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IMV — invasive ventilation
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RCT - randomized control trial

ROB - risk of bias

GRADE - Grading of Recommendations, Assessmentedement, and Evaluation
MD — mean difference

RR — relative risk

Cl — confidence interval

ICU — intensive care unit



Abstract

Background: Recent studies have demonstrated that high fesaincannula (HFNC) prevents
intubation in acute hypoxic respiratory failure wheompared to conventional oxygen therapy
(COT). However, the data examining routine HFNC instae immediate post-operative period

is less clear.

Resear ch Question: Is routine HFNC use superior to COT or non-invasigetilation (NIV) in

preventing intubation in post-operative patients?

Study Design and M ethods: We comprehensively searched databases (MEDLINE, EMB
Web of Science) to identify randomized controlladl$ (RCTs) that compared the effect of
HFNC use to COT or NIV in the immediate post-opgeperiod on reintubation, escalation of
respiratory support, hospital mortality, ICU andspital length of stay, post-operative
hypoxemia and treatment complications. We assesdeddual study risk of bias using the

revised Cochrane ROB 2 tool and rated certaingutcomes using GRADE framework.

Results: We included 11 RCTs enrolling 2201 patients. Tempared HFNC to COT and one to
NIV. Compared to COT, HFNC use in the post-opegagieriod was associated with a lower
reintubation rate (RR 0.32, 95% CI 0.12 to 0.88%2 absolute risk reduction (ARR), moderate
certainty) and decreased escalation of respiragpport (RR 0.54, 95% CI1 0.31 to 0.94, ARR
5.8%, very low certainty). Post-hoc subgroup anslgaggested that this effect was driven by

obese and/or high risk patients (subgroup diffeeenp 0.06). We did not find differences in any



of the other stated outcomes between HFNC and EBRC was also no different from NIV in

reintubation rate, respiratory therapy failure @UILOS.

Interpretation: With moderate certainty evidence, prophylactic HAEGuces reintubation and
escalation of respiratory support compared to CGOthé immediate post-operative period
following cardiothoracic surgery. This effect ikdly driven by high risk and/or obese patients.
These findings support post-op prophylactic HFN€ imsthe high risk/obese cardiothoracic

patients.



Acute respiratory failure is one of the most commomplications following cardiac or non-
cardiac surgery > Post-operative respiratory failure, often duatelectasis or pulmonary
edema, is associated with increased mortality igts &5 27%Y, increased intensive care unit
(ICU) length of stay (LOS), longer rehabilitaticand poorer long-term functional outconfes
Hypoxia and hypoxemia are common presentation®st-pperative respiratory failure
Depending on patient phenotype and the type ofesungerformed, rates of post-operative
respiratory failure as high as 10% - 50% have lsgnonstrated. Oxygen therapy
administered with low-flow nasal cannula or Ventdask are typically applied to post-
operative patients prophylactically following exa&tion to prevent hypoxia. If respiratory failure
develops and low-flow oxygen therapy fails, nonasive ventilation (NIV) and/or invasive
mechanical ventilation (IMV) are instituted as trext step . However, both NIV and IMV are

resource intensive, associated with patient disodraind high-risk for complicatior’s”.

High flow nasal cannula (HFNC) enables deliveryheated and humidified oxygen at flow rates
that more closely approximate the inspiratory negdy/spneic patients. HFNC also provides

a modest amount of positive end-expiratory presancedecrease both pharyngeal dead space
and nasopharyngeal resistait® Furthermore, HFNC may be more comfortable ansl les
obtrusive than other forms of oxygen delivery fatipnts*>. Recent studies, including a
systematic review and meta-analysis performed loygoaup, have demonstrated that HFNC
prevents intubation when compared to conventiorggien therapy (COT) in acute hypoxic
respiratory failuré®. The data examining HFNC applied in the post-dpezaeriod (within 24
hours of surgery) is less cl€ar’. We sought to conduct a systematic review ancsaealysis

comparing HFENC to COT when used routinely in thenedliate post-operative period.



Methods

We registered our protocol on PROSPERO (CRD420182@)7and report our findings using a

PRISMA checklist (e-Table 1).

Data Sources and Searches

We performed a comprehensive search of relevaabdaes (MEDLINE, EMBASE, and Web
of Science) from January 1, 2007 (as HFNC was md¢hw used before this time) to April 15,
2019. We used keywords including human” OR “ad@R “mature” or “grown” AND “high
flow nasal cannula” OR “high flow nasal therapy” Ciirgh flow nasal oxygen” OR “high flow
oxygen therapy” OR “high flow therapy” OR “optiflogrespiration)” OR “nasal highflow”. We
did not exclude studies based on language orquality. We updated the literature search on

November 6, 2019.

Study Selection

Two independent reviewers (DW, DG) screened dlticihs in duplicates in two stages by first
examining the title and abstracts and then, fagcded citations, the full texts. We captured
reasons for study exclusion after reviewing thétaats of identified trials. A third reviewer

(BR) adjudicated disagreements.



We included all RCTs that compared HFNC to other-imyasive oxygen delivery modalities
(traditional nasal cannula, Venturi Mask, NIV, gio.the immediate post-operative period. We
included trials examining both cardiac and non-@ardurgery. We excluded case series, case
reports and observational studies. Our outcomé@g@rfest included reintubation, escalation of
respiratory therapy, hospital mortality, ICU LO®spital LOS, post-operative hypoxemia and
complications. Escalation of respiratory therapy wafined as escalation to NIV or mechanical
ventilation for the HFNC arm, and as escalatioRlENC, NIV or mechanical ventilation for the
COT arm. Reintubation was defined as intubatiotheftrachea within 48 hours after post-

operative extubation in the ICU or the post-anesthescovery room.

Data Extraction and Quality Assessment

Two independent reviewers (DC, DG, or DW) workingpairs abstracted data in duplicate using
a standardized data abstraction form. A third mere(BR) adjudicated disagreements. We
collected data on trial characteristics, demogm@ghia, interventional and control details, and

outcomes. We contacted individual trial authorsmogsing data.

We assessed risk of bias (ROB) in duplicate udieg¢vised Cochrane risk of bias 2.0 tool for
RCTs. We assessed each RCT using the following domednstomization process, deviations
from intended interventions, missing outcome dat@asurement of the outcome, and selection
of the reported result. For each domain, we rat®e@ R be “low”, “high”, or “some concerns”
based on an algorithm that used signalling questpecific to each domain. The overall ROB

for each trial was the highest risk attributednng domain. Overall certainty of evidence was



assessed for each outcome using the Grading ofniteeadations, Assessment, Development,

and Evaluation (GRADE) framewadrk

Data Analysis

We used the DerSimonnian-Laird random effects madtél inverse-variance weighting to
generate pooled treatment effects across studegerdyieneity between trials was assessed using
a combination of the Chtest, the1 statistic, and visual inspection of the forest®f8. We

present results of dichotomous outcomes usingivelask (RR) and continuous outcomes as
mean difference (MD) both with 95% confidence iags (Cls). We also provide absolute
differences with 95% Cls. We performed all statetianalysis using RevMan 5.3 (Cochrane

Collaboration, Oxford) software.

We planned foua priori subgroup analyses: (i) post-operative cardiacisairgatients versus
non-cardiac surgical patients, (ii) patients ahhiigk of respiratory failure (as defined by the
investigators in each trial) versus those at I@k af respiratory failure, (iii) obese patients
versus non-obese patients and (iv) high ROB studiesus low ROB studieé priori, we
hypothesized that cardiac surgery patients at hi) obese patients and trials at high ROB
would show greater benefit with HFNC therapy. Wsoglerformed @ost hocsubgroup

analysis, where we combined patients at high riskespiratory failure and obese patients as an
overall“high risk” subgroup. We hypothesized that this subgroup wsludlv greater benefit

with HFNC therapy.



We conducted trial sequential analySisising the random effects model for trials repartin
reintubation. For this analysis, we used a statitgignificance level of 5%, a power of 80% and
a RR reduction of 15% to represent a clinically amant difference. We used a model variance-
based heterogeneity correction. We performeddggliential analysis using Trial Sequential
Analysis version 0.9.5.10 beta (Copenhagen Trial, @entre for Clinical

Intervention Research, Rigshospitalet, Copenhagenmark, www.ctu.dk/tsa).

Results

Search Strategy and Study Characteristics

We reviewed 650 citations and included 11 RCTs 2042 after screening**>*"?*{Figure
1). We excluded one RCT that compared HFNC to fiay face mask (using minimum flows
of 15 Litre/min) as this comparator was judgedeah alternative delivery system and very

similar to HFNC?®,

Table 1 shows the characteristics of the includéd ®which randomized between 51 to 830
patients. Only one RCT compared HFNC to KI\The remaining trials compared HFNC to
COT. NIV was too different as a comparator to peith COT, and therefore we did not include
this trial in the quantitative analysis. Six of tsleven RCTs were conducted in post-cardiac
surgery patient$1"#22425\yhjle of the remaining five, four were conductegost-thoracic

%6,23,27,2

surgery patient #and one trial was conducted in patients after nthjoracic and

abdominal surgery,
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Four of the included studies examined patientsatarate to high risk of post-operative
respiratory complications'>?°?% |n two of the RCTs, this was defined as an ARISGisk

score of 26 or greatéf® with the maximum possible score being 123 anigmaid relationship
between score and risk. In the third trial, exangnpost-cardiac surgery patients, high risk was
defined as any patient who had at least one ridofdor post-operative pulmonary
complications [including history of COPD, asthnayér respiratory tract infection in preceding
four weeks, a BMPE 35 kg.m2, or current (within last six weeks) heamyokers (>10 pack
years)f®. The fourth trial only included post-cardiac susgpatients who were deemed to be at
risk for needing post-operative oxygen therapy dasepredefined risk factors including BMI >
30, LVEF < 40%, and a previous failed extubatt¢fable 1). Two trials examined obese
patients exclusively’?*while two RCTs specifically excluded obese pedpfeAll trials,

except for the RCT that used NIV as a compat3tased HFNC prophylactically, rather than as

a treatment for respiratory failure.

Nine RCTs utilized the Fisher and Paykel Optiflovdevice while one trial used the
MaxVenturi® device'®. Another triaf? did not specify the type of HFNC device used. All
HFNC devices provided heated and humidified nasgyen at high flows titrated between 25 to

60 L/min) with the goal of keeping the patient coméble and aiming for a SpO2 target > 90%.

e-Table 2 summarizes the ROB for each individual.tNone of the trials blinded patients or
clinicians. Given that all our outcomes were hardpmints, we felt that there was unlikely to be
significant risk of bias from lack of blinding. Thpall trials except orléwere judged to be at

low ROB.
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Outcomes

In e-Table 3 we depict the GRADE certainties andlgad estimates for pooled outcomes.

Reintubation/Need for Escalation

Compared to COT, HFENC use in the immediate postative period significantly decreased the
need for reintubation (900 patients in 6 trials, RB2, 95% CI 0.12 to 0.88, ARR 2.9%, 95% CI
0.5% to 3.7% reduction, moderate certainty, Fig)rél'he reintubation rate was 0.9% (4/454) in
the HFNC group and 4.3% (19/446) in the COT grdupe trial sequential analysis for this
outcome showed that the required information 9iz28 364) was not met and, consequently,
we rated down the certainty for this outcome baseanprecision. HFNC use was also
associated with a significant decrease in the f@eelscalation of respiratory support (RR 0.54,
95% CI 0.31 to 0.94, ARR 5.8%, 95% CI 2.1% to 9&8%Huction, Figure 3) with very low

certainty evidence.

Other Outcomes of Interest

We did not find a difference between HFNC and C@Tother outcomes including hospital
mortality (RR 0.64, 95% CI 0.19 to 2.14, ARR 0.78%5% CI 1.5% reduction to 2.1% increase,
low certainty, Figure 4), ICU LOS (MD 0.04 days lhéy, 95% CI 0.11 days lower to 0.19 days
higher, high certainty, e-Figure 1), hospital LOSX 0.43 days lower, 95% CI 0.82 days lower
to 0.04 days lower, moderate certainty, e-Figurar) the incidence of post-operative

hypoxemia (RR 0.94, 95% CI1 0.79 to 1.13, ARR 2.9%96 Cl 10% reduction to 6.2% increase,
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low certainty, e-Figure 3). Post-operative hypoxas variable defined among the included trials
with two trials defining it as SpO2 < 93%6 while others defined it based on a R&@D, ratio

< 3002728

Complications were heterogeneously reported adriads and were not amenable to pooling.

We summarize complications in e-Table 4.

NIV Comparator

Compared to NIV, HFNC showed no difference in ngliation rate (p = 0.99) or the rate of
respiratory therapy failure (absolute differenc@2e;, 95%CI, —4.9%to 6.6%, p = .003).
Although, we did not find a difference in ICU LO8e noted that skin breakdown was more

common with NIV after 24 hours (p < 0.001).

Subgroup and Sensitivity Analysis

Subgroup analysis based on the type of surgekypfipost-operative respiratory complications,
and obesity did not show credible subgroup effemtany outcomes of interest (e-Figure 4 - 9).
However, the post-hoc “high risk” subgroup consigtof obese patients and patients at high risk
of post-operative respiratory complications didwlaosignificant subgroup effect, with the high
risk group showing clear benefit in reintubatioskrivhile the average risk group did not (high
risk group RR 0.14, 95% CI 0.04 to 0.54; averagk group RR 1.01, 95% CI 0.21 to 4.97; test

for subgroup differences p 0.06,70.9%) (Figure 2). We also performed two post hoc
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sensitivity analysis excluding: 1) two trials tleacluded obese patiert$’ and 2) one trial that
focused on patients having thoracoabdominal sutg&he former was done to ensure that
inclusion of studies with only low risk patiento(robese) did not underestimate the outcomes.
The latter was done to exclude the only study éxamined patients with abdominal surgery to
ensure that the generalizability of our conclusiaas consistent for cardiac and thoracic
surgery. Neither sensitivity analysis changed terall results or conclusions. We performed a
final sensitivity analysis using the Paule Mandalp&ical Bayes approach to pool treatment
effects for the three most critical outcomes (tgdattion rate, escalation of respiratory support
and mortality) to ensure the robustness of ourltesthis analysis did not change the overall

results or conclusions of this review (e-FiguresiDand 12).

Discussion

The typical post-operative patient behaves diffdygnom those with critically illness as they
are usually previously well, without structural tpdisease, and are typically intubated to
facilitate anesthesia and surgery. Our findingsasstimt HFNC, when used in the immediate
post-operative period, is associated with significaductions in reintubation and escalation of
respiratory support when compared to COT in high cardiothoracic patients (Figure 2 and
Figure 3). However, there were no significant éfean other important clinical outcomes
including mortality, ICU length of stay and hospiength of stay. Only one trial compared

HFNC to NIV and demonstrated comparable effectesutoomes.
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Unlike critically ill patients, patients having gi@ry undergo planned extubation immediately
after surgery or within a few hours of surgerydardiac surgical patienfs Patient who

develop respiratory failure in the post-operatieeiqpd and require re-intubation have been
shown to have significantly higher mortality, ICWBS, hospital LOS and costs®> When a
post-operative patient fails COT or is deemed tatid@gh risk for failure, most clinicians
consider using NIV in these patients to prevemitraiatioi 2. However, NIV may be poorly
tolerated, can cause skin breakdown, and oftennesgadmission to a monitored setting such as
surgical step down unit or ICH. HFNC is often better tolerated and may not regthie same
level of monitoring as NIVP. Stephan et af® showed that in post-operative cardiothoracic
patients, HFNC did not increase the rate of esc@aéspiratory support or re-intubation
compared to NIV. As such, prophylactic HFNC apglmaimmediately after extubation in post-
operative patients may prevent re-intubation withrequiring the level of care that is

necessitated by NIV use.

Of the trials included in this review, all but Srexclusively examined patients undergoing major
cardiac or thoracic surgery. Since intrathoracigery has the highest risk of post-operative
pulmonary complicatiori§ it stands to reason that this patient populasanost likely to

benefit from HFNC after extubation. While upper afwihal surgery also carries a high risk of
pulmonary complicatiord, the trial by Futier et aldid not show differences in treatment effect
between HFNC and COT treated patients. Therefttreguagh our pooled analysis demonstrated
potential benefit in all surgical types, the wilaf HFNC following upper abdominal surgery

remains uncertain.
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Although previous meta-analyses have examined H&d&n this population and found
inconsistent results, we believe this may partlekglained by clinical heterogeneity. One
previous meta-analysts examined cardiac surgery patients only, exclutfioge following
thoracic or abdominal surgery. Conversely anothercluded all patients after extubation (both
critically ill and post-operative) — thus combinidgferent patient populations. Two other meta-
analysis examined HFNC use in postoperative patettseported similar reductions in
escalation of respiratory therapy and reintubatiaas®>". However, since the publication of
these meta-analyses, five new RCT’s have beengheuf***?>~/ Moreover, one meta-analysis
pooled both observational and randomized contia@kttogether - a practice that has been
questionetf while the other included only four RC¥sand did not include seven additional
eligible RCTS'22232-2fhat have been published since. Additionally, lresisystematic review
pre-registered their protocol. Our meta-analysttudies data from all of published RCTs on this
topic and thus represents the most comprehensatgsas of current trial data. Strengths of our
study include the comprehensive search, topic @gestration, and assessment of certainty using

the GRADE approach.

Our review also has limitations. First, the inclddeals studied heterogeneous populations,
however, when possible, we performed subgroup aisaby type of surgery (cardiac surgery vs.
non-cardiac surgery), level of risk (high risk patis vs average risk patients) and obesity. To
this end, statistical heterogeneity was generallydnd none of our subgroups demonstrated
credible effects suggesting the importance of timécal heterogeneity may be limited. Second,

all included trials were, by necessity, unblinddudal may have influenced individual trial
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results. Finally, although more than 2000 patievese included in this review, the event rate for

most of the outcomes of interest was low resulmignprecision in the pooled results.

Since the included trials only examined cardio-#icar and major abdominal surgery, the effect
of using HFNC post-operatively in other surgicdig@ts at risk of respiratory failure
(neurosurgery, ENT surgery or major vascular syjgemains unknowti. Given that HFNC is
likely most beneficial in high-risk surgeries, HFNIGe in other patient populations and settings
requires investigation. Similarly, further studyaiso needed examining the role of NIV in post-

operative patients compared to HFNC alone or inloation with HFNC.

Interpretation

HENC likely prevents reintubation and escalatiomespiratory therapy, while having no
significant effect on mortality or length of staygmpared to conventional oxygen therapy in the
immediate post-operative period in cardiothoraaigsry patients with moderate certainty
evidence. These findings support prophylactic Ud¢FNC in the cardiothoracic patient

population, particularly in high risk and obeseigats.
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Take Home Pullout

Study Question: Is routine HFNC use superior to COT or non-invasieatilation (NIV) in
preventing intubation in post-operative patients?

Results: Compared to COT, HFNC use in the post-operativiogevas associated with a lower
reintubation rate (RR 0.32, 95% CI 0.12 to 0.88%2 absolute risk reduction (ARR), moderate
certainty) and decreased escalation of respiragpport (RR 0.50, 95% CI1 0.28 to 0.92, ARR
7.5%, very low certainty). Post-hoc subgroup anslgaggested that this effect was driven by
obese and/or high risk patients (subgroup diffeeenp 0.06).

Interpretation: Moderate certainty evidence supports post op prhagtig HFNC use in the

high risk/obese cardiothoracic patient.
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Figure Legend

Figure 1: PRISMA flow diagram — study selection. R€randomized control trial.

Figure 2: Effect of HFNC on reintubation rate wieermpared to conventional oxygen therapy.
Studies are grouped by high risk (obese and/or ihshof postoperative respiratory
complications) and average risk. df = degreesedgdom, HFNC = high flow nasal cannula
Figure 3: Effect of HFNC on escalation of respirgtsupport when compared to conventional
oxygen therapy. Studies are grouped by high ribkege and/or high risk of postoperative
respiratory complications) and average risk. degrees of freedom, HFNC = high flow nasal
cannula

Figure 4: Effect on HFNC on mortality when compated¢onventional oxygen therapy. df =

degrees of freedom, HFNC = high flow nasal cannula
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Table1:

Trial

Ansari,

2016

Brainard,

2017

Characteristics of included studies

Country Number of Population
Patients
Randomized
Cambridge, 59 Inclusion: elective lung resection
UK surgery, and age more than 18
years.
Exclusion: pneumonectomy,
contraindication to HFNC, and
mobilization limitation leading to
inability to perform 6MWT
Aurora, 51 Inclusion: > 18 years of age
Colorado undergoing thoracic surgery with

scheduled admission to the
intensive care unit post-
operatively.

Exclusion: pregnant or
breastfeeding, obstructive sleep

apnea, lung transplantation,

Intervention Details Comparator Details Outcomes

(OptiFlow, Fisher & Paykel  Simple facemask or  Hospital LOS, 6MWT,

Healthcare) nasal prongs at 2 — 4 difference between pre-

Flow: Started at 50 L/min and L/min op and post FEV1

titrated to sats and comfort ~ Duration: 24 hours

Duration: First 24 hours and then as needed.

(OptiFlow, Fisher & Paykel  Nasal cannula or face Post-operative

Healthcare) mask oxygen pulmonary

Flow: Started at 40 L/min and Duration: First 48 complications

titrated to sats and comfort  hours or discharge (composite of severe

Duration: First 48 hours or ~ from ICU hypoxemia (SpO2< 90%

discharge from ICU with FiO2> 50%),
acute respiratory failure

escalation of therapy to



Corley,

2015

Futier,

2016

Brisbane,

Australia

France

155

220

previous pneumonectomy, home
oxygen > 4L/min, or inability
to adhere to assigned treatment for

the intended duration

Inclusion: > 18 years with a BMI  (OptiFlow, Fisher & Paykel  Simple facemask or

over 30 kg/m2 and scheduled to Healthcare) nasal prongs
undergo cardiac surgery on Flow: Started at 35 L/min and Duration: 8 hours or
cardiopulmonary bypass. titrated to sats and comfort  longer as needed.

Exclusion: Ventilation time > 36  Duration: 8 hours minimum
h, extubation onto NIV, and longer if needed
requirement for tracheostomy, and

extubation as part of end-of-life

treatment
Inclusion: All adult patients (OptiFlow, Fisher & Paykel  Nasal prongs or
scheduled for abdominal, or Healthcare) facemask

abdominal and thoracic surgery  Flow: Started at 50 L/min and Duration: First 24
with an anticipated duration of 2 htitrated to sats and comfort  hours

or more and an ARISCAT risk Duration: First 24 hours

non-invasive ventilation,
re-intubation,
occurrence of hospital-
acquired pneumonia, or
re-admission to

the ICU), ICU LOS,

hospital LOS

ICU LOS, escalation of
respiratory therapy, re-
intubation, average PF

ratio in first 24 hours

Hospital mortality,
hypoxia, ICU LOS,
hospital LOS, escalation
of respiratory support,

reintubation,
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Parke,

2013

Pennisi,

2019

Auckland,
New

Zealand

Rome, ltaly

341

96

score of 26 points or more, were
eligible for recruitment.
Exclusion: body mass index
greater than 35 kg/m2, life-
threatening condition requiring
emergency surgery, obstructive

sleep apnoea syndrome and

pregnant patients

Inclusion: adult patients with (OptiFlow, Fisher & Paykel
elective cardiac surgery utilizing Healthcare)
cardiopulmonary bypass
Exclusion: contraindication to titrated to sats and comfort
HFNC. If participants had not met Duration: First 48 hours
the extubation criteria by 10 a.m.

the day after surgery

Inclusion: All adult patients (OptiFlow, Fisher & Paykel
scheduled for elective Healthcare)

thoracotomic pulmonary lobar Flow: 50 L/min

resection for malignant disease  Duration: First 48 hours

Exclusion: pregnancy, body mass

Simple facemask or

nasal prongs

Flow: Started at 45 L/min and Duration: First 48

hours

Venturi mask (OS/60
K, FIAB, Florence,
Italy)

Duration: First 48

hours

complications

28-day mortality, ICU
LOS, hospital LOS,
escalation of respiratory
care, reintubation, post-

op FEV1

ICU LOS, hospital LOS,
escalation of respiratory
therapy, reintubation,

average PF ratio in first

48 hours, hypoxia
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Sahin,

2018

Stephan,

2015

Istanbul,

Turkey

France

100

830

index>35 kg/m2, history of
obstructive sleep apnea syndrome,
long-term oxygen therapy due to
chronic pulmonary disease,
tracheostomy, and any nasal/facial
defect that could impede HFNC or

Venturi mask use.

Inclusion: All adult patients (OptiFlow, Fisher & Paykel

undergoing CABG with BMI > 30. Healthcare)

Exclusion: hemodynamic

instability, patients with

tracheostomy, obstructive and comfort

sleep apnea, active pulmonary  Duration: First 48 hours

disease, known low cardiac output

and emergency surgery

Inclusion: All adult patients (OptiFlow, Fisher & Paykel
undergoing cardiothoracic surgery Healthcare)

and meeting any of the following Flow: Started at 50 L/min and Settings: 8/4 and
criteria: titrated to sats and comfort
1. Failure of a spontaneous Duration: Until SaO2 > 95%

breathing trial, defined as arterial on 6 L/min or PF >300

Simple face mask
Duration: First 48
Flow: Started at 25 L/min and hours

titrated to oxygen saturation

BiPAP with full face

titration to adequate

Duration: Until fewer

Hospital mortality, ICU
LOS, hospital LOS,
escalation of respiratory
therapy, reintubation,
post op day 2 FEV1,

complications

ICU mortality, ICU
LOS, hospital LOS,
escalation of respiratory

therapy, reintubation,

volumes and comfort dyspnea score, comfort

score, pneumonia,

31



oxygen saturation (Sa02) less than
90% with 12 L of oxygen

during a T-tube trial or PaO2 less
than 75mmHg with a fraction

of inspired oxygen (FIO2) of at
least 50% during low level
pressure support

2. Successful spontaneous
breathing trial with any

of the following preexisting risk
factors: BMI < 30, left ventricular
ejection fraction <40% and failure
of previous extubation

3. Successful spontaneous
breathing trial followed by failed
extubation, defined as at least 1 of
the following: PaO2:FI02

ratio less than 300, respiratory rate
greater than 25/min for

at least 2 hours, and use of
accessory respiratory muscles

or paradoxical respiration.

than 4 hours per day pneumothorax, colonic

of BIPAP were

needed

pseudo-obstruction
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Tatsuishi,

2019

Yu, 2017

Tokyo,

Japan

Shanghai,

China

148

110

Exclusion: obstructive sleep

apnea, tracheostomy,

do-not-intubate status, delirium,

nausea and vomiting,

bradypnea, impaired

consciousness, and hemodynamic

instability.

Inclusion: All adult patients

undergoing off-pump CABG

Exclusion: Concomitant

procedures such as valve surgery Duration: Till the end of post

HFNC (company not
specified)

Flow: 45 — 60 L/min

or aortic surgery; chronic kidney opday 1

disease; uncomfortable with

HFENC

Inclusion: Patients who underwent (OptiFlow, Fisher & Paykel

planned thoracoscopic lobectomy Healthcare)

because of lung tumor with

ARISCAT > 26.

Flow: Started at 35 L/min,

then titrated to sats and

Exclusion: Immunocompromised; comfort

pregnant; converted to an open

thoracotomy because of poor

Duration: First 72 hours

Simple face mask
with humidification
Duration: Till the end

of post op day 1

Nasal prongs or
facemask
Duration: First 72

hours

Loss of lung volume,
duration and amount of
oxygen therapy, post-
operative diuretic use,

ICU LOS, hospital LOS

ICU LOS, hospital LOS,
hypoxia, escalation of
respiratory therapy,
reintubation, mean PF
ratio in first 48 hours,

complications
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Zochios, Birmingham, 100

2018 UK

HFNC = high flow nasal cannula

6MWT =6 minutewalk test

visualization or bleeding; or > 80

years of age

Inclusion: elective cardiac (OptiFlow, Fisher & Paykel
surgery; aged>18 years with one oHealthcare)

more patient-related risk factors  Flow: Started at 30 L/min,
for post-operative pulmonary and titrated to sats and
complications (COPD, asthma,  comfort

lower respiratory tract infection in Duration: First 24 hours
preceding four weeks, BM85,

current heavy smokers) and

capable of performing a 6-minute

walk test

Exclusion: Patients in whom high-

flow nasal oxygen was

contraindicated, those who needed

CPAP pre-operatively or those

who did not meet tracheal

extubation criteria by 10.00 the

day after surgery

Nasal prongs or a soft Hospital mortality, ICU

face mask
Duration: First 24

hours

LOS, hospital LOS,
complications,
escalation of respiratory
care, reintubation, post
op day 1 FEV1, post op

6MWT
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FEV1 = forced expiratory volumein 1 second
LOS =length of stay

BMI = Body massindex

PF = PaO,:FiO, ratio

NIV = Non-invasive ventilation

CABG = coronary artery bypassgraft

COPD = chronic obstructive pulmonary disease

CPAP = continuous positive airway pressure
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Search "high flow nas: naul*” ete’ as in text AND (adult OR mature OR Grown)

Filters: Publication date from 2007/01/01 to 2019/11/06; Humans; English; Spanish

PubMed Web of Science Embase
n=224 n=128 n=298

Total
n=650

Exclusion of duplicates

N=462

Titles and Abstract Screening

N=177

-Mot adult hypoxic

-Not RCT (n=63)
-Did not r rt outcome

N=11 of interest (n=7)

-Did not use Optiflow system (n=2)




HFNC CoT Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% ClI

1.15.1 High risk

Corley 2015 0 81 2 74 11.3% 0.18 [0.01, 3.75]
Sahin 2018 0 50 4 50 12.3% 0.11[0.01, 2.01]
Yu 2017 0 56 5 54 12.5% 0.09 [0.00, 1.55]
Zochios 2018 1 51 5 49 23.1% 0.19 [0.02, 1.59]
Subtotal (95% CI) 238 227 59.2% 0.14 [0.04, 0.54]
Total events 1 16

Heterogeneity: Tau? = 0.00; Chi®* = 0.25, df = 3 (P = 0.97); I> = 0%
Test for overall effect: Z = 2.88 (P = 0.004)

1.15.2 Average risk

Parke 2013 2 169 2 171 27.1% 1.01[0.14, 7.10]
Pennisi 2019 1 47 1 48 13.7% 1.02 [0.07, 15.86]
Subtotal (95% CI) 216 219 40.8% 1.01 [0.21, 4.97]
Total events 3 3

Heterogeneity: Tau? = 0.00; Chi® = 0.00, df = 1 (P = 1.00); I> = 0%
Test for overall effect: Z = 0.02 (P = 0.99)

Total (95% CI) 454 446 100.0% 0.32 [0.12, 0.88]
Total events 4 19

Heterogeneity: Tau? = 0.00; Chi® = 3.82,df = 5 (P = 0.58); I> = 0%

Test for overall effect: Z = 2.20 (P = 0.03)

Test for subgroup differences: Chi? = 3.44, df = 1 (P = 0.06), 1> = 70.9%
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HFNC coT Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI

Risk Ratio
IV, Random, 95% CI

1.11.1 High risk

Futier 2016 20 108 14 112 21.8% 1.48 [0.79, 2.78]
Yu 2017 2 56 9 54 9.6% 0.21 [0.05, 0.95]
Zochios 2018 3 51 10 49 12.2% 0.29 [0.08, 0.99]
Subtotal (95% Cl) 215 215 43.7% 0.51 [0.13, 1.96]
Total events 25 33

Heterogeneity: Tau? = 1.11; Chi® = 9.26, df = 2 (P = 0.010); 1> = 78%
Test for overall effect: Z = 0.98 (P = 0.33)

1.11.2 Average risk

Corley 2015 3 81 5 74 10.4% 0.55[0.14, 2.21]
Parke 2013 11 169 23 171 20.8% 0.48 [0.24, 0.96]
Pennisi 2019 2 47 3 48 7.6% 0.68[0.12, 3.89]
Sahin 2018 6 50 15 50 17.6% 0.40[0.17, 0.95]
Subtotal (95% CI) 347 343 56.3% 0.48 [0.29, 0.77]
Total events 22 46

Heterogeneity: Tau? = 0.00; Chi®> = 0.36, df = 3 (P = 0.95); I = 0%
Test for overall effect: Z = 3.03 (P = 0.002)

Total (95% ClI) 562 558 100.0% 0.54 [0.31, 0.94]
Total events 47 79

Heterogeneity: Tau? = 0.27; Chi®> = 12.34, df = 6 (P = 0.05); I = 51%

Test for overall effect: Z = 2.18 (P = 0.03)

Test for subgroup differences: Chi?2 = 0.01, df = 1 (P = 0.93), I = 0%
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HFNC coT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Futier 2016 2 108 3 112 46.0% 0.69 [0.12, 4.06] i
Parke 2013 1 169 1 171 18.9% 1.01[0.06, 16.05]
Sahin 2018 0 50 2 50 15.9% 0.20 [0.01, 4.06] ¢ =
Zochios 2018 1 49 1 45 19.2%  0.92[0.06, 14.25]
Total (95% CI) 376 378 100.0% 0.64 [0.19, 2.14] #
Total events 4 7
Heterogeneity: Tau? = 0.00; Chi? = 0.75, df = 3 (P = 0.86); I> = 0% IO 01 051 L 150 100’

Test for overall effect: Z = 0.72 (P = 0.47)

Favours HFNC. Favours COT



