OBSERVATIONAL STUDY

Comparison of Clinical Profiles and Mortality
Outcomes Between Influenza and COVID-19
Patients Invasively Ventilated in the ICU:

A Retrospective Study From All Paris Public

Hospitals From 2016 to 2021

OBIJECTIVES: Studies comparing outcomes of ICU patients admitted for either
COVID-19 or seasonal influenza are limited. Our objective was to describe base-
line clinical profiles, care procedures, and mortality outcomes by infection status
(influenza vs COVID-19) of patients who received invasive mechanical ventilation
in the ICU.

DESIGN: Retrospective observational study.

SETTING: Data were extracted from the Assistance Publique—Hopitaux de Paris
database from September 1, 2016, to April 20, 2021. It includes data from the
39 university hospitals.

PATIENTS: A total of 752 influenza adult patients and 3,465 COVID-19 adult
patients received invasive mechanical ventilation in one of the ICUs of the Paris
area university hospitals, France.

INTERVENTION: The characteristics and outcome by infection status were
compared. Factors associated with mortality were assessed using Cox propor-
tional hazard models after controlling for potential confounders, including infec-
tion status.

MEASUREMENTS AND MAIN RESULTS: The median age at admission to
the ICU was 67 (interquartile range [IQR], 57-77) and 63 yr (IQR, 54-71 yr)
for influenza and COVID-19 patients, respectively. At ICU admission, COVID-19
patients were more frequently obese, more frequently had diabetes mellitus or
high blood pressure, and were less likely to have chronic heart failure, chronic res-
piratory disease, chronic kidney failure, or active cancer than influenza patients.
The overall survival at 90 days was 57% for COVID-19 patients and 66% for
influenza patients (p < 0.001). In a multivariable Cox model, higher age, organ
transplant, severe acute respiratory syndrome coronavirus 2 infection, and chronic
kidney failure were associated with shorter survival, whereas obesity and high
blood pressure were associated with longer survival after invasive ventilation.

CONCLUSIONS: COVID-19 and influenza patients requiring mechanical ven-
tilation in the ICU differed by many characteristics. COVID-19 patients showed
lower survival independently of potential confounders.

KEY WORDS: COVID-19; influenza; intensive care unit; invasive mechanical
ventilation; mortality

(SARS-CoV-2), started in 2019 in China and spread rapidly throughout

COVID—19, caused by severe acute respiratory syndrome coronavirus 2
the world (1). It caused a sudden increase in hospitalizations in ICUs,
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mostly for acute respiratory failure, and studies have
reported case fatality rates ranging from 25% to 50%
for patients with severe COVID-19 who received inva-
sive mechanical ventilation (2).

Many comparisons have been made between COVID-
19 and influenza infection. Both are seasonal respiratory
diseases but are due to different viruses. Both may cause
severe pneumonia, leading to acute respiratory failure
and requiring invasive mechanical ventilation.

Large studies using national databases have shown
differences in the clinical presentation of patients with
COVID-19 and those with influenza requiring hospi-
talization (3-6). In addition, these studies have high-
lighted higher mortality among COVID-19 patients.
However, these large studies focused on hospitalized
patients. Studies comparing COVID-19 and influenza
patients admitted to the ICU are scarce and based on
small and selected samples (7-11).

The aim of the present study was to compare ICU
patients mechanically ventilated for either influenza
or COVID-19 using data from a large database of elec-
tronic health records from 2016 to 2021 from 39 hos-
pitals in the greater Paris area in France. Our specific
objectives were to identify similarities and differences
between these two infections in terms of characteris-
tics, management, and outcomes from ICU admission.

MATERIALS AND METHODS
Study Design and Setting

We extracted data from the Assistance Publique—
Hopitaux de Paris (AP-HP) database (Entrep6t de don-
néesdesanté [EDS], http://eds.aphp.fr) from September
1, 2016, to April 20, 2021. The database is prospectively
managed and comprehensively describes patient stays
at the hospital. It includes data since 2016 from the 39
university hospitals of the AP-HP group, all located in
the greater Paris area. Twenty are adult acute hospitals.
At admission and during their stay at the hospital, data
on patients are collected using standardized forms and
stored in a centralized database that includes admin-
istrative data, demographic characteristics, medical
information, vital status, disease diagnoses classified
using the International Classification of Diseases, 10th
revision (ICD-10-Clinical Modification), and details
of all medical procedures performed during hospi-
talization coded according to the French Common
Classification of Medical Procedures.
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Ethics Committee Approval

Procedures were followed in accordance with the eth-
ical standards and with the Helsinki Declaration of
1975, and approved by the Institutional Review Board
of the AP-HP, n. CSE-21-03 COVID-Coco-Neuro-
Rea on March 24, 2021, which was authorized by the
National Commission on Informatics and Liberty for
such noninterventional data-based research with no
informed consent.

Patient Selection

All patients with a diagnosis of COVID-19 or influ-
enza infection and who had received invasive mechan-
ical ventilation in the ICU were included in the study.
To select these patients, a retrospective search was
performed from the database according the following
codes: patients with COVID-19 (causing hospitaliza-
tion or hospitalized for another cause) were identi-
fied using the ICD-10 codes U07.10, U07.11, U07.12,
U07.14, or U07.15. Patients with influenza infection
(causing hospitalization or hospitalized for another
cause) were identified using the ICD-10 codes J09,
J10, or J11. For these analyses, we restricted patient
records to those who had received invasive mechanical
ventilation during the same ICU stay, identified using
the codes GLLD004, GLLDO008, or GLLDO15 in the
French Common Classification of Medical Procedures.
Patients under the age of 18 years were excluded. For
patients with several ICU admissions, only the first
stay was included in the analysis.

Data Collection

For each patient, we extracted the age, sex, and following
comorbidities based on ICD-10 diagnostic codes: high
blood pressure, obesity, diabetes mellitus, chronic respi-
ratory disease (including chronical bronchitis, chronic
obstructive pulmonary disease, and asthma), cancer,
organ transplant, cirrhosis, chronic kidney failure, and
chronic heart failure. Outcomes, such as shock, cardiac
arrest, pulmonary embolism, venous thromboembo-
lism, myocarditis, acute renal failure, stroke, or status
epilepticus, were recorded. The occurrence of ICU-
acquired bacterial pneumonia, pathogens responsible,
and ICU-acquired aspergillosis was also recorded.

The following advanced life support therapies ini-
tiated during the ICU stay were extracted: prone
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positioning, tracheostomy, extracorporeal membrane
oxygenation, inhaled nitric oxide (iNO), use of vaso-
pressors, and renal replacement therapy. Finally, the
duration of mechanical ventilation and length of ICU
stay and ICU mortality and mortality 90 d (day 90)
after ICU admission were computed. The exact date of
death was available if it occurred during or after hos-
pitalization and before data extraction was recorded,
through a merge between the EDS database and the
French Statistics Agency file recording all dead people
in France. The precise codes used to define all extracted
variables are provided in Table S1 (http://links.lww.
com/CCX/B43).

Statistical Analysis

Continuous variables are described as medians (inter-
quartile ranges) and categorical variables as frequencies
(percentages). To study the characteristics at admission,
continuous and categorical variables were compared using
univariable logistic regression (COVID-19 vs influenza as
the outcome). To study outcomes and management in the
ICU, time-dependent variables were compared using Cox
regression models with COVID-19 versus influenza as
the exposure of interest, considering the event as the out-
come and the time to the event or death/data extraction
as the time variable. For nontime-dependent variables,
logistic regression or linear regression with COVID-19
versus influenza as the exposure was performed. We pro-
vide raw and adjusted p values, after adjusting for sex and
age at admission.

We used Kaplan-Meier curves to compare survival
after ICU admission between influenza and COVID-
19 patients. To further investigate factors associated
with ICU time to death, we performed a multivari-
able Cox proportions hazards model with death as the
outcome and time to death or data extraction in days
as the time variable. COVID-19 versus influenza was
the exposure of interest; interactions between the ex-
posure of interest and each risk factor or confounding
variable in the model were tested, with adjustments for
the 10 largest centers. All risk factors analyzed in the
univariable Cox model were added to the multivari-
able Cox model. Estimated hazard ratios (HRs) and
95% Cls were calculated for each variable. All analy-
ses were conducted using StatsModel 0.11.1 (Seabold,
Skipper and Perktold, Josef and developer-statsmodel,
Nashville, TN) and Lifeline 0.26.3 (Cam Davidson-
Pilon, Waterloo, Canada) libraries in Python 3.6
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(Python Software Foundation, Wilmington, DE).
Values of p < 0.05 were considered significant.

RESULTS

The study flowchart is presented in eFigure 1 (http://
links.lww.com/CCX/B43). Between September 1,
2016, and April 20, 2021, 52,383 patients with either
COVID-19 or influenza were admitted to one of the
39 hospitals. Among them, 752 patients with influenza
and 3,465 with COVID-19 received invasive mechan-
ical ventilation and were included in the analytical
sample.

The temporal distribution of ICU admissions for
COVID-19 and influenza over the study period is pre-
sented in Figure 1. Among patients with influenza,
107 (14%) were hospitalized during the 2016-2017
season, 374 (50%) during the 2017-2018 season, 224
(30%) during the 2018-2019 season, 44 (6%) dur-
ing the 2019-2020 season, and two during the 2020-
2021 season. Among COVID-19 patients, 3,465 were
admitted between January 1, 2020, and April 20, 2021
(Table 1).

Patient Characteristics and Management

The characteristics of patients admitted to the ICU and
mechanically ventilated for either COVID-19 or in-
fluenza infection are presented in Table 1. COVID-19
patients were younger and more often male than in-
fluenza patients. In terms of comorbidities, COVID-19
patients were less likely to have chronic respiratory di-
sease, active cancer, organ transplant, cirrhosis, chronic
kidney failure, or chronic heart failure. Conversely,
COVID-19 patients more often had high blood pres-
sure, obesity, and diabetes mellitus.

In terms of management, COVID-19 patients were
less likely to develop shock requiring vasopressors or
status epilepticus than influenza patients, nor present
more with stroke or develop more acute renal failure
or require more frequent renal replacement therapy
(Table 2; and eTable 4, http://links.lww.com/CCX/
B43) during ICU stay. In terms of respiratory support,
COVID-19 patients were more likely to require prone
positioning, tracheostomy, and iNO than influenza
patients, but not extracorporeal membrane oxygena-
tion (Table 2). COVID-19 patients were also less likely
to develop ICU-acquired pneumonia than influenza
patients, but not pulmonary aspergillosis (Table 2).
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Figure 1. Absolute number of patients with influenza or COVID-19 requiring invasive ventilation in ICUs of the Assistance Publique—
Hopitaux de Paris hospitals between September 1, 2016, and April, 20, 2021.

Outcome Analysis

The duration of invasive ventilation was longer and
ICU and 90-day mortality higher for COVID-19 than
influenza patients (Table 2 and Fig. 2A). There was
no difference in the ICU length of stay for COVID-19
than influenza patients (Table 2).

Factors associated with mortality by univariate anal-
ysisin patientsventilatedinICU with eitherinfluenzain-
tection or COVID-19 are shown in Table 3. COVID-19
infection was individually associated with higher mor-
tality (HR, 1.28; 95% CI, 1.13-1.45; p < 0.001). By
multivariate analysis, six variables were independently
associated with mortality in patients ventilated in ICU
with either influenza infection or COVID-19 (Fig. 2B;
see also eTable 1, http://links.lww.com/CCX/B43).
Obesity was associated with lower mortality (HR, 0.75;
95% CI, 0.68-0.84; p < 0.001). Five variables were as-
sociated with higher mortality: age (HR, 2.09; 95% CI,
1.9-2.31; p < 0.001), organ transplant (HR, 1.65; 95%
CL, 1.39-1.95; p < 0.001), cirrhosis (HR, 1.34; 95% CI,
1.16-1.55; p = 0.032), active cancer (HR, 1.22; 95% CI,
1.08-1.39; p = 0.002), and COVID-19 infection (HR,
1.28;95% CI, 1.13-1.45; p < 0.001).

Sensitivity analyses were performed by stratification
on COVID-19/influenza (eTable 2, http://links.lww.
com/CCX/B43). Higher age, organ transplant, and cir-
rhosis were significantly associated with lower survival
of COVID-19 patients, whereas obesity was associated
with higher survival. Among influenza patients, higher
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age, cirrhosis, and cancer were associated with lower
survival (eTable 3 and eFig. 2, http://links.lww.com/
CCX/B43).

DISCUSSION

This study compared the characteristics and outcomes
for influenza infection or COVID-19 in a large cohort
of mechanically ventilated patients. Our major results
can be summarized as follows: 1) many more patients
were mechanically ventilated for COVID-19 from
January 2020 to April 2021 than for influenza during
the cumulative 2016-2020 period, 2) comorbidities of
COVID-19 and influenza patients were different, and 3)
mortality was higher among COVID-19 patients, even
after adjustment for confounders.

Global Findings

Our study highlights the massive influx of patients
who required invasive ventilation in the ICU dur-
ing the COVID-19 pandemic period, 4.5 times
more patients from January 2020 to April 2021 than
during the cumulative 2016-2020 period. We also
confirm the low intensity of the seasonal influenza
epidemic in France during the 2019-2020 (12), and
2020-2021 winters in France (13). This result was
also reported in other European countries, with a
99.8% reduction in positive sentinel influenza virus
detection compared with the previous six seasons
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TABLE 1.
Patient Characteristics at ICU Admission

Influenza
Patients, n =752

Patient characteristics

COVID-19
Patients, n = 3,465

p Corrected for
Age and Gender

Admission dates, n (%)

November 2016 to August 2017 107 (14)
November 2017 to August 2018 374 (50)
November 2018 to August 2019 224 (30)
November 2019 to August 2020 44 (6)
November 2020 to August 2021 2 (0)
Gender male, n (%) 453 (60)
Age at admission, yr, n (%) 67 (57-77)
18-39 57 (8)
40-59 182 (24)
60-79 366 (49)
>80 147 (20)
Comorbidities at admission, n (%)
High blood pressure 312 (41)
Obesity 107 (14)
Diabetes mellitus 179 (24)
Chronic heart failure 205 (27)
Chronic respiratory disease 170 (23)
Cirrhosis 98 (13)
Chronic kidney failure 117 (16)
Active cancer 151 (20)
Organ transplant 55 (7)

0 (0)
0 (0)
0 (0)
1,865 (54)
1,600 (46)
2,494 (72) < 0.001 NA
3 (54-71) < 0.001 NA
232 (7)
1,075 (31)
2,023 (58)
135 (4)
1,679 (48) < 0.001 < 0.001
1,163 (34) < 0.001 < 0.001
1,071 (31) < 0.001 < 0.001
359 (10) < 0.001 < 0.001
326 (9) < 0.001 < 0.001
335 (10) 0.006 < 0.001
359 (10) < 0.001 <0.001
394 (11) < 0.001 <0.001
178 (5) 0.018 0.006

NA = not applicable.

Continuous variables are expressed as medians (interquartile ranges) and categorical variables as absolute values (%).

(14), and the rest of the world (15). This unprec-
edented result is probably explained by the strict
public health and physical distancing measures
applied during the COVID-19 pandemic, influenza
vaccination, and possible competitive exclusion be-
tween these two viruses (16).

Characteristics of the Two Infections

This study confirms that the profile of patients who de-
velop severe COVID-19 and are admitted to the ICU is
relatively different from that of patients who develop se-
vere influenza and are admitted to the ICU. COVID-19
patients were more frequently male, more frequently
obese, and more frequently had arterial hypertension
or diabetes mellitus. Conversely, they were less likely

Critical Care Explorations

to have chronic respiratory insufficiency, organ trans-
plant, cirrhosis, chronic kidney failure, heart failure,
or active cancer than severe influenza patients who re-
quired ICU admission (11).

Obesity, arterial hypertension, and diabetes mellitus
have already been reported to be frequent comorbidi-
ties of severe COVID-19 patients hospitalized in the
ICU (17) and as risk factors for ICU admission (11).
Although cardiometabolic disorders are not classi-
cal risk factors for the development of viral respi-
ratory infections, preexisting arterial hypertension,
diabetes, and obesity can cause endothelial dysfunc-
tion and increase the risk of endothelial invasion by
SARS-CoV-2 via the angiotensin-converting enzyme 2
(ACE2) receptor (18). Furthermore, excessive adipose
tissue may serve as a reservoir for ACE2 (19). Finally,
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TABLE 2.

Management and Outcomes During the ICU Stay

Influenza
Patients, n

Management and Outcomes

=752 Patients,n

COVID-19
= 3,465

Hazard Ratio Adjusted
for Age and Gender

Organ failure during ICU stay, n (%)

Septic shock 308 (41)

Cardiac arrest 34 (5)

Myocarditis 21 (3)

Acute renal failure 302 (40)

Status epilepticus 16 (2)

Stroke 22 (3)

Pulmonary embolism 39 (5)

Veinous thromboembolism 21 (3)

Organ support during ICU stay, n (%)

Prone positioning 155 (21)

Tracheostomy 33 (4)

Extracorporeal membrane oxygenation 73 (10)

Inhaled nitric oxide 16 (2)

Vasopressors 596 (79)

Renal replacement therapy 121 (16)

Pneumonia, n (%)

ICU-acquired pneumonia 465 (62)
Streptococcus pneumoniae 66 (9)
Haemophilus influenzae 46 (6)
Pseudomonas aeruginosa 113 (15)
Staphylococcus aureus 85 (11)
Escherichia coli 34 (5)
Other Gram negative bacilli 0(12)
Other germs 99 (13)

Pulmonary aspergillosis 8 (2)

Outcome variables

Duration of invasive ventilation, d 12 (4-28)

ICU mortality, n (%) 242 (32)

ICU length of stay, d 20 (10-37)

1,336 (39) 0.95 (0.83-1.07) 0.39
128 (4) 1.06 (0.77-1.47) 0.706
37 (1) 0.34 (0.2-0.59) < 0.001
1,245 (36) 0.87 (0.77-0.99) 0.038
31 (1) 0.4 (0.22-0.73) 0.003
115 (3) 1.07 (0.68-1.7) 0.766
405 (12) 2.35 (1.67-3.31) <0.001
148 (4) 1.39 (0.87-2.22) 0.063
1,936 (56) 5 (2.97-4.13) < 0.001
245 (7) 1.569 (1.1-2.29) 0.013
350 (10) 0.93 (0.73-1.2) 0.599
308 (9) 3 (2.6-7.13) < 0.001
2,852 (82) 1.06 (0.97-1.16) 0.202
429 (12) 0.72 (0.59-0.88) 0.002
1,772 (561) 0.72 (0.65-0.8) <0.001
4(2) 0.25 (0.18-0.35) < 0.001

108 (3) 0.47 (0.33-0.67) < 0.001
580 (17) 1.11 (0.89-1.38) 0.251
406 (12) 0 (0.78-1.28) 0.748
156 (5) 0.96 (0.65-1.4) 0.982
518 (15) 1.23 (0.97-1.57) 0.035
526 (15) 1.14 (0.90-1.43) 0.159
4 (2) 0.97 (0.568-1.65) 0.922

18 (8-34) NA <0.001
1,447 (42) NA < 0.001
1(11-36) NA 0.397

NA = not available.

Continuous variables are expressed as medians (interquartile ranges) and categorical variables as absolute values (%). p values are

adjusted for age and sex.

obesity results in impairment of the adaptive immune
response, cardiometabolic and thrombotic problems,
and an increased risk of acute respiratory distress syn-
drome (ARDS) (20).

The fact that COVID-19 patients were less likely
to present chronic respiratory insufficiency than
influenza patients may have also been because
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patients with chronic respiratory insufficiency
feared catching a severe COVID-19 illness and
adhered better to mitigation measures than other
patients (21, 22). Another hypothesis to explain
such an association could be the protective effect of
nicotine by inhibiting the penetration and propaga-
tion of SARS-CoV-2 (23).
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remarkably high preva-
lence of thrombotic com-
plications in ICU patients
with COVID-19 (26).
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appears that COVID-19
patients did not have more
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Influenza
COVID-19

70 80 90

Organ transplant

Covid-19 infection
Cirrhosis

Chronic kidney failure

Sex, male

Cancer

Diabetes mellitus

Chronic heart failure
Chronic respiratory disease
High blood pressure

Obesity

-0.2 0.0 0.2
log(HR) (95%Cl)

or neurologic failure than
severe influenza patients.
These results are similar to
previous comparative stud-
ies in critically ill patients
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SARS-CoV-2 invasion but
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Figure 2. Comparing mortality in COVID-19 and influenza subgroups. Time to death within 90 d
following ICU admission for the influenza and COVID-19 cohorts (A) and hazard ratios (HRs) and
95% Cls for proportional hazard models assessing the effect of variables associated with survival

for all patients by multivariate Cox regression (B).

We also highlight that the proportion of elderly
patients was higher among ventilated patients with
influenza than those with COVID-19. Along with
chronic respiratory failure patients, it is likely that
older patients better respected physical distancing
measures during COVID-19 pandemic. Another pos-
sible explanation could be that elderly patients with se-
vere COVID-19 would not be mechanically ventilated
due to the shortage of ICU beds during the pandemic
period (24, 25).

Outcomes and Mortality Analysis

Prone positioning, tracheostomy, and iNO adminis-
tration were more frequently used, and the length of

Critical Care Explorations

to nonspecific causes as-
sociated with severe ARDS
and critical care (sedative
drugs, invasive mechanical
ventilation, systemic in-
flammatory response, and hemodynamic failure).

We also confirmed that ICU mortality was higher
for COVID-19 than influenza for invasively venti-
lated patients. This result can be explained by differ-
ences in the type and severity of ARDS associated
with COVID-19 than that associated with influenza,
requiring more respiratory support and a longer du-
ration of invasive ventilation. We were unable to com-
pare ARDS severity between the two groups of patients
in this study due to the absence of certain individual
data (especially the arterial oxygen [Pao,]/F10, ratio or
the Sequential Organ Failure Assessment score at ad-
mission). Although previous studies appear to confirm
this hypothesis (8, 27-29), further studies are needed
to precisely understand this difference in mortality.
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TABLE 3.

Factors Associated With Mortality After ICU Admission With Either Influenza or COVID-19:
Hazard Ratio and 95% CI for Univariate Proportional Hazard Models Assessing the Effect
of Variables Associated With Survival

Factors Associated ICU Survivors, Nonsurvivors,

With Mortality n=2,528 n=1,689 Hazard Ratio

Patients characteristics

Age, yr 61 (51-69) 68 (60-74) 2.09 (1.9-2.31)2 < 0.001
Sex, male, n (%) 1,719 (68) 1,228 (73) 1.11 (1.01-1.28) 0.04
Comorbidities, n (%)
High blood pressure 1,199 (47) 792 (47) 1.02 (0.93-1.12) 0.706
Obesity 833 (33) 437 (26) 0.75 (0.68-0.84) < 0.001
Diabetes mellitus 724 (29) 526 (31) 1(1.0-1.22) 0.051
Chronic heart failure 331 (13) 233 (14) 1.07 (0.94-1.21) 0.323
Chronic respiratory disease 322 (13) 174 (10) 9 (0.78-1.04) 0.142
Cirrhosis 215 (9) 218 (13) 1.34 (1.16-1.55) < 0.001
Chronic kidney failure 255 (10) 221 (13) 1.87 (1.21-1.57) < 0.001
Active cancer 299 (12) 246 (15) 1.22 (1.08-1.39) 0.002
Organ transplant 94 (4) 139 (8) 1.65 (1.39-1.95) < 0.001
Diagnosis
COVID-19 2,018 (80) 1,447 (86) 1.28 (1.13-1.45) < 0.001
Organ failure during ICU stay, n (%)
Septic shock 578 (23) 818 (48) 1.99 (1.81-2.19) < 0.001
Cardiac arrest 88 (3) 183 (11) 2.17 (1.86-2.53) < 0.001
Acute renal failure 681 (27) 866 (51) 2.09 (1.9-2.29) < 0.001
Status epilepticus 31 (1) 16 (1) 0.69 (0.43-1.12) 0.133
Stroke 7 (3) 70 (4) 1.29 (1.02-1.63) 0.032
Myocarditis 7 (2) 11 (1) 0.35 (0.18-0.67) 0.002
Pulmonary embolism 225 (9) 219 (13) 1.52 (1.25-1.86) < 0.001
Veinous thromboembolism 118 (5) 51 (3) 0.64 (0.46-0.89) 0.008

Organ support during ICU stay, n (%)

Prone positioning 1,066 (42) 1,025 (61) 1.61 (1.47-1.78) < 0.001
Tracheostomy 219 (9) 59 (3) 0.43 (0.34-0.56) < 0.001
Extracorporeal membrane oxygenation 198 (8) 225 (13) 1.55 (1.3-1.83) < 0.001
Inhaled nitric oxide 100 (4) 224 (13) 2.21 (1.91-2.55) < 0.001
Vasopressors 1,878 (74) 1,570 (93) 2.81 (2.39-3.31) < 0.001
Renal replacement therapy 250 (10) 300 (18) 1.44 (1.27-1.63) < 0.001

Pneumonia, n (%)
ICU-acquired pneumonia 1,360 (54) 877 (52) 0.85 (0.78-0.93) < 0.001
Pulmonary aspergillosis 27 (1) 65 (4) 1.97 (1.54-2.51) < 0.001

d\ersus patients < 65 years old.
Continuous variables are expressed as medians (interquartile ranges) and categorical variables as absolute values (%).
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Risk Factors and the Obesity Paradox

In the COVID-19 cohort, higher age, organ transplant,
and cirrhosis were significantly associated with a lower
time of survival, whereas obesity was associated with a
higher time of survival. This “obesity paradox” (30) is
a subject of debate, illustrated by multiple studies de-
fined by a relationship between body mass index and
lower mortality among ICU patients, in which obesity
appears to be a protective factor. Our observation that
obesity was protective against mortality in the ICU is
likely explained by a collider bias (31), but it may only
be a partial explanation of this observation, and poten-
tial physiologic mechanisms of this association are still
unknown.

Strengths and Limitations

A major strength of our study was its large sample size,
its multicentric design, and its time coverage, which
was sufficient to compare at least four seasonal influ-
enza outbreaks. We also attempted to minimize the
effects of confounding variables by using multiple
multivariable Cox regression models with all observed
confounding variables, enabling separation of the spe-
cific role of each comorbidity in the mortality of these
two respiratory infectious diseases. This study also had
several limitations. First, we cannot exclude that data
collection was not strictly identical between centers
and periods, especially during the pandemic, during
which all hospital units during the first COVID-19
wave were overwhelmed. This may have resulted in
inaccuracies in electronic health records in this con-
text. However, our results and baseline characteristics
are similar to those of other large studies (17, 32, 33).
Second, we cannot exclude that some included patients
received invasive ventilation for another cause and re-
ceived the diagnosis of COVID-19 or influenza during
the ICU stay. Certain comorbidities and outcomes may
have also been underdetected or misclassified because
some of the codes we mentioned in the analysis can also
be related to some preexisting active comorbidities.
However, such a potential bias is likely nondifferential
for most comorbidities. We also lacked information on
certain important variables, such as the severity score,
treatments used, biological findings, or whether the
patient received noninvasive ventilation or high-flow
oxygen before being invasively ventilated. Finally, the
management of ARDS has evolved in recent years, with

Critical Care Explorations

the systematization of prone positioning and the more
extensive use of high-flow oxygen, which may have
led to different practices between the selected periods
and explain some of the differences when comparing
patients with influenza and COVID-19.

CONCLUSIONS

This study provides an extensive comparison between
patients with influenza infection and COVID-19 in the
ICU, confirming known differences between patients
admitted to the ICU due to one of these infections. It
constitutes an initial attempt to separate the specific
impact of the main known comorbidities on the prob-
ability of dying in the ICU, providing new insights on
the management of severe respiratory infectious dis-
eases in the ICU.
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