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Abstract

Purpose: To develop and validate a scale using variables easily obtained at the bedside for prediction of failure of
noninvasive ventilation (NIV) in hypoxemic patients.

Methods: The test cohort comprised 449 patients with hypoxemia who were receiving NIV. This cohort was used

to develop a scale that considers heart rate, acidosis, consciousness, oxygenation, and respiratory rate (referred to as
the HACOR scale) to predict NIV failure, defined as need for intubation after NIV intervention. The highest possible
score was |25 points. To validate the scale, a separate group of 358 hypoxemic patients were enrolled in the validation
cohort.

Results: The failure rate of NIV was 47.8 and 39.4% in the test and validation cohorts, respectively. In the test cohort,
patients with NIV fallure had hlgher HACOR scores at initiation and after 1,12, 24 and 48 h of NIV than those with suc-
cessful NIV. At 1 h h of NIV the'area under the receiver operating characteristic curve was O 88, showing|good predictive
power for NIV failure. Using 5 points as the|cutoff value, the sensitivity, specificity, posmve pred|ct|ve value, negative
predictive value, and diagnostic accuracy for NIV failure were 72.6,90.2,187.2, 78.1, and 81.8%, respectively. These
results were confirmed in the validation cohort. Moreover, the diagnostic accuracy for NIV failure exceeded 80% in
subgroups classified by diagnosis, age, or disease severity and also at 1, 12, 24, and 48 h of NIV. Among patients with
NIV failure with a HACOR score of >5 at 1 h of NIV, hospital mortality was lower in those who received?intubation at
<12 h of NIVithan in those intubated later [58/88 (66%) vs. 138/175 (79%); p = 0.03).

*Correspondence: duanjun412589@163.com

Department of Respiratory Medicine, The First Affiliated Hospital
of Chongging Medical University, Youyi Road 1, Yuzhong District,
Chongging 400016, People’s Republic of China

Take-home message: The newly developed HACOR scale takes into
account heart rate, acidosis, consciousness, oxygenation, and respiratory
rate to predict failure of noninvasive ventilation in patients with
hypoxemic respiratory failure. The HACOR scale can therefore be used to
make a rapid and easy assessment of noninvasive ventilation failure or
success because these variables are easily obtained by simple bedside
measurements. Patients with a higher HACOR score are more likely to
experience noninvasive ventilation failure. With a score of 5 as cutoff
value, the diagnostic accuracy of the HACOR scale was good in different
subgroups classified by diagnosis, age, or disease severity, and at different
time points. In patients at high risk of noninvasive ventilation failure, early
intubation may decrease hospital mortality.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00134-016-4601-3&domain=pdf
John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel

John Vogel


193

Conclusions: The HACOR scale variables are easily obtained at the bedside. The scale appears to be an effective way
of predicting NIV failure in hypoxemic patients. Early intubation in high-risk patients may reduce hospital mortality.

Keywords: Noninvasive ventilation, Hypoxemic respiratory failure, Intubation, Predictors, Sensitivity, Specificity

Introduction

The use of noninvasive ventilation (NIV) in critically ill
patients has dramatically increased [1] as it significantly
reduces the work of breathing in patients with acute res-
piratory failure, thereby reducing the need for intubation
[2, 3]. Although NIV is frequently used in patients with
hypoxemic respiratory failure, its failure rate remains
high (25-59%) [4-9], indicating that not all patients ben-
efit from this treatment.

Previous studies have reported that patients who expe-
rience NIV failure have a higher heart rate, lower pH,
lower Glasgow Coma Scale (GCS) score, lower oxygena-
tion, and higher respiratory rate than those who expe-
rience successful NIV [5, 10—16]. These variables can
be used to predict NIV failure. However, the predictive
power of NIV failure is low when based only on a single
variable. Hypothesizing that a combination of these vari-
ables has to potential to increase the predictive power,
we combined several variables that are easily obtained
by simple bedside measurements in patients with hypox-
emic respiratory failure to develop a scale for the predic-
tion of NIV failure. We then explored how to use this
scale to guide the clinical use of NIV.

Methods

This was a prospective observational study performed
in the respiratory intensive care unit (ICU) of a teaching
hospital (The First Affiliated Hospital of Chongqing Med-
ical University, Chongqing, China). The ethics committee
and institutional review board approved this study (NO.
22013). All patients who were admitted to the ICU for
NIV due to hypoxemic respiratory failure were enrolled
in the study, but patients were subsequently excluded
due to: presence of do-not-intubate orders, presence of
chronic obstructive pulmonary disease, requirement for
emergency intubation, and NIV intolerance. NIV intol-
erance was defined as patient refusal for NIV because of
discomfort [17]. Informed consent was obtained from
patients or their family members.

The decision to initiate NIV (BiPAP Vision or V60;
Philips Respironics, Carlsbad, CA) was made by the
attending physicians based on the following criteria:
clinical presentation of respiratory distress at rest (such
as active contraction of the accessory inspiratory muscles
or paradoxical abdominal motion), partial pressure of
arterial oxygen (PaO,) of <60 mmHg or a PaO,/fraction

of inspired oxygen (FiO,) ratio of <300 with supplemental
oxygen.

The NIV was managed by attending physicians, res-
piratory therapists, and nurses according to previously
published methods [18]. A face mask (ZS-MZA Face
Mask; Shanghai Zhongshan Medical Technology Co.,
Shanghai, China) was the first choice for NIV treatment.
Selection of the mask was based on the patient’s facial
type. The straps of the mask were kept as tight as possible
while remaining comfortable to the patient. Patients were
placed in a semirecumbent position to avoid aspiration,
assuming there was no contraindication to this position.
The ositive-endI expiratory pressure was maintained
at 4—>§ cmH,0. Inspiratory pressure was initially set
at M(above zero) and then Eu:reased in incre-
ments of#cmHzo to achieve the best control of dyspnea
and tolerance of the patient. If a patient did not tolerate
10 cmH,O of inspiratory pressure, the latter was allowed
to|decrease to 8 even further to 6 cmH,O. The fractional
concentration of oxygen was set to lachieve peripheral
oxygen saturation of [>92%! At the beginning of treat-
ment, continuous use of NIV was encouraged. Once
the patient recovered from respiratory failure, NIV was
used intermittently until the patient could be completely
weaned from it.

NIV [failure was defined as requirement of [intubation
after NIV intervention based on the following criteria:
respiratory or cardiac arrest, failure to maintain a PaO,/
FiO, of >100, development of conditions necessitating
intubation to protect the airway (coma or seizure disor-
ders) or to manage copious tracheal secretions, inability
to correct dyspnea, lack of improvement of signs of res-
piratory muscle fatigue, and hemodynamic instability
without response to fluids and vasoactive agents [12, 13].

The main objective was to develop and validate a scale
to predict NIV failure in patients with hypoxemic respir-
atory failure. The secondary objective was to report out-
comes in high-risk NIV failure patients who underwent
intubation at different time points.

Statistical analysis

Data were analyzed using statistical software (SPSS 17.0;
IBM Corp., Armonk, NY). Data are reported as the mean
and standard deviation (SD) or as the median and inter-
quartile range, as appropriate. Normally distributed
continuous variables were analyzed using the unpaired
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Student’s ¢ test. Non-normally distributed continuous
variables were analyzed using the Mann-Whitney U
test. Categorical variables were analyzed using the Chi-
squared test or Fisher’s exact test. The ability to predict
NIV failure was determined using the area under the
receiver operating characteristic curve (AUC). A p value
of <0.05 was considered to be statistically significant.

We developed the risk model as follows. First we used
univariate m to mlvariables associated with
NIV%«:’ collected at 1 h of NIV in test cohort. Second,
variables with a p value of <0.2 in the univariate analysis
were entered in a stepwise multivariate logistic regres-
sion analysis to ideﬁﬂepenﬁ ﬂ!m associ-
ated with NIV failure. The probability of stepwise was
0.05 for entry and 0.1 for removal: We then obtained a
regression/model! We evaluated the final model for/good-
m using the Hosmer—Lemeshow test (p > 0.05).
Third, we used the method suggested by Sullivan et al.
to create the risk scale [19]. We classified the variables
in the final model to clinically meaningful categories
and recorded the midpoint in each category. For each
variable, we set a category with the lowest risk for NIV
failure as the within-group reference and assigned zero
points; we then calculated the weight in each category
(the difference between reference category multiplied by
the f5 regression coefficient per unit increase). Finally, we
assigned 1 point to the category with the lowest weight
and set this weight as the between-groups reference. The
value of that weight in the other category divided by the
between-groups reference was then calculated and this
value rounded off to the nearest integer as the assigned
points. The risk scale for NIV failure was the sum of the
points. We performed 1000 bootstrap| samples to esti-
mate the odds ratio (OR) and 95% confidence interval
(CI) of NIV failure per 1-point increment for internal
validation. The cutoff value was determined based on the
positive likelihood ratio of NIV failure of >5.

The [sample size was calculated by Buderer’s formula
[20]. As there was no standard method to diagnose NIV
failure, we could not obtain the known sensitivity and
specificity. Based on clinical experience, we estimated
that the risk scale for NIV failure reached 70% of sensitiv-
ity and 90% of specificity. The average prevalence of NIV
failure was 43.5% in previous studies [4—8]. We chose the
a = 0.05 and maximum marginal error of estimate = 5%.
Thus, a minimal sample size of 742 cases was required.

Results

We enrolled 449 patients in the test cohort from June
2011 to June 2014, and another 358 patients in the vali-
dation cohort from July 2014 to June 2016 (Table 1).
Patients comprising the test cohort had higher APACHE
II (Acute Physiology and Chronic Health Evaluation II)

scores at start of NIV treatment that did the patients in
the validation cohort (mean + SD: 18 & 5 vs. 16 & 5;
p < 0.01). This difference resulted in a higher NIV failure
rate in the test cohort (47.8 vs. 39.4%; p = 0.02). Taking
both cohorts into consideration, at 1, 12, 24 and 48 h
after initiation of NIV, 807, 667, 555 and 438 patients,
respectively, were still receiving NIV.

At 1 h of NIV, multivariable logistic regression analysis
showed that heart rate, acidosis (assessed by pH), con-
sciousness (assessed by GCS), oxygenation, and respira-
tory rate were independent risk factors for NIV failure
in the test cohort [Electronic Supplementary Material
(ESM) Table 1]. We used these five variables to develop
a risk scale, which we named HACOR, to predict NIV
failure. The categories, weights, and assignment of points
in each variable are summarized in ESM Table 2. The
HACOR scale ranges from 0 to 25 points. At 1 h of NIV,
bootstrap analysis showed that the OR of NIV failure was
1.73 (95% CI 1.58-1.95) per 1-point increment in test
cohort.

A summary of the NIV failure rate in relation to differ-
ent ranges of HACOR scores is show in Fig. 1. In both
the test and validation cohort, patients with NIV fail-
ure had a higher HACOR score at NIV initiation and at
1, 12, 24 and 48 h of NIV than those with NIV success
(Table 2; Fig. 2). Before intubation, the highest value of
the HACOR score was reached in patients with NIV fail-
ure. Further, from the initiation of NIV treatment to 48 h
of NIV the HACOR score barely improved in the patients
with NIV failure, but it dramatically improved in those
patients with NIV success.

The predictive power of NIV failure diagnosed by
HACOR score is summarized in Tables 3 and 4 and ESM
Figs. 1 and 2. The AUC was 0.88 and 0.91 in the test and
validation cohorts, respectively, at 1 h of NIV, which
shows the good diagnostic power of the HACOR score
for NIV failure. Using a HACOR score of 5 as the cutoff
value, the diagnostic accuracy for NIV failure assessed at
1 h of NIV was 81.8 and 86.0% in the test and validation
cohorts, respectively. In subgroups classified by diagno-
sis, age, or disease severity, the diagnostic accuracy also
exceeded 80% at 1 h of NIV; furthermore, the diagnostic
accuracy also exceeded 80% when the HACOR score was
assessed at 1, 12, 24 or 48 h of NIV (Table 4).

There were 505 and 302 patients with a HACOR score
of <5 and >5 at 1 h of NIV, respectively. Among those
with a HACOR score of <5, the NIV failure rate was
18.4% and hospital mortality was 21.6%. In comparison,
among patients with a HACOR score of >5, the NIV
failure rate was 87.1% and hospital mortality was 65.2%.
Among the NIV failure patients, 88 patients were intu-
bated within 12 h of NIV initiation (early intubation) and
175 patients were intubated after 12 h of NIV initiation
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Table 1 Demographics of patients with noninvasive ventilation failure and success

Age (years) 66+ 17 65+ 17 051 67417 65+ 17 038 0.86
Male gender (%) 161 (75%) 153 (65%) 003 99 (70%) 156 (72%) 0.81 0.70
Diagnosis
Pneumonia 104 (48%) 141 (60%) 0.01 74 (53%) 132 (61%) 0.13 043
ARDS 61 (28%) 24 (10%) <0.01 27 (19%) 18 (8%) <001 002
Pulmonary cancer 30 (14%) 16 (7%) 0.02 21(15%) 16 (7%) 003  >0.99
Pulmonary embolism 6 (3%) 15 (6%) 0.08 3(2%) 12 (6%) 0.18 0.86
Heart failure 2 (1%) 13 (6%) <001 4 (3%) 16 (7%) 0.10 0.16
Others 12 (6%) 25 (11%) 025 12(9%) 23 (11%) 0.59 046

APACHE Il score 19+6 16£5 <0.01 18&£5 14+4 <0.01 <0.01
Systolic blood pressure 131+ 25 132 +£25 065 133+28 134+ 30 0.77 0.20
(mmHg)
Diastolic blood pressure 79+ 17 80+ 15 035 79+17 80+ 17 0.85 085
(mmHg)
Heart rate (beats/min) 124+ 24 110+ 24 <0.01 120£23 113+ 24 <001 067
Respiratory rate (breaths/ 34+ 8 307 <001 34+7 317 <001 085
min)
pH 740 £0.11 744 £0.08 <0.01 742+£0.10 743 £0.08 0.09 0.53
PaCO, (mmHg) 38+£17 38+ 13 077 37413 3712 0.57 0.19
PaO,/FiO, 137 £ 65 179 £83 <001 146 +68 165 + 63 <001 079
GCS 144 +17 148 £0.38 <001 143x£16 148 £ 06 <001 084
Dacollectedat Thof NV
Systolic blood pressure 122 +£22 122+ 20 075 128+26 125+ 23 036 <001
(mmHg)
Diastolic blood pressure 75 + 14 75+12 091 76+£16 75+£13 0.30 048
(mmHg)
Heart rate (beats/min) 1M7+24 102 £ 22 <001 118+£25 103 £ 21 <001 096
Respiratory rate (breaths/ 33+ 10 277 <001 33+£9 27+7 <001 085
min)
Tidal volume (ml) 477 £184 466 4180 053 450+ 167 428 + 156 021 <001
Minute ventilation (L/min) 16.8 £ 10.1 126+ 6.1 <0.01 144+£381 114 +5.1 <0.01 <0.01
pH 739£0.12 745 £ 0.06 <001 740+£0.12 744 £0.06 <001 030
PaCO, (mmHg) 40+ 18 38412 009 39%16 36 £10 0.03 0.16
PaO,/FiO, 133 +£69 222+80 <001 131460 21775 <001 048
GCS 141 +£19 149405 <001 139+£20 149 + 04 <001 065
PafentsremainingonNiVat
T hof NIV 215 234 - 141 217 - 0.02
12 h of NIV 151 196 - 112 208 - 0.03
24 h of NIV A 169 - 81 194 - 0.01
48 h of NIV 83 129 - 58 168 - <0.01

Data are presented as the mean =+ SD or as a number with/without the percentage in parenthesis, as appropriate

NIV Noninvasive ventilation, ARDS acute respiratory distress syndrome, APACHE Il Acute Physiology and Chronic Health Evaluation II, PaO, partial pressure of arterial
oxygen, FiO, fraction of inspired oxygen,GCS Glasgow Coma Scale

@ p for difference between NIV failure vs. success
b p for difference between test cohort vs. validation cohort

(late intubation) (Table 5). Patients who were intubated
early had a higher HACOR score at NIV initiation and
1 h of NIV than those who were intubated late, but the

earlier had lower hospital mortality [58/88 (66%) vs.
138/175 (79%); p = 0.03]. Compared with late intubation,
the crude OR of early intubation for death in hospital
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Table 2 The HACOR score at different time points

NIV initiation 75435 45+30 <0.01 73435 49+£30 <0.01
1 hof NIV 79+43 25422 <0.01 82+43 25+ 21 <0.01
12 h of NIV 79+£53 24+£24 <0.01 77 +£44 20+£20 <0.01
24 h of NIV 7855 19+£23 <0.01 74+46 1719 <0.01
48 h of NIV 71+£58 20+£25 <0.01 824+51 13£16 <0.01
Before intubation 11.8£52 - - 102 £ 4.6 - -

Difference betweentimepoints
HO — H1 0(—2to—-2) 2 (0-4) <0.01 —1(=3to—1) 2 (0-4) <0.01
HO — H12 0(—3to—3) 2 (0-4) <0.01 0(—2to—1.38) 3(1-5) <0.01
HO — H24 0(—4to—3) 3(0-5) <0.01 0(=25t0—-2) 4(2-5) <0.01
HO — H48 1 (=3to—=5) 3(0-5) <0.01 0(=3to—-2) 4 (2-6) <0.01
HO — intubation —3 (=810 —0) - - —2(=5t0-0) - -

Values in table are presented as the mean =+ SD or as the median with the interquartile range (IQR) in parenthesis, as appropriate
HACOR Heart rate, acidosis, consciousness, oxygenation, and respiratory rate, HO initiation of NIV, H7 1 h of NIV, H12 12 h of NIV, H24 24 h of NIV, H48 48 h of NIV

was 0.52 (95% CI 0.29-0.92). We adjusted the OR by age,
APACHE II score, diagnosis and HACOR scores and still
found that early intubation was a protective factor for
death in hospital (adjusted OR 0.52, 95% CI 0.27-0.99).

Discussion

We developed a novel scale, called HACOR, for pre-
diction of NIV failure in patients with hypoxemic res-
piratory failure. This scale takes into account heart rate,

acidosis, consciousness, oxygenation, and respiratory
rate, variables which are easily obtained by simple bed-
side measurements. Thus, the HACOR scale is a rapid
and convenient tool to assess and predict NIV failure.
We also showed that a HACOR score of 5 as cutoff value
has good diagnostic accuracy for NIV failure even when
the scale was assessed in different subgroups classified
by diagnosis, age, or disease severity, or at different time
points.
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Table 3 Predictive power of noninvasive ventilation failure diagnosed by the-scor—

Test cohort (N = 449) 0.88 (0.84-091) >5 726 902 87.2 781 818 738 030
Validation cohort (N=358) 0,91 (0.88-0.94) >5 759 926 87.0 855 86.0 1029 026
(N=451) (085-0.91) >5 730 908 839 838 838 798 030
=430) 0.89 (0.82-094) >5 716 929 955 609 785 1002 031
Pulmonary cancer (N=83) (084 (0.74-0.91) >5 725 937 949 682 807 1161 029
Pulmonary embolism 0.85 (0.69-0.95) >5 778 923 77.8 926 887 105 024
(N=36)
(N=35) 1099 (0.87-1.00) >5 66.7 100 100 935 943 2 033
<59 years (N = 233) 0.90 (0.85-0.93) >5 77. 898 84.1 848 846 754 026
60-79 years (N = 404) 0.90 (0.86-0.92) >5 730 916 872 812 834 869 029
>80 years (N = 170) 0.88 (0.82-0.92) >5 720 932 908 781 830 1055 030
<14 (N=284) 0.87 (0.83-091) >5 64.6 94.2 810 873 860 1103 038
15-19 (N = 299) 0.88 (0.83-091) >5 707 916 870 796 820 838 032
>20 (N =224) 0.90 (0.85-094) >5 819 838 90.1 720 826 504 022
AHO-HT in test cohort 068(064-073)  <-3 233 96.2 847 577 612 605 080
AHO-HT in validation 076(073-082)  <-3 270 97.2 864 67.2 696 975 075
cohort

AUC Area under the curve of receiver operating characteristics, C/ confidence interval, SE sensitivity, SP specificity, PPV positive predictive value, NPV negative
predictive value, LR+ positive likelihood ratio, LR— negative likelihood ratio, AHO-H1 Difference between NIV initiation and 1 h of NIV

-*means the value is plus infinity

Table 4 Predictive power of noninvasive ventilation failure diagnosed by the HACOR score assessed at

1 hof NIV (N =807) !(0.87—0.91) >5 739 914 87.1 81.6 837 854 0.29
12 h of NIV (N = 667) 87(0.85-090) >5 66.9 923 85.0 81.0 823 872 036
24 h of NIV (N = 555) 0.88(0.85-0.90) >5 61.5 934 83.1 82.1 823 930 041
48 h of NIV (N = 438) 0.87(0.83-090) >5 60.3 95.6 86.7 83.5 84.2 138 042

HACOR heart rate, acidosis, consciousness, oxygenation, and respiratory rate, AUC area under the curve of receiver operating characteristics, C/ confidence interval,
SE sensitivity, SP specificity, PPV positive predictive value, NPV negative predictive value, LR+ positive likelihood ratio, LR— negative likelihood ratio, NIV noninvasive
ventilation
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Table 5 -versus_in patients with a-score of-f noninvasive ventilation

HACOR score at NIV initiation 89+39
HACOR score at 1 h of NIV 114 +40
HACOR score before intubation 122+47
Time from NIV initiation to intubation (h) 5(2-10)

Hospital- 58 .%)

77 £30 <001
88£3.1 <001
114450 022
53 (23-132) <001
138 (79%) 003

Values in table are presented as the mean =+ SD, the median with the IQR in parenthesis, or as a number with the percentage in parenthesis, as appropriate

HACOR heart rate, acidosis, consciousness, oxygenation, and respiratory rate, NIV noninvasive ventilation

In previous

the
range 25-59%) in patients wi

respiratory [4-8]. In our study, the

nd 39.4% in the test and validation

cohorts, respectively. These failure rates in our study thus

fall within the range of those reported previously, indicat-

ing that the results of our study can be extrapolated to
other studies.

Patients with more severe illness are more likely
to experience NIV failure [5, 7-14]. In our study, the
APACHE 1I score in the test cohort was much higher
than that in the validation cohort, resulting in higher

NIV failure rate in the test cohort.
These results 1n!1—

NIV is
. e best of our knowledge, our stud

e first to report and assess a scale based on_
H -NIV patients
e used five variables to evelop this scale to predict
NIV failure in 449 patients and validated it in another
358 patients. We found that the diagnostic accuracy
of NIV failure was good in both the test and validation
cohorts. We therefore conclude that this scale is a good
tool to help clinical practitioners manage NIV in patients
with hypoxemic respiratory failure.
Patients with

, while those with

are reported to have a very! .
ur study these results, although in contrast

to previous studies, we used the HACOR score to predict
NIV failure. Although the NIV failure rate was quite dif-
ferent between patients who had different diagnoses, the

greatly according to patient age [23]. The HACOR scale

also showed good distinguishing power for NIV failure in
young, old, or very old patients.

Identifying patients who respond well or badly to NIV
is also important. Previous studies have reported that

our study. The

patients wi erefore, we suggest that the
HACOR score can also be used to assess the efficacy of
NIV.

Intubation for mechanical ventilation is asso-
ciated with many complications, such as
and ventilator-associated

us, intubation should be avoided if at a
ever, in patients
for whom intubation is indicate . Therefore,
it is important to be able to identify those patients who
require intubation and those who do not. The results of
our study demonstrate that a

ossible; how-

ACOR score o
and qof patients with HAC
require intubation. These values indi-

fNIV!was!in patients with

a HACOR score of urther, the high-risk patients

who received had m

mthan those who received late intubation. Thus, the

OR score can also be used to assess the need for

intubation. Earlier intubation may benefit patients at high
risk for NIV failure.

There are a number of limitations to our study. First,
as this study was performed in a respiratory ICU, some
patients enrolled in the study were not admitted to our
unit, such as those with postoperative respiratory fail-
ure and trauma. Therefore, caution is advised when
the HACOR scale is used to assess the efficacy of NIV
in other patient groups. Second, the sample size was

small in some subgroups, such as pulmonary embolism
and heart failure and, consequently, the efficacy of the
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HACOR scale in these patients may be skewed. In future
studies the sample size should larger to improve the diag-
nostic power. Third, the result that early intubation may
reduce mortality is a secondary analysis. As our study
was an observational study, this result should be investi-
gated further in randomized controlled trials.

In conclusion, we found that the HACOR scale was
able to effectively predict NIV failure in patients with
hypoxemic respiratory failure. A higher score indicates a
higher chance of NIV failure. Because the scale consists
of variables that are easily obtained at bedside, it can be
used conveniently to assess the efficacy of NIV. Patients
with a HACOR score of >5 had a very high risk of NIV
failure. In these high-risk patients, early intubation may
reduce hospital mortality.
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Supplementary Table 2. Regression coefficients collected at 1 h of NIV in test cohort and points
assigned to each variable.

Variables Category Assigned
points

Heart rate, <120 0
beats/min >121 1
pH >7.35 0

7.30-7.34 2

7.25-7.29 3

<7.25 4 Threshold is 5

>5 = intubation

GCS 15 0

13-14 2

11-12 5

<10 10
PaO,/FiO; >201 0

176-200 2

151-175 3

126-150 4

101-125 5

<100 6
Respiratory rate, <30 0
breaths/min 31-35 1

3640 2

41-45 3

>46 4

NIV = noninvasive ventilation, GCS = Glasgow Coma Scale
The total HACOR score ranges from zero to 25 points.
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>5 = intubation


Results:
1. Heart rate, Acidosis (pH), Consciousness (GCS), Oxygenation, and Respiratory rate (HACOR) were independent predictors of NIV failure in the test cohort.
2. HACOR score is out of 25 with differential weighting of each scale:

Variables Category (j)  Assigned
points

Heart rate, 5120
beats/min 2121
pH 27.35
7.30-7.34
7.25-7.29
<7.25
GCs 15
13-14
11-12
<10
Pa0,/FiO; 2201
176-200
151-175
126-150
101-125
<100
Respiratory rate, <30
breaths/min 31-35
36-40
41-45
246

Threshold is 5
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At 1 hour of NIV, odds ratio of NIV failure is 1.73 for every 1-point increase in HACOR score of test cohort.

Patients with NIV failure show a higher HACOR score at 1, 12, 24, and 48 hours of NIV.

HACOR score improves in patients with NIV success and remains unaltered in patients with NIV failure.

The diagnostic accuracy for NIV failure of a HACOR score above 5 at 1 hour of NIV was 81.8% (test cohort) and 86% (validation cohort).

This remained above 80% regardless of NIV duration, diagnosis, age, or disease severity (APACHE 2 score).

Patients who failed NIV and were intubated early (within 12 hours) had a HACOR > 5 at NIV initiation and 1 hour NIV than those intubated later (after 12 hours of
NIV). Interestingly, early intubation in this study had a significantly lower mortality than late intubation in those with NIV failure.
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