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Abstract

Background Understanding the variation in perioperative care across a population is fundamental to improving the
management and outcomes of patients with colorectal cancer. Currently, there is limited individual patient level data
available to assess this variation. Therefore, as part of an improvement programme, we conducted an audit to understand
perioperative care.

Methods Audit items were developed to cover the pre, intra and postoperative phases of the colorectal cancer surgical
pathway and collected for patients undergoing an elective procedure. The audit was conducted at 14 Hospital Trusts,
participating in the Yorkshire Cancer Research Bowel Cancer Improvement Programme, located in the Yorkshire and
Humber region, North of England.

Results Information on 216 patients were collected. Functional assessment by Cardiopulmonary Exercise Testing varied
across the region (performed in 100% patients at three Trusts, but not at all in six Trusts, P < 0.001). The provision of
postoperative high dependency and critical care also varied across the region (in seven Trusts > 80% of patients went
to a monitored bed or higher level of care; in three Trusts =90% of patients received ward care, P < 0.001). The median
duration of preoperative starvation varied by Trust (2 to 13 h, P < 0.001). The intraoperative dose of opiate administered
to patients varied significantly between Trusts (P <0.001).

Conclusions There is wide variation in both the provision and practice of perioperative care across a large region in
the North of England. The findings are informing a programme of improvement science-based work to improve the
management and outcomes of patients with colorectal cancer.
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1 Background

The objective of the Yorkshire Cancer Research funded Bowel Cancer Improvement Programme (YCR BCIP) is to improve
survival from colorectal cancer across the Yorkshire and Humber in the north-east of England [1]. Outcomes from
colorectal cancer in the region are comparable to those for the rest of the United Kingdom (UK) but not as good as
elsewhere in Europe [2]. For example, 5-year net survival for colon cancer was lower in the UK (46%) than Denmark
(64%), Norway (60%) and Ireland (51%) for the period 2010 to 2014 [3]. The region has a population of 5.7 million and
14 National Health Service (NHS) hospitals that deliver care for patients with colorectal cancer. The YCR BCIP program
works to both support individual clinician practice and optimise local clinical systems.

Given that major surgical resection is the mainstay of treatment for patients with colorectal cancer, the perioperative
care provided by hospitals may prove a key factor in patient outcomes. While a range of UK and international perioperative
guideline exist, such as, those from the Centre for Perioperative Care (CPOC) [4], the Royal College of Anaesthetists (RCA)
[5] and the Enhanced Recovery After Surgery (ERAS) Society [6], adherence to these within UK colorectal cancer services
is not widely known. Adherence to perioperative protocols has been associated with improved postoperative outcomes
following colorectal cancer surgery. Adherence to a standardised multimodal ERAS protocol significantly reduced
postoperative 30-day morbidity, length of stay prolonging symptoms and some surgical complications [7]. A meta-
analysis of randomised controlled studies in laparoscopic colorectal surgery found a significantly reduced postoperative
length of hospital stay and complication rate with ERAS [8]. Additionally, non-adherence to ERAS following colon surgery
was shown to be significantly associated with an increase in postoperative morbidity [9].

As in any healthcare system, the hospital Trusts and cancer multidisciplinary teams (MDTs) across Yorkshire vary in their
size and the details of the patient pathway. The programme is, therefore, taking an approach based on improvement
science through identifying local barriers and facilitators and supporting change through multilevel, multimodal and
tailored implementation plans. A sprint audit provides rapidly available information designed to give a snapshot of
services. The work described here was a sprint audit undertaken to understand perioperative care across the region,
document variations in care and identify areas where practice can be harmonised or improved. Design of the audit
was done through collaboration of surgical and anaesthetic colleagues to ensure the broad spectrum of key aspects in
perioperative care was covered. Audit items covered the pre, intra and postoperative phases of the surgical pathway. We
also collected routinely recorded data to understand the profile of the surgical population and the burden of adverse
outcomes.

Table 1 Patient characteristics

‘ Characteristic Category N % or IQR Trust difference
of the study population p-value?
Total cases 216
Age Median (IQR) 70.0 63.0-74.0 0.206
BMI Median (IQR) 27.7 24.3-32.0 0.720
ASA Grade lor2 136 63.0 0.311
3or4 77 35.6
Unknown 3 14
Frailty (CFS) Very Fit to Managing Well 166 76.9 0.037
Vulnerable 15 6.9
Mildly frail to Severely Frail 9 4.2
Unknown 26 12.0
Comorbidity Present 131 60.7 <0.001
None 83 38.4
Unknown 2 0.9
Modifiable Risk Factors None 76 35.2 <0.001
1 61 28.2
>2 77 357
Unknown 2 0.9

2 P-values from Fisher’s exact test or non-parametric test on the equality of medians
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Table 2 Results for selected
pathway items

Item Category N % or IQR Trust difference
p-value®
Preoperative pathway
Functional assessment Assessment performed 102 47.2 <0.001
No assessment 85 394
Not required or unknown 29 134
Bowel prep given Yes 112 51.8 <0.001
No 100 46.3
Unknown 4 1.9
Planned destination ICU, HDU or Level 1/POSU 108 50.0 <0.001
Monitored bed or Ward 106 49.1
Unknown 2 0.9
Preop starvation (hours) Median (IQR) 4.5 3.0-6.0 <0.001
Intraoperative pathway
Duration of surgery (hours) Median (IQR) 35 2.8-4.8 <0.001
Intraoperative Management Colorectal anaesthetist 126 58.3 <0.001
Other 87 40.3
Unknown 3 14
General anaesthetic Volatile 131 60.7 <0.001
TIVA 83 384
Unknown 2 0.9
Equivalent IV morphine dose (mg)  Median (IQR) 10.0 0.0-14.0 <0.001
Postoperative pathway
Length of stay (days) Median (IQR) 7.0 4.0-10.0 0.023
Postoperative complication Yes 98 454 0.021
No 116 53.7
Unknown 2 0.9
Acute pain team Yes 920 41.7 <0.001
No 123 56.9
Unknown 3 14
ERAS nurse at destination No 143 66.2 <0.001
Yes 62 28.7
Unknown 1 5.1

2 P-values from Fisher’s exact test or non-parametric test on the equality of medians

This work is intended to identify priorities for YCR BCIP and to provide a benchmark against which to evaluate changes
in practice of perioperative care for patients with colorectal cancer. The audit was conducted during the COVID- 19
pandemic, but data were collected between waves of the pandemic and are likely to reflect usual practice.

2 Methods

2.1 Study population

The study population consisted of patients attending for surgery for colorectal cancer at any of the 14 Hospital Trusts
within the YCR BCIP region (Yorkshire and the Humber). Only patients undergoing an elective procedure for colorectal
cancer, with curative or palliative intent were included. Patients undergoing emergency surgery and those who had
previously undergone an operation for colorectal cancer were excluded. The number of elective patients undergoing
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Fig. 1 Bar charts (% of patients) and Tukey boxplots showing variation by Hospital Trust (A-P) in selected preoperative items for a type »
of functional assessment (CPEX =cardiopulmonary exercise Testing), b planned level of postoperative destination (ICU =intensive care
unit, HDU =high dependency unit, POSU = postoperative surgical unit), c) type of bowel preparation given and d) length of preoperative
starvation

a major resection for a first diagnosed colorectal cancer per month were estimated using cancer registry and hospital
admission data from the CORECT-R data repository [10]. Based on this, Trusts were grouped in small (< 8 cases per month),
medium (8 to 12 cases per month) and large (> 12 cases per month) and set a target to recruit 10, 15 or 20 consecutive
patients that matched the inclusion criteria respectively. This gave a total target of 205 cases.

2.2 Data collection

Audit items to be included for data collection were finalised through a YCR BCIP working group consisting of anaesthetists
and surgeons. Audit items covered the pre, intra and postoperative phases of the surgical pathway. To be included, an
item had to reflect a key aspect of perioperative care, be amenable to change, and ideally be the subject of national or
international recommendations to guide best practice [4-6]. A pilot audit using an early draft of the data collection tool
was conducted in three hospitals. The tool was then refined to avoid ambiguity and guidance was written to support the
data collection process. The final 44 item data collection form was developed to facilitate substantial data retrieval while
taking into consideration the clinical time pressures of the teams involved. The audit tool was distributed to the colorectal
cancer MDT in each hospital and colleagues were identified to support the collection of anaesthetic and surgical data.
Data were collected via paper form (Supplementary Methods) between May 2021 and February 2022 and the 44 non-
identifiable items were submitted to a central online collection tool omitting any patient identifiers (onlinesurverys.ac.uk).

2.3 Variables studied

The full collection tool and audit response options can be found in the Supplementary Information. Variables describ-
ing patient characteristics included age at operation, body mass index (BMI), American Society of Anesthesiologists
Physical Status Classification (ASA Grade), co-existing cardiac disease, respiratory disease and renal impairment. Frailty
was assessed using the Clinical Frailty Scale [11]. The presence of the following potentially modifiable risk factors was
recorded: alcohol consumption, current smoking, diet, anaemia and low levels of activity.

Preoperative variables included type of preassessment, use of Cardiopulmonary Exercise Testing (CPEX/CPET) func-
tional assessment, preoperative starvation time and type of bowel prep given prior to surgery. The risk of surgery was
assessed by the anaesthetist and surgeon, and on the basis of the functional assessment. High-risk was defined as pre-
dicted hospital mortality > 5% following the assessment.

Intraoperative variables included whether management was done by a consultant anaesthetist with a regular practice
in colorectal cancer or not, duration of surgery, whether an unplanned transfusion took place, management with goal
directed fluid therapy, and use of beat-to-beat blood pressure monitoring, cardiac output or stroke volume variability
monitoring, siting of a central venous catheter and general anaesthetic, regional/neuraxial anaesthesia and system
analgesia. Use of an opioid sparing anaesthetic was defined as the use of nonopioid adjuvant medication and regional
anaesthesia, including peripheral and neuraxial nerve blocks as a perioperative strategy to decease opioid use [12]. The
type and dose of opiates given during surgery was recorded and converted to morphine equivalents for analysis [13].

Postoperative variables included use of multimodal postoperative analgesia, if the patient was seen by a member of
the acute pain team and if an ERAS nurse was involvement in postoperative care/present at postoperative destination.
Markers of postoperative outcomes included total length of stay in hospital, whether there was a surgical site infec-
tion, acute kidney injury (classified using the 2012 KDIGO criteria [14], postoperative complications (classified using the
Clavien-Dindo scale [15]), an unplanned return to theatre and discharge destination.

2.4 Statistics
We mainly used descriptive analyses using proportions, medians and interquartile range (IQR) to assess the variation

between Trusts for each item collected. Differences in patient characteristics and differences in practice between Trusts
were tested using Fisher’s exact test or using a non-parametric test on the equality of medians. A non-parametric test on
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Fig.2 Bar charts (% of patients) and Tukey boxplots showing variation by Hospital Trust (A-P) in selected intraoperative items for a intraoperative
management, b surgical approach, c general anaesthetic given (TIVA =total intravenous anaesthesia), and d equivalent intravenous (IV) dose given
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the equality of median was used to test association between morphine equivalent dose and opiate sparing technique.
Missing or unknown categories were excluded from the statistical tests. A p-value of <0.05 was considered statistically
significant. All analyses were performed using Stata (16.1, StataCorp LLC, College Station, TX).

3 Results
3.1 Patient characteristics

All 14 Trusts (4 small, 7 medium and 3 large) invited to participate submitted cases to the study. The total number of
cases submitted was 216. Between Trusts, there was no significant difference in age (median 70.0 years, IQR=11.0, P=
0.206), BMI (median 27.7 kg m~2, IQR=7.7 P=0.720), ASA grade (P =0.311) and planned surgery (P =0.264). Only 4%
of patients were reported to be at least mildly frail (CFS =5) (Table 1, Supplementary Figure S1). The most frequently
reported potentially modifiable risk factor was anaemia (21% of patients) and there was evidence of a significant differ-
ence in the number of modifiable risk factors between Trusts (P =0.003).

3.2 Preoperative Assessment

A functional assessment was performed on 102 (47%) patients and this significantly varied across Trusts (P < 0.001,
Table 2). CPEX testing was performed in 100% patients at three Trusts but not at all in 6 of the Trusts (Fig. 1). Although
21 patients were aged 80 years or older, no assessments by elderly care were performed (Supplementary Table S1).

One hundred (46%) of patients had no preoperative bowel preparation and this varied significantly across Trusts
(P <0.001, Table 2), 33% underwent oral bowel prep and 19% received an enema (Fig. 1, Supplementary Table S1).

The planned destination after surgery varied significantly by Trust, with some exclusively planning to use HDU
and others exclusively a ward (P <0.001, Table 2, Fig. 1). The median duration of preoperative starvation varied sig-
nificantly by Trust from 2 to 13 h (P <0.001, Table 2, Fig. 1). Overall, 52 (8%) patients were assessed as being high risk
status in either the surgeon or anaesthetic assessment.

3.3 Intraoperative items

Management by a colorectal anaesthetist was done in 126 (58%) of patients overall and varied significantly by Trust
from 5 to 88% (P <0.001, Table 2, Fig. 2).

Volatile general anaesthetics were used in the 131 (61%) of patients compared to TIVA in 83 (38%), and significantly
varied by Trust (P <0.001, Table 2, Fig. 2). Spinal anaesthesia was used in 140 (65%) of all patients overall, and in 100%
of patients at two Trusts. Epidurals (15%), TAP blocks (14%) and rectus sheath blocks (11%) were used more sparingly
but were used at least 50% of the time in some Trusts (Supplementary Table S2).

An opiate sparing anaesthetic technique was said to be used in three quarters of patients (Supplementary Table S2).
However, there was no difference in the morphine equivalent dose between the patients recorded as having an opiate
sparing technique used (median =10.0, IQR =0-13.2) or not used (median, 10.0, IQR =4.0-15.0), p = 0.408. The total
intraoperative dose of opiate, in morphine equivalents, varied significantly between Trusts (P <0.001, Table 2, Fig. 2).

Overall, 184 (85%) patients were given paracetamol in the intraoperative period, and it was used at least 50% of
the time in all Trusts (Supplementary Table 2, Supplementary Fig. 2). The use of other non-opiate analgesics was more
variable. Magnesium and ketamine were each used in approximately a quarter of patients, clonidine and intravenous
lidocaine were used in less than 10% of patients.

3.4 Postoperative items

The median length of stay ranged from 4 to 10 days across Trusts (P =0.023, Table 2, Fig. 3). A total of 98 (45%) patients
experienced a postoperative complication of Grade | or higher (Table 2, Fig. 3), however only 6 (3%) patients required
a return to theatre (Supplementary Figure S3.).

No patients at two of the Trusts were seen by an acute pain team, but at least 80% of patients were seen by a
team in three of the Trusts (P < 0.001, Supplementary Table S3 and Figure S3). An ERAS nurse was not in place at the
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Fig.3 Bar charts (% of patients) and Tukey boxplots showing variation by Hospital Trust (A-P) in postoperative items for a length of patient »
stay after surgery, b postoperative complications, c if the patient was seen by an acute pain team, and d) if an enhanced recovery after
surgery (ERAS) nurse was present at the postoperative destination

postoperative destination for all patients in 7 of the Trusts but was in place for most patients at 3 of the Trusts (P
<0.001, Table 2, Fig. 3).

4 Discussion

This study demonstrated wide variation in both the provision and practice of perioperative care across a large region
in the North of England with a population of over 5.5 million people. The work was conducted in the context of a
large programme of research aimed at improving the care and outcomes from colorectal cancer patients across the
Yorkshire region. With this in view, the results were used to identify opportunities to improve perioperative care and
surgical outcomes. This discussion focuses on those areas with the most immediate potential for change that will
improve both the patient experience and outcomes from colorectal cancer. These include provision of functional
testing, provision of high dependency and critical care, a reduction in preoperative starvation times, adherence to
bowel preparation guidelines and opioid prescribing practice.

The provision of functional assessment to identify and optimise treatment of higher risk patients was variable
across the region. Reduced functional capacity is associated with an increased risk of perioperative complications
[16]. The UK CPOC guidelines recommend that all patients being considered for surgery should be screened for
reduced functional capacity and those with reduced capacity on screening should undergo objective assessment
with cardiopulmonary exercise testing or a similar test [17]. The provision of preoperative CPEX and similar testing
was highly variable. Three hospitals undertook CPEX testing on all patients, six offered objective functional testing
to very few or none of the patients in the current survey. Formal testing of all patients may not be necessary, but our
data suggest that there is under provision or underuse of preoperative functional capacity assessment in region.

Current guidelines recommend that all patients being considered for surgery should undergo an individualised
risk assessment. Those with a greater than 1% risk of postoperative mortality should be considered for enhanced
postoperative care and those with a greater than 5% risk should be considered for postoperative critical care admis-
sion [4]. The provision of postoperative high dependency and critical care was highly variable. In seven hospitals
80% or more of patients went to a monitored bed or high level of care. In three hospitals 90% or more of patients
received ward care. At a system and hospital level, systematic provision of higher levels of postoperative care (e.g.
high dependency) for high-risk patients is needed. The provision of critical and high-acuity care beds in the UK'is
significantly less than many other developed countries. For example, in 2018 it was reported that the estimated per
capita high-acuity bed capacities per 100,000 population were 1.2, 3.8, and 6.4 in the UK, Australia, and NZ, respec-
tively [18]. It is now recognised that older patients being considered for surgery, and particularly those that are frail,
benefit from specialist multidisciplinary care [19]. However, our data indicate that there is very limited specific provi-
sion for the assessment and management of the older patient being considered for colorectal surgery. Our group has
demonstrated that fewer elderly patients receive surgery for colorectal cancer than that in Denmark [20]. The reasons
for this are the subject of further ongoing work. As the population ages this issue will become steadily more pressing.

The evidence of both discomfort and harm from long-periods of deprivation of food and fluids before surgery is
well documented. Initiatives reduce preoperative starvation have had limited success. This is significant part due to
the constraints of ensuring the best use of operating theatres in an environment where resources are constrained,
and the order of the operating list may have to be changed at short notice [21]. Anecdotally, in the current study
patients who were planned to have the most major operations were more likely to undergo prolonged starvation
because the start of surgery was deferred until an intensive care or high-dependency bed was confirmed to be avail-
able. The challenge of prolonged preoperative starvation and our changing understanding of the risks of aspiration
of gastric contents has led to the development of “Sip til send” policies for patients undergoing fractured hip surgery
[22]. This approach, whereby the patient can take measured amounts of water by mouth until the time they go to the
operating theatre, is gradually being expanded to other types of surgery. It has the potential to significantly reduce
starvation times for colorectal surgery patients across Yorkshire.
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There was slight variability in preoperative bowel preparation protocols. The Association of Coloproctology issued
guidance in 2017 stating that mechanical bowel preparation is not routinely recommended for colonic resection
[23]. It may, however, be considered in restorative rectal cancer surgery. In our cohort, one Trust stood out as giving
all resectional patients mechanical bowel preparation. This may be considered out of line with national practice. In
the majority, the use of mechanical bowel preparation was reserved for rectal cancer surgery. Most administered a
pre-operative phosphate enema for left sided resections, however, one Trust was noted to not give any pre-operative
bowel preparation to their patients.

On the one hand opioids are invaluable both for providing strong analgesia as part of balanced anaesthesia in
many settings and for postoperative pain relief; on the other the adverse effects of opioids (e.g. nausea, vomiting,
sedation, ileus) may significantly slow recovery. Should opioids need to be continued into the postoperative period
and beyond to discharge they can be associated with significant patient harm (dependency and addiction) and
increased mortality, especially if patient becomes established on ongoing treatment with a modified release opioid
[24, 25]. The ERAS guidelines advocate the use of multimodal opioid sparing analgesia, combining the use of several
non-opioid analgesic treatments to reduce both the intraoperative and postoperative use of opioids [6]. Whilst an
opioid sparing anaesthetic technique was said to be have been used in 75% of patients in this study, in practice the
dose of opioids administered was variable. The widespread use of paracetamol and spinal analgesia was encouraging
but the use of other opiate sparing drugs was limited. The use of a formal protocol for postoperative analgesia and
access to an acute pain team in the postoperative period was variable and likely increased the probability of patients
being discharged home with a new prescription for opioid drugs.

A limitation of this study is the relatively small sample size from each Hospital Trust. A larger sample size would
have allowed significance testing between process and outcomes. However, the primary aim of the study was to
assess variation across hospitals and the target recruitment numbers were based on a pragmatic decision covering
hospital size and the capacity to collect data while performing usual clinical duties.

This study demonstrates several areas where there is potential for quality improvement initiatives to improve
patient experience, outcomes, and survival from colorectal cancer within Yorkshire and, by extrapolation, across
the UK. The YCR BCIP programme aims to support and bring about changes to practice at the individual patient and
practitioner level. Examples of these include a local expert group on opioid prescribing has been established and
is developing a toolkit of quality indicators to underpin change in opioid prescribing practice. A similar approach is
likely to be applicable to reducing preoperative starvation and the rational use of mechanical bowel preparation. The
provision of targeted multidisciplinary care for older surgical patients would likely improve outcomes in the region.
Within YCR BCIP work is in progress to examine the impact of frailty on the progress of patients down the treatment
pathway from diagnosis to both medical and surgical treatment. In parallel to this, is work to improve processes
within individual Trusts, to improve screening for frailty early in the patient pathway.

In summary, this study of the perioperative care of patients with colorectal cancer in Yorkshire and the Humber has
yielded valuable information about the provision of surgical care at both the system and the individual patient level
applicable within the region and likely beyond. The findings are informing a programme of improvement science-
based work to improve the management and outcomes of patients with colorectal cancer.
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