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Abstract

Purpose: Variations in clinical characteristics and management and in the mortality of mechanically ventilated
patients have not been sufficiently evaluated. We hypothesized that mortality shows a variability associated with
country after adjustment for clinical characteristics and management.

Methods: Analysis of four studies carried out at 6-year intervals over an 18-year period. The studies included 26,024 patients
(5183in 1998, 4968 in 2004, 8108 in 2010, and 7765 in 2016) admitted to 1253 units from 38 countries. The primary outcome
was 28-day mortality. We performed analyses using multilevel logistic modeling with mixed-random effects, including coun-
try as a random variable. To evaluate the effect of management strategies on mortality, a mediation analysis was performed.

Results: Adjusted 28-day mortality decreased significantly over time (first study as reference): 2004: odds ratio 0.82
(95% confidence interval [Cl] 0.72-0.93); 2010: 0.63 (95% Cl 0.53-0.75); 2016: 0.49 (95% Cl 0.39-0.61). A protective ven-
tilatory strategy and the use of continuous sedation mediated a moderate fraction of the effect of time on mortality
in patients with moderate hypoxemia and without hypoxemia, respectively. Logistic multilevel modeling showed a
significant effect of country on mortality: median odds ratio (MOR) in 1998: 2.02 (95% Cl 1.57-2.48); in 2004: 1.76 (95%
Cl11.47-2.06);in 2010: 1.55 (95% Cl 1.37-1.74), and in 2016: 1.39 (95% Cl 1.25-1.54).

Conclusions: These findings suggest that country could contribute, independently of confounder variables, to out-
come. The magnitude of the effect of country decreased over time.

Clinical trials registered with http://www.clinicaltrials.gov (NCT02731898).
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Introduction

The management of mechanically ventilated patients
has improved in recent years with the incorporation of
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strategies aimed at preventing or reducing ventilator-
induced lung injury: use of non-invasive positive-pres-
sure ventilation (NPPV) [1-3], a lung-protective strategy
[4-6], titration of positive end-expiratory pressure [7],
prone positioning [8], and neuromuscular blocking
agents [9], and at decreasing the duration of mechani-
cal ventilation through the reduced use of sedatives [10,
11] and the early identification of patient readiness to
breathe unassisted [12]. Some of these interventions
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which initially focused on the management of patients
with acute respiratory distress syndrome now appear to
be substantially applicable to all mechanically ventilated
patients [6, 13]. Previous observational data [14-16]
have shown that short-term mortality of mechanically
ventilated patients has decreased over time. Neverthe-
less, several aspects in the management of critically ill
patients have been shown to differ across intensive care
units (ICUs) and countries, leading to considerable clini-
cal variability [17].

Variability in clinical practice is a current and contro-
versial topic, which is of interest not only to clinicians,
but also to health administrators and patient advocates.
Some variations may be explained by the characteris-
tics of individual patients or by differences in the ability
of doctors who rely too much on subjective judgement.
However, unwarranted clinical variability may exist,
defined as variations in patient outcomes that cannot be
explained by the patient’s underlying illness or patient
care based on evidence-based medicine [18]. The exist-
ence of unwarranted variability may have a negative
impact on quality of care and clinical outcomes [19].
Geographical variability in outcome has been reported
in several conditions such as ischemic heart disease [20,
21], cancer [22-24], and cardiac arrest [25]. However, the
geographical or inter-country variability in mortality in
critically ill patients has been little evaluated.

In this study, we estimate the inter-country variabil-
ity in the outcomes of mechanically ventilated patients
through the analysis of four international observational
studies carried out at 6-year intervals from 1998 to 2016.
We hypothesized that, after adjustment for variables
related to patient management and clinical character-
istics, mortality would be found to have decreased over
time and to show a variability related to country.

Materials and methods

We carried out four prospective, observational, multi-
center international studies, in 1998 [14], 2004 [15], 2010
[16], and 2016 (first report), in adults who had need of
invasive mechanical ventilation for more than 12 h, or
received NPPV for more than 1 h from ICU admission.
The decision to use NPPV was based on the local prac-
tices of the units participating in the study. We followed
the same methodology for all studies (descriptions of the
variables collected in each study are provided in eTa-
ble 1). Briefly, in all studies, we collected data on base-
line characteristics [age, sex and severity at admission
estimated by Simplified Acute Physiology Score (SAPS II)
which ranges from 0 (lower severity) to 163 (higher sever-
ity)], daily gas exchange, variables related to management
ventilator settings, sedation, neuromuscular blockers,
and complications [acute respiratory distress syndrome

Take-home message

The mortality of mechanically ventilated patients could show
country-related variability, albeit decreasing over time.

(ARDS), sepsis, ventilator-associated pneumonia]. Evalu-
ation of organ function (cardiovascular, renal, hepatic,
hematologic) was performed according to the sequential
organ failure assessment (SOFA) score and organ failure
was defined as a SOFA sub-score higher than two points
for the organ in question. These data were collected while
patients were ventilated or until day 28. Ventilator-free
days were calculated according to a previously published
formula [26]. Patients were followed until discharge from
hospital. In the event of discharge from hospital before
day 28 after starting mechanical ventilation, the status on
this day was registered.

National coordinators recruited local investigators
from eligible ICUs (see full list of Investigators in the
Electronic Supplementary Material). Only the research
team members at each site were aware of the purpose
and the precise timing of the study. Ethics Committees
of each participating institution approved the protocol;
a waiver of informed consent was obtained according to
local regulations.

For the 1998 and 2004 studies, all investigators and
research coordinators were provided with a manual
describing data collection and definitions, and case report
forms on paper. Investigators filled out a case report form
for each included patient and sent it to the Coordinating
Center to be included in an electronic database. Three
study coordinators checked each case report form to iden-
tify errors, and inconsistent data were corrected. In the
2010 and 2016 studies, detailed instructions were avail-
able through a secure website. Validity checks were made
at the time of electronic data entry, including plausibility
checks within each variable and between variables. At the
time of data entry, the site investigators were required to
answer all queries raised by the case report form before
they could electronically complete each individual patient
data set. Patient data sets that were not complete were
not included in the analysis. In addition, prior to analy-
sis, all data were screened for potentially erroneous data
and outliers. These data were verified and corrected by
site investigators. There was no on-site data monitoring.
We followed the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) statement
guidelines for observational cohort studies [27].

Statistical analysis
The main objective of the analysis was to evaluate, over
time, the inter-country variability in 28-day mortality
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after the start of mechanical ventilation. The first step
was to estimate the crude temporal trends of mortal-
ity over the four periods by creating a logistic regression
model with study year, coded as a dummy variable, as the
only independent variable, and 28-day mortality as the
dependent variable. To adjust this estimate, we then fitted
a multilevel (patients and countries) logistic regression
model accounting for baseline demographic variables
(age, sex, SAPS 1, and reason for initiation of mechanical
ventilation); variables related to the evolution of patients
over the course of mechanical ventilation [development
of organ failure (cardiovascular, renal, hepatic, and hema-
tologic) defined as a SOFA score higher than two points];
complications during the course of mechanical ventila-
tion, such as acute respiratory distress syndrome, sepsis,
and ventilator-associated pneumonia; variables related
to the ventilatory setting [use of NPPV, a lung-protec-
tive strategy (arbitrarily defined as tidal volume below
6 ml/kg actual body weight or tidal volume below 8 ml/
kg actual body weight plus plateau or peak inspiratory
pressure less than 30 cmH,0)]; and variables related to
ventilator management (use of sedation, neuromuscular
blocking, and performance of tracheotomy). The random
part of the model included two effects and their possible
correlation: a random effect in the intercept modeling
heterogeneity of mortality among countries in the first
study, and a random effect in the slope modeling hetero-
geneity of changes in mortality over time among coun-
tries. The model was estimated by maximum likelihood
using the adaptive Gaussian quadrature approximation
(with seven quadrature points) [28]. The likelihood ratio
test was used to assess the goodness of fit and to compare
alternative models. The measure of fixed effects was the
odds ratio with 95% confidence interval. Second, to esti-
mate the random variability of outcomes between coun-
tries, we calculated the median odds ratio (MOR) defined
as the median value of the odds ratio between the coun-
try at highest risk of mortality and the area at lowest risk
when randomly picking out two countries. The MOR can
be conceptualized as the median increased risk of mor-
tality that a patient would have if he or she moved to a
country with a higher risk [29]. For the purpose of this
analysis, countries that included fewer than 30 patients
were excluded to avoid spurious findings in reliability-
adjusted models. We performed two sensitivity analyses:
first, using data from the countries that participated in
all four studies, and second, including only patients with
invasive ventilation from the beginning of ventilatory
support.

A secondary analysis was performed to estimate
changes, over time, in the practice of three management
strategies: use of NPPV as the first mode of ventilatory
support, use of a lung-protective strategy on the first day

of mechanical ventilation, and use of sedation (defined
as a daily continuous infusion for more than three con-
secutive hours of any sedative drug) over the course of
mechanical ventilation. For this purpose, a multivariate
logistic regression model was performed for each man-
agement strategy. Variables entered in these models were:
age, sex, SAPS II, and reason for starting mechanical ven-
tilation. We calculated and plotted the margin probability
for each strategy in each study year with the estimators
obtained from the model.

To estimate how these changes influence mortality, a
mediation analysis was performed. The mediation analy-
sis assumes a causal relationship between the exposure
(period of time) and mediator variables (NPPV, seda-
tion, lung-protective strategy) which in turn may affect
the outcome (28-day mortality), and it clarifies the nature
of the relationship between the exposure and mediator
to better understand the pathways by which the expo-
sure potentially affects the outcome [30]. Therefore, we
performed the mediation analysis using the inverse odds
ratio weighting method to estimate the direct effect of
time on 28-day mortality and the effect, on 28-day mor-
tality, that is mediated by the use of NPPV, sedation and
the lung-protective strategy (indirect effect). We cal-
culated direct and indirect effects of each period using
inverse odds weighting, which is a semi-parametric
weight-based approach to mediation analysis, imple-
mented with standard software. This method can accom-
modate multiple mediators [31, 32]. Standard errors for
the indirect effect were estimated using bootstrapping.
For this mediation analysis, we considered two clinical
approaches: first, in the overall cohort of mechanically
ventilated patients; second, taking into account that the
application of the above strategies cannot be uniform,
since they depend basically on the severity of respira-
tory failure at initiation of mechanical ventilation. For
this reason, we classified the overall cohort into four
sub-groups: (a) patients with a PaO,/FiO, ratio higher
than 300 at the beginning of mechanical ventilation; (b)
patients with a PaO,/FiO, ratio of between 200 and 300;
(c) patients with a PaO,/FiO, ratio of between 100 and
200, and (d) patients with a PaO,/FiO, ratio lower than
100.

Statistical analyses were conducted using Stata Soft-
ware 14.0 (StataCorp LP, College Station, Texas).

Results

Overall 27,467 of 63,313 patients (43%) admitted to par-
ticipating ICUs met the inclusion criteria in the four
periods of study. After excluding patients from countries
with fewer than 30 patients, full data for analysis were
available for 26,024 patients: 5183 patients in 1998, 4968
patients in 2004, 8108 patients in 2010, and 7765 patients
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in 2016 (eFigure 1). We included patients from 38 coun-
tries (eTable 2). The sample size of enrolled patients for
each participating country in each study is shown in
eTable 3. Fifteen countries (Argentina, Canada, Chile,
Colombia, Ecuador, France, Greece, Italy, Mexico, Peru,
Portugal, Spain, Tunisia, USA, and Uruguay) had patients
in all four studies and accounted for 63.5% of the overall
cohort (16,537 of 26,024 patients).

Comparisons of baseline patient characteristics across
studies are shown in Table 1. Over time, the most com-
mon patient type was consistently found to be male, in
the sixth decade of life, with a severity at admission that
predicted a hospital mortality around 35%. Changes in
the reason for mechanical ventilation were observed,
with a decrease in patients with chronic obstructive
pulmonary disease (COPD) (from 10% in 1998 to 7% in

2016; p<0.001) and cardiac failure (from 10% in 1998 to
7% in 2016; p<0.001) and an increase in patients with
neurological disease (from 17% in 1998 to 21% in 2016;
p<0.001).

Data on evolution and outcomes over the course of
mechanical ventilation are shown in Table 2.

Changes over time in management of mechanical
ventilation

It emerged that there was, over time, a significant
increase in the use of the three management strategies,
which were found to influence the outcome of venti-
lated patients: NPPV, lung-protective strategy, and con-
tinuous sedation (Table 3 and eFigure 2).

Table 1 Comparison of characteristics of patients at inclusion in each study

1998 (N=5183)

2004 (N=4968) 2010 (N=8108) 2016 (N=7765)

Geographical area—No. (%)

Africa 119(2)

Asia -

Australia & New Zealand -

Europe 2387 (46)
Latin America 1222 (24)

USA & Canada 1455 (28)
Age, mean (SD), years 59(17)
Female sex—No. (%) 1985(39)
Body weight, kg, mean (SD)

Actual 72(17)

Ideal® N.r.

Simplified Acute Physiology Score Il, mean (SD), 44 (17)

pointsb
Reason for initiation of mechanical ventilation, No. (%)°

Chronic obstructive pulmonary disease 522 (10)
Asthma 79(15)
Other chronic pulmonary disease 60 (1)
Acute respiratory distress syndrome 231 (4.5)
Postoperative respiratory failure 1080 (21)
Cardiac failure 539 (10)
Aspiration 129 (2.5)
Pneumonia 721 (14)
Sepsis 458 (9)
Trauma 407 (8)
Cardiac arrest 100 (2)
Other cause of acute respiratory failure 367 (7)
Neurological disease 864 (17)
Neuromuscular disease 94 (2)

110 (2) 167 (2) 209 (3)
78(2) 1214 (15) 1764 (23)
- 714 (9) 193 (2)
2133 (43) 3392 (42) 3337 (43)
1306 (26) 1692 (21) 1913 (25)
1341 (27) 929 (11) 349 (5)
59(17) 61(17) 62 (17)
1967(39) 3090(38) 2983(38)
76 (20) 75 (20) 74 (19)
63 (10) 62 (10) 62 (10)
43(18) 45(18) 45(19)
267 (5) 523 (6) 535(7)
63 (1) 98 (1) 64 (1)
85(2) 142 (2) 158 (2)
148 (3) 280 (3) 3194)
1053(21) 1745 (21) 1584 (20)
285 (6) 616 (7.5) 552 (7)
1393) 198 (2) 184 (2)
528 (11) 818 (10) 873 (11)
449 (9) 720 (9) 706 (11)
284 (6) 358 (4) 306 (4)
239 (5) 470(7) 441 (7)
432 (9) 503 (6) 323 4)
938 (19) 1565 (19) 1628 (21)
58 (1) 72 (1) 92 (1)

? |deal body weight was estimated as: Female: 45.5+0.91 (height — 152.4)/Male: 50+ 0.91 (height — 152.4)
b The Simplified Acute Physiology Score Il can range from 0 to 163 points. A higher score indicates greater severity

¢ Because of rounding, percentages may not total 100. In 1998, more than one cause of acute respiratory failure per patient was permitted
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The implementation of NPPV as first ventilatory
support increased from 5% in 1998 to 16% in 2016
(p<0.001) although without significant changes in the
failure rate (around 30% of patients required intubation
in all studies).

The most important change in the management
of mechanically ventilated patients was a decrease
in the tidal volume (from a mean of 8.8 ml per kg of
actual body weight in 1998 to 6.7 ml per kg of actual
body weight in 2016; p<0001) and an increment in
the applied positive end-expiratory pressure (PEEP)
(from a mean of 5 cm of water in 1998 to 7 cm of water
in 2016; p<0.001). These changes were observed in
both patients with ARDS and patients without ARDS
(Fig. 1). Also, this evolution implied changes in other
relevant variables such as plateau pressure and driving
pressure (eFigure 3).

A mixed-effects logistic regression showed the magni-
tude of these changes, taking as reference the first study,
and the inter-country variability (Table 4).

Adjusted analysis of 28-day mortality: inter-country
variability

Raw 28-day mortality by country and study year is
shown in eFigure 4. On average, inter-country variability
decreased over time, with countries more distant from
the mean changing more in the opposite direction, as
shown in Fig. 2.

The bivariate analysis and fitted multilevel logis-
tic regression are shown in eTable 4. The results of the
mixed-effect analysis (eTable 5) showed an independent
effect associated with country as estimated by the MOR:
2.02 in 1998 (95% CI 1.57-2.47); 1.76 (95% CI 1.47-2.05)
in 2004; 1.55 in 2010 (95% CI 1.36-1.73); and 1.39 (95%
CI 1.24-1.53) in 2016 (Fig. 3).

Also, the sensitivity analysis, including the 15 coun-
tries that participated in all four studies, showed similar
results in the adjusted model: MOR 1.74 (95% CI 1.36—
2.11) in 1998; 1.54 (95% CI 1.28-1.79) in 2004; 1.37 (95%
CI 1.20-1.54) in 2010; and 1.25 (95% CI 1.11-1.38) in
2016 (Fig. 3).

The sensitivity analysis including only patients with
invasive ventilation from beginning of ventilatory sup-
port showed following results: MOR 1.95 (95% CI 1.52—
2.38) in 1998; 1.71 (95% CI 1.43-1.98) in 2004; 1.50 (95%
CI 1.33-1.68) in 2010; and 1.36 (95% CI 1.21-1.51) in
2016 (Fig. 3).

Influence of management strategies on mortality:
mediation analysis

No effect of mediation variables was found in the overall
cohort of patients (eTable 6). However, NPPV, a lung-pro-
tective strategy, and the use of sedation showed different
effects on mortality according to severity of hypoxemia
(eTable 7). In patients with hypoxemia, implementation
of a lung-protective strategy had an indirect effect over

Table 2 Comparison of events emerging over the course of mechanical ventilation and outcomes

1998 (N=5183)

2004 (N=4968) 2010 (N=8108) 2016 (N=7765)

Events?
Barotrauma, No. (%) 154 (3 157 (3) 140 (2) 51 (1)
Acute respiratory distress syndrome, No. (%) 218 (4 279 (6) 495 (6) 508 (6.5)
Acquired ICU pneumonia, No. (%) 438 (8 265 (5) 359 (4) 107 (1)
Sepsis, No. (%) 457 (9 400 (8) 1472 (18) 1177 (15)
Cardiovascular failure, No. (%) 1145 (22) 1193 (24) 3138 (39) 3510 (45)
Acute renal failure, No. (%) 971 (19) 948 (19) 1771 (22) 1510 (19)
Hepatic failure, No. (%) 326 (6) 691 (14) 554 (7) 139(2)
Hematological failure, No. (%) 552 (11) 795 (16) 662 (8) 419 (5)

Outcomes
Duration of ventilatory support, median (interquartile range), days 4 (2-8) 6(3-11) 5(3-10) 5(3-9)
Ventilator-free days, median (interquartile range) 20 (0, 25) 17 (0, 23) 19 (0, 24) 20 (0, 25)
Duration of ICU stay, median (interquartile range), days 7 (4-14) 8 (4-15) 7 (4-14) 8 (4-14)
ICU mortality, No. (%) 1590 (31) 1533 (31) 2255 (28) 2238 (29)
28-day mortality, No. (%) 1719 (33) 1605 (32) 2432 (30) 2072 (27)
Hospital mortality?, No. (%) 1876 (40) 1759 (37) 2718 (35) 2617 (36)

2 With the exception of barotrauma, every event had to meet the relevant diagnostic criteria for at least two consecutive days

b Ppatients whose date of and status at discharge from hospital were unknown were not included in the calculation (465 patients in 1998, 211 patients in 2004, 377

patients in 2010, and 570 in 2016)
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Table 3 Changes over time in management of mechanical ventilation and mixed-effects logistic regression analysis
to estimate the magnitude of changes

1998 (N=5183) 2004 (N=4968) 2010(N=8108) 2016

(N=7765)
Non-invasive positive-pressure ventilation as first mode of ventilatory 256 (5) 479 (10) 1166 (14) 1225 (16)
support, No. (%)
Use of continuous sedation, No. (%) 3164(61) 3486 (70) 5723(71) 5605(72)
Neuromuscular blockers, No. (%) 686 (13) 524(10.5) 886 (11) 803 (10)
Mean tidal volume, mean (SD), ml/kg ideal body weight N.T. 9.1 (24) 8.1(1.9) 79(1.8)
Mean tidal volume, mean (SD), ml/kg actual body weight 88(2.1) 762.1) 7.1(1.8) 6.7 (1.8)
Percentage of days with tidal volume less than 6 ml/kg Actual Body 7% 17% 20% 30%
Weight (ABW)
Mean applied positive end-expiratory pressure, mean (SD), cm of water 5(3) 6 (4) 7(3) 7(3)
Percentage of days with positive end-expiratory pressure higher than 7% 11% 30% 21%

10 cm of water

time (taking first study as reference) in patients with a  Discussion
PaO,/FiO, ratio of between 100 and 200; 13.1%, 10.5% We showed that 28-day mortality in an overall cohort of
and 22.6%, in 2004, 2010 and 2016, respectively; and in  mechanically ventilated patients decreased significantly
patients with a PaO,/FiO, ratio lower than 100: 12.7%, over time. Our analysis suggests that mortality could show
13.5% and 9.2%, respectively. Meanwhile, the use of seda-  an effect of country, independently of patient and manage-
tion had an indirect effect on 28-day mortality over time  ment factors. However, some management strategies (lung-
in those patients with a PaO,/FiO, ratio higher than 300:  protective strategy and sedation) mediated an important
11.9%, 24.7% and 20.8%, in 2004, 2010, and 2016, respec-  fraction of the effect of temporal evolution on mortality.
tively. The use of NPPV had no indirect effect on 28-day Over the past 20 years, an extensive body of research
mortality. in different areas has led to advances in mechanical ven-
tilation to improve oxygenation and prevent ventilator-
induced lung injury [33]. The question is whether or

30 o o - 30
o
o o
¢} o o)
0| 8 8 o e} o o o 8 o
e Q 9 3 o 20
o g8 9 o 9 o o o
Tidal Volume 9 o] [} g o © Applied PEEP
(ml/kg actual body weight) 8 é 8 8 8 8 g (cm of water)
o o o o
o
%l o
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non-ARDS ARDS non-ARDS ARDS non-ARDS ARDS non-ARDS ARDS
1998 2004 2010 2016
Fig. 1 Changes over time in tidal volume (blue box plot) and positive end-expiratory pressure (red box plot) set at initiation of mechanical ventila-
tion in patients without criteria of acute respiratory distress syndrome (ARDS) and patients with ARDS. For each box plot, the middle line represents
the median, the lower hinge represents the first quartile, the upper hinge represents the third quartile, the whiskers extend to 1.5 times interquartile
range, and the outliers are values outside the whiskers'range
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Table 4 Odds ratio for the implementation of management strategies (the 1998 study was taken as reference) and the

inter-country variability

0Odds ratio (95% confidence interval)

2004 2010

Country-level vari-
ability (median odds

Non-invasive positive-pressure 2.15(1.97-2.35)

ventilation
242 (2.06-2.85)
1.49 (1.26-1.77)

Lung-protective strategy®
Sedation

3.01(2.77-3.27)

3.60(3.10-4.19)
1.51(1.13-2.02)

ratio)
3.76 (3.45-4.09) 1.40
3.90 (3.35-4.54) 2.09
1.90 (1.26-2.87) 2.82

? Defined as a tidal volume below 6 ml/kg actual body weight or a tidal volume below 8 ml/kg actual body weight plus plateau or peak inspiratory pressure less than

30 cmH,0

60
50
g
2z
S 40
=
=]
=
>
. —
o0
a —
\ _
30 = ——
\
\
20
T I T T
1998 2004 2010 2016
Fig. 2 Regression lines of the evolution of the 28-day mortality by countries (thin lines) and globally (thick line). For simplicity of the graph, only the
fifteen countries that participated in the four studies are shown. Overall 28-day mortality decreased over time (thick line). The variability between
countries declined (the dispersion is lower in the last year than in the first year). The rate of change in mortality in each country is inversely related
to the initial dispersion: countries farthest from the average changed faster in the opposite direction. Countries with initial higher mortality tended
to see this decline more rapidly (blue lines), while those with initial lower mortality tended to raise it slowly (red lines)

not the implementation of better practices in the man-
agement of mechanically ventilated patients [1-12] has
spread homogeneously across the world and whether
these strategies themselves have an impact on mortality.
We think that a reasonable way to address these issues
could be through a proper estimate of the influence of
country on mortality rates in mechanically ventilated
patients.

Our objective was to evaluate whether the observed
variations in mortality of mechanically ventilated patients
have an inter-country effect after proper adjustment for
variables associated with clinical management. However,
our aim was not to make an explicit comparison between

individual countries or geographical areas, as other
authors have done [17]. Interestingly, we found that the
variability in 28-day mortality may be partially explained
by a random effect of country and that this effect showed
a significant reduction over time. Our results also showed
a significant geographical variability in 28-day mortality
among countries, with the risk of death found to differ up
to twofold between any two randomly selected countries.
The observed random effect of the international vari-
ability in mortality could, itself, be influenced by possible
unmeasured variables such as ICU organization and uti-
lization [34, 35], intensive-care resources [36], intensive-
care admissions policy, intensivist staffing schedules [37],
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Fig. 3 Adjusted inter-country variability estimated by mean odds ratio (95% confidence interval) at each study year in all the participating countries
(red) and in the 15 countries that took part in all four studies (blue). The Median Odds Ratio (MOR) is defined as the median value of the odds ratio
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The median odds ratio can be conceptualized as the
increased risk of mortality that a patient would have if
he/she moved to a country with different mortality rate.

2010 2016

or variability in the withdrawal of life-sustaining treat-
ment across countries [38, 39]. Additional studies are
needed to evaluate whether all these variables, together
with the variables assessed in our study, could contribute
to that effect.

We speculate that progressive and overall implementa-
tion of the best available clinical practice may have led to
this variability in mortality [40]. We could argue that the
countries with worse results in the past have improved
their clinical practice through higher rates of adherence
to best practices more experience [41], or an economic
improvement in the case of the low- or middle-income
countries if we consider the geo-economy a variable asso-
ciated with the outcome of the overall cohort of mechan-
ically ventilated patients as described in patients with
ARDS [17].

However, it is possible to argue that the implementa-
tion of certain management strategies, such as NPPYV,
protective ventilation and sedation, could, per se, be the
reason for the observed changes in mortality. A meta-
analysis that included individual patient data from nine
randomized clinical trials showed that reductions in
the daily fluid balance, plateau pressure and tidal vol-
ume, and the increase in PEEP decreased the mortality
rate in ARDS patients over a period of 17 years [42]. We
performed a mediation analysis to evaluate the effect of
the aforementioned management strategies. Despite the
methodological complexity, we have found a moderate

(lower than 25%) mediated effect of lung-protective strat-
egy and sedation in a subgroup of patients with moderate
hypoxemia.

Our study has limitations. Despite enrolling a large
number of ICUs from around the world, our sample may
not have avoided a selection bias liable to limit the gen-
eralizability of its findings. However, given that 60% of
our sample was collected from countries that partici-
pated in all four studies, as well as the fact that it covered
a time span of almost 20 years, its results can be con-
sidered very consistent and reliable. It may also be ques-
tioned whether the participating ICUs are sufficiently
representative of the countries. We are confident that
the availability and use of health resources within each
country, including the socioeconomic and demographic
aspects of patients, showed similar random distribution.
Another limitation is that we did not have all the same
ICUs participating in all four studies. To some extent,
this was unavoidable due to closure of some previously
participating hospitals, changes in resources available
for data collection at participating centers, and our goal
to expand the representability of the results by including
ICUs from more countries. Finally, we had missing data
for some relevant variables; however, we believe that the
size of the database should have minimized the influence
of the missing information in the results. In this sense,
we analyzed the evolution over time of tidal volume
expressed as the tidal volume in milliliters per kilogram
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of actual body weight, because height was not regis-
tered in the first study. Some may argue that the data
on tidal volumes are difficult to interpret given the use
of actual body weight instead ideal body weight. How-
ever, the differences between actual body weight and
ideal body weight were found to decrease slightly over
time (13.69 kg in 2004, 12.91 kg in 2010, and 11.97 kg in
2016), which resulted in only minor differences between
tidal volume estimated by actual or predicted body
weight (1.46 ml in 2004, 1.14 in 2010, and 1.13 in 2016).
Therefore, we consider that this possible limitation does
not invalidate our observation about the evolution of
tidal volume.

In conclusion, we have provided clinical evidence on
the observed decrease in mortality of mechanically ven-
tilated patients over a period of 18 years. We observed a
variability associated with country, which also decreased
over time, but could be partially mediated by the imple-
mentation of some management strategies in patients
with moderate hypoxemia.
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