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[HE] By %t R A & (respiratory rate oxygenation, ROX) #8 %, i B ROX (modifed ROX,
mROX) 8% . ROX #1.0 F (ROX-HR) #5 5 Al mROX 34 /1.0 Z& (mROX-HR) 48 5500 i 48 I B 20 M A% 48 1 0 0
T (acute hypoxemic respiratory failure, AHRF) # 4F f 3 4 & 15 i 5 {2 1k U7 (high-flow nasal cannula oxygen
therapy, HENC) 3697 % W B UMM (8 . 75 3% « UBUPE R ST 2021 4F 1 H —2023 4 6 H 31 8] i 8 76 5 R B8 24 B 28 —
R} e B Bt B Wi 7% B (intensive care unit, ICU) BY 294 3% HFNC 1897 B9l 48 BT 20 AHRF #4E 84 19 I IR
ERE, LU 852 75 45 32 MUME S0B B 340 R Je 2 (102 D) AR T 4 (192 ) . SR 4R 2 R E I — RS RE L AR B
SH MRS H L SR IR R HENC (Y7 3 s i A HENC JA97 )5 2 h B ROX 38 %0 . ROX-HR 4§
. mROX FE8M mROX-HR #5480, R B K o0 1 2 [ F logistic [ 43 #7141 ROX 8 A X S5 S5
HENC JBIF R E R . R Z I TAEHFE (receiver operating characteristic, ROC) H 28 Fl 5 56 il 2 70 #7 (de-
cision curve analysis, DCA) IEHT ROX 48 50HH ¢ S 5006 HENC 3877 2 W8 0 (60 F0 I PR 52 T 1k . 25 3R AR BFSE
) HENC 3R R MR Ny 34. 6920, RIGA B E AR5 LA I 18 1 BE 2 4 i 5 05 Lo 481 L & I 1 i 5 9 5 L f31) L Y
#E AT 4 ICU St E 28 d AL R m T (K TFHO M4 . Y75 2 h B ROX #5 #. ROX-HR 8 4L.
mROX 5 Al mROX-HR 85K T a4 . 22 R A S i24 8 L (P<<0.05), £ HE logistic [MIH /3 #F BR, £
A H A A K &K 5 . HFNC 3697 2 h B mROX #5440 (OR =0. 550,95 % CI : 0. 437~0. 693) fil mROX-HR #§ %
(OR=0.327,95%CI :0. 236~0. 453) FF- B 43 & AHRF 4E % HFNC 897 2 WA 7 4 37 P (P <<0. 05) ,
ROC #h£k 43 #7278 . HFENC 897 2 h B} mROX 8 30 HFNC 3597 5 M AY il 26 T 1 B (area under the curve,
AUC)H 0. 742(95 % CI ;0. 688~0. 791) , S A= MW Ny 5. 38, RAYFE N 65.69% 45 F N 79. 17% ; HENC ¥R J7
2 h i} A mROX-HR #E#I HENC {67 L8 AUC K 0. 829(95 % CI:0. 781~0. 870) , AL B Wi (il M 5. 48,
RIPE N 83.33% . 45 5 FE M 88.02% ; mROX-HR # % 1Y AUC KT mROX 41 AUC(Z =4.027, P <
0.001), DCA %53 8R4 m K wlﬂfﬁfo 15~0. 90 & [l P9 » mROX-HR #F5£HI HFENC 497 0% W iy i 3k 25 %
HF mROX $8 5 WM, 4518 : HENC J8 97 2 h B 19 mROX 4830 fl mROX-HR #§ 57} 5 & AHRF Z4F B %
HENC {497 22 W gt 37 48 370 25, 3 B3 HENC YA 97 2 WO — 52 10 500 497 18 R0 e R 552 i
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The predictive value of ROX index related parameters for high-flow nasal
cannula oxygen therapy failure in elderly patients with pneumonia-related
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Abstract Objective: To investigate the predictive value of respiratory rate oxygenation(ROX) index, modifed
ROX(mROX) index, ROX by adding heart rate(ROX-HR) index, and mROX by adding heart rate(mROX-HR)
index for high-flow nasal cannula oxygen therapy(HFNC) failure in elderly patients with pneumonia-related acute
hypoxemia respiratory failureC(AHRF). Methods: A retrospective study was conducted to investigate clinical data
of 294 elderly patients with pneumonia-related AHRF treated with HFNC in the department of intensive care unit
(ICU) of the Second Affiliated Hospital of Hainan Medical University from January 2021 to June 2023. Patients
were divided into the failure group(n =102) and the success group(n =192) according to whether they subse-
quently received mechanical ventilation. The general data, physiological parameters, blood gas analysis parame-
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ters and laboratory indicators in the two groups were collected, and the ROX index, ROX-HR index, mROX in-
dex and mROX-HR index were calculated at HFNC initiation and 2 h after HFNC. Univariate analysis and multi-
variate logistic regression analysis were used to explore the relationship between ROX index related parameters and
HENC failure. The receiver operating characteristic(ROC) curve and decision curve analysis(DCA) were used to
evaluate the predictive value and clinical practicability of ROX index related parameters for HENC failure. Results:
The rate of HFNC failure in this study was 34. 69%. The age, proportion of chronic obstructive pulmonary dis-
ease, proportion of cardiovascular disease, sequential organ failure assessment score, length of stay in ICU, and
28-days mortality in the failure group were higher/longer than those of the success group, and the ROX index,
ROX-HR index, mROX index and mROX-HR index at 2 h after HFNC in the failure group were lower than those
of the success group, with the differences were statistically significant(P<C0. 05). Multivariate logistic regression
analysis showed that after adjusting other related factors, the elevated value of mROX index(OR = 0. 550, 95%
CI: 0.437—0.693) and mROX-HR index(OR =0. 327, 95%CI: 0.236—0.453) at 2 h after HFNC were inde-
pendent protective factors for HFNC failure in elderly patients with AHRF(P <C0. 05). The ROC curve analysis
showed that the area under the curve(AUC) for mROX index at 2 h after HFNC to predict HFNC failure curve
was 0. 742(95%CI ; 0.688—0.791), the best cut-off value was 5. 38, the sensitivity was 65. 69% , and specificity
was 79.17%. The AUC for mROX-HR index at 2 h after HFNC to predict HFNC failure curve was 0. 829(95%
CI: 0.781—0.870), the best cut-off value was 5. 48, the sensitivity was 83.33% , and specificity was 88.02%.
The AUC of mROX-HR index was greater than that of mROX index(Z=4.027, P<C0.001). The DCA results
showed that, within the thresholds of 0. 15—0. 90, the net benefit rate of mROX-HR index to predicted HFNC
failure was better than that of the mROX index. Conclusion: The elevated value of mROX index and mROX-HR

index at 2 h after HFNC are independent protective factors for HFNC failure in elderly patients with AHRF, and
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have certain predictive value and clinical practicability for HFNC failure.

Key words high-flow nasal cannula oxygen therapy; elderly; pneumonia; acute respiratory failure; ROX in-

dex; modified ROX index; predictive value

i & BT 35 2 M AIG S M P I 5 0 (acute hypox-
emic respiratory failure, AHRF) J& 5 5E Wi 17 0% 5
(intensive care unit, I[CU) 1 —Fp HA5 8 & & K R
USRI = E R . RN 4 B R
& )7 Chigh-flow nasal cannula oxygen therapy,
HENC) & #WF 5% UE 55 2 7 By 1 28 AR <048 4 45 F
A A AL BGE S A R T S R T B R
HFNC L 78 i R 1 1 i 6 — A~ 552 [n] 82 &
HFNC AJ7 LM i) AHRF &, B8 v ite
BEIEIR I T BOHLBGE R L& ] ZE A ICU i
FEAHNY . Bk, R U HENC 36 97 7T fE
W) AHRF 835 DLjkE S SO 4 4 SE 8 b 15 2 00
B H H R Gk 2 6 A R VA TR AR . IO 5
%4 (respiratory rate oxygenation, ROX) 1§ % /&
Jok 85 1fie 48 40 A F (saturation of pulse oxygen,
SpO,) /W A F Mk B (fraction of inspired oxygen,
FiO,) 5 W0 J5i 2 (respiratory rate, RR) Z H., H i
TENG AR F 93z T PR AG Il 48 i 8t AHRF %
HENC 67 B9 A 80 (HIZ 38 A i 3000 o 6ff 14 1 i
B EEA R B T AR R 22 57 T BE S SpO,
P14 A0 52 38 A UL L TR R A AT 3 Rl 41 B A
BEREZWA X . Wi, A% IR PaO, It
SpO, HHE M AHRF B M B L E ARSI
th 45 & PaO, M % B ROX (modified ROX,
mROX) I H LN FH T HENC $5 97 2 i w3
AN, B A BFSE & B AHRFE 3% 0 3h oo 3 n] fE

R 2N b I [ S e N A = S
HFNC & A5 &7, H it ROX #5 %0, mROX 5§
BTl LA i g8 AL 3 (heart rate, HR) DLk 15
TG ) TN AR RE AL AR i — 2P R & . A ST i e
B o AT 294 5Bl 48 BT 30 AHRE “E4F 3% HFNC
JA B FIIG YT 2 h i ROX 45 %0, ROX-HR #§
B .mROX 8 %0, mROX-HR F8 %, 5 1] X 26 2 8
5 HENC i{&I7 R C &,
1 BEME5HE
1.1 s R %R

PN 2022 4F 1 H—2023 4F 6 H g BE PR
TR BE B ICU ¥ S2I0A B 52 HENC 3697 19 i
RITE AHRF 24 B EE RIS, 58 ]
gy A 325 I E L HERR 31 00 L R 294 (]
HMABEGR., B 172 ] (58.50%), & 122 #i
(41.50%) ;4FE % 65~88 %, F 14 (73.50 = 6. 87)
% iR HENC JR 7 02 @& B2 f 3 40 2k K
21 102 ] (34.69%) . KL P41 192 6] (65.31%) , i
VEU AR B UL B 1, AE SR MR T, AT 5 3K AT 1
BE 2 B o B R S B 48 B 2 B & i B At ME (No.
LW2023155),

Py AR E : DAERE =65 2 5 Q18 Wi 45 & i % fir
#H AHRF, - HBA HENC i& W iE fl# %2 HFENC ¥4
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1.2.1 Y7 AW AMRWEE A ICU JFH
Al il & AH DG 1297 48 B 45 T BRI IR T A 4 i 2
2 eI AR B S RN () R I A S R 25 W L B
BUR A 2 E bR A 25 5 H AR Bl AE RIRIT LA
B SCREFIN RE AL A ES . HENC 3R 97 R
AirvO, PFIE IR AR 36 I7 4GB P 22 9% &5 0k e A |l 4
77, S PTI01AZ) , 282 7™ 48 35 Il i B 370 N B
MR B W B BOE VI I ZEGRE y 34~37 *C i
N 40~60 L/min) , FFAR 48 ik 155 F1 i <53 B 45 2R
AT FiO, LZERF SpO, =92% . Mk <20
L/min,FiO,<30% 2 /D4 6 h I 8 b 1
J7. M2 HFNC JGJ7 Y AHRF B3 LT
2/ PE B O 42 32 T O S HF (RN B8R
BIPLARE <0, RIBE A 2 S HENC R, ORI
PR 5 (PaCO, >50 mmHg, pH<{7. 25) ;s D IfiL i
B 12 AR E GO B BRAT DR O AR ™ I I
AR ES) s QB PR EAL B R BE
TR s @ BT LS 57 AE G, AR A A 7 L R
e LLIF =

1.2.2 BoRHAE WA B I — TR, AL AR
W S A R B 8 28 (body mass index, BMID) | I
JH A 2 MG T RE AL 46 5 I OB PR 18 1 0 5
i 0L 765 95 97 12 P4 BHL ZE 4 fiffi % 95 (chronic obstruc-
tive pulmonary disease, COPD) ], fifi & 43 %Y | 7% Ji
AR 53 T80 CH8 240 TR 355 97 22 PH M 0 DT A A4 R Ja e 5 IR i

TE UL T BT AR T 2 BH A 4 B A o B R G il
R DNA K I 5 BH M, 340 B oy 32 5 {4 8k 4y
DL RGN 2 Fl Ko DL 5 B L T R TR A IR e s DA
I A 5 B 0 T Sk o TR AR B ) DL . HENC
Ja shisk B 7 B 48 B W A5 7T (sequential organ fail-
ure assessment, SOFA) PE/r LI B84 AL 45 H
21 Bt 31 % (white blood cell count, WBC) | Hr 4 %7 41
M1 3t+4% (neutrophil count, NeuC) ., f& 45 % J& (pro-
calcitonin, PCT) , C-Jz Jif #& F1 (C-reactive protein,
CRP) . Il #L.F& (lactate, Lac) ], 3fic 5§ HFNC 77
g ICU (&= B fle) AN 28 d il % F 1 O
1.2.3 ROXEEHHXESHOTR  d5 HFNC 5
MR IT S 2 h B A RR, HR, FiO, ., SpO, .
PaO, , Jf# 3 DL A XA ROX 8 50HH 2 4L,
135 ROX 48 % = Sp0, /(FiO, X RR),ROX-HR
&% =100 X Sp0,/(FiO, X RR X HR) .mROX #§
B =Pa0,/(FiO, X RR) fil mROX-HR #§ % =100
X Pa0,/(FiO, X RRX HR)!'"
1.3 itk

iz Jl SPSS # 4 (& [H IBM 23 &), AR : 26. 0)
XPECHE AT Bt 22 o0 W . A A IE A A I 28
PR X £S Fom Wi ) bb 3R A ST FEAR ¢ 46
B AR IE A M B iE S E R R M (P s Pry) 3R
7R 52 2 (8] b g R A AE S BB R RS 56 ( Mann-Whit-
ney U K255 s THECH BE R F 1 (00) %o, 4 [a] L
K ' Kse . RAIZH £ logistic [ 4:#1 PF 4
ROX #6524 5 AHRF Z4E B % HFNC ¥4
TR R AR, WHZRE TAERHE (receiver op-
erating characteristic, ROC) Hll £k ¥ #fr ROX #5 %X
XS AHRF £ 4F B 3% HENC 697 R W
WMAN 8 . A [R5 B il 8 F 1 X Carea under the
curve, AUC) i 2 5 L 8 % F§ MedCale 4t 31 84
RRA 15,00 i Z 5. R R A R A
4.1.2) Ff1 “rmda” F2 /7 1 4 il P 3R i £k, DL OE Y
ROX B8 LS B WM AHRF &4 8% HFNC
RIT R MBI R SE . P<<0.05 A ZERH ST
2 #£R
2.1 WYL E G IR TERE A

KW B E R A COPD | A I i il
B ]  SOFA P43 (1ICU 15 84 B 8] .28 d ik 4t
FE T KPR EI7 A 2 h iF ROX #55.
ROX-HR #5# . mROX 5l mROX-HR & 5 (%
TRIA, ZRAG I E L (P<<0.05), M4l
A M  BMI 2 MO 5 5 IR 85 PR L i 5% 43
A R JF AR 4 1 WBC, NeuC,PCT,CRP, Lac A &
HFNC J& gl ROX 48 B OC 2 045 48 br LU 8K 22
S LG FE L (P>0.05), WE1,
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x1 WABRERRAMEER X £S,M(P,; ,Py;)
545 4 (102 B LA (192 B Z/t/y? P
PE /11 0.230 0.631
5 64 108
« 38 84
RS/ % 74.88+6.97 72.7646.72 —2.547 0.011
BMI/ (kg/m?*) 25.46+3.71 25.3743.83 —0.184 0. 854
AL /51 )
18P 0 3 25(24.51) 32(16.67) 2.622 0.105
[N IINES 47(46.08) 73(38.02) 1.790 0.181
W FR 29(28.43) 49(25.52) 0. 289 0.591
COPD 44(43.14) 34(17.71) 22.098 <<0. 001
i 1L 4 R 39(38.24) 36(18.75) 13. 309 <0. 001
iti 4 43 74 /45 (V%) 0. 665 0.415
i DX A 1 72(70.59) 144(75.00)
BE B 2K 15 1k 30(29.41) 48(25.00)
995 JEAA 43 T8 /4611 C %) 1.382 0. 847
4 TR 31(30. 39) 53(27.60)
975 7 15(14.71) 38(19.79)
SR AR 11(10.78) 22(11. 46)
RE 13(12.75) 21¢10. 94)
g JEL AR ) 32(30. 48) 58(30.21)
SOFA P45 /4% 7.71%2.96 6.7242.70 —2.898 0. 004
SLE AR AT
WBC/(X10°/L) 14.25746.23 13.68+5. 61 —0.792 0.429
NeuC/ (X 10° /1) 13.0546.79 12.11£5. 42 —1.292 0.198
PCT/(pg/L) 5.24(1.43,14.69) 3.74(1.31,12.33) —1.217 0.224
CRP/(mg/1) 27.75(22. 84,42.50) 26.00(21.09,39.11) —0.987 0.323
Lac/(mmol/L) 3.40(2.39,4.40) 3.20(1. 84,4, 20) —1.013 0.311
B ROX 6251
RR/ (¥ /min) 26.3144.76 26.3745. 10 0.108 0.914
HR/ (¥ /min) 101. 87+18.71 99. 154 14. 90 —1. 360 0.175
SpO, /% 92.8947.08 93.4445. 99 0. 704 0. 482
Pa0,/mmHg 76.78+29. 69 81.01432.09 1.103 0.271
FiO, 0.5740.19 0.5740. 24 —0.023 0.982
ROX 7.0242.47 7.44+3.12 1.199 0.232
ROX-HR 7.0942.60 7.7643.96 1.535 0.126
mROX 5.6842.61 6.16+2.46 1.506 0.134
mROX-HR 5.7742.93 6.3942.91 1.733 0. 084
2 h i ROX X2
RR/ (¥ /min) 25,2445, 04 24,3144, 56 —1.600 0.111
HR/ (¥ /min) 99.53414. 22 97.13413.01 —1.461 0.145
SpO. /% 94.21+2. 85 94.63+1. 96 1.504 0.134
Pa0O,/mmHg 80. 83436. 49 86.85421. 90 1.765 0.079
FiO, 0.60+0.13 0.58%+0.12 —1.194 0.234
ROX 6.774+1.79 7.28+2.02 2. 147 0.033
ROX-HR 6.9342.03 7.6742.60 2. 487 0.013
mROX 5.3441.67 6.3541.30 5.721 <<0. 001
mROX-HR 5.3241.28 6.564+1.23 8. 154 <<0. 001
T 46 b
ICU {5 & it 1ar/d 6.00(4.00,9.00) 4,00(3.00,7.00) —3.902 <0. 001
28 d FET= /B (%) 25(24.51) 24(12.50) 6.918 0. 009
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2.2 AHRF Z4 8% HFNC B kWi £ H %
logistic [543 #7

LI AHRF #4FH#% HENC 1697 & 75 2 W (2
=1, H=0 A, 575N HENCIRYF 2 h B
ROX 48 % . ROX-HR 5%t .mROX #5 £ fl mROX-
HR $8 400 B 28 &, AR Y (SEME 40 A) .COPD

CE=1,H=0) 0I5 CE=1, 7% =0l SO-
FA PF43 CSEDE 99 A 47 Z ] £ logistic B 15
SR SR R, HENC JRYT 2 h BF A mROX #5441
M mROX-HR 8%+ 5 43 %) 4 AHRF &4 8 &
HENC /97 2 Wi 4l S AR 4 R (P <<0. 05), L
%2,

% 2 AHRF 4 £3#E HFNC 347 % M B £ B & logistic @13 5 #7

H 2 B SE Wald y? OR 95%CI P

2 h i ROX #8%%” —0. 054 0.075 0.530 0.947 0.818~1.096 0.467
2 h By ROX-HR #8 % —0.066 0. 062 1.142 0.936 0.829~1.057 0.285
2 h Bt mROX #5 %~ —0.597 0.117 25.947 0.550 0.437~0.693 <0. 001
2 h i mROX-HR #5 %4 —1.118 0.167 45.062 0.327 0.236~0. 453 <0. 001

IV PR AR COPD . il Il 4 %2 9% . SOFA 347,

2.3 HFNCIAJT 2 h iF# mROX 55/ mROX-
HR #5406 AHRF 24 & HENC {677 2K WO i
UKL

2 ROC Hli £ 4 #7, HFENC 3697 2 h B %
mROX 88 .mROX-HR 85 H M AHRF %4 #
#F HFNC IGI7 LM AUC 43518 0. 742(95%
CI:0.688 ~ 0.791),0.829 (95% CI: 0.781 ~
0.870) ,mROX-HR #5 %) AUC KT mROX 4§
B AUC(Z=14.027,P<C0.001), mROX #§ %1
T AERIBTE N 5. 38, RAFE R 65.69% KR5S+ N
79.17% ,APBFEHCHN 0. 449; mROX-HR $5 ¥ 1
BB (E S 5,48, R BBl 83.33%, R 7 BN
88.02% , B4R E R 0. 714, WKl 2,
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IEHTN AHRF % F £3# HFNC BT kK M
ROC B 2

2.4 HFNC AT 2 h 8 mROX 58 mROX-
HR #5500 AHRF &4 % HENC 577 R
PSR i £ B

P il 26 A3 A 45 SR R L 24 HENC 397 2 h i)
7 mROX #§%0 . mROX-HR $8 %19 & KU 5 1 4%
Wk 0.18~0.68.,0.15~0. 90 B, ¥4 Iifs PK 52
P RS B A AE 0. 15~0. 90 LI N, 2 h i
mROX 88 il AHRF &4 B # HFNC A7k
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WFoE & B, HENC JR 97 R I 2 1 it AHRF &3
SIS TR 5 B30 B LGE SR EEE [E A ICU
15 B IsF [) 22 4, L 2 0 0 BB R Fra S
W 5% 5w, 764 A HENC JAJ7 19 AHRF 8 3%
L4 38%(40/106) 1 B E TG Sk T BEARE RS, B
ICU 15 84 B[] ZE 4, 95 FE 2K & 3K 27 %6 (29/106) 5 X
SRR S R AR B, I, T4k 68 0 o B 7
I AHRF B3 HFENC 3697 45 3 09 % W48 b, DAk
Gt PRI HIE 3R 47 5 T B 152 05 155 » e If AR Bk 755 ik e 1) o 22
[i) A8

ROX #8HUE 2T SpO, \FiO, 1 RR &80t
A — B A L B 2 WU 98 5L H AR il R
frEx AHRF H#% HFENC J8 97 45 3 b BA W 78 i
MARAE 2 (H B — TN A 13 T 8L F 5% 1)
ZEAEAT T R, ROX 48 0AE - 101 70 il % BT 3
AHRF £ HENC 3897 2 W7 A7 18 U B Fi e
S O A S5 A B Y TR 5 B L TR R RS SR R
FRAEST . BAh, A WS R B, 75 KRy AHRF &
Fh  SEES kK EE HENCYBYT )G 10~24 h,Jf
HAIERSE S SRR mAa =, KWk, 7
W HENC 3G Y7 2 ) 2 0 H 2, ROX $5 4L
XE DL I R T oK . % Tk, — sb2z 3 223X %)
ROX #5547 2 B, 402k A PaO, # AR SpO, Y
mROX 48 %, ¥4 in HR # ROX-HR 48 % 1
mROX-HR #5504, DU 45 ) g Ao {1
H B il 8 T8t AHRF S24E g 3% rp i Bl /b 3 7 1
P A 5 A

AWFFEE R BoR KW A 5 R 2h 4 HENC 5
Fiff ROX 8 BH XS H EF KR FE X, 5
Kansal 25"V BF 78 45 S 25015 L4, 2L 4 HENC
WBIT A 2 h BB ROX 48 . ROX-HR 1§ %%,
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