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“Erik is not truly dead. He lives on within the souls of
those who choose to listen to the music of the night”

Gaston Leroux, The Phantom of the Opera.

Patients undergoing major abdominal surgery are at
risk for the development of postoperative pulmonary
complications (PPCs), playing a major role in postop-
erative morbidity and mortality [1, 2]. Several measures
have been proposed to reduce the incidence of PPCs,
thus improving the outcome in surgical patients, includ-
ing protective intraoperative mechanical ventilation [3],
chest physiotherapy [4], and postoperative prophylactic
or therapeutic non-invasive continuous positive airway
pressure (nCPAP) [5] or positive pressure ventilation
(NPPV) [6].

High-flow conditioned oxygen therapy, delivered
through dedicated high-flow nasal cannulas (HENCs),
has been recently introduced in adults. Randomized con-
trolled trials have tried to clarify the role of HENCs in the
prevention and treatment of respiratory failure in criti-
cally ill patients [7] as well as in the |postoperative period
[8-10]. The exact mode of action of HFNCs is matter
of debate, and several mechanisms have been proposed
and investigated: positive effects on comfort and toler-
ance compared to conventional oxygen, stable fraction
of inspired oxygen delivery due to a reduction of room
air entrainment, dead space wash-out and positive end-
expiratory pressure (PEEP) effect [11]. All these aspects
could be of value during the postoperative period;
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however, few studies investigated the efficacy of HFNCs
in this specific setting.

In an article recently published in Intensive Care Medi-
cine, Futier and co-authors [12] report a randomized
controlled trial (OPERA) in which the clinical value of

HENCs in preventing post-extubation hypoxaemia in
was investigated. The primary endpoint was the absolute
risk reduction for the occurrence of hypoxaemia at 1 h
after extubation, compared to standard oxygen therapy.
The authors did not observe any advantage of HFENC:s for
this endﬁoint nor concerning the incidence of PPCs. This
negative result is in line with previously published small
R (1 2550550 BREVERFREIORE . 1,
postoperative period in thoracic surgery [8], cardiac sur-
gery [9] and obese cardiac surgery patients [10, 13]. The
trial was sized assuming a 50% absolute risk reduction
with the use of HFNCs, and incidence of postoperative
hypoxaemia of 40%, while the observed incidence was
around 20%. This might be in part due to the recent
improvements in intraoperative ventilation that reduced
the occurrence of postoperative respiratory dysfunc-
tion [3]. Sensu stricto, as frequently seen in such studies
[14], the huge estimated effect size and high estimated
incidence of the primary outcome resulted in an under-
powered study. With a pragmatic approach, the authors
thoroughly discussed how their |cohort of patients was
large enough to reject HENC as aﬁntive strategy in
ﬁpe?ive patients but not able to detect small differ-
ences between the two groups. In fact, in order to achieve
statistical significance with the observed incidence, thou-
sands of patients should have been enrolled. Nonetheless,
even if a statistically significant difference was found in

this setting, its ability to be translated into |clinical prac-
tice would have been questionable, also because of the
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non-negligible economicLl\)Iurden associated with the rou-
tine use of disposable HFNCs. We agree with the authors’
interpretation of the trial’s results, |concluding that the
use of postoperative HENC after mmmal sur-
improve clinical outcome.

~When HFNCs were tested in the post-extubation
period in gritically ill patients, results were more
encouraging [/, 15]. Interpreting this discrepancy
between the findings in postoperative and critically ill
patients can be challenging. The application of nCPAP
or NPPV is theonly known measure able to re-expan

collapsed [lung tissue and revert atelectasis, even
though onlyé)r degree of evidence iMo sup-

ort that t/STRNTAp——————

. As illustrated in Fig. 1, the evidence arising from
trials seems to support the hypothesis that HENCs
are able to provide an intermediate solution between
conventional oxygen and mﬁessm‘e ventilation,
whose clinical usefulnessm on the presence of
an underlying [reversible lung impairment: in this con-
text, HFNCs represent a well-tolerated bridge solution

to avoid more uncomfortable or invasive procedures,
while the lung condition is improving. This is not the

Critically ill
patient

Post - operative

U ¥

patient

Patient with underlying

Patient with minor

Patient with major

reversible lung injury atelectasis atelectasis
Y Y Y Y
HFNC HFNC or O, nCPAP / NPPV HFNC or O,
(Oxygenation, low PEEP, (Oxygenation, no major (Oxygenation, positive (Oxygenation, no major
good tolerability) recruitment effect) airway pressure) recruitment effect)

Restored respiratory
function

Hypoxemia and/or
PPC

Fig. 1 Possible mechanisms of action of HFNCs and outcome in critically ill and postoperative patients. HFNC high flow nasal cannula, O, conven-
tional oxygen therapy, nCPAP non-invasive continuous positive airway pressure, NPPV non-invasive positive pressure ventilation, PPC postoperative
pulmonary complication
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case for most surgical patients, as in the postoperative
period the patient is in a specific condition not often
seen in the intensive care unit: the lungs are essentially
healthy, and an important role in respirator

is might
seem ben-

is estimated around
O when the

e postoperative period, probably the increasing use of
low tidal volume intraoperative ventilation brought us
to a plateau in patient safety, and further improvements
are difficult to achieve. Exploring the field of post-
extubation respiratory assistance seems an interesting
field of research, but an integrated approach combin-
ing different interventions might be needed to further
improve the safety of our patients [2].

In the era of large randomized trials, there is the need
for building evidence combining data from physiologi-
cal studies, small trials and pilot studies. However, the
pathophysiological rationale, the mechanism of action
of the intervention, the effect size estimation and the
expected incidence of the primary endpoint should be
carefully taken into account.
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Effect of early postextubation high-flow @
nasal cannula vs conventional oxygen therapy
on hypoxaemia in patients after major
abdominal surgery: a French multicentre
randomised controlled trial (OPERA)

Emmanuel Futier'?, Catherine Paugam-Burtz®, Thomas Godet', Linda Khoy-Ear®, Sacha Rozencwajg?,
Jean-Marc Delay*, Daniel Verzilli*, Jeremie Dupuis', Gerald Chanques*®, Jean-Etienne Bazin',
Jean-Michel Constantin'?, Bruno Pereira®, Samir Jaber*®” and OPERA study investigators

© 2016 Springer-Verlag Berlin Heidelberg and ESICM

Abstract

Purpose: High-flow nasal cannula (HENC) oxygen therapy is attracting increasing interest in acute medicine as an
alternative to standard oxygen therapy; however, its use to prevent hypoxaemia after major abdominal surgery has
not been evaluated. Our trial was designed to close this evidence gap.

Methods: A multicentre randomised controlled trial was carried out at three‘university‘hospitals in France. Adult
patients at moderate to high risk of postoperative pulmonary complications who had undergone imajor abdominal
surgery using lung-protective ventilation|were randomly assigned using a computer-generated sequence to receive
either HFNC oxygen therapy or standard oxygen therapy (low-flow oxygen delivered via nasal prongs or facemask)
directly after extubation. The primary endpoint was absolute risk reduction (ARR) for hypoxaemia at 1 h after extuba-
tion and after treatment discontinuation. Secondary outcomes included occurrence of jpostoperative pulmonary
complications within 7 days after surgery, the duration of hospital stay, and in-hospital jmortality, The analysis was
performed on data from the modified intention-to-treat population. This trial was registered with ClinicalTrials.gov
(NCT01887015).

Results: Between 6 November 2013 and 1 March 2015, 220 patients were randomly assigned to receive either HFNC
(n =108) or standard oxygen therapy (n = 112); all of these patients completed follow-up. The median duration of
the allocated treatment was{16 h (interquartile range 14-18 h) with standard oxygen therapy and 15 h (interquartile
range 12-18) with HFNC therapy. Twenty-three (21 %) of the 108 patients treated with HFNC 1 h after extubation and

- J
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Take-home message: Among patients at moderate to high risk of
postoperative pulmonary complications undergoing major abdominal
surgery and mechanically ventilated using a lung-protective strategy,
preventive application of high-flow nasal oxygen therapy after
extubation as compared with standard oxygen therapy did not decrease
the incidence of postoperative hypoxaemia.
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Petweeatae=twe-groups.

29 (27 %) of the 108 patients after treatment discontinuation had postextubation hypoxaemia, compared with 27
(24 %) and 34 (30 %) of the 112 patients treated with standard oxygen (ARR 4, 95 % Cl -8 to 15 %; p = 0.57; adjusted
relative risk [RR] 0.87, 95 % Cl 0.53-1.43; p = 0.58). Over the 7-day postoperative follow-up period, there was no
statistically significant difference between the groups in the proportion of patients who remained free ofaM—
nary complication (ARR 7, 95 % Cl -6 to 20 %; p = 0.40). Other secondary outcomes also did notldiffer significantly

Conclusions: Among patients undergoing major abdominal surgery, early preventive application of high-flow nasal

cannula oxygen therapy after extubation did not result in improved pulmonary outcomes compared with standard

oxygen therapy.

medicine, High-risk surgery

Keywords: Postoperative hypoxaemia, Oxygen therapy, Postoperative pulmonary complications, Perioperative

Introduction

Postoperative |respiratory .complications are the second
most frequent Mm?s after surgery [1], and a
major burden in health care [2, 3]. We and others have
previously reported that in patients undergoing abdomi-
nal surgery, use of lung-protective ventilation is asso-
ciated with m clinical ‘Outcomes [4, 5]. There
remains, however, a significant number of patients who
still develop respiratory complications following extuba-
tion, especially hypoxaemia [4, 6], thereby suggesting that
there is room for improvement in these patients.

Previous studies reported that hypoxaemia, which is
one of the most meaningful factors Mwith poor
patient outcomes, occurs in [10-50 % of patients after
surgery [1, 7], depending on patients and surgical condi-
tions. Oxygen therapy is almost invariably applied after
elective extubation using low-flow devices to correct
residual impairment in oxygenation, but may not always
prevent the postoperative deterioration in respiratory
function. [After |disconnection from mechanical ventila-
tion and positive airway pressure, derecruitment of lung
areas, with a resulting loss in functional alveolar units, is
not uncommon and recently extubated patients are prone
to oxygen desaturation.

High-flow oxygen therapy through a nasal cannula
(HENC) is receiving increasing interest as an alterna-
tive to standard oxygen therapy and noninvasive ven-
tilation (NIV) in critically ill patients with hypoxaemic
respiratory failure [8, 9] and more recently in a mixed
population of mechanically ventilated intensive care unit
patients at risk for reintubation after extubation [10]. Pre-
vious studies have reported several physiological benefits
of HENC [11, 12], among which are a flow-dependent
positive airway pressure and increased end-expiratory
lung volume, suggesting a possible alveolar recruitment
effect. Although it is reasonable to hypothesise a clini-
cal advantage of early and short-term (less than 24 h)
application of HFNC after elective extubation to mini-
mize lung derecruitment and prevent hypoxaemia, and

subsequent postoperative morbidity, its effects have not
been evaluated in randomised trials in surgical patients
0 whom might be applied if used in preference to
standard oxygen therapy for treatment duration consist-
ent with usual care (i.e. less than 24 h).

We therefore performed a randomised clinical trial to
evaluate the clinical effectiveness of preventive appli-
cation of HFNC directly after elective extubation,
compared with standard oxygen therapy after major
abdominal surgery, to decrease the incidence of hypoxae-
mia after major abdominal surgery. We hypothesised that
immediate use of HENC after extubation may reduce the
incidence of hypoxaemia after discontinuation of invasive
lung-protective mechanical ventilation.

Methods

Study design

The OPERA trial was an investigator-initiated, mul-
ticentre, randomised clinical trial conducted in three
university hospitals in France. A detailed description of
the study protocol has previously been published before
enrolment of patients had been completed [13]. The
study protocol and statistical analysis plan were approved
for all centres by a central ethics committee (Comité de
Protection des Personnes Sud-Est VI, Clermont-Ferrand,
France). All patients provided written informed consent
before surgery.

Patients

All adult patients scheduled for planned or unplanned
abdominal, or abdominal and thoracic, surgery with
an anticipated duration of 2 h or more and a moderate
to high risk of postoperative pulmonary complications,
defined by an ARISCAT risk score [14] of 26 points or
more, were eligible for recruitment. The ARISCAT risk
score is a weighted scoring system comprising seven
independent clinical variables, which identifies patients
with low (a score of less than 26 points), intermediate,
or high (a score of 45 points or more) risk for developing
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postoperative pulmonary complications. Exclusion cri-
teria included lack of informed consent prior to ran-
domisation, body mass index greater than 35 kg/m?
life-threatening condition requiring emergency sur-
gery, obstructive sleep apnoea syndrome, and pregnant
patients.

Randomisation and masking

Randomisation was performed (in a 1:1 ratio) with the
use of a computer-generated assignment sequence and a
centralised telephone system accessible round the clock
to receive either HFNC or standard oxygen therapy
immediately after tracheal extubation. Randomisation
was stratified according to study centre and the planned
use or non-use of postoperative epidural analgesia,
which is a factor that may influence outcomes [15]. An
investigator at each centre was responsible for enrolling
patients in the trial and ensuring adherence to the pro-
tocol. A trained research coordinator, blinded to the ran-
domised intervention, was responsible for centralisation
of data from all sites and recording them onto the elec-
tronic database. Although the individual assignments of
patients could not be masked to staff members who col-
lected data during surgery and in the post-anaesthesia
care unit, treatment allocation was concealed to outcome
assessors throughout the study. The coordinating cen-
tre remained unaware of the trial group outcomes until
the database was locked. The trial statistician analysed
the results using an analysis plan that had been finalised
before the base was locked and before the blinded data
were analysed.

Study intervention

All recruitment centres had expertise in the use of
HENC. Standard oxygen therapy was delivered continu-
ously using nasal prongs or facemask (usual care group).
In the HENC oxygen therapy group (HENC therapy),
oxygen was delivered continuously at a gas flow rate of
50-60 L/min through an MR850 heated humidifier and
an RT202 breathing circuit (Optiflow™, Fisher and
Paykel Healthcare Ltd, Auckland, New Zealand). In each
group, oxygen flow was titrated by the bedside nurse to
maintain a peripheral oxygen saturation of 95 % or more.
During surgery, a standardised lung-protective ventila-
tion strategy was applied as described in previous reports
and in the study protocol [2, 4, 13], and consisted in the
combined use of low tidal volume, moderate positive
end-expiratory positive pressure and, whenever possi-
ble, recruitment manoeuvres [4]. At the end of surgery,
tracheal extubation was performed according to prede-
fined criteria [13]. In both groups, the allocated therapy
was delivered continuously until 7.00-8.00 a.m., at post-
operative day 1, at which time point study treatment was

stopped. Patients received additional oxygen if peripheral
oxygen saturation was lower than 93 % after treatment
discontinuation (Online Appendix p.12). Treatment was
interrupted in the case of acute respiratory failure requir-
ing immediate intubation or in the case of severe res-
piratory discomfort with the assigned therapy. Decisions
about all other aspects of patient care during the intra-
and postoperative periods were made by the attending
physician according to the expertise of the staff at each
centre and routine clinical practice.

Outcomes
The primary outcome was the proportion of patients who
developed hypoxaemia, defined as an arterial oxygen ten-
sion to inspiratory oxygen fraction ratio of 300 or less,
1 h after extubation [16]. In addition, this outcome was
analysed at the end of allocated treatment. Arterial blood
gases were measured on room air in all patients.
Secondary outcomes were assessed daily during the
first 7 days after surgery, since respiratory events after
surgery are commonly seen during this period, and at
hospital discharge; these were (a) postoperative pulmo-
nary complications due to any cause, graded on a scale
from 0 (no pulmonary complications) to 4 (the most
severe complications) [17]; (b) need for additional oxy-
gen therapy after 8.00 am on day 1 (end of treatment)
defined as peripheral oxygen saturation at most 93 % on
room air; (c) the development of postoperative hypoxae-
mia, pneumonia, reintubation and/or use of curative NIV
because of postoperative respiratory failure; (d) postop-
erative gas exchange after discontinuation of the allo-
cated treatment; (e) respiratory comfort (graded with the
use of a numerical rating scale, ranging from 0 to 10); (f)
unexpected intensive care unit (ICU) admission or read-
mission; (g) ICU and hospital lengths of stay; and (h) in-
hospital mortality.

Statistical analysis
Assuming an incidence of hypoxaemia of 40 % after extu-
bation in patients with characteristics comparable to our
inclusion criteria [1, 7, 16], we calculated that enrolment
of 220 patients would provide the trial with 90 % power
to detect a relative difference of 50 % in the primary
outcome between the two groups at a two-sided alpha
level of 0.05. During the trial, a total of eight patients
were excluded after randomisation; surgery was stopped
prematurely (surgical duration less than 2 h) in three of
the eight patients because of extensive illness, and five
had violation of exclusion criteria. An additional eight
patients were thus randomly assigned to a study group to
obtain the full sample (Fig. 1).

All analyses were performed before the breaking of
the randomisation code on data from the modified
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691 patients scheduled to undergo abdominal or
abdominal and thoracic surgery were assessed for eligibility

303 were ineligible
102 had anticipated surgical duration <2 hours
201 had ARISCAT score <26 points
388 were eligible
23 declined to participate
45 met exclusion criteria
100 previously included in another study

4

220 underwent randomisation

——»|

8 were excluded after randomisation
3 had surgical duration <2 hours
5 had violation of exclusion criteria
BMI 225 kg/m? (n=3), OSA(n=2)

P{ An additional 8 underwent randomisation

v

112 were allocated to
usual care

'

v

108 were allocated to
HFNC oxygen therapy

'

112 were included in the 7-day analysis 108 were included in the 7-day analysis
and analysed and analysed

Fig. 1 Flow of participants in the OPERA trial. BMI body mass index. HFNC high-flow nasal cannula. OSA obstructive sleep apnea syndrome

intention-to-treat population, defined as all randomly
assigned patients except those who could be excluded
without the risk of bias (eight patients who underwent
randomisation by mistake and who never received the
study treatment) (Fig. 1). An interim analysis was per-
formed after enrolment of the first 110 patients to review
data relating to patient safety and quality of trial conduct
using the Lan and DeMets method (East software, Cytel
Inc., Cambridge, MA, USA). Premature discontinuation
of the trial was not recommended on the basis of that
analysis, and 220 patients were therefore included.
Continuous variables were compared using the
unpaired ¢ test or the Mann—Whitney U test as appropri-
ate. The Shapiro—Wilk test was used to assess normality,
and the Fisher—Snedecor test to assess homoscedasticity.
Unadjusted Chi squared was used for primary outcome
analysis. Adjusted analysis was performed with the use of
a random-effects robust Poisson generalized linear model
to take into account adjustment for possible confound-
ing covariates selected according to univariate results in

addition to the stratification variables, and to consider
within- and between-centre variability (centre as random
effect). Results of primary and secondary outcomes are
reported as absolute risk reduction with 95 % confidence
intervals, and additionally reported as between-group
difference. Results of the regression model are reported
as relative risk with 95 % confidence intervals.

Longitudinal analysis using mixed models was used
to take into account between- and within-subject vari-
ability (patient as random effect). Kaplan—Meier curves
were plotted to assess the probability of remaining free
of postoperative pulmonary complications after discon-
tinuation of the allocated treatment. The time to compli-
cations was analysed using a marginal Cox-proportional
hazard model with results reported as hazard ratio with
95 % confidence intervals, and proportional-hazard
assumption verified using the Schoenfeld test and plot-
ting residuals.

We conducted one post hoc subgroup analysis, which
included patients that received recruitment manoeuvres
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as part of the lung-protective ventilation strategy, on the
basis of the interaction between randomisation group
and recruitment manoeuvres (yes/no) in the regression
model.

As less than 5 % of data was missing or unavailable,
handling of missing data was not applied. All analyses
were performed with the use of Stata version 13.0 (Stata-
Corp LP, College Station, TX, USA). A two-sided P value
of less than 0.05 was considered to indicate statistical
significance.

Results

Between 6 November 2013, and 1 March 2015, of the 691
patients assessed for trial eligibility, 220 patients under-
went randomisation, with 112 patients assigned to the
usual care group and 108 patients assigned to the HFNC
group (Fig. 1). All patients were included in the final
intention-to-treat analysis.

The two groups of patients had similar baseline charac-
teristics (Table 1). The mean (SD) preoperative ARISCAT
risk scores for postoperative pulmonary complications
were 40.1 (6.4) in the usual care group and 40.9 (8.7) in
the HENC group (p = 0.48). The distribution of the main
intraoperative variables is reported in Table 2. Clinical
care other than the trial intervention was similar, espe-
cially mean levels of tidal volumes and positive end-expir-
atory pressure applied during surgery. Sixty-seven of the
108 patients (62 %) assigned to HFNC and 69 of the 112
patients (62 %) assigned to usual care received recruit-
ment manoeuvres during lung-protective mechanical,
without any statistically significant difference between
groups (p = 0.85). There were no significant between-
group differences regarding use of epidural analgesia,
blood loss, blood transfusion and volumes of intravenous
fluids. All patients were successfully extubated at the end
of surgery, without significant difference (p = 0.89) in the
duration of intraoperative mechanical ventilation. The
median duration of the allocated treatment after extuba-
tion was 16 h (interquartile range, 14—18 h) in the usual
care group and 15 h (interquartile range 12—18 h) in the
HENC group (p = 0.03). Eight patients (7.4 %) allocated
to the HENC group required premature discontinuation
for discomfort related to the interface [median (IQR)
time to cessation of treatment, 1.8 h (0.8—4.5 h)] com-
pared with no patient in the usual care group (p = 0.003).

The primary outcome, postoperative hypoxaemia, was
met by 21 % of patients (23/108) treated with HFNC and
by 24 % of patients (27/112) treated with standard oxy-
gen 1 h after extubation, and by 29 (27 %) of 108 patients
and 34 (30 %) of 112 patients after treatment discontinu-
ation [absolute risk reduction (ARR) 4 %, 95 % CI -8 to
15 %, p = 0.57] (Table 3). The results of associated uni-
variate and multivariate analyses are provided in the

Online Appendix (p. 3). Following adjustment for base-
line covariates, the observed treatment effect remains
non-significant [unadjusted relative risk (RR) 0.88, 95 %
CI 0.44-1.52]; adjusted RR 0.87, 95 % CI 0.53-1.43;
p = 0.58) (Table 3 and Online Appendix p. 3). There were
no significant between-group differences for any of the
secondary outcomes: need for supplemental oxygen ther-
apy for persistent hypoxaemia after treatment discontin-
uation, grade level of pulmonary complications, number
of patients requiring any form of ventilator assistance
for acute respiratory failure during the first 7 days after
surgery, and service utilization (days in ICU, days in the
hospital) (Table 3; Online Appendix p. 13). During the
7-day postoperative follow-up, there was no statistically
significant between-group difference in the proportion of
patients who remained free of any pulmonary complica-
tion (ARR 7, 95 % CI —6 to 20 %, p = 0.29; unadjusted RR
1.19, 95 % CI 0.79-1.78; adjusted RR 1.19, 95 % CI 0.80—
1.79, p = 0.40) (Table 3; Fig. 2).

In a post hoc analysis, there was a significant inter-
action between use of recruitment manoeuvres dur-
ing lung-protective ventilation and the treatment group
with respect to hypoxaemia after treatment discontinu-
ation (p = 0.019). In the subgroup of patients whose
lung-protective strategy included recruitment manoeu-
vres (Online Appendix pp. 6-9), the observed treatment
effect was strengthened in the HFNC group as compared
with the usual care group (ARR 13, 95 % CI -2 to 27 %,
p = 0.09; unadjusted RR 0.58, 95 % CI 0.28-1.17; adjusted
RR 0.53, 95 % CI 0.26—1.09, p = 0.08). There were no sig-
nificant between-group differences in any of the other
outcomes (Online Appendix).

There were no significant between-group differences
for patient respiratory comfort, haemodynamics and
postoperative gas exchange, 1 h after enrolment and after
treatment discontinuation (Online Appendix p. 10).

Discussion

In this multicentre randomised clinical trial, a strategy of
preventive application of high-flow nasal oxygen therapy
directly after extubation compared with standard oxy-
gen therapy was |ineffective| at reducing the incidence of
hypoxaemia after abdominal surgery. There were also no
significant differences in postoperative outcomes, espe-
cially pulmonary complications and length of hospital
stay.

When planning the study, we assumed an incidence
of hypoxaemia of 40 % based on data from [previous
large cohorts of Mnal sur icalI patients [1, 7]. Our
results showed amected with standard
oxygen therapy (30'%), which might have been attribut-
able to overall improvements in perioperative surgical
care, to inclusion of patients at lower risk of developing
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Table 1 Characteristics of the patients at baseline

Age (years)
Male sex
Height (cm)
Weight (kg)
Body mass index (kg/m?)
Predicted body weight (kg)?
ASA grade
1
2
3 or higher
Preoperative risk score®
Moderate risk
High -risk
Comorbidity
Hypertension
Current smoker
Recent weight loss >10 %
Alcohol intake
COPD
Asthma
Diabetes
Cancer diagnosis
Type of surgery
Liver resection
Pancreatico-duodenectomy
Gastrectomy
Oesophagectomy
Colorectal resection
Splenectomy
Other
Planned surgery
Laparoscopic surgery
Surgical incision
Midline
Transverse
Other

Duration of the surgical procedure (min)©

0 — - W w
R W N O 0 O ©O W»n
- L =

~

O N NN W UL~ O

w
S

w W
=

=
=

oS
=
e

e
=

»

J
Ne)

=

-380) 270 (195-370)

Data are n (%), mean (SD), or median (IQR), unless otherwise stated

ASA American Society of Anaesthesiology physical status classification, COPD chronic obstructive pulmonary disease

@ The predicted body weight was calculated as follows: for men, 50 + 0.91 x (height in centimetres — 152.4); and for women, 45.5 4 0.91 x (height in

centimetres — 152.4)

b Preoperative risk (ARISCAT) score for postoperative pulmonary complications. The risk index is a scoring system based on seven independent preoperative risk
factors indicating three levels of risk: low risk (<26 points), moderate risk (26-44 points) and high risk (>45 points). Patients having moderate or high risks were

eligible for inclusion

¢ The duration of surgery was calculated as the time between skin incision and closure of the incision

hypoxaemia and, in |contrast| to

use of lung-protective h

revious studies, to the
i ”a&n. Our find-

mechanical venti

ings for postoperative pulmonary complications are

also consistent with recent data of a large multicen-
tre study in which patients had entry criteria similar to
those in our trial [6]. Furthermore, although the overall
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Table 2 Clinical management of patients during the surgical period

Duration of mechanical ventilation (min)
Tidal volume (mlL/kg of PBW)?

390 (290-500)

377 (290-490)

Start of surgery 76(13) 74(1.2)

End of surgery (1.3) 7.3(0.9)
PEEP (cm H,0)

Start of surgery 6.1 (1.3) 6.3(1.8)

End of surgery 6.2(1.3) 6.3(1.3)
Use of recruitment manoeuvres 69 (62) 67 (62)
Number of recruitment manoeuvres® 6(3) 6 (4)
Plateau pressure (cm H,0)

Start of surgery 164 (3.6) 15.9 (3.0)

End of surgery 16.2 (2.8) 15.6 (3.6)
FiO, (%) 49 (14) 52(16)

Volume of fluid administered (mL)

Crystalloids 3000 (2000-4000) 2500 (2000-3500)
Colloids 1000 (500-1500) 750 (500-1000)
Use of epidural analgesia 37 (33 %) 37 (34 %)
Blood loss (mL) 350 (200-700) 350 (150-600)
Blood transfusion 13 (12 %) 12(11 %)
Use of nasogastric tube 76 (68 %) 63 (58 %)

Data are n (%), mean (SD), or median (IQR) unless otherwise stated

FiO, inspired oxygen fraction, PBW predicted body weight, PEEP positive end-expiratory positive pressure

@ The predicted body weight was calculated as follows: for men, 50 + 0.91 x (height in centimetres — 152.4); and for women, 45.5 + 0.91 x (height in

centimetres — 152.4)

b Recruitment manoeuvres consisted of applying a continuous positive airway pressure of 30 cm H,0 for 30 s

rate of hypoxaemia in the usual care group was lower
than anticipated, it is unlikely that patients in the HFNC
group would have a m in risk,
which limits the value of the present work. Nevertheless,
although we are aware that a definitive conclusion cannot
be drawn from our findings, an absolute risk reduction of
4 % between the two treatments makes the likelihood of a
statistically significant difference difficult to achieve and
of limited clinical relevance. These concerns need careful
consideration.

To the best of our knowledge, this /trial is the first
to evaluate the usefulness of preventive application of
m Despite extensive physiological data [12],
there are few data on the use of HENC in preventing the
worsening of respiratory function following surgery. Our
findings are consistent with those of two previous| ran-
domised |trials in cardiac surgical patients in which direct
extubation onto HFNC after surgery did not| confer clini-
cal ladvantage in terms of oxygenation and respiratory
function over standard oxygen therapy [18, 19].

One notable feature of our trial compared with the

existing data was the juse of intraoperative lung-pro-
tective ventilation. However, lung |[derecruitment is not

uncommon after lextubation and recently extubated
patients are prone to oxygen desaturation [20]. Consider-
ing the suspected induced effects of HENC on lung vol-
umes [12], we hypothesised that early initiation of HFNC
could minimize in part lung derecruitment after extuba-
tion. Unlike recent findings in mechanically ventilated
patients at risk for reintubation [9, 10, 21], we failed to
detect any major differences in unadjustedm
TS EMENRNAR .1 . ...
could explain these results.

First, previous studies have shown a significant vari-
ability of the airway pressures during the respiratory
cycle with [22], and that high flow-rate translates
into clinically [significant airway /pressures only with the
mouth closed [23], In keeping with the pragmatic nature
of our trial, no attempt was made to ensure that patients
had a closed mouth. Although flow rates used in this
study are consistent with clinical practice, higher gas flow
rates might be required in this setting to minimize lung
derecruitment after extubation [24].

Second, previous studies stressed that both the tim-
ing after extubation and the duration of treatment are
important in determining the clinical effectiveness of
noninvasive respiratory support [16]. Although HFNC
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Table 3 Results for the primary and secondary outcomes

Primary outcomes

Postoperative hypoxaemia®”

1 h after extubation 27/112 (24)
After discontinuation of the study treatment 34/112 (30)
Secondary outcomes

Need for supplemental oxygen therapy after treat- 92/112(82)

ment discontinuation
Pulmonary complications® within 7 days

Grade 1 or 2 49/112 (44)

Grade >3 19/112 (17)
Bronchial congestion 14/112(13)
Hypoxaemiad 30/112 (27)
Pneumonia 10/112 (9)
Need for intubation or NIV for respiratory failure® 14/112 (13)
Surgical reoperation within 7 daysf 5/112 (4)
Unexpected ICU admission 16/112 (14)
ICU length of stay (days) 5(3-13)
Hospital length of stay (days) 11 (7-18)
In-hospital mortality 3/112 (3)

23/108 (21) -3(-14108) 062
29/108 (27) -4 (-15108) 057
79/108 (73) -9(-20102) 011
37/108 (34) -10 (=25 t0 4) 017
21/108 (20) 2(-81013) 063
16/108 (15) 2(-7t011) 062
30/108 (28) 0(-111013) 087
10/108 (9) 0(-7108) 093
20/108 (19) 6 (-4 10 16) 022
2/108 (2) 3(-7102) 045
16/108 (15) 0(-9t0 10) 091
6 (4-16) 3(-5t012) 053

12 (7-20) 05 (3510 4.5) 058
2/108 (2) -1(-5t03) 068

Data are n (%) or median (IQR) unless otherwise stated

ARR absolute risk reduction, NIV noninvasive ventilation, ICU intensive care unit, BMI body mass index, HFNC high-flow nasal cannula, OSA obstructive sleep apnoea
syndrome, HFNC high-flow nasal cannula, PPC postoperative pulmonary complications

? The primary outcome was the proportion of patients with postoperative hypoxaemia (PaO,/FiO, of 300 or less), as established previously

b Relative risk for requiring prophylactic NIV after extubation: unadjusted RR 0.88 (95 % Cl 0.54-1.44); adjusted RR 0.87 (95 % Cl 0.53-1.43); p = 0.58. Adjustment
was performed for stratification variables (use or non-use of epidural analgesia and study centre) and preoperative risk of postoperative pulmonary complications

(ARISCAT score)

¢ Postoperative pulmonary complications were scored with the use of a graded scale ranging from 0 to 4, with grade 0 representing the absence of any pulmonary
complications and grades 1-4 representing successively the worst forms of complications

d Criteria for postoperative hypoxaemia was defined as peripheral oxygen saturation <92 % while breathing at least 10 L/min oxygen, PaO, <60 mmHg on room air or

PaO, <80 mmHg while breathing any supplemental oxygen

¢ Acute hypoxaemic respiratory failure was defined by one of the hypoxaemic criteria (peripheral oxygen saturation (SpO,) <92 % while breathing at least 10 L/min
oxygen, PaO, <60 mmHg on air or PaO, <80 mmHg while breathing any supplemental oxygen) and at least one of the following: severe respiratory distress with
dyspnoea, accessory muscle recruitment and paradoxical abdominal or thoracic motion, respiratory rate >25 breaths/min, respiratory acidosis with pH <7.30 and

arterial carbon dioxide partial pressure (PaCO,) >50 mmHg

f patients who underwent reoperation were systematically intubated. Only patients who required postoperative mechanical ventilation for at least 6 h were

considered a reintubation

was applied directly after extubation, the time needed to
produce significant effects may be longer than we antici-
pated. In keeping with the pragmatic nature of the trial,
we aimed to reproduce standard practices in oxygen
therapy following elective extubation in surgical patients.
Hernandez et al. [10] recently showed that in a low-risk
population for reintubation of mechanically ventilated
patients for more than 12 h, including 15 % of scheduled
surgical patients, 24 h of HFENC therapy after extuba-
tion was enough to reduce the reintubation rate. In the
present study, HENC therapy was applied for a median
(IQR) duration of 15 (12—18) h; which is consistent with

the [routine Bostogerative monitoring time in the periop-
erative environment.

Third, there is evolving evidence that during labdomi-
nal surgery, low tida ﬁl?e ventilation |should include
recrul#ent‘ manoeuvres, in fddition to moderate levels
of [4, 25]. Previous studies have emphasized the
role of low tidal volume ventilation, even when PEEP is
applied, on alveolar derecruitment. [Low| PEEP levels,
in the absence of recruitment manoeuvres, may there-
fore be Insufficient to stabilize alveoli and keep them
open. Owing to the perceived effects of HFNC on airway
pressure and lung volumes, we had assumed that early
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therapy
Fig. 2 Kaplan—-Meier plots of patients without postoperative pul-
monary complications from enrollment to day 7 after surgery. HFNC
high-flow nasal cannula. PPC postoperative pulmonary complications

HENC therapy could, at least in part, minimize alveo-
lar derecruitment following extubation if the treatment
is initiated on previously recruited lungs. The observed
treatment effect was strengthened in the post hoc analy-
sis in the subgroup of patients that received recruitment
manoeuvres (18 % in the HFNC group vs 30 % usual
care group), which was justified by a significant inter-
action with study treatment [26]. Hence, the study may
have identified a clinical benefit of HENC for the primary
endpoint that did not demonstrate statistical significance
because of a possible lack of power.

The findings of previous trials and meta-analyses have
suggested the eﬂ% of ‘moderate levels of continu-
ous positive airway pressurem (7-10 cm H,O) or
noninvasive positive pressure ventilation m as
preventative treatments, applied either continuously
or intermittently for a few hours (6—12 h) in high-risk
patients following abdominal surgery, by reducing the
incidence postoperative pulmonary complications
[27]. There is, however, only limited translation to rou-
tine clinical practice in the immediate postoperative
period because this usually requires experienced staff
and admission to a specialized environment. Although
the study patient population and treatment duration
were close to those of previous studies using CPAP, the
findings of the present study may be seen as somewhat
predictable. However, the |current evidence base for
postoperative CPAP has a number of [imitations and the
effects on hypoxaemia, invasive mechanical ventilation
and mortality are uncertain [28].

This study has several limitations. The definition of our
primary endpoint was arbitrary and may not adequately
reflect disease severity. We are aware that hypoxaemia

might not be considered to be as relevant as patient-
centred outcomes, such as reintubation, to guide clini-
cal practice. However, hypoxaemia still remains a matter
of concern in daily practice and may be associated with
poor patient outcomes. Additionally, our definition is
supported in the literature [14, 16] and is not subject to
observer bias, and is also highly relevant to clinicians in
this surgical population, especially to identify patients
who may benefit from an intensification of treatment and
initiation of NIV [29]. The current study was intended to
explore the effect of HFNW tollung-protective
mon. Whilst previous studies have shown encour-
aging results in the abdominal surgery population, its
application to routine clinical practice remains uncertain.
Whether the use of HFNC may translate into clinical
benefits outside this setting deserves further explora-
tions. The study protocol did not include standardisation
for different aspects of patient care. It was recommended,
however, that the study centres follow routine clinical
practice to minimize interference with the trial interven-
tion. Adherence to the [use of recruitment manoeuvres
during surgery was low (only of the study popula-
tion), perhaps resulting in a failure to achieve statistical
significance for the primary outcome. Finally, because we
studied a homogeneous population of surgical patients,
with an overall moderate risk of pulmonary complica-
tions, our findings do not preclude the possibility of
significant beneficial effects from using HENC in higher-
risk patients.

In conclusion, our study indicates that among patients
undergoing major abdominal surger andm

oxygen therapy, did not result in a statistically significan
reduction in the incidence of postoperative hypoxaemia.
The routine use of postoperative HFNC after extubation
does not seem to be justified in similar patients.
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Oxygen is one of the most widely available and pre-
scribed therapies in medicine, especially in the
perioperative field. General anesthesia for both elective
and emergency surgery approximates 15=20 million per

year in the European countries, and most, if not all,
patients receive oxygen as routine supportive therapy
following extubation after surgery. Notwithstanding,
although it is well established that postoperative pul-
monary complications remain a leading cause of
postoperative morbidity and mortality after major surgery
[1], previous observational studies have noted that critical
respiratory events including severe arterial hypoxemia
during the early postextubation period are relatively rare
events in this specific context [2]. Recent large random-
ized controlled trials have shown that [postoperative
pulmonary complications are mainly observed within the
first week after surgery (with a peak frequency around
postoperative day 2), and are heavily influenced by the
use of intraoperative lung-protective ventilation strategies
(Fig. D |[3, 4]-

Oxygen therapy after surgery is used to correct residual
impairment in oxygenation after removal of the endotra-
cheal tube (or, in some circumstances, the laryngeal
mask) resulting from alveolar hypoventilation caused by
respiratory depression and inability to maintain an ade-
quate airway and/or from ventilation-to-perfusion
mismatch. After extubation, and with spontaneous
breathing at atmospheric pressure, functional residual
capacity, which was maintained with the use of positive
end-expiratory pressure (PEEP) during invasive ventila-
tion, may rapidly decrease with a concomitant reduction
in pulmonary oxygen transfer. As indicated by the alve-
olar gas equation, because the alveolar partial pressure of
oxygen mainly relates to the inspired oxygen fraction
under steady-state conditions, hypoxemia that might
occur secondary to hypoventilation is usually readily
corrected by supplemental oxygen. In contrast, although
this may normalize oxygen saturation, oxygen therapy
alone may not be sufficient to correct the underlying
pathophysiologic disturbance when a loss in lung volume
is present, as occurs with [atelectasis| formation. An
increasing body of evidence suggests that -early
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Fig. 1 Main mechanisms of
postoperative hypoxemia
following tracheal extubation.
Please note that, as indicated by
the alveolar gas equation, the
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administration of prophylactic non-invasive respiratory
support after extubation, ranging from continuous positive
airway pressure to non-invasive positive pressure venti-
lation, [can prevent acute respiratory failure and
reintubation following major surgery [5, 6]. Nonetheless,
the fact remains that non-invasive ventilation is not the
silver bullet for all patients and affects healthcare uti-
lization, since its application usually requires admission
of patients into structures capable of providing high levels
of monitoring.

Recently, the high-flow nasal cannula (HFNC) has
attracted significant attention from several clinical
research groups and has been proposed as a supportive
therapy in critically ill patients with acute respiratory
failure [7-9], during bronchoscopy [10], or to prevent
severe desaturation during intubation of patients with
mild-to-moderate hypoxemia [11]. HFNC, which delivers
up to 100 % heated and humidified oxygen at a maximum
gas flow of 60 I/min via a nasal cannula, offers several
physiological advantages that might encourage its use
instead of routine oxygen therapy after tracheal extuba-
tion. This includes, but is not limited to, improvements in
oxygenation, the generation of a flow-dependent PEEP,
and an increase in end-expiratory lung volume (EELV)
[12, 13]. A recent study in (critically ill patients mechan-
ically ventilated for more than 24 h has shown that HENC
applied after tracheal extubation results in better oxy-
genation than oxygen therapy using a Venturi maskffand,
more importantly, also significantly reduces the reintu-
bation rate [14].

So why should one not simply do the same in surgical
patients? This might be of particular interest, at least
theoretically, in this context in view of the importance of
strategies aimed at minimizing the reduction in lung
volume [15]. In their recent article in Intensive Care
Medicine, Corley et al. [16] attempt to do just that. On the

basis of previous data in [cardiac surgical patients for
whom HNFC was found to improve oxygenation and
EELYV following extubation in a more pronounced way in
those with higher BMI [13], they randomized 155 patients
with a BMI =30 kg/m2 to receive HENC therapy (gas
flow titrated on patient comfort and up to 50 I/min) or
standard oxygen therapy (delivered at 2—4 1/min via nasal
cannula or 6 I/min via simple facemask) after tracheal
extubation (using well-defined criteria) with the objective
in the two arms to maintain SpO, >95 %. The authors
hypothesized that HFNC may enhance respiratory status
and, consequently, may reduce the degree of atelectasis
(the primary endpoint) as assessed by a radiological
atelectasis score. In the end, |despite moderate improve-
ment in oxygenation in the first 8 h of treatment, they
found that HFNC did not confer any statistically, nor
clinically relevant, differences in the primary and pre-
specified secondary endpoints, including the need for
escalation to other respiratory support modalities. At first
glance, there appears to be little positive that can be taken
from this trial, with most of the results being already
brought to our attention by another study in cardiac sur-
gical patients [17]. We should, however, not be too hasty
in throwing out the baby with the bathwater, given the
multiplicity of causative factors that can contribute to
explain some of the discrepancies with data in ICU
patients [14]. The most obvious of these lies in the
characteristics of patients subjected to oxygen therapy
whose impairment in lung function might have been
insufficient to expect a significant benefit of any kind
whatsoever. Even among those who meet weaning criteria
and successfully perform a weaning test, 10-20 % of ICU
patients can experience postextubation respiratory failure,
which has obviously little connection with the perioper-
ative context. It should be borne in mind that, although
attractive, only a few data support direct use of HFNC
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after extubation and, because failure of HNFC may delay
intubation and increase mortality [18], its use as routine
therapy deserves further evaluation.

More relevant to the question at hand, clinicians must
be aware that postextubation respiratory support should
ideally complement what comes before, since most
postoperative respiratory events are above all influenced
by intra-operative determinants [15]. Unfortunately, the
present study does not provide information on patients’
individual risk factors for postoperative pulmonary com-
plications and intra-operative ventilator settings. The last
point in particular is, from our point of view, an important
limitation of the study. Indeed, as efficient as it may be, it
is difficult to conceive a benefit of HFENC therapy in the
surgical context outside the framework of a multifaceted
approach of lung-protection. In this particular respect, the
data of the multicenter OPERA study recently completed
(ClinicalTrials.gov Identifier: NCT01887015) will hope-
fully provide valuable additional information. In addition,
although most patients are suspected to be at low or
moderate preoperative risks, it cannot be ruled out that
there may be an additional benefit of HFNC in patients

with higher risks of complications. Finally, the authors
may have been somewhat ambitious in envisaging a
substantial reopening of atelectasis from the application
of no more than 3—4 cmH,O of PEEP with HNFC [12],
when PEEP levels up to 10 cmH,0 may be required with
the use of NIV.

In summary, the authors have to be praised for the
ambition of conducting this study, and the conclusion we
should draw is that the use of HNFC should not be rec-
ommended after extubation of obese cardiac surgical
patients. This, however, cannot be considered definitive
and some important questions remain unanswered before
concluding that we need to remove our old-fashioned
nasal cannulas from our arsenal or, in contrast, that they
are still up to it.
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