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bstract

ajor operations on the head and neck that involve microvascular reconstruction and a tracheostomy are prolonged procedures with consider-
ble postoperative risk. Postoperative pulmonary complications are common because of mechanical ventilation, immobility, and inadequate
umidification. High-flow heated oxygen therapy (HFOT) may overcome some of these issues, but we know of no published studies to support
ts use. The aim of this single-site randomised controlled trial therefore was to explore its feasibility and safety in these patients. Twenty
atients were randomised to have HFOT (10 patients) or standard oxygen therapy (10 patients). HFOT was used from cessation of mechanical
entilation until decannulation of the tracheostomy. The primary outcome was feasibility. The secondary outcome measures explored the
ncidence of postoperative pulmonary complications, achievement of milestones of weaning from the tracheostomy, and hospital length of
tay. A total of 21 patients were consecutively recruited and all provided informed consent. One who did not require a tracheostomy was later
xcluded. All patients initially had the intervention as planned, and one was electively changed to the control group because of discomfort
aused by the high-flow oxygen. There were no adverse events or safety concerns in either group. Secondary outcomes showed a reduction
n the incidence of pulmonary complications in the HFOT group. The use of HFOT is safe and feasible in patients who have microvascular
econstruction of the head and neck and a tracheostomy.
 2019 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.

eywords: Postoperative complications; Critical Care; Tracheostomy; High-flow oxygen therapy; Feasibility; Head & neck surgery with microvascular
econstruction

p
ntroduction
ajor head and neck operations that involve microvascular
econstruction are prolonged procedures with considerable
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ostoperative risk.1 Patients have a prolonged time in the-
tre because the operations involve two distinct surgical sites
head and neck, and peripheral flap donor site), and often
equire admission to a high-dependency unit for overnight

1
edation and invasive ventilation. This, combined with the
resence of coexisting conditions such as hypertension and
espiratory disease, places the patient at considerable risk of
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ostoperative complications.2,3 A recent prospective cohort
tudy reported complications in nearly 65% of cases, of
hich 29% were of pulmonary origin.1 The risk of pulmonary

omplications seems to be further increased in patients who
equire a tracheostomy.

The risks of tracheostomy are well known,4 and patients
re prone to increased rates of infection, poor sputum clear-
nce, and inadequate humidification.5 To overcome these
ssues, national guidance documents4,6 have identified the
mportance of adequate humidification to prevent the plug-
ing of mucus and retention of secretions. Historically,
umidification was provided by heated systems,7 but these
ave fallen out of favour because of the perceived risk of
ncreased infection, and passive humidification systems such
s heat moisture exchangers have now become more popular.7

Clearly, the risks of major head and neck surgery
ombined with those of a tracheostomy place patients at con-
iderable risk, and it is essential to develop new postoperative
anagement protocols to reduce it.
AIRVOTM 2 (Fisher and Paykel Healthcare), which deliv-

rs high-flow heated and humidified oxygen and air through a
racheostomy tube at a prescribed fraction of inspired oxygen
nd a maximum flow of 60 L/minute, is an attractive alter-
ative to conventional oxygen therapy.8,9 Previous studies
ave shown that HFOT generates a flow-dependent positive
irway pressure9,10 and improves oxygenation by increas-
ng end-expiratory lung volume.11 Although widely used in
ther clinical areas, including patients with tracheostomies,
FOT has not, to our knowledge, been explored or evaluated

n patients who have operations on the head and neck.
In this study therefore we aimed to explore the feasibility

f a randomised controlled trial to compare HFOT with stan-
ard care after major head and neck operations that involve
he insertion of a tracheostomy tube.

ethod

tudy  design

his study is a feasibility, randomised controlled trial that
as completed in a tertiary head and neck surgery unit.

articipants

wenty patients who had elective microvascular reconstruc-
ion of the head and neck involving a tracheostomy, were
ncluded. All patients provided informed consent. As a fea-
ibility study, no formal size calculation was completed.

atients were excluded at the request of the consultant, if they
ere under 18 years of age, or did not give their informed

onsent.
T
c

ral and Maxillofacial Surgery 57 (2019) 1014–1018 1015

andomisation

andomisation was completed at the point of recruitment
y the use of sealed envelopes of equal proportions for the
ontrol and intervention groups. The process was completed
y the chief investigator who had no previous knowledge of
he patient, their history, or planned operation, beyond being
ware that it involved microvascular reconstruction of the
ead and neck and a tracheostomy. It was done immediately
fter the patients had given their consent, and before transfer
o theatre.

rocedures  or  interventions

ll patients were admitted to the post-anaesthetic care unit
s is standard after operation. Also as standard, they were
edated and ventilated overnight with a view to reducing or
topping sedation in the morning (postoperative day 1), and
eaning them from mechanical ventilation. At the point when
echanical ventilation stopped, the trial intervention started.
ll other aspects of care remained as normal.

rial  interventions

atients who were allocated to the intervention group were
iven high-flow oxygen through the tracheostomy tube. It
as delivered by the AIRVOTM 2 system using the appropri-

te tracheostomy interface. High-flow oxygen was provided
t a flow rate of 60 L/minute with a fraction of inspired oxy-
en (FiO2) that was titrated by the clinician at the bedside
o maintain a peripheral oxygen saturation of 95% or more
unless clinically indicated and documented by an appropri-
te consultant).

Once transferred to the ward, patients continued to be
iven HFOT 24 hours/day at a rate of 60 L/minute and at

 maximum oxygen concentration of 40% to achieve oxygen
aturations of 95% and above (unless otherwise documented).

Weaning from the tracheostomy continued as standard.
o ensure readiness for decannulation, all patients had a two-
our trial off HFOT to ensure adequate oxygenation without
he assistance of the increased flow rates. After decannula-
ion, standard oxygen therapy was given as needed.

tandard  care

atients in the standard care arm were given routine postoper-
tive care. After cessation of mechanical ventilation, oxygen
as delivered by equipment and rates that were appropriate.
atients continued to use heat moisture exchangers as clin-

cally indicated, and saline nebulisers were also prescribed
nd administered according to standard protocols.

utcome  measures
he primary outcome for this study was the feasibility of
ompleting a randomised controlled trial to compare HFOT
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ith standard care. Feasibility was assessed through the num-
er of eligible patients, and their willingness to participate
nd be randomised. It was also assessed through the willing-
ess of clinicians to recruit participants, the characteristics
f the proposed outcome measures, and the adherence to, or
ompliance with, the interventions.

Secondary outcome measures included the incidence
f postoperative pulmonary complications, postoperative
ength of hospital stay, time to deflation of the tra-
heostomy cuff, time to decannulation of the tracheostomy,
he antibiotics given, and requirement for postoperative
hysiotherapy. All of these were included to guide future
tudy designs. Postoperative pulmonary complications were
lassified as: exacerbations of chronic obstructive pul-
onary disease (COPD); adult respiratory distress syndrome

ARDS), unspecified respiratory failure, pneumonia, or pneu-
othorax. Pneumonia was confirmed using the clinical

ulmonary infection score (CPIS),12 and ARDS using the
erlin definition.13

Ethics approval was obtained from the Wales Research
thics Committee – REC3 (17/WA/0053). Written informed
onsent was provided directly by the patients.

nalysis

emographic data and feasibility outcomes were analysed
sing descriptive statistics.

Secondary outcome measures were analysed on an
ntention-to-treat basis using descriptive statistics (mean
SD) or median IQR, as appropriate). Statistical tests were
ot completed because of the limited sample size and the
easibility design.

esults

articipants

wenty patients were recruited between April 2017 and June
018. Table 1 shows their baseline characteristics.

easibility  outcomes

uring the 14-month recruitment period, all the patients had
icrovascular reconstruction of the head and neck involving

he insertion of a tracheostomy tube.

illingness  to  participate  in  the  study

 total of 21 patients initially met the inclusion criteria, and
hey were all asked if they would participate in the study.

ll of them provided written informed consent. One who no

onger required a tracheostomy was excluded on the day of
peration.

t
p
i

ral and Maxillofacial Surgery 57 (2019) 1014–1018

illingness  of  participants  to  be  randomised

ll 20 patients were willing to be randomised to HFOT or
tandard therapy. None asked to be transferred to the other
reatment arm or to withdraw from the study.

illingness  of  clinicians  to  recruit  participants

ll patients were recruited by the lead investigator or co-
nvestigator. No clinicians asked for patients not to be
nvolved, or to change the treatment protocol after inclusion
nd randomisation.

haracteristics  of  the  proposed  outcome  measures

ll outcome measures were completed for all patients. The
PIS was completed retrospectively using daily clinical
bservations and blood results. Chest radiographs were inter-
reted by one investigator who was not directly involved in
he patients’ care.

dherence  or  compliance  with  the  interventions

f the 20 included, 19 participants completed the intervention
s planned. One in the intervention arm was changed to stan-
ard care on day three because of discomfort caused by heat
rom the HFOT. Attempts had been made to reduce the tem-
erature of the device from 37 ◦C to 31 ◦C, but with limited
mprovement. The patient remained apyrexial (temperature
nder 38.4 ◦C throughout).

econdary  outcomes

ostoperative  pulmonary  complications
se of the CPIS showed that three patients in the control
roup, and none in the intervention group, had postop-
rative pneumonia. There were no cases of postoperative
neumothorax, exacerbation of COPD, ARDS, or any other
nexplained respiratory failure.

Trends were observed towards reductions in time to
obilisation and independent mobility, requirement for phys-

otherapy, and total length of stay (Table 2).

iscussion

his study has shown that patients can be appropriately
ecruited, randomised, and included in a randomised con-
rolled trial to compare HFOT with standard care. Our limited
ample showed a reduction in the incidence of postoperative
ulmonary complications in patients treated with high-flow
xygen through the AirvoTM 2 system. There were also trends

owards reductions in length of stay and requirements for
ostoperative physiotherapy. The need for respiratory phys-
otherapy was reduced considerably.
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Table 1
Demographic data for each group.

High-flow oxygen Standard oxygen

Male:female 5:5 7:3
Mean (SD) age (years) 60.0 (10.3) 59.4 (9.9)
Mean (SD) BMI (kg/m2) 24.7 (3.4) 25.4 (4.2)
Median (IQR) comorbidities 1 (0.75 – 1) 1 (0 – 2)
Median (IQR) current smoker 1 (0.75 – 1) 0 (0 – 1)
Mean (SD) duration of mechanical ventilation (hours) 14.3 (1.7) 13.8 (1.2)
Operation (number) Hemimandibulectomy = 5 Hemimandibulectomy = 2

Maxillectomy = 2 Maxillectomy = 1
Partial glossectomy = 2 Hemiglossectomy = 2
Anterior glossectomy = 1 Partial glossectomy = 3

Floor of mouth resection = 2

Table 2
Additional secondary outcomes for both groups.

High-flow oxygen Standard oxygen

Mean (SD) length of stay in post-anaesthetic care unit (hours) 25.0 (9.1) 29.3 (10.1)
Median (IQR) time to cuff deflation (days) 4 (4 – 4) 4 (3 – 4)
Median (IQR) time to decannulation (days) 5 (4 – 5) 5 (4 – 5)
Median IQR time to sit out of bed (days) 3 (3 – 3.75) 3.5 (3 – 4)
Median (IQR) time to independent mobility (days) 5 (4.25 – 6.5) 6 (5 – 7)
Mean (SD) requirement for respiratory physiotherapy (minutes) 96.5 (30.6) 125.5 (21.7)
Mean (SD) requirement for rehabilitation physiotherapy (minutes) 39.5 (22.8) 28.5 (10.6)
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ean (SD) total requirement for physiotherapy (minutes) 

edian (IQR) total length of stay (days) 

Operations on the head and neck that involve microvascu-
ar reconstruction and a tracheostomy are associated with a
igh risk of postoperative complications, of which many are
ulmonary in origin. They prolong stays in hospital, lengthen
he duration of treatment, and increase the need for intensive
are beds and antibiotics.

HFOT provides humidity and the ability to sup-
ly high fractions of inspired oxygen. It also improves
ompliance.8–10 There is, to our knowledge, a paucity of
tudies to support its delivery through a tracheostomy tube,
ut the same principles that apply to patients with high-
ow nasal cannulas also apply to those with tracheostomies.
FOT reduces heat and loss of moisture from the airway, and

lso reduces anatomical dead space.8–10 It has improved out-
omes in a range of situations, for example, after extubation
n patients who have had cardiac surgery,14,15 and when used
o prevent the need for intubation in those with respiratory
ailure.16

Our finding of no adverse events suggests that HFOT
s safe in this group of patients. Future studies should use
he incidence of postoperative pulmonary complications as
he primary outcome. These have been classified as the
hysician’s diagnosis of exacerbation of COPD, radiological
vidence of pneumothorax, ARDS confirmed using the Berlin
efinition,13 unexplained respiratory failure, or postoperative
neumonia measured using the CPIS.
While apparently being effective in this feasibility study,
owever, both the CPIS for pneumonia and the classifica-
ion for ARDS would need to be reviewed before they are

t

t

136 (43.1) 154.0 (28.4)
14.5 (8.25 – 25) 16 (12 – 19)

sed in future work. This is because they rely on the calcula-
ion of the ratio of partial pressure of arterial oxygen:fraction
f inspired oxygen (PaO2:FiO2), which requires analysis of
rterial blood gases, a test rarely needed in these patients.
t must also be noted that the CPIS is primarily designed
or the diagnosis of pneunomia associated with the use of a
entilator,12 although there is some evidence to support its
se in the diagnosis of hospital-acquired pneumonia.17

Analysis of the secondary outcomes showed no postop-
rative pulmonary complications in the patients treated with
FOT, although three in the standard care group had pneu-
onia. These compare favourably with previous local service

valuations and published studies. McMahon et al reported
ulmonary complications in 28% of a large cohort study
n = 592 patients),18 most of whom had lower respiratory tract
nfections that developed between three and seven days post-
peratively. In a previous study the same author had reported
uch infections in 29% of patients, 14 of whom (of 56 diag-
osed) required treatment in critical care.1

We acknowledge that the study has several limitations.
ecause of its nature, the sample size was limited, and this
ffected the ability to do any statistical analysis to test the
alidity of the findings. Most of the research team were
irectly involved in the patients’ care so blinding was not pos-
ible, except for the interpretation of the chest radiographs. It
as also not possible to blind the ward-based staff or patients
o the intervention given.
In conclusion, a randomised controlled trial to compare

he use of HFOT with standard care in patients who have
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18. McMahon J, Handley TP, Bobinskas A, et al. Postoperative complications

after head and neck operations that require free tissue transfer—prevalent,
morbid, and costly. Br J Oral Maxillofac Surg 2017;55:809–14.
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icrovascular reconstruction of the head and neck and a tra-
heostomy, is feasible. The use of HFOT may also reduce the
ncidence of postoperative pulmonary complications.
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