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Abstract

Healthcare professionals in healthcare systems need access to freely available, real-time, evidence-based mortality risk
prediction smartphone applications to facilitate resource allocation. The objective of this study is to evaluate the quality
of smartphone mobile health applications that include mortality prediction models, and corresponding information qual-
ity.We conducted a systematic review of commercially available smartphone applications in Google Play for Android,
and iTunes for iOS smartphone applications. We performed initial screening, data extraction, and rated smartphone
application quality using the Mobile Application Rating Scale: user version (uMARS). The information quality of
smartphone applications was evaluated using two patient vignettes, representing low and high risk of mortality, based
on critical care data from the Medical Information Mart for Intensive Care (MIMIC) III database.Out of 3051 evaluated
smartphone applications, 33 met our final inclusion criteria. We identified 21 discrete mortality risk prediction models
in smartphone applications. The most common mortality predicting models were Sequential Organ Failure Assessment
(SOFA) (n=15) and Acute Physiology and Clinical Health Assessment II (n=13). The smartphone applications with the
highest quality uMARS scores were Observation—NEWS 2 (4.64) for i0S smartphones, and MDCalc Medical Calculator
(4.75) for Android smartphones. All SOFA-based smartphone applications provided consistent information quality with
the original SOFA model for both the low and high-risk patient vignettes.We identified freely available, high-quality
mortality risk prediction smartphone applications that can be used by healthcare professionals to make evidence-based
decisions in critical care environments.
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Introduction

This article is part of the Topical Collection on Mobile & Wireless Critical . | d ltidiscipli ial
Health ritical care 1s a complex and multidisciplinary specialty

designed to care for patients with critical illnesses [1]. In
intensive care units (ICU), healthcare professionals use
mortality prediction models (MPMs) to triage patients
[2-4], quantify the risk of sepsis and death [5, 6], and

P4 Nino Fijacko
nino.fijacko @um.si

Faculty of Health Sciences, University of Maribor, Zitna 15,

Maribor, Slovenia

Department of Population Health Sciences, Division
of Health Informatics, Weill Cornell Medicine, New York,
NY, USA

Faculty of Health Sciences, University of Maribor, Maribor,
Slovenia

Department of Respiratory Medicine, North Bristol NHS
Trust, Bristol, UK

Faculty of Health Sciences and Faculty of Electrical
Engineering and Computer Science, University of Maribor,
Maribor, Slovenia

Published online: 04 November 2021

to estimate the cost of medical treatment [7-9]. MPMs
are also used to prognosticate weaning from ventilators,
length of ICU stay, mortality, and rate of recovery [10-15].
The MPM algorithms use physiologic measures
[16] within 24 h of admission into the ICU [17] to cal-
culate a risk score [18, 19]. In combination with other
patient-level variables, MPMs help healthcare profes-
sionals identify patients who will likely need additional
intensive care support [20, 21]. The three most com-
mon MPMs are: Acute Physiology and Clinical Health
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Assessment (APACHE), Sequential Organ Failure Assess-
ment (SOFA), and Simplified Acute Physiology Assess-
ment (SAPS) [5, 6]. The choice of MPM depends on the
ease of use, effectiveness and reliability in the critical
care environment [17].

Advances in point of care technologies, including
smartphones [22] have played a key role in advancing
access to healthcare information at the bedside [13], with
critical care medicine at the forefront of these advances
[23]. Healthcare professionals have been increasingly
using smartphone applications (apps) in practice to pro-
vide users easier and faster real-time access to different
models, to enhance decision making [24, 25], and assist in
patient monitoring, counseling, data collection, and docu-
mentation [26]. In many countries that do not have access
to electronic medical records (EMR) that automatically
calculate MPM scores, healthcare professionals are using
their smartphones to calculate these risk scores using apps
[27-29].

The rapid global spread of COVID-19 has made
smartphone-based MPM models increasingly relevant,
especially as hospitals around the world converted oper-
ating rooms and medical units to intensive care units to
handle patient volume [30-32]. Using stand-alone apps
for risk prediction can support healthcare professionals
who are providing inpatient care for patients [30-34],
especially in the ICUs. Given the shortage of resources
and increased risk of sepsis and death, the use of MPMs
by healthcare professionals can facilitate clinical decision
making [5, 6]. In this systematic review of commercially
available apps, we evaluated both overall quality and
information quality of MPMs.

Methods
Stage 1: Selection of the search strategy

The Population Intervention Comparison Output (PICO)
[35] framework was used to develop the research ques-
tion. Population was ICU professionals, the intervention
was MPMs in apps for critically ill patients in ICUs, and
the output was information quality of MPMs in apps—
there was no comparison in this study. Reporting for this
systematic review followed Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) rec-
ommendations [36]. We used the following search terms:
"ICU mortality", "mortality scoring system", "APACHE",
"SOFA", "SAPS", "NEWS", "MODS", "LODS" and "med-
ical calculator" for identifying MPMs in apps. Inclusion
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criteria included being freely available and in English.
Apps were excluded if they could not be identified by the
name, icon, or description, and require in-app purchases
for the MPM.

Stage 2: Screening and selection of the apps

We conducted the first screening of apps in January 2020,
and the secondary screening of apps in June 2020. Each
keyword was used separately in Google Play and iTunes.
We used iPadium [37] as a simulator for apps in the iTunes
stores to be able to conduct the evaluations on a desktop
computer. Duplicate apps from each search term in the
smartphone app store and simulator were removed after
they were copied into Excel spreadsheets independently
by two authors (NF, LG). A third author was available for
a discussion to help resolve disagreements in scores (GS).
Apps which met inclusion criteria were downloaded and
evaluated on a Samsung Galaxy S8 phone (Android 9.0)
and iPhone 7 (i0OS 12.3.1). The apps were sorted into two
groups based on whether they included single or multiple
MPM medical calculators.

Stage 3: Evaluation of the quality of the overall apps

The quality of apps was evaluated with the Mobile Appli-
cation Rating Scale: user version (uUMARS) [38] by two
ICU nurses with over five years of critical care experi-
ence. The uMARS contains four objective quality scales:
engagement, functionality, aesthetics, information qual-
ity, and one subjective quality assessment, all of which
are graded on a five-point scale. The subjective qual-
ity and perceived impact of uMARS was not calculated.
Interrater reliability was computed using R version 3.6.0
[39].

Stage 4: Evaluation of apps provided information
quality

We used the freely available Medical Information Mart for
Intensive Care III (MIMIC III), version 1.3 [40], which
contains over 10 years (2001-2012) of de-identified critical
care data from 46,520 ICU patients at Beth Israel Deacon-
ess in Boston. Using the MIMIC III database, we devel-
oped two patient vignettes representing low and high risk
of mortality based on SOFA scores. The SOFA MPM has
six different scores, ranging from 0O to 4 for each organ
system (respiratory, cardiovascular, hepatic, coagulation,
renal, and neurological) [41]. The low-risk patient vignette
had a SOFA score for each organ system from O to 2, and
the high-risk vignette who had a SOFA score of 2 to 4 for
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each organ system. The data were analysed using R, ver-
sion 3.6.0 [39].

Results

As reported in our PRISMA flow diagram, we identified
3051 apps. After removing duplicates between keywords,
2758 apps remained. Based on pre-specified exclusion
criteria (e.g., inappropriate name, icon, imagery, and
images), we excluded 2690 apps. We added 5 apps after
secondary app screening. After downloading and testing
apps, a total of 33 apps were included in the final analy-
sis (Fig. 1 and Table 1). Inter-rater reliability between
raters for the uMARS was acceptable (reviewer one vs.
reviewer two; Kalpha=0.89).

The quality of apps was evaluated using a standard-
ized methodology, including the uMARS tool, and
the overall uMARS app quality score was 3.66
(SD =0.65), which is considered as a moderate over-
all quality in comparison to the other studies [42-46].
Overall, 33.3% (n=11) of the apps were developed
by small or medium-sized enterprises, 6.1% (n=2)
by healthcare-related agencies, and 3% (n=1) by an
educational organization (Table 1). Apps developed
by individuals had lower overall quality, compared to
apps developed by enterprises, educational or health-
care institutions (M =3.40; SD=0.52 vs. M =3.88;
SD=0.68; p=0.001). The top-rated app was MDCalc
Medical Calculator (4.75), which also had high ratings
across all four domains.

We identified 21 different MPMs in apps. The most com-
mon MPMs in apps were SOFA (n=15) and APACHE II
(n=13) (Fig. 2).

Less than a half of the apps (n=13) included multiple
MPM calculators (e.g., Nursing calculator with SOFA and
MEWS) and the others (n =20), included a single MPM cal-
culator. Two apps, MDCalc Medical Calculator and Doctor
Calci included a total of 10 different MPMs (Table 2). Sin-
gle MPM medical calculators had a lower mean app quality
score M =3.37; SD=0.57; p=0.002) compared to multiple
MPM medical calculators (M =4.03; SD=0.52).

Table 3 represents a list of 23 clinical variables in SOFA-
based apps (n=15). Variables were divided into six organ
systems, as described by Vincent and colleagues in the
SOFA validation study [41]. The lowest number of included
variables in apps was 6 (e.g., app 3: SOFA), and the highest
was 15 (e.g., app 24: Medical Calculators). Clinical data
were most commonly inserted into the SOFA-based app
using either a drop-down menu, or they were selected from
a pre-populated list.

We evaluated the information quality of each of the
SOFA-based apps against the low and high-risk vignettes,
where low-risk vignette had a count of 6 points on the SOFA
score and the high-risk vignette had a count of 18 points
on the SOFA score (Table 4). There was greater variation
(from < 10% to <33%) in the risk of mortality in the lower
risk vignette (Table 5).

Discussion

Healthcare professionals need accurate, real-time, high
quality information to make medical decisions for the
most vulnerable patients in critical care environments.
Many hospitals worldwide do not have EMRs, which cal-
culate mortality risk prediction; therefore, smartphone-
based MPMs are commonly used in clinical practice to
predict hospital mortality [27-29]. This study systemati-
cally reviewed both the overall app quality and information
quality of MPMs in apps.

Based on the overall uMARS quality assessment,
the MPM apps provided moderate information quality.
The most commonly downloaded app, MDcalc medical
calculator, also had the highest quality rating and the
most comprehensive, evidence-based MPM information.
The highest rated apps had better visual information
and incorporated high-quality scientific evidence [67,
68]. Most apps for mortality prediction are designed to
optimize speed and minimize manual data entry (e.g.,
numeric text input) by using drop-down menus or
choosing from a pre-populated list. The limitation of
pre-populated values is that they may not include some
value ranges, or they may not enable the functionality
to toggle between metric and imperials units [69]. For
example, MDCalc Medical Calculator resolved this
problem by including a choice between units and pro-
viding additional alerts for healthcare professionals to
check the input values. Relevant to protecting patient
privacy, none of the apps included personally identifi-
able information.

To evaluate information quality, we used the SOFA
score, because, in this review, it was the most widely used
MPM across all of the apps. The apps generate a SOFA
score and percentage for ICU mortality risk, which health-
care professionals interpret and use for medical decision
making. When the quality of the MPM apps was evaluated
against the two vignettes, the consistency of the app gener-
ated a high risk of mortality for the sicker patient and con-
sistent scores for the lower risk patient, but with variability
in the risk of mortality. We speculated that the discrepan-
cies were due to differences in mortality algorithms and
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Fig.1 PRISMA flow diagram
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Table 1 Descriptive characteristics of included apps and uMARS app quality scores

Descriptive characteristics

uMARS sections

Name of apps Short name MOS App origin Engagement (mean score)
1. SOFA—Sepsis-related Organ Failure App 1 AND Individuals 2.80
Assessment
2. Apache II Score App 2 AND Individuals 3.30
3. SOFA App 3 AND Individuals 3.40
4. SOFA Score App 4 AND Individuals 3.40
5. SAPS 3 Calc App 5 AND Individuals 3.50
6. Sepsis Score: SOFA Calculator App 6 AND Individuals 3.40
7. qSOFA Score calculator App 7 AND Individuals 3.20
8. ¢SOFA Score Calculator App 8 AND Individuals 3.20
9. SOFA score App 9 AND Individuals 3.30
10. MEWS (Modified Early Warning Score) ~ App 10 AND Individuals 2.60
11. NEWS2 Chart App 11 AND Individuals 2.80
12. NEWS score App 12 AND Individuals 2.70
13. NEWS 2—National Early Warning Score  App 13 AND Individuals 2.70
2017
14. Observation—NEWS 2 App 14 i0S Small and Medium-sized Enterprises 3.70
15. RRAPID App 15 i0S Educational Organizations 2.50
16. MEWS App 16 iO0S Individuals 2.90
17. NEWS Wales App 17 AND Healthcare related Agency 2.80
2.80
18. Medical Formulas App 18 AND Individuals 3.60
19. EP Mobile App 19 AND Small and Medium-sized Enterprises 3.50
20. MedCal Lite Fastest Medical Calculator ~ App 20 AND Individuals 3.90
21. Nursing Calculator App 21 AND Individuals 2.90
22. Nursing App 22 AND Individuals 3.40
23. Doctor Calci App 23 AND Small and Medium-sized Enterprises 3.60
24. Medical Calculators App 24 AND Individuals 4.30
25. NEWS & SEPSIS SCREENING App 25 AND Healthcare related Agency 3.50
26. Calculate by QxMD App 26 AND Small and Medium-sized Enterprises 3.60
27. Coly ICU App 27 AND Small and Medium-sized Enterprises 3.30
28. 3C Critical Care Calculators App 28 AND Small and Medium-sized Enterprises 3.40
29. MDCalc Medical Calculator App 29 AND Small and Medium-sized Enterprises 4.30
30. MediCalc® App 30 AND Small and Medium-sized Enterprises 4.10
31. SEPSIS 3 App 31 AND Small and Medium-sized Enterprises 3.90
32. Sepsis Clinical Guide App 32 AND Small and Medium-sized Enterprises 3.90
33. NCalc App 33 AND Small and Medium-sized Enterprises 2.90
MOS = mobile operating system; AND = Android Total mean 3.35
(SD) (0.48)
Descriptive characteristics
Name of apps Functionality Aesthetics Information (mean score) App quality (mean score)
(mean score) (mean score)
1. SOFA—Sepsis-related Organ Failure 3.88 2.67 2.17 2.88
Assessment
2. Apache II Score 3.5 333 2.5 3.16
3. SOFA 4.38 4.17 3 3.74
4. SOFA Score 4.38 4.17 3.83 3.95
5. SAPS 3 Calc 3.5 333 4 3.58
6. Sepsis Score: SOFA Calculator 4.75 3.67 3.38 3.8
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Table 1 (continued)

Descriptive characteristics

Name of apps Functionality Aesthetics Information (mean score) App quality (mean score)
(mean score) (mean score)
7. qSOFA Score calculator 4.88 35 3.13 3.68
8. ¢SOFA Score Calculator 4.5 2.5 2.5 3.18
9. SOFA score 4.88 35 2.5 3.54
10. MEWS (Modified Early Warning Score) ~ 3.88 2.33 2.33 2.79
11. NEWS2 Chart 3.13 2.33 2.33 2.65
12. NEWS score 35 2.33 2.33 2.72
13. NEWS 2—National Early Warning Score 3.5 2.33 2.33 2.72
2017
14. Observation—NEWS 2 5 5 4.88 4.64
15. RRAPID 4.13 2 2.13 2.69
16. MEWS 4.75 35 1.75 3.23
17. NEWS Wales 3.133.13 2.8325 2.582.25 2.842.67
18. Medical Formulas 3.88 3.83 4.5 3.95
19. EP Mobile 35 333 4 3.58
20. MedCal Lite Fastest Medical Calculator ~ 4.13 3.83 4.5 4.09
21. Nursing Calculator 3.88 3.17 3 3.24
22. Nursing 3.38 333 3.33 3.36
23. Doctor Calci 4.75 433 4.5 43
24. Medical Calculators 4.63 4.33 4.33 4.4
25. NEWS & SEPSIS SCREENING 3.88 4 4.17 3.89
26. Calculate by QxMD 4.75 3.67 3.83 3.96
27. Coly ICU 4.75 4 4.33 4.1
28. 3C Critical Care Calculators 4.88 3.83 3.17 3.82
29. MDCalc Medical Calculator 4.88 4.83 5 4.75
30. MediCalc® 5 433 5 4.61
31. SEPSIS 3 5 433 5 4.56
32. Sepsis Clinical Guide 4.38 433 4.33 4.24
33. NCalc 4.13 3.17 2.5 3.17
MOS =mobile operating system; 4.25-0.62 3.53-0.77 3.51-1.07 3.66-0.65

AND = Android

potential differences in predictions for in-hospital versus
30-day mortality.

In addition, there was a wide variety of clinical variables
that were used as predictors of mortality in SOFA-based
apps, which was particularly relevant to the respiratory and
cardiovascular organ systems. For example, when classify-
ing respiratory function, PaO,/FiO, can be classified indi-
vidually as the Carrico index or separately. From the per-
spective of the healthcare professional end user, this can be
confusing and a barrier to clinical utility [70].

Smartphone app stores, like Google Play Store and App
Store, should consider adding additional review criteria to
include a rating for the scientific information quality of apps.
The United Kingdom National Health Service [71] uses a

@ Springer

publicly available app review service, Organization for the
Review of Care and Health Applications [72], where users
can find a list of healthcare apps that have been evaluated by
healthcare professionals.

Future research should focus specifically on which apps are
most applicable for patients with COVID-19. Paradoxically,
among patients with COVID-19 in-hospital deaths are associ-
ated with low SOFA scores [17, 73, 74]. As such, MPM apps
should include relevant laboratory values such as D-dimer and
neutrophil to lymphocyte ratio [75-80], to better predict ICU
mortality risk for patients with COVID-19. These findings
are consistent with recent COVID-19 clinical trials, which
also used SOFA and APACHE II most frequently [17, 74, 75,
81-83]. Some pandemic triage plans and protocols [84-86]
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Fig. 2 Distribution of mor-
tality prediction model in
evaluated apps. The “Other”
category includes MPMs that
were included only once (i.e.,
APACHE III, APACHE IV, ICD
mortality risk score, mSOFA,
REMS, SAPS I1I, SIRS, and
Sepsis Assessment)

APACHE NI
13

recommend the use of SOFA MPMs for diagnosis and man-
agement of COVID-19, while others do not [87].

A few important limitations are recognized in the
study. Firstly, our two calculated vignettes based on the
MIMIC III database may not represent patients who may
or may not be at high or low-risk of mortality. For exam-
ple, the high-risk patient vignette had a SOFA score of
18 but was not on mechanical ventilation, which most
of the higher risk of ICU mortality patients are on. On

Table 2 Single and multiple mortality prediction model calculators

NEWS NEWS 2
7 i

3
! SEPSIS ICU
P
SAPS Il MPMAS SIRS
3 P p

the other hand, the mean SOFA calculated for lower-risk
patient vignettes was similar to hospitalized COVID-19
patients [17, 74, 75, 81-83], who do have a high risk
of mortality. A better solution for developing vignettes
to evaluate the quality of the information provided by
apps can be found in published papers where vignettes
are based on the mean values of clinical parameters. A
second limitation is that there are regional adaptations in
the smartphone app stores, and, in this case, the search

MPMs in apps  Single mortality prediction model calculators

App App App App
1 2 3 4

App App App App
5 7 8

App App App App App App App App App
9 10 11 12 13 14 15 16 17

. SOFA X X X X
. qSOFA X X
. mSOFA

. APACHE IT X

. APACHE III

APACHE IV

NEWS

NEWS 2

MEWS

10. MODS

11. SAPS II

12. SAPS III X
13.SSSSC

14. SIRS

15. SEPSIS-3

16. SIRS&SA

17.LODS

R R T T T I

X
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Table 2 (Continued)
MPMs in apps  Single mortality prediction model calculators
App App App App App App App App App App App App App App App App App
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
18. MPM,,
19. MPM,4
20. REMS
21.ICD MRS
Sum MPM: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MPMs in apps  Single mortality prediction Multiple mortality prediction model calculators
model calculators
App  App App App App App App App App App App App App App App  App
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
1. SOFA X X X X X X X X X X
2. qSOFA X X X X X X X X
3. mSOFA X
4. APACHEII X X X X X X X X X X X X
5. APACHE III X
6. APACHE IV X
7. NEWS X X X X
8. NEWS 2 X X X X
9. MEWS X X X
10. MODS X X X X
11. SAPS 1T X X X
12. SAPS III
13. SSSSC X X X
14. SIRS X X
15. SEPSIS-3 X X
16. SIRS&SA X
17. LODS X X
18. MPM,, X X
19. MPM 4 X X
20. REMS X
21.ICD MRS X
Sum MPM: 1 1 1 2 2 10 2 2 4 4 5 10 8 6 7 2

MPMs: Sequential Organ Failure Assessment (SOFA [11, 41, 47]), Quick SOFA (qSOFA) [48]), Modified SOFA (mSOFA [3]), Acute Physiol-
ogy and Clinical Health Assessment (APACHE II-IV [49-52]), National Early Warning Score (NEW [53], NEWS2 [54], MEWS [55]), Multiple
Organ Dysfunction Syndrome (MODS [56]), Simplified Acute Physiology Assessment (SAPS II-III [57-59]), Systemic Inflammatory Response
Syndrome, Sepsis, and Septic Shock Criteria (SSSSC [60]), Systemic Inflammatory Response Syndrome (SIRS [61]), Third International Con-
sensus Definitions for Sepsis and Septic Shock (SEPSIS-3 [62]), SIRS and Sepsis Assessment (SIRS&SA [60]), Logistic Organ Dysfunction
System (LODS [63]), Mortality Probability Model (MPM,, 4 [64]), Rapid Emergency Medicine Score (REMS [65]), and ICD mortality risk

score (ICD MRS [66])

was conducted using a European IP address so that it
may have influenced the final set of apps obtained from
the search engine. A potential bias of the review was the
inclusion of freely available apps; however, this was a
deliberate decision to represent available apps that do not
pose a financial burden on the end-user, and are accessi-
ble to a wide audience of healthcare professionals, inclu-
sive of low- and middle-income countries.

@ Springer

An important application of this work is for the educa-
tion of healthcare professionals. Combining themes with
vignettes based on simulation learning can increase student
knowledge, critical thinking, and psychomotor skills for
performing a better clinical evaluation of future patients
[25]. For the next reviews, researchers should include spe-
cific medical calculator’s apps because they provide rel-
evant information.
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Table 4 Mean clinical values and SOFA scores for low and high-risk patient vignette
Critical variables Mean values for low-risk ~ SOFA points for low-risk Mean values for high-risk ~ SOFA points

patient vignette” vignette™ patient vignette” for high-risk
Vignette**
Pa0,/FiO, ratio 308.2 +1 229.3 +2
PaO, mmHg 151 133
FiO,% 49 58
Mechanical ventilation No No
Platelets, 10°/L 118.1 +1 40.4 +3
Bilirubin, g/L 1.8 +1 20 +4
Mean arterial pressure, mm Hg 73 0 53 +3
Systolic blood pressure, mm Hg 110 82
Diastolic blood pressure, mm Hg 55 38
Vasopressors No Dopamine > 5
or Epinephrine > 0.1
or Norepinephrine > 0.1

Glasgow coma scale 12 +2 8 +3
Best eye response 3 3
Best verbal response 4 2
Best motor response 5 3
Creatinine 1.3 +1 3.8 +3
Urine output, mL/day 2900 250
Total SOFA points 6 points 18 points

*Average number was calculated using MIMIC III database; “*SOFA points were calculated using original SOFA publication [41]

Table 5 SOFA score and
percent of mortality in SOFA-
based apps

Conclusion

There is pressing urgency in ICU environments glob-
ally for accurate mortality risk prediction. Results from
this systematic review support the overall quality and
information quality of the MDCalc Medical Calculator

@ Springer

Short name  Low mortality risk patient High mortality risk patient
vignette vignette
SOFA score % of mortality ~SOFA score % of mortality
SOFA-based apps (n=15) App 1 6 N/A 18 N/A
App 3 6 <10% 18 >90%
App 4 6 <10% 18 >90%
App 6 6 <10% 18 >90%
App 9 6 N/A 18 N/A
App 21 6 N/A 18 N/A
App 22 6 N/A 18 N/A
App 23 6 <10% 18 >90%
App 24 6 N/A 18 N/A
App 26 6 N/A 18 N/A
App 28 6 <10% 18 >90%
App 29 6 <33% 18 >95%
App 30 6 <33% 18 95%
App 31 6 <33% 18 95%
App 32 6 22% 18 95%

N/A: The score was calculated but not the % of mortality

for in-hospital mortality risk prediction. The benefits of
MDCalc Medical Calculator are that it was developed

to be used by healthcare professionals for critically ill
adult ICU patients, it is available on both Android and
iOS platforms, free, uses validated mortality prediction
models, includes high-quality information MPMs, has less
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time-consuming methods for data entry, includes metric
and imperial units, and is regularly updated. The MDCalc
and Calculate by QxMD webpages also provide separate
COVID-19 smartphone-based MPM calculators, which
can be used when atypical physical spaces in healthcare
systems are being used as make-shift ICUs. Smartphone
MPMs can also be used for non-ICU patients to estimate
time to potential clinical deterioration [88], or for triaging
an ICU patient for palliative care services [86, 8§9].
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