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bstract

he aim of this study was to validate a case-mix adjustment tool (neural network) for the audit of postoperative outcomes. We tested its
alibration and discrimination on two unseen groups of patients being treated for squamous cell carcinoma (SCC) of the head and neck and
ompared observed complication rates with predicted rates. A total of 196 patients who were treated at two UK NHS institutions between
016 and 2018 were audited. Preoperative data pertaining to risk (T classification, complexity of operation, and “high-risk” status) were
ollected, together with data on postoperative complications. Diagnostic test statistics and receiver operating curves (ROC) were used to test
he performance of the tool. The score was well calibrated (predicted and observed complication rates both 43%), but discrimination suggested
nly fair accuracy (ROC 0.66 - 0.68). Adjustment of case mix for the audit of postoperative complications is difficult, although our model
uggests that departmental audit is possible, and its accuracy is equivalent to that of other national audits. Further work may elucidate key

ariables that have not yet been assessed.

 2019 Published by Elsevier Ltd on behalf of The British Association of Oral and Maxillofacial Surgeons.

eywords: Audit; Outcomes; Complications; Head & neck squamous cell carcinoma
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ntroduction

he publication of national audits of surgical outcomes is
stablished in the UK, and datasets on consultants’ surgi-
al outcomes routinely report unplanned returns to theatre
nd deaths within 30 days, usually together with specialty-
pecific complications. Unlike the other surgical specialties,
owever, early outcome data on patients operated on for
quamous cell carcinoma (SCC) of the head and neck is not

urrently adjusted for case mix. At present, in national surgi-
al audits, the performance of a unit is measured by mortality,
eadmission rates, or specific complications. This process is
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ontentious, and the use of risk-adjusted data attempts to miti-
ate the main concern that surgeons who operate on high-risk
ases will be unfairly represented with higher rates of mor-
idity. The focus on patients’ outcomes as part of a quality
ssurance framework has recently risen on profile within the
ritish Association of Oral and Maxillofacial Surgery.

At present, the effective adjustment for case mix in out-
ome data in head and neck oncology remains an unmet
eed. A large national dataset (more than 10 000 patient-
are episodes for cancer of the head and neck) based on data
erived from hospital episode statistics (HES) has recently
ttempted to address this issue,1 and the Association of Sur-
eons of North America has done the same with the National
urgical Quality Improvement Program (NSQUIP) surgical

isk calculator.2 Both projects, however, have their limita-
ions. Both use post-hoc clinical coding data, and accurate
oding of events by clinical coders is not perfect. Logistic

of Oral and Maxillofacial Surgeons.
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Fig. 1. Diagram of arti

egression, which is currently the method used by these two
arge projects, can fail when data are not linear, or when cat-
gorical relations predominate. The Surgical Outcome Risk
ool (SORT), which was developed by the National Confi-
ential Enquiry into Patient Outcome and Death, calculates
he risk of early death after non-cardiac surgery, but as this is

 rare event after major operations on the head and neck, it is
ot suitable to be used to compare the performance of surgical
nits. When negotiating contracts and payment, commission-
rs in the UK will increasingly seek evidence of high-quality
are, which requires standardisation.

The models used must be transparent, and surgeons should
e informed about their limitations. Different statistical meth-
ds are used to analyse large datasets that have accrued from
any years of national audit data which, historically, have

ot been complete enough in audits of head and neck oncol-
gy. Logistic regression, Bayesian classifiers, and decision
rees have the virtue of being transparent and easily concep-
ualised, and logistic regression techniques predominate in
urrent national audits.

Artificial neural networks (ANN) are self-learning com-
uter programs that have an increasing role in “big data”
roblems, and have been applied to the calculation of clin-
cal risk, diagnostics, and prognostics. Neural networks are
ore tolerant of “missingness” and the non-linear nature of

linical data, but are criticised for the “black-box” nature of
he processes, which remain hidden. For a deeper discus-
ion of the strengths and weaknesses of these data-mining
echniques the reader is directed to specialist resources.3

We have developed a neural network (Fig. 1) that allows
or the adequate adjustment of case mix when auditing com-
lications within 30 days of operations for SCC of the head
nd neck. It has been internally validated,4 having been devel-
ped from the clinical audit data of four NHS cancer networks
hat treat these patients in the south-east of England (Sites 1

 4), and has out-performed alternative methods of risk strat-
fication. In this study we sought to validate its utility on two

xternal surgical units (Sites 5 and 6) to test the potential for
over-fitting”. This is when a model maps the outcomes on a (

o

eural network (ANN).

ataset on which it is based too closely, and the performance
s not maintained on new “unseen” groups.

We chose to report hospital outcome data rather than con-
ultant outcome data because operations on the head and neck
re often done by consultants who work in teams across mul-
iple departments including wards and intensive care. The
eporting of hospital outcomes as the Head and Neck Audit
HANA) should encourage a response by the hospital that
einforces local clinical governance.

ethods

wo datasets of 24 months of clinical activity at each unit
ere completed as a mix of retrospective and prospective

udits (Sites 5 and 6). The lead author (Sites 5 and 6) with 2
oauthors (Site 6) collaborated to collect pertinent preoper-
tive and postoperative data from the case notes (electronic
nd paper). Prospective episodes of case were followed after
istopathological confirmation of SCC of the head and neck,
nd surgical treatment had been agreed by the multidisci-
linary team. Retrospective cases were identified by clinical
oders and validated by the team dataset (Site 5) and pre-
ious multidisciplinary outputs (Site 6). Uncertainty about
omplications was resolved by the lead author who had pre-
iously collected data at four hospitals. No further validation
rocesses were employed. Data were collected by the lead
uthor with the permission of the treating consultants. All
perations were done under general anaesthetic by maxillo-
acial or ear, nose, and throat surgeons, or both, and were all
one using conventional surgical techniques (excluding laser
ases). The audit datasets were registered with the respective
linical audit departments, and data were presented at hospital
udit meetings. Ethics approval was sought for this validation
tage of the clinical audit because the results could potentially
e generalised. Anonymised data were used by collaborators
ndependently.
The structure of the neural network was T classification
integer between 0 and 4), high-risk (Boolean), and scale
f surgery (integer between 1 and 3). The neural network
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equired tumours to be classified according to the Ameri-
an Joint Committee on Cancer (AJCC) TNM classification
V7); data on operations, which included the complexity,
ere derived from the BUPA severity of surgery index

minor = less than 1 hour; intermediate = less than 6 hours;
nd major or major complex = free tissue transfer or 6 hours),
nd a derived variable, the high-risk status, which used
peration Procedure Codes version 4 (OPC4) included any
rocedure that required mucosal closure in association with

 neck dissection that could lead to the escape of saliva (such
s mandibulectomy, glossectomy, floor or mouth excisions,
nd pharyngectomy with or without laryngectomy). The area
nder the curve (AUC) of the output probability of a compli-
ation within 30 days (0 - 1) was used to select the best one
“champion”).

Receiver operating characteristic curves are a measure of
core accuracy (discrimination). The plot compares the sen-
itivity against the false positive rate (1-specificity) of the
odel at different probability thresholds. The more curved

he plot, the greater the AUC, which will approach 1 if it is
erfect. An AUC of 0.5 shows performance that is no bet-
er than random choice, and will result in the oblique line
unning across the graph.

This neural network had 94 hidden nodes. There is no way
o ascertain the best number of hidden nodes as it depends
n the many factors in the problem domain. In our exper-
ments, we adopted a commonly-used method of training
etworks with different structures and different numbers of
idden nodes where, in each case, the training (70%) and
est data (30%) were randomly selected from the full dataset.
his resulted in a plethora of networks from which the net-
ork with the best AUC response to unseen data was selected.
he Matlab R2014b classifier network “patternnet” was used
ith the Scaled Conjugate Gradient training algorithm with-
ut a validation dataset, and with cross-entropy as the error
unction. Training was stopped when the minimum gradi-
nt reached 0.06, or the number of training epochs reached
00. The “champion” network with 94 hidden nodes gave
he best response to the test data with an AUC of 0.85 and a

isclassification rate of 22%.
Complications were recorded according to the Clavien-

indo classification,5 but for consistency, all complications
whatever the severity) were considered, in keeping with the
evelopment of the model. If pertinent data points were miss-
ng from a case (as selected by the model) it was excluded.

e tested the calibration and discrimination of the model
ith receiver operating curves (ROC), and reported the sen-

itivity and specificity. Finally, for meaningful comparison of
erformance between surgical units, we used a funnel plot to
eport both the raw data on morbidity and those adjusted for
ase mix.

We present the ability of the neural network to predict
utcome accurately in unseen groups, and compare the per-

ormance of the units.

l
o
g

xillofacial Surgery 57 (2019) 873–879 875

esults

he dataset included 83 patients at Site 5 and 112 patients at
ite 6. All patients had index operations with curative intent
or squamous cell carcinoma (SCC) of the head and neck,
nd all were done under general anaesthesia. The age range
as 19 – 97 years, (mean age 65 years at Site 5 and 69 years

t Site 6). A total of 126 (65%) were men. Smoking status,
lcohol intake, performance status, previous radiotherapy to
he operative site, tumour stage, nodal stage, complexity of
urgery, and status of high-risk procedure, were significantly
ifferent, which confirmed a variation in case mix (p<0.05)
hen compared with the populations treated at the initial four
nits (from which the neural network was developed), and the
eed for the stratification of risk (Table 1).

For the 196 care episodes analysed, postoperative compli-
ations within 30 days were common (35% at Site 5, 30%
t Site 6) but did not differ significantly (�2 = 0.53 (DF = 1),

 = 0.5).
The incidence of recorded complications at these centres

s presented with data from the other units (Table 2). Com-
lete flap failure rates were similar: Site 1: 2/39 (5%); Site 2:
/47 (6%); Site 3: 8/86 (9%); Site 4: 7/106 (7%); Site 5: 0/32;
nd Site 6: 0/41 (�2 = 6 (DF = 5), p = 0.3), but severe compli-
ations (Clavien-Dindo grade 3 or more) varied significantly
�2 47.7 (DF = 5), p = <0.0001): Site 1: 10/160 (6%); Site 2:
0/208 (9%): Site 3: 48/439 (11%); Site 4: 52/172 (30%); Site
: 18/84 (21%); and Site 6: 16/112 (14%). Mortality within 30
ays was also similar at 0.6% – 2% (�2 5.4 (DF = 5) p = 0.4).

Discrimination of the ANN was good on internal
alidation (AUC 0.85).4 On testing its calibration and dis-
rimination on the new datasets, the overall calibration was
emarkably close (both the observed and predicted compli-
ation rates were 43%) but there was a mismatch in the
alibration plot (Fig. 2). Discrimination was fair, the AUC
as 0.68, and specificity was 0.73, and sensitivity 0.51

Fig. 3).
The role of the ANN in the adjustment of case mix and

perations is shown on a funnel plot (Fig. 4) that compares
bserved complication rates with risk-adjusted rates. When
atasets are small, rare events can skew the data, so the con-
dence intervals, which initially are wide, will taper as the
ize of the hospital’s audit group grows. All units performed
ithin the 95% bounds of expected morbidity.

iscussion

he benchmarking of surgical performance in other special-
ies has been characterised by the development of logistic
egression risk models such as the EuroSCORE,6 Physio-

ogical and Operative Severity Score for the enUmeration
f Mortality and Morbidity (POSSUM) score,7 and Glas-
ow aneurysm score.8 Currently in the UK, no such risk
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Table 1
Patients’ characteristics.

Hospital Totals

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

Mean (range) age (years) 66 (63.6-68.1) 67 (64.9-68.6) 61 (60.1-62.6) 66 (64.4-68.1) 62(59.7-65.2) 69 (66.6 – 71.4)
Sex:

Male 109 147 323 122 61 65
Female 51 56 198 53 22 47
Total 160 203 521 175 83 112 1254

Alcohol:
1 69 99 54 56 28 28
2 31 54 93 48 20 46
3 7 14 76 38 23 17
4 31 32 105 20 5 8
5 5 10 54 13 7 6
Total 143 209 382 175 83 105 1097

Smoking:
Current 56 83 110 66 16 46
Ex-current or non-smoker 88 117 384 109 67 59
Total 144 200 494 175 83 105 1201

ACE 27:
0 62 7 239 39 35 29
1 56 123 215 97 35 51
2 35 67 48 32 12 20
3 1 5 3 7 1 7
Total 154 202 505 175 83 107 1226

Performance status:
0 25 14 – 102 28 47
1 90 119 – 36 47 35
2 29 54 – 23 4 18
3 8 13 – 14 2 5
Total 152 200 – 175 81 105 713

Flap:
0 118 156 353 69 51 79
1 39 47 86 106 32 31
Total 157 203 439 175 83 110 1167

Tracheostomy:
0 124 145 229 128 48 87
1 32 56 178 47 35 20
2 156 201 407 175 83 107 1129

Scale of operation
1 41 35 72 27 3 36
2 65 96 128 32 28 31
3 51 72 242 116 52 45
Total 157 203 442 175 83 112 1172

High risk:
0 96 132 208 101 29 64
1 61 71 231 74 54 48
Total 157 203 439 175 83 112 1169

T classification:
0 26 50 25 30 14 13
1 57 55 124 35 16 36
2 32 33 149 35 19 29
3 9 12 76 10 7 2
4 30 47 122 63 27 29
Total 154 197 496 173 83 109 1212

N classification:
0 88 108 315 98 42 71
1 19 24 96 20 16 7
2a 14 14 26 6 0 1
2b 27 30 26 37 18 26
2c 5 9 15 6 4 1
3 1 7 11 5 0 0
Total 154 192 492 172 80 106 1196
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Table 1 (Continued)

Hospital Totals

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

Previous radiotherapy:
0 147 159 – 148 50 99
1 13 44 – 27 33 13
Total 160 203 – 175 83 112 733

Previous operation:
0 134 166 – 138 52 79
1 26 37 – 37 31 33
Total 160 203 – 175 83 112 733

Table 2
Complications at 30 days. Data are number (%).

Complication Site 1
(n = 160)

Site 2
(n = 208)

Site 3
(n = 428)

Site 4
(n = 171)

Site 5
(n = 84)

Site 6
(n = 112)

Total
(n = 1163)

Overall (%)

No. of flaps lost/No. of flaps 2/39 (5) 3/47 (6) 8/93 (9) 7/106 (7) 0/39 (0) 0/41 20/365 5
Partial loss of flap – – 10/93 (11) 2/106 (2) 1/39 (1) 0/41 11 1
Haematoma 4 (2) 4 (2) 9 (2) 11(6) 12 (14) 5 (4) 45 4
Wound dehiscence 11 (7) 8 (4) 21 (4) 15 (8) 4 (5) 2 (2) 61 5
Orocutaneous fistula 1 (0.5) 0 (0) 6 (1) 4 (2) 6 (7) 5 (4) 23 2
Wound infection 9 (6) 7 (4) 8 (1) 18 (10) 7(8) 3 (3) 59 5
Neck abscess – – 3 (0.5) – 1 (0.5) – 4 0
Chyle leak 1 (0.5) 3 (2) 3 (0.5) 2 (1) – 1 (1) 10 1
Carotid blowout 1 (0.5) 0 (0) 1 (0) 1 (0.5) – – 3 0
Atrial fibrillation 2 (1) 4 (2) 5 (1) 5 (3) – 1 (1) 17 1
Myocardial infarction – 2 (1) 3 (0.5) 2 (1) – 3 (3) 10 1
Cardiac arrest 1 (0.5) 2 (1) 5 (1) – – – 8 1
Congestive cardiac failure 2 (1) 1 (0.5) 1 (0) 2 (2) – 1 (1) 7 1
Pulmonary embolism – 1 (0.5) 1 (0) – – 2 0
Pneumonia 8 (5) 10 (5) 19 (4) 11 (6) 4 (5) 4 (4) 56 5
Urinary retention – 4 (2) 4 (1) 1 (0.5) – – 9 1
Delirium 1 (0.5) 0 (0) 0 (0) 1 (0.5) 2 (3) 1 (1) 3 0
Slow wean – – – – – 2 (2) – 0
30-day mortality 3 (1) 3(1) 11 (2) 1 (0.5) – 1 (1) 19 2

Fig. 2. Observed and predicted complications.
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Fig. 3. Comparison of receiver operating characteristic (ROC) curves (RMH = Royal Marsden Hospital; EKHUFT = East Kent Hospitals University Foundation
Trust).
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Fig. 4. Funnel plot of observed and a

djustment has been implemented to compare the incidence
f postoperative complications in head and neck oncology.

For the comparison of surgical performance to be mean-
ngful, it is essential to adjust for risk given the heterogeneity
f case mix and surgical management in different hospi-
als. Observed morbidity rates varied between all units (30%

 51%), but premorbid characteristics of the patients and
umours also varied significantly (Table 1). Whilst complica-
ions were common, decision-making and multidisciplinary
nterventions seemed to mitigate them. Case-mix adjustment
or morbidity showed that all the centres performed within

he 95% bounds on the funnel plot.

The ANN was calibrated well for complications, which
uggested its potential as an audit tool, but discrimination

i
c

 incidences of 30-day complications.

as much less effective when applied to the new datasets. It
s likely that factors that contribute to risk have not yet been
dequately captured by the model. Another explanation is the
arge difference in the performance of the two new units from
hose previously audited, and the neural network score needs
o be updated to reflect this.

The performance of the model is likely to improve if a
arrower band of operative risk is selected, perhaps by the
dentification of indicator procedures or outputs such as free-
ap cases only, or pneumonia or wound infections, but this
ill be the focus of further work.

In the future we will compare the discrimination and cal-

bration of the score against other benchmarking methods
urrently in use. A large national study of morbidity after
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ajor operations on the head and neck was recently pub-
ished by Nouraei et al,2 though the complication rate seemed
omewhat low at 31% when overall morbidity across the six
nits we have audited so far was 43%. A subsequent study
y the same team acknowledged the limitations of relying on
ata that had been collected by clinical coders.9 The audit
f outcome using case notes has been suggested as the gold
tandard method to measure morbidity and mortality, as we
ave done in our study.

Despite promising results of the internal validation of the
eural network (AUC 0.85) the model could be “over-fitted”.
hile the calibration plot suggested that it predicted poorly

n low-risk cases, the overall rate of predicted complica-
ions was remarkably accurate, which suggests that the model
as some potential in disseminated audit. Using the same
ethods, it should be possible to update (or mature) the net-
ork with new datasets, and this will be the focus of further
ork.
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