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Background: Understanding the contributing factors for decision-making based on the disease stage
is highly crucial to improving patient care.

Aim: This study aimed to identify the critical and essential factors to enhance clinical decision-making
for COVID-19 patients.

Methods: This mixed-method research was conducted in two phases. In the first phase, a systematic
literature review was performed using defined search strategies across four databases, including
PubMed, Scopus, Web of Science, and IEEE. A total of 136 studies were obtained. Next, a
questionnaire-based survey was conducted to validate the findings from the review and to categorize
the factors into essential and critical factors. The content validity ratio was used to categorize the
factors accordingly. The identified factors were classified into six main categories based on the stages
of care and the corresponding decision-making.

Results: The expert panel consisted of 10 clinicians from various fields. The potential factors were
categorized into six categories. A total of 293 factors were found in the literature review. The findings
of the consensus survey revealed 10 factors related to the decisions on the length of stay, eight factors
for ward referral decisions, one factor for decisions on home referrals, six factors for deterioration
diagnosis decisions, two factors for discharge decisions, and 10 factors for decisions on intensive care
unit referrals. In addition, the study identified respiratory rate, oxygen saturation at administration,
arterial oxygen pressure, sequential organ failure assessment score, and glomerular filtration rate as
significant decision-making factors for COVID-19 patient management.

Conclusion: For medical emergencies (e.g., COVID-19 management), fewer but more significant
factors may increase the efficiency of decision-making, thereby improving the quality of patient
management. On this basis, this study identified the essential and critical factors for decision-making
at different stages of COVID-19 patient management.

Relevance for Patients: This study identified the most important factors in diagnosing the deterioration
of COVID-19 patients to improve the treatment outcome of COVID-19 patients.

1. Introduction

The COVID-19 pandemic has been known as a global challenge that requires inclusive
approaches to control. COVID-19 is caused by a new virus that was officially named
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severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) [1,2]. Most people infected with this virus experienced
mild to moderate respiratory diseases. Besides epidemiological
policies, patient-centric decision-making has been highly
crucial to control the COVID-19 pandemic. Particularly, at the
pandemic peak, physicians had to make crucial decisions, based
on widely recognized factors, for patient management within a
short time [3,4].

However, COVID-19 management is highly inconsistent
due to symptom variations, ranging from mild to severe
symptoms [5,6]. Therefore, the management of COVID-19 patients
is amulti-criteria decision-making problem due to the complexities
of COVID-19 [7]. There are different decisions to be made for each
patient based on their condition [8]. These decisions could include
referrals to the intensive care unit (ICU) or isolation at home.
A COVID-19 patient may be assigned to a specific stage, typically
inclusive of discharge, ambulatory, inpatients, referral to the ICU,
or death due to COVID-19 infection [9]. In these circumstances,
identifying the necessary factors can be significantly effective in
making the best decision.

Nonetheless, information is the key element for decision-
making, and decisions are made based on the most influential
factors. Likewise, more data may not result in the best decision
being made, but the most effective data provides the best care and
safety for patients. Hence, we aim to identify the most fundamental
factors for the best decision-making in COVID-19. In times of
emergency, decision-making is critical, and the most influential
factors result in the best decision-making [10]. In such situations,
heuristic decision-making is adopted, whereby humans process
information in a less complex way to reach better decisions
more efficiently. The heuristic approach can be more accurate for
complex problems and is one of the most important discoveries
of recent decades [11]. This type of decision-making is suitable
for COVID-19 as heuristics account for the uncertainty and risky
conditions of COVID-19. Therefore, it is essential to prioritize
the effective factors, especially during an influx of patients. The
priority of the factors should account for the patient’s condition
and the presently available evidence to ensure that clinical experts
can make optimal, timely, and accurate decisions [12]. While
previous studies have determined the general factors affecting the
status of COVID-19 patients [13-16], our study further identified
the critical and essential factors for optimal decision-making
and rapid management of COVID-19 cases based on disease
severity. Recent studies have revealed that different approaches
were considered to manage and prioritize infected patients,
varying from home isolation to ICU admission [17,18]. Thus, the
effective factors regarding clinical decision-making and different
approaches to managing admitted patients can be divided into six
categories, comprised of (i) effective factors related to the length
of stay, (ii) effective factors related to ward referrals, (iii) effective
factors related to home referrals or home isolation, (iv) effective
factors related to deterioration diagnosis, (v) effective factors
related to identifying the discharge time, and (vi) effective factors
related to ICU referrals [19-25]. Thus, the main objective of
our study was to determine the essential and critical factors for

decision-making based on case severity and disease stage through
a systematic review and the opinions of clinicians.

2. Methods

This mixed-method study was conducted in two main phases,
including a systematic review and a questionnaire-based survey
for a panel of clinical experts. We employed a combination of
quantitative and qualitative analyses within the same study,
enabling the exploration of diverse perspectives and relationships
that exist between the complex layers of our multifaceted research
questions [26].

2.1. Research question

This study was based on the following research question: What
are the critical and essential factors for optimal decision-making
and rapid management of COVID-19 cases based on disease
severity?

2.2. Systematic literature review

2.2.1. Search strategy

Articles from PubMed, Scopus, Web of Science, and IEEE
databases were searched from December 2019 to December
2022. The searched keywords included “triage,” “classification,”
“scoring system,” ‘“forecasting,” “predict,” “prediction,”
“ICU,” “critical care unit,” “severe acute respiratory syndrome
coronavirus,” “COVID-19,” “SARS-CoV-2,” 2019 novel
coronavirus,” “Wuhan coronavirus,” and “novel coronavirus.”
The patient/population, intervention, comparison, and outcomes
model was used to define the search strategy [27]. This search
was restricted to English language papers. The search strategy is
provided in Table Al.

2.2.2. Inclusion criteria

The inclusion criteria were articles published in English and
focused on decision-making regarding COVID-19.

2.2.3. Selection process

Conference abstracts, letters to editors, papers with unavailable
full text, and papers with insufficient details about the data elements
(i.e., factors) were excluded from this review. This systematic
review was conducted based on the preferred reporting items for
systematic reviews and meta-analyses (PRISMA) checklist [28].

2.2.4. Data extraction

After duplicate articles were removed, the article citations were
imported to EndNote. In the first phase, all titles and abstracts of the
articles were independently examined by four authors based on our
main objective to select relevant studies. Another author reviewed
a sample of studies at random to validate the process. Next, all of
the articles were categorized into six main categories, i.e., decision-
making for patient ward referrals, patient ICU referrals at the
golden time, length of stay in the inward and/or the ICU, patient
deterioration diagnosis, and patient discharge. These categories
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of possible outcomes for each patient were defined based on the
clinicians’ views and agreement. The six potential areas of decision-
making were considered through expert consultation to classify the
influential factors extracted from the reviewed publications. The
flow of the literature review process is displayed in Figure 1.

2.2.5. Identifying potential factors and questionnaire preparation

To determine the essential and critical factors of decision-
making for COVID-19 patients based on the severity, a datasheet/
form (prepared based on the PRISMA checklist) was used to
identify data elements (i.e., factors) in the articles of the systematic
review. This datasheet included four sections; name of the data
element, P-value, category, and description.

The full-text eligible studies were assessed thoroughly by four
reviewers to extract potential datasets related to each category. If
the P-value was reportedly <0.05, the factor was considered as a
potential data element. If there was a disagreement between the
authors in the selection of relevant studies, the final decision was
made by another author (i.e., S.R.N.K.).

Thereafter, a five-point Likert-based questionnaire was created
based on the potential factors identified through the literature
review. The questionnaire was finalized with reference to the
factors identified from the systematic review and the six outcomes.
The questionnaire consisted of two parts; the demographic
characteristics of experts and a list of factors that was scaled
according to the Likert score.

2.3. Expert consensus and questionnaire-based survey

Expert consensus refers to the collective opinions of clinical
experts on a clinical topic and it is employed to provide quantitative
and reliable data (e.g., recommendations of best practices) in
clinical areas that are not well-defined by research [29,30].

2.3.1. Validating the contents of the questionnaire

The clinical experts who participated in the survey were
affiliated with various medical universities, clinics, and hospitals in
Iran. The selected participants in this study comprised specialized
physicians in internal medicine, pulmonary and infectious disease,
emergency medicine, and related clinical fields with experience in
COVID-19 patient management for more than 6 months.

Five clinical experts were invited to assess the grammar,
language, and item allocations for validating the questionnaire.
The experts were requested to suggest a correction for items that
they deemed were incorrect. Each question (data element) was to
be evaluated by the participants over a five-point scale, ranging
from “essential” (score: 1) to “highly critical” (score: 5).

2.3.2. Recruitment of experts for consensus-based survey

Some criteria referred to specific clinical experts, warranting
their invitation to the study. These clinical experts had experience
working in COVID-19 wards or ICUs in multiple hospitals in
Iran. In addition, a general practitioner with relevant experience

Records identified through scientific databases:
PubMed = 118, Scopus = 116,
Web of Science = 44,
Manual = 15
Total: 273
(n=2712)

Identification

|

Records after duplicates removed
(n=223)

v

Titles and abstracts screened after
eliminate non-original articles
(n=187)

Records excluded in
abstract screening
(n=150)

Screening

:

Full-text articles assessed
for eligibility
(n=142)

Full-text articles excluded
according to criteria
(n=9)

v

Included

Studies included in
synthesis
(n=136)

Figure 1. The flow of the literature review process.
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and interest in the study would be invited to participate in the
study as well. With reference to the Lawshe table [31], the number
of participants was limited to 10 clinical experts for an optimal
content validity ratio (CVR) during expert agreement analysis.

2.3.3. Conducting the questionnaire-based survey

We conducted the questionnaire-based survey by initially
sharing an online link to the questionnaire with the clinical experts
through email or social network. The objective of the survey
was explained to the clinical experts through the same email or
content of the message (if the experts were contacted via social
network). The clinical experts would confirm their participation
with a declaration. CVR [31] was utilized to quantitatively
evaluate content validity, and the content validity index (CVI)
was calculated for each data element. The CVR corresponded to
the essentiality or effectiveness of each item in clinical decision-
making for COVID-19 patients.

The critical threshold of CVR refers to the minimum CVR
critical value for each item. Based on Lawshe’s table [32], the
critical threshold of CVR was set at 0.62 per the number of clinical
experts (i.e., 10 clinical experts in this case).

2.3.4. Analysis of panel results

The literature review generated a list of factors that could
effectively decide a patient’s outcome. Herein, we added several
criteria when interpreting the results. If the CVR of an item was
greater or equal to the CVR threshold, the item was considered
“critical.” Items with CVR between zero to the threshold value

G

Deterimne six related outcomes for
COVID-19 patients

‘ Data items

‘ Validated data items r

(i.e., 0.62) were considered “essential,” implying an agreement
from more than half of the clinical experts on the particular item.
A sub-zero CVR would indicate that less than half of the clinical
experts considered an item “essential,” and the item would
subsequently be rejected [33,34]. All of the results were analyzed
using IBM statistical package for the social sciences v20.

3. Results

This study was conducted in various steps, and the results
of each step, with the identified factors and their frequency, are
represented in Figure 2.
The possible outcomes identified from the literature review in
the first step were divided into six possible categories (as follows):
(i) Length of stay: The length of stay is a clinical metric that
measures the time elapsed between a patient’s hospital
admittance and discharge [35].

(i) Ward referrals: Ward referrals involve directing a patient to a
different hospital ward based on their specific medical condition.

(ii1) Home referrals: Home referrals involve recommending and
arranging for patients to receive care in the comfort of their
own homes instead of being admitted to a medical facility.

(iv) Deterioration diagnosis: Deterioration diagnosis indicates the
worsening of a patient’s health condition which can happen at
any point while they are hospitalized.

(v) Discharge: Discharge is when a patient is permitted to leave
the hospital following the receipt of treatment and care.

(vi) ICU referrals: ICU referrals entail recognizing patients in need
of specialized care and moving them to the ICU for treatment.

1.Length of stay

2.Ward referring
3.Home referring
4.Deterioration diagnosis
5 Discharge

6. ICU referring

1.Length of stay (51 items)

2.Ward referring (49 items)
3.Home referring (24 items)
4.Deterioration diagnosis (63 items)
5 Discharge (43 items)

6. ICU referring (57 items)

1.Length of stay (10 items)
2.Ward referring (8 items)
3.Home referring (1 items)
4.Deterioration diagnosis (6 items)
5 Discharge (2 items)

6. ICU referring (10 items)

Figure 2. The study process included a systematic review and the validation analysis of factors affecting the physicians’ decision-making for

COVID-19 patients.
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In the second step, the factors were validated concerning
each outcome via CVI calculation, and the critical factors were
determined.

3.1. Literature review to identify the effective factors

Overall, 273 articles were obtained from the literature search.
Fifty duplicate studies were removed accordingly. After assessing
the title, abstract, and full text of the articles and excluding
the irrelevant studies, the remaining 136 articles were further
evaluated. The articles were evaluated for the relevant factors (e.g.,
effective factors and clinical tests in COVID-19 management)
based on predefined categories regarding decision-making. The
general characteristics of the evaluated articles are displayed in
Table 1.

From the literature review, a total of 293 demographic and
clinical factors, considered effective in clinical decision-making
at different stages of COVID-19, were identified. Among them, 51
factors were related to the length of stay, 50 factors were related to
ward referrals, 24 factors were related to home referrals, 63 factors
were related to deterioration diagnosis, 43 factors were related to
discharge, and 62 factors were related to ICU referrals. It should
also be noted that several factors are common in various areas.

3.2. Clinical expert panel data analysis

The clinical expert panel included one subspecialist, six
specialists, and three general practitioners with experience
working in COVID-19 wards or ICUs in referral academic
hospitals in Iran. Six of the participants worked in Tehran, while
the others worked in Kerman, Varamin, Yasuj, and Dehdasht.
Table 2 summarizes the characteristics of these clinical experts
based on gender, medical specialty, clinical experience, and
the number of COVID-19 patients visited from March 2020 to
December 2022.

3.3. Essential and critical factors

Based on the calculated CVRs of 258 items, 159 items were
identified as essential factors, and 28 items were identified as
critical factors in the six outcome categories. A total of 71 items
were rejected based on our criteria described in Section 2.3.5. The
full results are displayed in Tables A2-A7.

The first category of factors was associated with decision-
making regarding the length of stay in the hospital (Table A2).
From a total of 51 factors, 10 were considered critical and 41
were considered essential. The critical factors were the history
of cancer or malignancy, history of any cardiovascular disease,
history of renal function impairment or chronic kidney disease,
history of respiratory disease (e.g., asthma and chronic obstructive
pulmonary diseases [COPDY]), history of using immunosuppressive
drugs, respiratory rate (RR), C-reactive protein, glomerular
filtration rate (GFR), oxygen saturation (SpO,) at admission, and
the sequential organ failure assessment score.

The second category (i.e., ward referrals) included 49 factors
(Table A3), of which eight factors were considered critical. The
accepted factors were the history of diabetes mellitus, history

Table 1. General characteristics (i.e., type of clinical decision and
country) of the evaluated articles

Number of articles
(relative to all articles [%])

Characteristic

Type of clinical decision

Length of stay 12 (8.89)
Ward referrals 9 (6.67)
Home referrals 4(2.96)
Deterioration 98 (72.59)
Discharge 15 (11.11)
ICU referrals 30 (22.22)
Country
China 53(39.26)
United States of America 22 (16.30)
Italy 17 (12.59)
France 9 (6.67)
Turkey 6 (4.44)
Iran 4 (2.96)
Belgium 2(1.48)
Canada 3(1.48)
Germany 4(1.48)
Greece 5(1.48)
Japan 6 (1.48)
Pakistan 7(1.48)
Spain 8 (1.48)
United Kingdom 9 (1.48)
Australia and New Zealand 1(0.74)
Israel 1(0.74)
Korea 1(0.74)
Netherlands 1(0.74)
Singapore 1(0.74)

Abbreviation: ICU: Intensive care unit.

of cancer or malignancy, history of any cardiovascular disease,
history of renal function impairment or chronic kidney disease,
history of respiratory diseases (e.g., asthma and COPD), RR,
SpO, at admission, and arterial oxygen pressure (PaO,). A total
of 24 factors were reported for home referrals or home isolation,
of which one factor (i.e., SpO,) was considered critical, while the
other 23 factors were deemed essential (Table A4).

The fourth category of decision-making was related to the
factors in deterioration diagnosis (Table AS). This category reported
63 factors, including six critical factors and 57 essential factors.
The critical factors for this decision-making were the history of
respiratory disease (e.g., asthma, COPD, and other similar diseases),
RR, D-dimers, SpO, at admission, venous blood pH, and PaO,.

The discharge category (with a total of 43 factors) reported two
critical elements, including RR and GFR (Table A6).

The sixth category was ICU referrals with 57 factors in total
(Table A7). Among them, there were 47 essential factors and
10 critical factors. The critical factors were body mass index or
obesity, history of cancer or malignancy, history of renal function
impairment or chronic kidney disease, history of respiratory
disease (e.g., asthma, COPD, and other similar diseases), RR,
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Table 2. Characteristics of the panelists

Domain Frequency (relative to the Range
total domain frequency [%])
Gender
Male 7 (70) N/A
Female 3 (30)
Specialty
Pulmonology 1 (10) N/A
Anesthesia and intensivist 1(10)
Emergency medicine 2 (20)
Pharmacotherapy 1(10)
Obstetrics and gynecology 1 (10)
Otorhinolaryngology 1(10)
General practice 3 (30)
Clinical experience (years)
<10 4 (40) 5-35
11-20 3(30) years
21-30 1 (10)
>30 2(20)
Number of COVID-19 patients
visited by the participant
<50 3(30) 10 —2000
50150 4 (40)
151 -300 1 (10)
300 —-450 0
>450 2(20)

creatinine (Cr), serum Cr, GFR, SpO,, and PaO,. The critical
factors of the six outcomes are displayed in Table 3.

4. Discussion
4.1. Purpose of the study

Due to the complex nature of COVID-19, identifying the effective
factors of decision-making for patient outcomes is an essential
requirement of the current healthcare systems. Through this survey,
the effective factors were identified with a combination of literature
review and expert consensus. As patients experience different
symptoms after COVID-19 infection, all possible factors should be
considered for appropriate treatment and accurate clinical decision-
making at each COVID-19 progression stage. Hence, the results were
presented based on different stages in the decision-making process.

4.2. Brief information about the key findings

Among the critical factors, SpO, was implicated in five out of
the six decision-making outcomes for COVID-19 cases. Evidence
has revealed that low blood oxygen or hypoxia is a warning
sign of severe COVID-19, correlating to the severity of the
disease [36]. RR is another critical factor implicated in five out of
the six decision-making outcomes, indicating an important role in
determining the status of the patients [37].

Several studies have been conducted regarding COVID-19
and the effective risk factors in clinical decision-making. Most

of the published studies have focused on specific domains of the
patient’s condition, whereas different possible aspects of clinical
decision-making were considered in the present study. The study by
Pijls et al. [38] focused solely on the demographic factors influencing
the severity of COVID-19. In contrast, we investigated a wide range
of clinical factors that could be effective in inpatient assessment.

The results of our study could support the policymakers in
preparing the required equipment, such as an oximeter and
mechanical ventilation. The oximeter should be accessible for
patient monitoring in the ward and at home. In addition, a Bluetooth
pulse oximeter with a telehealth system via mobile platforms can
be used to check a patient’s condition as SpO, is a critical factor
for decision-making in most domains [39]. Therefore, an effective
patient management strategy can be developed by prioritizing the
critical factors and subsequently the essential factors.

Medical history was recognized as a critical factor in our survey.
Consequently, timely access to the patient’s medical records could
improve clinical decisions about the patient’s condition. Current
electronic health records (EHRs) can provide timely information
and real-time monitoring for the early detection and management
of severe diseases [40]. Given the COVID-19 pandemic, several
health-care organizations have rapidly implemented EHRSs in their
hospitals to improve patient safety management [41,42].

Likewise, the lack of evidence-based recommendations
has led to clinicians having to review a vast amount of clinical
information just to manage the patients better. Nonetheless, the
high rate of infected patients is a major challenge for healthcare
providers [43]. In response, several researchers have developed
decision-aid tools to address the issue [44,45].

4.3. Recommendations for future studies

This survey could account for the initial step of developing
clinical decision support systems (CDSSs) for decision-making
based on disease severity to aid physicians in making more
accurate decisions within a shorter time [46]. In this regard,
Sherimon et al. developed a CDSS to combat COVID-19 in
primary healthcare to aid clinicians with real-time diagnosis [47].
Despite the effectiveness of such systems, the development process
is complex and comprises different stages. Moreover, the early
stages of CDSS development commonly involve determining the
minimum data sets, as was conducted in this study.

From the point of view of clinical experts, this study
investigated the effective demographic and clinical factors of
common COVID-19 outcomes. However, this study did not
account for cultural and climatic factors that may also effectively
affect patient outcomes, warranting further investigation of these
factors in future studies.

SARS-CoV-2, the pathogen that causes COVID-19, is still
spreading rapidly in many countries around the world. Additionally,
there are signs indicating that COVID-19 will become endemic
with time but not eradicated. Despite the reduction in the spread
of the virus, the identified effective factors may facilitate better
management of COVID-19, especially in the upcoming endemic
phase, as well as in future pandemics.
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Table 3. The critical factors of six outcomes related to COVID-19 patients

Factors Decision-making outcomes

Length of stay  Ward referrals  Home referrals  Deterioration diagnosis  Discharge  ICU referrals
History of disease (e.g., respiratory diseases, N \ v J
cancer, and chronic diseases)
History of immunosuppressive drug use v
BMI \/
GFR v V J
CRP V
Respiratory rate v \ v v \
SpO, at admission N \ v
PaO, N N N
SOFA score N \
Venous blood pH v
Creatinine \
D-dimers v
Spo, v ol

Abbreviations: BMI: Body mass index; CRP: C-reactive protein; GFR: Glomerular filtration rate; ICU: Intensive care unit; PaO,: Arterial oxygen pressure; SOFA: Sequential organ failure

assessment; SpO,: Oxygen saturation.

This study also demonstrated that relevant information and
datasets can be collected and analyzed using data mining methods
to determine the predictive factors, thereby highlighting the use of
machine learning in future studies.

4.4. Limitations

This study had several limitations. Since this research was
conducted during the COVID-19 pandemic, many clinicians
opted out of completing the questionnaire due to high stress levels
and heavy workloads. For this reason, the number of respondents
and participants in this study was limited. Besides that, the
clinical experts responded to the questionnaire solely based on
their experience with patient management in Iran. In addition, the
questionnaire may not be complete as it was prepared without the
appropriate factor categorization.

5. Conclusion

The findings of this study could be useful guidance or reference
for researchers involved in COVID-19 management studies. The
effective factors could be useful for both clinical decision-makers
and specialists in health informatics (e.g., design decision-making
systems) for the effective management of COVID-19 patients. In
practice, our findings could increase awareness among clinical
staff regarding the priority of different factors in the decision-
making process.
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Appendix

Table A1. Search strategies for each database

Database Search strategies

Number of studies

PubMed

((“Triage”[Mesh]) OR (“Triage”[Title/Abstract]) OR (“Triages”[Title/Abstract]) OR (“patient classification”[Title/Abstract]) 118
OR (“disease severity”’[Title/Abstract]) OR (“disease severity scale”[Title/Abstract])) AND ((“Forecasting”[Mesh]) OR
(“Forecasting”[Title/Abstract]) OR (“predict*”[Title/Abstract]) OR (“Prediction”[Title/Abstract]) OR (“scoring system”[Title/

Abstract]) OR (“scoring”[Title/Abstract]) OR (“scale”[Title/Abstract])) AND ((“Care Unit, Intensive”[Title/Abstract]) OR (“Care

Units, Intensive”’[Title/Abstract]) OR (“Intensive Care Unit”[Title/Abstract]) OR (“Unit, Intensive Care”[Title/Abstract]) OR

(“Disease Severity”’[Title/Abstract]) OR (“Units, Intensive Care”[Title/Abstract]) OR (“Intensive Care Units”[Mesh])) AND ((“severe

acute respiratory syndrome coronavirus 2” [Supplementary Concept]) OR (“COVID-19”[Title/Abstract]) OR (“SARS-CoV-2"[Title/

Abstract]) OR (“2019 novel coronavirus”[Title/Abstract]) OR (“2019-nCoV”’[Title/Abstract]) OR (“Wuhan coronavirus”[Title/

Abstract]) OR (“novel coronavirus”[Title/Abstract]))

Scopus

(((TITLE-ABS-KEY ( triage ) OR TITLE-ABS-KEY ( “patient classification” ) OR TITLE-ABS-KEY ( triages ) ) ) OR ( ( 116
TITLE-ABS-KEY ( “disease severity” ) OR TITLE-ABS-KEY ( “disease severity scale” ) ) ) ) AND ( ( TITLE-ABS-KEY (

forecast* ) OR TITLE-ABS-KEY ( predict* ) OR TITLE-ABS-KEY ( prediction ) OR TITLE-ABS-KEY ( “scoring system”

) OR TITLE-ABS-KEY ( scoring ) OR TITLE-ABS-KEY ( scale ) ) ) AND ( ( TITLE-ABS-KEY ( “Care Unit, Intensive” )

OR TITLE-ABS-KEY ( “Care Units, Intensive” ) OR TITLE-ABS-KEY ( “Intensive Care Unit” ) OR TITLE-ABS-KEY (

“Unit, Intensive Care” ) OR TITLE-ABS-KEY ( “Units, Intensive Care” ) OR TITLE-ABS-KEY ( “Intensive Care Units” ) ) )

AND ( ( TITLE-ABS-KEY ( “severe acute respiratory syndrome coronavirus 2” ) OR TITLE-ABS-KEY ( “COVID-19”) OR

TITLE-ABS-KEY ( “SARS-CoV-2") OR TITLE-ABS-KEY ( “2019 novel coronavirus” ) OR TITLE-ABS-KEY ( “2019-nCoV”)

OR TITLE-ABS-KEY (“Wuhan coronavirus”) OR TITLE-ABS-KEY (“novel coronavirus”) ) )

Web of
Science

1. TS = (“Triage”) OR (“Triages”) OR (“patient classification”) OR (“disease severity””) OR (“disease severity scale”) From 2010 to 44
2020

2. TS = (“Intensive Care Unit”’) OR (“Care Unit, Intensive”) OR (“Intensive Care unit”) OR (“Unit, Intensive Care”) OR (“Units,

Intensive Care”) OR (“Care Units, Intensive”) OR (“Intensive Care Units”)

3. TS = (“severe acute respiratory syndrome coronavirus 2”) OR (“COVID-19") OR (“SARS-CoV-2") OR (“2019 novel coronavirus”)

OR (“2019-nCoV”) OR (“Wuhan coronavirus”) OR (“novel coronavirus”) OR (“coronavirus”

Total=1 AND 2 AND 3

Table A2. The contributing factors in clinical decision-making towards the length of hospital stay of COVID-19 patients

Factors Data set Definition CVR CVR assessment
(critical, essential, or
rejected)

Demographics and Age Age refers to the patient’s age based on the year. 0.4  Essential

medical history Sex Sex refers to the gender of the patient. —-0.4  Rejected

BMI or obesity BMI is a measure of body fat based on height and weight that applies to 0.4  Essential
adult men and women.

History of diabetes Diabetes mellitus is a metabolic disorder characterized by elevated blood 0.6 Essential

mellitus sugar levels over a long period [48].

History of cancer or Cancer is the abnormal growth of cells. The term malignancy refers to the 1 Critical

malignancy presence of cancerous cells that can spread to other sites in the body [49,50].

CVD CVD is any disease of the heart or any disorder associated with blood 0.8  Critical
vessels [51].

History of renal function =~ CKD is the presence of kidney damage or an eGFR of <60 mL/min per 0.8  Critical

impairment or CKD 1.73 m? for more than two months [52].

History of respiratory The most common respiratory diseases include COPD, asthma, pneumonia, 0.8  Critical

disease pulmonary fibrosis, and lung cancer [53].

History of liver disease Liver/hepatic disease is a type of damage to or disease of the liver that can 0.6 Essential
be chronic or acute [54].

History of autoimmune An autoimmune disease refers to any condition in which the immune system 0.6  Essential

disease mistakenly attacks the body [55].

History of Immunosuppressive drugs are a type of drug that suppresses or reduces the 0.8  Critical

immunosuppressive drug use  strength of the body’s immune system [56].

History of hypertension Hypertension refers to high blood pressure, which increases the risk of heart 0.2 Essential
disease, stroke, and sometimes death [57].

Other chronic conditions ~ Comorbidity is defined as the concurrence of more than one disorder in an 0 Essential

or co-morbidity

individual [58].
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Factors Data set Definition CVR CVR assessment
(critical, essential, or
rejected)

Signs and symptoms Fever Fever refers to a high body temperature (over 37.5°C [99.5°F]). —0.2  Rejected

Fatigue Fatigue describes the feeling of tiredness or lack of energy. 0 Essential

Myalgia and/or arthralgia ~ Myalgia refers to pain in a muscle or group of muscles. Arthralgia refers to —0.2  Rejected
joint stiffness and pain.

Vomiting or nausea Vomiting refers to the excretion of gastric contents through the mouth. —0.2  Rejected

Sore throat A sore throat is the feeling of pain or scratchiness in the throat. —0.6  Rejected

RR RR is one of the main vital signs, referring to the number of breaths a 0.8  Critical
person takes per minute.

Body temperature at Body temperature at admission refers to the patient’s body temperature 0 Essential

admission measurement during the first visit.

WBC count WBC/leukocyte count Leukocytes play a pivotal role in inflammation and infection [59]. 0.2 Essential

Neutrophil count Neutrophils are a type of WBC that increase in response to an acute infection [59]. 0.2 Essential

Lymphocyte count Lymphocytes are a type of WBC with an anti-infection ability and can 0.4  Essential
respond to specific microorganisms [59].

Eosinophil count Eosinophils are a type of WBC with a histamine-neutralizing effect [59]. —0.8  Rejected

Monocyte count Monocytes are a type of WBC that transform into macrophages, which play =~ —0.8  Rejected
important roles in both innate and acquired immunities [59].

Basic metabolic panel Cr Cr is an indicator of kidney function [59]. 0.6  Essential

BUN The nitrogen content of urea is a primary metabolite derived from dietary 0 Essential
and tissue proteins [60].

Glucose Glucose has a six-carbon structure and is the main source of energy in the body [60]. 0 Essential

Cytokines IL-6 IL-6 is an inflammatory and acute phase response marker [61]. 0.2  Essential

Enzymes and biomarkers ~ Albumin Albumin is the most abundant protein in blood [60]. —0.6  Rejected

AST AST is a good indicator of liver diseases, such as cirrhosis [62]. —0.4  Rejected

ALT ALT is an indicator of liver diseases. It is a more specific marker of liver —0.2  Rejected
diseases and infection than AST [63].

Total bilirubin Bilirubin is produced in the hemolysis of RBCs [64]. —0.4  Rejected

LDH LDH is an enzyme with increased levels of hemolysis, necrosis, pneumonia, 0.6 Essential
and acidosis [65].

CRP CRP is an indicator of infection and acute inflammation [66]. 0.8 Critical

PCT PCT is a protein that indicates bacterial infection and sepsis [67]. 0 Essential

Ferritin Ferritin is an iron-storage protein and an indicator of artery and 0.2 Essential
inflammatory diseases [68].

Cardiac biomarkers Cardiac troponin Cardiac troponin is the main marker for cardiac infarction [69]. 0.4  Essential

and tests for the CK CK is an indicator of muscle, brain, and heart damage [60] 0  Essential

cardiovascular system D-dimers D-dimers are byproducts of a blood clot and can indicate thrombosis [70]. 0.6  Essential

Coagulation screening AT AT activity is measured to diagnose thrombotic disorders [71]. 0 Essential

PT PT measures the function of the external coagulation pathway [60]. 0.2 Essential

APTT APTT evaluates the internal coagulation pathway [60]. 0.4  Essential

FDPs FDP measurements indicate fibrinolysis [60]. 0.2  Essential

Fibrinogen Fibrinogen is a preceding substance that transforms into fibrin [72]. 0 Essential

Platelet count Platelet count in the blood can cause coagulation formation [59]. 0.2  Essential

Other factors GFR Indicates the flow of plasma from the glomerulus 1 Critical

into Bowman’s space in a specific period [73].

Performance score (e.g., APACHE and ANZROD are different types 0.4  Essential

APACHE and ANZROD) of'illness prognostic scoring systems in intensive care units [74].

SpO, at admission SpO, at admission refers to the pulse oximetry-derived SpO, in room air at 1 Critical
the first hospital admission [36].

SOFA score The SOFA score is used as a diagnostic indicator [75]. 0.8 Critical

CURB-65 score The CURB-65 score is a scoring system that plays 0.6  Essential

arole in patient mortality [76].

Abbreviations: ALT: Alanine transaminase; ANZROD: Australian and New Zealand risk of death; APACHE: Acute physiology and chronic health evaluation;
APTT: Activated partial thromboplastin time; AST: Aspartate transaminase; AT: Anti-thrombin; BMI: Body mass index; BUN: Blood urea nitrogen; CK: Creatine
kinase; CKD: Chronic kidney disease; COPD: Chronic obstructive pulmonary disease; Cr: Creatinine; CRP: C-reactive protein; CURB-65: Confusion blood urea
>42.8 mg/dL, RR>30/min, blood pressure<90/60 mmHg, age>65; CVD: Cardiovascular disease; CVR: Content validity ratio; eGFR: Estimated glomerular filtration
rate; FDP: Fibrin degradation product; GFR: Glomerular filtration rate; IL-6: Interleukin-6; LDH: Lactate dehydrogenase; PCT: Procalcitonin; PT: Prothrombin;
RBC: Red blood cell; RR: Respiratory rate; SOFA: Sequential organ failure assessment; SpO,: Oxygen saturation; WBC: White blood cell.
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Table A3. The contributing factors in clinical decision-making on ward referrals of COVID-19 patients

Factors Data set Definition CVR CVR assessment (critical,
essential, or rejected)
Demographics and ~ Age Age refers to the patient’s age based on the year. 0.6  Essential
medical history Sex Sex refers to the gender of the patient. —0.8  Rejected
BMI or obesity BMI is a measure of body fat based on height and weight that applies to adult 0.4  Essential
men and women.
History of diabetes Diabetes mellitus is a metabolic disorder characterized by elevated blood sugar 0.8  Critical
mellitus levels over a long period [48].
History of cancer or ~ Cancer is the abnormal growth of cells. The term malignancy refers to the 1 Critical
malignancy presence of cancerous cells that can spread to other sites in the body [49,50].
History of any CVD  CVD is any disease of the heart or any disorder associated with blood vessels [51]. 0.8  Critical
History of renal CKD is the presence of kidney damage or an eGFR 0f<60 mL/min/1.73 m? for 0.8  Critical
function impairment ~ more than 2 months [52].
or CKD
History of respiratory The most common respiratory diseases include COPD, asthma, pneumonia, 1 Critical
disease pulmonary fibrosis, and lung cancer [53].
History of liver Liver/hepatic disease is a type of damage to or disease of the liver that can be 0.6 Essential
disease chronic or acute [54].
History of An autoimmune disease refers to any condition in which the immune system 0.6 Essential
autoimmune disease  mistakenly attacks the body [55].
History of Immunosuppressive drugs are a type of drug that suppresses or reduces the 0.6  Essential
immunosuppressive  strength of the body’s immune system [56].
drug use
History of Hypertension refers to high blood pressure, which increases the risk of heart 0 Essential
hypertension disease, stroke, and sometimes death [57].
Other chronic Comorbidity is defined as the concurrence of more than one disorder in an 0.4  Essential
conditions or individual [58].
co-morbidity
Signs and symptoms Fever Fever refers to a high body temperature (over 37.5°C [99.5°F]). 0.2 Essential
Fatigue Fatigue describes the feeling of tiredness or lack of energy. —0.4  Rejected
Myalgia and/or Myalgia refers to pain in a muscle or group of muscles. Arthralgia refers to joint —0.6  Rejected
arthralgia stiffness and pain.
Vomiting or nausea Vomiting refers to the excretion of gastric contents through the mouth. —0.2  Rejected
Sore throat A sore throat is the feeling of pain or scratchiness in the throat. —0.8  Rejected
RR RR is one of the main vital signs, referring to the number of breaths a person 1 Critical
takes per minute
Body temperature at ~ Body temperature at admission refers to the patient’s body temperature —0.4  Rejected
admission measurement during the first visit.
WBC count WBC/leukocyte Leukocytes play a pivotal role in inflammation and infection [59]. 0.4 Essential
count
Neutrophil count Neutrophils are a type of WBC that increase in response to an acute infection 0.2 Essential
[59].
Lymphocyte count Lymphocytes are a type of WBC with an anti-infection ability and can respond 0.4  Essential
to specific microorganisms [59].
Eosinophil count Eosinophils are a type of WBC with a histamine-neutralizing effect [59]. —0.6  Rejected
Monocyte count Monocytes are a type of WBC that transform into macrophages, which play -0.6  Rejected
important roles in both innate and acquired immunities [59].
Basic metabolic Cr Cr is an indicator of kidney function [59]. 0.6 Essential
panel
Cytokines IL-6 IL-6 is an inflammatory and acute phase response marker [61]. 0 Essential
Enzymes and Albumin Albumin is the most abundant protein in blood [60]. —0.4  Rejected
biomarkers
AST AST is a good indicator of liver diseases, such as cirrhosis [62]. 0 Essential
ALT ALT is an indicator of liver diseases. It is a more specific marker of liver 0 Essential

diseases and infection than AST [63].
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Table A3. (Continued)
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Factors Data set Definition CVR CVR assessment (critical,
essential, or rejected)
Total bilirubin Bilirubin is produced in the hemolysis of RBCs [64]. 0 Essential
LDH LDH is an enzyme with increased levels of hemolysis, necrosis, pneumonia, and 0.4  Essential
acidosis [65].
CRP CRP is an indicator of infection and acute inflammation [66]. 0.4  Essential
PCT PCT is a protein that indicates bacterial infection and sepsis [67]. —0.4  Essential
Ferritin Ferritin is an iron-storage protein and an indicator of artery and inflammatory 0 Essential
diseases [68].
Cardiac biomarkers ~ Cardiac troponin Cardiac troponin is the main marker for cardiac infarction [69] 0.4  Essential
and t.ests for the CK CK is an indicator of muscle, brain, and heart damage [60]. 0.2  Essential
(s:;:il;ﬁ:/ascular D-dimers D-dimers are byproducts of a blood clot and can indicate thrombosis [70]. 0.6  Essential
Coagulation Anti-thrombin (AT) AT activity is measured to diagnose thrombotic disorders [71]. 0 Essential
screening APTT APTT evaluates the internal coagulation pathway [60]. 0 Essential
FDPs FDP measurements indicate fibrinolysis [60]. 0.2 Essential
Fibrinogen Fibrinogen is a preceding substance that transforms into fibrin [72]. 0.2 Essential
Other factors GFR Indicates the flow of plasma from the glomerulus into Bowman’s space in a 0.6  Essential
specific period [73].
Performance score APACHE and ANZROD are different types of illness prognostic scoring systems 0.2 Essential
(e.g., APACHE and in intensive care units [74].
ANZROD)
SpO, at admission SpO, at admission refers to the pulse oximetry-derived SpO, in room air at the 0.8  Critical
first hospital admission [36].
SOFA score The SOFA score is used as a diagnostic indicator [75]. 0.6 Essential
CURB-65 score The CURB-65 score is a scoring system that plays a role in patient 0.6 Essential
mortality [76].
Blood pH The pH of blood refers to its acidity. The typical pH of blood in the arteries 0.4  Essential
ranges from 7.35 to 7.45.
PaO PaO2 refers to the partial pressure of oxygen. 1 Critical

2

Abbreviations: ALT: Alanine transaminase; ANZROD: Australian and New Zealand risk of death; APACHE: Acute physiology and chronic health evaluation; APTT: Activated partial
thromboplastin time; AST: Aspartate transaminase; AT: Anti-thrombin; BMI: Body mass index; CK: Creatine kinase; CKD: Chronic kidney disease; COPD: Chronic obstructive pulmonary
disease; Cr: Creatinine; CRP: C-reactive protein; CURB-65: Confusion, blood urea>42.8 mg/dL, RR>30/min, blood pressure<90/60 mmHg, age>65; CVD: Cardiovascular disease; CVR: Content
validity ratio; eGFR: Estimated glomerular filtration rate; FDP: Fibrin degradation product; GFR: Glomerular filtration rate; 1L-6: Interleukin-6; LDH: Lactate dehydrogenase; PaO,: Arterial
oxygen pressure; PCT: Procalcitonin; RBC: Red blood cell; RR: Respiratory rate; SOFA: Sequential organ failure assessment; SpO,: Oxygen saturation; WBC: White blood cell.
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Table A4. The contributing factors in clinical decision-making on home isolation of COVID-19 patients

Factors Data set Definition CVR CVR assessment
(critical, essential,
or rejected)

Demographics and  Age Age refers to the patient’s age based on the year. 0.6  Essential
medical history Sex Sex refers to the gender of the patient. —0.8  Rejected
BMI or obesity BMI is a measure of body fat based on height and weight that applies to adult 0.4  Essential
men and women.
History of diabetes mellitus Diabetes mellitus is a metabolic disorder characterized by elevated blood sugar 0.4  Essential
levels over a long period [48].
History of cancer or Cancer is the abnormal growth of cells. The term malignancy refers to the 0.4  Essential
malignancy presence of cancerous cells that can spread to other sites in the body [49,50].
History of any CVD CVD is any disease of the heart or any disorder associated with blood vessels [S1]. 0.6 Essential
History of renal function CKD is the presence of kidney damage or an eGFR of < 60 mL/min per 1.73 m? 0.2 Essential
impairment or CKD for more than 2 months [52].
History of respiratory disease =~ The most common respiratory diseases include COPD, asthma, pneumonia, 0.6  Essential
pulmonary fibrosis, and lung cancer [53].
History of liver disease Liver/hepatic disease is a type of damage to or disease of the liver that can be 0.2 Essential
chronic or acute [54].
History of autoimmune disease An autoimmune disease refers to any condition in which the immune system 0 Essential
mistakenly attacks the body [55].
History of immunosuppressive Immunosuppressive drugs are a type of drug that suppresses or reduces the 0.4  Essential
drug use strength of the body’s immune system [56].
History of hypertension Hypertension refers to high blood pressure, which increases the risk of heart —0.2  Rejected
disease, stroke, and sometimes death [57].
Other chronic conditions or Comorbidity is defined as the concurrence of more than one disorder in an 0.2 Essential
co-morbidity individual [58].
WBC count WBC/leukocyte count Leukocytes play a pivotal role in inflammation and infection [59]. 0.6  Essential
Lymphocyte count Lymphocytes are a type of WBC with an anti-infection ability and can respond to 0.4  Essential
specific microorganisms [59].
Basic metabolic Cr Cr is an indicator of kidney function [59]. 0.6  Essential
panel
Cytokines IL-6 IL-6 is an inflammatory and acute phase response marker [61]. 0 Essential
Enzymes and CRP CRP is an indicator of infection and acute inflammation [66]. 0.4  Essential
biomarkers PCT PCT is a protein that indicates bacterial infection and sepsis [67]. 0.2 Essential
Ferritin Ferritin is an iron-storage protein and an indicator of artery and inflammatory 0 Essential
diseases [68].
Cardiac biomarkers D-dimers D-dimers are byproducts of a blood clot and can indicate thrombosis [70]. 0.4  Essential
and tests for the
cardiovascular
system
Other factors GFR Indicates the flow of plasma from the glomerulus into Bowman’s space in a 0.6  Essential
specific period [73].
Performance score (e.g., APACHE and ANZROD are different types of illness prognostic scoring systems 0.6  Essential
APACHE and ANZROD) in intensive care units [74].
SpO, SpO, is the percentage of oxygenated hemoglobin in a patient’s blood [77]. 1 Critical

Abbreviations: ANZROD: Australian and New Zealand Risk of Death; APACHE: Acute physiology and chronic health evaluation; BMI: Body mass index; CKD: Chronic kidney disease;
COPD: Chronic obstructive pulmonary disease; Cr: Creatinine; CRP: C-reactive protein; CVD: Cardiovascular disease; CVR: Content validity ratio; eGFR: Estimated glomerular filtration rate;
GFR: Glomerular filtration rate; IL-6: Interleukin-6; PCT: Procalcitonin; SpO,: Oxygen saturation; WBC: White blood cell.
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Factors Data set Definition CVR  CVR assessment (critical,
essential, or rejected)
Demographics and Age Age refers to the patient’s age based on the year. 0.4 Essential
medical history Sex Sex refers to the gender of the patient. —0.8  Rejected
BMI or obesity BMI is a measure of body fat based on height and weight that applies to 0.4 Essential
adult men and women.
History of diabetes Diabetes mellitus is a metabolic disorder characterized by elevated blood 0.6 Essential
mellitus sugar levels over a long period [48].
History of cancer or Cancer is the abnormal growth of cells. The term malignancy refers to the 0.4 Essential
malignancy presence of cancerous cells that can spread to other sites in the body [49,50].
History of any CVD CVD is any disease of the heart or any disorder associated with blood 0.4 Essential
vessels [51].
History of renal CKD is the presence of kidney damage or an eGFR of < 60 mL/min per 0.4 Essential
function impairment 1.73 m? for more than 2 months [52].
or CKD
History of respiratory ~ The most common respiratory diseases include COPD, asthma, pneumonia, 0.8 Critical
disease pulmonary fibrosis, and lung cancer [53].
History of liver Liver/hepatic disease is a type of damage to or disease of the liver that can 0 Essential
disease be chronic or acute [54].
History of An autoimmune disease refers to any condition in which the immune system 0.4 Essential
autoimmune disease mistakenly attacks the body [55].
History of Immunosuppressive drugs are a type of drug that suppresses or reduces the 0.4 Essential
immunosuppressive strength of the body’s immune system [56].
drug use
History of Hypertension refers to high blood pressure, which increases the risk of heart 0 Essential
hypertension disease, stroke, and sometimes death [57].
Other chronic Comorbidity is defined as the concurrence of more than one disorder in an 0.2 Essential
conditions or individual [58].
co-morbidity
Signs and symptoms ~ Fever Fever refers to a high body temperature (over 37.5°C [99.5°F]). 0.4 Essential
Fatigue Fatigue describes the feeling of tiredness or lack of energy. -0.2 Rejected
Myalgia and/or Myalgia refers to pain in a muscle or group of muscles. Arthralgia refers to -0.2 Rejected
arthralgia joint stiffness and pain.
Vomiting or nausea Vomiting refers to the excretion of gastric contents through the mouth. —0.6 Rejected
Sore throat A sore throat is the feeling of pain or scratchiness in the throat. -1 Rejected
RR RR is one of the main vital signs, referring to the number of breaths a person 1 Critical
takes per minute
Body temperature at Body temperature at admission refers to the patient’s body temperature 0.4 Essential
admission measurement during the first visit.
WBC count WBC/leukocyte Leukocytes play a pivotal role in inflammation and infection [59]. 0.4 Essential
count
Neutrophil count Neutrophils are a type of WBC that increase in response to an acute 0.2 Essential
infection [59].
Lymphocyte count Lymphocytes are a type of WBC with an anti-infection ability and can 0.4 Essential
respond to specific microorganisms [59].
Eosinophil count Eosinophils are a type of WBC with a histamine-neutralizing effect [59]. -1 Rejected
Monocyte count Monocytes are a type of WBC that transform into macrophages, which play -1 Rejected
important roles in both innate and acquired immunities [59].
Thrombocyte count Thrombocytosis refers to a higher-than-normal platelet count. -0.2 Rejected
Basic metabolic panel ~ Cr Cr is an indicator of kidney function (59). 0.4 Essential
BUN The nitrogen content of urea is a primary metabolite derived from dietary 0.2 Essential
and tissue proteins [60].
Cytokines 1L-6 IL-6 is an inflammatory and acute phase response marker [61]. 0 Essential
CD8 cell count CD8 is a marker of cytotoxic T cells [59]. -0.2 Rejected
TNF-alpha TNF-alpha is a proinflammatory pain-causing cytokine [78]. -0.2 Rejected
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Table AS. (Continued)

Factors Data set Definition CVR  CVR assessment (critical,
essential, or rejected)
IL-1 IL-1 is a costimulatory molecule in the acute phase response [78]. -0.8 Rejected
IL-2 IL-2 is involved in the proliferation of B-cells and activated T-cells [78]. -0.6 Rejected
IL-2R IL-2Rs are neoplasm, autoimmune disorder, and inflammation -0.6 Rejected
indicators [78].
1L-8 IL-8 is a neutrophil and T-cell chemoattractant [78]. -0.6 Rejected
1L-10 IL-10 is a cytokine production inhibitor [78]. —-0.8 Rejected
Enzymes and Albumin Albumin is the most abundant protein in blood [60]. -0.2 Rejected
biomarkers AST AST is a good indicator of liver diseases, such as cirrhosis [62]. 0 Essential
ALT ALT is an indicator of liver diseases. It is a more specific marker of liver 0.2 Essential
diseases and infection than AST [63].
Total bilirubin Bilirubin is produced in the hemolysis of RBCs [64]. -0.2 Rejected
LDH LDH is an enzyme with increased levels of hemolysis, necrosis, pneumonia, 0.6 Essential
and acidosis [65].
CRP CRP is an indicator of infection and acute inflammation [66]. 0.6 Essential
PCT PCT is a protein that indicates bacterial infection and sepsis [67]. 0.2 Essential
Ferritin Ferritin is an iron-storage protein and an indicator of artery and 0 Essential
inflammatory diseases [68].
Cardiac biomarkers Cardiac troponin Cardiac troponin is the main marker for cardiac infarction [69]. 0.6 Essential
and tests for the NP-proBNP NT-proBNP is an essential protein for the production of BNP hormones [79]. 0.4 Essential
Z;;i;z:/ascular CK CK is an indicator of muscle, brain, and heart damage [60]. -0.2 Rejected
Myoglobin Myoglobin is a muscle oxygen storage protein [80]. -0.6 Rejected
D-dimers D-dimers are byproducts of a blood clot and can indicate thrombosis [70]. 0.8 Critical
Coagulation AT AT activity is measured to diagnose thrombotic disorders [71]. -0.2 Rejected
screening PT PT measures the function of the external coagulation pathway [60]. —0.2  Rejected
APTT APTT evaluates the internal coagulation pathway [60]. -0.2 Rejected
FDPs FDP measurements indicate fibrinolysis [60]. 0 Essential
Fibrinogen Fibrinogen is a preceding substance that transforms into fibrin [72]. -0.2 Rejected
Other factors Platelet count Platelet in the blood causes coagulation formation [58]. 0.4 Essential
GFR Indicates the flow of plasma from the glomerulus into Bowman’s space in a 0.4 Essential
specific period [73].
Performance score APACHE and ANZROD are different types of illness prognostic scoring 0.2 Essential
(e.g., APACHE and systems in intensive care units [74].
ANZROD)
SpO, at admission SpO, at admission refers to the pulse oximetry-derived SpO, in room air at 1 Critical
the first hospital admission [36].
SOFA score The SOFA score is used as a diagnostic indicator [75]. 0.4 Essential
CURB-65 score The CURB-65 score is a scoring system that plays a role in patient mortality [76]. 0.4 Essential
Blood pH The pH of blood refers to its acidity. The typical pH of blood in the arteries 0.8 Critical
ranges from 7.35 to 7.45.
PaO, PaO, refers to the partial pressure of oxygen. 1 Critical

Abbreviations: ALT: Alanine transaminase; ANZROD: Australian and New Zealand risk of death; APACHE: Acute physiology and chronic health evaluation; APTT: Activated partial
thromboplastin time; AST: Aspartate transaminase; AT: Anti-thrombin; BMI: Body mass index; BUN: Blood urea nitrogen; CK: Creatine kinase; CKD: Chronic kidney disease; COPD: Chronic
obstructive pulmonary disease; CRP: C-reactive protein; CURB-65: Confusion, blood urea > 42.8 mg/dL, RR > 30/min, blood pressure < 90/60 mmHg, age > 65; CVD: Cardiovascular
disease; CVR: Content validity ratio; eGFR: Estimated glomerular filtration rate; FDP: Fibrin degradation product; GFR: Glomerular filtration rate; IL-1: Interleukin-1; IL-2: Interleukin-2;
IL-2R: Interleukin-2R; IL-6: Interleukin-6; IL-8: Interleukin-8; IL-10: Interleukin-10; LDH: Lactate dehydrogenase; NP-proBNP: N-terminal pro b-type natriuretic peptide; PaO,: Arterial
oxygen pressure; PCT: Procalcitonin; PT: Prothrombin; RBC: Red blood cell; RR: Respiratory rate; SOFA: Sequential organ failure assessment; SpO,: Oxygen saturation; TNF-alpha: Tumor
necrosis factor-alpha; WBC: White blood cell.
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Table A6. The contributing factors in the clinical decision-making on discharging COVID-19 patients

137

Factors Data set Definition CVR CVR assessment
(critical, essential,
or rejected)

Demographics Age Age refers to the patient’s age based on the year. 0.2 Essential

ar}d medical Sex Sex refers to the gender of the patient. -1 Rejected

history BMI or obesity BMI is a measure of body fat based on height and weight that applies to adult men and 0.2 Essential

women.

History of diabetes Diabetes mellitus is a metabolic disorder characterized by elevated blood sugar levels 0.6 Essential

mellitus over a long period [48].

History of cancer or Cancer is the abnormal growth of cells. The term malignancy refers to the presence of 0.4 Essential

malignancy cancerous cells that can spread to other sites in the body [49,50].

History of any CVD CVD is any disease of the heart or any disorder associated with blood vessels [51]. 0.2 Essential

History of renal function ~ CKD is the presence of kidney damage or an eGFR of < 60 mL/min per 1.73 m? for 0.4 Essential

impairment or CKD more than 2 months [52].

History of respiratory The most common respiratory diseases include COPD, asthma, pneumonia, pulmonary 0.6 Essential

disease fibrosis, and lung cancer [53].

History of liver disease Liver/hepatic disease is a type of damage to or disease of the liver that can be chronic or 0.2 Essential
acute [54].

History of autoimmune An autoimmune disease refers to any condition in which the immune system mistakenly 0.2 Essential

disease attacks the body [55].

History of Immunosuppressive drugs are a type of drug that suppresses or reduces the strength of 0.6 Essential

immunosuppressive drug  the body’s immune system [56].

use

History of hypertension =~ Hypertension refers to high blood pressure, which increases the risk of heart disease, 0 Essential
stroke, and sometimes death [57].

Other chronic conditions ~ Comorbidity is defined as the concurrence of more than one disorder in an individual [58]. 0.2 Essential

or co-morbidity

Signs and Fever Fever refers to a high body temperature (over 37.5°C [99.5°F]). 0.4 Essential

symptoms Fatigue Fatigue describes the feeling of tiredness or lack of energy. -0.4  Rejected
Myalgia and/or arthralgia Myalgia refers to pain in a muscle or group of muscles. Arthralgia refers to joint —0.8  Rejected

stiffness and pain.
Vomiting or nausea Vomiting refers to the excretion of gastric contents through the mouth. 0 Essential
Sore throat A sore throat is the feeling of pain or scratchiness in the throat. -1 Rejected
RR RR is one of the main vital signs, referring to the number of breaths a person takes per 1 Critical
minute
Body temperature at Body temperature at admission refers to the patient’s body temperature measurement —0.6  Rejected
admission during the first visit.

WBC count WBC/leukocyte count Leukocytes play a pivotal role in inflammation and infection [59]. 0.6 Essential
Neutrophil count Neutrophils are a type of WBC that increase in response to an acute infection [59]. 0 Essential
Lymphocyte count Lymphocytes are a type of WBC with an anti-infection ability and can respond to 0.6 Essential

specific microorganisms [59].
Eosinophil count Eosinophils are a type of WBC with a histamine-neutralizing effect [59]. —0.8  Rejected
Monocyte count Monocytes are a type of WBC that transform into macrophages, which play important —0.8  Rejected
roles in both innate and acquired immunities [59].
Thrombocyte count Thrombocytosis refers to a higher-than-normal platelet count. —0.2  Rejected

Basic metabolic = BUN The nitrogen content of urea is a primary metabolite derived from dietary and tissue 0.4 Essential

panel proteins [60].

Cytokines IL-6 IL-6 is an inflammatory and acute phase response marker [61]. 0 Essential
TNF-alpha TNF-alpha is a proinflammatory pain-causing cytokine [78]. 0 Essential
1L-8 IL-8 is a neutrophil and T-cell chemoattractant [78]. —0.4  Rejected

Enzymes and Albumin Albumin is the most abundant protein in blood [60]. —0.6  Rejected

biomarkers
LDH LDH is an enzyme with increased levels of hemolysis, necrosis, pneumonia, and 0.4 Essential

acidosis [65].
CRP CRP is an indicator of infection and acute inflammation [66]. —0.2  Rejected
(Cont’d...)
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Table A6. (Continued)

Factors Data set Definition CVR CVR assessment
(critical, essential,
or rejected)

PCT PCT is a protein that indicates bacterial infection and sepsis [67]. 0.2 Essential
Ferritin Ferritin is an iron-storage protein and an indicator of artery and inflammatory —0.2  Rejected
diseases [68].

Cardiac Cardiac troponin Cardiac troponin is the main marker for cardiac infarction [69] 0.4 Essential

biomarkers and  p_dimers D-dimers are byproducts of a blood clot and can indicate thrombosis [70]. 0.6 Essential

tests for the

cardiovascular

system

Coagulation AT AT activity is measured to diagnose thrombotic disorders [71]. —0.2  Rejected

screening PT PT measures the function of the external coagulation pathway [60]. 0 Essential

Fibrinogen Fibrinogen is a preceding substance that transforms into fibrin [72]. 0 Essential
Other factors GFR Indicates the flow of plasma from the glomerulus into Bowman’s space in a specific 0.8 Critical

SpO, at admission

CURB-65 score

period [73].

SpO, at admission refers to the pulse oximetry-derived SpO, in room air at the first

hospital admission [36].

The CURB-65 score is a scoring system that plays a role in patient mortality [76].

0.2 Essential

0.4 Essential

Abbreviations: AT: Anti-thrombin; BMI: Body mass index; BUN: Blood urea nitrogen; CKD: Chronic kidney disease; COPD: Chronic obstructive pulmonary disease; CRP: C-reactive protein;
CURB-65: Confusion, blood urea >42.8 mg/dL, RR > 30/min, blood pressure < 90/60 mmHg, age > 65; CVD: Cardiovascular disease; CVR: Content validity ratio; eGFR: Estimated glomerular
filtration rate; GFR: Glomerular filtration rate; IL-6: Interleukin-6; IL-8: Interleukin-8; LDH: Lactate dehydrogenase; PCT: Procalcitonin; PT: Prothrombin; RR: Respiratory rate; SpO,: Oxygen
saturation; TNF-alpha: Tumor necrosis factor-alpha; WBC: White blood cell.

Table A7. The contributing factors in clinical decision-making on ICU referrals of COVID-19 patients

Factors Data set Definition CVR CVR assessment (critical,
essential, or rejected)
Demographics and ~ Age Age refers to the patient’s age based on the year. 0.4 Essential
medical history Sex Sex refers to the gender of the patient. -1 Rejected
BMI or obesity BMI is a measure of body fat based on height and weight that applies to 0.8 Critical
adult men and women.
History of diabetes mellitus  Diabetes mellitus is a metabolic disorder characterized by elevated blood 0.4 Essential
sugar levels over a long period [48].
History of cancer or Cancer is the abnormal growth of cells. The term malignancy refers to the 0.8 Critical
malignancy presence of cancerous cells that can spread to other sites in the body [49,50].
History of any CVD CVD is any disease of the heart or any disorder associated with blood 0.4 Essential
vessels [51].
History of renal function CKD is the presence of kidney damage or an eGFR of < 60 mL/min per 1 Critical
impairment or CKD 1.73 m? for more than 2 months [52].
History of respiratory The most common respiratory diseases include COPD, asthma, 1 Critical
disease pneumonia, pulmonary fibrosis, and lung cancer [53].
History of liver disease Liver/hepatic disease is a type of damage to or disease of the liver that 0.6 Essential
can be chronic or acute [54].
History of autoimmune An autoimmune disease refers to any condition in which the immune 0.6 Essential
disease system mistakenly attacks the body [55].
History of Immunosuppressive drugs are a type of drug that suppresses or reduces 0.2 Essential
immunosuppressive drug the strength of the body’s immune system [56].
use
History of hypertension Hypertension refers to high blood pressure, which increases the risk of 0 Essential
heart disease, stroke, and sometimes death [57].
Other chronic conditions or ~ Comorbidity is defined as the concurrence of more than one disorder in an 0.4 Essential
co-morbidity individual [58].
Signs and symptoms RR RR is one of the main vital signs, referring to the number of breaths a 0.8 Critical
person takes per minute
Body temperature at Body temperature at admission refers to the patient’s body temperature —0.4  Rejected

admission

measurement during the first visit.
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Table A7. (Continued)
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Factors Data set Definition CVR  CVR assessment (critical,
essential, or rejected)
WBC count WBC/leukocyte count Leukocytes play a pivotal role in inflammation and infection [59]. 0.4 Essential
Neutrophil count Neutrophils are a type of WBC that increase in response to an acute 0 Essential
infection [59].
Lymphocyte count Lymphocytes are a type of WBC with an anti-infection ability and can 0.4 Essential
respond to specific microorganisms [59].
Eosinophil count Eosinophils are a type of WBC with a histamine-neutralizing effect [59]. -0.4  Rejected
Monocyte count Monocytes are a type of WBC that transform into macrophages, which -0.6  Rejected
play important roles in both innate and acquired immunities [59].
Basic metabolic Cr Cr is an indicator of kidney function [59]. 0.8 Critical
panel BUN The nitrogen content of urea is a primary metabolite derived from dietary 0 Essential
and tissue proteins [60].
Glucose Glucose has a six-carbon structure and is the main source of energy in the 0 Essential
body [60].
Cytokines IL-6 IL-6 is an inflammatory and acute phase response marker [61]. 0 Essential
CDS8 cell count CD8 is a marker of cytotoxic T cells [59]. -0.4  Rejected
TNF-alpha TNF-alpha is a proinflammatory pain-causing cytokine [78]. —0.2  Rejected
IL-1 IL-1 is a costimulatory molecule in the acute phase response [78]. —0.6  Rejected
IL-2 IL-2 is involved in the proliferation of B-cells and activated T-cells [78]. —0.8  Rejected
IL-2R IL-2Rs are neoplasm, autoimmune disorder, and —0.8  Rejected
inflammation indicators [78].
IL-8 IL-8 is a neutrophil and T-cell chemoattractant [78]. —0.6  Rejected
IL-10 IL-10 is a cytokine production inhibitor [78]. —0.8  Rejected
Enzymes and Albumin Albumin is the most abundant protein in blood [60]. —0.4  Rejected
biomarkers AST AST is a good indicator of liver diseases, such as cirrhosis [62]. 0 Essential
ALT ALT is an indicator of liver diseases. It is a more specific marker of liver 0 Essential
diseases and infection than AST [63].
Total bilirubin Bilirubin is produced in the hemolysis of RBCs [64]. —0.4  Rejected
LDH LDH is an enzyme with increased levels of hemolysis, necrosis, 1 Critical
pneumonia, and acidosis [65].
Serum Cr A serum (blood) Cr test is a blood test used to evaluate the efficiency of 0.4 Essential
the kidney for blood filtration.
CRP CRP is an indicator of infection and acute inflammation [66]. 0.2 Essential
PCT PCT is a protein that indicates bacterial infection and sepsis [67]. —0.2  Rejected
Ferritin Ferritin is an iron-storage protein and an indicator of artery and —0.2  Rejected
inflammatory diseases [68].
Cardiac biomarkers  Cardiac troponin Cardiac troponin is the main marker for cardiac infarction [69] 0.2 Essential
and tests for the CK CK is an indicator of muscle, brain, and heart damage [60]. —0.2  Rejected
:;:ti;z:ascular D-dimers D-dimers are byproducts of a blood clot and can indicate thrombosis [70]. 0.2 Essential
Myoglobin Myoglobin is a muscle oxygen storage protein [80]. —0.4  Rejected
Coagulation AT AT activity is measured to diagnose thrombotic disorders [71]. —0.2  Rejected
screening PT PT measures the function of the external coagulation pathway [60]. —0.2  Rejected
APTT APTT evaluates the internal coagulation pathway [60]. —0.2  Rejected
FDPs FDP measurements indicate fibrinolysis [60]. —0.4  Rejected
Fibrinogen Fibrinogen is a preceding substance that transforms into fibrin [72]. —0.2  Rejected
Other factors GFR Indicates the flow of plasma from the glomerulus into Bowman’s space in 1 Critical
a specific period [73].
Performance score (e.g., APACHE and ANZROD are different types of illness prognostic scoring 0.2 Essential
APACHE and ANZROD) systems in ICUs [74].
SpO, SpO, is the percentage of oxygenated hemoglobin in a patient’s blood [77]. 0.8 Critical
Sequential organ failure The SOFA score is used as a diagnostic indicator [75]. 0.4 Essential

assessment (SOFA) score

DOI: https://doi.org/10.36922/jctr.22.00226

(Cont’d...)



140 Abtahi et al. | Journal of Clinical and Translational Research 2024; 10(2): 119-140

Table A7. (Continued)

Factors Data set Definition CVR  CVR assessment (critical,
essential, or rejected)

CURB-65 score The CURB-65 score is a scoring system that plays a role in patient 0.4 Essential
mortality [76].
Blood pH The pH of blood refers to its acidity. The typical pH of blood in the 0.6 Essential

arteries ranges from 7.35 to 7.45.

PaO PaO, refers to the partial pressure of oxygen. 1 Critical

2

Abbreviations: ALT: Alanine transaminase; ANZROD: Australian and New Zealand risk of death; APACHE: Acute physiology and chronic health evaluation; APTT: Activated partial
thromboplastin time; AST: Aspartate transaminase; AT: Anti-thrombin; BMI: Body mass index; BUN: Blood urea nitrogen; CK: Creatine kinase; CKD: Chronic kidney disease; COPD: Chronic
obstructive pulmonary disease; Cr: Creatinine; CRP: C-reactive protein; CURB-65: Confusion, blood urea > 42.8 mg/dL, RR > 30/min, blood pressure < 90/60 mmHg, age > 65;
CVD: Cardiovascular disease; CVR: Content validity ratio; eGFR: Estimated glomerular filtration rate; FDP: Fibrin degradation product; GFR: Glomerular filtration rate; IL-1: Interleukin-1;
IL-2: Interleukin-2; IL-2R: Interleukin-2R; IL-6: Interleukin-6; IL-8: Interleukin-8; IL-10: Interleukin-10; LDH: Lactate dehydrogenase; PaO,: Arterial oxygen pressure; PCT: Procalcitonin;
PT: Prothrombin; RBC: Red blood cell; RR: Respiratory rate; SOFA: Sequential organ failure assessment; SpO,: Oxygen saturation; TNF-alpha: Tumor necrosis factor-alpha; WBC: White blood
cell; ICU: Intensive care unit.
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