5% 437 (3.27,6.31) 5.04 (3.22,7.11) -0.69 0.490
HFNC 12 h
S/F {H 200.00 (194.00, 250.00) 192.00 (153.75, 228.42) 275 0.006
P/F {8 221.08 (189.05, 264.22) 160.33 (125.42, 233.00) -4.05 <.001
ROX f5%% 8.00 (6.10, 9.05) 5.88 (4.69, 7.80) -3.08 0.002
ROP #5441 8.10 (6.43,10.19) 5.00 (3.49, 7.79) -3.99 <.001
ROXH $5%% 6.91 (5.67, 8.59) 4.89 (3.23, 6.22) 371 <.001
ROPH F5%% 7.08 (5.42, 10.40) 3.99 (2.81, 5.56) -4.52 <.001
~ HFNC #ij
S/F {8 246.25 (200.00, 253.95) 187.85 (160.00, 223.31) 428 <.001
P/F {H 269.15 (214.83, 332.70) 162.75 (129.78, 205.00) -5.51 <.001
ROX #6844 9.18 (7.60, 12.50) 5.93 (4.69, 8.17) -4.58 <.001
ROP F5%#4 10.37 (8.04, 14.64) 5.51(3.48, 8.50) -5.02 <.001
ROXH 5%k 9.04 (6.64, 13.18) 4.77(3.23,7.73) -4.83 <.001
ROPH #5%( 10.08 (6.92, 15.61) 3.92 (2.83, 6.58) -5.27 <.001
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Fig 1 Comparison of respiratory-related physiological parameters between
the hfic treatment success group and the failure group
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SpO, B EF TG FE L ;W (12h ) 1Y
HR. PaO,. SpO, 2R A GIT#E L, WE 1. W
HyRYT R D ROX AH TR B A R XS L, Wi Ehad
() S/F {i. P/F {H, ROX. ROP, ROXH #1 ROPH
R B EIL TR, Wk 2,

HFNC J&77 i F o ROX M & F8 BOai Jim xF LA
BN 2 iR, S e HENC 3697 )5 (12 h i)
) S/F {H. P/F{H. ROX Ml ROXH #§ $( 3 & 7/~ &
FEJERE (P<0.05), 1fif ROP Al ROPH 1§ 42 /=
RAT W 5 )4 #E HFNC {697 J5 ROP Fl
ROPH 550U 2 90 & T+ (P<0.01 ),

2.3 HFNC igfr KM= E &= 2 4

AR 2K Logistics [8] 443 #7 & B, HFNC i&8J7
JG (12h ) P3PPSR | A0 . TRAR
K B4 %0, S/F{H. P/F {. ROX. ROP, ROXH
F1 ROPH $5 0¥ 5697 4 Wt A ¢ (P<0.05 ),
it — 2L MDA S8 17 2 [N & Logistics [B] 1543
Br, 4548818 HENCVRYT /R (12 h W) 1Y FiO, Fl
ROPH #5 % J& HFNC 5 7 2% Wi b 57 52 i) PR &R o
W3 3.

2.4 A[E ROX #HETMIELAY ROC tb%

DL HFNC {877 B8 0 FHE L ER 4, 40l DA A
B¢ BF . HFENC i Al HENC 34 97 12 h 4 #5 S/F {H.
P/F {. ROX 1§ %{. ROP 35 %(. ROXH 1§ % i
ROPH f8%k, VUK A TN S B AEIRT T TG 25
FZ{H LA A ROC Mk, 4558 R, HFNC
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HENC3AS7 B4 HENCIAF7 S I 4R £ 3 HRHENLZHE Logistics [1]H53 45
— 1 ) et Tabel 3 Results of binomial and multinomial Logistic
" e L — regression analysis
R N I b R E I RS
er i | ’ 2 OR (CI) P4 OR (CI) Pl
) * + i - + * A 1.00 (0.99~1.01)  0.933
+ | + * ki 0.99 (0.96~1.02)  0.492
AR HENCOR HENC12h FHFNCES AR HENCOR HENC12h THFNCE At PCIS 1173 1.00 (0.94~1.06) 0974
= . P BUN 0.94(0.75~1.17) 0560
e a— Hb 1.00 (0.98~1.02)  0.761
SR —— i I Y HR- HFNC Fij 0.99 (0.97~1.00)  0.142
8 i 5 I I ; i RR- HFNC #ff 1.00 (0.97~1.03)  0.925
— | ! . PH-HENC 039 (0.00~59.66)  0.714
+ -ﬁ- * + + * * Pa0,-HFNC ﬁﬁ» 1.01(0.99~1.02) 0438
. . PaCO,-HFNC i 1.01(0.98~1.05) 0453
ARE]  HFNCOh HENC12h FHENCEY AREf  HFNCOh HFNC12h THFNCE FiO,-HFNC G 1.02 (0.97~1.06)  0.506
o — — B G SpO,-HFNC Fif 0.94(0.82~1.06) 0310
Y — » S/F i -HFNC Fif 1.00 (0.99~1.00) 0534
I — e P/F {f -HFNC i 1.00 (1.00~1.01)  0.554
- . . ROX- HFNC §i 103 (0.92~1.16)  0.585
O 1 : ) : i ROP- HENC Fij 1.06 (0.95~120)  0.298
" + + + * * * * ROXH-HFNCHi  1.07(0.95~120)  0.264
. ! ROPH- HFNC 109 (0.96~123)  0.189
AR HENCOR HENC12h THFNCH ARE HFNCOh HFNC12h TFHFNCE HR- HENCI2 h 1.02(1.01~1.04) 0007 1.05(0.99~1.11) 0.123
- e “ I — RR- HFNCI2 h 1.05(1.01~1.10)  0.025 1.02(0.89~1.17) 0.772
] [ PH- HFNCI12 h 0.10 (0.00~90.09)  0.505
| P - Pa0,- HFNCI12 h 0.97(0.95~0.99)  0.002 0.99(0.92~1.06) 0.801
g L ! ; : PaCO,- HFNCI12h  1.04 (1.00~1.08)  0.065
>y ! : L i I ; FiO,- HENC12 h 1.05(1.01~1.09) 0023  1.11(0.91~134) 0305
+ _‘_ * * = _]_ * SpO,-HFNC12 h 049 (0.35~0.70) <001  0.48(0.30~0.78) 0.003
) ARRE!  HFNCOh HFNC12h THFNCH} ' ARB  HFNCOh HFNC12h TFHFNCE S[F {E -HENCI12h 0.99 (0.98 ~0.99) 0021 1.01(0.5%~1.06) ~ 0.782
PF i -HFNCI2h  0.99(0.98~0.99)  0.002 1.01(0.98~1.04) 0.545
2 HFNC &7 4L ANAYT 2 M2 (9 ROX 8 8 25 2 R 95 ROX- HENCI2 h 0.81 (0.67~0.98)  0.026 1.06(0.12~9.17)  0.957
B )25 AL 5 ROP- HENCI2 h 0.78 (0.66~0.92)  0.003  0.71(0.17~2.91) 0.633
Fig2 Trends over time in the rox index and modified indices between the ROXH- HENCI2 h 0.78(0.65~094) ~ 0.008 1.33(0.15~11.38) 0.796
ROPH-HFNCI2h  0.77(0.66~0.91) 0002 1.17(0.32~431) 0.049

hfinc treatment success group and the failure group

SF Assessments in Predicting HFNC Failure

V¥ : OR: Odds Ratio, CI: Confidence Interval

ROX Assessments in Predicting HFNC Failure

ROP Assessments in Predicting HFNC Failure
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Fig4 ROC curves of different indices for predicting the failure of hfnc therapy
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JAYT IS P/E {6 . ROP. ROXH #1 ROPH #5%k, P/
F{fi. ROP., ROXH HI ROPH #8407/E 167 I 5 2214
MZEH L AUC ¥ KT 0.7, HAA B HENC i4
7 BTG A (18 4) 5 Hidh ROPH 2218 HL Y
AUC fei, 4 0.836 (& 4), HAEwBE A 0.053,
REUE 0.953, FEREH 0.7,

3 itip

SV AU P R e o S L S W s B 1
WLIPG R Gepm Y, AR, IRk,
kR 22 (O BFFEIIE S HENC 78 2P s 1)
HJR T AU 5y FR B TRYT TR R M AREgE
gy AL 130 B, FHoh 2RI 31 49, HFNC iR
7 RN 23.8%, BEAK TR RS 5 U7,
B < pH EA —E Ak o R AL, PIATEARES . I
AR % Sk SR . PCIS PF43 55 ABi 4R
PRI 22 3 T Ge 247 .

HENC 1] DA X A0 AR 0 RO v
AT, TG e g I AR T AR S N R —
FEMIMFAORIE R, BEAMBGEA S BRI
B UGENFR SR 5 (H R R AR R I
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