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Purpose: This study aimed to evaluate the use of the respiratory rate oxygenation (ROX) index, ROX-heart rate (ROX-HR) index, and satu-
ration of percutaneous oxygen/fraction of inspired oxygen ratio (SF ratio) to predict weaning from high-flow nasal cannula (HFNC) in pa-
tients with respiratory distress in a pediatric intensive care unit. Methods: A total of 107 children admitted to the pediatric intensive care
unit were enrolled in the study between January 1, 2017, and December 31, 2021, Data on clinical and personal information, ROX index,
ROX-HR index, and SF ratio were collected from nursing records. The data were analyzed using an independent t-test, X2 test, Mann-Whit-
ney U test, and area under the curve (AUC). Results: Seventy-five (70.1%) patients were successfully weaned from HFNC, while 32 (29.9%)
failed, Considering specificity and sensitivity, the optimal cut off points for predicting treatment success and failure of HFNC oxygen thera-
py were 688 and 10.16 (ROX index), 5.23 and 8.61 (ROX-HR index), and 198.75 and 353.15 (SF ratio), respectively. The measurement of
time showed that the most significant AUC was 1 hour before HFNC interruption. Conclusion: The ROX index, ROX-HR index, and SF ratio
appear to be promising tools for the early prediction of treatment success or failure in patients initiated on HFNC for acute hypoxemic re-
spiratory failure. Nurses caring for critically ill pediatric patients should closely observe and periodically check their breathing patterns. It is
important to continuously monitor three indexes to ensure that ventilation assistance therapy is started at the right time.
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CPR = Cardiopulmonary resuscitation; HFNC = High-flow nasal cannula; PICU = Pediatric intensive care unit.

Figure 1. Flowchart of the study process.
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AiF9] 136.002)/minXrt} FJcHt = -2.58, p = 010). TF
4 HFNC 22 8% 5§ 6AIRE Fol| /30| 4143%]/min2
Al 79] 36.343]/mink e}t WTHZ = -2.08, p = 038).
AkE-4= HENC Ab4 Q% B8 6ARE o] /d3to] 134.118)/ HFNC 489 &-& 24A17H] ROX indext 33| 8.28
minZ Aol 121.098]/min¥ct WLt =258, p = 011), =2 AufiFe] 6828t E41(Z = -250, p = 012), HFNC 4t
HFNC 4t2e¥ 9 1R Jolle daw0] 124798)/min2 484 39 1A Fol|= 3ol 101622 Alufie] 68815

2. HFNC AtA QW M Aq} Aln10| A|ZFEH ROX
index2} ROX-HR index ¥ SF ratio H|u

Table 1. General and Disease-Related Characteristics of the HFNC Success Group and the HFNC Failure Group (N =107)
Total (n = 107) HFNC success (n = 75)  HFNC failure (n = 32)
Variables/Categories tory? p-value
M + SD or n (%)

Age (mo) 36.4 + 64.84 24.4 £ 51.60 64.5 + 82.83 -1.84 .066
<5 57 (53.3) 43 (57.3) 14 (43.8) .233%
6~11 16 (14.9) 12 (16.0) 4(12.5)
12~24 6 (5.6) 5(6.7) 1(3.1)
25~60 6 (5.6) 4(5.3) 2(6.2)
> 61 22 (20.6) 11 (14.7) 11 (34.4)

Sex 0.06 .808
Male 42 (39.3) 30 (40.0) 12 (37.5)

Female 65 (60.7) 45 (60.0) 20 (62.5)

Body mass index (kg/m?) 17.14 £ 434 16.10 + 2.86 19.55 + 6.00 -3.14 .002

Diagnosis 078"
Hemato-oncology 27 (25.2) 4(18.7) 13 (40.6)

Infection 15 (14.0) 3(17.3) 2 (6.2)
Cardiology 33 (30.8) 25(33.3) 8 (25.0)
Pulmonology 15 (14.0) 9 (12.0) 6(18.8)
Neurology and anomaly 17 (16.0) 14 (18.7) 3(9.4)

Chronic lung disease .299*
Yes 11 (10.3) 6 (8.0 5(15.6)

None 96 (89.7) 69 (92.0) 27 (84.4)

Causes of respiratory failure .659*
Bacteria 5(4.7) 4(5.3) 1(3.1)

Virus 11 (10.3) 9(12.0) 2 (6.3)
Disease-related 91 (85.0) 62 (82.7) 29 (90.6)

Before entering the ICU 2.19 139
Emergency room 45 (42.1) 35 (46.7) 10 (31.2)

Ward 62 (57.9) 40 (53.3) 22 (68.8)

Blood gas analysis
PH 7.39 £ 0.07 7.39 £ 0.07 7.39 £ 0.07 0.28 777
F’alCO2 (mmhg) 45.06 £ 13.12 43.57 £ 12.78 48.56 + 13.44 -1.82 .072
PaO2 (mmhg) 47.58 + 22.02 49.59 + 2491 42.89 £ 11.98 -0.42 .673
Base Excess 2.23 £ 6.04 1.19 £ 4.94 4.65 £ 7.60 -237 .022

Duration of HFNC (d) 6.82 £ 7.01 6.25+7.07 8.16 £ 6.80 -1.94 .052

PRISM score 9.41 £7.81 9.20 + 8.38 9.91 £ 6.37 -0.87 .384

Death rate 27.07 <.001
Death 23 (21.5) 6 (8.0) 17 (53.1)

Survival 84 (78.5) 69 (92.0) 15 (46.9)

HFNC = High-flow nasal cannula; M = Mean; SD = Standard deviation; ICU = Intensive care unit; PRISM = Pediatric risk of mortality; PaO, =
Pressure of arterial oxygen; PaCO, = Pressure of arterial carbon dioxide.
*Fisher exact test.
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o} =9kt = — 391, p<.001). ROX-HR index® HFNC A28 & & 24A17H(Z = -364, p<001) © FG A7 Hof] =& A
H 3T T Hol| AdFto] 8612 Aufie] 5238 w9ttt st w3ktHt = -5.57, p<.001) (Table 2).
(t = -390, p<.001).

SF ratiot= d&w¢] HFNC 2t Q% FHEAH(Z = -2.99,
p=003), & & 2X7HZ = -328, p<001), A& & 6AIZH
(Z=-297,p=003), B& & 12A7HZ = -359, p< 001), &

3. ROX index2} ROX-HR index & SF ratio2] HFNC
AJ- I:H A‘l_n_ 03“7' =

HENC A~ Q9 S 1A7F Aoj] ROX index®= AUC = 0.74

Table 2. Difference in Respiratory Variables between the HFNC Success Group and the HFNC Failure Group (V=107)
HFNC success (n = 75) HFNC failure (n = 32)
Variables torZ p-value
M £ SD

Heart rate (bpm)
Applying initial HFNC 134.15 + 23.44 128.56 + 23.49 1.13 .262
Applying after 2 h 131.52 + 22.67 125.00 + 22.04 1.37 173
Applying after 6 h 134.11 £ 24.38 121.09 + 22.71 2.58 0N
Applying after 12 h 132.99 £ 19.41 127.38 £ 25.72 -0.85" 395
Applying after 24 h 130.23 + 23.33 123.88 + 26.22 1.24 217
Remove HFNC before1 h 124.79 + 21.85 136.00 + 22.98 -2.58 .010

Respiratory rate (rpm)
Applying initial HENC 40.73 £9.04 39.28 + 14.66 0.52 .606
Applying after 2 h 40.57 £9.89 36.44 £ 15.03 1.43 .160
Applying after 6 h 41.43 +10.97 36.34 % 11.41 - 208" 038
Applying after 12 h 42.52 + 10.94 37.97 £ 15.17 1.54 132
Applying after 24 h 41.92 £ 10.93 39.28 + 12.88 - 1.03* .304
Remove HFNC before 1 h 40.71 £16.73 37.28 £13.22 =033 .739

ROX index
Applying initial HFNC 7.99 £3.10 6.97 £ 3.19 - 1.52¢ 127
Applying after 2 h 8.22 + 3.08 7.50 + 3.93 - 1.10¢ .270
Applying after 6 h 8.02 £ 3.13 7.39 £3.21 0.94 .348
Applying after 12 h 8.05 + 3.36 7.63 £ 5.06 - 1.50" 133
Applying after 24 h 8.28 £ 3.1 6.82 + 4.04 - 2.50* 012
Remove HFNC before 1 h 10.16 + 4.68 6.88 + 6.09 -391 <.001

ROX-HR index
Applying initial HFNC 6.27 £ 3.04 5.78 £ 3.31 - 1.09* 276
Applying after 2 h 6.52 + 3.01 6.31 + 3.88 - 0.86" .388
Applying after 6 h 6.31 £3.14 6.34 + 3.16 - 0.07* 940
Applying after 12 h 6.32 £3.27 6.66 * 5.88 -1.27* .203
Applying after 24 h 6.69 * 3.21 5.74 + 3.46 - 1.52¢ 127
Remove HFNC before 1 h 8.61 £ 4.94 5.23 + 4.51 -3.90 <.001

Sp0,/FIO, ratio
Applying initial HFNC 311.36 + 98.76 250.64 + 102.59 - 299 .003
Applying after 2 h 315.99 £ 90.57 246.36 + 113.20 -3.28" .001
Applying after 6 h 311.41 £92.65 251.57 £ 105.47 -297* .003
Applying after 12 h 316.85 + 92.61 241.55 + 108.97 - 3.59* <.001
Applying after 24 h 327.02 £ 90.39 241.30 £ 117.56 -3.64" <.001
Remove HFNC before 1 h 353.15+93.74 198.75 + 114.82 -5.57 <.001

HFNC = High-flow nasal cannula; M = Mean; SD = Standard deviation; ROX = Respiratory rate oxygenation; ROX-HR = ROX-heart rate; FIO, =
Fraction of inspired oxygen; Sp0, = Saturation of percutaneous oxygen.
*Mann-Whitney U test.
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(95% confidence interval [CI]: 0.62~0.86, p<.001)¢] A& o
ZE& ¥Y1, ROX-HR index: AUC = 0.74 (95% CI:
062~0.85, p<.001)2] 4F AFES B} SF ratio= HFNC
ey B8 T 12417 B8 $ 2447ke] AUCT} 242} 072
(95% CI: 060~0.84, p<.001)olen, Fc 1A7 Fe] AUC
£ 084 (95% CI: 075~0.94, p< 001 E AF dZEo] &9ttt
(Table 3).

4, HFNC £tA 28 Al ROX index2F ROX-HR index !
SF ratio2| 21Zt=2} E0|=

ROX indexi= HFNC 4t Q% $¢ 1A17F "ol X7 a3t
Aufjo] 28 Hobgo 2, Ad3wto] 10163} Aufito] 6.8801%1
31, ROX-HR indexi= HFNC At Q% ¢ 1A17F Ho] 33t
Alzlje] 25 Ao 2 dgTto] 8617 Alufto] 523011t
SF ratio= HFNC A& Q9 S 1817 Fo] 33t Alufe] 3]

Table 3. Predictive Values of ROX Index, ROX-HR Index, and Sp0,/FIO,

Ratio for HFNC Success in Pediatric Patients W =175)
95% Confidence
Variables AUC  p-value interval
Lower  Upper
ROX index
Applying initial HFNC 0.59 127 047 0.72
Applying after 2 h 0.57 270 044 0.70
Applying after 6 h 0.54 488 042 0.67
Applying after 12 h 0.59 133 0.46 0.72
Applying after 24 h 0.65 .012 0.3 0.78

Remove HFNC before 1h ~ 0.74 <.001 0.62 0.86
ROX-HR index

Applying initial HFNC 0.57 276 0.44 0.69
Applying after 2 h 0.55 388  0.42 0.69
Applying after 6 h 0.50 940 037 0.62
Applying after 12 h 0.58 203 045 0.71
Applying after 24 h 0.59 127 047 0.72

Remove HFNC before 1h  0.74 <.001 0.62 0.85
Sp0,/FIO, ratio

Applying initial HFNC 0.68 .003 057 0.80
Applying after 2 h 0.70 .001 0.58 0.82
Applying after 6 h 0.68 .003  0.56 0.80
Applying after 12 h 0.72 <.001 0.60 0.84
Applying after 24 h 0.72 <.001 0.60 0.84

Remove HFNC before 1h  0.84 <.001 0.75 0.94

ROX = Respiratory rate oxygenation; ROX-HR = ROX-heart rate;
HFNC = High-flow nasal cannula; Sp0O, = Saturation of percutaneous
oxygen; FIO, = Fraction of inspired oxygen; AUC = Area under the
curve.
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FIO, = Fraction of inspired oxygen; HFNC = High-flow nasal cannula; ROX = Respiratory rate oxygenation;
ROX-HR = ROX-heart rate; ROC = Receiver operator characteristic; SpO, = Saturation of percutaneous oxygen.

Figure 2. ROC curves for (A) ROX index, (B) ROX-HR index, and (C) SpO,/FI0, ratio as predictor of HFNC failure.
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