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Abstract
Introduction: NIV (Non-invasive ventilation) and HFNC  (High Flow nasal cannula) are being used in patients with 
acute respiratory failure.  HACOR score has been  exclusively calculated for patients on NIV, on other hand ROX index 
is being used for  patients on HFNC. This is  first study where ROX index has been used in patients on NIV to predict 
failure.

Aim of the study: This study investigates the comparative diagnostic performance of HACOR score and ROX index to 
predict NIV failure.

Methods: We performed a retrospective cohort study of non-invasively ventilated Covid 19 patients admitted be-
tween 1st April 2020 to 15th June 2021 to ICU of a tertiary care teaching hospital located in Central India. We as-
sessed factors responsible for NIV failure, and whether these scores HACOR/ ROX index have discriminative capacity 
to predict risk of invasive mechanical ventilation.

Results: Of the 441 patients included in the current study, 179 (40.5%) recovered, while remaining 262 (59.4%) had 
NIV failure. On multivariable analysis, ROX index > 4.47 was  found  protective for NIV-failure (OR 0.15 (95%CI 0.03-
0.23; p<0.001). Age > 60 years and  SOFA score were other significant independent predictors of NIV-failure. The AUC 
for prediction of failure rises from 0.84 to 0.94 from day 1 to day 3 for ROX index and from 0.79 to 0.92 for HACOR 
score in the same period, hence ROX score was non-inferior to HACOR score in current study. DeLong’s test for two 
correlated ROC curves had  insignificant difference expect day-1 (D1: 0.03 to 0.08; p=3.191e-05 ,D2: -0.002 to 0.02; p 
= 0.2671, D3: -0.003 to 0.04; p= 0.1065).

Conclusion: ROX score of 4.47 at day-3 consists of good discriminatory capacity to predict NIV failure. Considering its 
non-inferiority to HACOR score, the ROX score can be used in patients with acute respiratory failure who are on NIV. 
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 �Introduction

SARS-CoV-2 infection has wide range of clinical mani-
festations. Severe pneumonia leading to acute res-
piratory distress syndrome (ARDS) is one of the most 
catastrophic manifestation having high mortality [1]. 
ARDS presents as quickly escalating hypoxemia with 
a significant ventilation-perfusion mismatch [2]. Lung 
compliance is preserved early in ARDS, and as the 
disease progresses, lung compliance is reduced due to 
worsening alveolar-oedema and fibrosis [2].. Prior to 
SARS-CoV-2 pandemic, traditional approach for man-
agement of ARDS has been to intubate and perform in-
vasive, lung-protective ventilation with proning. How-
ever during SARS-CoV-2 pandemic large numbers, 
limitation in resources and avoidance of endotracheal 
intubation prompted a large number of patients to be 
managed by non-invasive ventilation [3]. 

Non-invasive ventilation (NIV) is administered ei-
ther by a high-pressure or a high-flow system. High-
pressure systems depend on a specialized NIV-mask 
and deliver positive end-expiratory pressure (PEEP), 
which increases oxygenation [4,5]. In-contrast, high-
flow systems depend on a specialized nasal canula 
(HFNC) and delivers oxygen and air at a high flow rate. 
Both methods reduce work of breathing and assist in-
spiration. Since assisted ventilation is often required for 
a prolonged duration and use of either of these tech-
niques depends on availability and patient-comfort, 
often both these techniques are used alternately in a 
same patient. Failure of NIV to correct hypoxemia may 
lead to intubation and invasive mechanical ventilation 
(IMV) [6-9]. 

The incremental duration of non-invasive ventila-
tion (NIV failure) has a direct association with self-
inflicted lung injury which further leads to worsening 
of respiratory mechanics and poor outcome [10-11. 
HACOR score (heart-rate, acidosis, consciousness, ox-
ygenation, and respiratory rate) was initially proposed 
for NIV failure [10].A more simplified ROX index (ra-
tio of respiratory rate and oxygenation) was developed 
for prediction of high-flow failure [12]. 

Prior to Covid era, HACOR score was exclusively 
calculated for patients on NIV failure and ROX index 
was exclusively calculated for HNFC patients.. During 
the COVID pneumonia Valencia et al exclusively com-
pared these score in patients requiring HFNC [13]. We 
in this study explore further comparative performance 
of these two indices in NIV failure from longitudinal 

perspective. The secondary objectives of the study were 
to detect the optimum cut-off values of superior indi-
cator and to check the effect of other co-variables on 
NIV status from the multivariable perspective after ad-
justing the effect of superior indicator(ROX/HACOR).

 �Material and Methods

Design and Ethics statement

We performed a retrospective cohort study of non-
invasively ventilated Covid 19 patients admitted to an 
intensive care unit (ICU) of a tertiary care teaching 
hospital located in Central India. During the study pe-
riod COVID-ICU was operated under trained inten-
sivists, who recorded all patient details on ICU-charts. 
A hospital information system recorded patient demo-
graphics and laboratory based investigation details. As 
part of standard hospital practice, all patients present-
ing to the emergency area of the hospital were triaged 
and those with severe illness (SpO2< 90% on room air) 
were considered for ICU admission. Patients admit-
ted to ICU were managed with one of the modalities 
namely NIV,HFN C,O2 therapy. Patients who had ei-
ther tachypnea (RR > 30 per minute) or a high oxygen 
demand (FiO2 more than 0.60) were considered for 
invasive mechanical ventilation.. A request for waiver 
of consent was approved by Institutional Ethical Com-
mittee of AIIMS Bhopal (2020/DM/Mch/July/01). 

Participants

We included case records of all adult Covid 19 RT-PCR 
positive patients who were admitted between 1st April 
2020 to 15th June 2021 in COVID-ICU on non-invasive 
ventilation as an initial ventilatory strategy. We exclud-
ed patients where a an early decision of IMV (within 
24 hours of ICU admission), pregnant women, and pa-
tients transferred to other facilities on request.

Study Procedures

We abstracted information pertaining to demography 
(age, gender), pre-admission morbidity (Diabetes mel-
litus, hypertension, ischemic heart disease, chronic 
kidney disease, malignancies etc.) COVID-19 related 
disease history (onset and nature of symptoms, date of 
admission to hospital and admission to ICU), vitals, 
oxygenation and SOFA score at the time of ICU admis-
sion. Based on available information HACOR score/
ROX index were calculated 8 hourly for the duration of 
6 days or until NIV failure . Out of 3 scores calculated 
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per day we used the worst HACOR score/ ROX index 
for the purpose of the study. The date of intubation and 
onset of mechanical ventilation, parameters related to 
mechanical ventilation related mechanics, investiga-
tions, administration of key therapeutic agents, and 
outcome during hospital stay were also retrieved from 
ICU charts. 

Outcome

Key outcome was NIV-failure, which was defined as 
initiation of IMV or death while patient was on NIV. 
Other operational definitions used in the study are fur-
ther described in Supplementary appendix-S1.

Statistical analysis

We entered all data in MS-Excel, and performed data-
cleaning before exporting to statistical analysis soft-
ware R(RStudio 2022.02.0+443, 2022-02-16). We per-
formed a descriptive statistical analysis of all variables, 
with NIV-failure as a key-outcome. We estimated 95% 
confidence intervals for all point estimates. We used 
box plots, violin plots and ribbon plots to check the 
trajectory of ROX and HACOR scores. To evaluate per-
formance of HACOR score and ROX index, we consid-
ered ICU admission as day-0 and constructed ROC-
curves for both these parameters for every consecutive 
day. Patients who had an outcome prior to day-6 were 
right censored. 

Two   composite Receiver Operating Characteristic 
(ROCs) curves for ROX and HACOR scores were cre-
ated for each day and AUC with 95% confidence in-
terval for each day was calculated.  The cut off points ( 
with confidence regions) on these graphs were calcu-
lated using the Clopper and Pearson exact method and 
the cross product of these intervals drew the rectangu-
lar confidence interval for the pair. The ROC plotting 
was also done in pairwise manner ( ROX and HACOR 
score for the day) for visual comparison of scores to 
predict day wise NIV status. The extent of superposi-
tion was detected through Venkatraman method with 
default boot -strapping value as 2000.

The day wise optimum cut-off point   of   score to 
discriminate NIV failure to NIV success were calculated 
through 4 different methods   in R-package “Optimal 
Cutpoints. The rationale to choose these methods 
,amongst  given methods of calculating cut points was 
based on   - a) to assign   relatively higher   sensitivity 
and NPV to cut offs  at both population levels and an 
clinical decision making at an individual  level b) a mix 

of deductive and inductive (Bayesian) approaches and 
c) incorporation of both novel and   time honoured 
method. Thus we  chose  Positive Diagnostic Likelihood 
Method ( desired DLR+ set to 10 ), minimum sensitivity 
method (where  desired sensitivity was pre-set to 90%),  
Negative Predictive Value maximization method and 
Yoden Index . The day wise cut off with correspond-
ing sensitivity, specificity, NPV and PPV for that cut off 
value was calculated. Choosing  and optimizing cut off 
through multiple methods assigned an intrinsic validi-
ty to cut-off value. A composite visualization of bar and 
line geometry was then created in order to see the day 
wise cut off values ( represented by bars at secondary 
y-axis ) and corresponding parameters values (repre-
sented by different lines at primary y-axis).The purpose 
was to gather other visual evidence  on the day at which 
ROX cut off values  will maximize the prediction as a 
function of time .

We had chosen 4 models to understand the effect of 
overall marginal ROX score , interaction of  ROX score 
with day  and effects of other covariables in multivari-
ate sense.    These models were built with  gradual in-
creasing intricacies arising from theory-driven variable 
selections The schematic description is given in Sup-
plementary appendix-S2. In these models ,NIV-failure 
was used as a key outcome variables and demographic, 
clinical, SOFA score, haematological, and biochemi-
cal parameters at baseline as predictors. Performance 
of multivariable models was assessed using Akaike 
information and baysean information criteria. The 
visualization of marginal effects   for complex models 
were made by ‘ggeffect’  package in r which computes 
marginal effects and accommodative predictors  (or es-
timated marginal means) at the mean (MEM) or at rep-
resentative values (MER) of predictors from statistical 
models by keeping   the non-focal variables constant 
and changing the focal variables.   The resultant data 
frame with consistent structure was then used for plot-
ting using “ggplot”. The singular and adjusted effects of 
the significant variables were plotted through probabil-
ity distribution plots.

 �Results
Out of 653 ICU admissions between 1st April 2020 to 
15th June 2021, 441 (67.5%) received NIV as initial ven-
tilatory strategy for >24 hours. While 92 (14.0%) were 
intubated and mechanically ventilated within 24 hours 
of ICU admission and another 102 (15.6%) recovered 
on oxygenation alone. Some patients left against medi-
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cal advice. A total of 262 patients had NIV failure and 
were shifted either to invasive ventilation or died dur-
ing NIV. The whole study flow is summarized in Figure 
1 IMV. Individuals with NIV-failure had a higher age, 
more severe ARDS, higher SOFA scores, and a greater 
prevalence of Acute Kidney Injury, hypotension and 
vasopressor use as compared to those who did not fail 
NIV. Individuals with no NIV-failure received more 
steroids and had a lower length of ICU stay (Table 1).

Performance of both HACOR score and ROX index 
was found to be similar. Individuals who had NIV-fail-
ure had a progressive rise in HACOR score, and a cor-
responding decline in ROX-index from day 1 to day 6 
(Table 2). The similar or non-inferior discrimination of 
both HACOR score and ROX index between the NIV-
failures and NIV-success subgroups in visually depict-
ed in Figure 2. ROC analysis further corroborates to 
this finding. The area-under-curve for prediction of 

failure rises from 0.84 to 0.94 from day 1 to day 3 for 
ROX index and from 0.79 to 0.92 for HACOR score in 
the same period while further increment in predictive-
ness is marginal for both scores from day 4 to 6 (Fig-
ure 3). DeLong’s test for two correlated ROC curves 
also had an  insignificant difference expect on day-1 ( 
D1: 0.03 to 0.08; p=3.191e-05 ,D2: -0.002 to 0.02; p = 
0.2671, D3: -0.003 to 0.04; p= 0.1065, D4: -0.01 to 0.02; 
p= 0.7326, D5: -0.03 to 0.02; p= 0.5062, D6: -0.01 to 
0.02; p= 0.9423).

The optimum cut-off values for the ROX score to 
predict NIV failure was determined as 4.47 at day-3.
The detailed description of the day wise optimum cut 
off points , corresponding to 4 selected methods and 
sensitivity, specificity ,PPV,NPV and likelihood point 
estimates with 95% CI are given in Supplementary ap-
pendix-S2.

Fig. 1. Study flow chart
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Table 1. Comparison of Demographic, Severity of illness, Inflammatory markers between NIV success vs Failure patients

Total NIV Success (n=179) NIV failure (n=262) p value
Age 60 (19-90) 54(53-58) 62(61-64) <0.001
M:F 311:130 126:53 185:77 0.960
DM 241(54.6%) 106(59.2%) 135(56%) 0.111
HTN 268(60.8%) 103(57.5%) 165(63%) 0.251
CAD 64 (14.5%) 22(12.3%) 42(16%) 0.274
CKD 24(5.4%) 7(3.9%) 17(6.5%) 0.241
COAD 22(5%) 8(4.5%) 14(5.3%) 0.629
Symptom-admission	duration	(days) 7	(0-14) 3(0-8) 4(1-14) 0.783
Baseline	P/F	ratio 125(56-280) 145(140-156) 117(110-121) <0.001
ARDS category 
Mild
Moderate
Severe

32	(7.3%)
282 (63.4%)
127(28.8%)

18(56.3%)
136(48.2%)
25(19.7%)

14(43.8%)
146(51.8%)

80.3%

<0.001

Remedesivir 286 (64.9%) 117(65.4%) 169(64.5%) 0.853
TCZ 23 (5.2%) 11(6.1%) 12(4.6%) 0.468
Vasopressors	 172(39%) 2(1.1%) 170(64.9%) <0.001
Steroid 
Early	High
Early	low
Indeterminate

283 (64.2%)
113 (25.6%)
45 (10.2%)

126(70.4%)
50(27.91%)
3	(1.7%)

157(59.9%)
63(14.3%)
42(9.5%)

<0.001

BSI
NG
Gram	neg
Positive	
Fungal

351(79.6%)
56(12.7%)
14 (3.2%)
20(4.5%)

164(91.6%)
9(5%)
3(1.7%)
3(1.7%)

187(71.4%)
47(17.9%)
11(4.2%)
17(6.5%)

<0.001

Shock	 134 (30.4%) 1(0.6%) 133(50.8%) <0.001
AKI 109(24.7%0 8(4.5%) 101(38.5%) <0.001
SOFA 4(2-14) 3(3-4) 6(6-7) 0.0001
Baseline	CRP 101(1.98-870) 75(68-98.70) 116.20(98-135) 0.006
Baseline	ALC 760(120-3640) 860(760-920) 720(650-780) <0.001
ICU	LOS 9(1-90) 7(7-8) 11(10-13) <0.001
Hospital	LOS 14(1-95) 14(12-16) 14(13-15) 0.349

Table 2. Ventilatory parameter comparison- HACOR/ROX

Total Success(n=175) Failure (n=262) Univariate analysis OR (CI)
HACOR D1 5(0-9) 4(4-5) 6(6-7) 1.963(1.696-2.273)	
ROX D1 4.13(1.9-9.27) 5.14(4.9-5.3) 3.53(3.33-3.68) 0.309(0.245-0.389)
HACOR D2 5(0-10) 3(3-4) 6(6-7) 2.735(2.250-3.325)
ROX D2 4.1(1.7-12.15) 5.62(5.36-5.85) 3.32(3.16-3.50) 0.194(0.143-0.262)
HACOR D3 5(0-9) 3(3-4) 7(7-8) 3.064(2.435-3.857)
ROX D3 4.5(1.68-13.22) 6.06(5.85-6.27) 3.3(3.13-3.50) 0.186(0.131-0.263)
HACOR D4 5(0-10) 3(3-4) 7(7-8) 3.119(2.416-4.027)
ROX D4 2.7(2-14.1) 6.08(5.83-6.50) 3.29(3.10-3.57) 0.182(0.125-0.266)
HACOR D5 4.0(0-10) 2(2-3) 7(7-8) 3.745(2.647-5.300)
ROX D5 5.2(1.95-10.47) 6.3(6.15-6.6) 2.95(2.8-3.20) 0.182(0.119-0.279)
HACOR D6 4 (0-10) 2.0(2-3) 7.5(7-8) 3.536(2.442-5.119)
ROX D6 5.4(1.5-12.65) 6.84(6.35-7.14) 2.89(2.66-3.20) 0.159(0.093-0.272)
No	of	days	with	HACOR>5 2(0-18) 1(1-2) 3(3-4) 1.87(1.58-2.09)
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Fig. 2. Patterns of ROX index and HACOR from day 1 to day 6

Fig. 3. Receiver operating curve analysis of ROX-index and HACOR score from day 1 to day 6
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On multivariable analysis, ROX index with a cut-
off of greater than 4.47 was found protective for NIV-
failure (OR 0.15 (95%CI 0.03-0.23). Age more than 60 
years and higher SOFA score were other significant in-
dependent predictors of NIV-failure (Table 3).

The visualization of marginal effects  of age ,SOFA 
and ROX score using probability distribution plots is 
shown in Figure 4. Older age independently seems to 
increase the probability of NIV failure irrespective of 
SOFA and ROX value. At older ages a relatively moder-
ate SOFA score (8 or more) favours NIV failure even if 
ROX is on lower side. On the other hand ,at younger 
ages a lower SOFA score with a moderate ROX favours 
NIV success. This observation may warrant the impor-
tance of estimating SOFA at admission amongst the 
relatively younger COVID-19 patients.

 �Discussion
The HACOR score was developed by Duan et al where 
they observed an upward trends of HACOR score in 
patients with NIV failure [10]. The diagnostic accuracy 
for HACOR score of greater than 5, after 1 hour of NIV 
therapy was 81.8% and remained above 80% thereaf-
ter [10]. This accuracy was not found to be influenced 
with NIV duration, diagnosis, age, or disease. HACOR 
score is a summation based score where each indica-
tive parameter is assigned a numerical value. A higher 
additive score thus indicates higher probability of NIV 
failure. On other hand, ROX index is a fraction based 
score where of SP02 to FiO2 ratio with respiratory rate 
as denominator [12]. With this context this study to the 
best of our knowledge is one of the largest single center 
series from India where 441 Covid patients were initi-
ated on NIV.

The faltering of the ROX is also evident in our study. 
In NIV failure group, amongst the subgroup having 
the ROX score less than 4.47 (and subsequently lend-
ing into failure ) the ROX goes from 3.27± 0.59 (d1) to 
3.23±0.66 (d3) to 2.94±0.72(d6). The subgroup having 
the ROX score greater than 4.47 in NIV failure group, 
the score trajectory was 5.26±0.70 (d1) to 5.54±1.01 
(d3) to 5.48±0.65 (d6). In NIV success group, the sub-
groups having ROX scores above and below the identi-
fied cut-off values showed a score trajectory respectively 
from 5.83±1.00 (d1) to 6.35±1.39(d3) to 7.28±1.67 (d6) 
and from 3.91±0.45 (d1) to3.86 ±0.43(d3) to4.01±4.07 
(d6).These descriptive statistics assigns a notion of 
stalling (faltering ) courses of ROX in destined to be 

Ta
bl

e 
3.

 M
ul

tiv
ar

ia
bl

e 
m

od
el

s f
or

 N
IV

 fa
ilu

re
. T

he
 m

od
el

s w
er

e 
cr

ea
te

d 
on

 3
27

 p
ar

tic
ip

an
ts

 h
av

in
g 

co
m

pl
et

e 
in

fo
rm

ati
on

 a
bo

ut
 a

ll 
co

va
ria

te
s.

 T
he

 m
od

el
 d

ia
gn

os
-

tic
s i

nd
ic

at
e 

th
e 

su
bs

ta
nti

al
 re

du
cti

on
 in

 e
rr

or
 v

ar
ia

nc
es

 a
fte

r t
he

or
y 

dr
iv

en
 se

qu
en

tia
l s

ec
tio

ns
 o

f v
ar

ia
bl

es
.

Pr
ed

ic
to

rs
Re

f.C
at

eg
or

y.
 N

IV
_S

uc
ce

ss
 O

dd
s R

ati
os

 C
I p

O
R

CI
p

O
R

CI
p

O
R

Cl
p

O
R

CI
p

O
R

CI
p

R0
X>

4.
47

0.
19

0.
13

-2
6

<0
.0

01
0,
18

0.
12

 - 0
.2

5
<0

.0
01

0,
18

0.
12

 - 0
.2

5
<0

.0
01

0,
17

0.
11

 -0
.2

5
<0

.0
01

0,
15

0.
09

 - 0
.2

3
<0

.0
01

Ag
e>

60
Yr
s

 
 

 
5,

2.
47

	-1
1.
83

<0
.0

01
5,

23
8	-
11

.7
4

<0
.0

01
5,

23
0 -

 1
15

8
<0

.0
01

4,
1.

66
 -1

0.
18

0,
00

3
G
en

de
rF

 
 

 
0,
64

0.
29

 -1
.4

1
0,
27

1
59

0.
26

 -1
.3

3
0,
20

8
0,
65

0.
28

	-1
.4
7

0,
30

0
37

0.
13

 -1
.0

0
57

Di
ab

et
es
+

 
 

 
0,
61

0.
29

	-1
.2
7

0,
18

4
59

0.
28

 -1
.2

5
0,
17

0
59

0.
27

	-1
.2
6

0,
17

6
55

02
3 -

1.
30

0,
17

5
Ill
ne

ss
_I
CU

_I
nt
er
va
lT
2(
In
t)

 
 

 
 

 
 

0,
72

0.
29

	-1
.7
2

0,
45

6
0,
76

03
1 -

 1
.8

6
35

5
0,
77

0.
27

	-	2
.1
5

0,
61

7
Ill
ne

ss
_I
CU

_I
nt
er
va
lT
3(
H
ig
h)

 
 

 
 

 
 

2,
0.
87

	-	5
.2
5

0,
10

0
22

2
0.

90
 - 5

.6
2

0,
08

6
3,

1.
16

 - 9
.2

6
0,
02

7
AL
CD

I_
Te
rti
le
2(
In
t)

 
 

 
 

 
 

 
 

 
0,
45

0.
17

	-	1
.1
1

87
0,
87

0.
29

 - 2
58

0,
79

6
AL
CD

I_
Te
rti
le
3(
H
ig
h)

 
 

 
 

 
 

 
 

 
0,
43

0.
16

	-1
.0
7

0,
07

1
0,
75

0.
26

 - 2
.1

6
58

5
SO

FA
	S
co
re

 
 

 
 

 
 

 
 

 
 

 
 

2,
1.
60

	-	2
.7
1

<0
.0

01
O
bs
er
va
tio

ns
32

7
 

 
32

7
 

 
32

7
 

 
32

7
 

 
32

7
 

 
R2

	T
ju
r

39
3

 
 

0,
63

6
 

 
0,
64

6
 

 
0,
65

4
 

 
0,
72

9
 

 
AI

C
22

4,
 

 
20

9,
 

 
20

7,
 

 
20

65
82

 
 

16
9,

 
 

lo
g-
Li
ke
lih
oo

d
-1

10
21

3
 

 
-9

93
34

 
 

-9
63

87
 

 
-9

42
91

 
 

-7
4,

 
 

O
R:

 O
dd

s r
ati

o;
 C

I: 
Co

nfi
de

nc
e 

in
te

rv
al



 8 • The Journal of Critical Care Medicine 2024;10(1) Available online at: www.jccm.ro

a NIV failure group . This stalling phenomenon holds 
true even for the subgroup erroneously misclassified as 
‘normal’ based on identified ROX cut off in NIV failure 
group as well.

The discriminative capacity of HACOR was 0.79 
(AUC-ROC-0.79) in our study; apart from study by 
Valencia et al (AUC-ROC-0.71); Santus et al (AUC-
ROC-0.74); Guia et al (AUC ROC-0.87) the score has 
not been validated as per se in COVID 19 disease [13-
15].

The ROX index greater than or equal to 4.88 meas-
ured after 12 hours of HFNC was significantly associ-
ated with a lower risk for MV (hazard ratio, 0.273 [95% 
confidence interval, 0.121-0.618]; p=0.002) [12]. Here 
in our study we calculated the cut off by three methods 
i.e. Direct logistic regression, 90% minimum sensitiv-
ity, high negative predictive value and by ROC , by all 
these methods ROX Cut off of 4.47 was >90% sensi-
tive of predicting NIV failure. In recently published 
meta-analysis by JP etal , which included 1300 COVID 
19 patients on HFNC therapy optimal cut off value for 
ROX index may fall close to 5 within 24 hours of ad-
mission with time to assessment was taken as 6 hours 
[16]. We in our study had a lower cutoff, this could be 
due to inclusion of patients with only on NIV therapy. 
These patients are much more hypoxemic than patients 
on HFNC and above all this cut off is for patients on 
NIV and not for patients on HFNC therapy. Other 
reason could be till now ROX scores have been com-

puted in patients for a period of 48 hours but in our 
study we serially followed up to Day 6 where in pa-
tients with NIV failure, the serial ROX (48 vs 72 hours) 
would have a declining trend. AUC for ROX on D3 was 
equivalent to D6 , hence Day 3 ROX would be better 
predictor of NIV failure. Logically also D3 seems fine 
once the patient is admitted to ICU, apart from respira-
tory support in our case it was NIV, anti-inflammatory 
therapy is initiated and by D3 it gives a clear picture 
whether the patient is improving or not and if not it’s 
better to intubate as prolonging him on NIV for long 
time precipitates patient induced self-inflicted lung in-
jury (SILI) [17]. 

In study by Valencia et al AUROC for ROX index 
was 0.72, HACOR was 0.71, these were marginally 
better than AUROC for respiratory rate 0.69 [13]. In 
meta-analysis by JP et al ROX index showed a good 
discriminatory value, sAUC 0.81 with sensitivity of 
70% and specificity of 79% for predicting HFNC failure 
[16]. The reasons for non-inferiority of ROX index in 
patients with COVID ARDS could be , the factors list-
ed in HACOR score such as HR, GCS and pH if these 
factors are affected i.e. if sensorium is altered, tachycar-
dia is due to shock/ severe hypoxemia, or fall in pH is 
either due to respiratory acidosis or metabolic acidosis 
would eventually indicate that patient’s needs mechani-
cal ventilation within 24 hours. The criteria of pH was 
included in this score as this score was initially concep-
tualized for patients with acute exacerbation of COPD 

Fig. 4. Age, SOFA, ROX score interaction
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whereas in patients with COVID pneumonia it’s basi-
cally respiratory alkalosis which is troublesome rather 
than acidosis. We had eventually 92 patients who were 
immediately intubated i.e.<24 hours as they fitted into 
one of these criteria, hence were not included in final 
analysis. In COVID patients the oxygenation and res-
piratory rates are usually affected whilst other param-
eters enlisted in HACOR score such as GCS, HR and 
pH are usually spared and if either of these three are 
involved then patient usually lands up in mechanical 
ventilation. This could be the reason leading to non-
inferiority of ROX index in our study, and hence these 
scores should be interpreted with caution in other 
causes of respiratory failure besides COVID 19. The 
advantage of ROX index is it doesn’t require ABG and 
can be easily calculated bed side. 

SOFA score was also one of the most important pa-
rameter on multimodal logistic regression. 75% of pa-
tients in current study had moderate to severe ARDS 
with a Respiratory SOFA of 3-4. A further increased 
SOFA would indicate renal or cardiovascular involve-
ment, as CNS, coagulation SOFA and liver enzymes 
are relatively less affected. An indirect evidence of CVS 
and renal involvement may be thought off by higher 
vasopressor use and higher incidence of AKI in failure 
group. Age has been the significant factor which was 
associated with NIV failure, this has been demonstrat-
ed in study by Chacko et al [18]. Age has been associat-
ed with poor outcomes, various reasons could be poor 
host defense mechanisms, multiple comorbidities and 
poor cardiovascular response to hypoxemia, increased 
risk of AKI. A summary of the studies predicting NIV 
failure is illustrated in Table 4 [13-16,18-21]. 

Age, SOFA and ROX D3 were significant factors on 
multivariate logistic regression model which predicted 
the failure, this seems logical as SOFA score basically 
covers each organ system . What additional factor ROX 
provides us is the RR , SOFA doesn’t provide. Age is im-
portant determinant as it decides two most important 
things host response to infection and above all body’s 
cardiovascular response to hypoxia. 

This is the first study to compare the ability to pre-
dict NIV failure using HACOR and ROX scores. A se-
rial assessment of scores was done up to 6 days where 
none of the studies have assessed them for more than 
a day. Non-inferiority of ROX index , warrants future 
prospective trials on comparing these scores towards 
monitoring these patients in non-invasive ways. There 
is a need to redefine HACOR score for pts with hypox-

emic resp failure as more focus should be paid on other 
parameters rather than traditionally described in HA-
COR scores such as SOFA, pneumonia, immunosup-
pression, ARDS and septic shock [11].

The limitation of this study may be thought off in 
terms of classical limitations associated with tendency 
of abstraction in a retrospective study, incomplete in-
formation of participants and changeability of medical 
professionals during patient dealing in different phases. 
However, all the attempts were made to minimize these 
possible sources of errors by defining research hypoth-
esis a-priori, investigating through multitude of mo-
dalities like exploratory visualizations, univariable and 
multivariable analysis, inclusion of complete cases only 
in final analysis, running multiple step-up models and 
using multiple methods to determine convergence.

 �Conclusion

The ROX score seems to be non-inferior to HACOR 
score in predicting NIV failure in patients with COV-
ID 19 pneumonia, but this result should be interpreted 
with caution in other causes of acute respiratory fail-
ure. A cut of 4.47 at day-3 for ROX score consists of 
good discriminatory capacity to predicts NIV failure. 
From a multivariable perspective, older ages and SOFA 
score at admission were independent covariables with 
ROX score to predict NIV failure.
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