Preintubation Sequential Organ Failure
Assessment Score for Predicting COVID-19
Mortality: External Validation Using Electronic
Health Record From 86 U.S. Healthcare Systems
to Appraise Current Ventilator Triage Algorithms*

OBJECTIVES: Prior research has hypothesized the Sequential Organ Failure
Assessment (SOFA) score to be a poor predictor of mortality in mechanically
ventilated patients with COVID-19. Yet, several U.S. states have proposed
SOFA-based algorithms for ventilator triage during crisis standards of care.
Using a large cohort of mechanically ventilated patients with COVID-19, we
externally validated the predictive capacity of the preintubation SOFA score for
mortality prediction with and without other commonly used algorithm elements.

DESIGN: Multicenter, retrospective cohort study using electronic health record data.
SETTING: Eighty-six U.S. health systems.

PATIENTS: Patients with COVID-19 hospitalized between January 1, 2020, and
February 14, 2021, and subsequently initiated on mechanical ventilation.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Among 15,122 mechanically venti-
lated patients with COVID-19, SOFA score alone demonstrated poor discriminant
accuracy for inhospital mortality in mechanically ventilated patients using the valida-
tion cohort (area under the receiver operating characteristic curve [AUC], 0.66; 95%
Cl, 0.65-0.67). Discriminant accuracy was even poorer using SOFA score catego-
ries (AUC, 0.54; 95% ClI, 0.564-0.55). Age alone demonstrated greater discriminant
accuracy for inhospital mortality than SOFA score (AUC, 0.71; 95% ClI, 0.69-0.72).
Discriminant accuracy for mortality improved upon addition of age to the continuous
SOFA score (AUC, 0.74; 95% ClI, 0.73-0.76) and categorized SOFA score (AUC,
0.72; 95% ClI, 0.71-0.73) models, respectively. The addition of comorbidities did not
substantially increase model discrimination. Of 36 U.S. states with crisis standards
of care guidelines containing ventilator triage algorithms, 31 (86%) feature the SOFA
score. Of these, 25 (81%) rely heavily on the SOFA score (12 exclusively propose
SOFA; 13 place highest weight on SOFA or propose SOFA with one other variable).

CONCLUSIONS: In a U.S. cohort of over 15,000 ventilated patients with COVID-
19, the SOFA score displayed poor predictive accuracy for short-term mortality. Our
findings warrant reappraisal of the SOFA score’s implementation and weightage in
existing ventilator triage pathways in current U.S. crisis standards of care guidelines.

KEY WORDS: COVID-19; intubation; mechanical ventilation; mortality; predictive
models; sequential organ failure assessment

wide, placing strain on affected healthcare systems (1). Patient caseloads

The COVID-19 pandemic has caused surges in hospital caseloads world-
have often exceeded a hospital’s capacity to provide standard-of-care,
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necessitating contingency standards, and in extreme
situations, crisis standards of care (CSC). The latter may
result in scenarios, whereby parsimonious allocation
of life-saving resources becomes pivotal (2). Methods
to adequately predict and maximize survival are para-
mount to inform CSC triage guidelines. Several guide-
lines have been developed to guide resource allocation
under such circumstances (3-8). In addition to ele-
ments intended to predict survival, these guidelines in-
clude components intended to predict survival and also
identify those at risk for high resource consumption
such as from poor functional outcomes or prolonged
mechanical ventilation. However, there is considerable
variation in elements included in ventilator triage algo-
rithms across state CSC guidelines as well as the quality
of evidence underpinning their inclusion, raising eth-
ical concerns around the adequacy of ventilator alloca-
tion offered by current algorithms (9).

Many mechanical ventilator triage protocols in the
United States include the Sequential Organ Failure
Assessment (SOFA) score to predict short-term sur-
vival (9-11), including two U.S. states that recently
declared CSC due to COVID-19 surges (12, 13).
However, the degree to which ventilator triage deci-
sions would hinge on the score has received less atten-
tion. Two prior studies in cohorts of ICU patients with
sepsis have reported an area under the receiver oper-
ating characteristic curve (AUC) of 0.74 and 0.75 of
the SOFA score for predicting survival (14, 15). The
SOFA score assigns equal weightage to its six organ
system components; however, respiratory failure tends
to be the predominant organ failure among acutely ill
patients with COVID-19, and these patients display
less variability in SOFA score than those with condi-
tions such as bacterial sepsis (16). Hence, despite its
inclusion in several triage protocols nationwide, it is
unclear whether the SOFA score adequately predicts
mortality in mechanically ventilated patients with
COVID-19.

A recent hypothesis-generating study suggests that
the discriminant accuracy of the SOFA score for pre-
dicting inhospital mortality in mechanically ventilated
COVID-19 patients is poor (16). However, the study
was relatively small (675 ventilated patients), was re-
gional, and did not assess for model calibration or the
predictive capacity of combining SOFA with other rel-
evant predictors featured in existing triage protocols.
As suggested by a recent expert consensus panel, there
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is need for additional, larger studies to validate the
predictive accuracy of existing algorithms and formu-
late better prediction tools (17). Hence, in this study,
we: 1) examine implementation and weightage of the
SOFA score in State CSC ventilator triage algorithms
nationally and 2) leverage a large electronic health re-
cord (EHR) database of U.S. hospitals to externally val-
idate the hypothesis that preintubation SOFA score is a
poor predictor for inhospital mortality in COVID-19
patients requiring mechanical ventilation.

MATERIALS AND METHODS
Study Design and Data Source

We performed a multicenter, retrospective cohort
study using the Cerner COVID-19 Deidentified Data
cohort. This repository contains EHR data from 86
U.S. healthcare systems that share data with Cerner
(Kansas City, MO) and includes billing records, medi-
cation orders, laboratory results, vitals, and other phys-
iologic variables (18). Data were accessed and analyzed
on Cerner HealthIntent (Cerner), a cloud-based man-
agement platform following a data use agreement
(no. 1-70WNSGX) between the National Institutes of
Health (NIH) and Cerner. Data refreshes were pro-
vided quarterly, enabling incorporation of new cases.
Downstream curation of study-specific variables and
algorithms was performed by NIH-contracted infor-
maticists under the guidance of study investigators
(M.K.,, S.S.K.) and study design feedback offered by all
investigators. Given the deidentified nature of the data,
the study was deemed exempt from ethics board re-
view based on the policy of the NIH Office of Human
Subjects Research Protections.

Study Population

Patients greater than or equal to 18 years old with
COVID-19 admitted as inpatients between January
1, 2020, and February 14, 2021, who underwent me-
chanical ventilation were included. For each patient,
one admission was randomly selected for inclusion in
the analysis. Patients admitted with COVID-19 were
identified by an International Classification of Diseases,
10th Edition (ICD-10) diagnosis code for COVID-19
(U07.1), a positive polymerase chain reaction (PCR)
test for severe acute respiratory syndrome coronavirus
2 (SARS-CoV2), or positive serology for COVID-19
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antibodies. The ICD-10 diagnosis code for COVID-19
captures patients positive for SARS-CoV2 on PCR with
a sensitivity of 98%, specificity of 99%, and a positive
predictive value of 92% (19). Encounters prior to March
2020 were identified using a legacy coding strategy that
leverages coding for generic coronaviruses (B97.29)
(19). Patients who received invasive mechanical venti-
lation were identified by ICD-10 invasive mechanical
ventilation procedure codes and Logical Observation
Identifiers Names and Codes. Patients on mechanical
ventilation within 24 hours of admission and those
with a designation of do-not-resuscitate (DNR) status
present at admission, respectively, were excluded.

Study Variables

The primary outcome was inhospital mortality, de-
fined as death during hospitalization or discharge to
hospice.

The highest SOFA score was calculated within 24
hours prior to initiation of mechanical ventilation,
signifying a time point at which ventilator triage is
likely to occur based on current CSC protocols (3,
5, 7). Cerner HealtheIntent contains all components
necessary to compute the SOFA score except urine
output and vasopressor dose. Therefore, as previously
described, we used creatinine levels to assign points
for renal dysfunction and the number of vasopressors
to assign points for cardiovascular dysfunction (20).
If values for Po, in arterial blood to fractional con-
centration of oxygen ratio (Pao,:F10,) were missing,
we used the saturation of blood oxygen to Fio, ratio
(Sa0,:F10,) to assign points for respiratory dysfunc-
tion (21). Daily SOFA score was computed using the
worst scoring criteria for each component on each day.
If no values were available on a day, we used the closest
value within 5 days looking backward (20). If there was
no value within the prior 5 days, we assigned the SOFA
score component as 0 (missing-as-normal), as previ-
ously described (15, 22, 23). For Glasgow Coma Scale
(GCS) score, the lowest value was taken for a given day.
We then carried that value forward until a new value
was present on another day (20). If the first GCS score
occurred several days into hospitalization, the GCS
score was assigned as 0 each day leading up to that day.
Further details regarding calculation of daily SOFA
scores are in eMethods (Online Supplement, http://
links.lww.com/CCM/H88). We evaluated SOFA score
as both a continuous (count) variable ranging from 0
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to 24 and a categorized variable, based on strata (<6,
6-8, 9-11, >11) commonly implemented in existing
CSC guidelines (3, 5, 7, 12, 13).

Select patient-level covariates were identified, in-
cluding age, sex, obesity, diabetes, and hypertension,
based on prior data linking these covariates with poor
outcomes (24-29). Patient-level comorbidities were
identified using respective ICD-10 codes. Aggregate
comorbidity burden was assessed using the Elixhauser
comorbidity index (30, 31).

Evaluation of U.S. State-Adopted CSC
Guidelines

We next performed a cross-sectional analysis of state-
adopted CSC guidelines to examine the prevalence of
SOFA score utilization and degree of representation in
current CSC models. One study investigator (M.K.) per-
formed a search on three separate dates between October
first, 2021, and October 14, 2021, for state-adopted CDC
guidelines, providing guidance on triage of mechanical
ventilation or scarce resources as previously described
(32). State-adopted CSC guidelines were identified as
those written by or in coordination with the state’s de-
partment of public health. CSC guidelines that were
revoked or not written in coordination with the state’s
department of health (33, 34) were excluded. Guidelines
that directly mention COVID-19 or were written after
March 1, 2020, were deemed “COVID-19 specific” (fur-
ther details of the search methods are outlined in the
eMethods, Online Supplement, http://links.Iww.com/
CCM/H88). We categorized each CSC guideline’s level
of reliance on the SOFA score as follows:

1) No reliance

2) Low reliance—SOFA score is mentioned but not directly in-
volved in triage of mechanical ventilation

3) Heavy reliance—SOFA score used alone or as a major com-
ponent (SOFA indicated as holding the greatest weight or
used with one other variable) in assigning patients to pri-
ority tiers for receipt of mechanical ventilation

We calculated the prevalence of each category of
SOFA score reliance for CSC state-adopted protocols
in the United States.

Statistical Analysis

We calculated descriptive statistics of patient charac-
teristics overall or by patient groups. All characteris-
tics were reported at admission to hospital except for
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preintubation SOFA score. To assess the difference be-
tween patient groups, Mann-Whitney nonparametric
tests were used for continuous variables, and chi-
square or Fisher exact tests were used for categorical
variables.

To investigate preintubation SOFA score and/or age
as predictors, inhospital mortality, with or without
adjusting for other covariates, logistic regression, and
conditional classification trees with Bonferroni adjust-
ments (35) were fit using the derivation set, which is
two thirds of the entire dataset. The other third of the
data were saved to validate selected models. Derivation/
validation cohort splitting was stratified by hospital.

To evaluate discriminant accuracy, we computed the
AUC with 95% ClIs and performed Delong test to com-
pare the AUCs. We considered an AUC below 0.7 to be
poor accuracy, AUC 0.7-0.8 moderate, 0.8-0.9 good,
and greater than 0.9 excellent (36). We also generated
calibration belts, followed by conducting Hosmer-
Lemeshow test to assess calibration (37-39).

We conducted sensitivity analyses: 1) excluding
patients with chronic kidney disease (CKD) and end-
stage renal disease (ESRD) (as the renal score compo-
nent of SOFA used creatinine rather than urine output,
thus potentially effecting model performance), 2) ex-
cluding patients with missing SOFA score values after
our substitution method (imputed as normal—O0),
3) excluding patients who had an ICD-10 Major
Operating Room procedure code on the same day
as intubation (to account for potential preoperative
rather than critical illness-related intubation), and 4)
using tree-based instead of logistic regression models.

Among survivors, logistic regression was performed
to investigate preintubation SOFA score as a predictor
of discharge to long-term acute care (LTAC) (sec-
ondary outcome) facilities, as these patients may rep-
resent a population at risk for high resource utilization.

Analyses were conducted using R 4.02 (R
Foundation for Statistical Computing, Vienna,
Austria). A p value of less than 0.05 was considered
statistically significant. A link to statistical code is in-
cluded in the Online Supplement (page 8, http://links.
lww.com/CCM/HS88).

RESULTS

Between January 1, 2020, and February 14, 2021,
101,985 patients (109,285 inpatient encounters)
with COVID-19 were admitted to 86 U.S. healthcare

1054

www.ccmjournal.org

systems. Of those encounters without an ICD diagnosis
code or positive PCR, only 930 (0.85%) were selected
based on positive serology. Of the 101,985 patients,
24,908 patients (24%) were mechanically ventilated,
but 9,043 patients were mechanically ventilated within
24 hours of admission and 743 patients were DNR at
admission and excluded, leaving 15,122 patients in the
final analysis divided into a derivation (n = 10,085) and
a validation (n = 5,037) cohort (Fig. 1). Of 15,122 ven-
tilated patients, 7,568 (50.0%) died or were discharged
to hospice; among 7,554 survivors, 501 (6.6%) were dis-
charged to LTAC. The mean preintubation SOFA score
was 2.77 (sp, 1.91). Respiratory SOFA subscore had a
mean of 1.39 compared with 0.53 for hepatic, 0.29 for
cardiovascular, 0.24 for neurologic, 0.23 for coagula-
tion, and 0.09 for renal. A density plot illustrating SOFA
scores for re-admissions is presented in Supplementary
Figure 1 (http://links.Iww.com/CCM/H88). A total of
7,568 patients (50%) died or were discharged to hos-
pice. Patients who died or were discharged to hospice
tended to be older and male, and display higher SOFA
and Elixhauser scores, respectively (Table 1).

Discrimination of Mortality Risk by SOFA Score

Using logistic regression models, the SOFA score dem-
onstrated poor discriminant accuracy for mortality in
mechanically ventilated patients (AUC, 0.66; 95% CI,
0.64-0.67). Discriminant accuracy was even poorer
using categorized SOFA scores (AUC, 0.54; 95% CI,
0.54-0.55) (Table 2) and SOFA as a dichotomous var-
iable with score greater than 11 (AUC, 0.50; 95% CI,
0.50-0.50). Discrimination of respiratory SOFA sub-
score alone for mortality was also poor (AUC, 0.67;
95% CI, 0.65-0.68) as were each of the other SOFA sub
scores (Supplementary Index Table 1a, http://links.
lww.com/CCM/HS88). In addition, the discriminant
accuracy for SOFA score at admission (AUC, 0.61;
95% CI, 0.60-0.62) was poor as was change in SOFA
score from admission to intubation (AUC, 0.54; 95%
CI, 0.52-0.55; Supplementary Index Table 1b, http://
links.lww.com/CCM/HS88). Results were similar across
the derivation and validation cohorts.

Discrimination by Age and Comorbidities, Alone
and in Combination With SOFA Score

Age alone demonstrated better discriminant accu-
racy for mortality than SOFA score (AUC, 0.71; 95%
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109285 encounters with COVID-19 from 86 hospitals

One admission encounter randomly
selected for patients with multiple

v

v

hospitalizations

101,985 participants
with COVID-19

v

67992 participants for
derivation cohort

¢ 474 patients with
DNR/DNI on
admission excluded

e 5999 patients on
mechanical
ventilation within 24
hours of admission
excluded

v

10085 patients included in final
derivation cohort analysis

'

33993 participants for
validation cohort

* 269 patients with
DNR/DNI on
admission excluded

3044 patients on
mechanical
ventilation within 24
hours of admission
excluded

v

5037 patients included in final
validation cohort analysis

Figure 1. Study flowchart depicting the exclusion of patients with do-not-resuscitate (DNR)/do-not-intubate (DNI) status and
mechanical ventilation on within 24 hr of admission; 15,122 patients were included in the final analysis.

CIL, 0.69-0.72). Discriminant accuracy for mortality
improved upon addition of age to the continuous SOFA
score (AUC, 0.74; 95% CI, 0.73-0.76) and categorized
SOFA score (AUC, 0.72; 95% CI, 0.71-0.73) models,
respectively. The addition of other covariates (gender,
obesity, diabetes, hypertension, or Elixhauser score) did
not meaningfully improve discrimination beyond that
offered by SOFA + age. Models without age, that is, utiliz-
ing SOFA and comorbidities (SOFA + Elixhauser score),
had poor discriminant accuracy for both continuous
SOFA (AUC, 0.66; 95% CI, 0.65-0.68) and categorized
SOFA scores (AUC, 0.56; 95% CI, 0.55-0.58) (Table 2).

Critical Care Medicine

Sensitivity Analysis

Sensitivity analysis separately excluding patients with
CKD and ESRD, patients with missing SOFA score values
after our substitution method (imputed as normal—o0),
and those who had procedure codes for major oper-
ating room procedure and intubation on the same day all
yielded results consistent with our primary analysis. Using
tree-based models as a sensitivity analysis generated similar
results, with slightly poorer discriminant accuracy in com-
parison with logistic regression models (Supplementary
Index Tables 2-5, http://links.lww.com/CCM/H88).
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TABLE 1.
Patient Characteristics

Overall (n = 15,122)

Characteristics

Alive (n = 7,554) Dead (n =7,568)

Age, mean (sp) 64.47 (15.28)

< 65 (%) 6,914 (46)
> 65 (%) 8,208 (54)
Diabetes mellitus (%) 3,292 (22)
Hypertension (%) 3,813 (25)
Obesity (%) 1,455 (9.6)
Sex, female % 10,010 (40)
Preintubation SOFA score, mean (sb) 2.77 (1.91)
SOFA subscores, mean (sb)
Respiratory 1.39 (0.82)
Coagulation 0.23 (0.56)
Hepatic 0.53 (1.01)
Cardiovascular 0.29 (0.57)
Neurologic 0.24 (0.61)
Renal 0.09 (0.39)
Elixhauser score mean (sp) 1.39 (1.65)

58.89 (15.74) 70.05 (12.54) < 0.001

4,599 (61) 2,315 (31) < 0.001

2,955 (39) 5,253 (69)

1,564 (21) 1,728 (23) 0.002

1,854 (25) 1,959 (26) 0.06
908 (12) 547 (7.2) < 0.001

5,129 (41) 4,881 (39) < 0.001
2.26 (1.63) 3.29 (2.03) < 0.001
1.27 (0.86) 1.51 (0.76) < 0.001
0.17 (0.47) 0.29 (0.64) < 0.001
0.36 (0.86) 0.70 (1.11) < 0.001
0.26 (0.55) 0.32 (0.60) < 0.001
0.14 (0.46) 0.34 (0.72) < 0.001
0.06 (0.30) 0.12 (0.46) < 0.001
1.30 (1.60) 1.48 (1.70) 0.001

SOFA = Sequential Organ Failure Assessment.

Secondary Outcome

Using logistic regression in the validation cohort, pre-
intubation SOFA displayed an AUC of 0.53 (0.49-0.57;
odds ratio, 0.99 [0.93-1.04]) for predicting disposition
to LTAC.

Model Calibration

The calibration belt for continuous SOFA score
(Fig. 2A) demonstrated significant miscalibra-
tion, overestimating mortality risk for patients with
observed mortality of 81-95%. The SOFA + age model
was well calibrated (Fig. 2B). All other models also
showed good calibration (Supplementary Fig. 2,
http://links.lww.com/CCM/H88).

Nationwide Distribution of SOFA Score
Implementation and Weightage in State CSC
Ventilation Triage Algorithms

Our search revealed 36 states with state-adopted CSC
guidelines in place (Fig. 3). Twenty-six of these guide-
lines are COVID-19-specific and 10 are adopted from
prior influenza pandemics. The SOFA score features in
31/36 (86%) of these CSC guideline’s triage protocols.
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Of these 31 guidelines that feature SOFA score, 25/31
(81%) are heavily reliant on SOFA, with all utilizing the
categorized SOFA score (12 of the protocols propose
categorized SOFA as the only variable for ventilator
triage). Six CSC guidelines place low reliance on SOFA
score, excluding it as a main focus of their triage al-
gorithm in place of greater emphasis on clinical judg-
ment (Supplementary Index Table 6, http://links.lww.
com/CCM/HS88).

DISCUSSION

External validation of prediction models is a vital
step that ensures models are reproducible, gener-
alizable, and reliable for application in real-world
decision-making. Using a cohort of over 15,000 me-
chanically ventilated COVID-19 patients at 86 U.S.
healthcare systems, our study externally validates find-
ings from a prior hypothesis-generating study of 675
ventilated COVID-19 patients and offers further con-
firmation that preintubation SOFA score is a poor pre-
dictor of inhospital mortality in COVID-19 patients.
Despite a preponderance of respiratory failure in
COVID-19, our study also found that the discrimi-
nant accuracy for inhospital mortality remains poor
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TABLE 2.

Area Under the Receiver Operating Characteristic Curve for Prediction Models on Both

Derivation and Validation Cohorts

AUC (95% ClI),

Derivation Cohort

Variable (n =10,085)

AUC (95% CI),
Validation Cohort
(n =5,037)

Logistic
Regression,
OR (95% CI)?

SOFA® SOFA 0.66 (0.65-0.67)
SOFA categories® >6and <9 0.55 (0.54-0.55)
>9and<12
>12
Age Age 0.71 (0.7-0.72)
Age + SOFA Age 0.73 (0.72-0.74)
categories >6and<9
>9and<12
>12
Age + SOFA Age 0.75 (0.74-0.76)
SOFA
SOFA + age + SOFA 0.75 (0.74-0.76)

H d
covariates' Age

Gender (male vs female)

0.66 (0.64-0.67)
0.54 (0.54-0.55)

0.71 (0.69-0.72)
0.72 (0.71-0.73)

0.74 (0.73-0.76)

0.74 (0.73-0.76)

0.74 (0.73-0.76)

0.66 (0.65—-0.68)

0.56 (0.55-0.58)

1.39 (1.35-1.42)
3.42 (2.89-4.06)
4.73 (3-7.82)
5.89 (1.96-25.32)
1.06 (1.06-1.06)
1.06 (1.05-1.06)
3.18 (2.67-3.82)
4.92 (3.05-8.3)
6.66 (2.13-29.31)
1.06 (1.05-1.06)
1.33 (1.3-1.36)
1.33 (1.29-1.36)
1.06 (1.05-1.06)
1.15 (1.05-1.25)

1.18 (1.05-1.32)
0.84 (0.75-0.93)
1.06 (1.05-1.06)
0.97-1.03)
1.33 (1.3-1.36)
1.38 (1.35-1.42)
1.04 (1.01-1.07)
3.33 (2.82-3.96)

Obesity
Diabetes
Hypertension
SOFA + age + Age 0.75 (0.74-0.76)
Elixhauser score EhdhEUsEr SoErE
SOFA
SOFA + Elixhauser SOFA 0.66 (0.65-0.67)
SlEIE Elixhauser score
Categories SOFA + >6and<9 0.57 (0.56-0.58)
Elixhauser score >9and <12
>12

Elixhauser score

4.59 (2.91-7.59)
5.75 (1.91-24.76)

(
(
(
(
(
(
(
(
(
(
0.92 (0.79-1.08)
(
(
(
1(
(
(
(
(
(
(
1.06 (1.03-1.09)

AUC = area under the receiver operating curve, OR = odds ratio, SOFA = Sequential Organ Failure Assessment.

2Qutcome variable has two levels: deceased and discharged, where discharged is served as the reference level.

*SOFA and all components are the scores recorded within the 24 hr prior to the start of ventilation.

“Variable SOFA category is created based on SOFA variable with the cutoffs of: <6,> 6 and <9,> 9 and < 12, and > 12. In the logistic

regression model, SOFA < 6 is served as the reference group.

dCovariates include age, gender, obesity, hypertension, and diabetes.

when considering respiratory subscore alone. The
combination of SOFA score and age provided mod-
erate mortality prediction; however, the addition to se-
lect common comorbidities or aggregate comorbidity
burden did not meaningfully improve the predictive
accuracy. Poor prediction of mortality was consist-
ently observed across various parameterizations of
the SOFA score (including as a continuous variable,

Critical Care Medicine

categorical variable, component score, score change,
and across different time periods) and in multiple sen-
sitivity analysis. Even among ventilated patients with
COVID-19 who survived hospitalization, SOFA score
was a poor predictor of requiring LTAC. Furthermore,
we demonstrated that 81% of current state CSC triage
algorithms using SOFA score propose heavily reliance
on the categorized SOFA score to assign patients into
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Figure 2. Calibration belts for mortality prediction scores. A, Continuous Sequential Organ Failure Assessment (SOFA) score. B, SOFA
score + age. The range of values for which the predicted mortality overestimates mortality (the observed mortality values are significantly
under the bisector) or underestimates mortality (observed mortality lies above the bisector) based on the shaded 95% Cl is reported at
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priority tiers for receipt of mechanical ventilation de-
spite its poor predictive accuracy (AUC, 0.54). Our
findings build upon observations of previous stud-
ies by utilizing expansive, well harmonized EHR data
from a large cohort of U.S. hospitals and suggest that
significant reliance on the SOFA score in ventilator tri-
age protocols warrants reappraisal (16).

The SOFA score, as acknowledged by its developers,
was not intended to predict outcomes but to provide a
quantitative description of the degree of organ dysfunc-
tion in critically ill patients (40, 41). As the degree of
organ dysfunction is associated with mortality, several
studies have validated its predictive accuracy for mor-
tality in critically ill patients (14, 15, 42, 43). However,
these populations may not be generalizable to patients
with COVID-19, which primarily presents with respi-
ratory failure and less variation in SOFA scores (16). In
addition, many of these studies used distinct SOFA cri-
teria often not represented in triage protocols, such as a
change in SOFA score, that were assessed at snapshots
in time (not necessarily at the point of triage). A recent
study evaluating the predictive accuracy for inhospi-
tal mortality of the SOFA score in patients with sepsis
and acute respiratory failure prior to the COVID-19
pandemic also revealed poor discriminant accuracy
(44). Concerningly, this study also found that using
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the SOFA score for prognostic evaluation may lead to
racial disparities in resource allocation by overestimat-
ing mortality for Black patients, potentially diverting
scarce resources from this population without warrant.

We recognize the complexity that underlies deci-
sions around continued use of current CSC models.
We also recognize that these decisions are often not
solely predicated on mortality but take into consid-
eration other outcomes including poor long-term
functional status and risk of high resource utilization.
Nonetheless, given the limitations and uncertainty
surrounding the adequacy of the SOFA score for ven-
tilator triage decisions, more robust and reliable strat-
egies for prognostication are needed. Although there
has yet to be significant ventilator triage performed
in United States at this point in time, even in over-
whelmed hospital systems, with the recent surge in the
Omicron Variant, hospitalizations are currently the
highest they have been during the pandemic, and ICUs
are nearing capacity in several U.S. states (45). As such,
we must be adequately prepared for the possibility of
needing ventilator triage in the future, especially if we
are met with a variant with high transmissibility and a
propensity for both evading immunity and causing se-
vere disease. Twelve U.S. States rely exclusively on cat-
egorical SOFA score for ventilator triage. Our findings
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guidelines are underlined.

raise questions on the appropriateness of ventilator
triage decisions that rely solely on the SOFA score to
gauge short-term survivability. Our results indicate
that the combination of SOFA and age provide better
prediction for mortality than SOFA alone. However,
the use of age in CSC triage algorithms as a primary or
even as a tie-breaker element has been controversial;
on the one hand, its inclusion may bias against the eld-
erly (46), and on the other hand, may offer everyone
an equal opportunity to achieve a normal lifespan
(47). Comprehensive evaluation of the magnitude of

Critical Care Medicine

implicit triage decisions prevailing during a surge and
their impact on the observed outcome in the elderly
will further inform this decision. Some CSC guidelines
do acknowledge the limitations of the SOFA score
and place less emphasis on its role in the allocation
of scarce resources (4, 48). Future studies should aim
to develop more accurate and pragmatic triage proto-
cols that incorporate novel predictors of mortality in
patients with COVID-19. These protocols should also
aim to balance maximizing survival with the equitable
distribution of resources across society to mitigate
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disparities in health outcomes (49, 50). In addition, it
will be important to continue to elicit informed public
opinion and engage in surveys and focus groups to en-
sure that triage decisions remain patient-centered.

This study has several strengths. We have externally
validated the model used in a smaller, retrospective co-
hort study. The use of derivation and validation cohorts
allowed for proper internal validation of our models.
Model performance was further evaluated by assessing
model calibration. The results of this study were robust
to sensitivity analyses utilizing tree-based models, dif-
ferent parameterizations of SOFA score, and excluding
patients in whom chronically elevated creatinine might
bias model performance. These facets are congruent
with recent best practice statements concerning the
development and reporting of predictive models (51).
Although prior studies have demonstrated the poor
predictive accuracy of SOFA for mortality, our study
is directly applicable to a time period and population
more relevant to triage scenarios. Because ventilator
triage was not sizably conducted in the United States
during the time of our study, our findings are unlikely
to be influenced by actual triage-based allocation of
mechanical ventilation.

There are limitations to this study. Our cohort might
not be nationally representative, limiting the general-
izability of our findings. As this is a retrospective study
evaluating EHR data, the exact time when mechan-
ical ventilation was initiated on a given day cannot be
certain. The accuracy and intensity of preexisting co-
morbid conditions may have been limited using diag-
nosis codes to identify them. Patient outcomes beyond
hospital discharge were not assessed. About 40% of
patients had a component of the SOFA score imputed
as missing-as-normal. However, a sensitivity analysis
excluding these patients remained consistent with our
primary analysis, and a recent study demonstrating
this technique provides similar results to other imputa-
tion techniques (52). More complex models with addi-
tional variables (including inflammatory biomarkers)
may have provided better predictive capacity; how-
ever, our objective was to examine the adequacy of se-
lect elements commonly found in existing CSC triage
algorithms.

CONCLUSIONS

In conclusion, among hospitalized patients with
COVID-19, the SOFA score within 24 hours prior to
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intubation shows inadequate discriminant accuracy
for inhospital mortality. Caution should be taken in
implementing the SOFA score in mechanical venti-
lator triage protocols for COVID-19, especially as the
solitary or heavily weighted determinant seen in CSC
guidelines currently endorsed by many U.S. states.
More research is required to develop practical, ac-
curate, and patient-centered scoring systems for in-
clusion in mechanical ventilator triage protocols for
COVID-19 patients.
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