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Minimally Invasive Surgery for Colorectal Cancer:

Benchmarking Uptake for a Regional
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Abstract

Use of minimally invasive surgery can benefit recovery in patients treated for colorectal cancer. We investigated
its uptake in England between 2007 and 2021. As expected, use of laparoscopic and robotic surgery increased
but we observed wide variation at the hospital level. Our data-driven approach identified potential outlying
hospitals for further investigation through a regional cancer improvement programme.

Background: The uptake of minimally invasive surgery (MIS) for patients with colorectal cancer has progressed at differ-
ing rates, both across countries, and within countries. This study aimed to investigate uptake for a regional colorectal
cancer improvement programme in England.Method: We calculated the proportion of patients receiving elective laparo-
scopic and robot-assisted surgery amongst those diagnosed with colorectal cancer over 3 time periods (2007-2011,
2012-2016 and 2017-2021) in hospitals participating in the Yorkshire Cancer Research Bowel Cancer Improvement
Programme (YCR BCIP). These were benchmarked against national rates. Regression analysis and funnel plots were
used to develop a data driven approach for analysing trends in the use of MIS at hospitals in the programme.Results:
In England, resections performed by MIS increased from 34.9% to 72.9% for colon cancer and from 28.8% to 72.5% for
rectal cancer. Robot-assisted surgery increased from 0.1% to 2.7% for colon cancer and from 0.2% to 7.9% for rectal
cancer. Wide variation in the uptake of MIS was observed at a hospital level. Detailed analysis of the YCR BCIP region
identified a decreasing number of surgical departments, since the start of the programme, as potential outliers for MIS
when compared to the English national average.Conclusion: Wide variation in use of MIS for colorectal cancer exists
within the English National Health Service and a data-driven approach can help identify outlying hospitals. Address-
ing some of the challenges behind the uptake of MIS, such as ensuring adequate provision of surgical training and
equipment, could help increase its use.
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Introduction

In the 1990s, minimally invasive surgery (MIS), such as laparo-
scopic surgery, emerged as an alternative to traditional open surgery
for the treatment of colorectal cancer.' Subsequently, a number of
randomised controlled trials demonstrated laparoscopic surgery was
as effective as open surgery in terms of recurrence and survival rates,
but with a potential to reduce hospital stay and improve recovery.”*
Following these studies, English guidance issued by The National
Institute for Health and Care Excellence (NICE) was updated in
2006 to recommend laparoscopic surgery as an alternative to open
resection for some patients, by suitably trained surgeons and after
informed discussion between surgeon and patient.” Subsequent
retrospective studies have demonstrated the safety of laparoscopic
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techniques in colorectal cancer with outcomes at least equivalent to
open surgery.®'
It has previously been shown that the uptake of MIS varies widely

both between and within European countries”>"!

with some adopt-
ing the techniques much more readily than others. For example,
the percentage of patients undergoing MIS in Denmark increased
from < 10% in 2004 to 80% in 2016."” The Yorkshire Cancer
Research Bowel Cancer Improvement Programme (YCR BCIP)
which commenced in 2016, benchmarks surgical metrics (including
MIS) of multidisciplinary teams (MDTs) or Hospital Trusts respon-
sible for patient care in Yorkshire, against other regions and English
national figures.'” The results of these are fed back to the regional
MDTs, with the aim of reducing the variation in treatment experi-
enced by patients in the region.

The purpose of this population-based study was to compare MIS
uptake for patients with colorectal cancer in England, and to develop
data driven methodology for identifying trends in MIS for a regional

improvement programme.

Patients and Methods

The study population consisted of all patients who had under-
gone an elective major surgical resection for colorectal cancer ICD
C18-C20) in an English National Health Service (NHS) hospi-
tal between 1 January 2007 and 30 June 2021, obtained from
the UK Colorectal Cancer Intelligence Hub’s colorectal cancer
data repository (CORECT-R)."* This included patients diagnosed
between 1 January 2007 and 31 December 2019 provided by the
National Cancer Registry and Analysis Service (NCRAS), and those
diagnosed between 1 January 2020 and 30 June 2021 extracted
from the Rapid Cancer Registrations Dataset (RCRD). The RCRD
enables a near-real time analysis of cancer data but less quality assur-
ance is feasible than is adhered to in the gold-standard NCRAS
dataset due to the rapidity of the reporting resulting in lower case
ascertainment and should therefore be used with caution.

Those treated at 1 of 14 YCR BCIP Hospital Trusts were identi-
fied as described previously.® In the English NHS, MDTs consist
of a team of specialists who are responsible for the treatment plan of
patients and include surgeons, oncologists, pathologists, radiologists
and nurse specialist, amongst others. Within the YCR BCIP region,
1 MDT covers the care at each hospital Trust, so for the purpose
of this paper we have used the term “hospital” in place of MDT or
Hospital Trust.

Benchmarking Uptake of Minimally Invasive Surgery
Firstly, we compared the uptake of MIS across all hospitals in
the YCR BCIP region. Linked cancer registry and inpatient hospi-
tal records (Hospital Episode Statistics) were used to classify major
resections for colorectal cancer as laparoscopic (OPCS procedure
codes Y751, Y752, Y754, Y755, Y758, and Y759 on the same day of
the major resection), robotic (OPCS code Y753 on the same day of
major resection) or open (absence of laparoscopic or robotic OPCS
codes).!* The proportion of attempted elective MIS resections were
compared in the YCR BCIP region to National figures for colon
and rectal cancer over 3 time periods (2007-2011, 2012-2016 and
2017-2021). Similarly, the proportion of MIS resections that were
performed as robotic (or robot-assisted) surgery were compared.
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A key strategy of YCR BCIP is to benchmark regional care and
outcomes in colorectal cancer with that of Denmark, which is of
a similar size to the Yorkshire region, has previously implemented
a MIS training strategy and also has healthcare provision mainly
financed through taxation. Therefore, we obtained the number of
elective major resections that were classified as open, laparoscopic,
and robotic in patients with colorectal cancer that were reported
by the Danish Colorectal Cancer Group (DCCQG) for patients
diagnosed between 2008 and 2021'® and used these a benchmark
rates in comparison with YCR BCIP figures.

Identifying Regional Outliers and Trends

We investigated the presence of potential outlying hospitals in
their use of MIS within the YCR BCIP region. To do this, a multi-
level mixed effects logistic regression for MIS use was constructed for
3 time periods (2007-2011, 2012-2016 and 2017-2021) and funnel
plots'” were created from the hospital-specific treatment rates. The 3
periods of time were chosen to cover a time before and after the start
of the programme in 2016. Hospital was fitted as a random effect
and the model was adjusted for age at diagnosis, sex, deprivation
(categorized using quintiles of the income domain of the Index of
Multiple Deprivation, IMD), Charlson Comorbidity Index (CCI,
categorized as a score of 0, 1, 2, and > 3), stage of disease and
tumour site.

In addition, we developed a new approach (described as "tunnel
plots") to display the information from several funnel plots over
an extended time period, which enabled identification of outliers
while taking into account trends over time. Tunnel plots were
constructed by splitting the study period into 10 equal time frames
and constructing a funnel plot for each of these. The MIS rate,
national rate and control limits (at 2 = .05 and P = .002) were
then taken for each of the 14-regional hospitals at each of the 10
time points and plotted over time (Figure 1). The results were fed
back via face-to-face and online meetings between representatives
from the YCR BCIP team and the regional surgical teams.

Since the majority of hospitals were found to be not performing
any robotic surgery, the use of funnel and tunnel plots would not
be suitable. Therefore, to assess regional variation in use of robotic
surgery, we reported the observed percentage of MIS performed
using robotic surgery by hospital. We classified hospitals as perform-
ing robotic surgery if the hospital had at least 2 instances of robotic
surgery recorded, and the percentage of robotic surgery accounted
for at least 1% of all MIS in the period 2017-2021.

Results
Benchmarking Uptake

A total 185,017 elective resections for colon cancer and 68,890
elective resections for rectal cancer were included in the analysis. The
YCR BCIP region accounted for 27,834 (11%) of these. In England,
100,348 (54.2%) colon cancer resection and 34,330 (49.8%) for
rectal cancer resection were performed using MIS. Patients charac-
teristics are given in Table 1 (colon cancer) and Table 2 (rectal
cancer).

The annual proportion of resections performed using MIS for
England, YCR BCIP and Denmark are shown in Figure 2. Slower
uptake in MIS was observed for YCR BCIP when compared to
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Figure 1

Funnel plots are constructed for each time period jand the surveilled trust j is identified (A). The corresponding trust

rate r;j, 99.8% limits a;; and d;;, 95% limits b;; and c;; at the given trust workload W;; are then plotted with the national

rate n; at each time period to form the tunnel plot (B).

a
\\ — — 99.8 limits
N ——  95% limits
N National average
\ > ~ (] Surveilled trust j
~
\ -
3 IR
\ ° . ~ _
~.e o ——
b ° .\' ° ° ° -~ —
i | @ 0o © —~— e °
° I
o0 _
o
o %4 o % ¢
° o °
o ® . °
° LX)
2 connt | o .
o . ' S o
n; " \d
° ) ®eo ° °
® o0 ®e o .
) % ° ® °
' ° LI ‘: L[] ° ° o
°
° I
. - 00, o e o ——
c. S . 2 —
i ° > / . - ——
/ ° — -
d; / - §
-
/ -
7
/
/o
T
w;
Workload

Rate

99.8% Limits
95% Limits
Expected range

— — = Surveilled trust rate

National average

Time i

overall English rates in both colon and rectal cancer, but this differ-
ence reduced by the latest study period (Supplemental Table S1).
In 2017-2021, the percentage of MIS for colon cancer was 69.1%
for YCR BCIP compared with the overall English percentage of
72.9%. In rectal cancer the corresponding figures were 67.3% for
YCR BCIP and 72.5% for England.

When benchmarking MIS against Danish national figures,
uptake in England and YCR BCIP was slower than in Denmark.
In 2017-2021 the Danish MIS percentage had reached 87.6% in
colon cancer and 92.3% in rectal cancer.

In 2017-2021, the percentage of all resections done by robotic
surgery in colon cancer was 2.1% for YCR BCIP compared with
the overall English percentage of 2.7% (Supplemental Table S1). In
rectal cancer the corresponding figures were 4.7% for YCR BCIP
and 7.9% for England. Over the same time period, in Denmark,
the percentage of all resections performed using robotic surgery was
13.1% in colon cancer and 47.4% in rectal cancer.

The annual proportion of MIS resections that were performed
using robotic surgery for England, YCR BCIP and Denmark are
shown in Figure 3. Uptake of robotic surgery in YCR BCIP was
slower than in England for rectal cancer, while Denmark had a much
quicker uptake than England. Figure 3 shows that by 2021, robotic
surgery accounted for over 60% of all Danish rectal cancer resec-
tions performed using a MIS technique, compared to < 20% in

England.
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Identifying Regional Outliers and Trends

The multlevel logistic regression models revealed higher use of
MIS within England across all study periods was associated in those
aged 60-69 years, residing in the least deprived areas, a CCI score of
zero, an early stage tumour and a tumour located in the colon.

YCR BCIP hospitals were identified upon construction of the
Funnel plots (Figure 4). In the period before the start of the
programme (2012-2016), 7 regional hospitals were found to be
potential outlying units for low use of MIS at the 95% confidence
limit. In the period after the start of the programme (2017-2021)
the number of potential outliers for low use of MIS had reduced to
2 hospitals.

Splitting of the study period into 10 equal time-frames, approx-
imately 18 months (530 days) apart was performed for construc-
tion of the tunnel plot. This enabled identification of trends in MIS
use for each hospital while maintaining the use of control limits
(Figure 5). The following observations were noted for feedback to
the regional hospitals: A number of hospital showed a decrease in
use of MIS to become low outliers (A and E); the majority of hospi-
tals observed an increase in use or maintained use above the national
average; 1 longstanding low outlier experienced a sharp increase to
no longer being an outlier (B).

Out of the 122 hospitals in England, 41 were observed to be
performing robotic surgery in patients with colon cancer, and 46
were observed to performing robotic surgery in patients with rectal
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Figure 2 Percentage of major resections performed using minimally invasive surgery (MIS) for patients with colon and rectal

cancer in YCR BCIP hospitals compared to the Danish benchmark.
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Figure 3 Percentage of minimally invasive surgery (MIS) performed using robotic surgery for patients with colon and rectal

cancer in YCR BCIP hospitals compared to the Danish benchmark.
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Table 1
Diagnosed Between 2007 and 2021

Characteristics for Patients With Colon Cancer Undergoing Open, Laparoscopic and Robotic Surgery in England

Open Laparoscopic Robotic Total
N % N % N %

Total 84,669 98,513 1835 185,017
Age 18-59 13,935 16.5 15,625 15.9 402 21.9 29,962
60-69 21,864 258 28,338 288 576 314 50,778

70-79 28,957 342 34,640 35.2 619 337 64,216

>80 19,913 235 19,910 202 238 13.0 40,061

Sex Male 44,395 524 53171 54.0 1044 56.9 98,610
Female 40,274 476 45,342 46.0 791 43.1 86,407

IMD 1—Ieast deprived 17,636 208 22,093 208 372 20.3 40,101
2 19,043 22.5 22,808 22.5 381 20.8 42,232

3 17,566 208 20,569 20.9 379 20.7 38,514

4 15,939 18.8 18,101 184 372 20.3 34,412

5—most deprived 14,485 17.1 14,942 15.2 331 18.0 29,758
CCl score 0 61,605 72.8 76,814 78.0 1526 832 139,945
1 14,384 17.0 14,014 14.2 211 11.5 28,609

2 5061 6.0 4670 47 53 2.9 9784

>3 3619 43 3015 3.1 45 25 6679

Stage 1 9235 10.9 18,915 192 379 20.7 28,529
2 31,658 374 36,785 37.3 566 308 69,009

3 28,999 34.3 31,967 325 648 35.3 61,614

4 9494 11.2 6049 6.1 108 59 15,651

Unknown 5283 6.2 4797 49 134 7.3 10,214

Study period 2007-2011 42,482 502 22,507 229 63 34 65,052
2012-2016 26,794 31.7 36,927 37.5 306 16.7 64,027

2017-2021 15,393 182 39,079 397 1466 79.9 55,938
YCR BCIP region No 74,750 88.3 88,787 90.1 1653 90.1 165,190
Yes 9919 11.7 9726 9.9 182 9.9 19,827

cancer. The highest percentage of MIS performed using robotic
surgery in hospitals was 28.5% in colon cancer and 75.9% in rectal
cancer (Supplemental Figure S1). Out of the 14 YCR BCIP hospi-
tals, 4 hospitals were observed to be performing robotic surgery for
colon cancer, and 5 hospitals were observed to be performing robotic
surgery for rectal cancer.

Discussion

This study has shown a steady increase in the use of MIS for
colorectal cancer patients undergoing an elective major resection in
England, but with substantial variation across providers. Differences
in the rate of uptake of MIS within England may be attributed to
interpretation of national guidelines, the provision of surgical train-
ing and the availability of capital investment for relevant equipment.
The national training plan (Programme for Laparoscopic Colorectal
Cancer Surgery, LAPCO) was run at 11 national centres from 2006
to 2013,'® providing one-to-one training by laparoscopic experts.
The LAPCO Training the Trainer (LAPCO-TT) commenced in
2010 to improve the effectiveness of clinical training.'” The number
of surgeons attending these over the course of the study period and
obtaining the necessary skills to provide laparoscopic surgery, will
have impacted greatly on the uptake of MIS rates observed here.
NICE guidelines will have influenced the uptake of MIS, and the
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need for a national training plan. Prior to the period covered by
this study, guidelines in 2000 stated that open surgery should be
the preferred procedure.”’ The guidelines were updated in 2006 to
recommend laparoscopic surgery as an alternative to open resection
for some patients by suitably trained surgeons and by those perform-
ing the procedure often enough to maintain competence.

Given the improvement in outcomes reported in Denmark,'»**
a strategic approach of YCR BCIP was to compare management of
Yorkshire’s colorectal cancer population and benchmark that with
those in Denmark. This study has shown MIS in Yorkshire now
appears to be representative of MIS in England. However, by 2021,
80% of patients were receiving MIS in every England, still behind
the Danish benchmark figure of greater than 90%. While Denmark
did not employ a formal national laparoscopic-only training plan,
several surgeons from 3 Danish regions attended individual and
supervision by international experts in the UK. Subsequent train-
ing of surgeons was then conducted in Denmark. Danish guide-
lines initially issued the same conservative approach to the intro-
duction of laparoscopic surgery; guidelines in 2009 recommend it
should only be performed by surgeons with sufficient experience
and volume. However, in 2014, laparoscopic surgery was recom-
mended as the standard treatment for nonadvanced colon cancer
and recommend for nonadvanced rectal cancer.”> The DCCG have
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Table 2  Characteristics for Patients With Rectal Cancer Undergoing Open, Laparoscopic and Robotic Surgery in England
Diagnosed Between 2007 and 2021
Open Laparoscopic Robotic Total
N % N % N %

Total 34,560 32,317 2013 68,890
Age 18-59 8227 238 7839 24.3 528 262 16,594
60-69 11,263 326 10,541 326 698 347 22,502
70-79 10,811 31.3 10,092 312 601 29.9 21504

>80 4259 123 3845 11.9 186 92 8290
Sex Male 22818 66.0 20,772 64.3 1355 67.3 44,945
Female 11,742 340 11,545 35.7 658 327 23,945
IMD 1—least deprived 7248 21.0 6966 216 493 245 14,707
2 7901 229 7386 229 424 21.1 15,711
3 7221 209 7000 21.7 402 200 14,623
4 6565 19.0 5918 183 356 17.7 12,839
5—most deprived 5625 16.3 5047 156 338 16.8 11,010
CCl score 0 29,641 858 28,044 86.8 1764 876 59,449
1 3482 10.1 2998 9.3 184 91 6664

2 926 27 825 26 43 2.1 1794

>3 511 15 450 14 22 1.1 983

Stage 1 7285 21.1 8276 25.6 550 27.3 16,111
2 8310 24.1 7815 242 445 22.1 16,570
3 12,646 36.6 12,585 389 839 417 26,070

4 2102 6.1 1524 47 83 41 3709

Unknown 4217 122 2117 6.6 % 48 6430
Study period 2007-2011 18,172 526 7391 229 64 32 25,627
2012-2016 11,151 323 12,897 399 537 26.7 24,585
2017-2021 5237 152 12,029 372 1412 70.1 18,678
YCR BCIP region No 30,302 8r.7 28,759 89.0 1,822 90.5 60,883
Yes 4258 12.3 3558 11.0 191 95 8007

also monitored the approach to surgery across the 5 Danish regions.
Similar to England, annual reports observed regional differences in
MIS uptake. This was most prominent in patients with colon cancer,
in which 1 region had a much lower rate of MIS (50%) compared
to other regions (range 75%-98%) in 2016."

For interrogating data at set periods of time, the funnel plot
methodology used in this study identified a number of poten-
tial outliers for use of laparoscopic surgery. However, we wished
to identify trends for all hospitals (MDTs) within the YCRBCIP
region, so extended the methodology to create "tunnel plots." This
has the benefit of being a simple graphical presentation compar-
ing patterns across multiple time periods, and helped show how
hospitals are performing over that time. The data relating to MIS
were presented and discussed with regional MDTs at programme
events, annual reports and through individual meetings between
the programme’s surgical lead and a MDT representative as part
of a wider data feedback schedule. While it was acknowledged
that our analyses could not account for the all the differences
experienced across the regional population, we aimed to identify
potential sources of variation. Following feedback, a number of
reasons for low rate of MIS were given: too few adequately trained
surgeons, time pressures on available operating sessions (i.e. quicker

to perform open surgery), patient selection in need of refinement
and issues with regard to provision of modern laparoscopic equip-
ment. Conversely, sharp upturns in rates of MIS coincided with
recent appointments of laparoscopically trained surgeons. Following
the start of the programme and regular feedback of data to surgical
teams, the number of outlying hospitals in the region has reduced.
Further work and monitoring will be needed to assess any potential
influence the programme has had on MIS uptake in the region. This
will also need to consider the impact of the COVID-19 pandemic
and the debate around the safety of aerosol generating procedure
and increased risk of viral transmission in healthcare workers.”* The
proportion of resections performed laparoscopically in England fell
to 25% in the first wave of the pandemic under guideline issued at
the time.”

In 2020, NICE guidelines included recommendations that
robotic surgery in England should only be considered within estab-
lished programmes that have appropriate audited outcomes. This
was based on the reasoning that while clinical evidence suggested
that there was no difference in effectiveness between laparoscopic
and robotic techniques, robotic surgery was not found to be cost-
effective at this time. This may impact on the uptake of robotic

surgery equipment and training, as surgical departments not already
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Figure 4 = Funnel plots for adjusted minimally invasive surgery (MIS) percentage for patients with colorectal cancer in the English

NHS.

® YCR BCIP hospitals
100+ Other English hospitals

80

60

40

20

100+

~
~
80 ~ ..\".\‘

T T T T
0 200 400 600 800

60 - ° e

T T T T T T
1000 1200 1400 1600 1800 2000

20

Risk-adjusted MIS %

40 ey e ee — — F

100+ ~

80

T T T T
0 200 400 600 800

T T T T T T
1000 1200 1400 1600 1800 2000

2017 - 2021

60 ¢
40

20

T T T T
0 200 400 600 800

T T T T T T
1000 1200 1400 1600 1800 2000

Total major resections performed

in possession of such equipment may have delayed investment until
more evidence on its cost-effectiveness was gathered. A few years
earlier, but with a similar conclusion, the DCCG formulated provi-
sional guidelines in 2014 on robotic surgery for rectal cancer, stating
that robot-assisted rectal surgery is equivalent to similar laparo-
scopic procedures in terms on short-term outcomes, with ongoing
auditing and evaluation of short-term and long-term outcomes.
While several studies from countries across the world have
concluded robotic surgery for colorectal cancer resections is safe and
outcomes are as at least equivalent of laparoscopic techniques, larger
studies are needed to confirm its cost-effectiveness and long-term
outcomes.”*%’

Both regional and national variation in the uptake of robotic
surgery may be driven by access to appropriate training programs.
Around the time of this study, these have been predominantly
provided by industry with the exception of a few and calls for a train-
the-trainer curriculum were identified.”® The successful introduc-
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tion of robotic surgery may also depend upon sufficient support at a
hospital and operation level, through provision of adequate funding,
operating time and staffing.’’

There are some limitations to this study that need to be consid-
ered when interpreting the results. Coding for MIS procedures in
the hospital admission data used in the study was only introduced
in 2006, so although rates are likely to be low for these years, it was
not possible to confirm this. The years included rely on accurate
data submission for MIS procedures and it is not possible to assess
any changes in coding accuracy over that time. Several trials have
reported noninferiority of single-port laparoscopic surgery when
compared to multiport laparoscopic surgery in selected patients with

colorectal cancer.???*

However, a further limitation of the coding
meant that we could not investigate if there had been any uptake
in single-port laparoscopic surgery. While use of the RCRD dataset
provides more timely analysis of cancer data and enabled us to calcu-

late rates of MIS more relevant to discussion with MD'Ts, this comes
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Figure 5 Tunnel plots for adjusted minimally invasive surgery (MIS) percentage for patients with colorectal cancer diagnosed

between 2007 and 2021 at each hospital (A-P) in the Yorkshire (YCR BCIP) region.
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at a cost in data quality. When compared to diagnoses used for the
gold-standard cancer registry, the RCRD had a false negative rate
of near to 10% and a false positive rate < 5%.°> Completeness of
tumour staging is also lower in the RCRD than in the cancer registry
(22% v 9% unknown stage), but agreement of those who are staged
is 85%-93%. While only 1 year on overlap was available for our
study, the annual MIS rate in the RCRD was slightly higher (1.3%)
than in the NCRAS dataset.

A direct comparison on the patient characteristics between
England, Yorkshire and Denmark, would give more insight into the
populations undergoing MIS and whether the higher rates observed
in Denmark could be attributed to a greater suitability of those
selected for MIS. Previous studies have shown similarities between
the basic patient characteristics, disease burden and life expectan-

cies, 038

but it should be noted that both per capita healthcare
spending and the relative number of doctors and nurses per person
are both higher in Denmark than the UK.’

This study has found wide variation in the use of MIS exists in
the English NHS and a data-driven approach has helped identify
outlying hospitals (MDTs) for a regional improvement programme,
and further monitoring of the results presented here over the follow-
ing years will help to assess the impact of the programme. Address-
ing some of the challenges behind the provision of MIS, such as
ensuring adequate provision of surgical training, and provision of
modern state-of-the-art equipment, could help increase the number
of suitable patients selected for elective MIS and the associated

benefit of improved postoperative recovery.

Clinical Practice Points

* Minimally invasive surgery for colorectal cancer is as effective as
open surgery but has the potential to improve recovery time, but
its uptake varies between countries.

* We found uptake of laparoscopic and robotic surgery in England
was slower than that in Denmark and found significant variation
in rates of minimally invasive surgery at the hospital level.

* The reasons identified for low uptake of minimally invasive
surgery included too few adequately trained surgeons and lack of
modern laparoscopic equipment.

* Through a quality improvement programme we have demon-
strated a reproducible methodology to identify outlying hospitals
and the areas to focus on for improving provision of minimally
invasive surgery.
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Supplementary Material

Supplementary Table S1  Percentage of resection preformed using open, laparoscopic and robotic surgery in YCR BCIP and

England for patients with colorectal cancer diagnosed hetween 2007 and 2021.

Colon Rectal
Open Laparoscopic Robotic Open Laparoscopic Robotic

YCRBCIP 2007-2011 66.9 33.0 0.2 69.0 304 06

2012-2016 492 50.2 06 514 461 25

2017-2021 309 66.9 21 327 62.6 47
England 2007-2011 65.1 348 0.1 712 28.6 0.2

2012-2016 M0 58.6 05 445 533 21

2017-2021 271 702 2.7 275 64.6 79
Difference 2007-2011 +1.7 -1.8 +0.1 -2.2 +1.8 +0.4

2012-2016 +8.2 -8.4 +0.2 +6.9 -7.3 +0.4

2017-2021 +3.8 -3.3 -05 +5.2 -2.0 -3.2

Supplementary Figure S1 Hospital variation in percentage of minimally invasive surgery performed robotically in patients with

colorectal cancer diagnosed between 2017 and 2021. Hospitals within the YCR BCIP region and
performing robotic surgery are labelled A to P.
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