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High-! ow nasal cannula ifthe @
postoperative period: IS positive pressure
the phantom ofthe OPERA trial?
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OErik is not truly dead. He lives on within the souls ofhowever, few studies investigated thét eacy of HFNCs
those who choose to listen to the music of the nightO in this specibc setting.

Gaston Leroux] e Phantom of the Opera In an article recently published itntensive Care Medi
Patients undergoing major abdominal surgery are atcine |Futier and co-authors 2] report a randomized
risk for the development of postoperative pulmonary controlled trial (OPERA) in which the clinical value of
complications (PPCs), playing a major role in postop HENCs in reWpost—extubation hypoxaemia in
erative morbidity and mortality [L, 2]. Several measures ms undergoin j i urgery
have been proposed to reduce the incidence of PPCsayas investigated. e primary endpoint was the absolute

thus improving the outcome in surgical patients, includ risk reduction for the occurrence of hypoxaemia afii
ing protective intraoperative mechanical ventilation3], |after extubation, compared to standard oxygen therapy.
chest physiotherapy 4], and postoperative prophylactic ! e authors did not observe any advantage of HENCs for
or therapeutic non-invasive continuous positive airway thislendpoint nor concerning the incidence of PPQs. is
pressure (nCPAP) §] or positive pressure ventilation ult is in line with previously published small
(NPPV) []. s that assess v kH!Nc in the
High-Bow conditioned oxygen therapy, delivered postoperative period in thoracic surgeng], cardiac suf
through dedicated high-Bow nasal cannulas (HENCs),gery P] and obese cardiac surgery patients0[ 13]. ! e
has been recently introduced in adults. Randomized eon trial was sized assuming a 50% absolute risk reduction
trolled trials have tried to clarify the role of HFNCs in the with the use of HFNCs, and incidence of postoperative
prevention and treatment of respiratory failure in criti  hypoxaemia of 40%, while the observed incidence was
cally ill patients [/] as well as in the postoperative period around 20%.! is might be in part due to the recent
[8D10]. ! e exact mode of action of HFNCs is matter improvements in intraoperative ventilation that reduced
of debate, and several mechanisms have been proposdde occurrence of postoperative respiratory dysfunc
and investigated: positive"@cts on comfort and toler tion [3]. Sensu stricto, as frequently seen in such studies
ance compared to conventional oxygen, stable fraction[14], the huge estimated "e=ct size and high estimated
of inspired oxygen delivery due to a reduction of room incidence of the primary outcome resulted in an under
air entrainment, dead space wash-out and positive endpowered study. With a pragmatic approach, the authors
expiratory pressure (PEEP)' ect [11]. All these aspects thoroughly discussed how their cohort of patients was
could be of value during the postoperative period;large enough to reject HFNC asweventive strategy in
Me patients but not able to detect small’ éi-
ences between the two groups. In fact, in order to achieve
statistical signibcance with the observed incidence, thou

*Correspondence: ppelosi@hotmail.com sands of patients should have been enrolled. Nonetheless,
1IRCCS AOU San Mari®®, Department &urgical Sciences

andIntegrated Diagnostics, UniversityGainoa, Largo Rosanna Benzi 8, e\{en if a ste-ltlstlcgllly signibcant Ueren;e Wa_s _found n
16131Genoa, ltaly this setting, its ability to be translated into clinical prac
Full author information is available at the end of the article tice would have been qumw, also because of the
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non-negligible economic burden associated with the rou |collapsed | |

tine use of disposable HFNCs. We agree with the authorstough onl

interpretation of the trialOs results concluding that theport that th
use of major omlnal sur B]. As ilfustrated In FIg$l, the evidence arising from

[ i ) ndard n ure tctrlals seems to support the hypothesis that HENCs

are able to provide an intermediate solution between

ung tissue and revert atelectasis, even

or degree of evidence is available to sup

When HFNCs were tested in the post-extubation conventional oxygen an ressure ventilation,
period in [critically ill patients, results were more whose clinical usefulnes ds on the presence of
encouragi ¥, 15]. Interpreting this |discrepancy an underlying reversible TUn airment: in this cen

between the Pndings in postoperative and critically ill text, HFNCs represent a well-tolerated bridge solution
patients can be challengind. e application of nNCPAP to avoid more uncomfortable or invasive procedures,
or NPPV is the only known measure able to Mndwhile the lung condition is improving.! is is not the

Criticall vy ill Post-oper ative
pa tient pa tient

Patient with underlying Patient with mino r Patient with major
reversible lung injury atelectasi s atelectasi s
Y Y Y Y
HENC HFENC or O, nCPAP /NPP V HFENC or O,
(Oxygenation, low PEEP, (Oxygenation, no major (Oxygenation, positive (Oxygenation, no major
good tolerability) recruitment effect) airway pressure) recruitment effect)

Restored respirator y Hypoxemia and/or
function PPC

Fig. 1 Possible mechanisms of action of HFNCs and outcome in critically ill and postoperativeHfe@nigh Bow nasal cannul@, conven
tional oxygen therappCPARoON-invasive continuous positive airway presdiP&\Vion-invasive positive pressure ventilatRiP(postoperative
pulmonary complication
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case for most surgical patients, as in the postoperativereferences

period the patient is in a specibc condition not often 1+ SerPa Neto A Hemmes SNT, Barbas @&2@14) Incidence of
mortality and morbidity related to postoperative lung injury in patients

seen in the intensive care unit: the lungs are essentially  who have undergone abdominal or thoracic surgery: a systematic

hea|thy, and an important role in respiratory func review and meta-analysis. Lancet Respir Med 2:1007D1Q051 @it/
S2213-2600(14)70228-0

tIOI‘i |mpa|rme_nt IS play_ed by atelectasis, which is aISOZ. Ball L, Battaglini D, Pelosi P (2016) Postoperative respiratory disorders. Curr
believed to trigger pro-inla s lead Opin Crit Care 22:379D3851601:097/MCC.0000000000000312

ing to the de\/elopment of other PPCQ][_ s might 3. GYldner A, Kiss T, Serpa Netcah(8015) Intraoperative protective

: : mechanical ventilation for prevention of postoperative pulmonary com
explaln the paradoxwal result that HENCs seem ben plications: a comprehensive review of the role of tidal volume, positive

ebcial in critically ill patients, WhHMFafter elective end-expiratory pressure, and lung recruitment maneuvers. Anesthesiol
surgery. In fact, the positive-pressure ect attributable ogy 123:692D713. ddl:1097/ALN.0000000000000754
to Cs operating am is estimated around 4, rggewk OlsZn M, Hahn I, Nordgrena$(@997) Randomized controlled
. rial of prophylactic chest physiotherapy in major abdominal surgery. Br J
65cmH,O, but drops IOMZO when the patient Surg 84:1535p1538
ens the mouth 1_]_] I ‘ese values are unlikely to be 5. Ireland CJ, Chapman TM, Mathew &F(8014) Continuous positive

: ﬁ_ 1 airway pressure (CPAP) during the postoperative period for prevention
SU# Clent 10 xpand collapsed aréas of the Iung' of postoperative morbidity and mortality following major abdominal

Moreover, one of the advantages of HFNCs, namely the  Surgery. Cochrane Database Syst Rev 8:CD0089ED1602/14651858.

higher achieved fraction of inspired oxygen, might be  CD008930.pub2
n 6. Glossop AJ, Shephard N, Shepherdal(012) Non-invasive ventilation
m . . X for weaning, avoiding reintubation after extubation and in the pestop
, for the increased risk of gas resorption. In  erative period: a meta-analysis. Br J Anaesth 109:305D804.09!

the postoperative period, probably the increasing use of |bja/aes270

low tidal volume intraoperative ventilation brought us /- Hernndez G, vaguero C, Colinasil (B016) Eect of postextubation
high-RBow nasal cannula vs noninvasive ventilation on reintubation and

to a plateau in patient safety, and further improvements  postextubation respiratory failure in high-risk patients: a randomized
are di# cult to achieve. Exploring the beld of post- clinical trial. JAMA 316:1565D1574.@®D01/jama.2016.14194

: : ; : : . Ansari BM, Hogan MP, Collier all @016) A randomized controlled trial
extubation respiratory assistance seems an mterestmgs of high-Bow nasal oxygen (Opti3ow) as part of an enhanced recovery

Peld of research, but an integrated approach combin program after lung resection surgery. Ann Thorac Surg 101:459D464.
ing di" erent interventions might be needed to further doi10.1016/j.athoracsur.2015.07.025
improve the safety of our patientSZI. 9. Parke R,.McGumness S, Dixon R, Jull A (2013) Open-iabel, phase Il study of
R h . routine high-Bow nasal oxygen therapy in cardiac surgical patients. Br J
In the era of large randomized trials, there is the need  anaesth 111:925p931. 16i1093/bja/act262
for building evidence oombining data from physiologi 10. Corley A, Bull T, Spooner Adl €2015) Direct extubation onto high-

: ; : : Bow nasal cannulae post-cardiac surgery versus standard treatment in
cal SIUdIeS’ small trials and pI|O'[ studies. However, the patients with a BMt30: a randomised controlled trial. Intensive Care

pathophysiological rationale, the mechanism of action  med 41:887D894. ddi:1007/s00134-015-3765-6
of the intervention, the &ect size estimation and the 11. Papazian L, Corley A, Hessdb g016) Use of high-Row nasal-can

[ ; : nula oxygenation in ICU adults: a narrative review. Intensive Care Med
expected incidence of the primary endpoint should be 42:1336D1349. dhfi: 1007/S00134.016.4277-8

carefully taken into account. 12. Futier E, Paugam-Burtz C, Gode®T (2016) Eect of early postextuba
tion high-Bow nasal cannula vs conventional oxygen therapy on-hypox
aemia in patients after major abdominal surgery: a French multicentre

Author details randomised controlled trial (OPERA). Intensive Care Med 42:1888D1988.
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ORIGINAL

B ect ofearly postextubation high#ow @
nasal cannula vs conventional oxygen therapy
on'hypoxaemia irfpatients aftetmajor
abdominal surgery: a French multicentre
randomised controlled trial (OPERA)

EmmanueFutiel? Catherin€augam-Burfz Thomasodet, LindaKhoy-Edr Sach&ozencwajg
Jean-Mar®elay, DanieVerzilft, Jeremi®upuis, GeraldChanque$® Jean-EtiennBazin,
Jean-MicheConstantid2 BrundPereird, Samidabef®"andOPERA study investigators

© 2016 Springeverlag Berlin Heidelberg and ESICM

Abstract

Purpose: High-Bow 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 uni&ersity hospitals in France. Adult

patients at moderate to high risk of postoperative pulmonary complications who had undergone major abdominal
surgery using lungrotective ventilation were randomly assigned using a comyuéeerated sequence to receive
either HFNC oxygen therapy or standard oxygen therapy3@omoxygen delivered via nasal prongs or facemask)
directly after extubation. The primary endpoint was absolute risk reduction (ARR) for hypoxaeaitaragxtuba-
tion and after treatment discontinuation. Secondary outcomes included occurrence of postoperative pulmonary
complications within days after surgery, the duration of hospital stay, amolsiital mortality. The analysis was
performed on data from the modibed intentitmtreat population. This trial was registered with ClinicalTrials.gqv
(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=(112); all of these patients completed foligev The median duration of

the allocated treatment was bfinterquartile range 14bhBwith standard oxygen therapy andHLGnterquartile

range 12D18) with HFNC therapy. Twamge (21%) of the 108 patients treated with HFNCatter extubation and

. J

*Correspondence: s-jaber@chu-montpellier.fr

4 CHU de Montpellier, DZpartement AnesthZsie RZanimation B (DAR B),
H™pital Saint Eloi, 80 Avenue Augustin Fliche, dé2gtellier, France

Full author information is available at the end of the article

Take-home message:Among patients at moderate to high risk of
postoperative pulmonary complications undergoing major abdominal
surgery and mechanically ventilated using a {pragective strategy,
preventive application of higBRow nasal oxygen therapy after

extubation as compared with standard oxygen therapy did not decrease
the incidence of postoperative hypoxaemia.
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29 (2™0) of the 108 patients after treatment discontinuation had postextubation hypoxaemia, compared with 27
(24%) and 34 (3%) of the 112 patients treated with standard oxygen (ARRACHB8 to T;p = 0.57; adjusted
relative risk [RR] 0.8799%| 0.53D1.43; 0.58). Over theday postoperative followp period, there was no

statistically signiPcant @rence between the groups in the proportion of patients who remained frée=of any-pulmo
nary complication (ARR 7,995CI D6 to 26;p = 0.40). Other secondary outcomes also did n@rdignibcantly
petween-the-twe groups. —_— —_—
Conclusions: Among patients undergoing major abdominal surgery, early preventive application-8bligiasal

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

oxygen therapy.

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

medicine, Higkrisk surgery
.

J

Introduction subsequent postoperative morbidity, its#ects have not
Postoperative respirator comglications are the secondbeen evaluated in randomised trials in surgical patie surgical patients
most frequent Nlrgeryll, and a [towhom might be applied if used in preference to

major burden in health cared, 3]. We and others have standard oxygen therapy for treatment duration consist
previously reported that in patients undergoing abdomi ent with usual care (i.e. less than "B}
nal surgery, use of lung-protective ventilation is asso We therefore performed a randomised clinical trial to
ciated withw cIinicalwsé[, 5. ! ere evaluate the clinical #ectiveness of preventive appli
remains, however, a signibcant number of patients whocation of HFNC directly after elective extubation,
still develop respiratory complications following extuba compared with standard oxygen therapy after major
tion, especially hypoxaemial[ 6], thereby suggesting that abdominal surgery, to decrease the incidence of hypoxae
there is room for improvement in these patients. mia after major abdominal surgery. We hypothesised that
Previous studies reported that hypoxaemia, which isimmediate use of HFNC after extubation may reduce the
one of the most meaningful facto%ed with poorincidence of hypoxaemia after discontinuation of invasive
patient outcom&, occurs in 10958 of patients after lung-protective mechanical ventilation.
surgery [L, 7], depending on patients and surgical condi
tions. Oxygen therapy is almost invariably applied afterMethods
elective extubation using low-Bow devices to correct Study design
residual impairment in oxygenation, but may not always! e OPERA trial was an investigator-initiated, mul
prevent the postoperative deterioration in respiratory ticentre, randomised clinical trial conducted in three
function. [After disconnection from mechanical ventila university hospitals in France. A detailed description of
tion and positive airway pressure, derecruitment of lung the study protocol has previously been published before
areas, with a resulting loss in functional alveolar units, isenrolment of patients had been completedld. ! e
not uncommon and recently extubated patients are prone study protocol and statistical analysis plan were approved
to oxygen desaturation. for all centres by a central ethics committee (ComitZ de
High-Row oxygen therapy through a nasal cannulaProtection des Personnes Sud-Est VI, Clermont-Ferrand,
(HENC) is receiving increasing interest as an alterna France). All patients provided written informed consent
tive to standard oxygen therapy and noninvasive ven before surgery.
tilation (NIV) in critically ill patients with hypoxaemic
respiratory failure B, 9] and more recently in a mixed Patients
population of mechanically ventilated intensive care unit All adult patients scheduled for planned or unplanned
patients at risk for reintubation after extubation1[0]. Pree  abdominal, or abdominal and thoracic, surgery with
vious studies have reported several physiological benebtn anticipated duration of 2h or more and a moderate
of HFNC [11, 12], among which are a Row-dependent to high risk of postoperative pulmonary complications,
positive airway pressure and increased end-expiratorydebned by an ARISCAT risk scaord 4] of 26 points or
lung volume, suggesting a possible alveolar recruitmenimore, were eligible for recruitment! e ARISCAT risk
e#tect. Although it is reasonable to hypothesise a dlini score is a weighted scoring system comprising seven
cal advantage of early and short-term (less than"2¢ independent clinical variables, which identipes patients
application of HFNC after elective extubation to mini with low (a score of less than 26 points), intermediate,
mize lung derecruitment and prevent hypoxaemia, andor high (a score of 45 points or more) risk for developing
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postoperative pulmonary complications. Exclusion eri stopped. Patients received additional oxygen if peripheral
teria included lack of informed consent prior to ran oxygen saturation was lower than 9% after treatment
domisation, body mass index greater than "3§/m?  discontinuation (Online Appendix p.12). Treatment was
life-threatening condition requiring emergency sur interrupted in the case of acute respiratory failure requir
gery, obstructive sleep apnoea syndrome, and pregnaning immediate intubation or in the case of severe fes

patients. piratory discomfort with the assigned therapy. Decisions
about all other aspects of patient care during the intra-
Randomisation andmasking and postoperative periods were made by the attending

Randomisation was performed (in a 1:1 ratio) with the physician according to the expertise of the #tat each
use of a computer-generated assignment sequence and @ntre and routine clinical practice.

centralised telephone system accessible round the clock

to receive either HFNC or standard oxygen therapyOutcomes

immediately after tracheal extubation. Randomisation! e primary outcome was the proportion of patients who
was stratibed according to study centre and the plannedieveloped hypoxaemia, debPned as an arterial oxygen ten
use or non-use of postoperative epidural analgesiasion to inspiratory oxygen fraction ratio of 300 or less,
which is a factor that may inBuence outcome&q. An  1"h after extubation [L6]. In addition, this outcome was
investigator at each centre was responsible for enrollinganalysed at the end of allocated treatment. Arterial blood
patients in the trial and ensuring adherence to the pro gases were measured on room air in all patients.

tocol. A trained research coordinator, blinded to the ran ~ Secondary outcomes were assessed daily during the
domised intervention, was responsible for centralisation bPrst 7'days after surgery, since respiratory events after
of data from all sites and recording them onto the elec surgery are commonly seen during this period, and at
tronic database. Although the individual assignments of hospital discharge; these were (a) postoperative puimo
patients could not be masked to sfamembers who cal nary complications due to any cause, graded on a scale
lected data during surgery and in the post-anaesthesidrom 0 (no pulmonary complications) to 4 (the most
care unit, treatment allocation was concealed to outcomesevere complications)17]; (b) need for additional oxy
assessors throughout the study. e coordinating cen  gen therapy after 8.00 am on ddy (end of treatment)
tre remained unaware of the trial group outcomes until debned as peripheral oxygen saturation at most%3on
the database was locked. e trial statistician analysed room air; (c) the development of postoperative hypoxae
the results using an analysis plan that had been Pnalisenhia, pneumonia, reintubation and/or use of curative NIV
before the base was locked and before the blinded dathecause of postoperative respiratory failure; (d) postop

were analysed. erative gas exchange after discontinuation of the allo
cated treatment; (e) respiratory comfort (graded with the
Study intervention use of a numerical rating scale, ranging from 0 to 10); (f)

All recruitment centres had expertise in the use of unexpected intensive care unit (ICU) admission or read
HFNC. Standard oxygen therapy was delivered continu mission; (g) ICU and hospital lengths of stay; and (h) in-
ously using nasal prongs or facemask (usual care grouphospital mortality.

In the HFNC oxygen therapy group (HFNC therapy),

oxygen was delivered continuously at a gas Row rate obtatistical analysis

50D60L/min through an MR850 heated humidiber and Assuming an incidence of hypoxaemia of 40 after extu

an RT202 breathing circuit (OptiBo® , Fisher and bation in patients with characteristics comparable to our
Paykel Healthcare Ltd, Auckland, New Zealand). In eachinclusion criteria [1, 7, 16], we calculated that enrolment
group, oxygen RBow was titrated by the bedside nurse taf 220 patients would provide the trial with 996 power
maintain a peripheral oxygen saturation of % or more. to detect a relative dierence of 50% in the primary
During surgery, a standardised lung-protective ventila outcome between the two groups at a two-sided alpha
tion strategy was applied as described in previous reportdevel of 0.05. During the trial, a total of eight patients
and in the study protocol 2, 4, 13], and consisted in the were excluded after randomisation; surgery was stopped
combined use of low tidal volume, moderate positive prematurely (surgical duration less than") in three of
end-expiratory positive pressure and, whenever pessithe eight patients because of extensive illness, and bve
ble, recruitment manoeuvres4]. At the end of surgery, had violation of exclusion criteria. An additional eight
tracheal extubation was performed according to prede patients were thus randomly assigned to a study group to
Pned criteria [L3]. In both groups, the allocated therapy obtain the full sample (Figl).

was delivered continuously until 7.00D8.00 a.m., at post All analyses were performed before the breaking of
operative dayl, at which time point study treatment was the randomisation code on data from the modibed
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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
—P»| 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 ! 25 kg/m2 (n=3), OSA(n=2)

——»|

P{ An additional 8 underwent randomisation

v v

112 were allocated to 108 were allocated to

usual care 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 Bislbody mass indeXdFN@igh-Bow nasal cannul@SAbstructive sleep apnea syndrome

intention-to-treat population, debned as all randomly addition to the stratibcation variables, and to consider
assigned patients except those who could be excludedvithin- and between-centre variability (centre as random
without the risk of bias (eight patients who underwent e#ect). Results of primary and secondary outcomes are
randomisation by mistake and who never received thereported as absolute risk reduction with 9% conbdence
study treatment) (Fid'1). An interim analysis was per intervals, and additionally reported as between-group
formed after enrolment of the prst 110 patients to review di#erence. Results of the regression model are reported
data relating to patient safety and quality of trial conduct as relative risk with 986 conbdence intervals.
using the Lan and DeMets method (East software, Cytel Longitudinal analysis using mixed models was used
Inc., Cambridge, MA, USA). Premature discontinuation to take into account between- and within-subject vari
of the trial was not recommended on the basis of thatability (patient as random #ect). KaplanbMeier curves
analysis, and 220 patients were therefore included. were plotted to assess the probability of remaining free
Continuous variables were compared using theof postoperative pulmonary complications after discen
unpairedt test or the MannbBWhitneyU test as appropri  tinuation of the allocated treatment! e time to compli
ate.! e ShapirobWilk test was used to assess normalitycations was analysed using a marginal Cox-proportional
and the FisherbSnedecor test to assess homoscedasticityazard model with results reported as hazard ratio with
Unadjusted Chi squared was used for primary outcome95' % conbdence intervals, and proportional-hazard
analysis. Adjusted analysis was performed with the use ohssumption veribed using the Schoenfeld test and plot
a random-étects robust Poisson generalized linear modelting residuals.
to take into account adjustment for possible confound We conducted one post hoc subgroup analysis, which
ing covariates selected according to univariate results inncluded patients that received recruitment manoeuvres
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as part of the lung-protective ventilation strategy, on the Online Appendix (p. 3). Following adjustment for base
basis of the interaction between randomisation group line covariates, the observed treatmenttect remains
and recruitment manoeuvres (yes/no) in the regressionnon-signibcant [unadjusted relative risk (RR) 0.88,"%5
model. Cl 0.44b1.52]; adjusted RR 0.87,"9b Cl 0.53D1.43;
As less than 3% of data was missing or unavailable,p'="0.58) (Tabl&3 and Online Appendix p. 3)! ere were
handling of missing data was not applied. All analyseso signibcant between-group #erences for any of the
were performed with the use of Stata version 13.0 (Statasecondary outcomes: need for supplemental oxygen ther
Corp LP, College Station, TX, USA). A two-siddtlvalue apy for persistent hypoxaemia after treatment discortin
of less than 0.05 was considered to indicate statisticaliation, grade level of pulmonary complications, number

signibcance. of patients requiring any form of ventilator assistance
for acute respiratory failure during the brst"days after
Results surgery, and service utilization (days in ICU, days in the

Between 6 November 2013, and 1 March 2015, of the 69hospital) (Tablé3; Online Appendix p13). During the
patients assessed for trial eligibility, 220 patients under 7-day postoperative follow-up, there was no statistically
went randomisation, with 112 patients assigned to thesignibpcant between-group dierence in the proportion of
usual care group and 108 patients assigned to the HFN@®atients who remained free of any pulmonary complica
group (Fig¥1). All patients were included in the Pnal tion (ARR 7, 98% CI D6 to 2086,p"="0.29; unadjusted RR
intention-to-treat analysis. 1.19, 95% CI 0.79D1.78; adjusted RR 1.1999%1 0.80B

I e two groups of patients had similar baseline charac 1.79,p"="0.40) (Tablé3; Fig'2).
teristics (Tablél).! e mean (SD) preoperative ARISCAT In a post hoc analysis, there was a signibcant inter
risk scores for postoperative pulmonary complications action between use of recruitment manoeuvres dur
were 40.1 (6.4) in the usual care group and 40.9 (8.7) img lung-protective ventilation and the treatment group
the HFNC group ('="0.48).! e distribution of the main with respect to hypoxaemia after treatment discontinu
intraoperative variables is reported in Tabl2. Clinical ation (p"="0.019). In the subgroup of patients whose
care other than the trial intervention was similar, espe lung-protective strategy included recruitment manoeu
cially mean levels of tidal volumes and positive end-expir vres (Online Appendix pp. 6D9), the observed treatment
atory pressure applied during surgery. Sixty-seven of thestfect was strengthened in the HFNC group as compared
108 patients (626) assigned to HFNC and 69 of the 112with the usual care group (ARR 13, '95 Cl B2 to 2P,
patients (62%) assigned to usual care received recruit p'="0.09; unadjusted RR 0.58,'9%CI 0.28D1.17; adjusted
ment manoeuvres during lung-protective mechanical, RR 0.53, 986 Cl 0.26D1.0%"="0.08).! ere were no sig
without any statistically signibcant dierence between nibcant between-group dierences in any of the other
groups "="0.85).! ere were no signibcant between- outcomes (Online Appendix).
group di#erences regarding use of epidural analgesia, ! ere were no signibcant between-group#girences
blood loss, blood transfusion and volumes of intravenousfor patient respiratory comfort, haemodynamics and
RBuids. All patients were successfully extubated at the engostoperative gas exchangehlafter enrolment and after
of surgery, without signibcant dierence p"="0.89) in the treatment discontinuation (Online Appendix g'.0).
duration of intraoperative mechanical ventilation! e
median duration of the allocated treatment after extuba Discussion
tion was 16h (interquartile range, 14D18) in the usual In this multicentre randomised clinical trial, a strategy of
care group and 1% (interquartile range 12D18) in the preventive application of high-3ow nasal oxygen therapy
HFNC group @"="0.03). Eight patients (7'%b) allocated directly after extubation compared with standard oxy
to the HFNC group required premature discontinuation gen therapy was ingective at reducing the incidence of
for discomfort related to the interface [median (IQR) hypoxaemia aftmmwry. ere were also no
time to cessation of treatment, 1'8 (0.8D4.5h)] com-  signiPcant diferences in postoperative outcomes, espe
pared with no patient in the usual care group'€ '0.003). cially pulmonary complications and length of hospital

! e primary outcome, postoperative hypoxaemia, wasstay.
met by 21% of patients (23/108) treated with HFNC and  When planning the study, we assumed an incidence
by 24'% of patients (27/112) treated with standard oxy |of hypoxaemia of 40% based on data fromus
gen Th after extubation, and by 29 (2%) of 108 patients large cohorts of abdominal surgical patientd,[7]. Our
and 34 (30%) of 112 patients after treatment discontinu results showed mxpected with standard
ation [absolute risk reduction (ARR) 40, 95% CI B8 to oxygen therapy M which might have been attribut
15'%,p"="0.57] (Tabl¢3). ! e results of associated uni able to overall Tmprovements in perioperative surgical
variate and multivariate analyses are provided in thecare, to inclusion of patients at lower risk of developing
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Table 1 Characteristics oflthe patients at baseline

Age (years) 61 (13) 62 (12)
Male sex 64 (57) 61 (56)
Height (cm) 168 (9) 168 (8)
Weight (kg) 70 (14) 70 (13)
Body mass index (kgfn 25 (4) 25 (4)
Predicted body weight (k) 61 (11) 61 (10)
ASA grade
1 20 (18) 20 (18)
2 75 (67) 72 (67)
3 or higher 17 (15) 7 (15)
Preoperative risk sc8re
Moderate risk 95 (85) 90 (83)
High-risk 17 (15) 18 (17)
Comorbidity
Hypertension 35(31) 34 (31)
Current smoker 30 (27) 36 (33)
Recent weight loss >20 16 (14) 14 (13)
Alcohol intake 8 (7) 14 (13)
COPD 6 (5) 2(2)
Asthma 2(2) 8(7)
Diabetes 13 (12) 12 (11)
Cancer diagnosis 88 (79) 91 (84)
Type of surgery
Liver resection 46 (41) 38 (35)
Pancreaticaluodenectomy 35 (31) 34 (32)
Gastrectomy 4 (3) 9(8)
Oesophagectomy 5(4) 7 (6)
Colorectal resection 13 (12) 14 (13)
Splenectomy 2(2) 2(2)
Other 7 (6) 4 (4)
Planned surgery 112 (100) 106 (98)
Laparoscopic surgery 10 (9) 10 (9)
Surgical incision
Midline 53 (47) 50 (46)
Transverse 47 (42) 46 (43)
Other 12 (11) 12 (11)
Duration of the surgical procedure (rfin) 300 (190Db380) 270 (195Db370)

Data aren (%), mean (SD), or median (IQR), unless otherwise stated
ASAAmerican Society of Anaesthesiology physical status csgion, COPDchronic obstructive pulmonary disease

@ The predicted body weight was calculated as follows: for men#50.91! '(height in centimetre' "152.4); and for women, 45:6'0.91! '(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 (26D44 points) and high4&kdints). 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 Erevious studies, to thealso consistent with recent data of a large multicen
use of Iung-protectlwmmm Ventilation. Our bad tre study in which patients had entry criteria similar to
Ings for postoperative pulmonary complications are those in our trial B]. Furthermore, although the overall
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Table 2 Clinical management ofpatients during 'the surgical period

Duration of mechanical ventilation (min) 390 (290D500) 377 (290D490)
Tidal volume (mL/kg of PBW)
Start of surgery 7.6 (1.3) 7.4 (1.2)
End of surgery 7.5 (1.3) 7.3 (0.9)
PEEP (cm,8)
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 manoeuvfes 6 (3) 6 (4)
Plateau pressure (cm®)
Start of surgery 16.4 (3.6) 15.9 (3.0)
End of surgery 16.2 (2.8) 15.6 (3.6)
FiQ (%) 49 (14) 52 (16)
Volume of Buid administered (mL)
Crystalloids 3000 (2000D4000) 2500 (2000D3500)
Colloids 1000 (500D1500) 750 (500D1000)
Use of epidural analgesia 37 (33M) 37 (3%%)
Blood loss (mL) 350 (200D700) 350 (150D600)
Blood transfusion 13 (1) 12 (11%)
Use of nasogastric tube 76 (68%) 63 (58%)

Data aren (%), mean (SD), or median (IQR) unless otherwise stated
FiG, inspired oxygen fractionPBWpredicted body weight PEERositive end-expiratory positive pressure

2 The predicted body weight was calculated as follows: for men#30.911 (height in centimetre$' "152.4); and for women, 45:5'0.911 '(height in
centimetres” "152.4)

® Recruitment manoeuvres consisted of applying a continuous positive airway pressure ofr88,0 for 30s

rate of hypoxaemia in the usual care group was loweluncommon after | extubation and recently extubated
than anticipated, it is unlikely that patients in the HENC patients are prone to oxygen desaturatio(]. Consider
group would have am in risk, ing the suspected induced#ects of HFNC on lung val
which limits the value of the present work. Nevertheless,umes [L2], we hypothesised that early initiation of HFNC
although we are aware that a debnitive conclusion cannotould minimize in part lung derecruitment after extuba
be drawn from our bndings, an absolute risk reduction oftion. Unlike recent Pndings in mechanically ventilated
4'% between the two treatments makes the likelihood of gpatients at risk for reintubation 9, 10, 21], we failed to

statistically signibcant dierence d$ cult to achieve and detect any major dferences in unadjustemed
of limited clinical relevance! ese concerns need carefulms. Several hypotheses
consideration. could explain these results.

To the best of our knowledge, this trial is the Prst First, previous studies have shown a signiPcant vari
to evaluate the usefulness of preventive application ofability of the airway pressures during the respiratory
Mi cycle with HENC P2], and that high Row-rate translates
M. Despite extensive physiological date?][ into clinically wnibcant airway pressures only with the
there are few data on the use of HFNC in preventing themouth closed P3|, In keeping with the pragmatic nature
worsening of respiratory function following surgery. Our of our trial, no attempt was made to ensure that patients
Pndings_are consistent with those of two previous ran had a closed mouth. Although Row rates used in this
domised trials in cardiac surgical patients in which direct study are consistent with clinical practice, higher gas Row
extubation onto HFNC after surgery did not confer clini rates might be required in this setting to minimize lung
cal ‘advantage in terms of oxygenation and respiratoryderecruitment after extubation 24].
function over standard oxygen therapy §, 19]. Second, previous studies stressed that both the -tim

One notable feature of our trial compared with the ing after extubation and the duration of treatment are
existing data was the use of intraoperative lung-pro important in determining the clinical étectiveness of
tective ventilation. Howevet, Iunwm ﬁot noninvasive respiratory support1f]. Although HFNC
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Table 3 Results forlthe primary and !secondary outcomes

Primary outcomes
Postoperative hypoxaeniia

1h after extubation 27/112 (24) 23/108 (21) D3 (b14 to 8) 0.62

After discontinuation of the study treatment 34/112 (30) 29/108 (27) b4 (B15 to 8) 0.57
Secondary outcomes

Need for supplemental oxygen therapy after treat 92/112 (82) 79/108 (73) b9 (b20to 2) 0.11

ment discontinuation
Pulmonary complicatiofisvithin 7days

Grade 1 or 2 49/112 (44) 37/108 (34) D10 (25 to 4) 0.17

Grade# 3 19/112 (17) 21/108 (20) 2 (B8 to 13) 0.63
Bronchial congestion 14/112 (13) 16/108 (15) 2 (B7to11) 0.62
Hypoxaemi& 30/112 (27) 30/108 (28) 0 (P11 to 13) 0.87
Pneumonia 10/112 (9) 10/108 (9) 0 (b7to 8) 0.93
Need for intubation or NIV for respiratory fdilure ~ 14/112 (13) 20/108 (19) 6 (B4 to 16) 0.22
Surgical reoperation within 7 dys 5/112 (4) 2/108 (2) b3 (b7 to 2) 0.45
Unexpected ICU admission 16/112 (14) 16/108 (15) 0 (B9 to 10) 0.91
ICU length of stay (days) 5(3b13) 6 (4D16) 3 (b5t0 12) 0.53
Hospital length of stay (days) 11 (7b18) 12 (7B20) 0.5 (B3.51t0 4.5) 0.58
In-hospital mortality 3/112 (3) 2/108 (2) bl (b5to 3) 0.68

Data aren (%) or median (IQR) unless otherwise stated

ARRabsolute risk reductioniNIVnoninvasive ventilation]CUintensive care unitBMIbody mass indexdFNChigh-#ow nasal cannulaDSAobstructive sleep apnoea
syndrome,HFNChigh-#ow nasal cannulaPPQostoperative pulmonary complications

& The primary outcome was the proportion of patients with postoperative hypoxaemia (F&@, of 300 or less), as established previously

b Relative risk for requiring prophylactic NIV after extubation: unadjusted RR 0.88(@50.54D1.44); adjusted RR 0.84%H 0.53D1.43)= '0.58. Adjustment
was performed for strafication 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 1D4 representing successively the worst forms of complications

d Criteria for postoperative hypoxaemia was $ieed as peripheral oxygen saturation <98 while breathing at least 20/min oxygen, Pa@<60mmHg on room air or
PaQ <80mmHg while breathing any supplemental oxygen

€ Acute hypoxaemic respiratory failure was $ieed by one of the hypoxaemic criteria (peripheral oxygen saturation (§p<®2% while breathing at least 10/min
oxygen, PaQ <60mmHg on air or Pap<80mmHg 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 (Pag@50mmHg

f patients who underwent reoperation were systematically intubated. Only patients who required postoperative mechanical ventilation for at'leastré
considered a reintubation

was applied directly after extubation, the time needed tothe routine postoperative monitoring time in the periop
produce signibcant #ects may be longer than we antici eraw.

pated. In keeping with the pragmatic nature of the trial, ! "ird, there is'eVolving evidence that durirlg abdomi
we aimed to reproduce standard practices in oxygennal surgery, lo ﬂhe ventilation sho de
therapy following elective extubation in surgical patients. M manoeuvres, i addition to moderate levels
Hernandez efal. [LO] recently showed that in a low-risk of PEEP 4, 25]. Previous studies have emphasized the
population for reintubation of mechanically ventilated role of low tidal volume ventilation, even when PEEP is
patients for more than 12, including 15% of scheduled applied, on alveolar derecruitment. Low PEEP levels,
surgical patients, 24h of HFNC therapy after extuba in the absence of recruitment manoeuvres, may there
tion was enough to reduce the reintubation rate. In the fore bem to stabilize alveoli and keep them
present study, HFNC therapy was applied for a medianopen. Owing to the perceived#ects of HFNC on airway
(IQR) duration of 15(12D18)h, which is consistent with pressure and lung volumes, we had assumed that early
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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

100

57 of concern in daily practice and may be associated with
& poor patient outcomes. Additionally, our dePnition is
3 501 _‘_'—'—\—.E supported in the literature 14, 16] and is not subject to
= observer bias, and is also highly relevant to clinicians in
o) Usual care ) X A : ) ) K
8 254 this surgical population, especially to identify patients
g who may benebt from an intensibcation of treatment and
Adjusted Hazard ratio 0-81 (95% CI 057 to 115) initiation of NIV [29]. ! elcurrent study was intended to
0 . . T . . . . eXEIore the éect of HFNW t0 lung-protective
0 1 2 3 4 5 6 7 . - -
Days since extubation on. Whilst previous studies have shown enceur
Number at risk aging results in the abdominal surgery population, its
Usual care 112 62 52 48 47 45 44 44 . . . . . . .
HENC oxygen 108 75 66 55 53 52 51 50 application to routine clinical practice remains uncertain.
therapy

Whether the use of HFNC may translate into clinical
benebts outside this setting deserves further explora
tions.! e study protocol did not include standardisation
for di#erent aspects of patient care. It was recommended,
however, that the study centres follow routine clinical
practice to minimize interference with the trial interven
HFNC therapy could, at least in part, minimize alveo tion. Adherence to the use of recruitment manoeuvres
lar derecruitment following extubation if the treatment during surgery was |o\m of the Study popul.a

is initiated on previously recruited lungsl. e observed ‘tion), perhaps resulting in a failure to achieve statistical
treatment efect was strengthened in the post hoc analy signibcance for the primary outcome. Finally, because we
sis in the subgroup of patients that received recruitment studied a homogeneous popu]ation of Surgica] patients,
manoeuvres (18% in the HFNC group vs 306 usual with an overall moderate risk of pulmonary compliea
care group), which was justibed by a signibcant inter tions, our bndings do not preclude the possibility of

action with study treatment P6]. Hence, the study may signibcant benebcial#ects from using HFNC in higher-
have identiPed a clinical benebt of HFNC for the primaryrisk patients.

endpoint that did not demonstrate statistical signiPcance |n conclusion, our Study indicates that amona patients

Fig. 2 KaplanbMeiglotsof patients without postoperative pul
monary complications from enrollment to dagfter surgerydFNC
high-Bow nasal cannulP@ostoperative pulmonary complications

because of a possible lack of power. undergoing major abdominal surgery and receiving intra
! e bndings of previous trials and meta-analyses hav@perative lung-protective ventilation, preventive appliea
suggested the@ of ‘moderate levels of continu on of HFNC alter extubation, compared with standard
ous positive airway pressuMP) (7Bad H,0) or  ‘oxygen therapy not 1 V signibcant
noninvasive positive pressure ventilation V) asreduction in the incidence of postoperative hypoxaemia.

preventative treatments, applled either continuously T~ e routine use of postoperatwe HENC after extubation
or intermittently for a few hours (6B12h) in fhigh:risk  does not seem to be justibed in similar patients.
patients following| abdominal surgery, by reducing the - _—

i : inati Electronic supplementary material
mCId?nce .pOStOperatlve pl_JInjonary compllcatlons The online version of this article (H©i1007/s0013@164594y) contains
[27]). ! ere is, however, only limited translation to reu sypplementary material, which is available to authorized users.

tine clinical practice in the immediate postoperative
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Fig. 1 Main mechanisms of Postoperative hypoxemia ?
postoperative hypoxemia

following tracheal extubation.

Please note that, as indicated by

the alveolar gas equation, the
alveolar partial pressure of

oxygen (PAQ) mainly depends I Hypoxemia alone I I Hypoxemia and Hypercapnia I

on the inspired oxygen - - - , - -
concentrationPAO, Alveolar (e.g., pain, residual anesthetics, E) Respiratory pump dysfunction

partial pressure of oxyge®B (alveolar hypoventilation) and/or V,/Q mismatch
barometric pressurBH,O (e.g., atelectasis, E)

water vapor pressure (at 3T,

PH,O = 47 mmHg),RQ ‘ ‘

respiratory quotient (its value is

typically 0.8but can range from Oxygen Therapy Oxygen Therapy

0.7 to 1.0),VA/Q ventilation-to- often sufficient often NOT suifficient

perfusion ratio (Low-flow or high-flow oxygen (Consider adding positive airway pressure)

supportive therapy)

Alveolar gas equation
P,O, = (Pg D PH,0) X FiO,b (R,CO,/ RQ)

administration of prophylactic non-invasive respiratohasis of previous data in cardiac surgical patients for
support after extubation, ranging from continuous positivdiom HNFC was found to improve oxygenation and
airway pressure to non-invasive positive pressure velELV following extubation in a more pronounced way in
lation, [can prevent acute respiratory failure arndose with higher BMI13], they randomized 155 patients
reintubation following major surgenys| 6]. Nonetheless, with a BMI C30 kg/nt to receive, HENC therapy (gas
the fact remains that non-invasive ventilation is not tifgow titrated on patient comfort and up to 50 I/min) or
silver bullet for all patients and affects healthcare ustandard oxygen therapy (delivered at 2B4 I/min via nasal
lization, since its application usually requires admissieannula or 6 I/min via simple facemask) after tracheal
of patients into structures capable of providing high levedgtubation (using well-debned criteria) with the objective
of monitoring. in the two arms to maintain SpAC95 %. The authors
Recently, the high-Bow nasal cannula (HFNC) hbhgpothesized that HFNC may enhance respiratory status
attracted signibcant attention from several clinicahd, consequently, may reduce the degree of atelectasis
research groups and has been proposed as a suppdttiee primary endpoint) as assessed by a radiological
therapy in critically ill patients with acute respiratoratelectasis score. In the end, despite moderate improve-
failure [7B9], during bronchoscopy10], or to prevent ment in oxygenation in the Prst 8 h of treatment, they
severe desaturation during intubation of patients withund that HENC did not confer any statistically, nor
mild-to-moderate hypoxemidl[l]. HFNC, which delivers clinically relevant, differences in the primary and pre-
up to 100 % heated and humidibed oxygen at a maximapeciPed secondary endpoints, including the need for
gas Row of 60 I/min via a nasal cannula, offers sevegescalation to other respiratory support modalities. At brst
physiological advantages that might encourage its wgance, there appears to be little positive that can be taken
instead of routine oxygen therapy after tracheal extulfieem this trial, with most of the results being already
tion. This includes, but is not limited to, improvements ibrought to our attention by another study in cardiac sur-
oxygenation, the generation of a Row-dependent PEGRal patients 17]. We should, however, not be too hasty
and an increase in end-expiratory lung volume (EELY) throwing out the baby with the bathwater, given the
[12, 13]. A recent study in eritically ill patients mechanmultiplicity of causative factors that can contribute to
ically ventilated for more than 24 h has shown that HFN&plain some of the discrepancies with data in ICU
applied after tracheal extubation results in better oxyatients 14]. The most obvious of these lies in the
genation than oxygen therapy using a Venturi rilask anHaracteristics of patients subjected to oxygen therapy
more importantly, also signibcantly reduces the reintuhose impairment in lung function might have been
bation rate 14]. insufbcient to expect a signibcant benebt of any kind
So why should one not simply do the same in surgicghatsoever. Even among those who meet weaning criteria
patients? This might be of particular interest, at leastd successfully perform a weaning test, 10020 % of ICU
theoretically, in this context in view of the importance giatients can experience postextubation respiratory failure,
strategies aimed at minimizing the reduction in lunghich has obviously little connection with the perioper-
volume [L5]. In their recent article inintensive Care ative context. It should be borne in mind that, although
Medicine|Corley et al. L6] attempt to do just that. On theattractive, only a few data support direct use of HFNC
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after extubation and, because failure of HNFC may delaith higher risks of complications. Finally, the authors

intubation and increase mortalityL §, its use as routinemay have been somewhat ambitious in envisaging a

therapy deserves further evaluation. substantial reopening of atelectasis from the application
More relevant to the question at hand, clinicians mugtno more than 3b4 cmy@ of PEEP with HNFC 12,

be aware that postextubation respiratory support showlten PEEP levels up to 10 crg may be required with

ideally complement what comes before, since mdke use of NIV.

postoperative respiratory events are above all inBuenceth summary, the authors have to be praised for the

by intra-operative determinantdg]. Unfortunately, the ambition of conducting this study, and the conclusion we

present study does not provide information on patiens$©uld draw is that the use of HNFC should not be rec-

individual risk factors for postoperative pulmonary conemmended after extubation of obese cardiac surgical

plications and intra-operative ventilator settings. The lgsitients. This, however, cannot be considered depPnitive

point in particular is, from our point of view, an importanand some important questions remain unanswered before

limitation of the study. Indeed, as efbcient as it may begciincluding that we need to remove our old-fashioned

is [difbcult to conceive a benebt of HENC therapy in timasal cannulas from our arsenal or, in contrast, that they

surgical context outside the framework of a multifacetede still up to it.

approach of lung-protection. In this particular respect, the

data of the multicenter OPERA study recently complet€dnBicts of interest Dr. Futier reports receiving consulting fees

(ClinicalTrials.gov Identiper: NCT01887015) will hope‘;-g;nrqbuGrggﬁqrg'ntE:%f"r'gzeg"rfg'?f(‘)'msylfi;eh”;ragg | Dea Egld Et)rra"j;ber

fully provide valuable additional information. In addition,enqts receiving consulting fees from e, Maqueyt, Hamilton

although most patients are suspected to be at lowafd Fisher & Paykel.

moderate preoperative risks, it cannot be ruled out that

there may be an additional benebt of HFNC in patients
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