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Abstract 

Purpose: To assess whether intensive care unit (ICU) outcomes for patients not affected by coronavirus disease 2019 
(COVID-19) worsened during the COVID-19 pandemic.

Methods: Retrospective cohort study including prospectively collected information of patients admitted to 165 ICUs 
in a hospital network in Brazil between 2011 and 2020. Association between admission in 2020 and worse hospital 
outcomes was performed using different techniques, including assessment of changes in illness severity of admitted 
patients, a variable life-adjusted display of mortality during 2020, a multivariate mixed regression model with admis-
sion year as both fixed effect and random slope adjusted for SAPS 3 score, an analysis of trends in performance using 
standardized mortality ratio (SMR) and standardized resource use (SRU), and perturbation analysis.

Results: A total of 644,644 admissions were considered. After excluding readmissions and patients with COVID-19, 
514,219 patients were available for analysis. Non-COVID-19 patients admitted in 2020 had slightly lower age and SAPS 
3 score but a higher mortality (6.4%) when compared with previous years (2019: 5.6%; 2018: 6.1%). Variable-adjusted 
life display (VLAD) in 2020 increased but started to decrease as the number of COVID-19 cases increased; this trend 
reversed as number of COVID cases reduced but recurred on the second wave. After logistic regression, being admit-
ted in 2020 was associated with higher mortality when compared to previous years from 2016 and 2019. Individual 
ICUs standardized mortality ratio also increased during 2020 (higher SMR) while resource use remained constant, 
suggesting worsening performance. A perturbation analysis further confirmed changes in ICU outcomes for non-
COVID-19 patients.

Conclusion: Hospital outcomes of non-COVID-19 critically ill patients worsened during the pandemic in 2020, pos-
sibly resulting in an increased number of deaths in critically ill non-COVID patients.
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Introduction

The outcomes of critically ill patients have improved 
in the past decades [1, 2]. Higher survival rates were 
observed in elective surgical admission, sepsis, cancer, 
and immunocompromised patients, among other inten-
sive care patients [1–5]. Reasons for better outcomes 
include the improvement in available treatments for the 
underlying diseases (such as cancer and other chronic 
illnesses) and advances in the management of organ 
dysfunctions and intensive care unit (ICU) acquired 
complications.

The coronavirus disease 2019 (COVID-19) pandemic 
has stressed the ICUs in several ways, including an abrupt 
increase in the need for ICU beds, a rise in the propor-
tion of mechanically ventilated patients, the adaptation of 
biosafety protocols to a new disease, among others [6–8]. 
While much attention has been given to the outcomes 
of critically ill COVID-19 patients [9], it is uncertain 
whether the sudden changes in case-mix and the burden 
imposed by the pandemic had an impact on the outcomes 
of non-COVID-19 critically ill patients [10].

We sought to analyze trends in crude and risk-adjusted 
mortality and ICU performance in a 10-year cohort of 
patients of ICU patients in Brazil. We hypothesized that 
overall time trends in reduction of ICU mortality would 
have been impaired during the pandemic and the mark-
ers of ICU performance, including standardized mor-
tality ratio (SMR) and standardized resource use (SRU) 
would have been impacted by COVID.

Methods
Design
Retrospective cohort study performed in ICUs from 
an integrated private hospital network (Rede D’Or 
São Luiz) present in eight Brazilian States. The use 
of fully anonymized cohort data for research pur-
poses has been approved by Local Ethics Committee 
and the Brazilian National Ethics Committee (CAAE: 
17079119.7.0000.5249) without the need for informed 
consent. All data was anonymized previously to extrac-
tion and analysis.

Population
Critically ill patients admitted from January 1st, 2011, 
until 31st December 2020. All adult (age equal or greater 
than 18); COVID-19 patients (confirmed or suspected) 
were not considered for the main analyses. We consid-
ered only the first admission to the ICU for each patient.

Data collection
Data were routinely and prospectively collected using a 
standardized electronic system (Epimed Monitor ICU 

System, Rio de Janeiro, Brazil [11]). Information collected 
included demographic data (age, sex at birth), comorbidi-
ties, admission type (medical, elective or urgent surgical), 
the Simplified Acute Physiological Score 3 (SAPS 3) [12]), 
organ support use at admission (mechanical ventilation, 
non-invasive ventilation, vasopressors, renal replacement 
therapy at ICU admission or up to the first hour after 
ICU admission), comorbidities, performance status on 
the week previous to ICU admission (measured by East-
ern Cooperative Oncology Group classes, stratified in 0 
or 1—independent or with minor performance impair-
ment, 2—moderate performance impairment and 3 or 
4—severe performance impairment or bedridden) [13], 
respectively), ICU and hospital length-of-stay (LOS) and 
ICU and hospital mortality.

COVID‑19 status
Since February 2020, all admitted patients were catego-
rized according to confirmed COVID-19 (through poly-
merase chain reaction—PCR), suspected COVID-19 
(unavailable PCR diagnosis but high clinical suspicion) 
and non-COVID-19 patients (PCR negative and without 
suspicion of COVID-19).

Primary outcome
Primary outcome was in-hospital mortality. Pre-specified 
subgroup analysis included patients stratified accord-
ing to admission type, infection as main diagnosis for 
admission, performance status impairment, and use of 
mechanical ventilation at admission. As secondary out-
comes, we also assessed trends in SMR and SRU (as prox-
ies of ICU performance) among participating units (see 
details below).

Missing data policy
We excluded patients with missing hospital outcomes 
for the main analysis. Relevant variables with missing 
values were imputed in a single process using a multiple 
chain equation using mice R package [14]; the average of 
5 imputation sets or the commonest result (for categori-
cal variables) was used. Imputation was performed for 
missing values on admission type, performance status, 
and use of mechanical ventilation and vasopressors at 
admission.

Take‑home message 

In a large cohort of hospitals in Brazil, non-COVID-19 critically ill 
patients had worse adjusted outcomes in 2020 when compared 
with previous years. This association was consistent among several 
different approaches. The impacts of COVID-19 pandemic extend 
beyond COVID-19 patients.
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Statistical analysis
We used standard descriptive methods to report main 
patients’ characteristics features over time. We assessed 
the association between admission year and outcome 
using a sequential approach:

1. An exploratory unadjusted analysis showing trends 
of admission SAPS3 score, age, admission type, num-
ber of admissions and mortality.

2. A SAPS 3 calibration analysis based on SAPS3 stand-
ard equation to check fluctuation, in the whole sam-
ple of non-COVID patients, between actual and pre-
dicted SAPS3 mortality.

3. An analysis of trends in variable life-adjusted dis-
play (VLAD) for non-COVID patients in 2020 cou-
pled with number of COVID admissions according 
to admission week during 2020. VLAD is an accu-
mulated sum of adjusted risks. In brief, for each 
surviving patient a value equal to predicted prob-
ability of dying by SAPS 3 score was added and for 
each dying patient, the probability of survival was 
subtracted from the cumulative sum. For example, if 
a patient with a predicted mortality of 0.4 survives, 
0.4 is added to the cumulative VLAD sum; if the 
patient dies, 0.6 is removed from the sum. VLAD, 
therefore, increases if the system is outperforming 
the predicted mortality, and decreases in VLAD sug-
gest a decrease in overall performance [15]. VLAD 
was designed to allow frequent assessment of perfor-
mance of a unit over time and has been shown to be 
sensible to changes in performance [15].

4. A mixed regression model with SAPS3 score, admis-
sion year and their interaction as fixed effects and a 
random intercept for unit and random slope for year 
for non-COVID patients. This analysis was further 
enhanced for a specific secondary analysis comparing 
specific moments in the 2020 pandemic versus 2019.

5. An assessment of changes in ICU performance over 
time measured as their SMR and SRU for bimesters 
during 2016–2019 considering only non-COVID 
patients.

6. A perturbation analysis of SMR in 2020 versus previ-
ous years (2016–2019), again considering only non-
COVID patients.

We used mixed regression models in analysis (4) for 
subgroup analyses.

Analyses (1) and (2) were designed to provide a broad 
evaluation of trends over time. The third analysis (3) was 
used to assess whether the burden of COVID-19 cases in 
the participating units would track changes in outcome 
measured by SAPS3 adjusted VLAD in 2020. The fourth 
analysis (4) is a traditional regression model designed 

to account for sites and illness severity in a comparison 
between 2020 and all the other years in the cohort at the 
patient level; it is further enhanced by an ancillary analy-
sis that considers phases of the pandemic (see ESM for 
details). Analysis (5) was designed to provide a graphical 
representation of performance for selected units consid-
ering ICUs with full information available from 2016 to 
2020. In this analysis, we evaluated bimonthly temporal 
changes in SMR and SRU from 2016 to 2020 considering 
only ICUs that had admissions in all bimesters between 
2016 and 2020 inserted in the database. SRU was calcu-
lated as the observed-to-expected use of resources, we 
used the ICU LOS as a surrogate measure of resource 
use and the average LOS per survivor as the expected 
resource use [16]. We assessed structural changes in the 
progression of SMR and SRU before and during 2020 
using Chow’s Test [17].

The last analysis (6) was based on the same set of ICUs 
for analysis (5) and was performed through estimating 
the potential degree instability in the system induced 
by the pandemic in 2020 [18, 19] (see ESM for details). 
This analysis is a broad representation on how SMR and 
SRU changed in two different periods (2020 versus 2016–
2019) considering not only shift in crude SMR and SRU 
values but also change in the dispersion of SMR and SRU 
values in the participating units. In this specific case, 
the SMR and SRU values in 2020 were compared to the 
respective average SMR or SRU values from 2016 to 2019 
for each unit using violin plots and dot plots. Addition-
ally, each bimester in 2020 was compared to previous 
baseline values of 2016–2019.

We performed all analyses in R project version 4.04 
[20] with packages lme4 [21], emmeans [22] and mdp 
[19]. We considered a p-value lower than 0.05 to be sig-
nificant in the mixed model result, with post-hoc com-
parisons of mortality over time (year to year comparison) 
being performed using Tukey adjusted p-values for mul-
tiple comparisons within the logistic regression model 
for mortality (therefore not accounting for all possible 
comparisons between all models performed). A p < 0.05 
was considered significant for Chow test. Comparison 
between perturbation scores in 2020 bimesters versus 
2016–2019 was made using Mann–Whitney U test with 
Bonferroni adjustment.

Results
A total of 644,644 admissions were available in the 
whole data set. We excluded non-adult patients (8314 
patients—1.3%), ICU readmissions (91,623—16.8%), 
and patients with missing hospital outcome (8865 
patients—1.6%), leaving 535,842 patients for analysis. 
Of those, 21,550 were patients with confirmed or sus-
pected COVID-19; therefore, our main analysis focuses 
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on 514,292 patients included in 165 ICUs from 45 dif-
ferent hospitals (flowchart is shown in sFigure 1). There 
were no missing data for SAPS 3 score for all patients; 
missing values for other variables are shown in ESM, 
sFigure 2, sFigure 3 and a comparison between imputed 
and not imputed datasets is provided in sTable 1. A sum-
mary of patient’s features according to admission year is 
shown in Table 1. An overview of SAPS 3, age, mortality, 
number of admissions and admission type over time is 
shown in Fig. 1. SAPS3 and age slightly decreased in 2020 
compared to 2019 and mortality slightly increased. Crude 
mortality was higher in 2020 than in 2019 (Table  1), 
despite the discrete reductions in SAPS 3 and age. Cali-
bration of predicted SAPS3 mortality using global equa-
tion over the 10 years in the cohort in shown in sFigure 4; 
a plot of SAPS 3 calibration for the whole sample and 
specific years (2011, 2018, 2019, all patients from 2011 to 
2019, and 2020) is shown in sFigure 5.

Changes in VLAD for non-COVID patients in each 
epidemiological week in 2020 is shown in Fig.  2A and 
the number of cases of COVID-19 admitted to the par-
ticipating units in the corresponding weeks are shown in 
Fig. 2B. The rise in COVID-19 cases after the 11th week 
in 2020 was accompanied by a decrease in VLAD; after 
the peak of number of COVID-19 cases in weeks 17–20, 
the decrease in COVID-19 admissions was accompanied 
by an increase in VLAD. A second increase in COVID-
19 cases after week 43 was further followed by another 
decrease in VLAD for non-COVID patients.

In logistic regression mixed model, the odds ratio for 
mortality in non-COVID patients was higher in 2020 
versus 2019, 2018 and 2017, but like 2016 and lower for 
2011–2015 (with the exception of very severe patients—
SAPS 3 above 90 points—for the comparison between 
2020 and 2019). Results of the logistic regression model 
are shown in Fig. 3 (numeric raw values are shown in sTa-
ble 2 and subgroup analysis are shown in sFigures 6–12). 
A similar pattern to the main analysis was seen for most 
subgroups. For very sick patients (SAPS 3 above 70) the 
association was less pronounced in patients with moder-
ate or severe performance status impairment and elec-
tive surgery patients. In the ancillary analysis comparing 
specific periods of 2020 versus 2019, there were no differ-
ences in SAPS 3 adjusted mortality in early 2020 (before 
COVID-19) and 2019. The first peak was associated with 
an important increase in mortality, which was less clear 
in the second peak (sFigure 13).

Finally, trends in SMR and SRU for 65 ICUs that 
included patients in all bimesters from 2016 until end 
2020 are shown in Fig. 4A and B, respectively. There was 
a trend towards reduction in overall and average SMR 
for these units over time until March 2020, when SMR 
started to rise. Changes in SRU over time were of lower 

magnitude and not grossly affected by the pandemic. A 
representation of SMR and SRU for all units is shown in 
sFigure 14. Fluctuations in SMR were confirmed on the 
perturbation analysis shown in Fig.  4C; similarly, even 
though average SRU was not clearly modified, it was also 
perturbed in 2020 (Fig. 4D). The aggregated SMR or SRU 
values for these 65 ICUs from 2016 to 2019 are shown in 
blue with the perturbation index in the y-axis in Fig. 4C 
and D, with 2020 values shown in purple. The increase in 
perturbation score suggests that the system was exposed 
to a different factor that affected the trends of SMR and 
SRU scores, but that perturbation on SMR was probably 
more important.

Discussion
In this large prospective cohort of critically ill patients 
admitted to 165 Brazilian ICUs between 2011 and 2020, 
a decrease in overall and risk-adjusted (SAPS3) mortal-
ity was consistently observed until 2020 when a reversal 
of this trend of mortality coincided with the beginning of 
COVID-19 pandemic. Different analysis methods as well 
as subgroup analysis provided similar results. In addition, 
the visual life-adjusted display (VLAD) and a perturba-
tion analysis reinforced the conclusion that the system 
was somehow disturbed after March 2020. Markers of 
ICU performance, especially SMR, were modified during 
2020. The association was consistent in most subgroups.

Assessing causality between COVID-19 burden and 
worse outcomes in non-COVID-19 patients is cumber-
some. While there is an environmental rationale for our 
findings, it is pivotal to provide further evidence of the 
phenomena and strengthen the possible causal link. Sev-
eral methods were applied to do so. First, the increase in 
mortality for non-COVID patients could not be directly 
attributed to an increase in baseline illness severity or 
need for organ support at ICU admission or to a major 
shift in age, performance status or admission type in 2020 
(as shown in Fig. 1). This increase in mortality shifted the 
SAPS3 calibration curve upwards, reducing the tendency 
of SAPS3 predicted mortality to overestimate deaths that 
was becoming prominent in the previous years (shown 
in sFigure  2 and sFigure  3). Second, during 2020, the 
increase in COVID-19 cases was accompanied by wors-
ening of outcomes of non-COVID-19 critically ill patients 
during the two peaks of ICU admission (shown in 
Fig. 2A). The fact that VLAD for non-COVID-19 patients 
inversely “tracked” the number of COVID-19 admissions 
during 2020 (shown in Fig. 2B) may suggest that both a 
“dose–effect” and reversibility events were present during 
2020. Third, the strength of the association was estimated 
in a mixed effect regression model that accounted not 
only for ICU but also for the year effect within each ICU 
during a large period. The observed trends in improving 
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outcomes for the past years were reversed in 2020, with 
admission to the ICU in 2020 being a risk factor for mor-
tality. We also considered possible interactions between 
illness severity and year of admission; results were com-
patible with a higher odd for mortality in 2020 versus 
previous years, with performance matching 2016. Finally, 
trends in SMR over time and the perturbation analysis 
are compatible with an abrupt change in ICU perfor-
mance during 2020. SRU remained largely unchanged but 
was also disturbed by the pandemic to a certain degree. A 
reasonably constant standardized resource use coupled 
by an increase in standardized mortality provides indi-
rect evidence that no “early discharges” (which would be 
accompanied by a decrease in SRU) were responsible for 
this higher mortality.

While these results provide the rationale for a causal 
association between the pandemic and worse outcomes 
of critically ill non-COVID patients, they lack mecha-
nistic information on the possible reasons for the effect. 
We can hypothesize several unmeasured factors such 
as late hospital referral, disruption of organization and 
process of care due to reduced staff (burnout, sickness 
leave, increased number of ICU beds), and ICU strain 
are frequently associated with reduced in the adherence 
to process of care measures and consequently associated 
with increased morbidity and mortality. Regardless of 
the mechanistic pathway, it is reasonable to assume that 

COVID-19 impacted the outcome of non-COVID-19 
critically ill patients, perhaps resulting in excess deaths 
in our setting. Therefore, solely considering COVID-19 
deaths as a measurement of the impact of the pandemic 
may underestimate its effect on patients with different 
diagnosis, including critically ill surgical patients, patients 
with infection, among other groups.

Despite many studies assessing the effect of COVID-19 
on the presentation of other conditions [23–25], there are 
few reports on the effect of COVID-19 on the outcomes 
of non-COVID critically ill patients or assessing the 
impact on ICU performance. A recent nationwide study 
in Denmark reported that outcomes of several acute con-
ditions on hospitalized patients, including those with 
sepsis and cancer, were worst during COVID-19 pan-
demic [26]. Although not focused specifically on criti-
cally ill patients, conditions whose outcomes were more 
impaired during COVID-19 were unsurprisingly those 
requiring more urgent care. The present report pre-
sents recent data from a large Brazilian cohort that cor-
roborates with the idea that care for non-COVID acute 
patients was somehow impaired during the pandemic. 
The overall increase in mortality is relevant considering 
the large number of admissions and should prompt a dis-
cussion on how to optimize care for non-COVID patients 
during the present outbreak. Specifically, future efforts in 
this subject should include other relevant information on 
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staff density, wellness, and other markers of both hospi-
tal and ICU strain, among other variables to elucidate the 
mechanisms behind a possible worsening in outcomes of 
critically ill patients during situations of high demand.

This study has several limitations. As with any obser-
vational study, a definitive causal pathway cannot 
be fully established. However, the analysis was built 
to reinforce several key elements of causality (time 
dependency, reversibility, “dose–effect”, strength of the 
association). It remains conceivable that residual con-
founding may explain our results or that other unmeas-
ured aspects such as triage and admission criteria, 
unavailable in our data, could explain the results. Model 
adjustment relied mainly on a single illness severity 

score, which, in turn, is accurate and well-calibrated in 
our setting. We applied several models and we did not 
control for all possible multiple comparisons; therefore 
much (but not all) of the remaining multiplicity relates 
to use of different analytical approaches which were 
specifically chosen to provide a wide range of views on 
the question being asked. The correspondence of all 
of them strengthens (rather than weakens) the overall 
conclusion. We had no data on ICU or staff character-
istics, including age experience workload or years of 
practice, neither on human factors, such as fatigue or 
burnout, which may be of importance in this context. 
Our cohort has an exceptionally low hospital mortality 
rate for critically ill patients, which reflects local ICU 
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admission policies; this may limit extrapolation of these 
findings to other settings; however, the increase in 
mortality occurred in both low and high illness severity 
patients. In addition, we were not available to provide 
information on the process of care or staffing before 
and during the pandemic, as well as its potential dis-
ruption in standards of care. We also lack information 

on the number of ICU beds during COVID-19 surge; it 
is conceivable that some units increased their capacity 
and that this could be related to our findings. Finally, 
some subgroups were defined based on information 
with missing values that were imputed. While the 
percentage of missing values was low, this may have 
resulted in some imprecision in subgroup analyses.
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Conclusion
Hospital outcomes of non-COVID-19 critically ill 
patients worsened during the pandemic in 2020, possi-
bly resulting in an increased number of deaths in criti-
cally ill non-COVID patients. The indirect effects of the 
pandemic, including a disruption of the ICU perfor-
mance, should be considered when measuring its toll 
on critically ill patients and healthcare systems.
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