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Abstract

Patients treated surgically for squamous cell carcinoma (SCC) of the head and neck form a heterogeneous group, and it is difficult to take this
variation into account when measuring the quality of care. We have tested the feasibility of mathematical models that allow for the adjustment
for case mix when auditing the length of hospital stay as a proxy indicator of the quality of care. We completed a case-note audit of 733 surgical
episodes of care for SCC of the head and neck in five cancer networks, and used logistic regression and decision tree analysis to adjust for
case mix using pertinent preoperative variables. Risk adjustment models of length of stay included age, alcohol, T classification, performance
status, tracheostomy, high-risk status, and complexity of operation. The risk-adjusted length of stay differed significantly between the cancer
networks studied (p <0.001). The models performed acceptably for the purpose of audit when this was under 15 days. Length of stay is a
measurable outcome that can be used as a benchmark of surgical care. Audits of this after operations for cancer of the head and neck, if
reported in national clinical audits, should take case mix into account.

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

As survival after cancer improves, the focus on cure as the
all-important marker of effective treatment seems to be inade-
quate, particularly when complex multimodal treatments can
result in so many complications that affect a patient’s quality
of life. In the UK surgical community and in our specialty
in particular, the focus is now turning towards outcomes.
Datasets of the surgical outcomes of consultants routinely
report unplanned returns to theatre and deaths within 30 days,
usually with specialty-specific complications. All specialties,
except that of head and neck oncology, adjust for case mix
when reporting early complications. The complexity of the
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intervention and adjustments for case mix currently do not
feature in reports of length of stay.

Patients who have operations with curative intent for SCC
of the head and neck form a particularly heterogeneous group
and many are frail with multiple coexisting conditions. The
risk factors for developing the disease are also implicated in
cardiac, respiratory, and liver disorders. Notwithstanding the
anatomical disruption of the operation, the effort to return
patients to form and function with immediate reconstruction,
can leave them with considerable adjustments to make in
swallowing and speaking. These can make it necessary to
consider a transfer to a residential or nursing home, which
can often take time after a patient has been deemed fit enough
to be discharged from hospital.

Our primary outcome was to model the length of hospital
stay in this group of patients to enable effective audit of the
quality of care. To test length of stay as a proxy marker for
the quality of care, we did not include postoperative com-
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plications in the analysis, though we expect that this would
add to the accuracy of the model. A secondary outcome was
to define “outlier status™ (patients whose stay in hospital is
extremely long). Finally, we wanted to find out if markers of
socioeconomic deprivation contributed to a longer stay.

Methods

To build models for the adjustment of case mix, we ana-
lysed a combined dataset of four case-note audits from four
cancer networks that treated patients for SCC of the head
and neck (n=638 care episodes) between 2009 and 2015.
A total of 112 care episodes from a fifth cancer network
were tested as an (external) validation set. The data from
each centre comprised a combination of retrospective (12
months) and prospective (6-12 months) data. All patients had
histopathologically-confirmed SCC of the head and neck,
and operations were done under general anaesthesia using
conventional surgical techniques (excluding laser cases) by
maxillofacial or ear, nose, and throat (ENT) surgeons, or
both. All the datasets were registered with the clinical audit
departments at the respective hospital Trusts, and data were
collected by the lead author with permission from the treat-
ing consultants. Ethics approval was sought for the validation
phase of the audit, as application of the mathematical mod-
els could be generalised. Data on socioeconomic status was
sought only in the validation group, and were not included in
the model’s development.

For consistency throughout the audit period, the BUPA
severity of surgery index (minor = less than 1 hour; intermedi-
ate = less than 6 hours; and major or major complex = 6 hours
or requirement for free tissue transfer) was used to grade
the complexity of the operation. Patients’ demographics;
comorbidity using the Adult Comorbidity Evaluation-27
index (ACE-27); World Health Organization (WHO) perfor-
mance status; American Joint Commission on Cancer (AJCC
version 7) tumour size and nodal classification; and oper-
ative and anaesthetic treatment, were included. Office of
Population Censuses and Surveys Classification of Surgical
Operations and Procedures (OPC4) codes were used for a
derived variable, the “high-risk” field, which included any
operation requiring mucosal closure in association with a
neck dissection that could lead to an escape of saliva (such as
mandibulectomy, glossectomy, excisions of the floor of the
mouth, and pharyngectomy with or without laryngectomy).
Any case for which pertinent data points were missing (as
selected by each predictive model) was excluded.

Demographic and socioeconomic data were captured from
the East Kent Patient Centre. Independent variables included
cohabitation with next of kin, and distance from home to hos-
pital (using postcodes). Postcodes were also used to derive the
level of deprivation.' Student’s ¢ tests and correlation coef-
ficients were used to test continuous and discreet data, and
linear regression and decision tree analyses to build the mod-
els. These were based on a training set (60% random selection

of cases) and tested on the remainder (40%), the test set). They
were then tested again on the validation set (the dataset from
the fifth unit).

Linear regression is a traditional means of modelling a
continuous dependent variable. Decision tree analysis is a
more modern computer-intensive method that is used in the
context of live business decisions. It is a hierarchical mul-
tivariate technique with a graphical structure that shows the
importance of, and the inter-relations between, pertinent vari-
ables. The outputs and structure can be updated to reflect new
knowledge.” The main challenge when building the tree is to
decide which attribute to split to have the “best” data split
at each step, and the concept of “information gain” informs
this decision. Information gain is the difference between the
amount of uncertainty before and after a decision is made.
The aim, which is to achieve a perfect classification with a
minimal number of decisions, is not always possible because
of noise or inconsistencies in the data. The variables listed in
Table 1 were all potential inputs.

The length of hospital stay, defined as the date of operation
to the date of discharge or death, was the output.

Results

A total of 733 patient-care episodes were investigated.
Of them, 61 patients with incomplete timeline data were
excluded (Site 1: 29/160; Site 2: 23/203; Site 3: 1/175; Site
4: 0/83; and Site 5: 8/112). The mean age of the patients was
similar in all the centres but there was a difference in sex dis-
tribution (73.5% men at Site 4, and 58% at Site 5). There were
obvious differences in case mix — for example, between the
incidences for heavy drinking (24% at Site 1, 11% at Site 4),
free tissue transfer (24% at Site 1 compared with 60% at Site
3), proportion of patients treated with a tracheostomy (18%
at Site 5 and 57% at Site 4), and proportion of patients with
a performance status of less than 2 (2.5% at Site 4 compared
with 8% at Site 3).

The initial modelling of the length of stay was done with
a linear model and a regression tree. A stay of more than 50
days was rare, and accounted for less than 5% of the data. This
was chosen to define outlier status, a SD of approximately 1
from the mean, and 24 patients who stayed for more than
50 days were removed (Site 1: 5/131; Site 2: 6/180; Site 3:
2/174; Site 4: 4/83; and Site 5: 4/104) (Table 2).

Linear regression modelling of the independent factors
showed age, intake of alcohol, T classification, performance
status, tracheostomy, high-risk operation, and complexity of
surgery, as independent predictors for an increased duration
of stay. However, the model suggested a poor fit, as the resid-
uals were related to duration of stay (heteroskedasticity), and
the mean standard error (mean standard error 55.9, adjusted
R 2 0.42) was 55.9 (Fig. 1).

Attempts to improve this by transforming the duration of
stay with Poisson function were unhelpful (mse 158, multiple
R? not available).
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Table 1
Variables by hospital.
Hospital Total
Site 1 Site 2 Site 3 Site 4 Site 5

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

Male 109 147 122 61 65

Female 51 56 53 22 47

Total 160 203 175 83 112 733
Alcohol:

1 69 99 56 28 28

2 31 54 48 20 46

3 7 14 38 23 17

4 31 32 20 5 8

5 5 10 13 7 6

Total 143 209 175 83 105 715
Smoking:

Current 56 83 66 16 46

Ex-current or non-smoker 88 117 109 67 59

Total 144 200 175 83 105 707
ACE 27:

0 62 7 39 35 29

1 56 123 97 35 51

2 35 67 32 12 20

3 1 5 7 1 7

Total 154 202 175 83 107 721
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 69 51 79

1 39 47 106 32 31

Total 157 203 175 83 110 728
Tracheostomy:

0 124 145 128 48 87

1 32 56 47 35 20

Total 156 201 175 83 107 722
Scale of operation:

1 41 35 27 3 36

2 65 96 32 28 31

3 51 72 116 52 45

Total 157 203 175 83 112 730
High risk:

0 96 132 101 29 64

1 61 71 74 54 48

Total 157 203 175 83 112 730
T classification:

0 26 50 30 14 13

1 57 55 35 16 36

2 32 33 35 19 29

3 9 12 10 7 2

4 30 47 63 27 29

Total 154 197 173 83 109 716
N classification:

0 88 108 98 42 71

1 19 24 20 16 7

2a 14 14 6 0 1

2b 27 30 37 18 26

2c 5 9 6 4 1

3 1 7 5 0 0

Total 154 192 172 80 106 704
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Table 1 (Continued)

Hospital Total
Site 1 Site 2 Site 3 Site 4 Site 5
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
Frequency of extended hospital stay (more than 50 days) by hospital.
Site No. of patients Maximum No. of patients No. of patients with a Mean (SD) 95% C1 Median (95%CI)
stay of over 50 days
1 131 161 5 11.5 (22.6) 7.6to0 15.4 3.0(3.0t04.0)
2 180 144 6 13.5 (20.3) 10.5 to 16.5 5.5(3.0t04.0)
3 174 111 2 11.0 (11.4) 9.3to0 12.7 9.0 (8.0 to 10.0)
4 83 79 4 16.8 (17.3) 13.0 to 20.6 11.0 (8.0 to 14.9)
5 104 84 4 11.0 (15.4) 8.0to 14.0 6.0 (5.0 to 8.0)

Review of Fig. 1 showed that discrimination of the model
degraded after a stay of 10-15 days so a new approach was
tested and we resisted the inclusion of complication data, as
they would obscure our testing of the duration of stay as a
proxy indicator for the quality of surgical care. We set a cut
off of hospital stay at less than 15 days, and applied decision-
tree methods to model for a short compared with a long stay.
The data were again split into a train set (60%) and test set
(40%), and the following attributes included: age, T size, per-
formance status, tracheostomy indicator, high-risk indicator,
scale of operation, and alcohol. A total of 607 had complete
datasets for these variables; 350 had stays of less than 15
days, and 257 had stays of more than 15 days. The decision
tree correctly assigned a short compared with a long stay in
79% (sensitivity =0.8, specificity =0.78, positive predictive
value =0.73, and negative predictive value =0.84) (Fig. 2).
The model performed well on the (external) validation set
(sensitivity 0.8, and specificity 0.74).

Using this model we graphically illustrated the propor-
tion of the hospital’s case mix that would stay less than 15
days when the model predicted they would stay longer, the
expected length of stay, and durations that were longer than
expected (Fig. 3).

The linear regression method was used on the subset of
patients who were predicted to be in the short-stay group (as
defined by the decision tree), split into a train set (60%) and
test set (40%), and the model again identified age, alcohol,
T classification, performance status, tracheostomy, high-risk
status, and complexity of operation. We then re-tested the
linear regression for patients with stays of less than 15 days.
The performance of the model improved greatly (mse 4.99,
adjusted R% 0.64) on the test set and was deemed reliable
enough for the risk adjustment of data on the external valida-
tion dataset. Fig. 4 shows the risk-adjusted length of stay for
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Fig. 1. Residual plot.

each hospital. Lines of best fit suggest that this was shortest
at Site 1 (test statistic # 4.18, p=0.0001) and longest at Site
3 (test statistic ¢ -5.0, p=0.0001) (adjusted for case mix).

The exploration of socioeconomic and demographic fac-
tors focused on 104 patients in the external validation set. A
total of 62 (60%) had next of kin staying at their address.
There was no significant difference in mean length of stay
when the group that stayed less than 15 days was tested (test
statistic 7 1.04, p=3), but it approached significance when a
stay of up to 50 days was investigated (without next of kin:
mean 9.2 days, with next of kin 6.27 days, test statistic ¢ -
1.76, p=0.08). In the group that stayed less than 50 days, the
distance from home to the hospital did not correlate with an
increased duration of stay (r=0.004, p=0.9). Finally, Index
of Multiple Deprivation deciles were not associated with a
longer stay (r = -0.05, p=0.63).
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Discussion

Modelling for the complexity of cases allows for a more
meaningful interpretation of data on length of stay (and
all outcome data). We found significant differences in case
mix between units, which underline the importance of risk
adjustment. Linear regression and decision tree models that

have established important predictors of increased length
of stay are age, alcohol intake, performance status, and T
stage on presentation, together with free tissue transfer and
tracheostomy.

Raw data suggested considerable differences between the
units with the shortest (Site 1) and the longest durations of
stay (Site 3, Site 4). These persisted when case-mix adjust-
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Fig. 4. Scatter diagram to compare length of stay (observed compared with predicted) by treatment centre (QVH = Queen Victoria Hospital; RMH = Royal

Marsden Hospital; EKHUFT = East Kent Hospitals University Foundation Trust).

ment was taken into account in those with stays of less than15
days.

The modelling of extreme lengths of hospital stay (or
outliers) was not the focus of this paper, though for pur-
poses of allocating resources and hospital finances, it will
be useful to explore further.>* This, however, is likely to
be difficult if preoperative data are used alone without the
incorporation of data on postoperative events, which we
deliberately avoided doing in this paper. Further efforts to
model for stays of over 15 days, and certainly for those over
50 days, could include data on postoperative complications,
because they affect 50% to 70% of patients. Complication
rates could be published separately, perhaps to emphasise
severity.”

These “length of stay” models for this group of patients
are new in the UK. The American College of Surgeons’
National Surgical Quality Improvement Program (NSQIP)
risk calculator is an alternative model that predicts length of
stay based on preoperative data. A recent audit to validate it
using retrospective multicentre data in an Australian group
(n=127) of patients who had glossectomy found that it sig-
nificantly underestimated length of stay.® However, they also
cited potential confounding factors that were not taken into
account by the risk calculator: age, sex, rural or urban loca-
tion, TNM classification, previous chemoradiotherapy, neck
dissection, free flap reconstruction, and grade of surgical risk.
Another study, which used the NSQIP risk calculator for a
group of 157 patients who had ablative surgery on the head
and neck with microvasculature reconstruction with fibular
flaps, reported only slight concordance between the observed
and actual lengths of stay.” Despite some studies highlight-
ing the role of postoperative complications in longer stays,

we think that these data are not helpful when the length of
stay is used as a marker of quality of care.®

To effectively model postoperative outcomes, we assessed
the socioeconomic and demographic factors that may be
implicated. As we explored this possibility on the last group
only, the power of the analysis is limited, but the data sug-
gest that patients who live with a member of the family may
need to spend less time in hospital. There was no correlation
with a standard index of socioeconomic deprivation (IMD
decile) or distance from the hospital. Further work will focus
on how often a change in social circumstances is needed post-
operatively, as this could function as a proxy marker of the
quality of surgical care. This question will be included in the
collection of further prospective data.

A limitation of the study was the recording of the discharge
date as a single endpoint. We did not record the “medically
fit for discharge” date to account for whether discharge was
delayed for social reasons. Audits that show stays that are
longer than expected for reasons other than surgical per-
formance will potentially support the development of better
discharge pathways.

This study has shown that it is possible to base the assess-
ment of a unit’s performance on length of stay because it
adjusts for case mix and complexity of operation. The deci-
sion tree algorithm accurately predicts for a stay of more
than 15 days. The logistic regression algorithm allows for
the comparison between units of patients who stay in hospi-
tal for less than 15 days. Further work needs to be done before
these socioeconomic data can be added to the models. It is
conceivable that centres that treat patients with SCC of the
head and neck can use such models to show safe standards
of care in routine audits of outcome.
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