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Abstract Purpose: There are
limited data available about the role
of sedation and analgesia during
noninvasive positive pressure venti-
lation (NPPV). The objective of study

was to estimate the effect of analgesic
or sedative drugs on the failure of
NPPV. Methods: We studied pa-
tients who received at least 2 h of
NPPYV as first-line therapy in a
prospective observational study car-
ried out in 322 intensive care units
from 30 countries. A marginal struc-
tural model (MSM) was used to
analyze the association between the
use of analgesic or sedative drugs and
NPPV failure (defined as need for
invasive mechanical ventilation). Re-
sults: 842 patients were included in
the analysis. Of these, 165 patients
(19.6 %) received analgesic or seda-
tive drugs at some time during NPPV;
33 of them received both. In the ad-
justed analysis, the use of analgesics
(odds ratio 1.8, 95 % confidence in-
terval 0.6-5.4) or sedatives (odds
ratio 2.8, 95 % CI 0.85-9.4) alone
was not associated with NPPV fail-
ure, but their combined use was
associated with failure (odds ratio 5.7,
95 % CI 1.8-18.4). Conclu-

sions: Slightly less than 20 % of
patients received analgesic or seda-
tive drugs during NPPV, with no
apparent effect on outcome when
used alone. However, the simultane-
ous use of analgesics and sedatives
may be associated with failure of
NPPV.

Keywords Noninvasive positive
pressure ventilation -

Acute respiratory failure
Sedation - Analgesia - Mortality

Introduction

Noninvasive positive pressure ventilation (NPPV) is an
effective technique that can avert side effects and com-
plications associated with endotracheal intubation [1].
The tolerance of NPPV is crucial for its success. Mask
intolerance because of pain or discomfort, or claustro-
phobia, may lead the patient to refuse ongoing NPPV
prompting its discontinuation. In one trial, mask

intolerance or inadequate patient cooperation led to in-
tubation in 9 % of patients with acute respiratory failure
[2]. Thille et al. [3] found that up to 13 % of patients with
acute respiratory failure had poor tolerance to NPPV from
the beginning of ventilatory support. In a survey of 70
intensive care units (ICUs) [4] to evaluate the use of
NPPV, multiple regression analysis revealed that the
severity (estimated by Simplified Acute Physiology
Score, SAPS 1II) and de novo respiratory failure were two
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independent predictors of the need for mechanical venti-
lation, whereas good tolerance to NPPV and high body
mass index were associated with success. On the other
hand, delirium and agitation are serious complications in
critically ill patients and, even if it is indicated, NPPV is
sometimes unsuccessful under these conditions [5].

For those reasons, after considering other factors
known to improve adaptation of the patient to NPPV, the
use of sedation during NPPV can be part of a strategy
designed to optimize its use. An international survey re-
garding current sedation practices during NPPV in patients
with acute respiratory failure showed that among physi-
cians, 41 % used sedation and 48 % analgesic therapy for
NPPV in the USA, whilst 24 % used sedation and 35 %
used analgesic therapy in Europe [6]. Pilot studies suggest
that continuous infusion of a single sedative agent may
decrease patient discomfort, with no significant effects on
respiratory drive, respiratory pattern, or hemodynamics
[7]. While the current limited data available suggests that
sedation during NPPV is safe and feasible, more wide-
spread application should await the results of larger
observational studies or randomized clinical trials.

Therefore, the purpose of this analysis was to assess
the effect of analgesic and/or sedative drug therapy on
NPPV failure.

Materials and methods

Patients

We used data from a prospective, international, multi-
center, observational study of mechanically ventilated
patients in 322 ICUs from 30 countries (see “Appendix
1””) throughout March 2010 (Clinicaltrials.gov identifier
NCTO01093482) [8]. The research ethics board of each
participating institution approved the protocol and need
for informed consent was according to local rules. From
this data set we included patients who received more than
2 h of NPPV as first-line ventilatory support at ICU ad-
mission. We excluded those with short duration of NPPV
(N = 327, of whom 72 patients failed and were intubated)
to guard against reverse causality; we felt that in this short
time frame it would be impossible to separate patients
given sedation or analgesia because they were already
failing NPPV from those given sedation or analgesia to
improve comfort of ongoing NPPV.

Protocol

We collected the following baseline characteristics: age,
sex, severity at ICU admission estimated by SAPS II, use
of NPPV at home, application of NPPV in the hospital
previous to admission in the ICU; reason for NPPV

[chronic obstructive pulmonary disease (COPD), asthma,
other chronic pulmonary disease non-COPD, postop-
erative acute respiratory failure, acute respiratory distress
syndrome, community-acquired pneumonia, hospital-ac-
quired pneumonia, congestive heart failure, aspiration,
neurologic disease, trauma, sepsis, do-not-intubate order,
other reason] that, for the purpose of the analysis, was
grouped into three categories: hypercapnic respiratory
failure, hypoxemic respiratory failure, and other; arterial
blood gases prior to NPPV commencement; interface and
ventilator used to apply the NPPV. At NPPV com-
mencement we registered the following variables: mode
of ventilation, inspiratory positive airway pressure, expi-
ratory positive airway pressure, tidal volume, respiratory
rate, inspired fraction of oxygen, arterial blood gases and
level of consciousness-sedation by Richmond Agitation
Sedation Scale (RASS) [9]. At each change of ventilator
settings we registered the same variables and the admin-
istration of sedatives (midazolam, propofol, lorazepam,
dexmedotimidine) or analgesics (morphine, fentanyl,
remifentanyl, sufentanyl) at this moment. Monitoring was
continued until NPPV was considered failed or the patient
was discharged from the ICU.

The failure of NPPV was defined as the need for in-
tubation and invasive mechanical ventilation.

Statistical analysis

Data are expressed as mean (standard deviation), median
(interquartile range), absolute and relative frequencies as
appropriate. Student’s f, Mann—Whitney, ANOVA, and
Kruskal-Wallis tests were used to compare continuous
variables and Chi-squared tests were used for categorical
variables.

To assess the relationship between the use of analgesics
or sedatives drugs with the failure of NPPV and to avoid
time-dependent confounders, we performed a marginal
structural model (MSM) by inverse probability treatment
weight (IPTW) introducing analgesics, sedatives, or both
as a dummy variable using non-sedoanalgesia as the ref-
erence, and adjusted by baseline variables (age, SAPS II,
reason for starting NPPV, interface for NPPV), and time-
dependent confounders (RASS score, pH, and PaCO2). A
full description of this statistical analysis is available in the
electronic supplementary material.

To account for patients clustering, the effect of anal-
gesics or sedatives drugs on 28-day mortality was
analyzed using logistic regression model with generalized
estimating equations methods [10]. In the multivariable
analysis for risk of mortality, we adjusted only for base-
line variables related to mortality (age, SAPS II, reason
for NPPV).

Statistical tests were two-sided, and p < 0.05 was
considered to be statistically significant. These analyses
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were performed using Stata/IC 13.1 (STATA Corp,
Texas, USA).

Results

At admission in the ICU, 1169 patients received NPPV.
For the purpose of the current analysis we excluded 327
patients (27.9 %) because they underwent less than 2 h of
NPPV.

From the remaining 842 patients, 165 patients
(19.6 %) received some kind of analgesic and/or sedative
drugs at any time during NPPV: 88 patients received
analgesia, 44 patients received sedation, and 33 patients
received both analgesics and sedatives drugs (Fig. 1).
Midazolam and morphine were the most commonly used
sedative and analgesic drugs. Table 1 displays the dif-
ferences between patients who received analgesic and/or
sedative drugs and patients who did not.

Relationship between sedation—analgesia and failure
of NPPV

Patients who received analgesic or sedative drugs had
similar duration of NPPV—analgesics [median 24 h (in-
terquartile range 13-85)], sedatives [median 29 h
(interquartile range 11-77)], and analgesics and sedatives
[median 39 h (interquartile range 7-58)]—to those who
received neither [median 26 h (interquartile range
12-59)] (p = 0.933).

Overall, 269 of 842 patients (32 %) failed NPPV.
Table 2 shows the differences between patients with

successful NPPV and NPPV failure. Patients who failed
NPPV had higher severity of illness at ICU admission,
and more commonly had hypoxemic respiratory failure.
In the unadjusted analysis analgesia was not sig-
nificantly associated with failure of NPPV (Table 3).
After adjusting for confounders, the marginal structural
model by IPTW analysis showed that neither analgesia
(odds ratio 1.8, 95 % confidence interval 0.6-5.4) nor
sedation (odds ratio 2.8, 95 % CI 0.85-9.4) was sig-
nificantly associated with NPPV failure. However, the
simultaneous use of analgesics and sedatives was sig-
nificantly associated with failure of NPPV: odds ratio 5.7,
95 % CI 1.8-18.4 (Table 3). A full description of the
development of the model is showed in ESM.

Clinical outcomes

ICU length of stay was longer in patients who received
sedative drugs with analgesics [median 6 days (interquar-
tile range 3.5-10 days)] or without analgesics [median
7 days (interquartile range 4—18 days)] vs. those who did
not receive drugs [median 5 days (interquartile range
3-10 days)]. Patients who received only analgesia had a
length of stay in the ICU [median 6 days, interquartile
range 3—-10 days) similar to patients who did not receive
any drug.

Crude 28-day mortality was higher in patients who re-
ceived analgesic or sedative drugs compared with those who
did not (34 vs. 23 %, p = 0.014). The combination of anal-
gesics and sedative drugs during NPPV remained significantly
associated with 28-day mortality after adjustment for con-
founders: odds ratio 4.6, 95 % CI 2.1-9.9 (Table 4). Also,
crude ICU mortality was higher (31 vs. 21 %, p = 0.007).

Fig. 1 Flowchart of outcome
according to sedoanalgesia
status. NPPV Non-invasive
positive pressure ventilation

Non-invasive positive pressureventilation

as firstsupport
N=1169

Exclusionbecause NPPV
lessthan 2 hours
N =327
Failure NPPV: 22%
28-day Mortality: 17%

_

N

Included in analysis
N=_842

N

N y N

Non-sedoanalgesia
N =677 (80%)

Failure NPPV: 31%
28-day Mortality: 23%

Failure NPPV: 36%
28-day Mortality: 35%

Sedation
N =44 (5%)

Analgesia
N =88 (10%)

Analgesia &Sedation
N =33 (4%)

Failure NPPV: 47%
28-day Mortality: 27%

Failure NPPV: 51%
28-day Mortality: 47%
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Discussion

In this study, we did not find any evidence suggesting a
benefit of sedation or analgesia during NPPV. Almost
20 % of patients received analgesic or sedative drugs.

A cross-sectional Web-based survey [6] carried out by
American and European physicians concluded that most
physicians infrequently use sedation and analgesic ther-
apy for acute respiratory failure patients receiving NPPV,
but practices differ widely within and among specialties
and geographic regions. According to this survey,

sedation was usually administered as an intermittent in-
travenous bolus, outside of a protocol. A benzodiazepine
alone was the most preferred (33 %), followed by an
opioid alone (29 %). Europeans were less likely to report
using a benzodiazepine alone (25 vs. 39 %, p < 0.001)
but more likely to report using an opioid alone (37 vs.
26 %, p < 0.009). In our study, which examined recorded
actual practice, rather than stated practice patterns, we did
not observe significant differences between regions.
Aside from that survey, a few clinical trials, mostly
with small sample sizes and varying results, have

Table 1 Baseline characteristics of patients according to sedoanalgesia status during ventilatory support

Non sedoanalgesia Analgesia Sedation Analgesia and
(N = 677) (N = 88) (N = 44) sedation (N = 33)

Geographic region, n (%)

Africa 88 (13) 809 10 (23) 6 (18)
Asia 38 (6) 1(1) 1) 0
Europe 307 (45) 46 (52) 21 (48) 15 (45.5)
Latin America 108 (16) 19 (22) 6 (14) 4 (12)
Oceania 66 (10) 4. (4.5) 2 (4.5) 13
USA-Canada 70 (10) 10 (11) 4(9) 7 1)
Age, mean (SD), years 65 (16) 64.5 (15) 61 (16) 66 (15)
Female, n (%) 296 (44) 37 (42) 21 (48) 15 (45.5)
SAPS II, mean (SD), points 38 (14) 41 (15) 39 (14) 40 (13)
Noninvasive ventilation at home, n (%) 57 (8) 7 (8) 2 (4.5) 13
NPPV prior to admission to ICU, n (%) 104 (15) 10 (11) 7 (16) 4 (12)
Reason for NPPV, n (%)

Hypercapnia 306 (45) 23 (26) 18 (41) 12 (36)
Hypoxemia 331 (49) 61 (69) 23 (52) 18 (55)
Other 40 (6) 4 (5) 3(7) 309
Arterial blood gases prior to start NPPV

pH, mean (SD) 7.32 (0.10) 7.35 (0.10) 7.35 (0.14) 7.33 (0.11)
PaCO,, mmHg, mean (SD) 55 (25) 43 (15) 50 (27) 51 (19)
Pa0,/FiO, ratio, mean (SD) 193 (121) 153 (80) 174 (87) 221 (190)
Specific ventilator for NPPV, n (%) 341 (55) 46 (58) 26 (65) 16 (57)
Interface, n (%)

Oral-nasal mask 337 (50) 46 (52) 24 (55) 16 (48.5)
Facial mask 290 (43) 36 (41) 19 (43) 16 (48.5)
Nasal mask 38 (6) 3(3) 12) 0
Helmet 12 (2) 3(3) 0 1(3)
Ventilator settings at start NPPV

Mode of ventilation, n (%)

BIPAP 487 (72) 60 (68) 36 (82) 25 (76)

CPAP 47 (7) 12 (14) 0 5 (15)

Pressure support 134 (20) 13 (15) 6 (14) 309

Other 9 (1) 303) 2 (4) 0
Parameter of ventilator

IPAP, mean (SD), cmH,O 14 (4) 13.5 (5) 15 (5) 13.5 (5)

EPAP, mean(SD), cmH,O 6 (2) 712) 72) 712)

Respiratory rate, bpm, mean (SD) 24 (7) 23 (7) 25 (8) 26 (8)
RASS at start NPPV, n (%)

—5 to —3 points 19 (3) 2(2) 4(9) 1(3)
—2 to 0 points 355 (52) 50 (57) 15 (34) 16 (48.5)
1 to 4 points 166 (25) 24 (27) 18 (41) 8 (24)

Missing data: pH in 85 patients, PaCO, in 87 patients, ratio PaO, to
FiO, in 334 patients, IPAP in 70 patients, EPAP in 17 patients,
respiratory rate in 46 patients, and RASS in 164 patients

IPAP inspiratory positive airway pressure, EPAP expiratory posi-
tive airway pressure, BIPAP bilevel positive airway pressure,

CPAP continuous positive airway pressure, RASS Richmond Agi-
tation Sedation Scale, NPPV noninvasive positive pressure
ventilation, bpm breaths per minute
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Table 2 Comparison between patients with success of noninvasive positive pressure ventilation and patients with noninvasive positive

pressure ventilation failure

Successful NPPV (N = 573) Failure NPPV (V = 269) p value

Age, mean (SD), years 66 (16) 63 (16) 0.014
Male, n (%) 317 (55) 156 (58) 0.570
SAPS II, mean (SD), points 37 (14) 42 (16) <0.001
NPPV at home, n (%) 77 (10) 16 (5) 0.008
NPPV prior to admission to ICU, n (%) 123 (16) 38 (12) 0.090
Reason for NPPV, n (%)

Hypercapnia 265 (46) 94 (35) 0.007
Hypoxemia 277 (48) 156 (58) 0.003
Other 31 (5) 19 (7) 0.083
Arterial blood gases prior to start NPPV, mean (SD)

pH, mean (SD) 7.34 (0.10) 7.39 (0.11) 0.189
PaCO,, mmHg, mean (SD) 53 (22) 47 (21) <0.001
Pa0,/FiO, ratio, mean (SD) 190 (97) 164 (95) 0.002
Duration of NPPV, hours, median (IQR) 37 (18, 80) 18 (9, 45) 0.001
Specific ventilator for NPPV, n (%) 392 (57) 148 (50) 0.065
Interface, n (%)

Oral-nasal mask 286 (50) 137 (51) 0.027
Facial mask 238 (41.5) 123 (46) 0.215
Nasal mask 36 (6) 6(2) 0.013
Helmet 13 (2) 3(1) 0.618
Ventilator settings during noninvasive positive pressure ventilation

Highest IPAP, cmH,0, mean (SD) 14 4) 14 (5) 0.515
Highest EPAP, cmH,0, mean (SD) 6 (2) 6 (2) 0.426
Highest respiratory rate, bpm, mean (SD) 23 (7) 26.5 (8) <0.001
Worst arterial blood gases during NPPV

pH, mean (SD) 7.32 (0.09) 7.30 (0.11) 0.001
PaCO,, mmHg, mean (SD) 55 (21) 54 (24) 0.390
Pa0O,/FiO, ratio, mean (SD) 194 (90) 157 (97) <0.001
RASS

—2 to 0 points, n (%) 307 (67) 129 (57) 0.010
—5 to —3 points, n (%) 12 (3) 14 (6) 0.012
1 to 4 points, n (%) 139 (30) 84 (37) 0.036

NPPV noninvasive positive pressure ventilation, bpm breaths per minute, RASS Richmond Agitation Sedation Scale, /PAP inspiratory

airway pressure, EPAP expiratory airway pressure

evaluated the efficacy of analgesic or sedative drugs
during NPPV [11]. Several studies [7, 12—-16] have re-
ported the evolution of a few patients—with acute
respiratory failure [7, 12, 13] or failure of NPPV due to
agitation [13], discomfort [14], or interface intolerance
[15]—who were sedated with sufentanyl [7], morphine
and/or midazolam [12], remifentanyl [13, 16],
dexmedetomidine [14], or propofol [15] to obtain a level
of sedation to improve the tolerance to NPPV. In these
studies, the rate of intubation ranged between 0 and 39 %.
Only three studies [17-19] were randomized controlled
trials that compared sedation with two different drugs:
midazolam vs. dexmedetomidine. Senoglu et al. [17] did
not report any failure of 40 uncooperative patients sedated
that received NPPV. Huang et al. [18] included 62 pa-
tients with acute cardiogenic pulmonary edema who
refused NPPV and reported an overall rate of failure of
32 %, and the group assigned to midazolam had a higher
rate of NPPV failure (45 vs. 21 % in the dexmedeto-
midine group). Devlin et al. [19] randomized 36 adults
with acute respiratory failure within 8 h after starting
NPPV to receive dexmedetomidine, to maintain a

Sedation-Agitation Scale score of 3—4, or placebo up to
72 h. They found that initiating dexmedetomidine soon
after NPPV initiation did not improve NPPV tolerance:
odds ratio 1.44, 95 % CI 0.44-4.70 (p = 0.54).

Our study represents the largest observational study in
patients in NPPV receiving analgesic and/or sedative
drugs. We observed a rate of unsuccessful NPPV in pa-
tients who received analgesic or sedative drugs in the
range of previous reports (39 %). Using a marginal
structural model, we showed an independent association
between the use of combined sedation or analgesia during
NPPV and NPPV failure. This potentially deleterious
effect of simultaneous use of analgesic and sedative drugs
on outcome of critically ill patients receiving NPPV has
not previously been reported [20]. Nevertheless, ran-
domized clinical trials are encouraged to further address
this question.

Our study has several limitations. First, we cannot
know if the administration of sedoanalgesia drugs was
used as an attempt to improve the tolerance to NPPV, or
to avoid the failure of NPPV when first signs of poor
tolerance appeared. Nevertheless, we think that our
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Table 3 Effect of sedoanalgesia on failure of noninvasive positive pressure ventilation

Failure Crude (GEE model) Adjusted by age, SAPS II, interface for NPPV,
NPPV (%) reason for NPPV, RASS, pH and PaCO,
Odds ratio (95 % CI) p value Odds ratio (95 % CI) p value
Non-sedoanalgesia 31 1 1
Analgesia 36 1.5 (1.0-2.3) 0.063 1.8 (0.6-5.4) 0.266
Sedation 47 2.3 (1.3-3.9) 0.003 2.8 (0.8-9.4) 0.095
Sedation and Analgesia 51 6.6 (3.3-12.8) <0.001 5.7 (1.8-18.4) 0.004

NPPV noninvasive positive pressure ventilation, GEE generalized estimating equation, CI confidence interval, SAPS Simplified Acute

Physiology Score, RASS Richmond Agitation Sedation Scale

Table 4 Relationship between sedoanalgesia and 28-day mortality in patients with noninvasive positive pressure ventilation

28-day

Crude (GEE model)

Adjusted by age, SAPS II, reason for NPPV

mortality (%)

Odds ratio (95 % CI) p value Odds ratio (95 % CI) p value
Non-sedoanalgesia 23 1 1
Analgesia 35 1.8 (1.0-2.3) 0.013 1.5 (0.9-2.4) 0.101
Sedation 27 1.7 (0.9-3.3) 0.134 1.8 (0.9-3.6) 0.085
Sedation and analgesia 47 4.8 (2.3-10.3) <0.001 4.6 (2.1-9.9) <0.001

NPPYV noninvasive positive pressure ventilation, GEE generalized estimating equation, CI confidence interval, SAPS Simplified Acute

Physiology Score

findings support the conclusion that the administration of
sedoanalgesia, whatever the indication, did not improve
the outcome of NPPV. Second, as a result of the design of
the study, we did not register any variable related to the
assessment of the tolerance to NPPV or to patient—ven-
tilator interaction. Third, owing to the characteristics of
this observational and non-interventional study, there was
no protocol for analgesic or sedation drug dosing and we
only collected the drugs administered but not their
dosage. Four, the decision to start and finish NPPV was
based on the clinical judgment of the physician in charge
of the patients; however, this study represents the routine
clinical practices in the use of NPPV in the ICU. Last,
there are probably remaining unmeasured confounders. In
observational studies, the control of confounding is a
fundamental problem in analyzing data and interpreting
results. A confounder variable is associated with both the
occurrence of the outcome event (failure of NPPV) and
the treatment (sedation and/or analgesia). Use of standard
regression models for the analysis of cohort studies with
time-updated measurements may result in biased esti-
mates of treatment effects if time-dependent confounders
affected by prior treatment are present. If past treatment
predicts the current covariate value (e.g., if the covariate
is on the causal pathway between treatment and the out-
come), standard survival analyses with time-updated
treatment effects will give biased treatment effect esti-
mates. We have performed a marginal structural model to
analyze the results of this observational study to avert

time-dependent confounders. The results evaluated by the
MSM are valid only under the assumption that all co-
variates influencing the use of NPPV were introduced in
the analysis [21]. However, we included numerous mea-
sured covariates but the assumption of positivity would
have not been fulfilled. The use of truncated weight would
attenuate this limitation [22].

In conclusion, we observed no benefit of the use of
sedation or analgesia in patients receiving noninvasive
positive pressure ventilation. The association of sedation
and analgesia may be related to NPPV failure.
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Appendix 1: Investigators in the Third International
Study on Mechanical Ventilation (2010)

Argentina: Coordinators: Fernando Rios (Hospital Na-
cional Alejandro Posadas), Damian Violi (Hospital
Hospital Interzonal General de Agudo Profesor Dr. Luis
Guemes, Haedo)
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Marisol Rodriguez-Goii, Roger Lamoglie and Fer-
nando Villarejo (Hospital Nacional Profesor A. Posadas,
Buenos Aires); Norberto Tiribelli and Santiago Ilutovich
(Sanatorio de la Trinidad, General Mitre); Matias
Brizuela and Mariana Monllau (Hospital Transito Caceres
de Allende, Coérdoba); Fernando Saldarini and Silvina
Borello (Hospital General de Agudos donacion Francisco
Santojanni, Buenos Aires); Alberto Marino and Norberto
Tiribelli (Hospital Churruca-Visca, Buenos Aires);
Mauricio Vinzio and Karina Bonasegla (Sanatorio de la
Trinidad, San Isidro); Julian Hernandez and Maria Belén
Yapur (Sanatorio Nuestra Sefiora del Rosario, Jujuy);
Maria Eugenia Gonzalez (Hospital Privado de Comu-
nidad, Mar del Plata); Sebastian E. Mare (Sanatorio Dr.
Julio Méndez, Buenos Aires); Judith Sagardia and Marco
Bezzi (Hospital General de Agudos P. Pifieiro, Buenos
Aires); Cecilia Pereyra and Julian Strati (Hospital Inter-
zonal General de Agudo Profesor Dr. Luis Guemes,
Haedo); Daniel Vargas and Claudia Diaz (Hospital Pablo
Soria, Jujuy); Pablo Gémez and Marcelo Palavecino
(Sanatorio Juncal, Temperley); Graciela Elizabeth and
Aguilera Garcia, M. Eugenia (Hospital de San Luis); Luis
Pablo Cardonnet and Lisandro Betttini (Hospital Provin-
cial del Centenario, Rosario); Hernan Nuifiez and Lucas
Vallejo (Hospital General de Agudos Juan A. Fernandez,
Buenos Aires); Fernando Fernandez and Jorge Arroyo
(Hospital Central, Mendoza); Daniel Duarte and Gerardo
Filippa (Hospital Regional Rio Grande, Tierra del Fuego);
Cayetano Galetti and Hernan Nunia (Sanatorio Allende,
Cérdoba); Fernando Lambert and Elisa Estenssoro
(Hospital Interzonal de Agudos San Martin, La Plata);
Marina Busico and Fernando Villarejo (Clinica Olivos,
Vicente Lopez); Javier Horacio Alvarez (Hospital
Universitario Austral, Pilar); Alejandro Raimondi and
Gustavo Badariotti (Sanatorio Mater Dei, Buenos Aires);
Martin Lugaro (Sanatorio Las Lomas, San Isidro); Fer-
nando Lipovestky (Clinica Santa Isabel; Buenos Aires);
Alan Javier Zazu and Hugo Capponcelli (Clinica Privada
de Especialidades de Villa Maria); Patricia Vogl and
Cristina Orlandi (Hospital Zonal Francisco Lopez Lima,
General Roca); Alejandro Gomez and Gustavo Jannello
(Sanatorio de los Arcos; Buenos Aires); Alejandro Risso
(Sanatorio Otamendi y Miroli, Buenos Aires); Leticia
Rapetti and Guillermo Chiappero (Hospital Universitario,
Universidad Abierta Interamericana, Buenos Aires); Juan
Domingo Fernandez (Hospital Regional de Comodoro
Rivadavia, Chubut); Rodrigo E. Gomez-Paz (Hospital
Espaiiol, Buenos Aires); Marcos Juan Zec and Pascual
Valdez (Hospital General de Agudos Dalmacio Vélez
Sarsfield, Buenos Aires); Jorgelina Guyon, Ariel Chena
(Hospital Lagomaggiore, Mendoza); Sergio Lasdica
(Hospital Municipal Coronel Suarez, Buenos Aires);
Martin Deheza, Schimdt Alejandra (Hospital General de
Agudos Bernardino Rivadavia, Buenos Aires); Francisco
Criado (Hospital Naval Puerto Belgrano, Bahia Blanca);
Norma Beatriz Marquez (Policlinico Atlantico del Sur,
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Australia: Coordinators: Jasmin Board and Andrew
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(Flinders Medical Center, Adelaide); John Santamaria and
Jennifer Holmes (St Vincent’s Hospital, Melbourne);
Cartan Costello, Manoj K. Saxena and John Myburgh (St
George Hospital, Sydney); Ellen Kinkel and Forbes
McGain (The Western Hospital, Melbourne); Claire
Cattigan and Allison Bone (Barwon Health, Geelong
Hospital, Geelong); Ian Seppelt, Leonie Weisbrodt, and
Cheryl Cuzner (Nepean Hospital, Sydney); Christopher
Maclsaac, Deborah Barge, and Tania Caf (Royal Mel-
bourne Hospital, Melbourne); Cameron Knott and
Graeme Duke (The Northern Hospital, Melbourne);
Imogen Mitchell, Helen Rodgers, Rachel Whyte, and
Elisha Fulton (Canberra Hospital, Canberra); Jasmin
Board, Andrew Davies, and Alistair Nichol (Alfred
Hospital, Melbourne); Hergen Buscher, Priya Nair, and
Claire Reynolds (St Vincent’s Hospital, Sydney); Simon
J.G. Hockley, Ian Moore, and Katherine Davidson (Cal-
vary Wakefield Hospital, Adelaide), David Milliss, Raju
Pusapati, and Helen Wong (Concord Hospital, Sydney);
Jason Fletcher and Julie Smith (Bendigo Hospital,
Bendigo); Paul Goldrick, Dianne Stephens, and Jane
Thomas (Royal Darwin Hospital, Darwin); Anders Ane-
man, Sutrisno Gunawan, and Tom Cowlam (Liverpool
Hospital, Liverpool); George Lukas and Rick McAllister
(Royal Hobart Hospital, Hobart); Minka Springham,
Joanne Sutton, and Jeff Presneill (Mater Health Services,
Brisbane); Tony Sutherland and Dianne Hill (Ballarat
Health Services, Ballarat); Howard Connor, Jenny Den-
nett, and Tim Coles (Central Gippsland Hospital, Sale).

Bolivia: Coordinator: Freddy Sandy (Hospital Obrero
No.1, La Paz)

Sando Chavarria and Marcelo Choque (Hospital
Obrero No.1, La Paz), Ronald Pairumani and Juan Guerra
(Instituto Gastroenteroldgico, La Paz)

Brazil: Coordinator: Marco Antonio Soares Reis
(Hospital Universitdrio Sdo José, Belo Horizonte)

José Carlos Versiani (Hospital Madre Teresa, Belo
Horizonte); Eduardo Fonseca Sad (Hospital Luxemburgo,
Belo Horizonte); Maria Aparecida Braga (Hospital Dia e
Maternidade Unimed-BH; Belo Horizonte); Dinalva
Aparecida Gomes (Hospital Vera Cruz, Belo Horizonte);
Fernando Antonio Botoni (Hospital de Pronto Socorro
Risoleta Tolentino Neves, Belo Horizonte); Mauricio
Meireles Goes (Hospital da Baleia, Belo Horizonte);
Frederico Costa Val Barros (Hospital da Policia Militar,
Belo Horizonte); Rogério de Castro Pereira (Hospital
Felicio Rocho, Belo Horizonte); Hugo Urbano (Hospital
Vila da Serra, Belo Horizonte); Valéria de Carvalho
Magela (Hospital Santa Rita, Contagem); Aline Camile
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Yehia (Hospital Jilia Kubitschek, Belo Horizonte); Bruno
Bonaccorsi Fernandino (Hospital Sao Francisco-Setimig,
Belo Horizonte); Marco Antonio Ribeiro Ledo (Hospital
Sdo Jodo de Deus, Divinépolis); Rovilson Lara (Hospital
Arnaldo Gavazza Filho, Ponte Nova); Rovilson Lara
(Hospital Sao Jodo Batista, Vigosa); Rubens Altair
Amaral de Padua (Hospital Vaz Monteiro, Lavras); Janine
Dias Alves (Santa Casa de Misericordia de Ouro Preto,
Ouro Preto); Aloisio Marques do Nascimento (Hospital
Nossa Senhora das Gracas, Sete Lagoas); Bruno do Valle
Pinheiro (Hospital Universitario da Universidade Federal
de Juiz de Fora, Juiz de Fora); Carlos Alberto Studart
Gomes (Hospital de Messejana, Fortaleza); Marcelo
Alcantara Holanda (Hospital Universitario Walter Canti-
dio, Fortaleza); Frederico Rodrigues Anselmo (Hospital
Nossa Senhora Aparecida, Belo Horizonte).

Canada: Coordinator: Niall Ferguson (Mount Sinai
Hospital and University Health Network, Toronto)

Neill Adhikari, Damon Scales, Robert Fowler, Cher-
omi Sittambalam, Mehar-Un-Nisa Raja, and Nicole
Marinoff (Sunnybrook Health Science Centre, Toronto);
Lauralyn Mclntryre, Shawna Reddie, Laura Jones, and
Irene Watpool (Ottawa Hospital, Ottawa); Jeffrey Singh
and Madison Dennis (Toronto Western Hospital, Toron-
to); Andrea Matte, Marc Lipkus, and Ryan Albert
(Toronto Hospital Western Division, Toronto); Andrew
Steel and Emily Stern (Toronto General Hospital,
Toronto); Michael Miletin, Antonio Raso, and Robyn
Klages (William Osler Health Science Centre, Bramp-
ton); Jan Friedrich, Orla Smith, and Laura Wilson (St
Michael’s Hospital, Toronto); Deborah Cook and Mark
Bailey (St Joseph’s Hospital, Hamilton); Sangeeta Mehta,
Stephen Lapinsky, Hannah Mathers, Cheryl Ethier, Ste-
phanie Lubchansky, and Samer Haj-Bakri (Mount Sinai
Hospital, Toronto); Dietrich Henzler and Lisa Julien
(Queen Elizabeth II Health Sciences Centre, Halifax).

Chile: Coordinator: Luis Soto-Romdn (Instituto Na-
cional del Torax, Santiago)

Juan Carlos Maurelia (Hospital de Copiapo); César
Antonio Maquilon (Instituto Nacional del Térax, Santi-
ago); Luis Soto-Germani (Hospital de Coquimbo).

China: Coordinator: Bin Du (Peking Union Medical
College Hospital, Beijing)

Yan Kang and Bo Wang (West China Hospital,
Chengdu); Fachun Zhou and Fang Xu (Chongqing Med-
ical University 1st Hospital, Chongqing); Haibo Qiu and
Yi Yang (Southeast University Zhongda Hospital; Nan-
jing); Qingyuan Zhan and Bing Sun (Beijing Chaoyang
Hospital, Beijing); Zhenjie Hu and Bin Yu (Hebei Med-
ical University 4th Hospital, Shijiazhuang); Xi Zhu and
Yu Bai (Peking University 3rd Hospital; Beijing); Gang
Li and Yi Li (Sino-Japanese Friendship Hospital, Bei-
jing); Geng Zhang and Jianbiao Meng (Zhejiang Tongde
Hospital; Hangzhou); Xiaobo Huang and Hong Pu
(Sichuan Provincial Hospital; Chengdu); Bin Du and
Daxing Yu (Peking Union Medical College Hospital,

Beijing); Chuanyun Qian and Wei Zhang (Kunming
Medical College 1st Hospital, Kunming); Yongjie Yin
and Debiao Song (Jilin University 2nd Hospital, Chang-
chun); Yunxuan Yue and Zhengxuan Lv (Kunming City
3rd People’s Hospital, Kunming); Chengmin Yu and
Qunmei Yao (Yunnan Chuxiong People’s Hospital;
Chuxiong); Xue Wang (Xi’an Jiaotong University 1st
Hospital; Xi’an); Yuan Xu and Wei He (Beijing Tongren
Hospital, Beijing); Mian Chen and Zhihua Hu (Hainan
Medical College Hospital; Haikou); Dongpo Jiang and
Jian Huang (Daping Hospital, Chongqing); Wei Yu
(Yantai Yuhuangding Hospital; Yantai); Juanxian Gu
(Zhejiang Haining People’s Hospital, Naining); Yangong
Chao (Beijing Huaxin Hospital, Beijing); Zhixiang Li
(Fengrun District People’s Hospital; Tangshan); Zhicheng
Zhang (PLA Navy General Hospital, Beijing); Wanxia Li
(Nanchang University 2nd Hospital, Nanchang); Zhe-
nyang He (Hainan Provincial People’s Hospital, Haikou);
Jianguo Li and Chang Liu (Wuhan University Zhongnan
Hospital, Wuhan); Tiehe Qin and Shouhong Wang
(Guangdong General Hospital, Guangzhou); Feng Li
(Nantong 1st People’s Hospital, Nantong); Jun Jin and
Jianhong Fu (Suzhou University 1st Hospital, Suzhou);
Hongyang Xu (Wuxi Municipal People’s Hospital,
Wuxi); Hongyuan Lin and Jianying Guo (PLA 304
Hospital, Beijing); Yalin Liu and Jinghua Wang (Beijing
Hospital, Beijing); Maoqin Li and Jiagiong Li (Xuzhou
Central Hospital, Xuzhou); Lei Chen (Sun Yet-Sen
University 6th Hospital, Guangzhou); Qing Song and
Liang Pan (PLA General Hospital, Beijing); Xianyao
Wan and Jiuzhi Zhang (Dalian Medical University 1st
Hospital, Dalian); Weihai Yao and Yuhong Guo (Beijing
TCM Hospital, Beijing); Pang Wing Yan (Prince Mar-
garet Hospital, Hong Kong); Kelly Choy (Queen
Elizabeth Hospital, Hong Kong); Kwan Ming Chit
(Pamela Youde Nethersole Eastern Hospital, Hong
Kong); Patricia Leung (Prince Of Wales Hospital, Hong
Kong); Chau Chin Man (North District Hospital, Hong
Kong)

Colombia: Coordinator: Marco Gonzdlez (Clinica
Medellin and Universidad Pontificia Bolivariana,
Medellin)

Ricardo Buitrago (Clinica Shaio, Bogotd); Marcela
Granados (Clinica Fundacién Valle Lili, Cali); Guillermo
Ortiz (Hospital Santa Clara, Bogotd); Cesar Enciso
(Grupo Cimca Hospital San José, Bogota); Mario Gomez
(Grupo Cimca Hospital San José and Clinica Fundadores,
Bogota); Bladimir Alejandro Gil (Clinica Las Américas,
Medellin); Juan Pablo Sedano, Luis Fernando Castro
Castro (Centro Medico Imbanaco, Cali); Carlos Alberto
Acosta (Hospital Federico Lleras Acosta, Ibague); Marco
Gonzalez A.(Hospital San Rafael, Itagui); Francisco
Molina (Clinica Universitaria Bolivariana, Medellin);
Camilo Pizarro (Fundacion cardiovascular colombiana,
Bucaramanga); Mario Villabon (Grupo Cimca Hospital
de Suba, Bogota); Carmelo Duefas (Nuevo Hospital
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Bocagrande, Cartagena de Indias); Carlos Andrés Diaz
(Hospital General de Medellin); Nelson Fonseca (Corbic,
Medellin); Rubén Camargo (Clinica General del Norte,
Barranquilla), Juan David Uribe (Clinica Cardiovascular,
Medellin)
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(Holbak)

Simona Beniczky and Jens Brushoj (Naestved); Mik-
kel Prast (Nykobing Falster); Birgitte Viebaek and Sine
Wichman (Roskilde); Anette Mortensen (Holbak); Su-
sanne Andi Iversen (Slagelse); Bo Broberg (Koge)

Dominican Republic: Edgard Luna (Hospital
Universitario José Maria Cabral y Baez, Santiago)

Ecuador: Coordinator: Manuel Jibaja (Hospital
Militar de Quito)

Leonardo Pazmifio, Katty Trelles, and Fabricio Picoita
(Hospital Eugenio Espejo, Quito); Gustavo Paredes and
Vanesa Ramirez (Hospital Enrique Garcés, Quito);
Guillermo Falconi, Cristian Cevallos, and Boris Vil-
lamagua (Hospital Carlos Andrade Marin, Quito); Marco
Escobar and Freddy Séanchez (Hospital de la Policia,
Quito); Miguel Llano and Miguel Lazcano (Hospital
General de las Fuerzas Armadas, Quito); Ramiro Puetate
and José Miguel Guerrero (Hospital Pablo Arturo Suarez,
Quito); Mijail Jativa and Myriam Montalvo (Hospital de
los Valles, Quito); Franklin Villegas (Hospital
Metropolitano, Quito); Luis Gonzalez Zambrano, Ronnie
Mantilla, Gina Quinde, Andrea Gimenez, and Luis Gon-
zalez Mosquera (Hospital Luis Vernaza, Guayaquil);
Henry Caballero and Maria Fernanda Garcia (Hospital de
SOLCA, Quito); Marcelo Ochoa, Soraya Puertas, and
Jackeline Coello (Hospital José Carrasco Arteaga, Cuen-
ca); Mario Acosta (Hospital San Vicente de Paul, Ibarra).

Egypt: Medhat Soliman (Cairo University Hospitals,
Cairo)

France: Coordinator: Arnaud W. Thille (CHU Henri
Mondor, Créteil)

Achille Kouatchet and Alain Mercat (CHU d’ Angers);
Laurent Brochard (CHU Henri Mondor, Créteil); Frangois
Collet (Centre Hospitalier De Saint-Malo); Guillaume
Marcotte (Hopital Edouard Herriot, Lyon); Pascal Beuret
(Centre Hospitalier De Roanne); Jean-Christophe M.
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(Medizinische Hochschule Hannover)

Rolf Dembinski and Rolf Rossaint (Universitaet-
sklinikum Aachen); Steffen Weber-Carstens (Charité
Universitaetsklinikum, Berlin); Christian  Putensen
(Universitaetsklinikum Bonn); Maximillian Ragaller

Coordinator:  Hans-Henrik  Biilow

(Universitaetsklinikum Carl Gustav Carus, Dresden);
Michael Quintel (Universitaetsklinikum der Georg-Au-
gust-Universitaet, Goettingen); Winfried Schubert (Carl-
Thiem-Klinikum Cottbus gGmbH); Thomas Bein and
Heinrich Paulus (Klinikum der Universitaet Regensburg);
Walter Brandt (Universitaetsklinikum, Magdeburg); Lutz
Pfeiffer and Silke Frenzel (Hufeland Klinikum GmbH,
Miihlhausen); Thoralf Kerner and P. Kruska (Allgemeines
Krankenhaus Harburg, Hamburg); Leila Eckholt and
Joachim Hartung (Vivantes Krankenhaus am Urban,
Berlin-Kreuzberg); Harald Fritz and Monika Holler
(Staedtisches Krankenhaus Martha-Maria Halle-Doelau
gGmbH); Johannes Busch and Andreas Viehofer (Evan-
gelisches Waldkrankenhaus Bad Godesberg gGmbH,
Bonn); Jens Buettner (Evangelisches Krankenhaus Elisa-
bethenstift gGmbH, Darmstadt); Jorn Schlechtweg and
Achim Lunkeit and Roland Schneider (Klinikum Bad
Salzungen GmbH); Maria Wussow, Nils Marquardt, and
Christian Frenkel (Staedtisches Klinikum Lueneburg);
Falk  Hildebrandt (Dietrich-Bonhoeffer  Klinikum
Neubrandenburg); Tumbass Volker and Thomas Lipp
(Ermstalklinik Bad Urach); Cezar Mihailescu and Tho-
mas Moellhoff (Katholische Stiftung Marienhospital
Aachen); Thomas Steinke (Universitaetsklinikum der
Martin-Luther-Universitaet Halle-Wittenberg); Oliver
Franke and Marcus Ruecker (Lungenklinik Heckeshorn,
Berlin); Markus Schappacher and Steffen Appel (Erm-
stalklinik Staedtisches Krankenhaus Sindelfingen); Heinz
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Eleni Antoniadou (Gennimata Hospital, Thessaloniki);
Pertsas Evangelos (Agios Pavlos General Hospital,
Thessaloniki); Maria Giannakou (Ahepa Hospital,
Thessaloniki).

Hungary: Zoltan Szentkereszty (Kenezy Hospital,
Debrecen); Zsolt Molnar (University of Szeged)

India: Coordinator: Pravin Amin (Bombay Hospital
Institute of Medical Sciences, Mumbai)

Farhad N. Kapadia (Hinduja Hospital, Mumbai); Na-
garajan Ramakrishnan (Apollo Hospitals, Chennai);
Deepak Govil (Artemis Health Institute, Gurgaon Har-
yana); Anitha Shenoy and Umesh G (Kasturba Medical
College, Manipal); Samir Sahu (Kalinga Hospital, Odi-
sha); Sheila Nainan Myatra (Tata Memorial Hospital,
Mumbai); Subhash Kumar Todi (AMRI Hospitals Kolk-
ata, West Bengal); Sanjay Dhanuka (CHL Apollo
Hospital, Indore); Mayur Patel (Saifee Hospital, Mum-
bai); P. Samaddar (Tata Main Hospital, Jamshedpur);
Dhruva Chaudhry (PGIMS, Rohtak); Vivek Joshi and
Srinivas Samavedam (CARE Hospitals,Surat); Ankur
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Devendra Bhavsar (Spandan Multispeciality Hospital,
Vadodar); Prachee Sathe (Ruby Hall Clinic, Pune); Sujoy
Mukherjee (Calcutta Medical Research Institute (CMRI),
Kolkat)

Italy: Coordinator: Salvatore Maurizio Maggiore
(Policlinico “Agostino Gemelli”, Universita Cattolica
Del Sacro Cuore, Rome)

Francesco Idone and Federica Antonicelli (Policlinico
“Agostino Gemelli”, Universita Cattolica Del Sacro
Cuore, Rome); Paolo Navalesi, Rosanna Vaschetto and
Arianna Boggero (Ospedale Maggiore Della Carita,
Universita Del Piemonte Orientale “Amedeo Avogadro”,
Novara); Rosalba Tufano, Michele Iannuzzi and Edoardo
De Robertis (Ospedale Policlinico “Federico 117,
Universita Di Napoli, Napoli); Romano Tetamo and An-
drea Neville Cracchiolo (Ospedale “Arnas Civico, Di
Cristina, Benfratelli”, Palermo), Antonio Braschi, Fran-
cesco Mojoli and Ilaria Curro’ (ICU 1, Fondazione
IRCCS Policlinico “S. Matteo”, Universita Di Pavia,
Pavia); Mirko Belliato, Chiara Verga and Marta Ferrari
(ICU 2, Fondazione IRCCS Policlinico “S. Matteo”,
Universita Di Pavia, Pavia); Erika Mannelli, Valerio
Mangani and Giorgio Tulli (Ospedale “San Giovanni Di
Dio”, Firenze); Francesca Frigieri and Armando Pedulla’
(Ospedale “Santa Maria Annunziata”, Firenze); Monica
Rocco, Giorgia Citterio and A. Di Russo (Policlinico
“Umberto I”, Universita La Sapienza, Rome); Gaetano
Perchiazzi and Loredana Pitagora (Ospedale Policlinico,
Universita Di Bari, Bari); Antonio Pesenti and Michela
Bombino (Ospedale “San Gerardo”, Universita Di Mi-
lano Bicocca, Monza); Davide Chiumello, Federica
Tallarini and Serena Azzari (Fondazione IRCCS “Ca
Grande” Ospedale Maggiore Policlinico, Universita Di
Milano, Milano); Antonina Pigna, Ivano Aprile, and
Marco Adversi (Policlinico Universitario “S. Orsola-
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posito, and Annunziata Mattei (Ospedale “V. Monaldi”,
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sone (Policlinico “P. Giaccone”, Universita Di Palermo,
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Korea: Coordinator: Younsuck Koh (Asan Medical
Center, University of Ulsan, Seoul)

Moo Suk Park (Hospital Severance, Yonsei University
Health System, Seoul); Je Hyeong Kim (Hospital Korea
University of Ansan); Kyung Chan Kim (Hospital
Catholic University of Daegu); Hye Sook Choi (Hospital
Dongguk University of Gyeongju); Yun Seong Kim
(Hospital Pusan National University of Yangsan); Jin
Hwa Lee (Hospital Ewha Womans University Mokdong,
Seoul); Myung-Goo Lee (Hospital Chuncheon Sacred
Heart Hospital, Hallym University Medical Center,

Toru Katani (Tokyo Women’s Medical

Chuncheon); Won-Yeon Lee (Hospital Yonsei University
Wonju Christian, Wonju); Jin Young An (Hospital
Chungbuk National University, Chenogiu); Gee Young
Suh (Samsung Medical Center, Sungkyunkwan Univer-
sity, Seoul); Ki-Suck Jung (Hallym University Medical
Center, Anyang)
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César Cruz Lozano (Hospital Regional de Pemex,
Ciudad Madero); Zalatiel Maycotte Luna (Hospital
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Guillermo Cueto Robledo (Hospital General de México,
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ical Center Leeuwarden (MCL), Leeuwarden)
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Peter van der Voort (Onze Lieve Vrouwe Gasthuis
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