ORIGINAL ARTICLE

Role of Heart Rate, Acidosis, Consciousness, Oxygenation, and
Respiratory Rate Score in Predicting Outcomes of Noninvasive

Ventilation in Chronic Obstructive Pulmonary Disease Patients

Raghuveer Singh?, Bidyalakshmee Devi Yumnam?, Govind Singh Rajawat®, Ambika Sharma**
Received: 11 February 2024; Accepted: 03 April 2024

ABSTRACT

Background: In patients with chronic obstructive pulmonary disease (COPD), early detection of
noninvasive ventilation (NIV) failure is a promising technique for decreasing mortality. The objective
of this study was to evaluate the efficacy of heart rate, acidosis, consciousness, oxygenation, and
respiratory rate (HACOR) score in predicting NIV outcome in COPD-associated respiratory failure.
Methodology: A prospective observational study was conducted on 100 COPD patients with
acute respiratory failure who were initiated on NIV. HACOR score was calculated at the start of
NIV and after 1-2, 12, and 24 hours. NIV failure was defined as progression to invasive mechanical
ventilation or death. NIV success was defined as liberation from NIV prior to hospital day seven
and not meeting criteria for failure.

Results: In this study, 100 patients with COPD and respiratory failure were enrolled. Their mean age
was 65.34 years [standard deviation (SD) 8.19]. Male patients were predominant (n = 81). Eighty-
nine percent of patients were smokers, and the remaining had exposure to biomass fuel. At the
initiation of NIV, the median HACOR score was 3 (interquartile: 2, 4). In 13% of patients, there was
NIV failure. There were 17 (17%) patients whose HACOR score at initiation was >5. In patients with
a HACOR score =5, the NIV failure rate was 76.4% and mortality was 41.1%. The area under the
curve (AUC) for prediction of NIV failure by HACOR score at initiation was 0.980 (p-value < 0.05).
Conclusion: The HACOR score had high sensitivity as well as specificity at initiation in the prediction
of NIV failure. A higher HACOR score predicts a high chance of NIV failure. Obtaining the HACOR
score at the bedside makes it convenient for assessing the efficacy of NIV in patients with COPD.
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authors found that the HACOR score was an
effective tool for this purpose.®

The HACOR score is based on several
easily measurable objective variables
evaluated at the time of NIV initiation: heart
rate, arterial pH value, level of consciousness
via the Glasgow Coma Scale, oxygenation
via the PaO,/FiO, ratio, and respiratory rate
(Table 1). This score can predict early NIV
failure. A cutoff value of 5 out of a total score
of 25 is used to differentiate between high
and low risk of NIV failure.® The objective of
our study was to evaluate the efficacy of the
HACOR score in predicting NIV outcome in
COPD-associated respiratory failure.

INTRODUCTION

Various guidelines on chronic
obstructive pulmonary disease (COPD)
strongly advise the use of noninvasive
ventilation (NIV) in COPD patients with
respiratory failure. NIV reduces the effort
required to breathe, enhances minute
ventilation, balances intrinsic positive end-
expiratory pressure (PEEP), and improves
gas exchange."? NIV lessens the need
for intubation for invasive mechanical
ventilation in patients with hypoxemic or
hypercapnic respiratory failure.>”> Despite
the fact that NIV decreases the requirement
for intubation in COPD patients, mortality
increases considerably if NIV failure

occurs.%” Thus, early intubation and early MeTHoDOLOGY

identification of patients at risk for NIV
failure may lower mortality.

The heart rate, acidosis, consciousness,
oxygenation, and respiratory rate (HACOR)
score was developed and validated by
Duan et al. as a clinical prediction score
for NIV failure in patients with hypoxemic
respiratory failure of different etiologies. The
HACOR score is a quick and convenient tool
for assessing and predicting NIV failure. The

It is a hospital-based prospective
observational study conducted at the
Institute of Respiratory Diseases, SMS Medical
College, Jaipur, during the years 2021-2023.
The Institutional Ethics Committee and
Research Review Board approved the study
(approval number: 1276/MC/EC/2021). All
COPD patients with acute respiratory failure,
initiated on NIV based on clinical decision,
were included in the study. Patients with

respiratory failure due to diseases other
than COPD, patients with indications for
emergency intubation, and patients with
any contraindication for NIV were excluded
from the study. The decision to initiate NIV
was made by the treating physician on
the basis of multiple factors: respiratory
distress at rest (use of accessory muscles or
paradoxical respiratory movement), arterial
blood pH <7.40, partial pressure of arterial
carbon dioxide (PaCO,) >45 mm Hg, and
partial pressure of arterial oxygen (PaO,) <60
on supplemental oxygen.

Bi-level positive airway pressure (BiPAP)
ventilatory mode was used with a face mask
and was managed according to protocol. NIV
failure was defined as progression to invasive
mechanical ventilation or death. The HACOR
score was assessed before and at 1-2, 12,and
24 hours after the initiation of NIV.

Sample Size and Statistical Analysis

The sample size was calculated at a 95%
confidence level and an a error of 0.05,
assuming the prevalence of NIV failure (with
a HACOR score greater than 5) was 50.2%
(as per the reference seed article).? At an
absolute allowable error of 10%, the required
sample size was 96 subjects, which was
rounded to 100 subjects as the final sample
size, with a 5% attrition rate. The data were
presented as mean and standard deviation
(SD) or as median and interquartile range,
as appropriate. Statistical analysis included
Student’s t-test for parametric data and the
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Chi-squared test or nonparametric tests for
nonparametric data. The predictive ability
for NIV failure was evaluated using the area
under the receiver operating characteristic
curve [area under the curve (AUC)]. A p-value of
<0.05 was considered statistically significant.

REesuLTs

In this study, 100 patients were enrolled, and
their data were analyzed. Their mean age was
65.34 years (SD 8.19). There was no impact
of age on NIV outcome (p-value: 0.19). Male
patients were predominant (n = 81), with 19
female subjects. Both groups had similar
NIV outcomes. Smoking was very common
among enrolled subjects; 89% were smokers.
There was no difference in NIV outcome
based on smoking status (p-value: 0.69).

Noninvasive ventilation was used in all
patients as initial breathing support. NIV
was successful in avoiding intubation and
invasive ventilation in 87% of patients. In 13%
of patients, there was NIV failure.

The HACOR score was calculated in all
enrolled patients at the stipulated time
intervals (Table 2). At the initiation of NIV,
the median score was 3 (interquartile: 2, 4).
There were 17 patients whose HACOR score
at initiation was >5. There was significantly
higher NIV failure in patients with a HACOR
score >5 at the initiation of NIV (Table 3).

The AUC was highest for the HACOR score
at initiation, followed by the HACOR score at
24 hours, 1-2 hours, and lowest at 12 hours.
Thus, the sensitivity of the HACOR score is
highest at initiation and lowest at 24 hours.
Similarly, the specificity of the HACOR score is
highest atinitiation (Tables 4 and 5 and Fig. 1).

Seven patients died during the course
of hospitalization. Six of these patients
had a HACOR score greater than 5 at the
initiation of NIV. There was significantly
higher mortality in patients with a HACOR
score >5 at initiation (Table 6).

Discussion

Noninvasive ventilation has been a popular
and successful method for treating acute
respiratory failure in patients with an acute
exacerbation of COPD. Previous research has
shown that the use of NIV results in lower
rates of intubation and invasive ventilation,
leading to a reduction in morbidity due to less
invasive ventilation. However, NIV failure may
cause intubation to be delayed, which could
increase mortality. Hence, various clinical
scoring techniques were evaluated for early
prediction of NIV failure.

Noninvasive ventilation failure rates
have been reported to range from 25 to
59% in patients with hypoxemic respiratory

failure.>'®In our study, the failure rate was only
13%, which is lower compared to the values
reported in previous studies. However, this is
comparable to the failure rate of 18% seen in
a study involving only COPD patients."

<5, while the mortality rate was 21%. In the
group with a HACOR score >5, the NIV failure

Table4: Diagnostic parameters of HACOR score
at initiation for predicting NIV failure

In 2017, Duan et al. designed a scoring  pgrameter Value 95% confidence
system combining the following parameters: interval
tasgyc.ardia,dtz.achypnej, severe hypoxemie:j, Sensitivity 100% 77.9-100%
acidosis, and impaired consciousness, an e

Specificit 95.4% 88.7-98.2%
called it the HACOR score. The diagnostic PEV 4 76 4(; 52.74-90 452/
accuracy for predicting NIV failure was 94% R SATERAR
. PR 0, - 0,
using a cutoff score of 5 at 1 hour of initiation NPV 100% 85.58-100%
of NIV. In this study, the NIV failure rate was  Diagnostic 96% 90.16-98.43%
18.4% in the cohort with a HACOR score of ~ accuracy

Table 1: Heart rate, acidosis, consciousness, oxygenation, and respiratory rate score®

Parameters HACOR score
Heart rate <120 beats/minute 0
>121 beats/minute 1
pH (for acidosis) >7.35 0
7.30-7.34 2
7.25-7.29 3
<7.25 4
Glasgow Coma Scale (for 15 0
consciousness) 13-14 2
11-12 5
<10 10
PaO,/FiO, ratio (partial pressure >201 mm Hg 0
of arterial oxygen/fraction of 176-200 mm Hg 2
inspired oxygen) for oxygenation 151-175 mm Hg 3
126-150 mm Hg 4
101-125 mm Hg 5
<100 mm Hg 6
Respiratory rate <30/minute 0
31-35/minute 1
36-40/minute 2
41-45/minute 3
>46/minute 4

Table 2: Heart rate, acidosis, consciousness, oxygenation, and respiratory rate score and proportions
of cases

HACOR score  Atinitiation ~ At 1-2 hours At 12 hours At 24 hours Test of significance
0-5 89 (89%) 99 (99%) 100 (100%) 96 (96%)  Cochran’s Q =24.667
6-11 11 (11%) 1(1%) 0 4 (4%)

12-25 0 (0%) 0 (0%) 0 (0%) 0 (0%) DOF—3

Total 100 (100%) 100 (100%) 100 (100%) 100 (100%)  p-value <0.001

Table 3: Prediction of NIV failure based on HACOR score at initiation with cutoff >5

HACOR score NIV outcome
NIV failure NIV success
N % N %
>5 13 100 4 4.6
<5 0 0 83 95.4
Total 13 100 87 100
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Table 5: Area under the curve of HACOR score at different time intervals

Variable Area under Confidence interval Standard  p-value
curve error
Lower bound  Upper bound
HACOR score (at initiation) 0.983 0.962 1.000 0.011 0.000
HACOR score (at 1-2 hours) 0.611 0.448 0.774 0.083 0.198
HACOR score (At 12 hours) 0.562 0.384 0.740 0.091 0473
HACOR score (At 24 hours) 0.659 0.477 0.841 0.093 0.066
Table 6: Prediction of mortality based on HACOR score cutoff of =5
HACOR score Mortality
Yes No Total
HACOR score <5 0 83 83
HACOR score >5 7 10 17
Total 7 93 100
Chi-squared test (p-value: <0.05)
ROC reduce mortality. Additionally, avoiding
1.0 curve intubation in patients with a low HACOR
08 _ﬁ;g’g;‘;fog;:“"e score can reduce complications associated
__ (atinitation) with invasive ventilation, such as ventilator-
> HACOR score (1-2 hr).
Z 065 T HCoRson (2 || associated pneumonia, diaphragmatic
2 04- Reference line weakness, laryngeal edema, prolonged ICU
w . .
024 care, and increased duration and cost of
’ hospitalization.
00 UL In the study by Duan et al., patients with
0.0 02 10'4 SGt 08 10 varied diagnoses, such as pneumonia, acute
-specificity . R
B e resplratory distress syndrome (A.RDS), lung
produced by ties malignancy, pulmonary embolism, heart

Fig. 1: Receiver operating characteristic curve
depicting sensitivity and specificity of HACOR
score at different time intervals

rate was 87% and the mortality rate was 65%.
The HACOR score was also higher in the group
requiring early intubation.® In another study
by Duan et al., involving only COPD patients,
the NIV failure rate was 5.8% in the cohort with
aHACOR score of <5, while witha HACOR score
>5, the NIV failure rate was 50.2%.""

In our study, there was no NIV failure or
mortality in patients with a HACOR score of
<5.In patients with a HACOR score =5, the NIV
failure rate was 76.4% and the mortality rate
was 41.1%. This was very similar to the results
reported in the studies mentioned above.

In our study, the HACOR score at the
initiation of treatment demonstrated good
diagnostic accuracy in predicting NIV failure,
with high sensitivity and specificity. This is
consistent with the validation studies of the
HACOR score. We conclude that the HACOR
score can be effectively used in the Indian
setting and will serve as a valuable tool for
clinicians in deciding on the use of NIV in
patients presenting with acute exacerbation
of COPD. Early and elective intubation in
patients with a high HACOR score will help

failure, and others, were included. HACOR
was useful in all subgroups of patients with
different etiologies for hypoxemic respiratory
failure.® In our study, we included only
patients with COPD.

The HACOR score has since been proven
to be accurate at predicting NIV failure in
patients with respiratory acidosis and non-
COPD acute or chronic respiratory failure. The
HACOR score was linked to a high sensitivity
(82%) and specificity (91%) for predicting NIV
failure, despite the low probability of NIV
failure in these individuals. A study on severe
respiratory syndrome coronavirus 2 (SARS-
CoV-2) pneumonia patients with hypoxemia
also found that the HACOR score was highly
accurate at predicting NIV failure.’

In our study, we found that most patients
with a low HACOR score improved after the
initiation of treatment. Even in patients with
NIV failure, the subsequent HACOR scores at
different time intervals were not significantly
different between those with NIV success
and failure. Hence, according to our study,
the HACOR score may not be useful for
assessing the progression of severity during
hospitalization. This contrasts with the
observationsin the study by Duan et al., where
the HACOR score remained high in groups

with NIV failure. They recommended that this
score can be used to assess the efficacy of NIV
during the treatment course.?

CoNCLUSION

The HACOR score measured at the initiation
of NIV had high sensitivity and specificity
for predicting NIV failure. A higher HACOR
score predicts a greater chance of NIV failure.
Obtaining the HACOR score at the bedside
makes it convenient for assessing the efficacy
of NIV in patients with COPD. In high-risk
patients identified by a HACOR score of >5
assessed at the initiation of treatment, elective
and early intubation will result in decreased
hospital mortality. Hence, the HACOR score
is a rapid, simple, and effective bedside tool
forthe assessment of COPD patients receiving
noninvasive ventilatory support.

REFERENCES

1. AppendiniL, Patessio A, ZanaboniS, et al. Physiologic
effects of positive end-expiratory pressure and mask
pressure support during exacerbations of chronic
obstructive pulmonary disease. Am J Respir Crit Care
Med 1994;149(5):1069-1076.

2. L'HerE,DeyeN,LelloucheF, etal.Physiologiceffects of
noninvasive ventilation during acute lung injury. Am
J Respir Crit Care Med 2005;172(9):1112-1118.

3. Osadnik CR, Tee VS, Carson-Chahhoud KV, et al. Non-
invasive ventilation for the management of acute
hypercapnic respiratory failure due to exacerbation
of chronic obstructive pulmonary disease. Cochrane
Database Syst Rev 2017;7:CD004104.

4. David-Jodo PG, Guedes MH, Réa-Neto A, et al.
Noninvasive ventilation in acute hypoxemic
respiratory failure: a systematic review and meta-
analysis. J Crit Care 2019;49:84-91.

5. Ferreyro BL, Angriman F, Munshi L, et al. Association
of noninvasive oxygenation strategies with all-cause
mortality in adults with acute hypoxemic respiratory
failure. JAMA 2020;324(1):57-67.

6. Chandra D, Stamm JA, Taylor B, et al. Outcomes of
noninvasive ventilation for acute exacerbations
of chronic obstructive pulmonary disease in the
United States, 1998-2008. Am J Respir Crit Care Med
2012;185(2):152-159.

7. Stefan MS, Nathanson BH, Higgins TL, et al.
Comparative effectiveness of noninvasive and
invasive ventilation in critically ill patients with acute
exacerbation of chronic obstructive pulmonary
disease. Crit Care Med 2015;43(7):1386-1394.

8. Duan J, Han X, Bai L, et al. Assessment of heart
rate, acidosis, consciousness, oxygenation, and
respiratory rate to predict noninvasive ventilation
failure in hypoxemic patients. Intensive Care Med
2017;43(2):192-199.

9. YoshidaY, Takeda S, Akada S, et al. Factors predicting
successful noninvasive ventilation in acute lung
injury. J Anesth 2008;22(3):201-206.

. Agarwal R, Handa A, Aggarwal AN, et al. Outcomes
of noninvasive ventilation in acute hypoxemic
respiratory failure in a respiratory intensive care unit
in north India. Respir Care 2009;54(12):1679-1687.

11. Duan J, Wang S, Liu P, et al. Early prediction of
noninvasive ventilation failure in COPD patients:
derivation, internal validation, and external
validation of a simple risk score. Ann Intensive Care
2019;9(1):108.

12. Guia MF, Boléo-Tomé JP,Imitazione P, etal. Usefulness
of the HACOR score in predicting success of CPAP
in COVID-19-related hypoxemia. Respir Med
2021;187:106550.

A ournal of The Association of Physicians of India, Volume 72 Issue 10 (October 2024)



	Introduction
	Methodology
	Sample Size and Statistical Analysis


	Role of Heart Rate, Acidosis, Consciousness, Oxygenation, and Respiratory Rate Score in Predicting Outcomes of Noninvasive Ventilation in Chronic Obstructive Pulmonary Disease Patients
	Abstract
	Results
	Discussion
	Conclusion
	References


