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bstract

racheostomy is commonly done to secure the airway after free-flap reconstruction in the head and neck, but it can have serious complications.
e reviewed the outcomes of 78 patients who had microvascular free-flap reconstruction for maxillofacial pathology. Twenty-five had primary

racheostomy and 53 delayed extubation 24–48 hours after operation. Both groups had similar operations, and the duration of stay in the
ntensive therapy unit (ITU) was almost identical. However, the overall hospital stay was significantly longer (27.2 days) in the tracheostomy
roup than in the delayed extubation group (20.4 days, p = 0.03). Three patients who had a tracheostomy had serious complications related
o the procedure (12%), including cardiorespiratory arrest when the tracheostomy tube was obstructed. Only one patient in the delayed
xtubation group required a delayed (secondary) tracheostomy for persistent oedema of the airway and failed delayed extubation (2%),
nd a further two had a tracheostomy for other reasons (4%). Of those who had delayed extubation, 50 (94%) did not ultimately require

 tracheostomy, which is consistent with other studies. We have used our data to develop an algorithm to help clinicians decide when
racheostomy is needed. In general, primary tracheostomy should be considered for patients who have maxillofacial free-flap reconstruction
nd bilateral neck dissection, or those with oropharyngeal tumours who need additional access procedures. Delayed extubation is safe after
ree-flap reconstruction and unilateral neck dissection in patients who do not have conditions such as obstructive sleep apnoea or poor lung

unction.

 2016 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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he methods used to secure the airway after free-flap
econstruction of the head and neck are controversial.
ome clinicians do a tracheostomy routinely while oth-
rs keep patients intubated overnight, and aim to extubate

he following day (delayed extubation). In a survey of
ritish maxillofacial units, 30% would “usually” and 39%
ould “almost always” do an elective tracheostomy for
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ncomplicated free-flap maxillofacial operations.1 However,
he procedure carries risks. Complications range from minor
roblems such as hypertrophic scarring to life-threatening
vents such as blockage of the tube and respiratory arrest,
nd rates vary between 4% and 45%.2–6 We know of no
niversally accepted algorithm or scoring system to help cli-
icians choose the most appropriate method of managing the
irway,7,8 but reported evidence suggests that patients who
o not have a tracheostomy recover faster and have a shorter
tay in hospital than those who do. 5,9–11 Restricting the use
f tracheostomy to selected cases has also become an impor-

ant part of some ERAS (enhanced recovery after surgery)
rogrammes.12 Unfortunately, it can be difficult to compare
he outcomes of operations on the head and neck between

blished by Elsevier Ltd. All rights reserved.
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Table 1
Summary of results from both groups. Data are number (%) unless otherwise
stated.

Tracheostomy
group (n = 25)

Delayed
Extubation group
(n = 53)

Median (range) age (years) 57 (60) 64 (64.5)
Male: female ratio 17: 8 23: 30
Diagnosis:

SCC 21 42
Osteoradionecrosis 2 6
Ameloblastoma 0 3
Post trauma 1 1
Other malignancy 1 (adenoid cystic

carcinoma)
1 (cribriform
adenocarcinoma)

T-stage:
1 4 (19) 12 (29)
2 11 (52) 12 (29)
3 0 3 (7)
4 6 (29) 15 (35)

Mandibulectomy:
Segmental 4 15

Unilateral neck dissection 2 14
Bilateral neck dissection 2 1

Marginal 0 8
Unilateral neck dissection 8

Oral tongue/floor of mouth: 14 19
Unilateral neck dissection 1 18
Bilateral neck dissection 13 1

Buccal: 0 5
Unilateral neck dissection 5

Oropharyngeal: 5 1
Unilateral neck dissection 5 1

Midface: 0 5
Unilateral neck dissection 5

Lip/chin/skin/post trauma 2 0
Type of free-flap:

Radial 20 31
ALT 1 1
Composite radial 0 5
Fibular 2 5
DCIA 2 11

Delayed trache required N/A 3 (5.6)
Median (range) nights in ITU 1 (1–6) 1 (1–9)
Median (range) duration of stay 22 (8–57) 16 (9–49)
Gastrostomy 12 (48) 9 (8.6)
Return to theatre 5 (20) 10 (18.9)

(SCC = squamous cell carcinoma; ALT = anterolateral thigh, DCIA = deep
c
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atients who have had a tracheostomy and those who have
ot because of the diverse range of coexisting conditions and
he different operations.10,13

At the Oral and Maxillofacial Surgery (OMFS) Unit at
t George’s Hospital, London, UK, tracheostomy is done
nly in selected patients who have free-flap reconstruction.
e retrospectively audited the postoperative management

f the airway (tracheostomy or delayed extubation) in these
atients, and reviewed the cases that required a secondary or
elayed tracheostomy, and those with serious complications
elated to the procedure.

aterial  and  methods

atients who had microvascular free-flap reconstruction by
he OMFS team at St George’s Hospital between April 2013
nd April 2015 were included. Reconstruction was done for
alignant (such as squamous cell carcinoma) or benign dis-

ase (such as ameloblastoma or osteoradionecrosis). Patients
ere divided into two groups: those who had a tracheostomy

t the time of operation (primary tracheostomy), and those
ho were kept intubated and admitted to the intensive therapy
nit (ITU) with the aim of being extubated in the follow-
ng 24-48 hours (delayed extubation). The consultant surgeon
nd anaesthetist evaluated all the patients before and after
peration according to the protocol of the unit. Generally,
rom an anaesthetic point of view, tracheostomy was recom-
ended for patients with obstructive sleep apnoea, obesity,

r those with a grade III or IV laryngoscopy view or poor
ung function, or both. Tracheostomy apparatus consisted of

 cuffed, non-fenestrated tracheostomy tube with an inner
annula that was inserted though a routine surgical approach.
atients in this group were subsequently admitted to the
TU. Those in the delayed extubation group were admitted
o the ITU at the end of the operation with the endotra-
heal tube in place. The next morning, they were assessed
y both the OMFS and ITU teams to find out if they
ould be safely extubated before transfer to the surgical
ard.
Patients whose operations did not involve a free-flap,

nd those who did not have sufficient data, were excluded
rom the study. We obtained information on each case from
atients’ notes, and from theatre, operative, and pathology
ecords, discharge summaries, clinical letters, and radio-
raphs. Details included sex, age at operation, TNM staging,
ite and subsite of the maxillofacial tumour (anterior, poste-
ior, midline), type of free-flap (soft tissue, composite), type
f neck dissection, and whether it was unilateral or bilat-
ral. We also documented all coexisting conditions, serious
npatient complications, additional procedures, and returns to
heatre, as well as all serious complications that resulted from
he tracheostomy, and which patients required a delayed tra-

heostomy. Statistical analysis was completed with the help
f Minitab® software Version 17.2 (Minitab Ltd, Coventry,
K).

m
d
g

ircumflex iliac artery flap; ITU = intensive therapy unit).

esults

ighty-four maxillofacial reconstructive operations were
one over a 2-year period. Six patients who did not have
ree-flaps were excluded from the study (Table 1). Of the
emaining 78, 63 (81%) were treated for squamous cell car-
inoma (SCC), 8 (10%) for osteoradionecrosis, and 7 (9%)
or other diagnoses (Table 1).

The group consisted of 40 men and 38 women, with a

edian (range) age of 61.8 (28–92) years. Pre-existing con-

itions and postoperative complications were similar in both
roups. The types of operation are summarised in Table 1.
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f note, about three-quarters of patients who had segmen-
al mandibulectomy, and all of those who had marginal
andibulectomies, did not have a tracheostomy. Around 40%

f those who had resection of tumours of the tongue or floor
f the mouth had a tracheostomy, as most required a bilat-
ral neck dissection (n = 13/14). The risk of postoperative
edema of the airway is higher with bilateral neck dissec-
ion than with unilateral dissection, so most patients with
umours at these sites, which crossed the midline, had a tra-
heostomy. Three patients in the tracheostomy group who had
nilateral neck dissections had a tracheostomy for anaesthetic
easons (obstructive sleep apnoea, obesity, and possible diffi-
ult reintubation). Of note, lip split mandibulotomy was done
s an additional access procedure in all patients in the tra-
heostomy group who had oropharyngeal tumours resected.
one of those with buccal or midfacial tumours required a

racheostomy.

eturn  to  theatre  and  delayed  tracheostomy

ive patients from the tracheostomy group (20%) and 10 from
he delayed extubation group (19%) required a return to the-
tre. Three (6%) in the delayed extubation group required

 secondary tracheostomy. One had multiple further opera-
ions one week postoperatively, including removal of a failed
ree-flap and an operation for a small bowel obstruction.
nother, who had a deep circumflex iliac artery (DCIA) free-
ap and unilateral neck dissection for a T4aN2bM0 SCC of

he mandible, had had three failed extubations in the ITU.
he reasons for this included persistent laryngeal oedema

the cause of which was uncertain) and a cough that reduced
espiratory effort. This patient had smoked for a long time
nd had a background of chronic obstructive pulmonary dis-
ase resulting in poor lung function. Tracheostomy was done

 days after the initial reconstruction.
The third patient required a delayed tracheostomy 2 days

ostoperatively because of low oxygen saturations that neces-
itated a high fraction of inspired oxygen (FiO2), but was
ifficult to wean off the ventilator. He also had excessive
ropharyngeal secretions and initial intubation was diffi-
ult. Further investigation showed that he had had a cardiac
schaemic event resulting in pulmonary oedema, and he
ied 2 weeks after operation, probably from sepsis from an
schaemic bowel.

erious  complications  of  tracheostomy

hree patients (12%) (all from the tracheostomy group) had
erious complications that were related to the tracheostomy.
he first had a cardiorespiratory arrest on the ward when

he tube was blocked, and required resuscitation. This was
uccessful, but the patient subsequently had aspiration pneu-
onia and needed a long hospital admission (45 days). The
econd had had a radiologically-inserted gastrostomy tube
RIG) one week after partial glossectomy and free-flap recon-
truction because of difficulties swallowing. Unfortunately,

l
w
h

xillofacial Surgery 54 (2016) 878–882

he tracheostomy tube became dislodged during the proce-
ure and was reinserted into a false passage. The patient
ubsequently lost his airway and went into cardiorespiratory
rrest. He was successfully resuscitated and transferred to the
ntensive care unit for further monitoring. He made a good
ecovery and was discharged after a prolonged admission.
he final patient had a history of alcoholism and became
xtremely agitated on the sixth postoperative day despite
aving been on the alcohol detoxification pathway. He par-
ially removed his own tracheostomy, which was replaced by
urses who inadvertently created a false passage. He devel-
ped subcutaneous emphysema, removed his tube again, and
bsconded from the ward. Later that day he was returned
y the emergency services complaining of difficulty breath-
ng. His tracheostomy was successfully reinserted and he was
ischarged home after 10 days.

TU  and  duration  of  stay  in  hospital

he duration of initial postoperative stay in the ITU was sim-
lar in both groups (mean (SD) tracheostomy group: 1.96
1.79) and delayed extubation group 1.98 (1.634) nights;
edian: 1 night for both). The overall duration of hospital

tay was significantly longer in the tracheostomy group than
n the delayed extubation group (mean (SD): 27.2 (12.57)
ompared with 20.4 (13.08) days, p < 0.032; median (range)
2 (8–57) compared with 16 (9–49) nights). However, 48%
n = 12) in the tracheostomy group had a gastrostomy for
nteral feeding and 8.6% (n = 9) in the delayed extubation
roup, which increased in the duration of stay.

iscussion

ree-flap reconstruction of the head and neck is complex and
nvolves many factors that can potentially contribute to com-
lications. Postoperative management of the airway varies,
nd tracheostomy or delayed extubation are reported more
ommonly than immediate extubation. Although there is no
efinitive guide for securing the airway in these cases, pub-
ished papers show that routine use of tracheostomy can be
ssociated with adverse outcomes.

Patel et al11 prospectively reviewed 796 patients who had
ree-flap reconstruction of the head and neck, and found that
racheostomy was an independent predictor (OR 1.88) for
igher rates of postoperative complications such as lower
espiratory tract infections. A study by Clark et al9 supported
hese findings and showed in a similar population that tra-
heostomy was not only an independent predictor of surgical
omplications (OR 2.46), but also the most important predic-
or of increased median hospital stay (9.5 compared with 16
ays). This is consistent with Castling et al,5 who found that
atients who had tracheostomy-related complications had a

onger hospital stay than those who did not (14 compared
ith 25 days). In our study, those who had a tracheostomy
ad a significantly longer mean hospital stay than those who
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Fig. 1. Algorithm to show management of the airway after maxillofacial free-flap reconstruction (HDU = high dependency unit).
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ad delayed extubation, but these results must be interpreted
ith caution, as other factors, such as insertion of RIG, can
elay discharge.

Various scoring systems have been produced to help
linicians decide which patients may benefit from a
racheostomy.8,14 The system described by Cameron et al8

sed data from 148 patients who were divided into three
roups: those who had an elective tracheostomy, those ven-
ilated overnight through an endotracheal tube, and those
xtubated at the end of the operation. Although simple to use,
t did not correlate well with the findings of other authors who
etrospectively studied their practice.15 In their review of 104
atients who required free-flap reconstruction for oral can-
er, Lee et al7 found the system unreliable, as many of their
atients who had scores greater than five and did not have a
racheostomy, still made a satisfactory recovery. Other stud-
es have shown that patients who have had maxillectomy or

andibulectomy can have successful outcomes without the
outine use of tracheostomy.16,17 A scoring system should
herefore act as a tool in the clinician’s armamentarium rather
han a decision-making system alone.

Our data agree with those of Coyle et al10 who compared
atients who had free-flap reconstruction at two head and
eck units: one in which primary tracheostomy was done
outinely and the other in which overnight intubation was
one (50 patients in each). There were fewer lower respi-
atory tract infections and airway complications, and better
ecovery, including a faster return to function, in those who
id not have a tracheostomy. The authors also suggested that
elayed extubation is more cost-effective because operating
imes, the duration of stay in the ITU, and overall hospital
tay, are shorter.

Of those who had delayed extubation in our study, 50/53
94%) did not ultimately require a tracheostomy. Overall, no
pecific airway-related problems were noted when patients
ad further procedures under general anaesthetic, and only
ne required a tracheostomy because of multiple returns to
heatre.

Tracheostomy is not routinely required for control of the
irway after free-flap reconstruction, and should be done in
elected cases only. We have developed an algorithm to help
linicians decide which patients may be suitable for delayed
xtubation or tracheostomy (Fig. 1).

onflict  of  interest

e have no conflicts of interest.

thics  statement/confirmation  of  patients’  permission
ll authors declare that there are no ethical issues associ-
ted with this retrospective study. Patient data have been
nonymised.
xillofacial Surgery 54 (2016) 878–882

eferences

1. Marsh M, Elliott S, Anand R, Brennan PA. Early postoperative care
for free-flap head & neck reconstructive surgery–a national survey of
practice. Br J Oral Maxillofac Surg 2009;47:182–5.

2. Halfpenny W, McGurk M. Analysis of tracheostomy-associated morbid-
ity after operations for head and neck cancer. Br J Oral Maxillofac Surg
2000;38:509–12.

3. Fattahi T, Vega L, Fernandes R, Goldman N, Steinberg B, Schare H.
Our experience with 171 open tracheostomies. J Oral Maxillofac Surg
2012;70:1699–702.

4. Beausang ES, Ang EE, Lipa JE, et al. Microvascular free tissue trans-
fer in elderly patients: the Toronto experience. Head Neck 2003;25:
549–53.

5. Castling B, Telfer M, Avery BS. Complications of tracheostomy in major
head and neck cancer surgery; a retrospective study of 60 consecutive
cases. Br J Oral Maxillofac Surg 1994;32:3–5.

6. Rao MK, Reilley TE, Schuller DE, Young DC. Analysis of risk factors
for postoperative pulmonary complications in head and neck surgery.
Laryngoscope 1992;102:45–7.

7. Lee HJ, Kim JW, Choi SY, Kim CS, Kwon TG, Paeng JY. The evaluation
of a scoring system in airway management after oral cancer surgery.
Maxillofac Plast Reconstr Surg 2015;37:19.

8. Cameron M, Corner A, Diba A, Hankins M. Development of a
tracheostomy scoring system to guide airway management after
major head and neck surgery. Int J Oral Maxillofac Surg 2009;38:
846–9.

9. Clark JR, McCluskey SA, Hall F, et al. Predictors of morbidity follow-
ing free-flap reconstruction for cancer of the head and neck. Head Neck
2007;29:1090–101.

0. Coyle MJ, Tyrrell R, Godden A, et al. Replacing tracheostomy with
overnight intubation to manage the airway in head and neck oncol-
ogy patients: towards an improved recovery. Br J Oral Maxillofac Surg
2013;51:493–6.

1. Patel RS, McCluskey SA, Goldstein DP, et al. Clinicopathologic and
therapeutic risk factors for perioperative complications and prolonged
hospital stay in free-flap reconstruction of the head and neck. Head Neck
2010;32:1345–53.

2. Coyle MJ, Main B, Hughes C, et al. Enhanced recovery after surgery
(ERAS) for head and neck oncology patients. Clin Otolaryngol
2016;41:118–26.

3. Meerwein C, Pézier TF, Beck-Schimmer B, Schmid S, Huber GF. Airway
management in head and neck cancer patients undergoing microvascu-
lar free tissue transfer: delayed extubation as an alternative to routine
tracheotomy. Swiss Med Wkly 2014;144:w13941.

4. Kruse-Lösler B, Langer E, Reich A, Joos U, Kleinheinz J. Score system
for elective tracheotomy in major head and neck tumour surgery. Acta
Anaesthesiol Scand 2005;49:654–9.

5. Coyle MJ, Shrimpton A, Perkins C, Fasanmade A, Godden D. First do
no harm: should routine tracheostomy after oral and maxillofacial onco-
logical operations be abandoned? Br J Oral Maxillofac Surg 2012;50:
732–5.

6. Lin HS, Wang D, Fee WE, Goode RL, Terris DJ. Airway management
after maxillectomy: routine tracheostomy is unnecessary. Laryngoscope

http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0090
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0095
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0100
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0105
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0110
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0115
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0120
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0125
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0130
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0135
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0140
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0145
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0150
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0155
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0160
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0165
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170
http://refhub.elsevier.com/S0266-4356(16)30110-3/sbref0170

	Tracheostomy or delayed extubation after maxillofacial free-flap reconstruction?
	Introduction
	Material and methods
	Results
	Return to theatre and delayed tracheostomy
	Serious complications of tracheostomy
	ITU and duration of stay in hospital

	Discussion
	Conflict of interest
	Ethics statement/confirmation of patients’ permission
	References


