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Abstract

Rationale: Crisis standards of care (CSCs) guide critical care
resource allocation during crises. Most recommend ranking
patients on the basis of their expected in-hospital mortality using
the Sequential Organ Failure Assessment (SOFA) score, but it is
unknown how SOFA or other acuity scores perform among
patients of different races.

Objectives: To test the prognostic accuracy of the SOFA score and
version 2 of the Laboratory-based Acute Physiology Score (LAPS2)
among Black and white patients.

Methods: We included Black and white patients admitted for
sepsis or acute respiratory failure at 27 hospitals. We calculated the
discrimination and calibration for in-hospital mortality of SOFA,
LAPS2, and modified versions of each, including categorical SOFA
groups recommended in a popular CSC and a SOFA score without
creatinine to reduce the influence of race.

Measurements and Main Results: Of 113,158 patients, 27,644
(24.4%) identified as Black. The LAPS2 demonstrated higher
discrimination (area under the receiver operating characteristic curve
[AUC], 0.76; 95% confidence interval [CI], 0.76-0.77) than the SOFA
score (AUG, 0.68; 95% CI, 0.68-0.69). The LAPS2 was also better
calibrated than the SOFA score, but both underestimated in-hospital
mortality for white patients and overestimated in-hospital mortality for
Black patients. Thus, in a simulation using observed mortality, 81.6% of
Black patients were included in lower-priority CSC categories, and 9.4%

of all Black patients were erroneously excluded from receiving the
highest prioritization. The SOFA score without creatinine reduced racial
miscalibration.

Conclusions: Using SOFA in CSCs may lead to racial disparities in
resource allocation. More equitable mortality prediction scores are needed.

Keywords: critical care; triage; sepsis; acute respiratory failure;
disaster planning

At a Glance Commentary

Scientific Knowledge on the Subject: Crisis standards
of care have been developed to guide fair allocation of scarce
critical care resources during the coronavirus disease
(COVID-19) pandemic and other crises. Most recommend
using the Sequential Organ Failure Assessment (SOFA) score
to prioritize patients with the highest chances of short-term
survival to receive scarce resources. However, it is unknown
how SOFA performs among patients of different races.

What This Study Adds to the Field: In a cohort of Black
and white patients with sepsis and acute respiratory failure, we
found that the SOFA score is miscalibrated in a way that would
systematically divert critical care resources away from Black
patients. Therefore, using the SOFA score in crisis standards of
care may lead to racial disparities in resource allocation.

(Received in original form December 9, 2020; accepted in final form March 22, 2021)
Supported by National Heart, Lung, and Blood Institute grant ROTHL136719 (S.D.H.) and NIH grant R35GM128672 (V.X.L.).
Author Contributions: All authors fulfill International Committee of Medical Journal Editors criteria for authorship.

Correspondence and requests for reprints should be addressed to Deepshikha Charan Ashana, M.D., M.S., M.B.A., Duke University, Hanes House,
315 Trent Drive, Box 102352, Durham, NC 27710. E-mail: deepshikha.ashana@duke.edu.

This article has a related editorial.

This article has an online supplement, which is accessible from this issue’s table of contents at www.atsjournals.org.

Am J Respir Crit Care Med Vol 204, Iss 2, pp 178-186, Jul 15, 2021
Copyright © 2021 by the American Thoracic Society

Originally Published in Press as DOI: 10.1164/rccm.202012-43830C on March 22, 2021

Internet address: www.atsjournals.org

178

American Journal of Respiratory and Critical Care Medicine Volume 204 Number 2 | July 15 2021


http://orcid.org/0000-0003-2107-2110
http://orcid.org/0000-0003-4585-0714
http://orcid.org/0000-0001-9588-3819
http://orcid.org/0000-0002-0553-674X
http://crossmark.crossref.org/dialog/?doi=10.1164/rccm.202012-4383OC&domain=pdf&date_stamp=2021-07-16
mailto:deepshikha.ashana@duke.edu
http://dx.doi.org/10.1164/rccm.202103-0809ED
http://www.atsjournals.org
http://dx.doi.org/10.1164/rccm.202012-4383OC
http://www.atsjournals.org

The coronavirus disease (COVID-19)
pandemic has resulted in several surges of
patients with serious illness, raising concerns
about overwhelming local supplies of critical
care resources (1). In such situations, crisis
standards of care (CSCs) are used to guide fair
allocation of scarce resources (2, 3). CSCs
promote the ethical goals of maximizing
benefits for populations, which is often defined
as saving the most lives or life-years, and of
distributing these benefits fairly among groups
4, 5).

To achieve these goals, more than 75% of
CSCs currently in use in the United States
recommend ranking patients according to
their likelihood of surviving their hospital stay
using the Sequential Organ Failure
Assessment (SOFA) score (2). A widely
adopted CSC describes dividing the SOFA
score into four categories by assigning 1 point
to patients in the lowest SOFA category,
indicating the highest likelihood of survival to
hospital discharge, and an additional point for
each subsequent category. After adding
additional points for patients with reduced
chances for near-term survival beyond the
hospitalization, giving consideration to
subtracting points for essential workers, and
using younger age as a tiebreaker, patients with
the fewest points are given the highest priority
for critical care resources (6). Thus, patients
with greater chances of in-hospital and near-
term survival are most strongly prioritized.

However, the SOFA score may not be well
suited for predicting mortality because it was
developed to describe sepsis-related organ
dysfunction (7, 8), and its developers
cautioned that it “is designed not to predict
outcome but to describe a sequence of
complications in the critically ill” (9).
Nevertheless, as organ failure often leads to
mortality, subsequent studies have confirmed
the prognostic accuracy of the SOFA score for
in-hospital mortality, most commonly among
critically ill patients with sepsis (10-12).

A more recently levied concern with the
SOFA score is that it was derived in a
predominantly European population, and its
prognostic accuracy among Black and white
patients in the United States is unknown.
Indeed, there is growing concern about
whether creatinine, a component of the SOFA
renal subscore, should be adjusted for race (13,
14). As Black patients were found to have
higher creatinine than white patients with the
same glomerular filtration rate in prior studies,
some caution that the lack of race-based
modification may lead to systematically higher

SOFA scores and lower CSC priority scores
among Black patients (15, 16). Others believe
that race-based modifications are invalid, in
part because of the greater genetic differences
within rather than between races, a difficulty in
classifying patients according to race, and the
risk of conflating race and racism (17-19). Yet
another source of concern is that because
treatments (e.g., respiratory support device
use) affect patients’ SOFA scores, the racial
differences in access to, preferences for, or
physician provision of these therapies may
inappropriately influence the scores (20-23).
To promote racial equity in CSCs, we
compared the prognostic accuracy of the
SOFA score and version 2 of the Laboratory-
based Acute Physiology Score (LAPS2) (24,
25), which is mentioned as an alternative to
SOFA in a widely adopted CSC (26). We
assessed the performance of these scores
among Black and white patients admitted
through the emergency department (ED) with
sepsis or acute respiratory failure (ARF). We
focused on this population because most CSC-
based triage decisions would be made in the
ED and because when patients with COVID-
19 require critical care, this requirement is
most commonly due to sepsis or ARF (27, 28).

Methods

The University of Pennsylvania and Kaiser
Permanente institutional review boards
approved the study. We followed the
Strengthening the Reporting of Observational
Studies in Epidemiology guidelines (29).

Study Population and Data Sources
We conducted a retrospective cohort study of
Black and white patients who received care at
27 Kaiser Permanente Northern California
and Penn Medicine hospitals between 2013
and 2018. We used electronic health record
data to identify patients =18 years of age with
sepsis at all sites and ARF at Penn Medicine
sites who were admitted from the ED to an
inpatient location (i.e., a ward, a step-down
unit, or an ICU). Sepsis and ARF definitions in
this cohort have previously been published
(30,31). In brief, sepsis or ARF must have been
diagnosed in patients while they were in the
ED on the basis of the adaptations of the Third
International Consensus Definitions for Sepsis
and Septic Shock criteria and physiologic and
clinical indicators of respiratory failure (32).
We excluded patients who had a code status
other than a full code status, as this may impact
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both their SOFA pulmonary subscore, which
includes the use of respiratory support devices
(9), and their likelihood of dying in the
hospital. We also excluded the 26% of patients
who identified as being Asian, Native
American, Hawaiian, a Pacific Islander, or of
mixed race or who identified their race as
“other” because our hypotheses related to
differences between white and Black patients.

Study Variables

The SOFA renal subscore was calculated using
creatinine alone, as urine output was not
reliably recorded in the ED. We used the
highest value for each SOFA subscore during
the ED stay in our calculation of the total SOFA
score (9).

The primary comparator with the SOFA
score was the LAPS2, which includes more
physiologic and laboratory data (including
creatinine) than SOFA but includes no
treatment variables (6, 24). We also created
and tested several modifications of the SOFA
score and the LAPS2. For the SOFA score, we
tested the following four specifications: 1) its
original form as a continuous variable from 0
to 24 points; 2) division into four categories
(<6,6-8,9-11, and =12) as proposed in a
commonly used CSC to facilitate use at the
pointof care (6); 3) a partial modification to the
renal subscore, in which we subtracted one-
half of a point (equal to the difference between
mean renal subscores between Black and white
patients in this cohort) from the renal subscore
for Black patients whose raw renal subscore
was >0; and 4) a SOFA score in which we
eliminated the renal subscore entirely. For the
LAPS2, we tested the following three
specifications: 1) its original form as a
continuous variable from 0 to 414 points
(scores >200 being uncommon), 2) a
continuous LAPS2 divided into eight equal
categories (i.e., on the basis of the range of
LAPS2s), and 3) a continuous LAPS2 divided
into four equal categories. Modifying the
creatinine component of the LAPS2 was not
possible because it is a two-stage prediction
model that does not merely sum scores on
different variables as SOFA does.

The primary outcome was in-hospital
mortality, defined as death during the hospital
stay or discharge to hospice.

Statistical Analyses

Analyses were performed with Stata/IC 14.2
(StataCorp LLC) and R (R Core Team, R
Foundation for Statistical Computing). We
compared patient characteristics using the chi-
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square and ¢ tests for categorical and
continuous data, respectively.

To promote ease of use and prevent bias
due to age, comorbidities, or other patient-
level factors, most CSCs calculate a priority
score using an unadjusted SOFA score or
another score (6, 33, 34). Under an ideal CSC,
Black and white patients with the same priority
score (or in the same score category) would
have equal likelihoods of dying in the hospital
(35, 36). Therefore, to test the independent
association of race with in-hospital mortality
for each specification of the unadjusted SOFA
score and LAPS2, we fit logistic regression
models including race as the independent
variable, in-hospital death as the dependent
variable,and the mortality prediction score asa
covariate.

The prognostic accuracy of all seven
specifications of the unadjusted mortality
prediction scores for in-hospital mortality was
assessed on the basis of model discrimination
and calibration (37). We first fit baseline
logistic regression models using only
in-hospital death and mortality prediction
scores, as the SOFA score and LAPS2 will not
generally be adjusted for other covariates in
triage situations. For each model, we then
calculated the area under the receiver
operating characteristic curve (AUC) for all
patients, Black patients, and white patients.
Using a prior framework, we considered an
AUC below 0.7 to be poor, an AUC of 0.7-0.8
to be acceptable, an AUC of 0.8-0.9 to be
excellent, and an AUC higher than 0.9 to be
outstanding (38). We compared the equality of
AUCs using the DeLong test (39). We
performed two sensitivity analyses. First, we
repeated discrimination analyses including the
center (i.e., hospital) as a random effect in the

Table 1. Patient Characteristics

baseline logistic regression model, as triage
officers will compare mortality prediction
scores for patients within a hospital. Second,
we repeated discrimination analyses after
redefining the outcome to only include
patients who died during their hospital stay.

To assess calibration, we calculated
probabilities for in-hospital mortality
predicted by each model, followed by the
creation of calibration belts for all patients,
Black patients, and white patients to compare
predicted and observed mortality. These
enabled visualization of the range and type of
miscalibration and provided a statistical
assessment of significant deviations from the
bisector (i.e., the line of perfect calibration in
which predicted and observed outcomes are
equivalent) on the basis of the likelihood-ratio
test (40). Two-sided P values =< 0.05 were
considered to indicate significance.

We also derived a numerical measure of
miscalibration, the integrated calibration
index (ICI), which is the average of the
absolute difference between observed and
predicted probabilities weighted by the density
of predicted probabilities (41). A perfectly
calibrated model would have an ICI of zero.
Because ICIs measure the magnitude but not
the direction of miscalibration, they can be
helpful in comparisons across models but not
for comparisons between racial groups, in
which the directions of errors strongly
influence considerations of distributional
equity.

To quantify the impact of model
miscalibration, we calculated the number of
Black patients who were inappropriately
excluded from the highest-priority category
(SOFA score < 6) on the basis of in-hospital
mortality risk. Black and white patients in each

of the four SOFA categories proposed in the
most common CSC ought to have the same
average in-hospital mortality (6). Therefore,
we sequentially moved Black patients whose
SOFA scores were marginally outside the
highest-priority category (i.e., those with
SOFA scores of 6, then 7, and so on) into the
highest-priority category (which already
included all Black and white patients with
SOFA scores <<6) until the average mortality
for Black patients in this category
approximated but did not exceed that of white
patients in this category. We reasoned that the
proportion of Black patients with SOFA scores
>5 who would be reclassified as having the
highest priority under an equitable model
provides an estimate of the impact of the racial
miscalibration of the SOFA score.

Finally, to determine whether adjustment
for other variables that might plausibly be
included in triage models improved
performance, we conducted secondary
analyses assessing discrimination and
calibration after adjusting models for age, sex,
and comorbidities using version 2 of the
Comorbidity Point Score (COPS2). COPS2 is
a measure of chronic illness and includes
diagnoses from the electronic health record for
the 12 months preceding patients’ ED
encounters (42).

Results

The final study sample of 113,158 patients
included 75,942 with sepsis, 10,840 with ARF,
and 26,376 with both. Overall, 24.4% of
patients were Black, and 1.33% were Hispanic.
Compared with white patients, Black patients
were younger (mean age, 61.7 yr vs. 67.7 yr)

Characteristic

Age, mean (SD)
Sex, F, %
SOFA score, mean (SD)
SOFA subscores, mean (SD)
Respiratory
Coagulation
Hepatic
Cardiovascular
Central nervous system
Renal
LAPS2, mean (SD)
In-hospital mortality, %
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Definition of abbreviations: LAPS2 = version 2 of the Laboratory-based Acute Physiology Score; SOFA = Sequential Organ Failure Assessment.
*Data were missing for age (n=2,344), the female sex (n=2,345), LAPS2 (n=5), and in-hospital mortality (n=1,144).
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Black 2,602 3,149 6,896 5,568 3,941 2,288 1,335 832 1,033

B
LAPS2
307 5 white
[ Black 1
2
= 20 A
.4_(3
I
1S
s
& -
o
<
£
10 -
0-62 63-76 77-88 89-99 100-111 112-125 126-146 147-321
LAPS2 score
All 14,227 14,083 14,941 14,171 14,205 13,668 14,014 13,844

White 10,513 10,402 11,162 10,748 10,898 10,596 10,893 10,300
Black 3,714 3,681 3,779 3,423 3,307 3,072 3,121 3,544

Figure 1. In-hospital mortality among white and Black patients by a mortality prediction score. (A) Sequential Organ Failure Assessment (SOFA)
score. Those with a SOFA score of 8 or greater were included in one category, as few patients had very high SOFA scores. (B) LAPS2. In-hospital
mortality was calculated for white and Black patients in each mortality prediction score category. The table beneath each graph demonstrates the
total number of patients in each category. LAPS2 = version 2 of the Laboratory-based Acute Physiology Score.
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Table 2. AUC for Mortality Prediction Scores among all Patients, White Patients, and Black Patients

Mortality Prediction Score

Original SOFA score

CSC SOFA score categories’

SOFA score with creatinine modification®
SOFA score without creatinine

Original LAPS2

Eight-category LAPS2!!

Four-category LAPS2T

AUC (95% CI)

All Patients White Patients Black Patients
0.68 (0.68—0.69) 0.67 (0.66—0.68) 0.72 (0.71-0.73)*
0.61 (0.60-0.61)F 0.60 (0.59-0.60) 0.65 (0.64-0.66)*
0.69 (0.69-0.69)* 0.67 (0.66—0.68) 0.72 (0.71-0.74)*
0.68 (0.67-0.69) 0.66 (0.66—-0.67) 0.73 (0.72-0.74)*
0.76 (0.76-0.77)* 0.75 (0.75-0.76) 0.79 (0.77-0.80)*
0.74 (0.74-0.75)* 0.73 (0.73-0.74) 0.77 (0.76-0.78)*
0.69 (0.69-0.70)* 0.68 (0.68—0.69) 0.72 (0.71-0.73)*

Definition of abbreviations: AUC = area under the receiver operating characteristic curve; Cl = confidence interval; CSC = crisis standard of care;
LAPS2 = version 2 of the Laboratory-based Acute Physiology Score; SOFA = Sequential Organ Failure Assessment.

*Significant difference (P < 0.05) between white and Black patients for a given mortality prediction score.

TSOFA score divided into four categories: <6, 6-8, 9-11, and =12.

*Significant difference (P< 0.05) compared with SOFA score among all patients.
SOne-half of a point subtracted from SOFA score if renal component of the SOFA score is >0 among Black patients.
ILAPS2 divided into eight categories: <40, 40-79.9, 80-119.9, 120-159.9, 160-199.9, 200-239.9, 240-279.9, and >280.
TLAPS?2 divided into four categories: <80, 80-159.9, 160-239.9, and >240.

and more likely to be female (51.8% vs. 45.9%)
(P < 0.001 for both) (Table 1). On average,
Black patients had higher overall SOFA scores
(3.1 vs. 2.9), primarily driven by their higher
renal subscore (1.3 vs. 0.8) and slightly higher
central nervous system subscore (0.4 vs. 0.3)
(P<<0.001 for all). In contrast, Black patients
had lower mean LAPS2s (102.2 vs. 103.1) and
were less likely to die in the hospital (7.5% vs.
8.6%) than white patients.

Comparing patients with the same SOFA
score or LAPS2 or range of scores, Black
patients had lower in-hospital mortality than
white patients in most categories (Figure 1).
Consistent with this result, Black race was
associated with significantly lower in-hospital
mortality compared with white race after
adjustment for each of the seven specifications
of the SOFA score and LAPS2 in separate
regression models (see Table E1 in the online
supplement).

Discrimination

The SOFA score had poor discrimination for
in-hospital mortality in this cohort (AUC,
0.68; 95% confidence interval [CI], 0.68-0.69),
with even poorer discrimination when using
the CSC SOFA score categories (AUC, 0.61;
95% CI, 0.60-0.61; P<<0.05). Compared with
the original SOFA score, the two modifications
to the SOFA renal subscore did not result in
meaningfully different AUCs (AUC, 0.69; 95%
CI, 0.69-0.69 and AUC, 0.68; 95% CI,
0.67-0.69 for the SOFA score with creatinine
modification and the SOFA score without
creatinine, respectively) (Table 2). The LAPS2
had acceptable discrimination, which was
significantly greater than that of the SOFA

score (AUC, 0.76; 95% CI, 0.76-0.77;

P < 0.05). Categorizing the LAPS2 into fewer
categories resulted in incrementally lower
discrimination (AUGC, 0.74; 95% CI, 0.74-0.75
and AUC, 0.69; 95% CI, 0.69-0.70 for the
eight-category and four-category LAPS2s,
respectively; P < 0.05, comparing either score
with the original LAPS2). All specifications of
the mortality prediction scores had higher
discrimination among Black patients than
among white patients. In sensitivity analyses,
adjusting for the center or excluding patients
who were discharged to hospice from the
outcome definition did not meaningfully
change discrimination for the SOFA score or
LAPS2, nor did it attenuate differences in
discrimination between white and Black
patients (Tables E2 and E3).

Calibration

Figures 2 and E1 show calibration belts for 1)
the SOFA score, 2) the LAPS2, and 3) the
SOFA score without creatinine, as this model
resulted in the best calibration among the
SOFA score modifications. The SOFA score
was significantly miscalibrated for all patients,
Black patients, and white patients. The LAPS2
was perfectly calibrated for all patients but
underestimated in-hospital mortality for
white patients whose expected mortality was
2-16% and overestimated in-hospital
mortality for Black patients whose expected
mortality was 1-27%. The LAPS2 had the
lowest ICI (best calibration) of the models
tested among all patients and among each
racial subgroup (Table E4). The SOFA score
excluding creatinine showed the narrowest
range of miscalibration (ranges of risk in which

the confidence limits excluded perfect
calibration) across patient groups. The
remaining models had worse calibration than
this modified SOFA score (Figure E1).

Recategorizing In-Hospital Mortality
Compared with white patients, Black patients
in the highest-priority CSC category (SOFA
score < 6) had lower in-hospital mortality
(5.3% vs. 6.9%). Reclassifying Black patients
with SOFA scores between 6 and 8 (N=2,611;
9.4% of all Black patients and 81.6% of Black
patients with SOFA scores >5) into the
highest-priority category resulted in similar
in-hospital mortality for Black and white
patients in this category (6.7% vs. 6.9%)
(Figure 3).

Adjusting for Age, Sex, and
Comorbidities

Compared with the results of our unadjusted
analyses, adjusting for age, sex, and COPS2
improved discrimination for all models. The
magnitude of change was greater for the SOFA
score and its modifications than for the LAPS2
and its modifications (Table E5). However, all
adjusted models were miscalibrated.
In-hospital mortality among Black patients
was still overestimated in most models and
never underestimated. Among white patients,
calibration errors were present in both
directions. Nearly all models continued to
underestimate in-hospital mortality for white
patients in the lower ranges of predicted
mortality, representing the majority of white
patients in the sample (Table E5).
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Figure 2. Calibration belts for selected mortality prediction scores among white and Black patients. (A) Original Sequential Organ Failure

Assessment (SOFA) score. (B) Original LAPS2. (C) SOFA score without creatinine. A Pvalue < 0.05 indicates miscalibration. Reported at the bottom
of each graph are values of expected mortality for which observed values are significantly under (i.e., the model overestimates mortality) or over (i.e.,
the model underestimates mortality) the bisector using the 95% confidence interval (shaded area of the graph). LAPS2 = version 2 of the Laboratory-

based Acute Physiology Score.

Discussion

Among patients with sepsis and ARF admitted
to 27 U.S. hospitals, we found that the SOFA
score had poor prognostic accuracy for
in-hospital mortality. This might be expected,
given the original intent of the SOFA score, but
its poor performance is notable because of its
widespread use in CSCs. Second, the LAPS2
had better overall discrimination than the
SOFA score and had the best calibration
among all patient groups of the models we
tested. However, both scores were
miscalibrated within racial subgroups in ways
that could systematically divert critical care
resources away from Black patients if used in
CSCs. Third, compared with the original
SOFA score, eliminating the renal subscore

improved calibration without changing
discrimination. Finally, consolidating
continuous mortality prediction scores into
few categories, as is advocated for the SOFA
score in some CSCs, worsened discrimination
without meaningfully changing calibration
among racial subgroups.

Prior evaluations of the SOFA score have
demonstrated higher discrimination for
in-hospital mortality risk than were found in
this study (10-12). However, the present
cohort includes a more diverse group of
patients defined by clinical criteria gleaned
from the electronic health record, all of
whom were initially treated in the ED.
Differences in cohort inclusion criteria can
influence measures of prognostic accuracy,
highlighting the importance of testing the

Ashana, Anesi, Liu, et al.: Racial Differences in Mortality Prediction Models

external validity of prediction models in new
populations.

We found that the SOFA score
underestimated in-hospital mortality risk for
white patients and overestimated it for Black
patients. Because CSCs prioritize patients with
lower predicted mortality risk, these errors in
mortality estimation could systematically
divert critical care resources from Black
patients to white patients, despite no true
mortality risk differences. Importantly, the
miscalibration occurred among patients with
an expected mortality rate of less than 30%
who are expected to derive the greatest benefit
from having access to such resources. Similar
calibration errors persisted after adjusting
models for age, sex, and comorbidities,
suggesting that other factors, which may be
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Figure 2. (Continued).

more difficult to include in CSCs (e.g.,
cumulative health effects of structural racism),
differentially contribute to in-hospital
mortality risk in Black and white patients.
Using the SOFA categories proposed in a
widely distributed CSC (6), we found that the
impact of this miscalibration would be
significant, as it would inappropriately prevent
9.4% of all Black patients and 81.6% of Black
patients who were not originally in the highest-
priority category from receiving the highest
priority for critical care resources. Given the
SOFA score’s poor overall discrimination and
disparate miscalibration among racial
subgroups, we caution against its use in CSCs.
We evaluated two modifications to the
renal component of the SOFA score. The
SOFA score without creatinine resulted in
better model performance than the SOFA
score with the renal component modified.
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This result is consistent with evidence that
creatinine is only a moderately accurate
measure of the glomerular filtrate rate in
racially diverse populations (43) and supports
recent calls to move away from racialized
medicine, as race is a social construct and is
thus a poor proxy for biological measures (13,
18). Removing creatinine from mortality
prediction models or replacing it with accurate
measures of renal function that do not perform
differently across races, such as cystatin C, may
improve model performance but may be
difficult to implement, given the acute need for
CSCs (13, 44).

We found that the LAPS2 had
discrimination superior to that of the SOFA
score and had the best calibration among all
models tested, perhaps because of its greater
scale, inclusion of additional physiologic
variables, and exclusion of treatment variables

(45). However, the differential miscalibration
within racial subgroups that we observed with
the SOFA score persisted with the LAPS2.
Unfortunately, because the LAPS2 is a two-
stage prediction model, there is no
straightforward method for removing
creatinine from the LAPS2 calculation as was
done with the SOFA score. Thus, although the
LAPS2 might be preferable to the SOFA score
in CSCs, future studies are needed to
determine whether a new LAPS2 model that
does not incorporate creatinine would enable
more equitable calibration without worsening
model discrimination.

Authors of CSCs should carefully weigh
the harms and benefits of collapsing
continuous mortality prediction scores into
fewer categories. Although grouping patients
into categories may facilitate time-sensitive
application under crisis and reduce the
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Figure 3. Black patients are inappropriately excluded from receiving the highest priority on the basis of in-hospital mortality in a commonly used
crisis standard of care. In this simulated scenario, the Black patients with SOFA scores between 6 and 8 were sequentially reclassified as being the
highest priority until the overall mortality risk for Black patients in the highest-priority category approximated, but did not exceed, that of white

patients in this category. SOFA = Sequential Organ Failure Assessment.

chances that small risk differences could
change determinations of priority, this study
quantifies the extent to which categorizing
continuous mortality risk scores reduces
predictive use. Real-world or simulated
comparisons are needed to determine how
many lives are saved across and within racial
groups when categorized versus continuous
mortality prediction models are used in CSCs.
Finally, without correcting the effects of
structural racism in the United States, it may be
that all prediction models display a degree
of racial bias in calibration. Therefore,
although recalibration prediction models to
mitigate racial bias may be helpful,
concurrent consideration and empirical
evaluation of alternate remedies will also be
needed (46).

This study has limitations. First, our
cohort predates COVID-19. However, our

sample reflects many of the patients who
would be considered for critical care even
during a COVID-19 surge. Second, our
calculation of the SOFA renal subscore was
based solely on creatinine and did not include
urine output, potentially reducing prognostic
accuracy. However, because urine output is
inaccurately recorded in many triage

settings, it is often excluded from mortality
prediction scores in the context of CSCs.
Third, we only included Black and white
patients on the basis of our hypothesized
differences in model performance between
these two races. Given the high prevalence of
COVID-19 among all racial and ethnic
minority communities (47), future studies
should test the prognostic accuracy of
mortality prediction scores among Asian
patients, Latinx patients, and patients of other
races or ethnicities.

In conclusion, we found that, compared
with the SOFA score, the LAPS2 had superior
discrimination and calibration for in-hospital
mortality among inpatients admitted from
the ED with sepsis or ARF. However,
differences in calibration among Black and
white patients using either score may cause
disparities in resource allocation. Future
studies should examine the racial impacts of a
new LAPS2 without creatinine. However,
because all acuity scores are likely to display
racial bias, more research is needed to
understand how to improve the application of
these scores in promoting equitable resource
allocation. M
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