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ABSTRACT

Objectives The benefits of minimally invasive

surgery (MIS) for endometrial carcinoma (EC) are well
established although the financial impact of robotic-
assisted hysterectomy (RH) compared with laparoscopic
hysterectomy (LH) is disputed.

Design Retrospective cohort study.

Setting English National Health Service hospitals 2011—
2017/2018.

Participants 35304 women having a hysterectomy for EC
identified from Hospital Episode Statistics.

Primary and secondary outcome measures The
primary outcome was the association between route of
surgery on cost at intervention, 30, 90 and 365 days for
women undergoing an open hysterectomy (OH) or MIS (LH/
RH) for EC in England. The average marginal effect was
calculated to compare RH versus OH and RH versus LH
which adjusted for any differences in the characteristics
of the surgical approaches. Secondary outcomes were to
analyse costing data for each surgical approach by age,
Charlson Comorbidity Index (CCl) and hospital MIS rate
classification.

Results A total of 35304 procedures were performed,
20405 (57.8%) were MIS (LH: 18 604 and RH: 1801),
14291 (40.5%) OH. Mean cost for LH was significantly
less than RH, whereas RH was significantly less than OH
at intervention, 30, 90 and 365 days (p<0.001). Over time,
patients who underwent RH had increasing CCl scores
and by the 2015/2016 year had a higher average CCl than
LH. Comparing the cost of LH and RH against CCl score
identified that the costs closely reflected the patients’ CCI.
Increasing disparity was also seen between the MIS and
OH costs with rising age. When exploring the association
between provider volume, MIS rate and surgical costs,
there was an association with the higher the MIS rate the
lower the average cost.

Conclusions Further research is needed to investigate
costs in matched patient cohorts to determine the
optimum surgical modality in different populations.

INTRODUCTION

The introduction of minimally invasive
surgery (MIS) for endometrial cancer (EC)
has had a dramatic impact on patients’
surgical outcomes with reduced morbidity,
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Strengths and limitations of this study

» The findings from the study are based on a
population-based database which is a key strength
as it is representative of all procedures via the
National Health Service in England.

» The reliability of the coding might have changed
over time although there was no evidence of chang-
es in treatment coding or significant changes in the
underlying study population.

» The Hospital Episode Statistics (HES) Database re-
liably captures extensive amount of demographic,
diagnosis and procedure outcomes; however, there
is a lack of cancer stage information therefore it is
not possible to split out the cost outcomes into more
specific groups of patients.

» The capital and maintenance costs of robotic-
assisted hysterectomy have not been included
since these costs vary dramatically across different
healthcare settings and are often used by a wide
group of specialties in a hospital setting.

» As the analysis was undertaken over a number of
years of the HES Database, we were able to accu-
rately follow hospital activity for at least a year after
intervention.

hospital stay and improved short-term quality
of life."! Translating these patient benefits
into cost benefits to the healthcare economy
has been challenging because although MIS
requires significantly less bed-days than open
surgery, it does require more costly consum-
able equipment, for example, single-use
vessel-sealing devices. This has been demon-
strated in several studies including the multi-
centre randomised LACE trial where the
surgery costs were greater for laparoscopic
hysterectomy (LH) compared with open
hysterectomy (OH), but the overall costs of
treatment were lower.”

MIS is the preferred surgical route for
EC.” Robotic-assisted hysterectomy (RH) is
accepted as an alternative to LH, supported

BM)

Moss EL, et al. BMJ Open 2021;11:€045888. doi:10.1136/bmjopen-2020-045888 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-2650-0172
http://dx.doi.org/10.1136/bmjopen-2020-045888
http://dx.doi.org/10.1136/bmjopen-2020-045888
http://dx.doi.org/10.1136/bmjopen-2020-045888
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-045888&domain=pdf&date_stamp=2021-05-13
http://bmjopen.bmj.com/

by evidence from a randomised controlled trial (RCT)*
and RH has been shown to have a lower conversion
rate to laparotomy and shorter operating time.”” Wide-
spread adoption of RH is limited in England, although
the number of EC cases having RH is increasing year on
year.” In light of the capital and consumable costs of RH,
as compared with OH or LH, the use of RH in EC is there-
fore being called into question.® Reports from institutions
with well-established robotic programmes however have
contested this view with no significant difference,’ or cost
improvements reported as compared with LH."” What is
clear is that focusing solely on in-hospital costs does not
give the full picture of the economic costs of a surgical
procedure, since many costs are accrued following
discharge or attributed to the economy as a whole as a
result of delayed return to employment.

We therefore investigated the Hospital Episode Statis-
tics (HES) data for England in order to look at the finan-
cial impact of RH as compared with LH and OH. We also
investigated the patient characteristics that contributed
to cost and examined the top 5% of procedures to iden-
tify factors that may have contributed to the costs.

METHODS

Data source and cohort selection

Data were sourced from the HES Database from 2011-
2017,/2018."" The HES Database captures demographic,
diagnosis and procedure outcomes data however does
not include cancer stage or histology information.
Patients or the public were not involved in the design,
or conduct or reporting of our research. The inclusion
criterion for patients was a diagnosis of EC or EC in situ/
complex atypical hyperplasia (ECIS) undergoing a hyster-
ectomy between October 2011 and December 2017. The
surgical approach was classified by intention-to-treat as
OH, vaginal hysterectomy (VH), LH, RH and MIS which
was the combination of LH and RH. Due to the low
numbers, the VH cases were not included in any of the
subsequent analyses. The cohort selection for the study
has been described in more detail previously® and the list
of specific diagnosis (ICD-10) and procedure (OPCS-4.7)
codes can be found in the online supplemental table Al.

Patient characteristics

Demographic data were captured in the hospital admis-
sion data for each patient and included age, ethnicity,
postcode and comorbidities. Patient age was divided
by 10-year intervals from the age of 50 years into six
groups. Ethnicity was classified into Asian, Black, other
and White ethnicity. Based on postcode of residence,
each patient who received EC surgery was mapped to the
English Index of Multiple Deprivation (IMD) rank. The
IMD indicates the socioeconomic deprivation of patients
which combines seven indicators (income; employment;
health deprivation and disability; education, skills and
training; barriers to housing and services; crime; and
living environment), into a single deprivation index

where a higher rank indicated a less deprived group
and a lower rank indicated a more deprived group.'
The IMD was split into statistical quartiles and indicated
whether the sociodemographic status was high (>25083),
intermediate (17475-25 083), low (9618-17 474) or very
low (<9618) for each patient. Comorbidities were exam-
ined 12 months prior to intervention using the Charlson
Comorbidity Index (CCI)." An additional list of other
comorbidities was also assessed using specific ICD-10
codes (online supplemental table A2).

Hospital characteristics were assessed by region
(East, East Midlands, Greater London, Home Counties,
North East, North West, South East, South West, West
Midlands, Yorkshire) and volume, which was based on
the annual mean of hysterectomies performed for EC/
ECIS grouped by statistical quartiles (high (>220), inter-
mediate (71-220), low (21-70) and very low (0-20)). MIS
rates of hospitals for EC/ECIS hysterectomy procedures
were classified into four groups based on percentage of
hysterectomies performed by MIS approach (high (76%-
100%), intermediate (51%-75%), low (26%-50%) and
very low (0%—-25%)).

Outcomes

For each patient episode, in the HES database, a cost is
assigned based on the Health Resource Group (HRG)
which is diagnosis/procedure-based grouping and the
length of stay. These costs are based on reference costs
provided by each hospital and are estimated based on
recorded inpatient, outpatient, and Accident and Emer-
gency episode activity in the HES Database using National
Health Service (NHS) Payment by Results HRG tariffs."*
Costs at intervention and short-term costs were calculated
based on the reported hospital admission costs over the
time period of 30, 90 and 365 days following interven-
tion, these were all summarised by procedure approach.
Further to this, the cost of each approach was assessed
by the subgroups of age, CCI groups and MIS rate clas-
sification. A list of non-surgical cancerrelated treat-
ments was collated (see online supplemental table A3
for specific OPCS-4.7 procedure codes) and these costs
were excluded in the analysis. Perioperative outcomes
included mortality, conversion to OH and length of
stay. The 90-day outcomes included the mortality, total
and specific inpatient, outpatient and emergency read-
missions. Subgroup analyses were performed, first to
assess high-cost (HC) (top 5% of costs at intervention
by approach) and low-cost (LC) patients (lowest 50% of
costs at intervention by approach) in the cohort to assess
what was driving HC patients. In addition, provider-level
analysis was conducted to assess hospital characteristics
and costs to further understand the impact of differing
MIS rates and volume sizes.

Statistical analyses

A descriptive analysis of patient characteristics and data
on costs and other health resource was performed. The
different approaches (LH, RH, OH, MIS) were then
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compared by using ttest (for independent samples)
and Wilcoxon rank-sum test (Mann-Whitney U test) for
continuous variable and for categorical variables by using
the X* tests. The average marginal effect (AME)" was
used to compare RH versus OH and RH versus LH on
costing outcomes at intervention, 30 days, 90 days and 365
days. This approach adjusted for patient age, ethnicity,
IMD rank, CCI, year of procedure and whether a patient
received cancer treatment following the intervention
(for further details, see online supplemental table A3)
by fitting Generalised Linear Models. The Modified Park
Test and Pregibon’s Link Test'® were used to ensure the
most efficient model structure was used to model the
costs. All statistical analyses were performed using Stata
V.15.

Patient and public involvement
There was no patient or public involvement in the study
planning or design.

RESULTS

A total of 35304 procedures were performed: 18604
(62.7%) LH, 1801 (5.1%) RH, 14291 (40.5%) OH
and 608 (1.7%) VH. The proportion of MIS cases
increased significantly over time each year from 46.6%
in 2012/2013 to 68.7% in 2016/2017 (p<0.001). This
was primarily due to an increase in LH of 15.8% (44.7%
to 60.5%), but there was also a 6.2% increase (2.0% to
8.2%) in the number of RH performed when comparing
2012/2013 with 2016,/2017 as a proportion of all surgeries
performed each year. Consequently, the number of OH
cases decreased significantly over time (p<0.001) from
53.4% in 2012/2013 to 31.3% in 2016/2017 of cases in
that year.

Table 1 presents the patient characteristics of the
surgical approaches LH, RH and OH. Most cases were
performed at high-volume providers (>220 cases/year)
with 72.4% for RH, 62.1% for LH and 60.9% for OH being
undertaken at these providers (table 1). As previously
described, there was a significant difference in the social/
ethnic characteristics of the patients undergoing MIS as
compared with OH within this cohort of patients.® The
characteristics of the RH population differed to patients
undergoing LH; with a significantly higher percentage of
RH patients having any comorbidity from our defined list
than LH (68.2% vs 64.0%, p<0.001), more specifically the
comorbidities of diabetes, hypertension and obesity all
being higher proportion in RH cohort than LH cohort.

Short-term costs by approach

The short-term costs of intervention, 30 days, 90 days and
365 days by surgical approach are presented in table 2.
LH was associated with the lowest mean cost at the inter-
vention (£3069), 30 (£3083), 90 (£3111) and 365 (£3169)
days following the procedure. The mean cost for RH was
significantly less than OH at all the time points (p<0.001
for all). The AME for RH versus OH, controlling for

patient characteristics, also showed a significant differ-
ence for RH over OH with the difference in costincreasing
when comparing the unadjusted and AME value (p<0.001
for all). Comparing RH and LH short-term costs, LH
costs were significantly lower for the unadjusted and AME
differences (p<0.001 for all). The AME differences in cost
between RH and LH were lower compared with the unad-
justed differences (eg, AME difference of £108 vs unad-
justed difference of £260 at intervention).

HC and LC patient comparison

Assessing the top 5% HC patients of each approach (LH:
n=336; OH: n=593, RH: n=27) and comparing with the LC
cohort, which was set at less than or equal to the median
cost of the surgery (LH: n=12913; OH: n=9021, RH:
n=812). The patients in the HC group were significantly
older in all the routes of surgery (LH: 69.0 vs 65.7 years,
OH: 68.8 vs 65.1 years, RH: 67.5 vs 65.5 years: p<0.001
for all). The HC cohort contained a higher percentage
of patients from the lower socioeconomic groups (IMD
rank: 16637 vs 17 287, p<0.001) and patients from ethnic
minority groups (29.6% vs 19.2%, p<0.001) as compared
with the LC cohort. Patients in the HC cohort also had
significantly greater number of comorbidities compared
with the LC cohort (CCI 1.82 vs 1.41 and any comorbidity
71.0% vs 63.9%;p<0.001 for all). The length of hospital
stay was significantly longer in the HC cases compared
with the LC group (RH: 11.22 vs 1.84days; LH: 11.42
vs 2.03days; OH: 20.82 vs 3.71days; p<0.001 for all).
Although the rate of complications was greater in the HC
compared with the LC cohort (RH: 55.6% vs 14.0%; LH:
61.0% vs 16.2%; OH: 71.5% vs 19.1%; p<0.001 for all),
the rate was significantly lower with RH as compared with
OH in both the HC and LC groups (HC: 55.6% vs 71.5%,
p=0.075; LC: 14.0% vs 19.1%, p<0.001).

Patient characteristics and costs

Patient characteristics, age and CCI were associated with
increasing costs for almost all routes of surgery at inter-
vention, and 365 days following the procedure (table 3).
Assessing the age categories showed the costs at inter-
vention were very similar for the groups <50 years, 50-59
years and 60-69 years but gradually increased for each of
the higher age groups. There was an increasing difference
between the MIS and OH costs with rising age with the
difference between MIS and OH for age <50 years being
£258 increasing to a difference of £653 for the population
aged >90 years. RH 365-day costs were significantly lower
(p<0.01) than OH in all age categories except 60—69 and
>90 years. Comparing CCI showed that CCI group =3
was associated with the greatest difference in costs with
the difference at 365 days between CCI group 1 and CCI
group >3 being £130 for RH, £174 for LH and £759 for
OH (table 3).

Over time, patients who underwent RH had increasing
levels of comorbidities, when using the CCI score, and
have in recent years had a higher average CCI than LH
in 2015/2016-2016,/2017 (figure 1). Comparing the cost
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Unadjusted results

Laparoscopic Robotic MIS Open

Hysterectomy Hysterectomy Hysterectomy Hysterectomy

(N=18604) (N=1801) (N=20405) (N=14291)
Characteristics No (%) No (%) No (%) No (%)

2011/2012*¢ 1108 6 19 1 1127 6 1671 12

2013/2014 2824 15 147 8 2971 15 2614 18

2015/2016 3118 17 382 21 3500 17 1948 14

2017/2018* 2476 13 413 23 2889 14 1016 7

<50 1033 6 120 7 1153 6 1082 8

60-69 6522 35 589 33 7111 35 4672 33

80-89 1846 10 174 10 2020 10 1540 11

Ethnicity

Asian 583 3 66 4 649

w

499 3

Other 2757 15 295 16 3052 15 2310 16

High 4506 25 643 37 5149 25 3291 23

Low 4548 25 376 21 4924 24 3489 24

Charlson Comorbidity group

1 12432 67 1159 64 13591 67 8405 59

>3 1235 7 127 7 1362 7 1338 9

Greater London 2529 14 319 18 2848 14 2184 15

West Midlands 1747 9 154 9 1901 9 1672 12

South East 1746 9 339 19 2085 10 1451 10

North East 1264 7 138 8 1402 7 432 3

East Midlands 1485 8 165 9 1650 8 1003 7
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Table 1 Continued

Unadjusted results

Laparoscopic Robotic MIS Open
Hysterectomy Hysterectomy Hysterectomy Hysterectomy
(N=18604) (N=1801) (N=20405) (N=14291)
Characteristics No (%) No (%) No (%) No (%)
Missing 11 0 25 1 36 0 22 0
Provider volume
High 11423 62 1302 72 12725 62 8703 61
Intermediate 6653 36 487 27 7140 85 5102 36
Low 279 2 1 288 1 191 1
Very low 36 0 0 36 0 58
Missing 213 1 0 216 1 237 2

*NHS year 2011/2012 and 2017/2018 not full year.

IMD, Index of Multiple Deprivation; MIS, minimally invasive surgery; NHS, National Health Service.

of LH and RH against CCI score identified that the costs
closely reflected the patients’ CCIL. In 2012/2013 when the
RH population had a lower CCI then the costs were less;
however, since 2014/2015, the patient population under-
going RH had higher CCI score and this was associated
with a rise in the costs of RH above that of LH (figure 1).

Hospital characteristics and costs

When exploring the association between provider
volume, MIS rate and surgical costs, there was an associ-
ation with the MIS rate and cost, that is, the greater the
MIS rate the lower the cost (figure 2). Many of the highest
volume providers had higher average costs than providers
with less volume, however the patient population under-
going surgery at the high-volume providers were signifi-
cantly older and had a higher CCI compared with the
lower volume providers (age: 66.2 vs 65.6 years, p<0.001;
CCI: 1.47 vs 1.43, p<0.001). The majority of the highest
volume providers had MIS rates between 50% and 90%
and the relationship held for high-volume providers with
average costs decreasing as MIS rates increased for the
year 2016/2017.

DISCUSSION

Main findings

In this study, we have performed an in-depth analysis of
real-world data and have identified financial benefits of
MIS as compared with OH for EC. We have demonstrated
that LH has the lowest mean cost at intervention and that
costs increased with increasing patient age. In keeping
with other studies, we have also shown that OH, although
attracting the lowest operative consumable costs, had the
greatest overall financial cost, even significantly higher
than RH. We have also identified that although the cost
of RH is greater than LH, patients undergoing RH have
different characteristics compared with women having
LH in recent years, and that cost of surgery appears to be

influenced by level of patients’ comorbidities and not the
route of surgery alone.

There will always be a proportion of cases that have to
be performed OH due to contraindications/complica-
tions with MIS, which will inevitably attract higher costs
due to their complexity, but this can be reduced to low
levels."” The significantly higher complication/readmis-
sion rate with OH has been reported previously® and in
this study we have shown that even in the HC groups,
the complication rate was higher with OH (71.5%) as
compared with RH (55.6%) and LH (61.0%). A longer
recovery time may impact on patient and employment
costs, with greater loss of earnings and longer return to
work or contribution to society activities as compared with
MIS. Korsholm et al'® reported no significant difference
in return to the labour market or use of sickness benefits
in a study from Denmark, however; in their study, robotic
surgery was associated with greater cost than both LH and
OH, unlike this UK analysis. Allowing for a number of OH
cases, the disparity in MIS uptake across England® does
indicate that there is room for improvement in increasing
the proportion of MIS cases thereby benefiting both the
patient and the healthcare economy.

The primary argument used against the widespread use
of RH, rather than LH, for EC is an economic one,’ "
since the clinical outcomes are reported to be comparable
although, there is alack of RCT data, particular in patients
with a high body mass index (BMI).*” The HES data do
confirm a cost advantage for LH over RH, however, the
two patient populations are not directly comparable since
there is a significant difference in the CCIs between the
groups. During 2012/2013, when RH was only performed
in a few selected centres, the majority of UK robotic
surgeons would still have been within the learning phase,
and therefore likely to select patients with less comorbid-
ities for RH. We have shown that during this time period,
the cost of RH was less than LH. Increasing robotics
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¢ O % | £Lcs Such trials would determine whether certain patient
2 £388|2%uwy P
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Figure 1 Intervention cost and CCI over time. The average
cost and CCI of RH and LH over time. CClI, Charlson
Comorbidity Index; LH, laparoscopic hysterectomy; NHS,
National Health Service; RH, robotic-assisted hysterectomy.

MIS and reduce the rate of OH. Prospective RCTs are the
gold standard study design however can be challenging
to perform and may be subject to many biases, including
patient selection, if a surgeon has a greater preference for
one surgical modality over another. Also, RCTs can take
many years to complete accrual, for example, LACC,* by
which time the current robotic/laparoscopic platforms
may be obsolete. Instead, the use of real-world data in a
propensity score matching study may enable matching
of key patient characteristics to give results in a more
timely manner.”® The development and adoption of prog-
nostic and risk-stratifying biomarkers in the future may
also inform decisions on the optimum route of surgery
thereby enabling more personalised management.”*™

Strengths and limitations

The key strength of the study is in the number of patients
which can be analysed by using the HES Database. This
gives strength to the study’s findings as it is represen-
tative of all procedures via the NHS in England. Due
to RH being a newer surgery approach, the number of
patients is much lower compared with the other surgery
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.ot . o "‘"‘3':-‘--'.‘..!.'..&'“!':".‘n ‘o
3000 4t it LR By ety NI e ahallg
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Cost [£)
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Figure 2 Average provider cost of hysterectomy per
provider by MIS rate in 2016/2017. The association between
provider volume, MIS rate and surgical cost at intervention.
Provider volume is represented by the size of the bubble with
a larger bubble representing a higher provider volume. MIS,
minimally invasive surgery.

approaches. In addition, we must consider the impact of
alearning curve of RH and that in the earlier years it may
not had been used to full efficiency. As we had a number
of years of the HES Database, we could analyse any poten-
tial trends across surgical approaches and the year.

As we have previously described,® the HES Database
does have limitations, primarily it only covers NHS-funded
care, the reliability of coding and lacks oncological details
of stage /histology. A limitation of the CCI calculated using
the HES data is that people with no hospital attendance
12 months prior to intervention are classified as having no
comorbidities instead of missing; but as the NHS is free
at the point of contact, the HES Database is extensive at
capturing all hospital-reported comorbidities in England.
There will be a proportion of patients with advanced
disease that require open surgery due to requiring a more
extensive cytoreductive procedure and HES data are not
able to differentiate these cases from early-stage disease
that is being treated through open surgery. The analysis
comparing LH and RH should however not be impacted
by stage of disease. In addition, there are limitations with
the HES data with the recording of severity of patient
comorbidities, in particular obesity, since a numerical
value for BMI is not included and therefore the obesity
classification could be applied to any patient with a BMI
>30kg/m”.

The capital and maintenance costs of RH have also not
been included since these costs vary dramatically across
different healthcare settings and there would be a need
to also include similar costs for laparoscopic and open
surgery. In addition, the robotic surgery equipment is
often used by a wide group of specialties in a hospital
setting and it would be infeasible to apply capital and
maintenance costs to one surgery modality."”

Interpretation

In conclusion, LH was associated with the lowest and OH
the greatest mean cost per procedure. Patient factors
have an impact on the cost of MIS procedures and further
research is needed to compare the costs in matched popu-
lations of women undergoing LH and RH, since there
appears to be selection bias in the choice of procedure
being performed.
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