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Abstract
Coronavirus disease 2019 (COVID-19) with acute respiratory failure (ARF) has a high
mortality rate. This study aimed to investigate the vital signs and work of breathing
parameters in COVID-19 pneumonia patients to predict ARF. We predicted the risk
of acute respiratory distress syndrome (ARDS) in COVID-19 patients within 72 hours
of admission to the emergency department (ED) and determined cut-off values. We
performed an observational prospective cohort study at the tertiary referral Persahabatan
Hospital in Jakarta, Indonesia, from July to December 2020. The vital signs were
as follows: of respiratory rate (RR), heart rate (HR), pulse oxygen saturation (SpO2),
mean arterial pressure (MAP), and axillary body temperature. The work of breathing,
which was indicated by nasal flaring and the contraction of the sternocleidomastoid and
abdominal muscles, was assessed one hour after a triage examination. The ARF was
monitored within 72 hours. The cut-off values of vital signs were determined using
the Youden index. In total, 71 (13.65%) of the 520 patients had ARF within 72 hours
of admission. The mean values of RR, HR, MAP and SpO2 in the ARF group were
26 breaths/minute, and 102 pulses/minute, at 100 and 92%, respectively. All ARF
patients had nasal flaring, 86.4% had a contraction of the sternocleidomastoid, and 67.6%
had a contraction of the abdominal muscle. The cut-off values for predicting ARF
were as follows: RR >23 breaths/minute (sensitivity 83.1%; specificity 86%), SpO2

<93% (sensitivity 80.5%; specificity 75.2%), HR = 92 pulses/minute (sensitivity 71.8%;
sensitivity 75.2%), and MAP = 93.5 (specificity 64.8%; sensitivity 60.4%). Our results
indicate that vital signs and work of breathing within the first hour in the emergency
department can predict ARF in COVID-19 pneumonia patients within 72 hours.
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1. Introduction

Acute respiratory failure (ARF) is defined as a progressive and
acute condition of hypoxemia. In general, ARF can be caused
by various cardiovascular disorders or systemic diseases [1].
Although not yet fully understood, the pathomechanism of
(ARF) due to COVID-19 infection differs from that of ARF
caused by other factors and involving mechanisms associated
with viral effects and host cell-derived substances. The ac-
tivation of proinflammatory cytokines, such as interleukin 6
(IL-6) and tumour necrosis factor-alpha (TNF-α), increased
activity of neutrophils, natural killer cells, reactive oxygen
species (ROS), and various proteases are also involved and
contribute to the lung damage, both directly and indirectly
[2, 3]. In addition, ARF in COVID-19 pneumonia patients has
been under-recognised until the patient experiences infection,
inflammation, worsening hypoxemia, ventilatory failure and

organ failure [4–6].

Previous studies have indicated that ARF due to COVID-19
has a higher mortality rate than ARF caused by other factors
[7]. A global literature survey reported that ARF related to
acute respiratory distress syndrome (ARDS) developed in 33%
of patients presenting with COVID-19 pneumonia, of whom,
16% died [8]. Other studies reported that ARF in COVID-19
patients had an incidence rate reaching 20%, with 10 to 20%
of the patients requiring mechanical ventilation [9, 10].

Missed or delayed recognition is both common and serious
problem [11]. Hence, the early recognition of ARF in the
emergency department (ED) can be accomplished by mea-
suring the patient’s vital signs and work of breathing. The
accurate measurement of vital signs and work of breathing can
indicate the patient’s outcomes, such as by predicting the risk
of patient deterioration [12, 13]. Hence, the early identification
of patients whose vital signs indicate an unfavourable progno-
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sis could facilitate their prompt referral to a more appropriate
hospital.
Vital signs and work of breathing measurements are impor-

tant parameters in determining patients at risk of deterioration
[12, 13]. Vital signs, including respiratory rate (RR), heart rate
(HR), oxygen saturation, blood pressure, body temperature and
work of breathing, such as nasal flaring, and the contraction
of sternocleidomastoids and abdominal muscles, are easy to
detect, but valuable in assessing patients’ clinical responses
and risk of respiratory muscle fatigue, which can lead to
hypoventilation and ARF [14]. Therefore, this procedure is
highly beneficial, especially when it is performed correctly.
They also have the potential to serve as a cost-effective prog-
nostic indicator for patients. A study conducted by Ikran AS
in India found that measuring the vital signs of COVID-19
patients in the ED could be used to predict the patient outcomes
in a resource-limited hospital setting. In addition, knowledge
of the cut-off value of vital signs was required to assess the
patients’ clinical conditions and determine the risk of ARF
[15, 16].
Because of the variations in characteristics, incidences and

mortality rates between ARF in COVID-19 and ARF result-
ing from other diseases, experts have considered developing
new specific diagnostic criteria for ARF specifically related to
COVID-19 infections [17]. This study aimed to investigate the
vital signs and work of breathing to predict ARF in pneumonia
COVID-19 patients within 72 hours. The cut-off values for the
vital signs were also determined.

2. Materials and methods

2.1 Study design and population
In this cohort observational study, primary data were collected
on patients with pneumonia COVID-19 who were admitted
to ED in a tertiary national referral hospital, Persahabatan
Hospital, from July to December 2020. The inclusion crite-
ria were COVID-19 pneumonia, 18 years old or older, and
no diagnosis of ARF at triage. The exclusion criteria were
trauma cases, acute cardiac failure, acute coronary syndrome,
malignancy, cerebrovascular diseases and pregnancy. After
the patients gave their consent to participate in the study, vital
signs examination andwork of breathingweremeasuredwithin
one hour of admission.
The sample size was determined using a categorical descrip-

tive with a 95% confidence interval (CI), based on a 33%
incidence of ARF in COVID-19, 5% precision, and a risk of
loss to follow-up of 10% [18]. The minimal required sample
size was 374.

2.2 Definition and measurements
COVID-19 pneumonia was determined by clinical, radiologi-
cal findings and real-time Polymerase Chain Reaction (PCR)
examinations of Severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) [19]. The ARF criteria were as fol-
lows: using >6 liters per minute (lpm) of oxygen to achieve
SpO2 94% or arterial oxygen pressure (PaO2) <60 mmHg
or requiring invasive or non-invasive mechanical ventilation
[20–22]. Cardiac disease was defined as a non-ischaemic

acute cardiac dysfunction [23]. Chronic kidney disease (CKD)
was defined as abnormalities in kidney structure or function,
present for >3 months, with health implications [24].
The patients were examined for vital signs in the supine

position without supplemental oxygen. Blood pressure was
measured non-invasively in mmHg by the brachial artery using
RGB medical comfort sense electronic sphygmomanometer
(type BPM001, Sinko Prima Alloy Company, Surabaya, In-
donesia). Mean arterial pressure (MAP) was calculated as
follows: MAP = DP + 1/3 (SP − DP) or MAP = DP + 1/3 (PP),
where DP is the diastolic blood pressure, SP is the systolic
blood pressure, and PP is the pulse pressure [25]. RR was
measured in one minute and given in breaths/minute [26].
HR was measured by counting the number of pulse beats per
minute of the pulse in the wrist [27]. The axillary temperature
in degrees Celsius (◦C) was measured using a thermometer i-
care thermos checker DT-pen [28].
The work of breathing was assessed indirectly through the

assessment of nasal flaring and contraction of the sternocleido-
mastoid and abdominal muscles. Nasal flaring was determined
by the movement of the nostrils. Contraction of the sternoclei-
domastoidwas assessed by palpations of its clavicular insertion
using two fingers with the hand ipsilateral to the patient’s side
and detecting increased tension during inspiration. Contraction
of the abdominal muscles was assessed by palpating of the
abdomen using the hand ipsilateral to the patient’s side and
detecting increased tension during expiration [29]. These
examinations were performed by a doctor or nurse on duty
who had been trained prior to the study. The ARF was then
monitored for 72 hours after admission.

2.3 Data analysis
Data were recorded primarily and analyzed using IBM SPSS
(version 21, Armonk, NY, USA). Only data on patients who
were monitored within 72 hours were included in the analysis.
Numeric data were presented as median (minimal–maximal),
and proportions were presented as quantity and percentage.
Vital signs were compared between ARF and without ARF
using an independent t-test or theMann-Whitney test. The pro-
portion of work of breathing was compared between patients
with ARF and those without ARF using the chi-square test. A
p-value< 0.05 was assumed to be statistically significant. The
cut-off values of vital signs and their sensitivity and specificity
were determined using the Youden index.

3. Results

Of 2621 patients admitted to the adult ED, 916 patients were
diagnosedwithARF at admission, 534 patients were<18 years
old, 613 patients were excluded, and 558 patients were enrolled
in this study. Thirty-eight patients were discharged before 72
hours of observation, 520 patients gave consent and their data
were analyzed (Fig. 1). In total, 71 (13.65%) of the 520 patients
had respiratory failure within 72 hours of admission. The ARF
patients were predominantly elderly, male and had a history of
hypertension. The ARF group was admitted to the ED on the
seventh day of onset (3–12th day) (Table 1).
In our study, the mean values of RR, HR and MAP in the
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FIGURE 1. Flow chart of subjects. ARF: Acute Respiratory Failure; ED: Emergency Department.

TABLE 1. Clinical characteristics of COVID-19 pneumonia patients admitted to emergency ward (n = 520).
Variable Acute Respiratory Failure in 72 hours p-value

Yes
(n = 71)
n (%)

No
(n = 449)
n (%)

Age

>65 years old 23 (20.9) 87 (79.1)

≤65 years old 48 (11.7) 362 (88.3)

Gender

Male 44 (14.8) 254 (85.2)
0.393

Female 27 (12.2) 195 (87.8)

Cardiac disease 17 (26.2) 48 (73.8) 0.002

Diabetes 24 (15.9) 127 (28.3) 0.061

CKD 1 (8.3) 11 (91.7) 0.587

Hypertension 54 (76.0) 292 (65.0) 0.108

CKD: Chronic Kidney Disease.

ARF group were significantly higher than in the non-ARF
group, while the SpO2 was lower in the ARF group than in
the non-ARF group. The mean SpO2 of the ARF group was
found to be 4% lower than that of the group without ARF.
Most of the patients were admitted to the ED without fever,
with a mean body temperature of 36.8 ◦C in both groups
(Table 2). The proportions of nasal flaring and contractions of
the sternocleidomastoid muscle and abdominal muscles were
higher in the ARF group than in the non-respiratory group
(Table 3).
In our finding, the cut-off value of RR>23 x/minute showed

the highest sensitivity and specificity for predicting ARF, at a
sensitivity of 83.1% and a specificity of 86%. In room air,
pulse oxygen saturation was <93% at a sensitivity of 80.5%
and a moderate specificity of 75.2%. The HR cut-off value
of 92 x/minute and MAP cut-off of 93.5 showed moderate
sensitivity and specificity in predicting ARF at 71.8% sensitiv-
ity and 75.2% specificity, and at 64.8% sensitivity and 60.4%

specificity, respectively (Table 4).

4. Discussion

Our study was conducted in a tertiary national referral hospi-
tal. Most of the patients were already hospitalized in other
hospitals and had more severe diseases. A high proportion
of ARF patients were admitted. Our result showed that ARF
in the COVID-19 pneumonia patients developed on the 9th–
10th day of onset, and most patients were admitted to the
ED on the 7th day of onset. Previous studies have reported
various timings of ARDS, in which the median time from the
first symptom to the onset of ARF was related to ARDS at
8–14 days [30–33]. This finding is in contrast to the Berlin
ARDS criteria, which specify that ARDS onset is within seven
days of COVID-19 symptoms, or new or worsening respiratory
symptoms. COVID-19 patients are still at risk of ARF at
more than seven days. Therefore, patients should bemonitored
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TABLE 2. Vital signs and the work of breathing in COVID-19 pneumonia patients admitted to the emergency ward (n
= 520).

Variable Acute Respiratory Failure in 72 hours p-value
Yes

(n = 71)
Median (Min–Max)

No
(n = 449)

Median (Min–Max)
Respiratory rate 26 (19–32) 20 (17–28) <0.001
Heart rate 102 (68–138) 87 (60–131) <0.001
Temperature 36.8 (36.5–38.8) 36.8 (36.5–40.0) 0.413
Mean arterial pressure 100.00 (73.33–126.67) 91.83 (71.00–156.67) <0.001
SpO2 room air 92 (91–99) 96 (91–100) <0.001
SpO2: Pulse Oxygen Saturation.

TABLE 3. Work of breathing in COVID-19 pneumonia patients admitted to the emergency ward (n = 520).
Variable Acute Respiratory Failure in 72 hours p-value

Yes
(n = 71)
n (%)

No
(n = 449)
n (%)

Nasal flaring 6 (100.0%) 0 (0.0%) <0.001
Contration of sternocleidomastoid muscle 19 (86.4%) 3 (13.6%) <0.001
Activation of abdominal muscles 25 (67.6%) 12 (32.4%) <0.001

TABLE 4. Cut-off of vital signs value based on the Youden index.
Vital signs Cut-off value Sensitivity Specificity Youden index
Respiratory rate 23.0 0.831 0.860 1.672
Heart rate 93.0 0.718 0.752 1.471
Mean arterial pressure 93.5 0.648 0.604 1.251
SpO2 room air 93.0 0.805 0.776 1.564
SpO2: Pulse Oxygen Saturation.

for the development of ARF as their pneumonia persists or
progresses [34].

Several studies reported the occurrence of COVID-
16-related acute respiratory distress syndrome (ARDS)
vs. non-COVID-19 has some similarities and differences
in characteristics. Therefore, the rearrangement of some
variables can be considered to predict ARF in detecting the
likelihood of mortality COVID-19 induced ARDS [8, 17].
Bain et al. [17] reported a longer duration of mechanical
ventilation in COVID-19-induced ARDS. Moreover, it was
found that the level of IL-6 in COVID-19-related ARDS was
lower compared to ARDS mediated by bacterial infection
and in the culture-negative groups [17]. These findings have
led to controversy regarding the concept of IL-6-related
cytokine storm and support the study finding indicating the
administration of IL-6 inhibitors does not provide benefits
in preventing hypoxemia patients. Yet, the reduction of
IL-6 levels in COVID-19-related ARDS does not completely
exclude the possibility of micro-inflammation mediated
by IL-6 in lung parenchyma. Moreover, there may be
subpopulations that demonstrate good clinical outcomes with
the administration of IL-6 inhibitors [17, 35].

In our study, out of the 520 patients, a total of 71 patients

(13.65%) who experienced respiratory failure within 72 hours
were majority males, elderly and had a medical history of
hypertension. Caillon et al. [36] showed that elevated systolic
blood pressure upon admission was a major factor in the
mortality prediction models. However, it remains unclear
whether these findings reflect the burden of uncontrolled hy-
pertension in the elderly population or whether it is arisen due
to systemic inflammation. Others results have suggested that
themechanism of enzymatic activity of angiotensin-converting
enzyme 2 (ACE-2) disruption is caused by SARS-CoV-2 [36].

Previous studies have reported that the relationship between
hypertension and poor outcome in COVID-19 infection among
the elderly remains controversial [7]. Lee et al. [37] found that
hypertension was not significantly associated with COVID-
19 mortality in elderly patients. Increased mortality due to
hypertensionmay be potentially associated with the risk of kid-
ney damage or acute kidney injury [38]. Furthermore, Ramos
JM et al. [39] reported that limited studies are confirming
the association between hypertension and an increased risk of
COVID-19 mortality in the older population.

Several studies have reported findings related to a higher
incidence and mortality of COVID-19 in elderly men com-
pared with elderly women [7, 40]. These findings have been
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linked to various mechanisms, including a decrease in the total
number of B and T cells, as well as the aging of Cluster
of Differentiation (CD8+) T effector memory cells in older
men compared with the older women. In addition, a greater
reduction in cytokine secretion and T cell proliferation activity
was observed in older men compared with women [40].
Several studies have demonstrated associations among re-

duced oxygen saturation, increased glucose levels, and el-
evated respiratory rate on admission with an unfavourable
outcome in patients with COVID-19 [41–44]. RR was found
to be an important parameter for predicting ARF in COVID-
19 pneumonia patients within 72 hours. RR is regulated
by the central nervous system based on input from various
central and peripheral chemoreceptors to maintain oxygen and
carbon dioxide levels in the blood by maintaining their near-
normal levels [45]. Adults normally take 12–20 breaths per
minute, and an increase in RR indicates the need for more
oxygen or less carbon dioxide. RR can also be an indicator
of physiological conditions, such as hypoxia, hypercapnia and
metabolic and respiratory acidosis [46]. An increase in RR,
especially in hypovolemia, is an early marker of acidosis. The
compensatory mechanism will work by increasing RR and HR
without significant changes in blood vessels [47]. A previous
study based on the work of breathing scale showed that there
was a low incidence of accessory respiratory muscle use when
the RR was ≤20, however, as the RR increased, the use of
accessory respiratory muscles increased proportionally [29].
Our study succeeded in determining the RR cut-off value.

Based on this finding, clinicians can predict the risk of ARF
and provide further evaluation and appropriate treatment in-
terventions. In previous studies, the failure to monitor RR
was associated with an increased risk of death. An RR >36
breaths/minute and an HR >140 pulse/minute were related
to cardiac arrest [48]. Gibson et al. [49] considered RR
≥30 breaths/minute and SpO2 ≤92% as early signs of ARF.
In our study, we found that a lower cut-off value of RR
>23 breaths/minute was a predictor of ARF in COVID-19
pneumonia patients. This finding indicates the possibility
of “happy hypoxia” in COVID-19, where hypoxemia occurs
without a proportional increase in RR, and rapid deterioration
can occur [50].
Fever is a common symptom among most COVID-19 pa-

tients who need hospitalisation. Moreover, body temperature
may indicate the severity of inflammation [51]. Our findings
revealed that the majority of the patients in this study arrived at
the ED without experiencing fever, and the average body tem-
perature in both groupswas recorded as 36.8 ◦C.At the present,
there is a lack of published studies that have examined body
temperature as a potential prognostic indicator. However,
Tharakan S et al. [51] reported that inadequate control of body
temperature during the COVID-19 infection is indicative of an
unfavourable prognosis, suggesting that body temperature can
be used as a valuable easy-obtained prognostic marker.
In our study, the cut-off value of SpO2 <93% was in line

with the target oxygen level in COVID-19 guidelines [52, 53].
SpO2 <93% is considered to indicate a high patient risk of
developing more severe disease and mortality. The LOCO-
2 trial, which compared a conservative target with SpO2 88–
92% and a liberal target of SpO2 ≥96% reported that at day 90,

more patients in the conservative-oxygen group had died than
in the liberal-oxygen group [54]. The intensive monitoring of
pulse oximetry can detect a sudden drop in SpO2 of 3–4%
[55]. In 2002, Ikram AS et al. [56] revealed that a lower
oxygen saturation level on admission was identified as an
independent risk factor contributing to a higher mortality rate
in COVID-19 patients. Furthermore, for every 1% increase in
the initial oxygen saturation level, the likelihood of mortality
decreased by 7.8%. This finding suggests that the delayed
presentation of patients with COVID-19 [56]. Ambulatory
oxygen saturation monitoring has also been showed to be
useful in identifying patients who may require high levels of
oxygen [57]. Moreover, in South Africa, Nematswerani et
al. [58] reported that patients who utilised a pulse oximeter
to monitor their oxygen saturation levels at home experienced
considerably lower mortality rates compared with those who
did not use this monitoring method.
We acknowledge several limitations of this study. Firstly,

we recognize the potential for measurement bias, which may
impact the reliability of our measurements. Nevertheless, we
made efforts to minimize this bias by conducting measurement
training before the commencement of the study and provid-
ing regular training sessions in every month throughout the
study duration. Secondly, we emphasize that while numerous
COVID-19 risk prediction models have been established, the
specific cut-off values of vital signs obtained in this research
require validation in the context of COVID-19 pneumonia
and other clinical settings. The applicability of these cut-off
values in developing countries with limited resources remains
uncertain and warrants further investigation. Additionally,
further studies should be conducted with a larger sample sizes
to evaluate the performance of a prediction model including
vital signs at admission and appropriate external validation.
Moreover, the implementation and innovation of COVID-19
risk prediction models based on easily obtainable parameters,
could serve as a crucial tool for addressing future epidemics
wave of infection in resource-limited settings.

5. Conclusions

The assessment of vital signs and the work of breathing within
the first hour in the ED can predict ARF within 72 hours
in COVID-19 pneumonia patients. This model has the po-
tential to serve as a cost-effective method for predicting the
prognosis of the course of COVID-19 infections in resource-
limited settings and in developing countries. However, its
applicability in the resource-limited health centres needs to be
validated in order to ascertain the relevance of vital sign cut-off
values in COVID-19 pneumonia and other clinical scenarios.
Furthermore, further research with a larger sample sizes is
crucial to be conducted to assess the effectiveness of this model
in a broader population.

ABBREVIATIONS

ARDS, Acute Respiratory Distress Syndrome; ARF, Acute
Respiratory Failure; PaO2, Arterial Oxygen Pressure; CI, con-
fidence interval; CKD, Chronic kidney disease; COVID-19,
Coronavirus disease 2019; DP, diastolic pressure; ED, Emer-
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gency Department; HR, Heart Rate; MAP, Mean Arterial
Pressure; SpO2, Pulse Oxygen Saturation; RR, Respiratory
Rate.
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