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Abstract

Purpose: Clinical characteristics and management of COVID-19 patients have evolved during the pandemic, poten-
tially changing their outcomes. We analyzed the associations of changes in mortality rates with clinical profiles and
respiratory support strategies in COVID-19 critically ill patients.

Methods: A multicenter cohort of RT-PCR-confirmed COVID-19 patients admitted at 126 Brazilian intensive care units
between February 27" and October 28, 2020. Assessing temporal changes in deaths, we identified distinct time
periods. We evaluated the association of characteristics and respiratory support strategies with 60-day in-hospital
mortality using random-effects multivariable Cox regression with inverse probability weighting.

Results: Among the 13,301 confirmed-COVID-19 patients, 60-day in-hospital mortality was 13%. Across four time
periods identified, younger patients were progressively more common, non-invasive respiratory support was increas-
ingly used, and the 60-day in-hospital mortality decreased in the last two periods. 4188 patients received advanced
respiratory support (non-invasive or invasive), from which 42% underwent only invasive mechanical ventilation, 37%
only non-invasive respiratory support and 21% failed non-invasive support and were intubated. After adjusting for
organ dysfunction scores and premorbid conditions, we found that younger age, absence of frailty and the use of
non-invasive respiratory support (NIRS) as first support strategy were independently associated with improved sur-
vival (hazard ratio for NIRS first [95% confidence interval], 0.59 [0.54-0.65], p<0.001).

Conclusion: Age and mortality rates have declined over the first 8 months of the pandemic. The use of NIRS as the
first respiratory support measure was associated with survival, but causal inference is limited by the observational
nature of our data.
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Introduction

Months after the coronavirus disease 2019 (COVID-19)
pandemic had spread across Asia and Europe, Brazil
became a hotspot for the infection, with sustained trans-
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Brazi the initial surge, with a younger population affected,
Full author information is available at the end of the article resulting in lower case-fatality rates [3]. However, it is not
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clear how these changes have impacted the in-hospital
outcomes of severe cases or how improvements in the
clinical management of these patients may have led to the
decline in mortality rates.

Although therapeutic options for severe COVID-19
patients have been tested recently in large clinical trials,
[4-7] general questions on supportive care, such as the
best initial ventilatory strategy, are still controversial [8,
9]. No conclusive data from randomized trials on SARS,
MERS, or COVID-19 is currently available to guide ven-
tilation practices [10]. Moreover, concerns related to the
risk of aerosol generation and contamination of health-
care workers limited recommendations of non-invasive
respiratory support strategies at the beginning of the
COVID-19 epidemic [11].

Resource limitations to treat severe COVID-19 patients
have been a concern for international health authorities,
societies, and researchers [12, 13]. Recently, we demon-
strated the impact on clinical outcomes of the collapse of
health systems during the COVID-19 epidemic in Brazil-
ian regions, especially for patients requiring mechanical
ventilation [14, 15]. It is crucial to understand the clinical
outcomes and factors contributing to mortality in differ-
ent healthcare settings and, throughout the epidemic, to
envision potential care improvement targets and optimal
utilization of resources.

The present study analyzes the dynamic of severe
COVID-19 admissions in 126 intensive care units (ICUs)
from a middle-income country during the first 8 months
of the epidemic. We hypothesized that variations in clini-
cal characteristics, risk factors and resource use were
related to the evolving changes in mortality. In a second-
ary hypothesis, we evaluated the association of initial
respiratory support strategies with 60-day in-hospital
mortality in patients with acute respiratory failure.

Patients and methods

Study design and participants

As the first confirmed SARS-CoV-2 infection in Brazil
occurred on February 26, this cohort study included
patients admitted from February 27" to October 28%,
2020, with vital status follow-up until December 27
We included all adult patients with RT-PCR-confirmed
SARS-CoV-2 infection admitted to the ICUs from an
integrated hospital network (Rede D’Or Sdo Luiz) pre-
sent in eight Brazilian States. All patients analyzed had
COVID-19 as their primary ICU admission diagnoses.
One hundred and twenty-six ICUs from 42 hospitals
prospectively collected data on every consecutive ICU
admission (Supplementary Figure—sFigure 1 and Sup-
plementary Table—sTable 1). Local Ethics Committee
and the Brazilian National Ethics Committee (CAAE:

Take-home message

Age and frailty of critically ill patients have reduced over the first

8 months of the COVID-19 pandemic. Mortality rates have also
progressively decreased in the last 5 months, after May 2020. Non-
invasive respiratory support has been increasingly used and showed
an association with improved 60-day survival in our study. Results
of randomized trials are needed to confirm if strategies based on
early non-invasive support for respiratory failure in severe COVID-19
improve outcomes.

17,079,119.7.0000.5249) approved the study without the
need for informed consent.

Data collection and missing values
Anonymized information from COVID-19 ICU-admit-
ted patients was obtained from an electronic system
used for benchmarking purposes (Epimed Monitor®, Rio
de Janeiro, Brazil) [16]. The database contains prospec-
tively collected structured data of all ICU admissions.
Characteristics at admission, including demographics,
clinical diagnosis, comorbidities, source of admission,
the Simplified Acute Physiology Score 3 (SAPS-3), the
Sequential Organ Failure Assessment (SOFA) score, and
the Modified Frailty Index (MFI), were considered for the
analysis. We assessed the subsequent use of organ sup-
port, especially the initial advanced respiratory support
implemented (non-invasive respiratory support strate-
gies and invasive mechanical ventilation, NIRS and IMV,
respectively), renal replacement therapy (RRT), vaso-
pressors, and the hospital and ICU outcomes. NIRS was
defined as either non-invasive positive pressure ventila-
tion (NPPV) or high-flow nasal cannula (HFNC). Pre-
paredness measures to absorb the surge of COVID-19
patients included the cancellation of elective surgeries, an
increase in the number of ICU beds, and the implemen-
tation of care pathways for those with respiratory failure.
To evaluate ICU preparedness, we compared the average
number of ICU beds and occupancy rates between a pre-
pandemic period (October 2019 to January 2020) and the
peak of simultaneous hospitalizations.

We did not perform value imputation for the primary
analysis, and we reported the number of complete cases
for each variable (Supplemental Methods—sMethods).

Outcomes

The primary outcome was 60-day in-hospital mortality.
Secondary outcomes were in-hospital and ICU mortality,
as well as hospital and ICU length-of-stays (LOS).

Statistical analysis
We used median and interquartile range (IQR) or mean
and standard deviation (SD) for quantitative variables,
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and frequencies and proportions for categories. We
assessed the temporal dynamic of ICU hospitaliza-
tions and respiratory support utilization. We stratified
our study population in time periods based on the daily
number of ICU deaths using a method for evaluating
structural changes in time series (e.g., inflection-point
or change in trend; sMethods). Using linear models, this
method identifies “breakpoints” in which a significant
change in the curve’s behavior (e.g., inflection-point or
change in trend) occurred [17].

We compared clinical characteristics, organ support,
and the use of NIRS or IMV as the first respiratory sup-
port measure, across the defined time periods. Amongst
the subset of patients that required advanced respiratory
support (NIRS and/or IMV), we performed univariate
analyses of 60-day in-hospital mortality using Kaplan—
Meier (KM) survival curves. We considered age (catego-
rized in decades with <40 years as the reference), frailty
(categorized as non-frail, pre-frail, and frail based on the
MEFI), and the initial respiratory support (NIRS first and
IMV first), as the variables of clinical relevance, along
with the time periods previously estimated. Differences
among survival curves were evaluated with the log-rank
test (confidence level: 0.05).

We evaluated the associations between the previously
described variables with the 60-day in-hospital mortality
in the subset of patients that required advanced respira-
tory support. We used a random-effects multivariable
Cox proportional hazards model where the hazard is
death. Due to the different case-mix among the hospitals,
we considered the hospital variable as a source of random
variability (random intercept) and adjusted the variables
by the identified time periods. We estimated the hazard
ratio (HR) and its corresponding 95% confidence inter-
val for each variable. To account for the nonrandomized
allocation of respiratory support strategies, we used
propensity-score-derived inverse-probability treatment
weighting (IPTW) in the multivariable Cox model. Pro-
pensity scores were estimated using multivariable logis-
tic regression model with the first respiratory support as
the response variable [18, 19] (sMethods). Starting from a
full multivariable model, we used a backward elimination
process using p values in combination with goodness-
of-fit measures (Akaike information criteria [AIC] and
Bayesian information criteria [BIC]) to estimate the final
model.

We also performed two sensitivity analyses to evalu-
ate the robustness of our results. First, we built the final
models using two alternative propensity-score-based
methods: the Standardized Mortality Ratio (SMR)-
weighting and IPTW excluding patients with propensity
scores outside of the 95% percentile [20]. Second, we per-
formed the multivariable model including only patients

with available data on PaO2/FiO2 ratio (with adjustment
for this variable) and reported another model estimating
missing values of lung injury severity with multiple impu-
tation using chained equations [21].

We performed all analyses in R 4.0.2 (more details in
sMethods).

Results

From February 27%, to October 28%, 2020, a total of
61,471 consecutive adult ICU admissions occurred in
42 hospitals and 126 ICUs that prospectively collected
data. Out of those, 13,301 (22%) were patients with con-
firmed COVID-19 diagnosis, of which 4188 (31%) had
respiratory failure requiring advanced respiratory sup-
port (NIRS or IMV) (sFigure 2). The overall median age
was 54 years (IQR:[41, 69]), with 39% (5,250/13,301)
being 60 years or older and 42% women (Table 1). 13%
of patients were frail (MFI>3), and 68% presented at
least one comorbidity (sTable 4). Among patients with
PaO,/FiO, ratio available, almost half (2112/4,649; 45%)
presented moderate to severe lung injury (PaO,/FiO,
ratio <200). The median ICU and hospital LOS were
5 days (IQR: [2-10]) and 8 days (IQR: [5-10]), respec-
tively. Overall, 60-day in-hospital mortality was 13%
(1785/13,301).

Over time, since the first confirmed cases in late Febru-
ary and early March, a sharp rise in daily ICU admissions
for COVID-19 was observed, with a subsequent increase
in daily deaths (Fig. 1). This upward trend remained until
May 13%, 2020, with a peak of 1,066 ICU-hospitalized
patients in a single day. ICU mortality rate peaked 34%
on May 24", In comparison with the pre-pandemic
period (October/2019-January/2020), ICU-bed avail-
ability increased 31% at the peak of ICU hospitalizations
(sTable 2).

Based on the analysis of structural changes in the time
series of the daily ICU deaths curve (Fig. 1, panel C),
three breakpoints were identified, and four time periods
were defined to stratify our population. Patient’s char-
acteristics and outcomes per period are described in
Table 1. 60-day in-hospital mortality rates were: Period 1,
17%; Period 2, 18%, Period 3, 10%; Period 4, 9.6%. Patients
in Periods 1 and 2 were older and more frequently frail.
Clinical severity was highest in Period 2 (median SAPS-
3, 44 IQR: [39, 54]), while the need for vasopressors and
RRT were worse in Period 1 (22% and 12%, respectively).
Regarding modes of advanced respiratory support, we
observed a progressive increase in the use of NIRS across
the four time periods (Period 1, 8.3%; Period 2, 16%,
Period 3, 20%, and Period 4, 25%).

Respiratory failure requiring advanced respiratory
support occurred in 4,188 out of 13,301 (31%) patients
(sTable 3). Of these, 1765 (42%) underwent invasive
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Table 1 Clinical characteristics and outcomes of 13,301 critically ill COVID-19 patients, total and by periods

Characteristics Period 1 Period 2 Period 3 Period 4
n=2184 n=3536 n=3938 n=3643
Age, median (IQR) 54 (41,69) 55(43,70) 57(43,73) 51 (40, 66) 53(41,67)
<40 2832 (21%) 421 (19%) 642 (18%) 943 (24%) 826 (23%)
40-49 2636 (20%) 421 (19%) 639 (18%) 853 (22%) 723 (20%)
50-59 2583 (19%) 433 (20%) 665 (19%) 769 (20%) 716 (20%)
60-69 2088 (16%) 354 (16%) 541 (15%) 558 (14%) 635 (17%)
70-79 1502 (119%) 275 (13%) 443 (13%) 414 (11%) 370 (10%)
>80 1660 (12%) 280 (13%) 606 (17%) 401 (10%) 373 (10%)
Sex, No. (%)
Female 5549 (42%) 861 (39%) 1482 (42%) 1674 (43%) 1532 (42%)
Male 7752 (58%) 1323 (61%) 2054 (58%) 2264 (57%) 2111 (58%)
Admissions from emergency department 10,240 (77%) 1576 (72%) 2479 (70%) 3236 (82%) 2949 (81%)
Modified Frailty Index (MFI)
Mean (SD) 1.07 (1.25) 1.13(1.25) 1.26 (1.33) 0.96 (1.20) 0.96 (1.19)
Median (IQR) 1(0,2) 1 (O 2) 1(0,2) 1(0,2) 1(0,2)
Non-frail (MFI=0) 5860 (44%) 4 (42%) 1335 (38%) 1884 (48%) 1727 (47%)
Pre-frail (MFI=1-2) 5717 (43%) 954 (44%) 1605 (45%) 1620 (41%) 1538 (42%)
Frail (MFI> =3) 1724 (13%) 316 (14%) 596 (17%) 434 (11%) 378 (10%)
SAPS-3, median (IQR) 42 (37,50) 43 (37,52) 44 (39, 54) 41 (37,48) 42 (38,49)
SOFA, median (IQR) 0(0,2) 1(0,3) 1(0,3) 0(0,2) 0(0,2)
PaO,/FiO, [n =4,649] 221 (108, 357) 202 (102,314) 217 (110, 352) 239(110,414) 224(110,357)
Normal (>300) 1580 (34%) 238 (27%) 475 (32%) 501 (40%) 366 (35%)
Mild (201-300) 957 (21%) 200 (23%) 310 (21%) 217 (17%) 230 (22%)
Moderate (101-200) 5(22%) 217 (25%) 352 (24%) 238 (19%) 208 (20%)
Severe (<100) 1097( 4%) 216 (25%) 339 (23%) 293 (23%) 249 (24%)
Oxygen support, No. (%) 9113 (69%) 1457 (67%) 2272 (64%) 2880 (73%) 2504 (69%)
Advanced respiratory support, No. (%) 4188 (31%) 727 (33%) 1264 (36%) 1058 (27%) 1139 (31%)
Non-invasive respiratory support (NIRS) 2423 (18%) 182 (8.3%) 567 (16%) 772 (20%) 902 (25%)
Only NPPV 2061 (85%) 168 (92%) 519 (92%) 659 (85%) 715 (79%)
Only HFNC 136 (5.6%) 8 (4.4%) 26 (4.6%) 48 (6.2%) 54 (6.0%)
Both 226 (9.3%) 6(3.3%) 22 (3.9%) 65 (8.4%) 133 (15%)
Only NIRS 1558 (12%) 84 (3.8%) 308 (8.7%) 513 (13%) 653 (18%)
NIRS failure 865 (6.5%) 98 (4.5%) 259 (7.3%) 259 (6.6%) 249 (6.8%)
Only invasive mechanical ventilation (IMV) 1765 (13%) 545 (25%) 697 (20%) 286 (7.3%) 237 (6.5%)
Vasopressor, No. (%) 1986 (15%) 476 (22%) 735 (21%) 402 (10%) 373 (10%)
Renal replacement therapy, No. (%) 989 (7.4%) 256 (12%) 367 (10%) 5 (5.5%) 1 (4.1%)
Length-of-stay (LOS), Median (IQR)
ICU[n=13,294] 5(2,10) 6(3,13) 6(3,12) 42,9 52,9
Hospital [n=13,219] 8(5,15) 9(6,18) 10 (6, 18) 7(5,14) 7(5,13)
Hospitalizations with LOS > 7 days
ICU[n=13,294] 4660 (35%) 899 (41%) 1398 (40%) 1190 (30%) 1173 (32%)
Hospital [n=13,219] 7304 (55%) 1324 (61%) 2252 (64%) 1931 (49%) 1797 (50%)
60-day ln-hospltal deaths, No. (%) 1785 (13%) 380 (17%) 649 (18%) 405 (10%) 351 (9.6%)
Only NIRS [n=1,558] 72 (4.6%) 6 (7.1%) 14 (4.5%) 22 (4.3%) 30 (4.6%)
NIRS failure [n=865] 444 (51%) 40 (41%) 125 (48%) 139 (54%) 140 (56%)
Only IMV [ n=1,765] 1028 (58%) 285 (52%) 430 (62%) 177 (62%) 136 (57%)
ICU deaths, No. (%) [ n=13,294] 1446 (11%) 321 (15%) 542 (15%) 317 (8.1%) 266 (7.3%)
In-hospital deaths, No. (%) [n=13,219] 1814 (14%) 385 (18%) 662 (19%) 412 (11%) 355 (9.8%)

Ongoing patients, No. (%) 82 (0.6%) 16 (0.7%) 26 (0.7%) 15 (0.4%) 25 (0.7%)
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Table 1 (continued)

*Period 1—February 27 to April 25'"; Period 2—April 26! to June 6%; Period 3—June 7' to August 10™; and Period 4—August 11%" to October 28"

SD—standard deviation; IQR—interquartile range; SAPS—Simplified Acute Physiology Score; SOFA—Sequential Organ Failure Assessment; NIRS—non-invasive
respiratory support; NPPV—non-invasive positive pressure ventilation; HFNC—high-flow nasal cannula; IMV—invasive mechanical ventilation; ICU—intensive care
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Fig. 1 Progression of adult ICU admissions with COVID-19 from February 27, 2020 to October 28™, 2020. a Total patients in the ICU per day; b the
number of new ICU admissions per day; ¢ the number of deaths in the ICU per day; and d the daily mortality rate in the ICU (using the admission
date as the reference). The black line represents daily absolute numbers, and the blue line is the smoothed curve. The three dashed lines correspond
to the estimated breakpoints of structure change in the time series of ICU deaths rate panel (c): April 257, June 06™, and August 10, respectively.

Black lines: Observed value
Blue lines: Smoothed valued (LOESS)
February 27th, 2020 - October 28th, 2020

mechanical ventilation. In patients that received NIRS
(N=2423), 2061 (85%) used NPPV, 136 (6%) HFNC, and
226 (9%) received both treatment modes. 60-day in-hos-
pital mortality was higher in those that underwent only
IMV or failed NIRS as compared to those that required
only NIRS (58 or 51% vs. 4.6%; Table 2). In patients that
underwent advanced respiratory support, the probabil-
ity of survival was lowest in Periods 1 and 2 (Log-rank
p<0.0001, Fig. 2, panel A). Stratification by age and
frailty revealed progressively worse survival probabili-
ties in patients older than 60 years and those that were
pre-frail or frail, respectively (Log-rank p <0.001 in both,
Fig. 2, panels B and C). Regarding the initial strategies
of respiratory support, the best survival probabilities
were among patients that used NIRS as the first respira-
tory support measure as opposed to patients that were

initially intubated (Fig. 2, panel D). Even patients with
NIRS failure and subsequent intubation showed bet-
ter survival probabilities compared to patients that first
received IMV (sFigure 4).

We evaluated the association of clinical characteris-
tics, risk factors and initial respiratory support strate-
gies with 60-day in-hospital mortality in the subset of
patients that underwent advanced respiratory support.
We estimated a random-effects multivariable Cox model
with IPTW (Fig. 3; sTable 5; sFigures 4—6). We found that
older age (60-69 years, HR [95% CI]: 1.47 [1.20-1.80],
p<0.001; 70-79 years, HR [95% CI]: 1.71 [1.38-2.10],
p<0.001;>80 years, HR [95% CI]: 2.75 [2.21-3.41],
p<0.001), and the presence of frailty (MFI>3, HR [95%
CI]: 1.38 [1.15-1.64], p<0.001) was independently asso-
ciated with worse 60-day survival. Moreover, the use
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Table 2 Characteristics and outcomes of critically ill patients stratified by advanced respiratory support

ICharacteristics Total NIRS only NIRS failure IMV
n=4,188 n=1,558 n=2865 n=1,765
Age, median (IQR) 63 (49, 76) 55 (43,67) 65 (53,77) 68 (54, 80)
<40 482 (12%) 286 (18%) 65 (7.5%) 131 (7.4%)
40-49 601 (14%) 307 (20%) 105 (12%) 89 (11%)
50-59 779 (19%) 376 (24%) 143 (17%) 260 (15%)
60-69 840 (20%) 270 (17%) 227 (26%) 343 (19%)
70-79 696 (17%) 162 (10%) 143 (17%) 391 (22%)
>80 790 (19%) 157 (10%) 182 (21%) 451 (26%)
Sex, No. (%)
Female 1516 (36%) 546 (35%) 305 (35%) 665 (38%)
Male 2672 (64%) 1012 (65%) 560 (65%) 1100 (62%)
Admissions from emergency department 2848 (68%) 1244 (80%) 581 (67%) 1023 (58%)
Modified Frailty Index (MFI)
Non-frail (MFI=0) 1164 (28%) 617 (40%) 199 (23%) 348 (20%)
Pre-frail (MFI=1-2) 2128 (51%) 732 (47%) 459 (53%) 937 (53%)
Frail (MFI> =3) 896 (21%) 209 (13%) 207 (24%) 480 (27%)
SAPS-3, median (IQR) 50 (42,61) 43(39,51) 54 (45, 66) 55 (46, 67)
<42 1,165 (28%) 727 (47%) 147 (17%) 291 (16%)
43-50 982 (23%) 434 (28%) 198 (23%) 350 (20%)
51-61 1,034 (25%) 276 (18%) 242 (28%) 6 (29%)
>61 1,007 (24%) 121 (7.8%) 278 (32%) 608 (34%)
SOFA, median (IQR) 2(0,5) 1(0,2) 3(1,7) 4(1,98)
Any comorbidities, No. (%) 3393 (81%) 1111 (71%) 754 (87%) 1528 (87%)
Pa0, /FiO, [n=1,963] 170 (94, 279) 216 (89,329) 142 (90, 233) 172 (101, 273)
Normal (>300) 431 (22%) 139 (32%) 75 (15%) 7 (21%)
Mild (201-300) 385 (20%) 89 (21%) 91 (18%) 205 (20%)
Moderate (101-200) 621 (32%) 78 (18%) 191 (38%) 352 (34%)
Severe (< 100) 526 (27%) 125 (29%) 146 (29%) 255 (25%)
Non-invasive respiratory support
Only NPPV 2061 (85%) 1356 (87%) 705 (82%) -
Only HENC 136 (5.6%) 87 (5.6%) 49 (5.7%) =
Both 226 (9.3%) 115 (7.4%) 111 (13%) -
Vasopressor, No. (%) 1890 (45%) 60 (3.9%) 672 (78%) 1158 (66%)
Renal replacement therapy, No. (%) 896 (21%) 24 (1.5%) 278 (32%) 594 (34%)
Length-of-stay (LOS), median (IQR)
ICU[n=4,185] 12(7,22) 8(4,11) 19(12,27) 16 (9, 27)
Hospital [n=4,160] 17 (10, 30) 11 (8, 16) 24 (16, 38) 22 (12,38)
Hospitalizations with LOS > 7 days
ICU [n=4,185] 3011 (72%) 788 (51%) 787 (91%) 1436 (81%)
Hospital [n=4,160] 3496 (84%) 1166 (75%) 804 (94%) 1526 (87%)
Period 1 (February 27" to April 25" 727 (17%) 84 (5.4%) 98 (11%) 545 (31%)
Period 2 (April 26" to June 6" 1264 (30%) 308 (20%) 259 (30%) 697 (39%)
Period 3 (June 7% to August 10'") 1058 (25%) 513 (33%) 259 (30%) 286 (16%)
Period 4 (August 11" to October 28 1139 (27%) 653 (42%) 249 (29%) 237 (13%)
60-day in-hospital deaths, No. (%) 1544 (37%) 72 (4.6%) 444 (51%) 1028 (58%)
ICU deaths, No. (%) [ n=13,294] 1329 (32%) 47 (3.0%) 398 (46%) 884 (50%)
In-hospital deaths, No. (%) [ n=13,219] 1572 (38%) 73 (4.7%) 457 (53%) 1042 (59%)

SD—standard deviation; IQR—interquartile range; SAPS—Simplified Acute Physiology Score; SOFA—Sequential Organ Failure Assessment; NIRS—non-invasive
respiratory support; NPPV—non-invasive positive pressure ventilation; HFNC—high-flow nasal cannula; IMV—invasive mechanical ventilation; ICU—intensive care
unit.
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Fig. 3 Random-effects multivariable cox proportional hazards model to assess the association of clinical characteristics and initial respiratory
support with 60-day mortality in patients who underwent advanced ventilatory support (NIRS and/or IMV), adjusted by the time-period of admis-
sion. The hospital was considered as the random intercept (standard deviation =0.50). To account for the non randomization, we used inverse-
probability treatment weighting (IPTW) of propensity scores regarding the initial use of NIRS. We provide the hazard ratio (HR) for 60-day in-hospital

o -

of NIRS, as the first respiratory support, was associ-
ated with improved survival over 60 days (HR [95% CI]:
0.59 [0.54-0.65], p<0.001), after adjusting for the time
periods, age, gender, frailty, SAPS-3 and SOFA scores,
comorbidities, and source of admission (Fig. 3; sFigure 3).
No significant multicollinearity was detected in the final
model. All performed sensitivity analyses and alternative
models demonstrated similar results in comparison with
our primary analysis (sTables 7—13).

Discussion

In this large cohort of critically ill COVID-19 patients
from South America, we showed the dynamic of the first
8 months of the epidemic and the evolving changes in
clinical characteristics, respiratory support practices, and
hospital mortality rates. Age and mortality rates declined
over time after the peak in hospitalizations occurred,
while daily ICU admissions reached a plateau. We further
identified clinical predictors of 60-day in-hospital mor-
tality, including increased age (>60 years), the presence

of frailty, multiple organ dysfunction, and the need for
invasive mechanical ventilation. Finally, we observed an
independent association between the increasing use of
NIRS with improved survival in this population.

The dynamic reported in this work corresponded to
the expansion of the outbreak over 8 months in the met-
ropolitan areas of the country’s southeast region (~70%
of this sample). It also reflects a healthcare system that
underwent preparedness with increases in ICU-bed
and resource availability, which resulted in almost unre-
stricted access to ICU care. Our current findings contrast
with recently published national data from the first 250
thousand patients hospitalized for COVID-19 in Bra-
zil, where ICU mortality was 55%. Even in the southeast
region of the country—where the majority of our cohort
was treated—authors showed that mortality in ICU
patients was 49% and among those invasively ventilated it
was 77% [15]. These differences may be due to early hos-
pitalization, monitoring and good clinical practices per-
formed in this hospital network.
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We analyzed the clinical characteristics and outcomes
of critically ill COVID-19 patients admitted to 126 ICUs
in 42 hospitals. We present complete data on 60-day in-
hospital outcomes (in addition to 99% of patients with
available hospital mortality) from patients admitted
over 8 months. To study the pandemic’s temporal evolu-
tion, we analyzed structural changes in the mortality rate
curve, which defined three breakpoints and four time
periods. Survival was worst in the period when hospi-
talizations peaked, and patients were older and more fre-
quently frail (Period 2). However, our results suggest that
patients’ characteristics alone do not explain the progres-
sive reduction in mortality observed in Periods 3 and 4.
Changes in management, such as the increased use of
NIRS, were also related to improved survival rates in the
subset of more severe patients that required advanced
respiratory support.

In a European cohort from three countries, [22] inves-
tigators from the COVID-ICU group showed an overall
decrease in 90-day mortality over time in critically ill
patients from 42% in early March to 25% in late April
2020. Although they observed an increasing use of NIRS
(mainly HFNC) and 41% of patients received steroids, the
associations of these interventions with mortality were
not analyzed [23]. Overall, the use of steroids increased
over time in the hospitals analyzed (sFigure 8). However,
since we did not have individual data on treatment, we
cannot exclude that changes in clinical management and
other unmeasured interventions may have affected our
findings of improved survival over time [24]. Neverthe-
less, we clearly demonstrated that NIRS (mainly NPPV in
our cohort) was increasingly used over time during the
study period and that, after adjusting for characteristics
and time periods, it was associated with better survival.

In our study, 31% of patients required advanced venti-
latory support (NIRS or IMV), which is lower than other
multicenter ICU cohorts as well as data from the Brazil-
ian ICU Registry [25]. Also, ventilated patients in our
cohort were younger (median: 63 vs. 73 and 71 years in
the UK and German cohorts, respectively), nevertheless,
81% presented comorbidities, and 21% were previously
frail. Survival was progressively lower in patients older
than 60 years and in those considered pre-frail or frail.
We also observed a significantly higher NIRS utilization
rate than other cohorts (Germany [26] 5%, US [27] 1%,
Italy [28]<10%). As expected, patients that underwent
NIRS without subsequent intubation had improved sur-
vival as compared to those under invasive mechanical
ventilation, but surprisingly, even patients that failed
NIRS and were intubated also showed better survival
compared to those that were intubated directly.

Concerns on biosafety aspects and potential intuba-
tion delays have limited the use of NIRS for respiratory

failure early in the pandemic. However, NPPV and HENC
represent essential strategies in responding to respira-
tory emerging infections such as COVID-19, particu-
larly in resource-limited settings, by optimizing critical
care resources (i.e., invasive mechanical ventilation). In
the absence of randomized trials, both from past severe
viral infections and the current epidemic, our results that
NIRS failure did not worsen mortality in comparison to
those intubated directly, are reassuring for physicians
using NIRS as an early option of ventilatory support
for COVID-19. However, the potential benefit of non-
invasive respiratory strategies in COVID-19-associated
respiratory failure has yet to be determined by ongoing
clinical trials (ISRCTN16912075 [29]).

The strengths of our study consist in being one of the
largest multicenter cohorts of ICU-hospitalized patients
with COVID-19, showing evolving mortality reductions
in those critically ill. All patients had 60-day outcomes
and detailed baseline severity of illness, comorbidities,
frailty, organ dysfunction, and resource use information.
Furthermore, we evaluated the association of respiratory
support, especially NIRS, with 60-day mortality, which
can inform future clinical trials and clinical practices
for ICU patients. Potential limitations include: first, our
sample may not reflect the epidemiology and practices
in COVID-19 patients admitted to most Brazilian ICUs.
Nonetheless, we showed data from a large network of
hospitals with optimal preparedness and resource avail-
ability. Second, we cannot exclude that changes in clini-
cal management and other unmeasured interventions
may have affected survival over time, such as steroids,
anticoagulation, and others. However, our models were
adjusted for several clinically important covariates,
including the four time periods over 8 months. Third, we
analyzed NPPV and HENC as one combined group of
NIRS. We did not have specific data on NPPV-delivery
methods (face mask or helmet) and only a small minor-
ity of patients underwent HENC. These limitations pre-
vent the interpretation of our results for any specific
non-invasive ventilation mode. Fourth, we did not have
imaging data on lung infiltrates or the diagnosis of viral
pneumonia. However, all patients included in this analy-
sis had a primary ICU admission diagnosis of COVID-
19 infection and required at least oxygen support in the
ICU. Finally, although we had complete 60-day outcomes,
the long-term follow-up and data on post-ICU quality of
life or post-intensive care syndrome were unavailable.

Conclusion

In this large cohort of critically ill COVID-19 patients
from South America, we demonstrated that, after a
peak in hospitalizations occurred in May 2020, age and
mortality rates have declined over the last 5 months of
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the epidemic. We also found an association between the
use of non-invasive respiratory support and improved
survival, even after accounting for age, frailty, organ
failures, and conversion to invasive mechanical ventila-
tion. These results, however, should be interpreted with
caution, due to the observational nature of our data.
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