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of your instrument’s accuracy!
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The World Health Organization declared the novel coro-
navirus disease 2019 (COVID-19) outbreak a global pan-
demic on March 11, 2020. The large number of patients 
needing hospital care led to shortages of beds in inten-
sive care units (ICUs), requiring an increase in ward and 
ICU capacity, which continues to stress healthcare sys-
tems [1]. The imbalance between supply and demand for 
medical resources has raised concerns about how scarce 
medical resources can be optimally allocated during the 
COVID-19 pandemic. Rationing ICU beds is a potential 
strategy to cope with limited resources [2], with prognos-
tic scores potentially helping in triage decisions, such as 
identifying the optimal ward for patients (e.g., step-up 
or step-down units), considering transfer to other hospi-
tals with available capacity or, in some cases, discussing 
limitations of care [3]. These scores can also be useful in 
stratifying patients by mortality risk for clinical research 
aimed at identifying effective treatments and protocols.

Nevertheless, physicians need to be confident that 
the prognostic instrument they use is accurate: that the 
value it predicts is close to the true value of the relevant 
outcome. Independent external validation of previously 
developed models, which evaluates score performance 
in a similar population drawn from a different cohort, is 
an essential way to guarantee the accuracy and the gen-
eralizability of prognostic instruments [4, 5]. Uncertain 
confidence in prognostic models may be particularly 
acute for COVID-19, as a recent systematic review of 31 
prediction models for COVID-19 concluded that most 
published models have been poorly reported and were at 
high risk of bias [6]. Similar uncertainty regarding model 

performance when tested in external or independent 
samples has been described for other prediction models 
recently [7]. A cursory PubMed search using “predic-
tion” and some ICU relevant conditions over a period of 
20 months shows a plethora of publications (Fig. 1). Even 
if we consider some overlapping between different condi-
tions, the large number of articles on prognostic models 
and COVID-19 (n = 1231) highlights the challenges that 
clinicians have faced in finding useful information on 
existing predictive models in this pandemic.

In this issue of Intensive Care Medicine, Lombardi 
et  al. [8] evaluate the performance of existing prognos-
tic scores to predict in-hospital mortality and the com-
posite outcome of in-hospital mortality or ICU transfer 
in SARS-CoV-2-infected patients. The external valida-
tion was performed in a large database (14,343 patients) 
containing data collected in 39 hospitals spread across 
Paris and its surrounding region. The authors selected 
32 prognostic scores, which met pre-specified criteria 
for “higher quality” and were computable with their data. 
When assessing the performance of each score to predict 
the outcome most similar to the one used in the original 
study, only the 4C Mortality score [9] had an Area Under 
the receiver operating curve (AUC) significantly higher 
than that previously published. When assessing the per-
formance of each score to predict 30-day in-hospital 
mortality, seven scores showed at least very good per-
formance (AUC > 0.75); the 4C Mortality [9] (AUC 0.793, 
95% CI 0.783–0.803) and the ABCS [10] (0.79, 95% CI 
0.78–0.801) scores exhibited the highest AUCs. Using the 
4C Mortality score at a low-risk cutpoint of 3 to predict 
in-hospital mortality, the sensitivity (true positive rate) 
was 99% and specificity (true negative rate) was 8%. At a 
high-risk cutpoint of 15, sensitivity was 21%, and speci-
ficity was 96% (Table S8). The CORONATION-TR score 
[11] had the highest AUC (0.724, 95% CI 0.714–0.733) to 
predict the composite outcome.
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The two scores with the highest AUC to predict 
30-day in-hospital mortality (the 8-item 4C Mortality 
score [9] and the 10-item ABCS score [10]) include dif-
ferent weightings for age, sex, and C reactive protein. 
Of the remaining variables of 4C Mortality score, four 
are clinical and one is a laboratory test (urea). Of the 
remaining variables of ABCS, six are laboratory tests 
while only one is clinical (chronic obstructive pulmo-
nary disease). Interestingly, while these scores differ in 
their balance between clinical and laboratory variables, 
both appeared to demonstrate similar performance in 
terms of discrimination and calibration. Moreover, 
both scores appear to be easy to use.

One of the major strengths of the study is that the 
external validation was performed using a large number 
of hospitals and patients, which strengthens the gener-
alizability of the results. In addition, Lombardi et al. [8] 
performed multiple supporting analyses to enhance the 
utility of their findings. First, they assessed discrimina-
tion using data from different waves of the pandemic 
(no substantial difference) and across age subgroups 
(lower performance was seen in patients > 65 years old 
for some scores). Second, they assessed model per-
formance using standard AUC values as well as area 
under the precision-recall curve (results unchanged) 
which can account for imbalanced outcomes. Finally, 
they assessed calibration using the calibration curve by 
deciles of risk, which allowed them to describe that the 
models overestimated mortality, especially during the 
epidemic waves subsequent to the first one.

Weaknesses of the study were that the authors were 
unable to exactly replicate all of the scores as they were 
originally designed because of missing data or other 
cohort differences. Nevertheless, they clearly describe 
their missing data and no substantial change was found 
in AUC values between datasets with multiple imputa-
tion or complete case analysis (Table  7S). Other limi-
tations are the retrospective study design that could 
include selection and information bias, as reported in 
the discussion. In addition, prognostic scores are use-
ful instruments to assess groups of patients, but may 
have limitations when applied in the clinical practice 
for individual risk prediction due to their probabilistic 
nature [12].

In conclusion, we strongly commend Lombardi et al. 
[8] for their carefully conducted and comprehensive 
study. Although prior reports suggest that existing 
COVID-19 predictive models are at high risk for bias, 
this study helps lend confidence to a key set of prognos-
tic scores by rigorously evaluating their performance in 
an independent sample. In the future, this work might 
allow researchers to devote their limited time to verify-
ing the actual utility of COVID-19 prognostic scores in 
the clinical setting, instead of attempting to create new 
prognostic scores.
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Fig. 1  Number of articles published from January 2020 to August 2021 retrieved by search in PubMed, according to the key words used
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