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Abstract

The use of free flaps to reconstruct cancers of the head and neck is accompanied by appreciable postoperative morbidity and high long-term
mortality, but the causes of death and the impact of postoperative complications on survival have not been well studied. We have therefore
analysed retrospectively the causes of death and survival of 146 such patients operated on between 2008 and 2016 of whom a total of 62
(43%) had died by the end of 2016. The cause of death was the primary disease in 45 of the 62. The median survival of those who died with
the primary cancer as the cause of death did not differ from that of those who died of other causes. In a multivariate Cox model indicators of
five-year mortality were male sex, low body mass index (BMI), American Society of Anesthesiologists (ASA) grade more than II, and late
medical complications. Neither the size of the tumour nor any operative factors were independent risks for five-year mortality. Ten patients
died within six months of operation, all of whom had higher postoperative C-reactive protein concentrations than those who survived for more
than six months. The cause of death of most patients who died after free flap operations for head and neck cancer was the primary diagnosis.
According to these results, patient-related factors (male sex, ASA grade more than II, low BMI, and low albumin concentration) have an
important role in long-term survival, which highlights the importance of careful selection of patients for operative treatment.

© 2018 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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Introduction survival of between 43% and 66%.' We have previously
reported the impact of postoperative complications on long-

During the past decades, free flap transfer has become a stan- term survival after free flap reconstruction in patients with

dard way of surgically reconstructing large defects in patients head and neck cancer, and showed increased mortality in

with head and neck cancer. It is often accompanied by post- patients with medical complications.®

operative complications and high mortality, with five-year Despite the high mortality, the number of studies that have

reported causes of deaths after free flap reconstruction for
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Table 1
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Summary of previous studies.

First author and year ~ Group studied End points Main finding Limitations
Salvatori, 2014 1178 Patients treated with DSS Mean DSS 44.4 months. Causes of deaths not analysed
free flaps after resection
of the tumour
5-year survival 50.4%
Nodal involvement decreased
survival
de Vicente, 2012 98 Patients, 49 of whom Survival No difference in survival between Limited number of patients

Lidman, 2008

Tanaka et al, 2011

were treated with free
flaps after resection of the
tumour

131 Patients treated with
free flaps after resection
of the tumour

1294 Patients treated with
free flaps after resection
of the tumour

Postoperative outcome,
including survival among
patients with primary
intraoral SCC (n=79)

30-Day postoperative
mortality; in-hospital
mortality

the free flap and local flap groups

Five-year survival 58%

30-Day postoperative mortality
0.88%.

Only patients with primary
intraoral SCC were included
in the survival analysis

Limited number of patients
Causes of deaths analysed
only for those who died

<2 months’ postoperatively
Only short-time mortality
was analysed

Chng et al, 2013 255 Patients treated with
free flaps after resection

of the tumour

Effect of postoperative

Rogers et al, 2009 489 oral cancer patients
treated with primary

curative surgery

survival

complications on survival

Overall and disease-specific

In-hospital mortality 1.84%.
Recurrence of cancer was the most
common cause of death in hospital
Major postoperative complications
reduced overall survival

Causes of deaths analysed
only for those who died
within 30 days
postoperatively

Free flaps associated with reduced ~ Causes of deaths not analysed
overall and disease- specific

survival

SCC =squamous cell carcinoma; DSS = disease specific survival.

nal diagnoses, as well as tumour-related causes.”” Ch’ng
et al reported that 65% of the deaths in their series of 255
patients during a two-year follow-up period were related to
the primary disease, but they did not report the other causes
of death.® We know of few detailed data on the causes of
deaths and possible factors contributing to death after free flap
reconstruction, and no studies that have compared causes of
deaths among patients who did or did not have postoperative
complications (Table 1).

We also found an absence of studies that focused on mor-
tality and causes of deaths after free flap reconstructions in
patients with head and neck cancer. Our aim, therefore, was
to examine the short-term (less than six months) and long-
term (six months or more) mortality and causes of deaths in
a group of patients operated on in a single tertiary care centre
between 2008 and 2016.

Methods

This retrospective study was done in Oulu University Hospi-
tal, Finland, which provides tertiary, university, hospital-level
operative care to patients who require operations on the head
and neck. The hospital administration approved the study

protocol (239/2016), but as a result of local policy concern-
ing retrospective studies, no statement was obtained from the
hospital’s ethics committee.

Group studied

We studied all patients who had microvascular free flap recon-
struction for cancer of the head and neck from 2008-2016. We
previously published a study of the same group that focused
on postoperative complications® and, for the present study,
patients operated on during 2016 were included.

Patients were identified from the records of the head and
neck surgical unit. The data were collected from electronic
medical records, anaesthetic charts, and the intensive care
unit (ICU) database (Centricity Clinical Care Clinisoft, GE
Healthcare). We extracted personal and clinical details of
each patient, the type and classification of the tumour, the
operative technique, and the short-term outcomes including
duration of hospital stay and postoperative complications.
The complications were classified as reported previously,
including surgical complications (haematoma of the surgical
site, infection, partial and total failure of the flap, and the need
for re-operation) and medical complications (pneumonia,
sepsis, myocardial infarction, stroke, pulmonary embolism,
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Table 2
Personal and clinical data for the 146 patients operated on. Data are shown as number or number (range).
Survived (n=84) Died (n=62) p value

Male sex 38 45 <0.001
Age (years) 65 (57-72) 68 (61-74) 0.075
ASA grade >I1 38 0.02
CCI>1 34 29 0.45
BMI 24.1 (20.8-27.2) 22.7 (19.1-25.5) 0.030
Smoking 32 30 0.21
Alcohol misuse 13 16 0.12
Preoperative laboratory values:

Albumin (g/L) 44 (42-45) 42 (39-44) 0.002

Haemoglobin (g/L) 134 (124-146) 127 (116-138) 0.022

Creatinine (pmol/L) 61 (55-71) 65 (53-75) 0.90
Postoperative laboratory values:

Haemoglobin (g/L) 100 (93-108) 96 (92-105) 0.12

Creatinine (pmol/L) 54 (48-67) 55 (48-71) 0.29

White cells (x10”) 9 (7.6-12.1) 10.0 (8.4-13-1) 0.089

CRP (mg/L) 65 (48-90) 73 (54-111) 0.099
APACHE 1I score 12 (9-15) 13 (11-15) 0.27
SOFA 324 3(34) 0.005
Site:

Oral cavity/tongue 33 27

Maxilla 8 5

Mandible 17 7

Larynx 3 12

Skin/melanoma 6 4 0.066

Palate 7 2

Buccal mucosa 8 3

Parotis 1 2

Lymphoma 1 0
T stage:

Tl 9 2

T2 28 10

T3 12 14 0.029

T4 31 33
Free flap:

Radial forearm 32 14

Anterolateral thigh 19 25

Latissimus dorsi 2 2

Scapula 3 4

Fibula 16 9 0.048

Lateral arm 8 2

Iliac crest 3 1

Transverse rectus abdominis 0 4

Other 1 1
Duration of operation (min) 607 (517-685) 634 (548-715) 0.20
Blood loss (ml/kg) 7.6 (5.1-14.0) 11.1(7.1-17.8) 0.022
Perioperative fluids (ml/kg) 86.9 (59.9-108.1) 114.0 (88.4-145.1) <0.001
Initiation of oncological treatment (days) 41(26-56) 50 (36-113) 0.035
Complications: 49 45 0.076

Early surgical 21 21 0.24

Late surgical 26 24 0.33

Early medical 21 31 0.002

Late medical 20 31 0.004
Success rate of flaps 77 59 0.41
Duration of stay in hospital (days) 10 (8-15) 15 (11-17) <0.001
Died within six months - 10

ASA = American Society of Anesthesiologists; CCI = Charlson Comorbidity Index; BMI = body mass index; APACHE = Acute Physiology And Chronic Health

Evaluation; SOFA = Sequential Organ Failure Assessment.
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deep venous thromboembolism, or acute renal injury). Early
complications were those detected during the first four post-
operative days, and those recorded later were classified as
late.® The American Society of Anesthesiologists (ASA)
grade and Charlson Comorbidity Index (CCI) were used
as indicators of chronic disease, and the Sequential Organ
Failure Assessment (SOFA) score was used to describe the
severity of illness on admission to the ICU. Laboratory values
during the preoperative period and on the first postoperative
day were used in the analyses.

Statistics Finland provided the data about causes of death,
and the primary cause of death was used in the analysis.
The causes were divided into two categories: “primary dis-
ease” was used if the cause of death reflected the diagnosis
of the primary tumour, while “other cause” was used if the
cause of death did not include cancer of the head and neck.
Patients were followed up until the end of the year 2016
or at least 180 days after the operation. The median (range)
follow-up time was 616 (297-1157) days and the time from
the operation to the end of the year 2016 was 1114 (618-1157)
days.

In Finland, the causes of deaths are categorised as
“disease”, “occupational causes”, “trauma”, “medical com-
plications”, “suicide”, “homicide”, “war”, or “unclear”. The
classification for causes of death was made according to the
Finnish Cause of Death Registry, which has previously been
shown to be reliable.'’

Statistical analysis

For the statistical analysis we used IBM SPSS Statistics
for Windows (Version 22.0, IBM Corp). Summary data
are presented as medians and 25th and 75th percentiles
and proportional data as numbers and percentages. The
non-parametric Mann—Whitney test was used to assess the
significance of differences between medians across the
groups, and for categorical data we used using Pearson’s chi
squared or Fisher’s exact test, as appropriate. Kaplan—Meier
survival curves were drawn to compare long-term mortal-
ity between the groups. Probabilities of less than 0.05 were
accepted as significant. Variables giving probabilities of less
than 0.02 on univariate analysis or with clinical interest (post-
operative complications) were entered into a multivariate
proportional hazards Cox model to assess risk factors for
five-year mortality. The follow-up time was restricted to five
years because of lack of additional information on the model
after that (only two deaths). A potential risk factor was left
in the model if the probability of it happening was less than
0.05, or if it had a significant effect on log likelihood value.
The results of the Cox model are presented as hazard ratio
(HR) with 95% CI.

Table 3
Causes of deaths for the 62 patients who died.

Diagnosis No. of patients who No. who died/were

died (n=62) operated on
Head and neck cancer:
Oral cavity/tongue 17 17/60
Maxilla 5 5/14
Mandible 2 2/24
Larynx/pharynx 10 10/15
Melanoma 3 3/10
Palate 1 1/9
Buccal mucosa 5 5/12
Parotid gland 2 2/3
Other:
Cardiovascular 9 -
Other cancers 3 -
Others 5 -
Results

A total of 166 operations were done on 146 patients during
the study period, and 62 patients (43%) had died by the end
of 2016. Patients who died were more likely to have had stage
T4 tumours, the anterolateral thigh was more likely to have
been used as the free flap, their recorded preoperative ASA
grade and SOFA scores at ICU admission were more likely to
have been higher, and the median body mass index (BMI) and
haemoglobin and albumin concentrations were more likely
to have been lower. Intraoperatively, patients who died were
given more fluids and lost more blood. In addition, postop-
erative oncological treatment was initiated later among those
who died, who also had more postoperative medical compli-
cations. They were also more likely to have had infections of
the surgical site (25/62 compared with 13/84, p=0.001) and
pneumonia (24/62 compared with 14/84, p=0.003) though
there were no differences in the incidence of other recorded
complications (data not shown). Ten of the patients who died
did so within six months of the operation (Table 2).

Causes of death

In all cases the cause of death was classified as “disease”. In
45 of the 62, the recorded cause was head and neck cancer.
The highest rate was among those operated on for laryn-
geal/pharyngeal carcinoma (n = 10) and in those with parotid
carcinoma (n=2). The patients’ personal and clinical details
did not differ between those with the primary diagnosis as a
cause of death and those who had other causes of death (data
not shown). In those with tumours of stages T3-4, a total of
10 patients died of causes other than the primary tumour, in
contrast to six of those with T1 or T2 tumours(p = 0.046). The
causes of death did not differ between those with or without
postoperative complications (Table 3).
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Table 4

25

Comparison of characteristics between those who survived for less than six months and those who survived six months or more. Data are given as number,

number (%), or median (25-75 centile).

Survived for six months or more (n=136) Survived for less than six months (n=10) p value

Age (years) 65 (59-74) 58 (49-74) 0.075
Male sex 71 (52) 9 0.020
ASA grade >IT 73 (54) 8 0.106
CCI 1 or more 59 (43) 4 0.84
BMI 23.7 (20.6-26.9) 20.7 (16.7-26.6) 0.034
Preoperative laboratory values:

Albumin (g/L) 43 (41-45) 38 (34-43) 0.002

Haemoglobin (g/L) 13.2 (12.1-14.3) 12.8 (11.9-15.2) >0.9

Creatinine (umol/L) 63 (55-71) 69 (48-81) 0.68
Postoperative laboratory values:

Haemoglobin (g/L) 99 (92-107) 95 (89-107) 0.42

Creatinine (pmol/L) 55 (48-68) 53 (47-71) 0.84

White cells( x 107 L) 9.2 (7.8-12.7) 9.9(9.2-11.4) 0.59

CRP (mg/L) 68 (51-91) 111 (98-128) 0.006
APACHE 11 12 (10-15) 13 (10-13) 0.27
SOFA on admission 3124 4 (3-4) 0.005
Initiation of oncological treatment (days) 43 (29-71) 83 (48-93) 0.035
Duration of stay in hospital (days) 12 (8-16) 23 (14-55) <0.001
Free flap:

Radial forearm 45 (33.1) 1

Anterolateral thigh 41 (30.1) 3

Latissimus dorsi 4(2.9) 0

Lateral arm 10 (7.4) 0

Scapula 5(3.7) 2 0.18

Fibula 22 (16.2) 3

Tliac crest 3(2.2) 1

Transverse rectus abdominis 4(2.9) 0

Others 2(1.5) 0

Site of tumour:

Oral cavity/tongue 55 (40.4) 5

Maxilla 13 (9.6) 0

Mandible 22 (16.2) 2

Larynx/pharynx 13 (9.6) 2 0.84

Skin 9 (6.6) 1 .

Palate 9 (6.6) 0

Buccal mucosa 11 (8.1) 0

Others 4(2.9) 0
T stage:

Tl 8 (6.3) 1

T2 36 (28.1) 2

™ 25 (19.5) 1 0.83

T4 59 (46.1) 5
Duration of operation (min) 613 (540-701) 669 (534-754) 0.31
Blood loss (ml/kg) 8.8 (5.5-154) 8.8 (4.8-40.8) 0.48
Perioperative fluids (ml/kg) 93.2 (71.3-118.3) 145.1 (95.3-159.3) 0.044
Complication: 85 (62.5) 9 (90.0) 0.080

Early surgical 38 (27.9) 4 (40.0) 0.42

Late surgical 45 (33.1) 5(50.0) 0.28

Early medical 44 (32.4) 8 (80.0) 0.002

Late medical 43 (31.6) 8 (80.0) 0.002

ASA = American Society of Anesthesiologists; CCI = Charlson Comorbidity Index; BMI=body mass index; APACHE = Acute Physiology and Chronic Health
Evaluation; SOFA = Sequential Organ Failure Assessment.



26 S. Lahtinen et al. / British Journal of Oral and Maxillofacial Surgery 57 (2019) 21-28

087

0,64

047

Cumulative survival

024

0,04

~ISurvival Function
——Censored

T T
00 1,00 2,00

Follow-up, years

Fig. 1. Survival curve for the 146 patients who were operated on.

Comparison between those who survived for six months
and those who did not

Ten of the patients operated on died within six months. These
patients were more often male, had lower BMI and lower
albumin concentrations, and higher SOFA scores at admis-
sion to the ICU. The postoperative concentrations of CRP
were higher in those who survived less than six months. They
stayed in hospital longer, and they had higher rates of early
and late medical complications (Table 4).

Three patients who died within six months died of causes
other than the primary tumour: two had myocardial infarc-
tions and one developed peritonitis. Only one patient died
within less than 30 days, the cause of death being pneumonia
with myocardial infarction on the 15th postoperative day. All
the patients who died and had been given the primary tumour
as the cause of death survived for more than 90 days.

Long-term survival

Most of the deaths occurred within two years of the operation
and a survival curve of the study group reaches a plateau at
three years from the operation (Fig. 1). Only two of those who
died survived beyond five years. The median (range) survival
of those who died of the primary tumour was 396 (278-634)
days in contrast to 428 (319-979) days for those who died of
other causes (p =0.364). A total of 45 patients died within two
years. They had lower median (25-75 centile) preoperative
concentrations of haemoglobin (130g/L (11.9-14.0) com-
pared with 138 g/LL (126-151), p=0.023), were given more
fluids during operation (108.11(93.7-138.1) ml/kg compared
with 70.8 (49.2-91.2) ml/kg, p<0.001), and the time from

Table 5
Multivariate hazard ratios and 95% CI for mortality at five years.

Variable Hazard ratio (95% CI) p value

Body mass index <20 1.90 (1.00 to 3.60) 0.049

American Society of 2.15(1.20 to 3.85) 0.010
Anesthesiologists grade >II

Male sex 2.71 (1.50 to 4.88) 0.001

Preoperative albumin 0.93 (0.87 to 1.00) 0.052
concentration (g/L)

Late medical complication 1.82 (1.07 to 3.11) 0.027

the operation to oncological treatment being given was longer
(46 (35-93) compared with 32 (23-56) days, p=0.01). No
other details of patients, perioperative factors, or causes of
deaths, differed among the groups (data not shown). A total
of 60 patients died within five years of operation. In the mul-
tivariate analysis BMI below 20, ASA grade above II, male
sex, low preoperative albumin concentration, and late medi-
cal complications were risk factors for death within five years
of operation (Table 5).

Discussion

The main findings of our study include: first, that for most
deaths the cause was the primary disease, while other causes
were recorded in only seven cases. Patients’ personal and
clinical details, or disease-specific factors, had no impact on
the cause of death. Secondly, there was no difference in sur-
vival between those who died of head and neck cancer and
those who died of other causes. Thirdly, we found that late
medical complications as well as patient-related risk factors
(including male sex, low BMI, and increased ASA grade)
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were independent risk factors for mortality while stage of the
tumour was not as important. To our knowledge this is the
first study that has reported all causes of deaths in patients
with head and neck cancer who were treated by free flap
reconstruction, and includes postoperative complications as
possible predisposing factors to death.

We found no differences in the causes of deaths as
far as postoperative complications were concerned, and
complication-related diagnoses were also uncommon as
causes of death. Despite the high rate of complications, they
were rarely related to the cause of death. In most cases the
cause was given as the primary disease, and all the deaths
were classified as “disease”. Infections of the surgical site
and pneumonia were more common among those who died,
while other complications were equally distributed between
those who lived and those who died. However, three deaths
that occurred within 90 days of the operation were said to
have been caused by other conditions and not by the primary
diagnosis. Cardiac causes, infections, and gastrointestinal
conditions could have been linked to complications, but two
of the three patients died more than one month after the oper-
ation, which could indicate that the deaths were related to a
lack of recovery capacity instead of postoperative complica-
tions.

We found that those who did not survive required more flu-
ids and lost more blood during the operation than those who
survived. The postoperative fluid overload and bleeding, and
a need for transfusions during the operation, may compro-
mise the initial postoperative course, and consequently the
recovery. The excessive fluid management has previously
been shown to be associated with postoperative morbidity
in patients after free flap reconstructions for head and neck
cancer.!! Because most of the deaths occurred more than
180 days after the operation, the role of bleeding and fluid
replacement can be questioned. The Cox regression analysis
supports this finding, and we found no operative factors with
increased hazard ratios for five-year mortality.

Postoperative CRP concentrations were also higher among
those who died within 180 days. A total of three-quarters of
those who survived less than 180 days had higher postoper-
ative CRP concentrations than three-quarters of those who
survived 180 days or more. This could indicate that the poor
outcome might also be associated with inflammatory factors,
which may play a part even later in the recovery phase, and
could explain the difference in the need for fluids intraopera-
tively. According to recent studies, an increased perioperative
CRP concentration predicts postoperative complications after
free flap reconstruction for head and neck cancer, but the
impact of the activated systemic inflammation on the post-
operative outcome needs further study.'> The postoperative
systemic inflammatory response has been found to be asso-
ciated with worsened disease-specific survival and long-term
outcome after operations for colorectal cancer.'?

Most of the patients had tumours staged as T3-4, which
may partly explain the mortality and the rate of postopera-
tive complications in these patients with advanced disease.

However, Hsieh et al reported no difference in survival or
recurrence of cancer in patients with advanced stage 4 oral
squamous carcinoma that had been treated with or without
free flap reconstruction.'* Medical complications were more
common among those who died in our group, and those who
died also had lower albumin and haemoglobin concentrations
and lower BMI than those who survived. In the multivari-
ate analysis, BMI, male sex, and ASA grade had increased
hazard ratios for five-year mortality as well as late medical
complications. It is notable that the time from the opera-
tion to death in patients in whom the primary tumour was
given as a cause of death did not differ from those with other
causes of death. Also, surprisingly, an advanced tumour stage
did not have increased hazard ratios for five-year mortality
as reported previously elsewhere.’® This may indicate that
not only disease-specific, but also patient-related, factors are
important when assessing the risk of death. Interestingly, sur-
gical complications did not have an impact on the outcome. It
seems that those who are recovering from surgical complica-
tions have sufficient capacity to survive, while those with
medical complications may already have limited capacity
preoperatively.

In line with our results, Ch’ng et al reported that major
postoperative complications are an independent risk factor
for decreased overall survival after free flap reconstructions
for cancer of the oral cavity. Among those with major compli-
cations, medical complications were the most predominant.®
Previous studies have reported low preoperative BMI, and
low albumin and haemoglobin concentrations, to be risk fac-
tors for postoperative complications, but the impact of these
on mortality requires further study.'>'® However, it seems
obvious that factors such as albumin concentration and low
BMI as well as postoperative medical complications indicate
the general health and nutritional state of the patient and have
an impact on the patient’s capacity to recover postoperatively.

Significance

We present what is to our knowledge the first study that has
focused solely on mortality and causes of deaths in patients
with head and neck cacer being treated by free flap recon-
struction. We found a higher rate of deaths among those with
medical complications, and also several patient-related risk
factors for death, particularly for death within six months of
operation. Free flap reconstruction for head and neck can-
cer is technically challenging and uses many resources, and
also may cause psychological and physiological stresses for
individual patients as a result of the considerable rate of post-
operative complications. The rather poor outcome seems to
be associated with patient-related factors such as nutrition,
inflammatory factors, and chronic diseases. This increases
the need for the right patients to be selected. Our finding that
postoperative complications are not necessarily fatal supports
this hypothesis; those who died had more complications and
previous coexisting medical conditions than those who recov-
ered, which may limit these patients’ capacity for recovery.
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There are some limitations in the present study. The rel-
atively small number of patients who died decreases the
generalisability of the results, which is significant among
those who died within six months; we were not able to do a
multivariate analysis in this group. To include more patients
in the study, we would have needed to expand the dura-
tion of the study, which could have led to heterogeneity in
the surgical techniques used. We were not able to use data
about the socioeconomic status of the patients or the use of
health care services after discharge from hospital, which can
be considered as a limitation. The retrospective setting also
has limitations in reporting possible unusual circumstances
during the operation concerning the site of the tumour or
technical challenges that may have had an impact on com-
plications and, in the long-term, also on mortality. However,
despite the retrospective design, we made a detailed analysis
of the perioperative factors that contributed to complications
using exact information recorded in the ICU database, elec-
tronic medical records, and anaesthetic charts.

Conclusion

Most of the patients who died after free flap reconstruction
for head and neck cancer had the primary diagnosis as the
cause of death. Most of the patients survived more than six
months. In the multivariate analysis there were increased haz-
ard ratios for five-year mortality in factors including male
sex, low BMI, higher ASA grade, and late medical compli-
cations, while stage of the tumour and intraoperative factors
were not associated with poor outcome. According to these
results, patient-related factors play an important part in long-
term survival, and this highlights the importance of careful
selection of patients for operative care.

Conlflict of interest

We have no conflicts of interest.

Ethics statement/confirmation of patients’ permission

As it was a retrospective investigation we required neither
ethics approval nor patients’ permission.

References

1. Salvatori P, Paradisi S, Calabrese L, et al. Patients’ survival after free flap
reconstructive surgery of head and neck squamous cell carcinoma: a retro-
spective multicentre study. Acta Otorhinolaryngol Ital 2014;34:99-104.

2. de Vicente JC, Rodriguez-Santamarta T, Rosado P, et al. Survival after
free flap reconstruction in patients with advanced oral squamous cell
carcinoma. J Oral Maxillofac Surg 2012;70:453-9.

3. Miicke T, Wolff KD, Wagenpfeil S, et al. Immediate microsurgical recon-
struction after tumor ablation predicts survival among patients with head
and neck carcinoma. Ann Surg Oncol 2010;17:287-95.

4. Lidman D, Niklasson M. Survival and function in patients with tumours
of the head and neck operated on and reconstructed with free flaps. Scand
J Plast Reconstr Surg Hand Surg 2008;42:77-85.

5. Rogers SN, Brown JS, Woolgar JA, et al. Survival following primary
surgery for oral cancer. Oral Oncol 2009;45:201-11.

6. Lahtinen S, Koivunen P, Ala-Kokko T, et al. Complications and out-
come after free flap surgery for cancer of the head and neck. Br J Oral
Maxillofac Surg 2018;56:684-91.

7. Tanaka K, Sakuraba M, Miyamoto S, et al. Analysis of operative mortality
and post-operative lethal complications after head and neck reconstruc-
tion with free tissue transfer. Jpn J Clin Oncol 2011;41:758-63.

8. Ch'ng S, Choi V, Elliott M, et al. Relationship between postoperative
complications and survival after free flap reconstruction for oral cavity
squamous cell carcinoma. Head Neck 2014;36:55-9.

9. Datema FR, Poldermans D, Baatenburg de Jong RJ. Incidence and pre-
diction of major cardiovascular complications in head and neck surgery.
Head Neck 2010;32:1485-93.

10. Lahti RA, Penttild A. The validity of death certificates, routine validation
of death certification and its effects in mortality statistics. Forensic Sci
Int 2001;115:15-32.

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

12. McMahonJ, 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.

13. McSorley ST, Watt DG, Horgan PG, et al. Postoperative systemic inflam-
matory response, complication severity, and survival following surgery
for colorectal cancer. Ann Surg Oncol 2016;23:2832-40.

14. Hsieh TY, Chang KP, Lee SS, et al. Free flap reconstruction in patients
with advanced oral squamous cell carcinoma: analysis of patient survival
and cancer recurrence. Microsurgery 2012;32:598-604.

15. McMahon JD, Maclver C, Smith M, et al. Postoperative complications
after major head and neck surgery with free flap repair — prevalence, pat-
terns, and determinants: a prospective cohort study. Br J Oral Maxillofac
Surg 2013;51:689-95.

16. 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.


http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0005
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0010
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0015
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0020
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0025
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0030
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0035
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0040
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0045
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0050
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0055
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0060
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0065
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0070
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0075
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080
http://refhub.elsevier.com/S0266-4356(18)30681-8/sbref0080

	Short- and long-term mortality and causes of death after reconstruction of cancers of the head and neck with free flaps
	Introduction
	Methods
	Group studied
	Statistical analysis

	Results
	Causes of death
	Comparison between those who survived for six months and those who did not
	Long-term survival

	Discussion
	Significance

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


