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Abstract

This thesis investigates the implementation and use of the pomVLAD dashboard
within the Perioperative Quality Improvement Programme (PQIP) to report near
real-time, risk-adjusted postoperative morbidity outcomes and perioperative care
recommendations in NHS hospitals. The aim was to determine whether this
intervention improved clinical outcomes, enhanced adherence to care processes,

and engaged healthcare professionals in quality improvement (Ql) initiatives.

Quality in healthcare is a multifaceted concept, encompassing safety,
effectiveness, and patient-centred care. Large-scale Ql initiatives, such as PQIP,
aim to harness data-driven strategies to monitor and enhance perioperative care.
However, the complexity of healthcare delivery and the variability of local contexts

present challenges to the effective use of such interventions.

A bespoke risk-adjustment model for morbidity at postoperative day-7 was
developed and validated, demonstrating superior performance compared to
existing models. This model was integrated into the pomVLAD dashboard to
provide timely, visual feedback on clinical performance. Despite its potential, the
dashboard did not lead to significant reductions in postoperative morbidity or

improved compliance with care processes during a 12-month follow-up.

Engagement with the pomVLAD dashboard varied across sites. While staff valued
the dashboard’s visualisation of performance metrics and real-time data, its use
was often sporadic and secondary to other static quarterly reports. Facilitators of
engagement included local champions, structured QI processes, senior
management support, and alignment with national improvement priorities.
However, barriers such as limited capacity of clinical teams to respond to data,
competing clinical demands, and limited infrastructure for QI activities, and

organisational inertia hindered its widespread adoption.



This research highlights the importance of tailoring national QI interventions to local
contexts, fostering multidisciplinary collaboration, and providing adequate
resources for sustained improvement. Future work should explore strategies to
integrate data collection into routine care, develop customisable tools for local use,
and address systemic challenges to ensure meaningful and sustainable

improvements in patient outcomes.
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The findings from my thesis, which explored the implementation and effectiveness
of Variable Life Adjusted Displays (VLADSs) in monitoring postoperative outcomes,

offer potential benefits both within and beyond academia.

This work provides a detailed mixed methods evaluation of the role VLADs and
other continuous monitoring tools can play in healthcare, particularly highlighting
the challenges and limitations that exist when implemented into clinical practice.
The findings will help refine methodologies and our understanding how contextual

factors influence the successful implementation of such tools.

Beyond the academic environment, the knowledge gained has practical
applications both at the ‘macro’ system level and ‘'meso’ hospital level. The
qualitative workstream identified several factors acting as facilitators and barriers
to quality improvement activity based on data presented in continuous monitoring
tools. By addressing these, future implementations of continuous tools may obtain
more clinician engagement and lead to a greater improvement in patient care and

safety.
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tools. In an increasingly stretched healthcare system, the opportunity to implement
monitoring tools capable of detecting potential harm early, allowing rapid
intervention to improve outcomes, offers significant potential from a systemwide

quality and safety perspective.
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available to over 150 NHS hospitals participating in the Perioperative Quality
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Improvement Programme and will support clinicians to understand and improve the
quality of care their institutions deliver. Around 19,000 patients undergo major
colorectal surgery for cancer each year in the NHS. Reducing the incidence of
postoperative complications, even by a small proportion will have a significant

impact on healthcare costs and resource utilisation.
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Chapter 1 Introduction

1.1 Quality in healthcare

1.1.1 Defining quality

Quality in healthcare is a multidimensional concept incorporating the expectations
and needs of patients, providers, and the wider society. The Institute of Medicine in
the United States of America proposed six dimensions of quality in healthcare:
safety, effectiveness, patient-centeredness, timeliness, efficiency, and equity.! The
World Health Organisation (WHO) include these domains in their definition of care
quality with one additional domain; providing integrated care that makes available

the full range of health services throughout the life course.?3

In the UK, universal healthcare is provided through the National Health Service
(NHS), with independent bodies responsible for regulating health and social care.
In England, this is the Care Quality Commission (CQC), with the devolved nations
having their own care inspectorate services. The CQC consider five key questions,
which reflect dimensions of quality, when assessing care delivery: Are they safe?
Are they effective? Are the caring? Are they responsive to people’s needs? Are

they well-led?4

Safe healthcare services provide care whilst avoiding harm, minimising medical
errors, preventing hospital-acquired infections, and promoting a culture of safety
within institutions.? Effective care provides evidence-based care, aligned with
current scientific knowledge and clinical guidelines.> This leads to better health
outcomes by using treatments and interventions proven to work, while avoiding
unnecessary or potentially harmful treatments. People-centred care is respectful,
responsive, and individualised to patient needs, preferences, and values.®

Examples of patient-centred care include involving patients in decision making,
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providing clear communication, and ensuring patients feel supported and listened

to throughout their care journey.

Timely care reduces waiting times and delays to provide prompt access to
healthcare services. It can reduce complications, improve outcomes, and enhance
patient satisfaction. Efficient care maximises the use of resources to deliver high-
quality care at the lowest possible cost. This includes reducing waste, optimising
processes and the use of healthcare staff, facilities, and technology. Equitable care
is fair and does not discriminate based on characteristics such as age, disability,
race, gender or sexual orientation, socioeconomic status, or geographical location.
Equitable healthcare ensures all individuals have equal access to high-quality
services and experience similar outcomes, regardless of their background or

circumstances.®

1.1.2 Evaluating quality — The Donabedian framework

The Donabedian framework is a conceptual model for evaluating the quality of
healthcare delivery.®7 It incorporates three related components: structure, process,
and outcome. These components provide an approach for assessing and

understanding factors that influence healthcare quality.

Structure refers to the organisational and environmental aspects of healthcare
delivery, such as the hospital size, availability of resources, staffing levels and
training, and organisational policies that support healthcare delivery. Structural
factors influence quality by affecting the capacity of healthcare providers to deliver
effective services. For example, a well-equipped institution with highly trained staff
is more likely to provide high-quality care than an under-resourced one with less

qualified personnel.

Process refers to activities and procedures involved in delivering healthcare
services. This component includes clinical processes, such as investigations,

treatments, the use of protocolised care pathways, and preventive care, as well as
22



non-clinical processes, like communication, coordination, and patient education.
The process aspect of the Donabedian framework focuses on how care is provided
and whether it adheres to established standards, guidelines, and best practices.
High-quality processes are associated with better patient outcomes and are an

important part of effective healthcare delivery.

Outcome refers to the end results or consequences of healthcare services,
including changes in patients' health status, quality of life, and satisfaction with care.
Common outcome measures in healthcare include mortality rates, morbidity or
complication rates, readmission rates, and increasingly patient-reported outcomes.
The outcome component of the Donabedian framework helps evaluate the
effectiveness of healthcare delivery by assessing its impact on patients. High-
quality healthcare delivery should lead to better patient outcomes, such as

improved health, reduced complications, and higher levels of patient satisfaction.

1.1.3 Quality assurance

Quality assurance in healthcare refers to the systematic monitoring and evaluation
of healthcare services to ensure they meet established standards of quality and
safety. Quality assurance involves a range of activities, including the development
of standards and guidelines, such as those produced by the National Institute for
Health and Care Excellence (NICE).8 Where national or local guidelines are in place
for the investigation and management of certain conditions, performance of hospital

trusts can be measured against the guidelines.

National clinical audit is designed to engage healthcare professionals in systematic
evaluation of their clinical practice against standards and to encourage
improvement in the quality of care.® Over 20 national audit projects have been
established by the Healthcare Quality Improvement Partnership across a range of
specialties in the United Kingdom.'® Many of these projects are supported by the

Royal Colleges, such as the National Emergency Laparotomy Audit (NELA), which
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is delivered by the Health Services Research Centre, National Institute for
Academic Anaesthesia in association with the Royal College of Anaesthetists.
National audit projects use a range of data sources including administrative
datasets such as the NHS Digital Hospital Episode Statistics (HES) dataset and
prospectively collected clinical registries.’’-'3 National audits do not necessarily
lead to continuous quality improvement however. Concerns about the quality and
robustness of administrative data can reduce clinician engagement compared to

where clinical registries are used to support quality improvement.®14

Publication of national audit data allows healthcare providers to compare their
performance against that of other institutions and may promote accountability and
transparency within the healthcare system. This ‘benchmarking’ may help identify
variation in outcomes, facilitate knowledge sharing, and encourage improvement in
care delivery. However, where accepted standards are being met there may be less
incentive for clinicians, managers, and institutions to try and improve further. Public
reporting has also been cited as a barrier that may reduce clinician engagement.®
Involvement of clinicians relies on them having confidence in the results of national
audits and actively wanting to compare their results.’™ Quality assurance may be
considered a reactive approach that identifies deviation from the expected

standards and takes actions to address these deviations.

1.1.4 Quality improvement

Quality improvement in healthcare refers to the systematic and continuous efforts
aimed at enhancing the quality and safety of healthcare services, patient outcomes,
and overall patient experience.'® Improvement science, a multidisciplinary field that
emerged in the late 20th century, seeks to generate evidence-based knowledge to
drive effective quality improvement interventions and has since been adopted in

various healthcare settings, including perioperative medicine.!”:18
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The field of improvement science has its roots in the application of industrial quality
management principles, such as those by Edward Deming and Walter Shewhart,
to healthcare settings.'® The Institute of Medicine's report "To Erris Human" in 1999
highlighted the prevalence of medical errors and patient harm, emphasising the
urgent need for quality improvement in healthcare.?° This report served as a
catalyst for the growth of improvement science and its application to various

healthcare domains.

Improvement science seeks to understand how to promote the adoption of effective
practices, policies, and interventions in complex, real-world healthcare settings.?! It
employs a range of methodologies, including the Plan-Do-Study-Act (PDSA)
cycles, Lean Six Sigma, and the Model for Improvement, to facilitate the systematic
identification, testing, and implementation of change ideas that lead to better patient

care.2?

In perioperative medicine, the adoption of improvement science has led to
significant advancements in patient safety, clinical outcomes, and care efficiency.
For example, the Enhanced Recovery After Surgery (ERAS) protocols, which
integrate evidence-based best practices in perioperative care, have been shown to
reduce complications, shorten hospital stays, and improve patient satisfaction.?3
Improvement science has also informed the development of surgical safety
checklists, such as the World Health Organization's (WHQO) Surgical Safety
Checklist, which has been associated with substantial reductions in postoperative

complications and mortality.?4

Additionally, improvement science has played a crucial role in fostering a culture of
safety and learning in perioperative medicine. Initiatives like the National Surgical
Quality Improvement Program (NSQIP) and the Perioperative Quality Improvement
Programme (PQIP) have facilitated the collection, analysis, and reporting of

surgical outcome data, allowing healthcare providers to benchmark their
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performance, identify areas for improvement, and implement targeted

interventions.2526

1.2 The role of context in quality improvement

The terms macro, meso, and micro context are widely used in healthcare to
describe different levels of analysis within a system. These levels provide valuable
insights into the factors that influence care delivery, outcomes, and quality, ranging
from broader systemic factors to individual interactions. Understanding the interplay
between these contexts is essential for effective quality improvement in

perioperative care.

At the macro level, the focus is on the broader systems and structures that shape
healthcare. This includes national and international policies, regulations, healthcare
financing, public health initiatives, healthcare workforce trends, and social
determinants of health. The macro context significantly impacts healthcare access,
equity, and overall health outcomes.?” For example, a country's healthcare policies
and funding models play a crucial role in determining the availability and
affordability of services. Social determinants of health, such as socioeconomic
status and access to healthcare resources, contribute to disparities in perioperative
care.?8-30 Addressing these macro-level factors is vital to create an environment

that supports equitable and high-quality perioperative care.

At the meso level, the focus shifts to organisational and institutional factors that
directly influence care delivery and quality. Resource allocation, care coordination,
communication, and the implementation of evidence-based practices are key
meso-level considerations.3! Effective resource allocation ensures that necessary
resources, including staffing, equipment, and facilities, are appropriately allocated
to support perioperative care. The implementation of evidence-based protocols, like
Enhanced Recovery After Surgery (ERAS), has shown significant impact in

improving patient outcomes and enhancing care efficiency.3?2 Multidisciplinary
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collaboration within healthcare organisations plays a critical role in achieving quality
improvement. Communication tools such as surgical checklists have been shown
to improve outcomes after surgery.?43334 By supporting collaboration between
specialties and healthcare professionals, organisations can enhance care

coordination, optimise clinical pathways, and improve patient outcomes.

Establishing a culture of safety and continuous learning within organisations is
essential for successful quality improvement.®> This involves creating an
environment where all healthcare providers are encouraged to report errors, near
misses, and adverse events. Implementing robust reporting systems and safety
protocols, such as incident reporting mechanisms and surgical safety checklists,
can help identify areas for improvement and facilitate the implementation of
targeted interventions.?436 Additionally, institutions can foster a culture of
continuous learning by promoting regular training and education for healthcare
providers, encouraging participation in quality improvement initiatives, and actively

involving frontline staff in the decision-making processes.

The micro context refers to the individual interactions and relationships between
healthcare providers and patients. It encompasses clinical decision-making,
communication, patient education, and the use of technology in care delivery. At
the micro level, the interpersonal skills, empathy, and cultural competence of
healthcare providers are vital.3”:38 Effective communication and shared decision-
making promote patient engagement and positive perioperative outcomes.39:40
Strong communication skills are essential for healthcare providers to understand
patients' needs, preferences, and concerns, and to effectively convey information
about procedures, risks, and benefits.4! Patient education and involvement in care
decisions enhance patient satisfaction and adherence to treatment plans.4?> The
integration of technology such as electronic health records, telemedicine, and
remote monitoring tools into perioperative care can streamline processes, enhance
communication and documentation, and facilitate real-time access to patient
information.

27



1.3 The emergence of large-scale quality improvement programmes

1.3.1 American College of Surgeons - National Surgical Quality

Improvement Programme

The American College of Surgeons National Surgical Quality Improvement
Programme (ACS-NSQIP) was initially developed in the 1990s as the National
Veterans Affairs Surgical Quality Improvement Program to address concerns about
the quality of surgical care in the Veterans Affairs hospital system in the United
States.*3 After demonstrating significant improvements in surgical outcomes within
the Veterans Affairs system, the programme was expanded to the private sector in
2001, and in 2004, it became the ACS-NSQIP under the guidance of the American

College of Surgeons.*

Over the past two decades it has developed into a nationally validated, risk-
adjusted, outcomes-based programme that aims to improve the quality of surgical

care. The primary aims and objectives of the ACS-NSQIP include:

1. Data collection and risk adjustment through the collection of detailed,
high-quality clinical data on surgical patients, including preoperative risk
factors, intraoperative variables, and 30-day postoperative outcomes.*®
The programme utilises risk-adjustment models to allow for fair
comparisons among participating hospitals, accounting for differences
in patient populations and case complexity.

2. Benchmarking and performance feedback allowing them to benchmark
their outcomes against national averages and identify areas for
improvement.

3. Encourage quality improvement initiatives and support participating
hospitals in implementing targeted quality improvement initiatives,
based on their specific performance data and identified areas for

improvement.
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4. Improve collaboration and best practice sharing by fostering a
collaborative environment, promoting the sharing of best practices and
successful improvement strategies among participating hospitals, with

the aim of accelerating the adoption of evidence-based interventions.

Studies have shown significant reductions in morbidity and mortality rates among
hospitals participating in ACS-NSQIP.2546 Improvements in patient outcomes have

also led to substantial cost savings.?®

1.3.2 The Perioperative Quality Improvement Programme

The Perioperative Quality Improvement Programme (PQIP) is a large-scale,
national initiative launched by the National Institute of Academic Anaesthesia -
Health Services Research Centre (NIAA-HSRC), part of the Royal College of
Anaesthetists (RCoA), in the United Kingdom in December 2016. The primary aims
of PQIP are to improve patient outcomes and experiences following major elective
surgery by collecting and analysing high-quality data on perioperative care
processes and patient outcomes, enabling hospitals to understand their

performance and implement evidence-based improvements.26

Patients aged 18 and over, who are planned to undergo major elective surgery
under the care of selected surgical specialties (see Appendix A-1) are eligible for
recruitment to the PQIP study. Patients are required to provide informed consent to
be included in the study. The study is open to all NHS sites in England and Wales,
on an opt-in basis. During the setup phase for each site local investigators are
asked to confirm which surgical specialties they will recruit patients from. They are
also asked to confirm if they plan to recruit all eligible patients or a random selection

of patients based on an 8-day rolling recruitment cycle.

To support local quality improvement, a range of site-specific quarterly reports are
produced outlining specialty and institution level performance against a range of

perioperative process and outcome measures. National level reports are also

29



produced on an annual cycle to describe the wider perioperative landscape and to

support the setting of national improvement priorities.4”-50

The Perioperative Quality Improvement Programme has four main objectives:

1. Develop a comprehensive dataset that includes process and outcome
measures relevant to perioperative care, including information on patient
demographics, comorbidities, surgical procedures, anaesthetic
management, postoperative care, and patient-reported outcomes.

2. Facilitate local quality improvement by collecting and analysing data from
participating sites. Through the provision of individualised feedback to
hospitals support them to identify areas in need of improvement,
benchmark their performance against national averages, and develop
targeted quality improvement initiatives.

3. Conduct collaborative research and quality improvement by encouraging
participating hospitals to work together to generate new knowledge and
share best practices. This collaborative approach aims to accelerate the
implementation of evidence-based interventions and drive improvements in
perioperative care at a national level.

4. Inform health policy and commissioning through the generation of
robust evidence on the effectiveness of various perioperative
interventions and care pathways, which can inform health policy and
commissioning decisions. This evidence base can support the
development of national guidelines, standards, and quality indicators,
promoting consistency and excellence in perioperative care across the
UK. An example of this is the commissioning for quality and innovation
(CQUIN) for successful delivery of postoperative targets for patients

drinking, eating and mobilising within 24 hours of surgery.5'52

Following a second five-year funding agreement in 2021, the Perioperative Quality

Improvement Programme has continued to expand its scale and influence as a
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national quality improvement initiative. The fifth national PQIP report, published in
September 2024, reported participation from 173 NHS hospitals, representing a
marked increase from the approximately 70 hospitals that initially expressed
interest at the programme’s inception.%3 During this period, patient recruitment has
also grown significantly. By the time of the fifth cohort report, a total of 53,478
patients had consented to participate in the study. This increased recruitment has
enhanced the representativeness of the dataset, strengthening the generalisability

and reliability of PQIP’s as a source of national insight into perioperative care.

The expansion in both site and patient recruitment supports more comprehensive
comparison across NHS trusts and facilitates the identification of trends and
system-wide challenges. This breadth of data enables the generation of more
robust quality improvement initiatives and has supported the development of
evidence-informed national policy such as the Commisioning for Quality and
Innovation (CQUIN) introduced in 2022 promoting early drinking, eating and
mobilising (DrEaMing) after surgery.>* The continued scale-up of the programme
reflects an increasing recognition of the value of detailed, patient-level data in

supporting local and national improvement efforts

1.3.3 The National Emergency Laparotomy Audit

The National Emergency Laparotomy Audit (NELA) is a large-scale clinical audit in
the United Kingdom launched in 2013, aimed at evaluating and improving the care
provided to patients undergoing emergency laparotomy surgery. The audit is
funded by the Healthcare Quality Improvement Partnership and managed by the
RCoA and the NIAA-HSRC.

NELA aims to assess the quality of care provided to patients undergoing emergency
laparotomy surgery by collecting and analysing data on patient demographics,
surgical and anaesthetic processes, postoperative care, and clinical outcomes,

such as mortality and morbidity.'%55 By benchmarking hospital performance against
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national standards and guidelines, NELA seeks to identify areas where care can be
improved, thereby promoting a culture of continuous quality improvement. Through
provision of individualised feedback on hospital performance the audit facilitates
sharing of best practices among participating institutions. This feedback and
support enable hospitals to develop targeted quality improvement initiatives and
implement evidence-based interventions to improve patient care.'256-58 Several
improvements in patient care have been achieved through NELA. It has contributed
to a significant reduction in 30-day mortality for patients undergoing emergency
laparotomy surgery, from 11.8% in 2013 to 9.5% in 2019.%° The audit has also led
to increased adherence to evidence-based care processes, such as preoperative

risk assessment, timely surgical intervention, and appropriate postoperative care.>®

1.4 Outcome measures for monitoring healthcare quality

Outcome measures are crucial tools for assessing the quality-of-care delivered by
hospitals and clinical teams. Outcome measures commonly used to monitor the
quality of healthcare delivery include mortality rates, morbidity or complication

rates, and patient-reported outcome measures (PROMs).

Mortality rates are a widely used outcome measure, as they are objective and easily
quantifiable. However, they may not capture the full range of patient experiences,
particularly in the context of non-fatal complications or the impact of care on long-

term functional status.

The number of patients at high-risk of adverse postoperative outcomes has grown
substantially in recent years: this is attributable to a combination of an ageing
population, the increased numbers of surgical options available for previously
untreatable conditions, and the increasing numbers of patient presenting for
surgery with multiple comorbidities. Estimates of inpatient mortality after elective
non-cardiac surgery are low, ranging between 0.5 and 3.6% depending on the type

of surgery and patient related risks®%-62 Major or prolonged postoperative morbidity
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(for example, significant infections, respiratory or renal impairment) occur in a much
higher number of patients (up to 15%), and are associated with reduced long-term
survival and worse health-related quality of life; this reduced long-term survival
associated with postoperative morbidity has been consistently demonstrated
across different types of surgery, patient and healthcare system®263, The high
prevalence of morbidity in comparison to mortality after major surgery has led a
drive to implement improvement strategies focussed on reducing the burden of

complications.®4

Mortality data in isolation, without detailed morbidity or process data provide
information which can be used for quality improvement. If the cause of deterioration
(e.g., pulmonary or renal morbidity) is not known, it is not possible to target specific
interventions to reduce those complications. Rates of morbidity also vary
substantially by organ system — for example, cardiac morbidity following non-
cardiac surgery is uncommon, whereas pain, renal and gastrointestinal morbidity is
much more common.2:65-67 With the collection and reporting of morbidity data it is
also possible to define ‘failure to rescue’ rates — i.e., the rate of death in hospital
after developing a complication (Figure 1-1).60.68 Data from the US demonstrate
wide variation in morbidity and failure to rescue rates between healthcare
providers.6%-70 Despite this variation, success in improving patient level outcomes
has been variable in both the US and in improvement trials in the UK.”"-74 More
recently, mixed method evaluations of improvement programmes have started to

provide useful insight into why positive change may not have been delivered.6475

Postoperative morbidity and complications may be considered a modifiable
outcome measure which could be a useful measure of quality of care, occurring in
a greater proportion of patients compared to failure to rescue or postoperative
mortality. However, postoperative morbidity is not a clear binary outcome, like
mortality, and is therefore more subjective and difficult to define. To address these
potential issues classification systems have been developed to objectively define
types of morbidity and postoperative complications. Two commonly used systems
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are the Postoperative Morbidity Survey (POMS) and Clavien-Dindo grading of

surgical complications.”6.77

Patients Complications Failure to Mortality

undergoing ‘ n=7508/44814 ‘ rescue ‘ n=207/44814
surgery (17%) n=207/7508 (0.5%)
n=44814 (2.8%)

Figure 1-1: Conceptual pathway of mortality after surgery incorporating the concept
of ‘failure to rescue’. The numbers and percentages are shown to provide context
for each stage of the pathway, taken from Pearse et al.t°

1.4.1 The Postoperative Morbidity Survey

The Postoperative Morbidity Survey (POMS) is a simple, validated tool designed to
capture postoperative morbidity which leads to extended hospital stays following
surgery.6566.7678 The POMS can be completed at a range of postoperative
timepoints, typically between days three and fourteen following surgery. The
POMS collects information on nine domains (see Table 1-1). The survey is used as
a composite measure, where the presence of defined morbidity in any of the nine

domains results in a patient being recorded as having postoperative morbidity.

The POMS has been demonstrated to be a reliable and valid tool for measuring
outcomes after major abdominal surgery ensuring accurate and consistent results
when assessing patient outcomes.®8 |t offers a standardised approach to measuring
postoperative morbidity, which allows for easier comparison of outcomes across
different hospitals or surgical teams, and by providing a detailed overview of
postoperative complications, the POMS can help healthcare professionals better
understand the various factors contributing to patient morbidity and prolonged
postoperative hospital length of stay.6® This information can be used to identify
trends, patterns, and potential areas for improvement in perioperative care. The

POMS has been used in variety of surgical contexts, including routine, moderate-
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risk elective surgery, emergency laparotomy, and major abdominal surgery.66.76.78

The presence of postoperative morbidity identified by the POMS has also been

associated with an increased risk of mortality for up to 3 years following surgery.%2

Organ system

Pulmonary
Pulmonary
Infectious
Infectious
Renal

Renal

Renal
Gastrointestinal
Gastrointestinal
Cardiovascular
Cardiovascular
Cardiovascular
Cardiovascular
Cardiovascular
Neurological
Neurological
Neurological
Haematological

Haematological
Wound

Pain
Pain

Table 1-1: Postoperative morbidity survey domains and criteria

Morbidity criteria
New requirement for oxygen
New requirement for respiratory support
Currently on antibiotics
Temperature >38°C in the last 24hr
Urinary catheter in situ
Increased serum creatinine (>30% from preoperative level)
Presence of oliguria <500 mL/24hr
Unable to tolerate an enteral diet for any reason
Vomiting or abdominal distension, or use of antiemetics
Thrombotic event requiring anticoagulation (new)
Atrial or ventricular arrhythmias (new)
Hypotension (requiring pharmacological or fluid therapy >200 mL/hr)
New myocardial infarction or ischaemia
Cardiogenic pulmonary oedema
New coma
New confusion or delirium
New focal neurological deficit
Platelet, fresh-frozen plasma, or cryoprecipitate transfusion in last
24hrs
Packed erythrocyte transfusion in the last 24hrs
Wound dehiscence requiring surgical exploration or drainage of pus
from the operation wound with or without isolation of organisms
New pain significant enough to require parenteral opioids
New pain significant enough to require regional analgesia

Increased collection and use of POMS data may allow risk stratification of patients

based on their risk of developing postoperative complications. Such information

may improve patient understanding of their risk prior to surgery, leading to clearer

consent conversations and improved shared decision making when compared to

discussion of mortality risk alone. The perioperative care patients receive could also

be tailored to their individual risk, optimising resource allocation to those at the

highest risk of poor postoperative outcomes. Risk-adjustment models for

postoperative morbidity and complications have been developed to assist with both

patient-centred discussions and the monitoring of surgical outcomes.6”.7°
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Despite the potential of the POMS to identify important morbidity, its use in clinical
practice has been generally limited to research settings. In part, this is due to the
detailed information needed across its nine organ domains, which can be time-
consuming and resource-intensive for healthcare providers to collect. With
increasing availability of electronic healthcare records, there has been attempts to
capture morbidity data directly from healthcare records without the need for manual
data collection.®%-82 If such methods are proven to be reliable in capturing significant
postoperative morbidity, it is likely that a version of POMS becomes more widely

used in routine clinical practice.

Another potential limitation of the POMS is whether it is applicable to all surgical
specialties. Some elements of morbidity, such as the presence of a urinary catheter,
may be considered routine following major urological surgery, for example. This has
led some to question whether the POMS is too sensitive in the setting of major
surgery, and whether only certain subgroups of morbidity should be included when

used in certain surgical cohorts.®”

1.4.2 Clavien-Dindo Grading of Surgical Complications

The Clavien-Dindo system of measuring surgical complications categorises
adverse postoperative events into five grades based on their severity and the level
of intervention required to treat them (see Table 1-2).7” The system is designed to
be simple, reproducible, and applicable to various surgical specialties, allowing
comparisons across different studies and institutions.”” The presence of
complications defined by the grading system was strongly correlated with hospital
length of stay in the development study and it has been widely adopted as a

standard for reporting surgical complications in clinical research.”7.83.84
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Table 1-2: The Clavien-Dindo grading of surgical complications

Grade of Intervention required to manage complication
complication

I Minor complications that do not require any specific intervention or
treatment. These include minor infections, postoperative nausea or
vomiting, and mild pain.

I Complications requiring pharmacological treatment, blood transfusions,
or total parenteral nutrition (TPN). These complications are more
severe than Grade | but can be managed without invasive procedures.

[ Complications requiring surgical, endoscopic, or radiological
interventions. This grade is further subdivided into two categories:

1]F1 Complications requiring intervention under local anesthesia or
conscious sedation (e.g., wound debridement).

b Complications requiring intervention under general anesthesia (e.g.,
reoperation for bleeding or anastomotic leak).

v Life-threatening complications requiring intensive care management.
This grade is also subdivided into two categories:

IVa Single organ dysfunction (e.g., renal failure, respiratory failure).

IVb Multiple organ dysfunction (e.g., septic shock, multiple organ failure).

Vv Death of the patient due to a complication.

A strength of the Clavien-Dindo grading system is the relatively objective way in
which complication, therefore supporting interobserver reliability. It also
encompasses a wide range of complications from minor to major. Data are usually
recorded at hospital discharge meaning that complications occurring at any
timepoint in the postoperative period are recorded. This contrasts with the POMS,
which may miss morbidity that was not present at the timepoint the survey was

performed but instead occurred before or after.

The standardised format and reproducible structure of the Clavien-Dindo system
means that outcomes can be collected and compared between institutions,
supporting collaboration and quality improvement work.6° The applicability of the
Clavien-Dindo system to low- and middle-income countries may be questioned
however. A large study using the Clavien-Dindo system found that complications in
low- and middle-income countries were under reported compared to when a
different classification system was used.8® This may be related to the availability of

resources to manage complications. For example, if a country has a low provision
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of intensive care services, fewer patients are likely to be managed in an intensive
care unit. Using the Clavien-Dindo grading system this may result in complications
being graded differently compared to a resource rich setting where more patients

may be admitted to an intensive care area.

Further difficulties arise when using the system in emergency surgery, where
patients may require organ support in the preoperative period and therefore the
postoperative need for organ support may not be considered a direct complication
of surgery.8 There is also limited evidence on how complications graded within the
Clavien-Dindo system impact on patients’ long-term outcomes and quality of life,

potentially limiting its prognostic value.*®

Finally, the system also grades complications based on the intervention needed to
treat them but does not offer more detailed information about the type of
complications experience by patients. For example, if all patients undergoing
colorectal surgery at an institution required postoperative ventilation for a hospital
acquired pneumonia (grade IVa complication), this would be recorded in the same
way as patients requiring postoperative ventilation due to a major cerebrovascular
accident. Clearly, it is important and relevant for clinicians and institutions to
understand what type of complications are occurring, not just the treatment required
to manage them. Quality improvement initiatives to improve the outcomes for these

two complications would focus on very different care processes.

1.5 Risk-adjustment of healthcare outcomes

To compare perioperative outcomes between clinicians, institutions, and healthcare
systems it is important to take patient and surgical risk factors into consideration,
both of which influence the likelihood of adverse postoperative outcomes. An
elderly patient with multiple medical comorbidities is understandably at greater risk

of complications following major surgery compared to a younger, fit and well patient.
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Similarly, a patient undergoing minor surgery would be expected to be at lower risk

of postoperative complications than the same patient undergoing major surgery.

Risk adjustment is the process of trying to account for differences in patient and
surgical characteristics that could potentially influence outcomes. The concept of
risk-adjusted outcome monitoring has been present in healthcare since the early
20th century, with early efforts focused on adjusting for patient characteristics such
as age and comorbidities to compare outcomes across different populations or
institutions. In the 1980s and 1990s, risk adjustment methodologies became more
sophisticated with the development of statistical techniques that could account for
numerous factors simultaneously.8” Multivariable regression modelling is a
common method used to adjust for patient risk with results often presented in funnel

plots or using the standardised mortality ratio chart.88°

Figure 1-2 shows an example funnel plot. Each point on the plot represents a
hospital with the number of operations performed during the time frame under
consideration shown on the x-axis. The risk-adjusted mortality is shown on the y-
axis. Curved lines represent two and three standard deviations from the mean risk-

adjusted mortality rate.

A strength of funnel plots is that they allow for greater variation in outcomes in
smaller volume centres compared to large volume centres before an institution is
classed as an outlier (points above or below the standard deviation curves). In a
small volume centre, chance may play a greater role in variation of outcomes than
that of larger centres with a higher number of patients. Traditional cross-sectional
analyses, however, condense information to a single value or point on a graph,
such as the overall mortality rate for a hospital unit over a one-year period. It is
important to note, the identification of a hospital as an outlier may vary depending
on the time considered. An institution may be identified based on analysis that
includes a 6-month cohort of patients, but this may not be true in the preceding or

following 6-month period. Variation in outcomes within the period considered is also
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not visible in a funnel plot, for example if outcomes were significantly better than
expected in the first half of the period and poorer in the second half, this may
average out over the whole period. There may or may not be important learning

over both halves.
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Figure 1-2: Example funnel plot showing the number of operations performed at
each institution (x-axis) against the risk-adjusted mortality rate (y-axis). The grey
horizontal dashed line shows the mean risk-adjusted mortality across all hospitals
in this fictional sample.

1.5.1 Continuous outcome monitoring charts

Continuous monitoring charts have been adopted into healthcare from the
manufacturing industry where they have been used for decades. Shewhart control
charts were first developed by Walter A. Shewhart in the 1920s, to monitor variation
in manufacturing practice at the Western Electric Company.®® The Shewhart chart,
or statistical process control chart is a type of continuous chart used to distinguish
assignable or ‘common-cause’ variation and chance-cause or ‘uncommon-cause’

variation.0

A benefit of continuous analysis over cross-sectional, retrospective analysis is that

such methods allow the identification of variation in outcome over time. The
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incorporation of risk-adjustment into such charts allows clinicians, administrators,
and researchers to assess the quality of care delivered, identify areas for
improvement, and track progress in meeting quality and safety targets. Continuous
display methods may support the earlier identification of positive or negative trends
in outcomes, learning from positive deviance or preventing further deterioration of

negative trends.

There are several published methods to incorporate risk-adjustment into continuous
monitoring charts, these include but are not limited to: the variable life-adjusted
display (VLAD); risk-adjusted exponentially weighted moving average (RA-EWMA)
chart; the risk-adjusted cumulative sum chart (RA-CUSUM); and the cumulative
risk-adjusted mortality (CRAM) chart.®'-°4 The CRAM, VLAD, and RA-CUSUM
charts employ similar statistical methods, showing the difference between expected

and observed outcomes over time.

1.5.1.1 The variable life-adjusted display

The VLAD is a graphical method for monitoring healthcare outcomes that was first
introduced in the 1990s.9' It is a type of cumulative sum (CUSUM) chart that
represents the difference between the observed and expected outcomes over time.
The VLAD chart displays this difference on the vertical axis, with the horizontal axis
usually representing the chronological order of patients. The chart's slope reflects
the performance of the healthcare provider, with an upward slope indicating better-
than-expected outcomes and a downward slope representing worse-than-expected
outcomes, allowing healthcare providers to identify areas for improvement. VLAD
analysis can also be used to compare the performance of different healthcare
providers or institutions, helping to identify best practices and promote quality
improvement across the healthcare system.%-°7 VLAD charts are particularly useful
for monitoring rare events, such as postoperative mortality, and can provide early

warnings of changes in performance that may warrant further investigation.
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They have been widely used in healthcare settings for monitoring clinical
performance, particularly in the field of cardiac surgery.%.9598 An advantage of
VLAD charts is that they can be easily understood by both medical professionals
and non-experts, making them a valuable communication tool for quality
improvement initiatives.®> A potential limitation of the VLAD is its focus on binary
outcomes, initially developed to monitor mortality, although their use has been

expanded to monitor other binary outcomes.®!98

The accuracy of VLAD relies on the precision of risk estimates for the expected
mortality rates.®# If the underlying risk prediction models do not adequately account
for patient-specific factors, resulting in patient risk being systematically under- or
over-estimated the VLAD may not accurately reflect true clinical performance.
While the graphical representation of data in VLAD can facilitate understanding, it
may also lead to misinterpretation or overemphasis on short-term fluctuations in
performance.® This can potentially result in undue focus on temporary variations

at the expense of long-term trends.

Figure 1-3 shows the VLAD of a theoretical hospital, showing risk-adjusted mortality
after surgery. With data displayed in VLAD form it is possible to see variation in
outcomes over the 500-case series. After the first 200 or so cases performance is
the same as expected (orange VLAD line is around zero). However, after this there
is then and upward trend in the VLAD, climbing to around 10 by case 290 (black
circle), representing 10 excess deaths over these 90 cases compared to that
expected by the risk-adjustment model. Following this the VLAD returns to zero,
before continuing to fluctuate around zero for the remainder of the case series. The
overall mortality rate is 8.0% for the entire case series, which may be in keeping
with expected results. Using a continuous display however, it is possible to identify

variation in outcomes over time that is hidden in a cross-sectional analysis.
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Figure 1-3: Example VLAD showing expected vs. observed mortality of a 500-case
series

1.5.1.2 The risk-adjusted exponentially weighted moving average chart

Risk-adjusted exponentially weighted moving average chart (RA-EWMA) charts
build upon the principles of traditional EWMA charts, which plot the moving average
of a process variable over time. The EWMA chart uses a weighted average of
outcome data to estimate current performance, with more recent data points given
greater weight than older data points. The EWMA charts can be customised by
adjusting the weighting parameter, which determines the degree of responsiveness
to recent changes in performance. A higher weighting parameter makes the chart
more sensitive to recent trends, while a lower parameter emphasizes long-term
performance.®?%° This method provides a more sensitive and responsive analysis

of changes in performance compared to traditional control charts.

In a risk-adjusted EWMA chart, the expected outcome is plotted together with pre-
specified control limits around the expected outcome. A EWMA of the observed
outcome is also shown. Where the observed outcome crosses the pre-specified

control limits the RA-EWMA chart is said to ‘signal’ a shift in the odds ratio of the
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outcome. The control limits are set to detect a shift in the odds ratio of the outcome,
which is predetermined when the monitoring chart is set up. These charts can be
used to monitor a variety of outcomes, from clinical complications to process
measures, and can help detect gradual changes in performance that may not be
apparent using traditional methods. Risk-adjusted EWMA charts have been
adopted by the Intensive Care National Audit and Research Centre (ICNARC) and
the National Emergency Laparotomy Audit (NELA) as tools to monitor mortality

outcomes in both national audits.2:100.101

Figure 1-4 shows an example of a RA-EWMA chart, with the x-axis showing the
date and y-axis representing the mortality rate (percent). The EWMA of the
expected outcome is shown by the pink line, the blue area around this represents
the control limits. The observed outcome is shown by the orange line. Where the
observed outcome EWMA line crosses the control limits of the expected outcome,

the RA-EWMA chart is said to ‘signal’, here shown by the black circle.

An advantage of the RA-EWMA methodology is that the charts are more sensitive
to detecting small shifts in performance compared to traditional statistical control
methods, such as Shewhart control charts.%102 The RA-EWMA chart allows for the
adjustment of weighting factors based on the specific application, enabling a
balance between responsiveness to changes and stability against random
variations.'%3 This flexibility allows for the customisation of the chart to suit the
needs of different healthcare settings and outcome measures. The EWMA chart
provides a comprehensive view of performance trends by incorporating information
from multiple data points, rather than focusing on individual measurements.?® This
aggregation of data can facilitate the identification of patterns and trends that may

not be apparent in isolated data points.
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Figure 1-4: Exponentially weighted moving average chart showing observed and
expected mortality outcomes

A potential disadvantage of the RA-EWMA chart is its more complex methodology
and calculations compared to traditional methods, such as Shewhart control charts
or the VLAD.'% Interpreting EWMA charts may also be more challenging for
healthcare professionals due to the additional weighting factors and the need to
understand the implications of varying weights on the chart's responsiveness.%2:9
This complexity may hinder its adoption in healthcare settings where simplicity and

ease of use aid successful implementation.

1.5.2 Applications of risk-adjusted monitoring charts in healthcare settings

By incorporating a measure of patient risk in their production the VLAD, RA-EWMA,
and other continuous charts account for differences in patient characteristics that
could potentially influence outcomes. In adjusting for these differences, the charts
support the comparison of outcomes between healthcare providers and helps
ensure that observed differences in performance are truly reflective of the quality of

care, rather than being driven by variations in patient populations.
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The continuous nature of graphical displays, either presented by case number or
date, provides a visual representation of performance trends. Such charts help
engage clinicians and administrators in the process of continuous improvement,
fostering a culture of accountability and collaboration within healthcare
organisations.® They enable healthcare providers to identify specific areas where
interventions are needed, track the impact of those interventions over time, and
refine their approach to quality improvement based on the data-driven insights
these charts provide. They may also enable earlier identification of potential
outlying institutions, supporting earlier intervention to improve outcomes, and

improve transparency and communication.98.104

1.6 Conclusion

Quality in healthcare is a multifaceted concept, underpinned by dimensions such
as safety, effectiveness, patient-centeredness, timeliness, efficiency, and equity,
with global bodies such as the Institute of Medicine and the World Health
Organization providing guiding principles. In the UK, the Care Quality Commission
employ these dimensions to evaluate healthcare service quality. Donabedian's
framework offers a triple approach - structure, process, and outcome - to
understanding and assessing the quality of healthcare delivery. Quality assurance
practices, such as the national audits established and supported by the Healthcare
Quality Improvement Partnership (HQIP), facilitate the regular monitoring of care
against predefined standards. However, it is important to recognise that solely
relying on these might not always lead to continuous improvement in the quality of
care delivered by hospitals and healthcare systems. Quality improvement,
however, does seek continuous enhancement in the quality of healthcare delivery,
drawing methods of analysis from the field of improvement science. With its origins
in industrial quality management principles, improvement science has driven
significant advancements in areas like perioperative medicine through methods like

Plan-Do-Study-Act cycles and initiatives such as Enhanced Recovery After Surgery
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protocols. Such methodologies and tools ensure ongoing efforts to promote safety,

optimise patient outcomes, and improve the overall care experience.

Healthcare delivery is complex and multifaceted. Context plays a significant role in
the success or failure of improvement initiatives. Understanding the macro, meso,
and micro context of a system can support successful implementation and the
embedding of new practice into clinical care. The macro context, governed by
overarching policies, regulations, and socio-economic determinants, significantly
influences healthcare accessibility, equity, and outcomes.?’-3° The meso context
delves into the organisational and institutional aspects that influence care,
emphasising the significance of resource allocation, multidisciplinary collaboration,
and evidence-based practices in achieving quality.3':32 Fostering a culture
prioritising safety, continuous learning, and active frontline staff involvement sets
the stage for meaningful quality improvement initiatives.353¢ At the micro level,
individual interactions between healthcare providers and patients come to the
forefront. Components such as effective communication, patient education,
technological integration, and empathy play integral roles in determining patient

engagement and positive outcomes.37-39.41.42

The rise of large-scale quality improvement programmes, notably the ACS-NSQIP
and PQIP, demonstrates a concentrated effort towards enhancing surgical care
quality on both national and international fronts. The ACS-NSQIP, developed to
address quality issues in the Veterans Affairs system, has evolved into a large scale
initiative that reflects the increasing importance of data-driven strategies,
benchmarking, and collaborative practices, with demonstrable reductions in
morbidity, mortality, and costs.#3-46 The PQIP reflects a similar drive in the UK a to
improve patient outcomes after major surgery. Through comprehensive data
collection, collaborative research, and informed policy-making, it aims to achieve
national improvements in standards of perioperative care.?6:5052105 Gych
programmes demonstrate an increasing global commitment to elevating surgical
care standards through systematic, data-centred approaches.
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Outcome measures are vital ways of assessing the quality of healthcare delivered
by hospitals and clinical teams. While mortality rates remain a commonly used,
unambiguous metric, they do not capture the full scope of patient outcomes and
experiences, especially postoperative complications or the longer-term impact of
care.f0-62 There has been a notable shift towards recognising the importance of
morbidity data, with its incidence significantly higher than mortality, necessitating
strategies focused on reducing postoperative complications.62-6467 Given this shift,
tools such as the POMS and the Clavien-Dindo grading of surgical complications
have been developed to provide standardised methods of assessing morbidity and

surgical complications.%76.77

The POMS offers a detailed view of postoperative complications, promoting
comparisons across various surgical contexts and offering the opportunity to
monitor trends in outcomes for quality improvement.6%.66.76.78 Degpite its potential,
the survey's applicability across surgical specialties remains debated, and its
extensive data requirements can be burdensome, hindering its routine clinical
adoption.6780-82 The Clavien-Dindo system categorises complications by their
severity and required interventions, ensuring a consistent and potentially cross-
specialty method of recording postoperative complications.”68384 However, the
system might not fully reflect the complexities of postoperative complications in
different contexts, especially in resource-constrained settings, and lacks granularity

in identifying the exact nature of complications.8586

In healthcare, risk-adjustment is crucial when comparing perioperative outcomes
across clinicians, institutions, and systems. This approach accounts for patient and
surgical factors which can influence postoperative results using statistical
techniques such as multivariable regression modelling, which allows for

comprehensive adjustments.87.88

Funnel plots, for example, visualise risk-adjusted mortality rates for hospitals, but

can mask variability within the timeframe analysed. Continuous outcome monitoring
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charts originated in the manufacturing sector and were first developed by Shewhart
in the 1920s.%° More recently, risk-adjustment methodology has been incorporated
into some types of continuous charts which have been adopted into healthcare
settings. These charts, such as the VLAD and RA-EWMA, allow for a dynamic
assessment of patient outcomes over time. Both chart types have their advantages
and disadvantages. The VLAD is particularly useful in monitoring rare events and
provides an intuitive graphical representation.®!?597 The RA-EWMA chart is
sensitive to small shifts in performance and offers the flexibility of customisation of
control limits.92%° Incorporating patient risk measurements, these graphical tools
facilitate comparisons between healthcare providers by accounting for potential
disparities in patient characteristics. By offering a visual trend of performance, these
charts encourage a collaborative culture and may support continuous quality
improvement in healthcare settings. They support clinicians to identify areas for
enhancement and to measure the effects of interventions on patient outcomes. This
approach, underpinned by high quality data can enhance transparency, improve

communication, and raise the quality of healthcare delivery.%.98.104
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Chapter 2 Prospective monitoring of risk-adjusted outcomes

using variable life-adjusted displays: a systematic review

2.1 Introduction

The variable life-adjusted display (VLAD) was developed to report expected minus
observed mortality after cardiac surgery.®! Other forms of expected minus observed
charts have also been reported including the cumulative risk-adjusted mortality
(CRAM) chart®*, the expected minus observed (E-O) chart, their reciprocal
observed minus expected (O-E) chart, and the risk-adjusted cumulative sum chart
(RA-CUSUM). Whilst RA-CUSUM charts traditionally report the log-likelihood
ratio’°6.197 charts showing expected minus observed outcomes are occasionally
also referred to as RA-CUSUM. For consistency all continuous outcome displays
which use the expected minus observed methodology will be referred to as VLADs
within this chapter, even where a different nomenclature was used in the original

study.

The focus of this chapter is to identify where VLADs have been implemented
prospectively to monitor one or more outcomes in a healthcare setting, understand
the context of these implementations and identify factors that act as facilitators and
barriers to implementation. To do this the chapter is divided into a systematic review

of the peer-reviewed literature and a targeted grey literature review.
2.2 Aim and research questions

The aim of this review is to summarise the evidence on the use of continuous

patient-level outcome monitoring in a healthcare setting. The objectives are to:

1. Conduct a systematic review to identify and summarise studies reporting
the prospective implementation of continuous patient-level healthcare
outcome monitoring using VLADs

2. Describe methods to embed the use of continuous patient-level healthcare

outcome monitoring tools such as VLADs in routine clinical practice
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3. Assimilate potential facilitators and barriers to the implementation of

prospective monitoring using VLAD

The research questions for this review are:

1. In what healthcare settings have variable life-adjusted displays (VLADS)
been used to prospectively monitor an outcome?
2.  What outcomes have VLADs been used to monitor?
3. What methods are used to embed VLADs into quality assurance or
quality improvement initiatives?
4. What factors act as facilitators and barriers to the implementation of

VLADs as a monitoring tool?

2.3 Methods

2.3.1 Definitions

Graphical displays that plot expected (using a risk-adjustment model) minus
observed outcomes were considered for inclusion. Charts reporting outcomes in
this way are sometimes called VLAD, CRAM, CUSUM or RA-CUSUM. Studies were
considered for inclusion regardless of the name used for the chart in the manuscript,
as long as they employed the calculation and display of the expected minus
observed outcome. Studies that used RA-CUSUM charts showing the log-likelihood
ratio of the outcome were excluded as this methodology is distinct from VLADs. To
aid consistency throughout this chapter all charts displaying an expected minus
observed calculation will be referred to as VLADs. The term VLAD will be used

regardless of the term used within the included study.
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2.3.2 Search strategy

A search of published literature between 1st January 1995 and 17" July 2018 was
performed using multiple databases: MEDLINE, EMBASE, Web of Science,

CINAHL Plus and the Cochrane Collaborative. The search terms were:

—

("Variable life-adjusted" or VLAD)

("cumulative sum" or CUSUM)

("cumulative risk-adjusted mortality" or CRAM)
(

expected AND minus AND observed)

o &~ 0N

1 or 2 or 3 or 4 AND (monit* or measur* or perform*)

The search was conducted using all fields within each database. Results were
combined and uploaded to the online systematic review software Covidence'%8,
Duplicates were removed using automatic recognition within the software and

manually.

A citation search of the first papers to describe the VLAD chart®’ and the CRAM
chart® was carried out. The references and citations of all included papers were
also screened for possible inclusion and to identify any evaluations of the included

studies that were carried out.

2.3.3 Selection

Articles identified through the search were screened in two stages; initially by
title/abstract and then a full-text review. The title/abstract screening was performed
by one assessor (JB screened ~4250 abstracts, with a second reviewer Al
screening the remaining ~900). Full-text screening was performed independently
by the two assessors (JB and Al). Any conflicts relating to the inclusion or exclusion

of articles was resolved through discussion between assessors.

No restriction was placed on the language studies were written in. Articles published

in languages other than English were translated using Google Translate®.99
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Inclusion criteria:
Studies were included if they met all of the following inclusion criteria:

1. The study reported on the implementation of prospective continuous
monitoring of a patient related healthcare outcome;
2. The study used VLAD methodology (or equivalent) to monitor the outcome;

3. Peer reviewed

Exclusion criteria:
Studies which applied VLADs retrospectively or to demonstrate the learning curve
of a procedural skill were excluded. Conference abstracts, letters, and case reports

were also excluded.

2.3.4 Data extraction, analysis and quality assessment

Included articles were analysed using a data extraction table developed in
Microsoft® Excel 2016 (see Appendix B-1). Numerical and categorical data were
extracted as raw data. Data that could not be assigned to categories were extracted
as free text. The data extraction form was piloted using a random sample of four

articles.

Once extraction was complete, data were imported into NVivo qualitative data
analysis Software''?. Free text data was analysed using a framework method'"
based on the research questions. Subcategories were developed based on topics
identified in the data and themes were created to illustrate key patterns. Numerical

and categorical data were analysed within the Microsoft® Excel worksheet.

The quality of studies was assessed using the evaluation tool for mixed method
study design developed by Long et al.'? and the Mixed Methods Appraisal Tool
(MMAT).113

The mixed method evaluation tool''? is based on critical appraisal tools developed
for quantitative and qualitative studies.''* It combines relevant questions from the

two evaluation tools and was produced to support systematic reviews of research
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literature on effectiveness and outcomes in social care but is applicable to

healthcare settings.

The MMAT is an efficient tool to appraise the methodological quality of qualitative,
guantitative and mixed methods studies concomittently.'® It was developed using
peer-reviewed mixed methods literature and has been piloted and refined to
improve its reliability.'15-'17 The MMAT and its user manual are openly available
online.''® An abbreviated version of the MMAT assessment tool showing questions

relevant to this review is shown in Appendix B-2.

Following two initial screening questions, the MMAT then appraises each study
based on its methodology. There are specific qualitative and quantitative question
domains to be completed dependent on the study design being appraised.

Appraisal of mixed method studies combines quantitative and qualitative questions.

A summary rating, with a range from one to four stars can be calculated based on
the answers given to component questions. It is important to note that for mixed
method studies the summary rating is determined by the lower score of the two
methodological parts (the qualitative or quantitative part). Hence a mixed method
study with a strong quantitative methodology might not achieve a high summary

rating due to poor qualitative methodology, and vice versa.

2.4 Results

2.4.1 Search results

The database, citation, and reference searches identified 5156 unique articles (see
Figure 2-1: PRISMA flow diagram of systematic review). Initial assessment by title
and abstract reduced the number of articles to 222 prior to full-text review. After full-
text screening, 22 articles (based on 21 studies) were included in the review.
Citation and reference searches of included papers identified a further 585 articles
that were screened for possible inclusion. All 585 of the additional articles were

excluded, resulting in 22 articles (based on 21 studies) being included in the review.
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All studies included in the analysis were prospective observational cohort studies.

Table 2-1 summarises the characteristics of studies included.
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7265 articles identified through
database search:
- Medline: 1513
- Embase: 1475 2388 duplicate articles removed
- Web of Science: 3955
- CINAHL Plus: 225
- Cochrane
Collaboration: 97

AND

Lovegrove 1997 citation search:

166

Poloniecki 1998 citation search: 4934 articles excluded based on
113 title/abstract

- Study does not report a

v healthcare outcome
5156 articles screened for ) Conferer_wce
_ > proceeding/abstract
further evaluation - Editorial comment or letter,

not an empirical paper

- Study focussed on skill
acquisition or proficiency gain
in training

200 articles excluded based on full-
text review

222 full-text articles assessed in - Retrospective application of
risk-adjusted monitoring

- Not using VLAD or equivalent
methodology

- Review of statistical methods,
not an empirical paper

- Study describes development
of monitoring tools but no
prospective implementation

22 articles (relating to 21

References and citations of
included papers: 585

A

> 585 articles excluded

A

22 articles (relating to 21

studies) included in the review

Figure 2-1: PRISMA flow diagram of systematic review
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Table 2-1: Summary of studies included in review

Author and Specialty Patient Outcome Data source Methods used to Level of outcome Use of QA or | Published or risk-
year population | monitored disseminate data and reporting flags or Ql? model derived for
embed VLADs in routine alarm purpose of
practice limits monitoring

Albert Cardiac Adult mortality | Clinical Online information portal, Individual clinician No QA Published model
2004119 surgery database weekly meetings level
Albert Cardiac Adult mortality | Clinical Online information portal, Individual clinician No QA Published model
2004120 surgery database weekly level

meetings/complication

conferences, annual reports

to family physicians and

cardiologists
Arrowsmith Cardiac Adult mortality | Clinical VLAD report produced Individual clinician Yes QA Published model
2006121 surgery database annually or more frequently | level

on an ad hoc basis to

scrutinise certain aspects of

practice.
Belliveau Cardiac Paediatric | Mortality, | Clinical Not stated Departmental/hospital | Yes QA Derived for
2012122 surgery morbidity | database level monitoring
Borracci Cardiac Adult Mortality, | Clinical Not stated Individual clinician Yes QA Published model
2007123 surgery morbidity | database level
Brunelli Thoracic Adult Mortality, | Clinical Not stated Departmental/hospital | No QA Published model
2011124 surgery morbidity, | database level

other
Clarke Cross Adult, Mortality, | Administrative | Not stated Hospital level Yes QA Derived for
2010125 specialty — paediatric | morbidity, | database monitoring
hospital level other
indicators
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Author and Specialty Patient Outcome Data source Methods used to Level of outcome Use of QA or | Published or risk-
year population | monitored disseminate data and reporting flags or Ql? model derived for
embed VLADs in routine alarm purpose of
practice limits monitoring
Collett Renal Adult Mortality, | National Three-monthly report, Hospital level Yes QA Derived for
2009126 transplant morbidity | transplant produced four months after monitoring
database last transplant included in
dataset

Driessen Gynaecology Adult Morbidity | Clinical Web-based dashboard Individual clinician Yes QA Derived for
2016127 database level monitoring
Duckett Cross Adult, Mortality, | Administrative | Monthly dissemination in Departmental/hospital | Yes QA Derived for
200798 specialty — paediatric | morbidity, | database report format level monitoring

hospital level other

indicators
Fusco Cross Adult Mortality, | Administrative | Reports Departmental/hospital | Yes QA Derived for
2012128 specialty — morbidity, | database level monitoring

hospital level other

indicators
Kuhan Vascular Adult Morbidity | Not specified Results emailed to Individual clinician No QA Derived for
2018129 surgery surgeons taking part every level monitoring

3 months*
* clarified via email with
author

Lovegrove Cardiac Adult Mortality | Clinical Not stated Individual clinician No QA Derived for
1999130 surgery database level monitoring
Lovegrove Cardiac Adult Mortality | Clinical Not stated Individual clinician No QA Published model
199791 surgery database level
Morton Cross Adult Morbidity | Clinical A deidentified hospital Departmental/hospital | Yes QA Published model
2008131 specialty database report was provided 6- level

monthly including state-
wide aggregate and hospital
level data.
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Author and
year

Specialty

Patient
population

Outcome
monitored

Data source

Methods used to
disseminate data and
embed VLADs in routine
practice

Level of outcome
reporting

Use of
flags or
alarm
limits

QA or
Ql?

Published or risk-
model derived for
purpose of
monitoring

Pagel 201395

Cardiac
surgery

Paediatric

Mortality

National audit
database

VLAD charts presented to
multidisciplinary clinical
teams within each centre.

The first time VLAD charts
were shown at each centre,
analysts from University
College London gave a brief
introduction to the risk
model and VLAD chart
methodology.

Charts were shown at
participating sites
approximately monthly.

Prototype software was
given to each centre at the
end of the implementation
period and is now being
used independently.

Departmental/hospital
level

No

QA/QI

Published/derived
for monitoring

Patella
2016132

Thoracic
surgery

Adult

Morbidity

Clinical
database

VLAD charts presented to
internal audit meetings

Departmental/hospital
level

No

QA/QI

Derived for
monitoring

Roberts
2013133

Burns

Adult

Mortality

Clinical
database

Not stated

Departmental/hospital
level

Yes

QA

Published model

Sketcher-
Baker
2010134

Obstetrics,
Gynaecology

Adult

Morbidity

Administrative
database

Monthly disseminated
VLAD monitoring tool report

Departmental/hospital
level

Yes

QA

Not stated
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Author and Specialty Patient Outcome Data source Methods used to Level of outcome Use of QA or | Published or risk-
year population | monitored disseminate data and reporting flags or Ql? model derived for
embed VLADs in routine alarm purpose of
practice limits monitoring
Snyder Transplant Adult, Mortality, | National Monthly updates to the Departmental/hospital | Yes QA/QI Published model
2014135 surgery paediatric | morbidity | transplant monitoring charts for level
database programs to review. Charts
supplied to transplant
programs via secure
transplant registry website
to be used.
Vasilakis Orthopaedic Not Morbidity | Clinical Access to software based Individual clinician No QA Derived for
2011136 surgery specified database on hospital servers. level monitoring
Previous use of non-
continuous analyses in
three-monthly reports
Williams Orthopaedic Adult Mortality | Clinical Not stated Departmental/hospital | No QA Published model
2015137 surgery database level

QA = quality assurance, QI = quality improvement, VLAD = variable life-adjusted display, O-E = observed minus expected,

CUSUM = cumulative sum

Table 2-1: Summary of studies included in review (continued)
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2.4.2 Quality assessment

The overall quality assessment of studies is included within Table 2-2. Details of
the MMAT assessment are available in Appendix B-2. Twelve studies were single-
centre, 10 were multi-centre. Data collection was prospective in all studies. Four
out of the 22 studies reported baseline patient characteristics, comorbidity, and
demographics;23.124,127.132 gglection bias was evident in four studies.!22127,132,136
Potential for bias included evidence of either patient selection in the monitoring
process’?2132.136 gnd selection or opt in of clinicians being monitored within a

study. 127

Nine studies provided satisfactory detail on the implementation of the outcomes
monitoring and methods used to embed VLADs into routine clinical practice. Of
these, only four studies presented new qualitative data about the
implementation.%5.125.127.134 Driessen et al. used a structured qualitative evaluation
involving surveys of clinicians using their monitoring tools.'?” Despite this study
providing good detail on the implementation of monitoring and scoring highly from
a quantitative aspect, the overall rating (*) is a reflection of the limited qualitative
methodology. The remaining three studies presenting new qualitative data failed to
provide information about how the data were gathered or analysed and received an
overall rating of * or ** using the MMAT t001.95:125.134 No study undertook a rigorous
qualitative assessment of monitoring implementation. The 18 studies that did not
present new qualitative data drew from previously published literature to enable

discussion of the perceived issues in implementation.

Studies generally set out to describe the development and rationale for
implementing continuous monitoring but failed to evaluate that implementation. Six
studies provided information about large scale regional or national implementation
of monitoring schemes.8:125.128,131,134135 However, only two of these provided
satisfactory detail about how the monitoring tools were embedded into routine
clinical practice and neither evaluated its impact.®®135 There was a general lack of

detail provided by studies on how monitoring was perceived by clinical teams. No



studies attempted to define the impact of monitoring either from a quantitative or

qualitative perspective.

Overall 14 out of 18 quantitative descriptive studies received an MMAT summary
score of ** or *** (out of a possible ***). Of the qualitative or mixed methods studies,
which could have received a maximum summary score of ****, two received *125.127
and two received **.9%.120 This demonstrates the poor qualitative methodology within

included studies.



Table 2-2: Quality assessment of studies included in review

Author and year Country and Number of | Patients | Description Risk of Detail provided Detail about Original MMAT
setting of study centres (n) of patient selection about methods to qualitative assessment of
involved demographic bias monitoring embed VLADs | data presented quality
S intervention in paper

Albert 2004119 Germany, tertiary Single 14487 No No Satisfactory Satisfactory No b
care

Albert 2004120 Germany, tertiary Single 13000 No No Satisfactory Satisfactory No b
care

Arrowsmith UK (England), Single Not No No Satisfactory Satisfactory No *

2006121 tertiary care stated

Belliveau Canada, tertiary Single 178 No Yes Satisfactory Limited No **

2012122 care

Borracci 200723 | Argentina, tertiary | Multicentre 502 Yes No Limited Limited No **
care

Brunelli 2011124 | ltaly, tertiary care Single 511 Yes No Limited Limited No i

Clarke 2010125 Australia, state- Multicentre Not No No Satisfactory Limited Yes *
wide stated

Collett 2009126 UK, national Multicentre 2218 No No Satisfactory Satisfactory No b

Driessen Netherlands, Multicentre 2066 Yes Yes Satisfactory Satisfactory Yes *

2016127 international

Duckett 200798 Australia, state- Multicentre Not No No Satisfactory Satisfactory No e
wide stated

Fusco 2012128 Italy, state-wide Multicentre Not No No Satisfactory Limited No e

stated

Kuhan 2018120 UK, tertiary care Single 941 No No Limited Limited No **

Lovegrove UK, tertiary care Single 4318 No No Limited Limited No *

1999130

Lovegrove UK, tertiary care Single 5000 No No Limited Limited No *

199791

63




Author and year Country and Number of | Patients | Description Risk of Detail provided Detail about Original MMAT
setting of study centres (n) of patient selection about methods to qualitative assessment of
involved demographic bias monitoring embed VLADs | data presented quality
S intervention in paper
Morton 2008131 Australia, state- Multicentre 49804 No No Satisfactory Limited No >
wide
Pagel 20139 UK, tertiary care Multicentre 2649 No No Satisfactory Satisfactory Yes b
Patella 2016132 UK, tertiary care Single 348 + Yes Yes Limited Limited No *
50*
Roberts 2013133 | UK, tertiary care Single 439 + No No Satisfactory Satisfactory No b
78"
Sketcher-Baker | Australia, state- Multicentre Not No No Limited Limited Yes >
2010134 wide stated
Snyder 2014135 | USA, national Multicentre Not No No Satisfactory Satisfactory No **
stated
Vasilakis UK, tertiary care Single 4820 No Yes Satisfactory Limited No **
2011136
Williams 2015137 | UK, tertiary care Single 277 No No Limited Limited No **

Table 2-2: Quality assessment of studies included in review (continued)

*Where two figures are given, first refers to the number of patients included in the first phase (risk-modelling or retrospective

analysis) and the second to the number of patients involved in the prospective monitoring phase of the study. MMAT — Mixed

Methods Appraisal Tool''3 (see Appendix B-2)
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2.4.3 Outcome monitored and rationale for monitoring

Eight studies used mortality as a single outcome measure, six used morbidity, and
eight reported more than one outcome, using a combination of mortality, morbidity
and other outcomes. The timepoint at which mortality was recorded varied between
in-hospital, 28-day and 30-day. Definitions of morbidity varied between studies, but

all were in-hospital outcomes.

Two studies noted that a limitation of using mortality as an outcome measure is that
any deficiency in care that does not result in death will not be identified and that
mortality may not be an adequately sensitive measure of poor performance.27:137
One study suggested the use of an alternative outcome, choosing multiple
outcomes, or using a combined outcome measure may be preferable.’?* Several
studies discussed that in order to provide a more comprehensive analysis of
performance, outcome indicators (covering postoperative domains) and process
indicators (covering preoperative and intraoperative domains) should be used

together.132,138—1 40

VLADs were most commonly used in cardiac surgery, which appeared as a single
specialty in eight out of 22 studies. Four studies used VLADs to monitor outcomes
across multiple medical and surgical specialties (> two). Three of these studies
reported implementation in Australia, where state-wide monitoring has been
initiated in Queensland and Victoria.%812513" One study reported region-wide

monitoring in Lazio, ltaly.28

Nineteen studies implemented monitoring from a quality assurance perspective,
three studies had a quality assurance and quality improvement aim.95132.135 No

studies stated the sole aim of implementation was to support quality improvement.

Twelve studies used alarm limits to identify variation in outcomes beyond
prespecified limits. Methods used to calculate and display these limits varied

between studies and included:
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—

. Statistical testing of the difference between expected and observed

outcomes’?®

2. A prespecified change in the expected minus observed value over a set
number of cases’??

3. Predefined limits calculated using baseline data — the change in either
absolute or relative risk!26.127,134

4. Use of funnel plots and Bayesian shrinkage techniques calculated in
the background with alarms mapped onto the VLAD3!

5. A prespecified difference between expected and observed outcome,
either empirically determined (for example two excess deaths
compared to expected) or based on baseline data’?1.133

6. Use of Cumulative sum chart alongside VLAD with limits and/or alarms

mapped onto the VLAD?®8:135

2.4.4 Choice of risk-adjustment model for use in monitoring process

Half of the studies (11/22) used a risk-model derived for the purpose of VLAD
monitoring. The level of detail given about the risk modelling process varied
between studies. Some provided a brief overview of model development, giving
information about the variables included and their coefficients but did not follow the
TRIPOD guidelines.'#! Other studies gave no information about the risk-adjustment
process. Pagel et al.?® published their risk-modelling work separately.4?> Of the 10
studies that used an existing risk model, little, if any data was provided to
demonstrate its applicability for use in the study population. Only one of the 10
studies using an existing risk model presented demographic data on their study

population.

Three studies (four articles) used the EUROscore risk model as the method of risk-
adjustment when monitoring mortality after cardiac surgery.!19-121.123 Authors of the
studies discussed that VLAD curves produced during monitoring are highly
dependent upon the risk model used and that where a risk model underestimates
the risk on an outcome the curve will be falsely reassuring. The EuroSCORE has

been shown to overestimate mortality in lower risk groups and underestimate
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mortality in higher risk groups.'#3 Three studies acknowledged the importance of
having a well-calibrated risk model with good discrimination for VLAD monitoring,
but even with this adjustment is never perfect.®5128.135 Other studies commented on
the need to understand caveats to any risk model and that regular updates should
be performed to ensure performance remains satisfactory.20.123.129,133 Qne study
stated that recalibration of published risk models to local settings may improve the
quality of monitoring'?° although another argued that models produced from a large
pool of national data may actually improve performance and support comparative

audit between centres.129

2.4.5 Method of VLAD dissemination and strategies to embed into routine

clinical practice

Eleven studies used static reports to disseminate results, produced with a
frequency ranging from monthly to annually. Four studies developed a web-based
or hospital network interface, allowing users to interact with their local data and
enabling access to up to date information at any time.119.120.127.136 Qne study made
analysis software available to participating sites to allow them to produce their own

VLAD monitoring charts.%

Departmental meetings, such as audit or morbidity and mortality meetings were a
common method used to embed VLADSs in routine clinical practice.?5119.120.132 The
frequency of meetings was either weekly or monthly. Eight studies made no

comment on how results were disseminated or how VLADs were embedded locally.
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2.4.6 Facilitators and barriers to implementation of prospective monitoring
using VLADs

A range of facilitators and barriers were discussed in studies. The four main themes

identified in the analysis of qualitative data are discussed in detail below.

2.4.6.1 Engaging clinical teams

Building engagement

Two studies commented that the use of clinical databases, where clinicians and
other members of the hospital team are responsible for data collection, can promote
engagement!19129 whilst one study using an administrative dataset stated that a
lack of involvement from clinicians may have been due to poor confidence in the
data source.’®® Fourteen studies used a clinical database as the source of data,
three used a national audit database and four studies used administrative data.

One did not specify the data source.'2®

Another method used to promote clinician engagement with the monitoring process
included involvement of clinicians from the initial stage of selecting an outcome
measure to monitor.%%:125.127.134 ‘\Where multicentre monitoring was introduced,
working groups including a range of key stakeholders were used to engage
clinicians in deciding the indicators to be monitored and how to define
them.98:125,128,134 Ty studies reported that gaining clinical perspective on indicators
can help to identify problems with a definition or data collection process.'25128 One
article also reported that a close working relationship with clinicians leads to
improved and more clinically relevant indicator measures, and involving local teams
in working groups can improve participants’ knowledge of VLAD methodology and
indicator definitions.’3* They suggested that this involvement may facilitate the
creation of a pool of experts in the medical community who act as champions for
the monitoring process.’™*  Educational sessions to improve clinicians’ and data
collectors’ understanding of indicator definitions and VLAD methodology were used
by two studies.®>34 No information was included about the structure or delivery of

the educational programme however.
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Maintaining engagement

One study suggested that a formal review process aimed at addressing problems
with definitions or clinical coding identified by hospital staff may help to maintain
engagement.’3* Another study involved clinicians directly in the investigation of any
apparent excellent or poor performance in order to develop local leadership
skills.’> The importance of unit culture viewing audit positively and that
investigations do not seek to apportion blame was stated by one study.'3® Three
studies stated that fear of censure and reprisals can act as a barrier to clinician
engagement and the use of indicators developed for formative purposes as

performance measures can further reduce engagement.9.125.135

One study sought to engage the multidisciplinary team in the validation of data (for
example stroke physicians in the monitoring of carotid endarterectomy outcomes)

as a method to increase the resilience and reliability of the monitoring process.!?®

Whilst VLADs are traditionally presented by case number®!, one study suggested
that presenting them by date may support clinicians in identifying contextual factors
more easily, such as the implementation of new care pathways, changes in staffing
or seasonality of outcomes.'?® This in turn may help to maintain engagement of

clinicians with the monitoring process.

2.4.6.2 The burden placed on clinical teams by the monitoring process

Burden of data collection

Three studies used trained data collectors to reduce variation in recording of
outcomes'?4131.132 and one suggested clinician engagement may be reduced when
monitoring places a significant strain on resources.’® Spreading the workload of
data collection between individuals may reduce this burden. Individuals responsible
for data collection varied between studies and included junior doctors,?®
surgeons,’19.120,129.132 infection control practitioners' or other trained clinical
staff'?4. Where monitoring was implemented on a large-scale basis such as that in
Queensland, Australia, administrative datasets were used.?%131.134 Suggested
advantages of administrative datasets included the relatively low cost of data

collection and the ability to capture information on a large population. One study
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also commented that the use of administrative datasets avoids the need for

voluntary participation of hospitals or clinicians.'?®

Burden of investigation of VLAD results

Four studies that used flag or alarm limits stated that the number of outcomes being
monitored and the level at which flags are set contributes to the burden on
resources.?%133-135 One study suggested that monitoring programmes need to
balance the cost of investigating alarms more frequently (where a change in
outcome may only be due to statistical artifact) against the need to identify special
cause variation®, whilst another stated that setting trigger points too low can cause

a significant burden on resources. 33

2.4.6.3 Integration of technology within monitoring process

One study stated that a lack of automation and the ad-hoc production of reports in
monitoring process was an obstacle to implementing continuous monitoring.'36
Another study stated bi-annual or annual analysis introduces a lag of months to
years from data collection to feedback of results, leading to complaints that data

presented are old."35

Web-based dashboards were used or discussed in five studies.!!9.120,127,135,136
Suggested advantages of these dashboards were that they are easily accessible
and allowed immediate feedback of results. One study stated that rapid and
automated analysis promotes earlier identification of unfavourable trends.''®

Despite this potential for rapid data feedback some studies used static monthly or

annual reports_95,98,121 ,126,128,129,131,134,135

Four studies stated that a significant advantage of VLAD methodology is that it can
provide immediate feedback to clinical teams about their outcomes.?5127-129 This
contrasts with analyses performed every 6 or 12 months which one study stated
can mask runs of adverse events if outcomes are otherwise satisfactory.’3! By
automating data analyses and report production into the monitoring process the
potential of VLAD methodology to provide immediate feedback can be realised.

Automation also supports more frequent production of reports compared to manual
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production. This is particularly relevant where large scale monitoring programmes

are implemented.9%.125

One study whose implementation of VLAD monitoring required software installation
on hospital networks suggested data security issues related to this installation may
be a barrier to implementation'3 but modern web-based tools used by three studies
overcame this difficulty.19.120.127 The use of an interactive online dashboard with
immediate feedback of results was suggested by one study to facilitate
engagement, registration behavior, and intrinsic motivation to improve
performance.'?” Another study stated that software should be responsive to users’

needs, for example allowing the addition of case-mix details or national averages.®®

Two studies stated that using a variety of methods to show results may improve
understanding and using online forms to gather feedback on any problems with the
monitoring process can support communication between sites and the central

team_128,134

Three studies discussed the benefits of building intrinsic error checking and data
verification technology into software systems. They suggested these checks can
help improve the accuracy of data and are critical to ensure accurate risk-
adjustment.®>119.128 Byilding software solutions that integrate data from multiple
sources can reduce the data collection burden whilst improving data quality;

allowing comparison of outcomes from a range of sources.!?®

2.4.6.4 VLADs as a formative monitoring tool

In the first paper to described VLAD, Lovegrove et al. stated it should be used with
common sense and their results should not be overinterpreted.®! Several studies
describe their role as a basis for learning and reflection.®1.95.98,127,132,133,135,137 Fiyes
studies stated that VLADs do not provide information about causes of a trend in
outcomes and should not be used to draw firm conclusions about quality of
care.98.132,134-136 |n ten studies, concerning trends in VLADs led to further scrutiny

of data and processes of care through detailed multidisciplinary
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audit.91,95.98,127,128,132-135,137 Ty studies stated that investigations should not seek

to apportion blame however.%5.133

Open publication of VLAD charts was only used in one study.?® Results were
published to create an incentive to improve results, however concern regarding
confidentiality is a barrier to clinician and hospital engagement. One study stated
that open publication of results may mean hospitals see a programme of routine
monitoring as a risk rather than an opportunity.®> Another stated that care should
be taken when comparing institution performance, especially where outcome

definitions are not robust.136

The context and intended use of the monitoring process should be discussed with
teams.®® Although outcomes at an individual clinician level were often
reported,91.119-121,123,127,129,130,136  the use of programme based (hospital or
departmental level) outcomes may be more appropriate to reflect the
multidisciplinary nature of modern care.%%123 Reassuring clinicians that monitoring

charts will not be shared with third parties may support engagement. 3%

Twelve out of the 22 studies used alarm limits to identify where trends in outcomes
deviated beyond prespecified limits. Reasons for not including flag or alarm limits
included: to not imply what is or is not acceptable performance?®’; to limit the scope
for complacency®®; and because the tool was intended to trigger further scrutiny of
performance and not draw firm conclusions.'3¢ VLADs were generally viewed as a
descriptive technique rather than statistical hypothesis testing.'3® They are helpful
in providing a general picture of performance, but not to indicate when a centre

should be concerned and take action.3°
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2.5 Discussion

There was a relative paucity of literature describing the prospective implementation
of monitoring using VLADs. Despite state-wide implementation at a governmental
level in Queensland, Australia, and a smaller roll out in Victoria, Australia there were
few studies that described in detail the implementation, its impact on outcomes, or

qualitative data about the monitoring process in these regions.

VLADs were introduced in Queensland in response to the Bundaberg Hospital crisis
in 2005, which centred around the poor clinical performance of Dr. Jayant Patel, an
Indian-born American surgeon who served as the Director of Surgery at Bundaberg
Base Hospital in Queensland, Australia, from 2003 to 2005. His tenure was marked
by a significant increase in patient mortality and morbidity and a clinical review
subsequently found that Dr. Patel directly contributed to the deaths of at least eight
patients and exhibited an unacceptable level of care in numerous other cases.44.145
The crisis highlighted critical systemic failures within Queensland Health, including
deficiencies in the credentialing and oversight of overseas-trained medical
practitioners, a lack of robust internal complaints management and incident
reporting systems, and a culture that tolerated clinical issues rather than addressing

them proactively.44-146

The over-riding rationale for monitoring implementation in Queensland in response
to these issues was to provide quality assurance, which is consistent with the
reason for monitoring described in other studies included in this review. Only three

studies appeared to apply a Ql agenda alongside QA.

Table 2-3 summarises some of the key findings of the review.

73



Key findings

o VLADs were most frequently used to monitor mortality after cardiac surgery — but were also
used to monitor outcomes (including mortality, morbidity or complications, length of stay,
readmission) in other surgical and medical specialties

e VLAD monitoring was generally implemented from a QA perspective but details of how they
were embedded in routine clinical practice were limited

e There was limited qualitative evaluation of the VLAD monitoring programmes and their impact
on outcomes

e Four main themes were identified regarding facilitators and barriers to monitoring
implementation:
- Engaging clinical teams

- The burden placed on clinical teams by the monitoring process
- Integration of technology within monitoring process

- Use of VLADs as a formative monitoring tool

Table 2-3: Key findings of this review

Information provided by studies on the technology used to produce, disseminate
and embed VLADs into clinical practice was very limited. Four studies provided
information on the software solutions implemented, but the level of detail was not
adequate for researchers to reproduce their methods.%5120.127.136 The most
comprehensive description was provided by Driessen et al.'?” Despite additional
details being released about the software used in one study, 33147 overall there was
no clear consensus about what features the software should have and how it can

be optimized to facilitate the monitoring process.

The use of computer or web-based programmes to collect data and automate the
analysis was viewed as having a positive effect in a number of ways: increasing
data quality through validation checks at the time of data entry;®>'27 allowing
immediate, real-time feedback of results;'9.127.133 gllowing users to interact with
their results;20.127.136 gnd allowing users to feedback any problems they have
identified with the monitoring process.’?® Harnessing technology to reduce the
burden of data collection, analysis and reduce time to the feedback of results was

viewed as a method to promote engagement.’?%127 The use of web-based
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dashboards enables clinicians and other stakeholders to interrogate their data at
timepoints relevant to local context. This contrasts with traditional approaches of
annual or bi-annual reporting where timing is determined by external individuals
where reports are produced manually. By incorporating interactive elements
clinicians can explore their local data more easily without central bodies having to

undertake complex analyses, thus supporting engagement with local data.??7.136

Only one study reported new qualitative data that was collected to formally evaluate
the implementation of VLAD monitoring.'?” This study gathered feedback from
users of their web-based portal in survey format, and the interactive clinician
accessible dashboard with ability to monitor one’s own performance was generally

positively received.

Studies frequently relied on information from other published work to describe
barriers and facilitators rather than producing new evaluative work. Formal mixed
methods evaluations of monitoring programmes in both a QA and QI setting could
help to quantify the impact of continuous monitoring on outcomes and improve
understanding of contextual factors that support or inhibit their uptake.'#8 Further
research is needed to establish whether facilitators and barriers to implementation
for QI differ to those of QA, and how adoption can be increased in either

circumstance.

Limitations of this review

There are several limitations to this study that are important to highlight.

First, the focus was on studies that described prospective implementation of
VLADs. A significant number of studies were excluded because they applied
VLADs retrospectively to describe results or demonstrate a previous change
(Figure 2-1: PRISMA flow diagram of systematic review). Whilst excluded studies
would not have added knowledge related to prospective implementation, they may
have included information on existing applications of VLADs in healthcare settings

not captured in prospective studies. Examples include settings where VLADs have
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been used retrospectively to assess the impact of pathway or service
reconfiguration. An illustration of VLADs being used retrospectively is a study by
Groven et al. who used them to demonstrate a change in patient survival after

centralisation of trauma services in Norway.'49

Studies using exponentially weighted moving average charts (EWMA), RA-CUSUM
charts reporting log-likelihood ratios and other monitoring tools not closely related
to VLADs were also excluded. Whilst studies using alternative methods to VLADs
may have provided additional information about potential barriers and facilitators to
prospective monitoring, such as whether involving clinicians in the design of the
monitoring programme promotes engagement, other findings would have been
specific to the method used. An example of this is statistical considerations around
the use of confidence intervals where methods used to define them vary according
to the chosen tool for monitoring. The decision to exclude methods not closely
related to VLADs was aimed at ensuring barriers and facilitators were directly

relevant to the prospective implementation of monitoring using VLAD methodology.

Second, the lack of formal qualitative evaluation within included studies meant that
many of the barriers and facilitators to implementation discussed in the included
studies were drawn from other published work. The relative lack of qualitative data
about the implementation of monitoring schemes is a gap in the literature that needs

to be addressed.

Third, studies may be preferentially submitted and accepted for publication where
the implementation of monitoring was viewed as beneficial, leading to publication

bias.

Finally, despite a literature search of multiple databases and citations, it is possible
that some eligible studies were missed. Despite strategies to prevent this such as
the citation and reference search of the sentinel VLAD publication®' and all included

studies, it is possible a small number of appropriate articles may have been omitted.
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2.6 Grey literature search — Implementation of VLADs in Queensland,

Australia

Peer-reviewed articles included in the systematic review identified the state-wide
implementation of VLADs to monitor a variety of healthcare outcomes in
Queensland, Australia and smaller scale adoption in Victoria and Western
Australia. To capture additional information related to the implementation in
Queensland a targeted grey literature search of Australian governmental websites
was performed. The availability of information related to the Victorian and Western
Australia implementations was limited compared to that in Queensland and so they

are not discussed here.

The search identified 10 organisational reports which detailed the implementation
and ongoing use of VLADs in Queensland. One report was excluded as it had been

superseded by a more recent version, leaving nine that are discussed here.

2.6.1 Background and summary of the Queensland monitoring scheme

The Australian state of Queensland introduced widespread mandatory VLAD
monitoring in 2007 following the Bundaberg Hospital Crisis.'® The process was
managed centrally with hospitals required to respond in a variety of ways depending

on their local outcomes.

VLADs were introduced as a screening tool designed to identify potential areas of
concern, or strengths to improve patient safety and quality of care. The
implementation was designed to improve understanding of causation and to

determine whether corrective action is necessary.'

A flagging process was included in the VLAD programme, which creates an alert or
signal when a pre-specified level of variation is reached. A tiered approach based
on three flagging levels, dependent upon the indicator being monitored was used
(see: 2.6.2). A flag or alert suggests to clinicians and hospital teams that over time

there had been more (or fewer) patients experiencing the outcome than expected.
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Whilst some peer reviewed publications were produced from this process, the depth
of information provided in these studies was limited.%.131.134 Table 2-4 summarises
the reports we retrieved on the VLAD monitoring programme produced by

Queensland Governmental agencies.
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Table 2-4: Summary of organisational reports produced by Queensland Government

Report title

Year

Specialty (Operation)

Outcome monitored

Definition of outcome

Report on the VLAD Laparoscopic

2012

Gastrointestinal

Readmission, long stays

Readmission to hospital within 30-days of discharge with

Cholecystectomy Indicator Review: surgery an emergency admission and for a condition that could be
Summary of Activities!52 (Cholecystectomy) (previously monitored considered a consequence of the initial treatment
‘complications of received.
surgery’
Long stays: LOS >15 days with a principle diagnosis of
heart failure
Report on the VLAD Heart Failure 2012 | Cardiology/General Readmission, long stays | Readmission to hospital within 30-days of discharge
Indicator Review: Final Summary of Medicine
Activities153 (Previously monitored Long stays — LOS >2 days for elective and LOS >6 days
mortality up to 2011) for emergency cholecystectomies
Paediatric Tonsillectomy and 2011 | Paediatric ENT Readmission, long stay, | Readmission: within 15 days with a principle diagnosis

Adenoidectomy VLAD Indicator
Working Group: Summary of
Activities to-date: April 2010 -
September 2010154

surgery

code considered to be related to original procedure

Long stays: LOS >= 2 days

Guideline for Variable Life Adjusted
Display and other National Patient
Safety Indicators15!

2017

Not stated — general
report produced by
Queensland
Government: Health
Service Directive

NA

Report on the Stroke VLAD
Indicator Review: Summary of
activitiesss

2012

Stroke medicine

Inpatient mortality

All inpatient deaths considered, where patient had a LOS
<=30 days. Excludes same day discharges/admissions
<24 hours who did not die.
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Report title Year | Specialty (Operation) Outcome monitored Definition of outcome
Report on the Orthopaedic VLAD 2012 | Orthopaedic surgery Mortality, morbidity, Mortality: in-hospital deaths
Indicator Review: Summary of (Fractured neck of readmission, long stay
activity16 femur, Hip Morbidity: Predefined list of clinical codes related to
replacement, Knee admission that were considered to be complications.
replacement) Defined by working group.
Readmission: patients readmitted to any Queensland
Health hospital within a specified interval since discharge.
Interval depends on both operation performed and
complication readmission diagnoses codes.
Long stay: hip replacement: LOS >=23 days. Knee
replacement: LOS >= 17 days. Both selected as 90t
centile for LOS data.
Report on the Obstetric VLAD 2014 | Obstetric Selected primiparae Monitoring of number of given interventions/outcomes in
Indicator Review: Summary of instrumental delivery, selected population
activity157 selected primiparae
caesarean section,
selected primiparae
episiotomy and 3rd/4th
degree perineal tears,
selected primiparae
induction of labour
Report on Acute Myocardial 2012 | Cardiology Mortality, readmission, Mortality: In-hospital deaths with a LOS <=30 days

Infarction VLAD Indicator Review:

Summary of activity8

long stay

Readmission: unplanned/unexpected readmission with
prespecified diagnosis code, readmission time frame
either 7 or 30 days depending on diagnosis code

Long stay: LOS >= 12 days (90t centile of LOS data)

LOS = length of stay,
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2.6.2 Methods used to calculate flag limits

Across the Queensland implementation, flagging limits included both an upper and
lower level. The upper flag indicates a hospital’s outcome rate is lower than the
state outcome rate (possible good performance). A lower level flag indicates the
hospital rate is higher than the state outcome rate (possible poor performance).
Indicators are assigned to groups A to D depending on the acceptable variation in
outcomes. Lower variation is tolerated in group A compared to B and so on. Table
2-5 summarises the outcomes monitored, the groups assigned and the level of

variation that results in flags.

2.6.3 Dissemination of VLADs

In the Queensland programme, VLADs are generated on a monthly basis using
administrative data and published using a web-based clinical monitoring system. A
monthly notification report listing any new flags is sent via email from the monitoring
system to the following individuals: Hospital and Health Service Chief Executive;
VLAD Authorising Officer; VLAD Hospital Coordinator; and other authorised users

of the clinical monitoring system
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Table 2-5: Indicator groups, flag levels and outcomes monitored in Queensland, Australia'>

Flagging level

Variation from state
average to trigger
flag

Indicator and outcome

Indicator group A

Level 1: 10%,
Level 2: 20%,
Level 3: 30%

Selected primiparae assisted births, episiotomy or 3rd and 4t degree perineal tears (public facilities)

Indicator group B

Level 1: 30%,
Level 2: 50%,
Level 3: 75%

Acute myocardial infarction readmission

Fractured neck of femur in-hospital mortality

Fractured neck of femur complications of surgery

Pneumonia in-hospital mortality

Stroke in-hospital mortality

Selected primiparae caesarean section (private mothers in public facilities)
Selected primiparae caesarean section (public mothers in public facilities)
Selected primiparae induction of labour (public facilities)

Selected primiparae instrumental delivery (public facilities)

Indicator group C

Level 1: 50%,
Level 2: 75%,
Level 3: 100%

Abdominal Hysterectomy complications of surgery

Acute Myocardial Infarction long stay and in-hospital mortality
Colorectal carcinoma complications of Surgery

Depression long stay and readmission

Heart Failure long stay and readmission

Hip Replacement (primary) complications of surgery

Hip Replacement long stay and readmission

Knee Replacement (primary) complications of surgery

Knee Replacement long stay and readmission

Laparoscopic Cholecystectomy long stay and readmissions
Prostatectomy complications of surgery

Schizophrenia long stay and readmission

Selected primiparae (unassisted births) Episiotomy or 3rd and 4th degree
Vaginal Hysterectomy complications of surgery

Indicator group D

Level 1: 100%,
Level 2: 125%,
Level 3: 150%

Paediatric Tonsillectomy and Adenoidectomy long stay and readmission
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2.6.4 Response to flags during VLAD monitoring

The Queensland reports state that a flag should not immediately be interpreted as
indicating good or bad performance, because a range of explanations as to why the
VLAD has flagged are possible, one being chance. In response to a VLAD
notification report the hospital is required to conduct a review and submit a report
that considers details of cases reviewed, any issues identified and an action plan

to correct an unfavourable result or to maintain a positive result.

For lower level two and lower level 3 flags, hospitals are mandated to conduct a
review and submit a response within 30 days. It is recommended that lower level 1
flags (possible poor performance at level one) and upper level flags (flags due to
positive performance) do not require review, but they are included in the notification

report. These flags may provide an opportunity to learn from improvement.

All responses to level three flags are reviewed by a VLAD committee that meets
monthly. This committee, which sits within the Queensland Department of Health,
clinically reviews the adequacy and action plans or responses. |f concerns are
raised then further information may be requested, following which there is an
escalating response from the VLAD committee. Issues unable to be resolved by the
committee are escalated within the Department of Health. The VLAD committee
feed information back to the VLAD system team about indicators, their definitions

or any problems with the monitoring process.

Where a review is initiated, the Queensland Health Service Directive recommend a

pyramid model of investigation (see:

Figure 2-2). The pyramid model of investigation is a hierarchical approach to identify
causation.'% Under this model, factors at the base of the pyramid are more likely

to be causes than factors at the apex.
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Data

Figure 2-2: Pyramid model for investigating outcomes'%4

This model is used to support clinical teams in investigating apparent variation
shown in the VLADs. The structured approach seeks to identify common causes of
variation and avoid assigning blame to individuals. The model was first developed
by Mohammed et al. linked to an investigation following on from the conviction in
2000 of GP, Harold Shipman, of mass murder in the UK.104

2.7 Conclusions

VLADs have been implemented to prospectively monitor outcomes in a wide variety
of healthcare settings. Whilst predominantly used to monitor mortality after surgery,
they have been used to monitor morbidity or other binary outcomes in both medical
and surgical specialties. The largest implementation of VLADs to date was in
Queensland, Australia where they have been implemented on a state-wide basis in
response to a well publicised hospital scandal. Grey literature relating to the

Queensland implementation (Section 2.6) offers useful information on what
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outcomes were monitored, how VLADs were implemented and what the expected
response to them was. However, despite the state-wide implementation there are
very limited peer-reviewed studies detailing the experience and learning that has

occurred from it.

VLADs were most commonly implemented from a QA perspective, although some
studies included a QI aim. Continuous outcome reporting incorporating risk-
adjustment has been suggested as a method to improve the use of national audit
data for quality improvement.® VLADs offer a potential method to deliver this, with

or without the use of alarm limits. Their use as a QI tool to date is limited, however.

The impact of VLAD monitoring programmes have not been formally assessed and
many included studies report no new quantitative or qualitative data about their
effect on patient level outcomes. Whilst there has been separate quantitative
analysis of the impact of some of the studies included in this review, these
evaluations did not assess the individual role of VLADs within the monitoring
programme.'5%-162 Future research using VLADs or other continuous monitoring
techniques should include qualitative evaluation to improve understanding of how
monitoring programmes change outcomes and influence safety and improvement
culture. Techniques to implement continuous monitoring that maximise positive
effects such as early identification of problems and learning from good
performance, whilst avoiding negative associations of censorship and blame, need

to be evaluated.
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Chapter 3 Development and temporal validation of a multivariable
risk-adjustment model for morbidity on postoperative day 7 in

adult patients undergoing major surgery

3.1 Abstract
Aims

To develop and internally validate, then temporally validate a risk-adjustment model
suitable for use in reporting risk-adjusted postoperative day 7 morbidity outcomes
in near real time across a range of surgical specialties recruiting to the Perioperative

Quality Improvement Programme.
Methods

Data from a prospectively collected multi-centre clinical dataset from 63 NHS
hospitals in England were used to develop the model. Postoperative morbidity was
defined using the validated and reliable Postoperative Morbidity Survey at
postoperative day 7.6%66.76 Twenty-eight variables were included in the initial ‘full
model’. Backwards step-wise selection was used to fit logistic regression models in
1000 bootstrap re-samples. Variables selected into >80% of bootstrap models were
included in the ‘final’ model which was fitted using penalised maximum likelihood

estimation.

Internal validation in the derivation cohort was performed through Harrell’s
bootstrap correction of optimism.'63 A temporal validation of the final model was
also performed using a dataset that was not available at the time of initial model
development. This cohort included data from 89 NHS hospitals. Model
discrimination in the validation cohort was assessed using the C-statistic,
calibration was assessed visually and with the Hosmer-Lemeshow test,'®* and

overall model accuracy was assessed with the Brier score.5
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Results

A total of 4466 cases contributed to model derivation. Ten variables were selected
into the final model: surgical specialty, surgery severity category, gender, ASA
grade, body mass index, preoperative heart rate, systolic blood pressure, age

(years), number of operations in last 30 days, and respiratory history findings.

The optimism corrected C-statistic in the derivation cohort was 0.68 (95% CI 0.66-

0.69). The Hosmer-Lemeshow test showed no evidence of a lack of fit (p=0.41).

There were 8251 cases included in the temporal validation cohort. The C-statistic
of the PQIP model was 0.68 (95% CI 0.66-0.69) in the validation cohort, and the
Brier score was 0.135. The Hosmer-Lemeshow test suggested a possible lack of fit
(p<0.05) in the temporal validation dataset. Further analysis suggested this lack of
fit may be due to overestimation of risk in patients undergoing urological procedures
and poor calibration in the head and neck category. Calibration varied significantly
between surgical specialties. Model performance was favourable compared to

published morbidity risk models.67.166

Conclusion

A risk-adjustment model for day 7 postoperative morbidity in patients undergoing
major surgery in the UK was developed and temporally validated. Discrimination

was favourable compared to published risk models and calibration was acceptable.
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3.2 Introduction

The Perioperative Quality Improvement Programme (PQIP) is a national study
running in over 100 NHS hospitals across the UK. One of its primary aims is to
increase the collection and use of perioperative data to support local level quality
improvement.67:168 |n order to implement monitoring of morbidity outcomes using
a variable life-adjusted display (VLAD)®! it is necessary to have a well calibrated
risk-prediction model with adequate discrimination. The aim was to develop a model
for implementation in a near real-time dashboard that will report expected minus
observed postoperative morbidity as a continuous display to be piloted in 10 NHS

hospitals.

Models to predict postoperative morbidity are less common in the literature than
those predicting postoperative mortality. This may in part be related to the frequent
use of mortality as a primary outcome measure in surgical studies. One commonly
used morbidity risk-prediction model is the Physiological and Operative Severity
Score for the enUmeration of Mortality and morbidity (POSSUM), which was first
published in 1991.766 Since its publication there have been several further iterations
of the postoperative mortality element designed to improve predictive performance
among different surgical specialties.'®®-171 These modifications focussed solely on
the mortality predictions however, and did not update the morbidity tool. As a
consequence, one of the most frequently used morbidity risk prediction models is
now more than 25 years old'”?> and has been demonstrated to over-estimate
morbidity in a recent surgical population.'”® The SORT morbidity tool is a more
contemporary morbidity prediction model that is a modification of the validated
SORT mortality tool.67.174 The development dataset for the SORT morbidity model
varies in terms of case-mix and complexity of surgery from the population eligible
for recruitment to PQIP however and therefore its applicability in the planned setting

be questioned (see Table 3-1).

One further tool of note is the American College of Surgeons National Surgical

Quality Improvement Programme (ACS-NSQIP) risk prediction calculator.”® This

calculator provides predictions for a range of postoperative complications and has
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been demonstrated to have good discrimination.”® A potential drawback of this
model is the large number of variables needed, many of which are not routinely
collected within the PQIP dataset. The ACS-NSQIP model was derived and is
utilised in the American healthcare system and it has not been validated for use in

a UK setting.

Given these limitations of existing risk models it was considered important to
develop, internally and then temporally validate a bespoke risk-adjustment model
for a UK population of patients undergoing major elective surgery for the purpose

of enabling continuous reporting of postoperative morbidity outcomes.

Table 3-1: Comparison of cohort characteristics for model derivation and internal
validation of the PQIP morbidity and the SORT morbidityé” models

PQIP model derivation SORT morbidity development

cohort - n (%) cohort - n (%)

n 4466 (100) 1934 (100)
Age [Median, IQR] [67, 57-73] [62.6, 48.7-71.7]
Female 1744 (39.1) 1121 (58.0)
ASA Physical status

| 496 (11.1) 313 (16.2)

Il 2738 (61.3) 1161 (60)

1l 1181 (26.4) 432 (22.3)

v 26 (1.3)

v 51 (1.1) 1 (0.1)
Surgical specialty

Ortho 0 (0) 873 (45.1)

Colorectal 2314 (51.8) 652 (33.7)

UpperGl 425 (9.5) 108 (5.6)

Vascular 0 (0) 122 (6.3)

Bariatric 0 (0) 125 (6.5)

Other 1727 (38.7) 53 (2.7)
Severity of surgery

Minor 108 (5.6)

Intermediate 595 (13.3) 108 (5.6)

Major 211 (10.9)

Xmajor 1785 (40.0)

Complex 2086 (46.7) IelE (o)
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3.3 Model derivation and internal validation

3.3.1 Methods

3.3.1.1 Data collection

Data were collected prospectively within a web-based database as part of the
national PQIP study.67.168 Patient recruitment started in December 2016. At the
time of analysis PQIP was recruiting consenting adult patients undergoing non-
cardiac major elective surgery in NHS hospitals in England and Wales. Model
derivation data was exported from the main study database on 1st February 2018.
All case records locked at the time of data export were eligible for inclusion, and
included surgery performed between the 1st December 2016 and 31st January
2018. Appendix A-1 shows the procedure list eligible for recruitment to PQIP at the
time of model derivation and internal validation. Procedures that were not eligible

at the time of model derivation but subsequently added are shown in italic.

3.3.1.2 Defining postoperative morbidity

Morbidity was defined using the Postoperative Morbidity Survey (POMS) at
postoperative day 7.76 This survey has been validated for use after major surgery
and has been demonstrated to have good inter-observer reliability.66¢ Due to
concerns that POMS may be too sensitive in the setting of major surgery,®” a
previously defined subset of the nine-domain POMS criteria was used, termed
‘POMSmaijor’ (previously referred to as ‘high-grade’).” POMSmajor includes those
POMS criteria equivalent to a Clavien-Dindo grade Il or above complication. The
Clavien-Dindo grading of surgical complications is a frequently used classification,
which divides complications into five grades ranging from a minor deviation from
the normal course (grade |) to death (grade V).”” Appendix C-1 shows the POMS
domains and their equivalent Clavien-Dindo classification as previously defined by
Wong et al.?” Patients discharged before postoperative day 7 were assumed to
have no POMS-defined morbidity.
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3.3.1.3 Data cleaning

Outcome data

Cases who withdrew from the study before postoperative day 7 did not have
outcome data collected and were therefore excluded. Any cases with a calculated
length of stay >7 days but with missing outcome data were also excluded from
further analysis. Patients with a postoperative length of stay <7 days were assumed
to be morbidity free at postoperative day 7 and those patients who died prior to
postoperative day 7 were assigned to have morbidity on postoperative day 7. This
decision was made on the interpretation of mortality being the most severe form of

morbidity.

Predictor variable data

Any variable with a missing data percentage above 20% was excluded from the full
model. Attempts were made to contact sites directly to obtain missing data. Where
this was possible values were entered manually into the dataset. Implausible values
were removed and treated as missing. For the predictor variable body mass index
(BMI) cases with a value of <12kg/m2 were removed. For cases where it was
evident height and weight data had been entered into the incorrect field, values
were manually corrected. The pattern of white cell count values >40M0°/L
suggested that values may have been entered incorrectly by a factor of 10 (the
normal range for a white cell count is 4.0-12.0M0°/L). Sites were contacted and
asked to correct any erroneous values. Any values that remained >40710°/L were

removed and treated as missing.

Serum urea and serum creatinine variables were explored in combination due to
the clinical association between them. Figure 3-1 shows a scatter plot of urea and
creatinine values. The x- and y-axes scales have been log transformed in this
figure. The serum urea values for the group of 11 cases that can be seen at the
extreme right-hand side of the Figure 3-1 were removed and treated as missing
data. This decision was based on the implausibility of having serum urea values in

this range paired with the relatively normal serum creatinine values. It was felt likely
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that these serum urea values may have been entered incorrectly by a factor of 10.

Serum creatinine values were subsequently winsorised at the 99.5th centile.

Urea/creatinine value
Missing

Not Missing

Serum creatinine (umol/L)

Serum Urea (mmol/L)

Figure 3-1: Scatter plot of serum urea and serum creatinine values prior to data
cleaning. The group of 11 cases that can be seen to the right-hand side of the plot
were subsequently removed and treated as missing data.

Additional data validation checks have been built into the PQIP database for the
height, weight, white cell count and serum urea variables in response to this

analysis to improve data quality for future analyses.

Table 3-2 shows how other predictor variables were managed. Continuous
variables were winsorised at the 0.5th and 99.5th centiles where unusual outlier
patterns were present. Implausible values were removed and treated as missing
values. To reduce over-fitting of the model categorical variable groups that
contained <1% of cases (<45 cases) were combined where clinically appropriate or
excluded if not, in keeping with previously published work.'”5176 Cases were
analysed on a complete case basis for predictor variables with a missingness of
less than 20%.
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Table 3-2: Candidate variables considered for inclusion in the PQIP model, data
types and ranges within the derivation and internal validation cohort

Candidate variable Type Range of Transformations
continuous
variable
(winsorised
range)
Surgical specialty categorical
Urgency of surgery categorical
Severity of surgery categorical Minor, intermediate and
major combined
Age (years) continuous 18-95
Sex categorical
Body mass index (kg/m2) continuous 14.4-61
ASA grade ordinal ASA IV and V combined
Serum sodium (mmol/L) continuous 113-150 (129-
150)
Serum potassium continuous 2.5-7.2 (3.3-5.6)
(mmol/L)
Serum urea (mmol/L) continuous 1.5-27.9 log transformed
Serum creatinine continuous 26-767 (26-188) log transformed
(umol/L)
White cell count continuous 1.7-27.1
(x1079/L)
Haemoglobin (g/L) continuous 62-200
Preoperative heart rate continuous 38-162 (38-122)
(beats per minute)
Systolic blood pressure continuous 55-211
(mmHg)
Preoperative oxygen continuous 84-100
saturations (%)
ECG findings categorical
Respiratory history ordinal Dyspnoea on light
findings exertion and dyspnoea at
rest categories combined
Cardiac history findings ordinal Peripheral oedema and
raised JVP categories
combined
New York Heart ordinal Category lll and IV
Association functional combined
classification
History of diabetes categorical Type | and Type Il
(treated with insulin)
categories combined
History of binary Yes, without hemiparesis
cerebrovascular disease and Yes, with
hemiparesis categories
combined to give binary
variable
Smoking history categorical
Alcohol consumption categorical
History of liver disease categorical
Respiratory infection in binary
last 30-days
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Candidate variable Type Range of Transformations

continuous
variable
(winsorised
range)
Diagnosis of cancer in binary
last 5 years
Operations in last 30 categorical n=2andn=>2
days categories combined into
‘2 or more’ category
Albumin continuous NA excluded due to missing
data >20%
Glasgow coma scale integer NA excluded

3.3.1.4 Model estimation

Twenty-eight candidate predictors were considered for inclusion in the initial “full
model’ (see Table 3-2). All 28 candidate predictors have been used previously in
published risk-prediction models,'66.174.177.178 and are routinely collected as part of
the PQIP dataset. Only risk factors which were deemed non-modifiable at the point
of admission for surgery were considered as predictor variables. Intra- and
postoperative variables that may be influenced by the quality of care patients

receive were excluded.

Five predefined interaction terms were considered for inclusion in the full model:
ASA x respiratory history findings, ASA x age, age x systolic blood pressure, age x
heart rate, and ASA x haemoglobin. For each interaction term with an initial strength
of p<0.10 in the derivation cohort, the stability of across 100 bootstrap re-samples
was tested.'”® Pre-defined criteria for inclusion in the full model was p<0.05 in at

least 80% of bootstrap re-samples based on previously published research.76

In order to develop a parsimonious model that could be implemented in a software
architecture, the most significant predictors of major postoperative morbidity were
identified by fitting backwards-stepwise logistic regression models, selected on
Akaike information criterion (AIC) across 1000 bootstrap re-samples.!80.181
Variables selected into at least 80% of final bootstrap models were included in the
‘final model’. Penalised maximum likelihood estimation (PMLE)'82 was used to fit a
logistic regression model using the variables selected in the backwards-stepwise

procedure. PMLE was used to improve the predictive accuracy of the model without
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sacrificing discriminative ability.183.184 Instead of applying a linear shrinkage factor
to correct for over-optimism, PMLE shrinks each regression coefficient
individually'63.184-187 and maximises the penalised log likelihood rather than the log
likelihood that is maximised in standard logistic regression modelling procedures

(maximum likelihood estimation - MLE).

The penalised log likelihood is maximised by adjusting the maximum likelihood by

the penalty factor:
logL — 0.52 Z(siﬁi)z,

where L is the maximum likelihood of the fitted model, 1 the penalty factor, f the
estimated regression coefficient for each predictor i in the model, and s; is a scaling
factor for each B; to make s;f; unitless.'®® The optimum penalty was calculated by
fitting a series of logistic regression models with varying penalties. For each model
the penalty factor, AIC and AIC corrected'® are recorded. The penalty factor that
gives the highest corrected AIC was chosen and applied when the final model was
fit.

3.3.1.5 Internal validation of model in derivation cohort

Internal validation was performed using Harrell’s bootstrap correction of optimism,
across 1000 bootstrap re-samples.'63.180 As the model was fit using the entire
cohort, its performance in future cohorts will be overestimated.'®3 The optimism
corrected C-statistic gives a more accurate estimation of future model performance
than the apparent C-statistic when a model is fit using the entire dataset.'®® In order
to calculate the optimism corrected C-statistic logistic regression models are fitted
to bootstrap datasets produced from the original derivation cohort. Model
performance in this bootstrap dataset is then compared to that when the same
bootstrap model is applied to the original dataset. The difference between the two
is termed the ‘optimism’. By repeating the process ‘b’ number of times (in the case
of the PQIP model, b=1000) and then finding the mean of the optimism calculations

across the b bootstrap samples it is possible to calculate the optimism corrected C-
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statistic (equivalent to the area under the receiver operating characteristic curve -
AUROC) using the equation:

Optimism Corrected C-statistic = Apparent C-statistiCoriginal sampie) - Mmean(optimism) pootstrap

samples)

3.3.1.6 Comparison with published morbidity risk models

The performance of the model was compared to that of two previously published
morbidity risk models (POSSUM'%¢ and SORT®’). To ensure a fair comparison both
models were recalibrated to the event rate within the derivation dataset. To do this
the approach of Eugene et al.'? was followed, firstly calculating the predicted log
odds of postoperative morbidity for each patient in the derivation cohort using the
published model formulae. A logistic regression model was then fitted to the
predicted log odds, together with an intercept term. The log odds predicted by the
original published formulae were then multiplied by the coefficient derived from the
calibration logistic regression model. The estimated intercept was finally added to
these predicted log odds to obtain a re-calibrated value.'? Discrimination was
assessed using the C-statistic and calibration was assessed both visually and with

the Hosmer-Lemeshow test.

3.3.1.7 Statistical analysis

Statistical analyses were performed using R version 3.4.4 (R Foundation for
Statistical Computing, Vienna, Austria), with the following external packages
enabled: rms, tidyverse, DescTools, PredictABEL, pROC, bootStepAIC, plotROC
and nanair. Means and standard deviations are reported for normally distributed
data. For non-normally distributed data, medians and inter-quartile ranges (IQRs)
are reported. Backwards stepwise model selection was performed using the
bootStepAIC package. Logistic regression models were fit using the Irm function,
and shrinkage factors were estimated using the val.prob function from the rms

package.
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3.3.2 Results

A total of 4466 were included in the model derivation and internal validation. Figure
3-2 summarises the patients included and excluded at each stage of the analysis.
Table 3-3 shows summary statistics of the dataset used at each stage, including
those patients excluded from the derivation dataset due to missing data. Figure 3-3
shows the data completeness of predictor variables after data cleaning and prior to
removal of cases with missing data. Overall data completeness was excellent, after
excluding serum albumin as a candidate predictor (proportion missing >20%), the

remaining dataset had a missingness of 0.24% overall.

There were 838 (18.8%) patients with POMSmajor-defined morbidity at

postoperative day 7 in the derivation cohort (see Table 3-4).
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Patients identified within PQIP
study database, n=4734

Excluded based on missing POMS
outcome, n=23 (0.5%) of which:
- Case withdrew from study before
postoperative day 7 (n = 7)
- Missing POMS outcome (n=16)

A4

Data cleaning to remove implausible data
points:

- BMI manually corrected (n=7)

- BMI <12kg/m2 (n=1)

- Serum urea values (n=11)

- White cell count values (n=16)

Total patients used for model
derivation and internal
validation, n=4466

Figure 3-2: Flow diagram summarising cases included and excluded from the
model derivation and internal validation dataset

Of the 28 predictor variables considered, ten were selected into the final model:
surgical specialty, surgery severity category, gender, ASA grade, body mass index,
preoperative heart rate, systolic blood pressure, age (years), number of operations
in last 30 days, and respiratory history findings. The frequency with which each

predictor variable was selected into the 1000 bootstrap models is shown in

Appendix C-2.

A4

Total cases excluded based on missing
predictor variable values (n=245, 5.2%)

Frequency of missing values:
Body mass index (n=1)
Serum sodium (n=18)

Serum potassium (n=43)
Serum urea (n=159)

Serum creatinine (n=23)
White cell count (n=59)
Haemoglobin (n=30)
Diagnosis of diabetes (n=4)

(see also Figure 3-3)
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Figure 3-3: Missing data present in the derivation dataset after removal of

implausible values

Figure 3-4 shows the AIC and AIC corrected for each penalty factor. The optimum
penalty for PMLE model estimation was 8, which reduced the effective degrees of
freedom used to fit the model from 19 to 16.9. The coefficients of the final logistic

regression model fitted by PMLE are shown in Table 3-5.
The bootstrap optimism corrected C-statistic in the derivation cohort was:

Optimism Corrected C-statistic = Apparent C-statistiCoriginar sampie) - mean(optimism) pootstrap

samples)

=0.685 - 0.009

= 0.68 (95% CI 0.66-0.69)
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Table 3-3: Descriptive data for derivation cohort and cases excluded owing to
missing data

Cases excluded due to
missing data [n=(%)]

Derivation and
internal validation
cohort [n=(%)]
Demographic data

Age (years) [median, IQR] [67, 57-73] [66, 58-73]
Female sex 1744 (39.1%) 88 (35.9%)
Body mass index (kg/m2) [27, 23.9-30.4] [27.5, 23.8-30.4]

[median, IQR]
Surgical specialties

Lower gastrointestinal
Urology

Upper gastrointestinal
Hepatobiliary
Thoracics

Head and neck
Abdominal - other

Severity of surgery

Minor/Intermediate/Major
Xmajor
Complex

NCEPOD classification

Elective
Expedited

ASA physical status

I

Il

1
IVIV

Comorbidities
Diagnosis of cancer in last 5 years

NYHA classification
I
Il
/v
Respiratory history findings
No dyspnoea

Dyspnoea on exertion or chest

x-ray: mild COPD

Dyspnoea limiting exertion to
<1 flight of stairs or chest x-
ray:

moderate COPD or Dyspnoea
at rest/respiratory rate > 30 at
rest or chest x-ray: fibrosis or
consolidation

Cardiac history findings

No failure

Diuretic, digoxin, antianginal
or antihypertensive therapy
Peripheral oedema, warfarin
therapy or borderline
cardiomegaly, raised jugular

2314 (51.8%)
585 (13.1%)
425 (9.5%)
447 (10%
422 (9.4%
127 (2.8%
146 (3.3%

~ ~— ~—

595 (13.3%)
1785 (40%)
2086 (46.7%)

3991 (89.4%)
475 (10.6%)

496 (11.1%)
2738 (61.3%)
1181 (26.4%)
51 (1.1%)
3387 (75.8%)
3741 (83.8%)
609 (13.6%)
116 (2.6%)

3787 (84.8%)
533 (11.9%)

146 (3.3%)

3414 (76.4%)
963 (21.6%)

89 (2%)

100

122 (49.8%)
29 (11.8%)
17 (6.9%)
21 (8.6%)
8 (3.3%)
43 (17.6%)
5 (2%)

21 (8.6%)
98 (40%)
126 (51.4%)

204 (83.3%)
41 (16.7%)

33 (13.5%)
149 (60.8%)
62 (25.3%)
1 (0.4%)
192 (78.4%)
210 (85.7%)
30 (12.2%)
5 (2%)

206 (84.1%)
32 (13.1%)

7 (2.9%)

191 (78%)
51 (20.8%)

3 (1.2%)



VEeNOouUsS pressure or

cardiomegaly
Cerebrovascular disease with or
without hemiparesis

Derivation and
internal validation
cohort [n=(%)]

179 (4%)

Information Criterion
~

Criterion
AIC

= = AICcorrected

Penalty factor

Cases excluded due to
missing data [n=(%)]

9 (3.7%)

Figure 3-4: Optimal penalty factor to optimise the corrected AIC when fitting the
PQIP model using penalised maximum likelihood estimation

Table 3-4: POMS outcomes at postoperative day 7 in the derivation cohort

Total number of patients [n (%)]

Patients still in hospital at postoperative day 7 [n

(%)]
POMS-defined outcomes

Patients with POMS-defined morbidity [n (%)]
Patients with POMSmajor-defined morbidity [n

(%)]

Derivation and
internal
validation
cohort
4466 (100)
2112 (47.3)

1299 (29.1)
838 (18.8)

Excluded based on
missing predictor
variable data
(derivation)

245 (100)
108 (44.1)

Figures in parentheses represent the number of patients suffering POMS- or POMSmajor-defined
morbidity as a percentage of the total number of patients in either cohort
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The area under the receiver operating characteristic curve (AUROC) and calibration
plot for PQIP model in the derivation cohort is shown in Figure 3-5. Calibration of
the PQIP model for each surgical specialty in the derivation and internal validation

cohort is shown in Figure 3-6.

(a) (b)

1 - Specificity Predicted risk

Figure 3-5: (a) AUROC curve for the PQIP morbidity model and (b) calibration plot
comparing the observed day-7 POMSmajor morbidity against predicted in deciles of
predicted risk
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Figure 3-6: Calibration plot comparing the observed day-7 POMSmajor morbidity
against that predicted from the PQIP model in deciles of predicted risk for each
surgical specialty in the derivation and internal validation dataset
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Table 3-5: Coefficients for the PQIP-morbidity adjustment model. PQIP,
Perioperative Quality Improvement Programme

Coefficient Standard  z-value p-value

error
Intercept -3.8525 0.4716 -8.17 <0.0001
Surgical specialty

Lower gastrointestinal Reference

Urology -0.2462 0.1348 -1.83  0.0677

Upper gastrointestinal 0.5464 0.1212 4.51 <0.0001

Hepatobiliary 0.1108 0.1286 0.86 0.3887

Thoracics -0.4661 0.1788 -2.61 0.0091

Head and neck 0.0179 0.2037 0.09 0.9301

Abdominal - other 0.2941 0.2003 1.47 0.1420
Severity of surgery

Minor/Intermediate/Major Reference

Xmajor 0.4519 0.1714 2.64 0.0084

Complex 0.9666 0.1634 5.92  <0.0001
Sex

Male Reference

Female -0.4087 0.0840 -4.86  <0.0001
American Society of Anaesthesiologists
Physical Status Classification System
(ASA-PS)

I Reference

Il 0.2927 0.1446 2.02 0.0429

0 0.6069 0.1573 3.86 0.0001

IVIV 0.6517 0.2895 2.25 0.0244
Body mass index

Per 1-unit increase (kg/m2) 0.0253 0.0075 3.39 0.0007
Heart rate

Per 1-unit increase (beats per minute) 0.0108 0.0029 3.76 0.0002
Systolic blood pressure

Per 1-unit increase (mmHg) -0.0055 0.0022 -2.53 0.0115
Age (years)

Per 1-unit increase (years) 0.0088 0.0034 2.61 0.0091
Number of operations in last 30 days
(including planned operation)

One Reference

Two or more 0.4509 0.1520 2.97 0.0030
Respiratory history findings (POSSUM
variable)

Normal findings Reference

Dyspnoea on exertion 0.4542 0.1141 3.98 <0.0001

Dyspnoea on light exertion/Dyspnoea 0.5910 0.1846 3.20 0.0014
at rest
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3.3.3 Model performance compared to existing morbidity models

The discrimination of the PQIP model was superior to those of the POSSUM and
SORT morbidity despite recalibration to the event rate in the derivation cohort (C-
statistic of PQIP model: 0.68 (95% CI 0.66-0.69) vs. POSSUM morbidity: 0.62 (95%
C10.60-0.64) and SORT morbidity: 0.52 (95% CI1 0.50-0.54) - Table 3-6). Calibration
of the PQIP model was also superior to POSSUM and SORT morbidity models

across the range of risk predictions in the derivation dataset (Figure 3-7).

PQIP morbidity SORT morbidity POSSUM morbidity

Observed risk
»
»

Predicted risk

Figure 3-7: Calibration plot comparing the observed day-7 POMSmajor morbidity
against predicted in deciles of predicted risk for: (a) PQIP model (Perioperative
Quality Improvement Programme); (b) SORT morbidity (Surgical Outcome Risk

Tool morbidity); and (c) POSSUM morbidity model
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Table 3-6: Discrimination of the PQIP risk model compared to published models.

POSSUM, Portsmouth Physiological and Operative Severity Score for the
enumeration of Mortality and Morbidity; SORT morbidity, Surgical Outcome Risk
Tool; PQIP, Perioperative Quality Improvement Programme

Model

PQIP morbidity
POSSUM

Copeland et
al.166

Jones et al.189

Brooks et al.
190

Gonzalez-

Martinez et
a|.191

Bagnall et al.
173
SORT morbidity

Wong et al.¢”

C-statistic in development

study/other external
validation

0.68

Not stated

0.82

0.92

0.77

0.51

0.72

3.3.4 Sensitivity analyses

Sample size C-statistic within PQIP
of original  derivation dataset (95% CI)
study - n=4466
0.68 (0.66-0.69)

1372 0.62 (0.6-0.64)

117

949

721

1380

1583 0.52 (0.5-0.54)

Given the poor calibration when predicting outcomes of patients undergoing head

and neck surgery (Figure 3-6), a sensitivity analysis was performed to assess the

difference in coefficients estimated after excluding these patients from the

derivation cohort. Table 3-7 shows the minimal effect of excluding these patients

on the coefficients of the model. The apparent C-statistic of this adjusted model in
the derivation cohort was unchanged (0.68, 95% CI 0.66-0.70)
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Table 3-7: Change in PQIP risk-model coefficients for sensitivity analysis excluding
patients undergoing head and neck surgery from derivation cohort

Coefficient estimated Coefficient estimated
in PQIP model in sensitivity analysis
(excluding head and neck
patients)

Intercept -3.8525 -3.9195
Surgical specialty

Lower gastrointestinal Reference

Urology -0.2462 -0.2468

Upper gastrointestinal 0.5464 0.5598

Hepatobiliary 0.1108 0.1238

Thoracics -0.4661 -0.4658

Head and neck 0.0179 NA - excluded

Abdominal - other 0.2941 0.3107
Severity of surgery

Minor/Intermediate/Major Reference

Xmajor 0.4519 0.4718

Complex 0.9666 0.9677
Sex

Male Reference

Female -0.4087 -0.4137
American Society of
Anaesthesiologists Physical
Status Classification System
(ASA-PS)

I Reference

] 0.2927 0.2777

1] 0.6069 0.5670

IVIV 0.6517 0.6428
Body mass index

Per 1-unit increase (kg/m2) 0.0253 0.0281
Heart rate

Per 1-unit increase (beats per 0.0108 0.0108
minute)
Systolic blood pressure

Per 1-unit increase (mmHg) -0.0055 -0.0057
Age (years)

Per 1-unit increase (years) 0.0088 0.0092
Number of operations in last 30
days (including planned
operation)

One Reference

Two or more 0.4509 0.4542
Respiratory history findings
(POSSUM variable)

Normal findings Reference

Dyspnoea on exertion 0.4542 0.4599

Dyspnoea on light 0.5910 0.6146
exertion/Dyspnoea

at rest
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3.4 Temporal validation

3.4.1 Methods

3.4.1.1 Data collection
A temporal validation was performed using a cohort not available at the time of
initial model derivation. Data were collected prospectively in the same national

PQIP database as model derivation 167168

Temporal validation data were exported on the 1st April 2019, and included patients
undergoing surgery between the 1st February 2018 and 31st March 2019.
Appendix A-1 shows the procedure list eligible for recruitment to PQIP at the time
of model derivation and validation. Procedures that were not present in the model
derivation dataset but were eligible for inclusion at the time of temporal validation

data export are shown in italic.

3.4.1.2 Data cleaning

Outcome data

The same outcome data cleaning procedure applied to the derivation data was
applied to the temporal validation data. Cases who withdrew from the study before
postoperative day 7 did not have outcome data collected and were therefore
excluded. Cases with a calculated length of stay >7 days but with missing outcome
data were also excluded. Patients with a postoperative length of stay <7 days were
assumed to be morbidity free at postoperative day 7. Patients who died before
postoperative day 7 were assigned to have morbidity on postoperative day 7, a
decision based on the interpretation of mortality being a severe form of morbidity in

keeping with the decision made at the model derivation stage.

Predictor variable data

The same predictor variable data cleaning procedures performed at the model

derivation stage were applied to temporal validation data. Implausible values were

removed and treated as missing. For the predictor variable body mass index (BMI)
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any cases with a value of <12kg/m? or >65kg/m? were removed and treated as
missing. As during model derivation, BMI values were corrected where it was clear
height and weight data had been entered into the incorrect field. White cell count

values >40710-9/L were removed and treated as missing.

Serum urea values were removed and treated as missing where the serum urea
was recorded as >27mmol/L with a serum creatinine of <134umol/L; the same rule
applied to remove implausible outliers in the derivation dataset owing to concerns
that urea values may have been entered incorrectly by a factor of 10. Any
continuous variables winsorised in the model derivation analysis were again

winsorised at the same values used during model derivation (see Table 3-2).

The grouping of categorical variables used in the model derivation stage were
applied to temporal validation data. Table 3-2 shows which categories were

grouped.

Model discrimination in the temporal validation cohort was assessed using the C-
statistic, calibration was assessed visually and with the Hosmer-Lemeshow
goodness of fit test.'®* Overall model performance was measured with the Brier
score.'®® As the model is used to report risk-adjusted outcome at the surgical
specialty level a sensitivity analysis assessing model performance within specialties
was performed. A second sensitivity analysis was performed to assess model
performance after exclusion of patients undergoing robotic prostatectomies, owing
to a decision to exclude these from recruitment to PQIP between model derivation

and the temporal validation stages.

3.4.1.3 Comparison of PQIP model performance to that of published
morbidity models

Model performance of the PQIP model in the temporal validation cohort was

compared to the two previously published morbidity risk models (POSSUM?'%¢ and

SORT?®’). Previously published models were recalibrated to the event rate within

the temporal validation dataset using the same method as that used at the

derivation stage.’?> The PQIP model was not calibrated to the event rate in the
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temporal validation dataset, instead the equation calculated at the model derivation

stage was used.

3.4.2 Results

As variables selected into the final PQIP model at the derivation stage were
mandatory within the PQIP dataset, the impact of missing data in the temporal
validation cohort was lower than that in the derivation cohort (see Figure 3-2 and
Figure 3-8).

Table 3-8 shows the case mix of the model derivation/internal validation cohort
compared that of the temporal validation and Table 3-9 shows postoperative
morbidity outcomes for the derivation/internal validation and temporal validation

cohorts.
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Patients identified within Excluded based on missing POMS
PQIP study database, outcome (n=23, 0.3%), of which:
n=8283 - Case withdrew from study
before postoperative day 7
(n=16)
- Missing POMS outcome
(n=7)

A4

Data cleaning to remove implausible
data points:
- BMI manually corrected
(n=8)
- BMI >65kg/m2 (n=5)
- Serum urea values (n=4)
- White cell count values
(n=44)

Excluded based on missing values
in predictor variables included in
PQIP model (n=9, 0.1%)

\ 4

Frequency of missing values:
- Age (n=4)
v - Body mass index (n=5)
Total patients used for
temporal validation, n=8251

Figure 3-8: Cases included and excluded from temporal validation dataset
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Table 3-8: Comparison of derivation/internal validation and temporal validation
cohorts

Derivation and internal
validation cohort

Temporal validation
cohort [n=(%)]

Demographic data
Age (years) [median, IQR]
Female sex
Body mass index (kg/m2)
[median, IQR]
Surgical specialties
Lower gastrointestinal
Urology
Upper gastrointestinal
Hepatobiliary
Thoracics
Head and neck
Abdominal - other
Severity of surgery
Minor/Intermediate/Major
Xmajor
Complex
NCEPOD classification
Elective
Expedited
ASA physical status
I
I
1
IV/V
Comorbidities
Diagnosis of cancer in last 5
years
NYHA classification
I
Il
v
Respiratory history findings
No dyspnoea
Dyspnoea on exertion or
chest x-ray: mild COPD
Dyspnoea limiting exertion
to <1 flight of stairs or chest x-ray:
moderate COPD or Dyspnoea at
rest/respiratory rate > 30 at rest or
chest x-ray: fibrosis or consolidation
Cardiac history findings
No failure
Diuretic, digoxin,
antianginal or antihypertensive
therapy

[n=(%]]

[67, 57-73]
1744 (39.1%)
[27, 23.9-30.4]

2314 (51.8%)
585 (13.1%)
425 (9.5%)
447 (10%)
422 (9.4%)
127 (2.8%)
146 (3.3%)

595 (13.3%)
1785 (40%)
2086 (46.7%)

3991 (89.4%)
475 (10.6%)

496 (11.1%)
2738 (61.3%)
1181 (26.4%)
51 (1.1%)
3387 (75.8%)
3741 (83.8%)
609 (13.6%)
116 (2.6%)

3787 (84.8%)
533 (11.9%)

146 (3.3%)

3414 (76.4%)
963 (21.6%)
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[66, 56-73]
3236 (39.2%)
[27, 23.9-30.6]

4047 (49%)
1348 (16.3%)
723 (8.8%)
828 (10%)
753 (9.1%)
228 (2.8%)
324 (3.9%)

1042 (12.6%)
2743 (33.2%)
4466 (54.1%)

7397 (89.6%)
854 (10.4%)

827 (10%)
5134 (62.2%)
2199 (26.7%)

91 (1.1%)

6227 (75.5%)
6847 (83%)
1202 (14.6%)
202 (2.4%)

7068 (85.7%)
934 (11.3%)

249 (3%)

6230 (75.5%)
1860 (22.5%)



Derivation and internal Temporal validation

validation cohort cohort [n=(%)]
[n=(%)]
Peripheral oedema, 89 (2%) 161 (2%)

warfarin therapy or borderline
cardiomegaly, raised jugular venous
pressure or cardiomegaly
Cerebrovascular disease with 179 (4%) 323 (3.9%)
or without hemiparesis

Table 3-9: POMS outcomes at postoperative day 7 in the derivation and temporal
validation cohorts

Derivation and Temporal
internal validation validation cohort
cohort

Total number of patients [n (%)] 4466 (100) 8251 (100)
Patients still in hospital at postoperative day 7 [n 2112 (47.3) 3648 (44.2)
(%)]
POMS-defined outcomes
Patients with POMS-defined morbidity [n (%)] 1299 (29.1) 2087 (25.3)
Patients with POMSmajor-defined morbidity [n 838 (18.8) 1445 (17.5)
(%)]

Figures in parentheses represent the number of patients suffering POMS- or
POMSmajor-defined morbidity as a percentage of the total number of patients in either
cohort

The C-statistic of the PQIP model was maintained between the derivation cohort
and the temporal validation cohort (0.68, 95% CI 0.66-0.68 — see Table 3-10). The
Brier score was 0.14, indicating good overall performance of the model.
Discrimination of the POSSUM and SORT morbidity models in the temporal

validation cohort was similar to that in the derivation cohort (Figure 3-9).

The Hosmer-Lemeshow test suggested a possible lack of fit (p<0.05) and the PQIP
model was shown to overestimate risk in the 17.2-22.6% predicted risk band (see
Figure 3-10a). This overestimation may be attributable to the poor calibration of
predicted and observed morbidity risk in those patients undergoing urology and

head and neck surgery in the temporal validation cohort (see Figure 3-11b).
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Table 3-10: Discrimination of the PQIP model compared to published models within
the temporal validation cohort. POSSUM, Portsmouth Physiological and Operative
Severity Score for the enumeration of Mortality and Morbidity; SORT morbidity,
Surgical Outcome Risk Tool; PQIP, Perioperative Quality Improvement Programme

Model

C-statistic in
development
study/other external

Sample size of
original study

C-statistic within
PQIP temporal
validation dataset

validation (95% CI) - n=8251

PQIP morbidity 0.68 0.68 (0.66-0.69)
POSSUM

Copeland et Not stated 1372 0.61 (0.59-0.63)
a|_166

Jones et al.189 0.82 117

Brooks et al. 190 0.92 949

Gonzalez- 0.77 721

Martinez et al.191

Bagnall et al. 173 0.51 1380
SORT morbidity

Wong et al.é” 0.72 1583 0.53 (0.51-0.55)

PQIP morbidity SORT morbidity POSSUM morbidity
(b) -7 @

Sensitivity

1 - Specificity

Figure 3-9: Area under the receiver operating characteristic curve for: (a) PQIP
morbidity (Perioperative Quality Improvement Programme); (b) SORT morbidity
(Surgical Outcome Risk Tool morbidity); and (c) POSSUM (Portsmouth
Physiological and Operative Severity Score for the enumeration of Mortality and
Morbidity) risk models in the temporal validation dataset. SORT morbidity and
POSSUM have been calibrated to the event rate in the temporal validation dataset.
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PQIP morbidity SORT morbidity POSSUM morbidity

Observed risk
>
>

02 03
Predicted risk

Figure 3-10: Calibration plot comparing the observed day-7 POMSmajor morbidity
against that predicted by: (a) PQIP morbidity model; (b) SORT morbidity model;
and (c) POSSUM morbidity model, in the temporal validation dataset.

Lower gastrointestinal Urology Upper gastrointestinal
(a) (b) (c) .
o o ¢
PY o
(o}
L ]
°
A
o
.0 °
°® e
Hepatobiliary Thoracics Head and neck
(d) (e) ®

Observed risk

Abdominal - other

Predicted risk

Figure 3-11: Calibration plot comparing the observed day-7 POMSmajor morbidity
against that predicted by the PQIP morbidity model in deciles of predicted risk for
each surgical specialty in the temporal validation cohort

115



3.4.3 Further exploration of model calibration

Whilst overall model calibration was acceptable in the temporal validation cohort
(Figure 3-10), the over-estimation of risk in the 17.2-22.6% band was further
investigated. This over-estimation of risk was particularly evident in patients
undergoing Urology surgery (Figure 3-11b). During recruitment of patients into the
two datasets changes were made to PQIP eligibility criteria. Patients undergoing
prostatectomies with the use of robotic assistance were excluded from recruitment.
These cases had lower morbidity rates compared to patients undergoing other
Urology procedures (see Table 3-11). The performance and calibration of the PQIP
model was therefore also assessed in the temporal validation cohort after exclusion
of patients undergoing robotic prostatectomies. Figure 3-12 shows the calibration
plot for the PQIP model in the temporal validation cohort for Urology surgery
including robotic prostatectomies (Figure 3-12a) and after excluding them (Figure
3-12b).

Appendix C-4 explores how the application of linear shrinkage factors can be used

improve model calibration across the different surgical specialties.

Table 3-11: Comparison of morbidity outcomes in robotic prostatectomy
procedures and all other urological procedures in the temporal validation cohort

Urology procedures Robotic
excluding robotic prostatectomies
prostatectomies
Total cases (n) 992 356
Cases with POMSmajor morbidity 93 3
(n)
Predicted risk from PQIP model - 0.145 [+/- 0.083] 0.180 [+/- 0.050]
mean, [+/- SD]
Observed morbidity rate 0.094 0.008 (p<0.001)
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All Urology cases Urology excl. robotic prostate procedures Robotic prostate procedures

(a) (b) ()

Observed risk
>

Predicted risk

Figure 3-12: Calibration plot comparing the observed day-7 POMSmajor morbidity
against that predicted by the PQIP morbidity model in deciles of predicted risk for
cases undergoing Urology surgery in the temporal validation cohort with: (a) all
Urology cases; (b) Urology cases excluding robotic prostatectomies; and (c) only
robotic prostatectomies

3.5 Discussion

3.5.1 Main findings

A logistic regression model has been developed and temporally validated to risk-
adjust postoperative day 7 morbidity outcomes in the setting of major surgery.
Model discrimination was acceptable 0.68 (95% CI| 0.66-0.69). Model discrimination
was maintained between derivation and temporal validation cohorts. The model out
performed published morbidity risk models®”:16 in both derivation and temporal
validation cohorts which included patients undergoing major surgery across a

heterogeneous group of surgical specialties.

A major strength of this study is the data quality with low overall missingness. The
multi-centre dataset, with 63 hospitals contributing to the development cohort and
89 to the validation cohort hopefully supports model performance being maintained

in future similar populations.
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3.5.2 Performance of model vs comparators

The poor calibration of the SORT morbidity model is likely to be a reflection of the
low discrimination of the model in both the derivation and temporal validation
datasets (C-statistic 0.52 and 0.53 in the derivation and temporal validation cohorts
respectively). This performance may be due to the difference in case-mix and
complexity of surgery between the cohort used to develop the SORT morbidity
development and that used in this study. The SORT morbidity model was derived
from a single centre cohort of patients undergoing generally less severe,

predominantly orthopaedic procedures (Table 3-1).

After calibration to both derivation and temporal validation cohorts the POSSUM
model still overestimated risk in the lowest decile of risk prediction (Figure 3-10).
The smaller range of predicted risk deciles compared to the PQIP model also

demonstrates a poorer ability to differentiate between higher and low risk groups.

3.5.3 Limitations

3.5.3.1 Dataset and predictor variables

The derivation and validation cohort included patients undergoing major elective
and expedited surgery in England and Wales. Very few patients underwent a
procedure classified as minor or intermediate in severity. For this reason, minor,
intermediate and major categories were grouped together. It is likely that the model
will over-estimate risk if applied to a cohort of patients undergoing minor and

intermediate procedures and its use in this group of patients is therefore cautioned.

Whilst seven different surgical specialties are represented within the model, the
majority of patients underwent a general surgical procedure (lower gastrointestinal,
upper gastrointestinal, hepatobiliary, abdominal - other). The heterogeneous nature
of the sample may be beneficial in terms of the wide-ranging applicability of the
model, but its ability to discriminate the risk of morbidity may have been reduced by

the heterogeneity.
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Intra- and postoperative variables that may be influenced by the care patients
receive were excluded and not considered as possible candidate variables. The
rationale for this was that the intended application of the risk model is to monitor
postoperative outcomes and support hospital teams monitor and improve their
outcomes. The inclusion of intra- and postoperative variables would potentially
result in the outcome being adjusted for the quality of care being delivered, not just
risks directly related to the patient. A potential downside of this decision to exclude
intra- and postoperative variables is that the performance (particularly

discriminative power) of the model may have been reduced.

3.5.3.2 Choice of outcome

Although the discrimination of the model developed was acceptable following
recalibration, confidence intervals spanned the 0.70 cut-off that is considered to
represent moderate discrimination.87:163 |t is important to acknowledge that the
discriminative ability of morbidity models is frequently lower than that of mortality
models in the published literature.67.79:166.172,174 This poorer discrimination may be
due to a greater range of factors impacting on morbidity risk compared to those of
mortality. Mortality is frequently used as an outcome measure in clinical studies,
and it is also therefore possible that clinical datasets designed to capture
information relating to mortality do not adequately capture variables that impact on

morbidity risk.

The method of defining the morbidity outcome may also affect overall model
performance, with a stricter definition potentially leading to improved discriminative
ability. The choice of POMSmajor as the outcome for this work was based on recent
published morbidity modelling work and the concern that POMS may be too
sensitive in the setting of major surgery.” When comparing the performance of the
model derived here with the SORT morbidity model we used the ‘high-grade’
(POMSmajor) shrinkage factor presented by Wong et al. to predict morbidity.6” This
ensured a fair comparison of performance. The difference in the way morbidity was
defined in the POSSUM derivation study may account for some of the difference in

model performance. Recalibration of the POSSUM model to the event rate in the
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validation cohort improved calibration but did not change the discrimination of the
POSSUM model.

Whilst other morbidity or complication outcomes such as the original POMS criteria
or the Clavien-Dindo grading of surgical complications were available as potential
outcome measures, the intended application of the model for monitoring and use in
a quality improvement setting meant that POMSmajor was viewed as a more
appropriate outcome. As POMS can be divided into its nine constituent organ
domains (Appendix C-1), the choice of POMSmajor as an outcome measure
presents the potential for future work to develop domain or organ specific morbidity
predictions and monitoring. These more detailed predictions and monitoring would
allow clinical teams to develop more precise interventions to reduce risk and

improve patient and hospital outcomes.

3.5.3.3 Statistical analysis and modelling technique

Model accuracy varied between individual surgical specialties. This variation may
reflect the heterogeneity of patients presenting for each type of surgery. Calibration
of the PQIP model appears best for the general surgical population (lower
gastrointestinal, upper gastrointestinal, hepatobiliary and the abdominal - other
group — see Figure 3-11). The calibration in the gastrointestinal specialties is
contrasted by the relatively poor calibration in the other specialties (urology,
thoracics, and head and neck surgery). This was particularly true for patients
undergoing head and neck surgery (Figure 3-11f). The appropriateness of the
model to monitor morbidity outcomes in these specialties may therefore be
questioned. Poorly calibrated models may result in risk-adjusted outcomes
appearing better than they are (if the model systematically over-estimates risk) or
worse than they are (if the model underestimates risk), resulting in the potential for
inappropriate investigation and incorrect conclusions being drawn from the

monitoring process.

The risk-factors that contribute significantly to risk of postoperative morbidity are
likely to differ between specialties. The method of variable selection and application
of simple logistic regression may not be optimal for such a wide range of surgical
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specialties. The model was developed as a single level logistic regression model.
The variation in model performance across the range of specialties raises the
possible need for more complex risk-modelling approaches, such as multi-level
(also referred to as hierarchical) modelling. Alternatives to multilevel modelling
include developing a model for each specialty if adequate data are available or to
estimate linear shrinkage factors for each surgical specialty, thereby allowing the
intercept and slope of the log odds of morbidity to vary between specialties.
Multilevel modelling using surgical specialty as a higher order term may have
improved performance across the range of specialties. The ACS-NSQIP risk
adjustment process has recently adopted multilevel modelling to improve their

predictions.19?

The use of backwards variable selection techniques has been suggested to cause
inflation of regression coefficients, as variables included in the model are not
penalised appropriately to take into account variables removed during the selection
procedure.’®3 This is true of any variable selection procedure, including when
univariate analysis is performed to assess the relationship between predictor
variables and outcome prior to model fitting. By uncoupling variable selection from
model fitting the result is a model that often performs poorly in future cohorts. The
model is effectively over-fitted to the derivation cohort. In an attempt to counteract
the variable selection procedure and prevent this over-fitting the model was fitted
using PMLE. This provides a penalty factor, which effectively shrinks each
regression coefficient, therefore improving predictive performance in external,
unknown cohorts.'® Despite the reduction in over-fitting by applying PMLE, it is
likely that the penalty factor applied during the derivation stage may still not have
been severe enough. Variables removed during the variable selection procedure
were not considered in the penalty calculation applied during the model fitting

process.

Machine learning techniques such as Least Absolute Shrinkage and Selection
Operator (LASSO) and Elastic-Net are two regularised regression techniques that
combine variable selection and model fitting into one procedure.93.1%4 Because

these methods combine the variable selection with model fitting, the regression
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coefficients are penalised appropriately which can help to reduce over-fitting and
produce more stable predictive performance when applied to new data.'®> Whilst
these methods have been used in the wider literature for several years, they have

not yet been applied widely in the field of perioperative risk prediction.

3.6 Conclusions

A bespoke risk-adjustment model for major morbidity at postoperative day-7 in a
high-risk UK surgical population was developed and validated. Model discrimination
was maintained between derivation and temporal validation and calibration was
acceptable. Restricting risk-adjustment to variables that are independent of the care
patients receive such as demographic characteristics, baseline clinical status, or
the planned operation they undergo, enables clinicians to evaluate outcomes over
time in a manner that accounts for patient risk without inadvertently adjusting for
the quality or nature of intraoperative and postoperative care. For example, the
inclusion of ASA grade, a standardised measure of preoperative physical status,
allows for appropriate case-mix adjustment while preserving the ability to detect

variation in care delivery and outcomes.

The parsimonious model (10 variables) derived is simple to implement in a software
solution and will be used to report risk-adjusted morbidity outcomes in near real-

time through a web-based dashboard.

The model developed had higher discrimination and better calibration than existing
risk models.6”-186Model performance varied across specialties however, and future
work should consider the use of multilevel modelling techniques or the use of

specialty specific models as further data becomes available within the PQIP study.

The poor performance of existing risk models within the high-risk surgical
population of the temporal validation cohort highlights the importance of
understanding the case-mix and setting in which risk-adjustment models are
developed. The application of a model to an external cohort that varies significantly

from that used to derive it may result in inadequate performance, even after
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recalibration to the event rate in the new cohort. Models applied to a case-mix and
setting similar to those used to derive them they may still require frequent updating
as event rates, in this case morbidity outcomes, change over time. The increased
availability of large perioperative datasets through projects such as PQIP and ACS-
NSQIP will enable more frequent updating of risk-adjustment models than has been
done historically, ensuring estimates of risk remain accurate. This is particularly
important where the risk-adjustment process is used to monitor outcomes over time
within and between institutions, where failure to update models may result in falsely

reassuring or alarming results.

Whilst the performance of the risk-adjustment model developed in this study was
acceptable, it important to note that no risk-adjustment process is perfect. There
will always be additional factors that impact upon patients’ risk that are not
accounted for in the model estimates. It is important to understand the limitations
of a risk-adjustment model and any context in which it may perform poorly.

Understanding these limitations will support its application into clinical settings.
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Chapter 4 Intervention aims, design, and methods

4.1 Background

Improvement work is described as having a 'hard core' and 'soft core'.’® In
Donabedian's framework of structure, process, and outcome the 'hard core' might
be considered to be specific processes that are targeted for improvement.® A
process may be improving the frequency with which a drug is given to patients who
it is indicated in, or in the setting of the ePOCH study a process targeted for
improvement was the use of lung protective ventilation strategies.”® The ePOCH
(Enhanced Peri-Operative Care for High-risk patients) study was a large-scale,
stepped-wedge cluster-randomised trial conducted across 93 UK NHS hospitals,
that evaluated whether a national quality improvement program implementing a
comprehensive care pathway could reduce 90-day mortality in patients undergoing
emergency laparotomy.'97:19% Despite good clinician engagement and modest
improvements in some process measures, the study found no significant survival
benefit from the intervention, highlighting the complexities and resource challenges
in implementing large-scale quality improvement initiatives in emergency surgical

care. 197,198

The 'soft core' is a "gammut of complimentary arrangements involved in delivering
the benefit that may take a variety of different forms".1®¢ The soft core could be
contextual elements that play a pivotal role in the success or failure of improvement
strategies. Local context such as resource and time availability, multidisciplinary
engagement, and team culture all play an important role. Despite an understanding
that local context plays a key role in successful implementation, data about how
and why strategies succeed, or fail are frequently not collected. This lack of
contextual qualitative data reduces the learning available from quality improvement

work.64
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A rapid-feedback evaluation (RFE) is a study design that aims to ‘provide focused,

timely evaluation conclusions’.'99:200 The RFE model'®® includes five steps:

—

. analysis of existing data on programme performance
collection of new data on programme performance
preliminary evaluation

development and analysis of alternative designs for full-scale evaluation

o &~ 0N

assisting policy and management decisions

Rapid-feedback evaluations do not always prelude more complex evaluations. The
information gathered by them may be adequate to answer the question posed with
no further evaluation needed.?°’ Although the RFE of the pomVLAD project is a
stand-alone evaluation, its results will complement a more complex process

evaluation of the PQIP study.1%>

The interrupted time series (ITS) study design is used for the evaluation of public
health interventions and is particularly suited to interventions over a clearly defined
period and that target population-level health outcomes.?%>-204 The controlled
interrupted time series (CITS) is an extension of the ITS design and includes a
comparison group which do not receive the assigned intervention. It is arguably a
stronger quasi-experimental design as two controls are present (baseline trend in
the intervention group and the presence of the control group). The presence of the
two controls allows for both within- group and between-group comparisons.?% In
order to perform a CITS analysis time series data are needed, with a minimum of

three data points before and after the intervention.206

4.2 Objectives and research questions

4.2.1 Aims and objectives

1. Develop and implement an online dashboard reporting risk-adjusted
postoperative morbidity outcomes and compliance with associated
enhanced recovery recommendations to sites participating in the PQIP

study
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2. Evaluate whether access to near real time risk-adjusted data supports
engagement of clinical teams with quality improvement

3. Document the views of PQIP collaborators of the dashboard and any
perceived link to quality improvement activity

4. Explore PQIP collaborators’ use and experience of using the dashboard
and PQIP quarterly reports for the purposes of quality improvement

5. ldentify factors that may be acting as barriers and facilitators to collaborator
engagement with the dashboard, the data it displays, and subsequent
quality improvement initiatives

6. Develop a series of recommendations for improving site engagement with
their data displays and/or modify the dashboard

7. Develop a series of recommendations to increase the use of the dashboard

and site reports for local quality improvement
4.2.2 Research questions

1. Does the implementation of an online dashboard reporting risk-adjusted
postoperative morbidity ~ outcomes and perioperative care
recommendations in near real time result in a reduction in the incidence of
postoperative morbidity in NHS hospitals recruiting to the PQIP study?

2. Does reporting of risk-adjusted morbidity outcomes and performance in
delivery of a range of perioperative care processes result in greater
compliance with those care processes?

3. Does the availability of near real time risk-adjusted morbidity data increase
engagement of clinicians with their local data?

4. What is the programme theory supporting the pomVLAD intervention?

5. What are staff members’ perceptions of the pomVLAD intervention?

6. Do local investigators use the pomVLAD dashboard and PQIP quarterly
reports? If so, how?

7. How do staff members describe their experiences of using the pomVLAD

dashboard?
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8. What factors act as barriers to site collaborators engaging with their local
data and pomVLAD dashboard and using them in quality improvement
initiatives?

9. Are there factors that act as facilitators to increase engagement and use of
the dashboard/reports for quality improvement?

10. What are PQIP collaborators’ recommendations for improving the
dashboard?
11.  What are PQIP collaborators’ recommendations to increase the use of

the dashboard to drive quality improvement?

4.3 Methods

4.3.1 Study design

A mixed-methods evaluation of the pomVLAD intervention was performed. This
included a controlled interrupted time-series evaluation of quantitative outcome
measures alongside a qualitative rapid feedback evaluation®%” capturing staff

experiences and implementation processes.

4.3.2 Study population

4.3.2.1 Quantitative analysis inclusion criteria

Patient level inclusion criteria

Patients recruited to the PQIP study and undergoing colorectal surgery between 1st
July 2017 and 30" June 2019 at one of the 20 identified NHS hospital sites were
eligible for inclusion in the analysis. Eligible surgical procedures are shown in Table
4-1. Patients undergoing concurrent, non-colorectal procedures were included in
the analysis if the primary operation recorded was a colorectal procedure. Data
were exported from the main study database on 10" September 2019. Records
locked by local investigators, and therefore considered to be complete, were

included in the analysis.
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Hospital level inclusion criteria and group allocation

The top 20 recruiting hospitals of patients undergoing colorectal surgery in the PQIP
study, as of 14t March 2018 were included in the study. All records (complete and
incomplete) were considered when calculating patient recruitment. Twenty sites
were chosen to allow equal allocation to intervention and control groups. The
decision to include the top 20 recruiting sites aimed to ensure adequate patient

recruitment through the 12-month implementation period.

Following identification of the top recruiting 20 sites, 10 sites were randomly
allocated to the intervention group using computer software.?%8 Sites not allocated
to the intervention group became the control group. Sites were allocated

pseudonyms to anonymise outcome and interview data.

Table 4-1: Colorectal procedures eligible for recruitment to the PQIP study

Surgical procedure

Abdominal operation for Hirschprung’s disease

Abdominal revision of restorative proctocolectomy
Abdominoperineal resection with anastomosis (+/- pouch)
Abdominoperineal resection with end colostomy
Abdominoperineal pull-through resection with colo-anal anastomosis +/- colonic pouch and
associated stoma

Anterior resection

Colectomy (total and ileorectal anastomosis)

Colectomy and colostomy and preservation of rectum
Completion proctectomy

Excision of retroperitoneal tumour (+/- ureterolysis)
Exploratory laparotomy

Hartmann’s procedure

lleoanal anastomosis and creation of pouch

lleo-caecal resection (with anastomosis or ileostomy formation)
Laparotomy for enterocutaneous fistula

Left hemicolectomy (with anastomosis/colostomy)

Pan proctocolectomy and ileostomy

Partial excision of rectum and sigmoid colon for prolapse
Redo operations on ileum and colon

Resection of small bowel (+/- tumour)

Reversal of Hartmann’s procedure

Right hemicolectomy (with anastomosis/colostomy)

Sigmoid colectomy

Total mesorectal excision (TME) including trans-anal/TATME
Transanal endoscopic microsurgery
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4.3.2.2 Qualitative evaluation inclusion criteria
Five control and five intervention sites were identified for inclusion in the qualitative
study. To obtain interview data from a range of local contexts, sites were stratified

into one of three groups:

1. Higher engagement and higher compliance: These sites actively interacted
with the central PQIP study team regarding the pomVLAD intervention and
consistently adhered to the secondary outcome measures defined in 4.3.3.2
below, using PQIP data up to 14" March 2018.

2. Lower engagement and higher compliance: These sites demonstrated good
adherence to the secondary outcome measures in their PQIP data but had
less subjective interaction with the central PQIP study team regarding the
pomVLAD intervention.

3. Lower engagement and lower compliance: These sites had less interaction
with the central PQIP study team and showed poorer adherence to the

secondary outcome measures based on their PQIP data.

These categories were chosen to ensure that the qualitative study obtained
interview data from a range of local contexts with the aim of capturing perspectives

from sites that varied in their:

Engagement with the central PQIP study team and the pomVLAD
intervention: This was subjectively assessed based on interactions after
notification of allocation to the intervention group potentially reflecting their
responsiveness to discussions about pomVLAD and general proactivity in engaging
with the study.

Compliance with secondary outcome measures: This was objectively measured
using PQIP data up to March 14, 2018. This reflected a site’s adherence to the key
process measures prior to the implementation of pomVLAD. This compliance was
considered relevant as high levels of compliance may have represented pre-
existing improvement activity and potentially also have reduced a site’s ability to

increase adherence during the study period. Conversely, sites with lower
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compliance prior to the intervention may have had a greater scope for improvement

during the study period.

By stratifying based on both "engagement" (which includes responsiveness to
pomVLAD discussions and overall interaction) and "compliance" with process
measures, the qualitative study sought to understand how different levels of site
participation and adherence might influence the implementation and outcomes of
the intervention. This approach aimed to ensure that the qualitative findings were

representative of the diverse experiences across the participating sites.

Site allocation to the specified groups is shown in Table 4-2. Sites were then
selected at random from each of the three strata, maintaining proportionate
representation from each level. Five control sites for interview were selected at
random from the 10 potential sites. Random selection was performed using
computer software.?%® Sites were pseudo-anonymised for the analysis by changing

NHS hospital site names to famous climbs from the Tour de France.

The five control sites randomly selected to participate in the rapid feedback
evaluation were: Alpe d'Huez, Col de I'lseran, Col du Télégraphe, Col de la Croix

de Fer, and Puy de Dome.

Table 4-2: Rapid feedback evaluation site stratification and allocation

Hospital site Sites included in qualitative analysis
Higher engagement, higher compliance

Col du Tourmalet Col du Tourmalet

Col d'Aubisque Col de Vars

Col de Vars Col des Aravis

Col de Portet d'Aspet

Col des Aravis

Higher engagement, lower compliance

Col d'Aspin Col d'Allos
Col d'Allos

Col de Peyresourde

Lower engagement, lower compliance

Col du Galibier Col du Galibier
Col d'lzoard
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4.3.3 Outcomes

4.3.3.1 Definition of primary outcome measure

Morbidity was defined using a subclassification of the Postoperative Morbidity

Survey (POMS), ‘POMSmajor’ previously termed ‘high-grade’ morbidity, at

postoperative day 7.67-7¢ Risk-adjustment of POMSmajor morbidity was performed

using the risk-adjustment model developed in Chapter 3.

4.3.3.2 Definition of secondary outcome measures

Secondary outcomes were calculated as percentages aggregated to calendar

month at the hospital level. Definitions and the denominator used for each

secondary outcome calculation are shown in Table 4-3.

Table 4-3: Secondary outcome definition and the denominator used in their

Secondary outcome
measure

Definition

calculation

Denominator

Preoperative carbohydrate
loading

Intraoperative warming

Avoidance of nasogastric
tubes

Avoidance of abdominal
drains

DrEaMing (Drinking, Eating,
and Mobilising) within 24
hours of surgery ending

Percentage of patients
documented as receiving a
clear carbohydrate drink
approximately 2 hours prior to
surgery

Percentage of patients who
received forced air warming
AND intravenous fluid
warming in theatre
Percentage of patients
arriving in the postoperative
recovery area WITHOUT a
nasogastric tube in situ
Percentage of patients
arriving in postoperative
recovery WITHOUT an
abdominal drain in situ
Drinking — patients tolerating
free fluids within 24 hours of
surgery ending

Eating — patients tolerating at
least soft diet within 24 hours
of surgery ending

Mobilising — patients
mobilising from bed to chair
with maximal assistance of
one person within 24 hours of
surgery ending
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All patients not diagnosed
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All patients*

All patients*
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Secondary outcome
measure

Definition

Denominator

Patients receiving all process
measure recommendations

Records locked within 14 days

DrEaMing — percentage of
patients meeting ALL
definitions of drinking, eating,
and mobilising above.
Percentage of patients
meeting all eligible secondary
outcome measures
Percentage of records locked

All patients who meet
denominator criteria for
secondary outcomes * above
All patients who survived to

of hospital discharge in 14 days or less from

hospital discharge

hospital discharge

4.3.4 Study time-period

The PQIP study started recruiting patients in December 2016 and was originally
planned to continue until December 2022.26 Patient level data used for the CITS
included patients undergoing surgery between 1st July 2017 and 30" June 2019,
allowing one year of data pre- and post-implementation to be analysed. Data

available were restricted to these dates.

The preintervention period was defined as the 1st July 2017 to 30" June 2018. The
intervention point was defined as 15t July 2018, a timepoint when the pomVLAD
dashboard was available to sites and local investigators had either attended the
breakout session at a PQIP collaborative event or been offered and individual site
initiation call. There was no transition period defined in the analysis. The

postintervention period ran from 1st July 2018 to 30t June 2019.

Due to varying recruitment numbers, with some hospitals recruiting only 1-2
patients per week, data were aggregated to calendar month at the hospital level for
the CITS analysis. Aggregation to a longer period, such as quarterly, would have
reduced the number of time points available for trend analysis. A shorter period,
such as weekly, would have increased the statistical noise in the analysis owing to

small recruitment numbers.

Interviews with site investigators were conducted in two rounds. Baseline interviews
took place between August and September 2018. Second round interviews were
conducted between April and June 2019.
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4.3.5 Intervention

4.3.5.1 Definition of intervention and theory of change

The ‘pomVLAD intervention’ consisted of the following three elements:

1. pomVLAD dashboard — an online data display incorporating the VLAD showing
risk-adjusted morbidity outcomes and performance against the five secondary
outcomes

2. Site initiation briefing — this included either attendance of local investigators at
a breakout session at one of the national PQIP collaborative events or an
individual site setup phone call with the local principal investigator for the PQIP
study

3. Introductory booklet and supporting information (Appendix D-1 and Appendix D-
2) and website hosting further information and resources about the pomVLAD

project?®

Figure 4-1 shows the theory of change for the pomVLAD intervention and the
modalities used to analyse its outcomes. It was hypothesised that site initiation and
provision of supporting materials would encourage local data collection and
engagement with the pomVLAD dashboard. This engagement would lead to quality
improvement activity based on the enhanced recovery process measures shown in
the dashboard. Improvement in compliance with these measures and other
associated improvement activity would then lead to reduced postoperative

morbidity outcomes.
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00

Assessed by:
Mixed methods

Quantitative methods

Qualitative methods

PQIP quarterly
report production

Data collection via PQIP webtool

A4

Data analysis

Breakout sessions at PQIP
collaborative events

Site setup telephone
calls

pomVLAD dashboard

Quality

A 4

improvement
activity

pomVLAD

introduction booklet

Enhanced recovery
recommendations

o Data Engagement with
completion/quality dashboard
< A
o |

Compliance with
process measures

v

Reduced postoperative
morbidity

- Improved engagement with local data

- Increased use of data for quality improvement
- Improved local processes
- Reduced morbidity

Inputs

Activities

Outputs

Short term
outcomes

Medium term
outcomes

Impact

Figure 4-1: Theory of change for the pomVLAD intervention
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4.3.5.2 Development of the dashboard

The PQIP data collection webtool and existing dashboards were developed and
maintained by Netsolving software developers.2’® The pomVLAD dashboard was
developed by JB/SC/SRM with clinical input from the PQIP national project team in
conjunction with Netsolving. It was deployed within the existing PQIP website,

accessible to local investigators after log in.

Users were able to interact with the display which allowed selection of date ranges
displayed and subsetting by surgical specialty. Process measures were shown in
dial format above the main VLAD display. Dials were colour coded according to
performance; pink/red < 60% compliance, orange 60-79% compliance, and green

80% and above compliance (see Figure 4-2).

4.3.5.3 Selection of process measures reported on the dashboard

Enhanced recovery recommendations made by the Enhanced Recovery After
Surgery (ERAS) Society for patients undergoing colorectal surgery were used as a
basis for the process measures reported in the pomVLAD dashboard.32:211.212
Recommendations made by the ERAS Society were compared to the PQIP case
record form to assess whether adequate information was collected to allow

compliance reporting.

ERAS Society recommendations that were captured in the PQIP case record form
were considered for inclusion in the pomVLAD dashboard. Due to the one-year
implementation period of the pomVLAD intervention a decision was made to focus
on recommendations that would not require the wholesale establishment of new
services or care pathways. To develop a refined enhanced recovery care ‘bundle’
the association between documented enrolment on an enhanced recovery pathway
and delivery of processes recommended by the ERAS Society was analysed, using
data from the PQIP study (Table 4-5). Patients undergoing colorectal surgery on or
before the 30" January 2018 were included in this enhanced recovery analysis
which aimed to identify the processes of care associated with what local sites

identified as an ‘enhanced recovery pathway’.
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Five enhanced recovery process measures were incorporated into the pomVLAD
dashboard: Preoperative carbohydrate loading; intraoperative warming; avoidance
of nasogastric tubes; avoidance of surgical site drains; delivery of DrEaMing
(drinking, eating, and mobilising) within 24 hours of surgery ending. Table 4-3
provides information on how these processes of care were defined. Five processes
were selected to provide a concise enhanced recovery bundle of care, avoid over
burdening local investigators with data, and provide specific targets for

improvement.?13

Table 4-4: Data collection of ERAS Society recommendations within the PQIP study

ERAS Society recommendations2211.212 Data collected
Preadmission

Cessation of smoking and excessive intake of alcohol Yes
Preoperative nutrition screening and, as needed, assessment and No
nutritional support

Medical optimisation of chronic disease No
Preoperative

Structured preoperative information and engagement of the patient No
and relatives or caretakers

Preoperative carbohydrate treatment Yes
Preoperative prophylaxis against thrombosis No
Preoperative prophylaxis against infection Yes
Prophylaxis against nausea and vomiting No
Intraoperative

Minimal invasive surgical techniques Yes
Standardized anaesthesia, avoiding long-acting opioids Partially
Maintaining fluid balance to avoid over- or underhydration, No
administer vasopressors to support blood pressure control

Epidural anaesthesia for open surgery Yes
Restrictive use of surgical site drains Yes
Removal of nasogastric tubes before reversal of anaesthesia Yes
Control of body temperature using warm air flow blankets and Yes

warmed intravenous infusions
Postoperative

Early mobilization (day of surgery) Yes (day 1)
Early intake of oral fluids and solids (offered the day of surgery) Yes (day 1)
Early removal of urinary catheters and intravenous fluids (morning Yes (day 1)
after surgery)

Use of chewing gums and laxatives and peripheral opioid-blocking No
agents (when using opioids)

Intake of protein and energy-rich nutritional supplements No
Multimodal approach to opioid-sparing pain control No
Multimodal approach to control of nausea and vomiting No
Prepare for early discharge No
Audit of outcomes and process in a multiprofessional, No

multidisciplinary team on a regular basis
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Table 4-5: Care processes delivered by enrolment on enhanced recovery pathway

ERAS Society recommendation  Enrolled on Not Pathway p-value
pathway enrolled on status
(n=1809) pathway unknown
(n=327) (n=313)
Current smokers referred to 39/193 6/34 (17.7%) 4/29 (13.7%) p=0.050
smoking cessation clinic (20.2%)
Antibiotic prophylaxis within 60 1772 317 (96.9%) 302 (96.5%) p=0.200
minutes of knife to skin (98.0%)
Preoperative carbohydrate 1372 134 (41.0%) 128 (40.9%) p<0.001
loading provided* (75.8%)
Neuroaxial anaesthesia for 396/567 97/162 83/122 p=0.060
planned open procedures (69.8%) (59.9%) (68.0%)
Avoidance of surgical site drains* 1066 169 (51.7%) 154 (47.1%) p<0.001
(58.9%)
Nasogastric tubes not present on 1692 253 (77.4%) 285 p<0.001
arrival in recovery* (93.5%) (91.1%)
Use of forced air warming and 1245 148 (45.3%) 206 (65.8%) p<0.001
warmed IV fluids* intraoperatively (68.8%)
IV fluids discontinued on 1098 126 (38.5%) 174 (55.6%) p<0.001
postoperative day 1 (60.7%)
Drinking on postoperative day 1 1556 227 (69.4%) 251 (76.8%) p<0.001
(86.0%)
Eating on postoperative day 1 1224 145 (44.3%) 184 (58.8%) p<0.001
(67.7%)
Mobilising on postoperative day 1 1483 206 (63.0%) 244 (78.0%) p<0.001
(82.0%)
DrEaMing (Drinking, Eating and 1077 111 (33.9%) 166 (53.0%) p<0.001
Mobilising) on postoperative day (59.5%)

1*

Notes: Patients were recorded as either being on an enhanced recovery pathway, not on a pathway
or pathway status unknown. Pearson’s Chi-squared test was used to test for difference between
process measure delivery and enhanced recovery pathway enrolment category. * denotes

processes or care incorporated into pomVLAD dashboard.
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4.3.5.4 Development of the variable life-adjusted display

Risk-adjustment of postoperative morbidity was incorporated into the VLAD display,
using the standard approach of displaying observed minus expected outcomes over
time.%" Expected outcomes were calculated using the risk-adjustment model
derived in Chapter 3. The x-axis for the VLAD was calendar date, rather than case
number which is often reported in the literature. This decision was made so that
results had appropriate time context for local site investigators, allowing improved
monitoring of outcomes in relation to timed interventions. Figure 4-2 shows an
example of the pomVLAD dashboard display. During the first iteration of the
pomVLAD dashboard local investigators could not see the number of patients that
were recruited in the selected time frame. There were other dashboards available
to them on the PQIP website that did show this information. Following feedback
during the first round of interviews recruitment numbers were added to the
pomVLAD dashboard.

surgical specialty: | Abdominal - Lower gastrointestinal 7
Date from July 2017 o Date to April 2018 (]
View Dashboard

rsl% 61% 100% ‘5% ’33%

Preoperative Intraoperative Patients without a Patients without an Patients DrEaMing on
carbohydrate loading warming nasogastric tube on abdominal drain on postoperative day 1
arrival in recovery arrival in recovery

pomVLAD

observed)

Morbidity (expected -

Date

Figure 4-2: Example pomVLAD dashboard display
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4.3.5.5 Implementation of the pomVLAD intervention

Local investigators were contacted and notified their site was allocated to the
intervention group prior to the 16" April 2018. Two PQIP events for local
collaborators were held in London and Manchester on the 16" April 2018 and 12t
June 2018, respectively. These events were timed to coincide with the release of
the first national PQIP annual report highlighting national performance against a

range of perioperative process and outcome measures.*’

Local investigators from intervention sites attending either of these meetings were
invited to a group breakout session where the pomVLAD project, its aims, and
objectives were explained. Background information about the variable life-adjusted
display was also provided as well as information on how to access and interpret the
pomVLAD dashboard (Appendix D-3). Questions raised by local clinicians about
the project were answered at this time. Additional email contact was made with
registered local investigators at each of the intervention sites on 3 May 2018,
providing further information about the study. Sites with no representatives present
at either of the national events were offered a site initiation phone call to provide
the information given at these events. Breakout sessions, telephone calls, and

email contact were all delivered by a single investigator (JB).

The pomVLAD dashboard was live and viewable to site investigators as of the 17t
May 2018.

4.3.5.6 Tailoring and modification of intervention

Following the first round of interviews changes were made to the dashboard based
on feedback from site investigators. The aim of these changes was to support
quality improvement activity and increase engagement with the dashboard.

Changes made included:
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1. Addition of run charts below the VLAD display showing percentage compliance
with each of the five process measures by calendar month (see Figure 4-3 and
Figure 4-4 below)

2. ldentification of cases with postoperative morbidity in the VLAD display. The
VLAD was modified to display the ID of individual cases when the cursor was

placed over a relevant change point of the VLAD line.

The first change aimed to support improvement work related to the five process
measures by adding time series data plots. The second change allowed local
investigators to easily identify cases that caused either an upward or downward
shift in the VLAD. During the first round of interviews with intervention sites local
investigators felt easier identification of cases would support investigation and
improved understanding of local morbidity outcomes. Updates to the dashboard

were deployed in February 2019.

s~ Patients DrEaMing (combined) on postoperative day 1

tage of patients

Percer

Sep 2019 0ct 2019 Nov 2019 Dec 2019

(click to choose which values are hidden/displayed)
-+ DrEaMing - DrEaMing (National)

Figure 4-3: Example DrEaMing run chart added to pomVLAD dashboard in
February 2019
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A Patients without a nasogastric tube on arrival in recovery

Patients without a nasogastric tube on arrival in recovery

e Patients without an abdominal drain on arrival in recovery

Patients without an abdominal drain on arrival in recovery

Figure 4-4: Example run charts added to pomVLAD dashboard in
February 2019 showing process measure adherence

4.3.5.7 Adherence to intervention

After launch, the pomVLAD dashboard was available to local investigators at all
intervention sites throughout the study period. Access to the PQIP webtool was
password protected with login details provided at site registration to the PQIP study.

Webtool access was required to view the pomVLAD dashboard.

Attendance at one of the breakout sessions or a site initiation telephone call was
suggested but not mandatory. At least one representative from all intervention sites
received a form of site initiation (either attendance at a breakout session or
individual telephone setup call). Engagement with the dashboard and any

associated quality improvement activity following implementation was voluntary.

Investigators at sites allocated to the qualitative analysis interview group received
email contact prior to interviews to enable arrangements to be made to conduct
them. This contact may have served as a prompt to engage with the dashboard and
local data although no suggestion to this effect was made. Intervention sites not
allocated to the interview group did not receive any additional prompts to engage

during the intervention period.
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4.3.6 Data sources

4.3.6.1 Data collection and processing

Patient data were collected prospectively as part of the national PQIP study by local
site investigators, typically research nurses and clinicians.?® Non-identifiable patient
level data were exported from the main study database on 10" September 2019.
Records locked by local investigators, and therefore considered to be complete,
were included in the analysis. Amendments were made to the main PQIP study
protocol during the pomVLAD study period, but these had no material impact on
the conduct of this study.?'* The PQIP patient study was approved by the Health
Research Authority (London-Surrey Research Ethics Committee REC reference
number: 16/LO/1827) and this analysis was approved by the PQIP National Project

Team.

For the rapid feedback evaluation, the named lead research nurse(s), consultant
anaesthetist and consultant surgeon for the PQIP study at each interview site were
contacted by email and invited to take part in the qualitative evaluation of the study.
If no response was received to the initial email, a follow-up email was sent within 4
weeks. The email provided background on the participant information sheet and
consent form (Appendix D-4 and Appendix D-5). Written consent was obtained from
participants prior to interview. The qualitative evaluation was classified as a service
evaluation by the Joint Research Office, University College London and was
therefore registered with the Department of Anaesthesia and Perioperative

Medicine, University College London Hospitals NHS Trust.

Semi-structured interviews, following a prespecified topic guide, were conducted by
a single interviewer (JB) (Appendix D-6). Interviews were conducted remotely by
telephone and digitally recorded with participant consent. Files were transferred for
transcription by Essential Secretary using an encrypted File Transfer Service with
256-bit SSL encryption. Recordings were stored securely on a password protected
folder in a secured UCL shared drive for analysis. Participant identifier codes were
stored in a password-protected file on a secured UCL shared drive which only

named team members had access to via password-protected computers at the
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Centre for Perioperative Medicine, Division of Surgery & Interventional Science,

UCL. Data were deleted from the digital audio recording device once transferred.

Identifiable electronic data were held on UCL file servers, in shared or in personal
folders. Anonymised interview transcripts, data for the documentary analysis, and
non-identifiable quantitative data were stored for analysis on password-protected

encrypted hard drives.

Anonymised interview transcripts were imported into qualitative analysis software,
NVivo.215 Transcripts were coded using deductive and inductive approaches.
Deductive coding was based on the programme theory underpinning the pomVLAD
intervention (Figure 4-1), the research questions identified, and barriers and
facilitators to quality improvement activity identified in Chapter 2. Framework

analysis was then used to identify patterns in the data and develop themes.2'6

Table 4-6: Coding categories used for transcript analysis

Parent code Child code

Dashboard feedback Experience of using the dashboard
Participants perception of data feedback through
dashboards compared to reports
Recommendations for improving the dashboard
Statistical considerations related to dashboard

Local engagement activity Strategies to maintain local engagement with data
collection and/or QI activity
Triggers for local sites to engage with their data and/or
dashboard

Perception of open compared to

closed reporting of results

Participants perception of their role in

quality improvement

Programme theory Building engagement (central to local level)
Identification of QI opportunities through the dashboard
Monitoring of QI implementation
Participant perception of the pomVLAD project
Participant perception of the process measure
recommendations
QI activity related to the dashboard
Understanding of data quality and completion

Barriers to local Ql activity

Facilitators to local QI activity
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4.3.6.2 Data quality and completeness

Qualitative analysis

Twenty-seven local investigators were contacted across the 10 NHS sites included
in the rapid feedback evaluation. Three sites did not have a named surgical lead or
contact details were not available for them. First round interviews were conducted
with at least one local investigator at nine out of the 10 identified sites (five control
sites, four intervention sites). Local investigators at one intervention site did not

participate despite follow-up email contact (site pseudonym Col du Galibier).

Second round interviews included investigators from six out of the nine sites that
took part in the first round (three control sites, three intervention sites). Seven
participants who took part in the baseline interviews did not participate in the second
round (two participants based at control sites, five participants based at intervention
sites). Figure 4-5 and Figure 4-6 show the local investigators contacted at each
interview site and those taking part in baseline and follow-up the interviews at each

site.
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Research nurse

Alpe d’Huez

Consultant surgeon

Consultant anaesthetist

Research nurse

Col de I'lseran

Consultant surgeon

Consultant anaesthetist

Baseline interview

Follow-up interview

Research nurse

Control sites

Col de la Croix de Fer

Figure 4-5: Control site interview sample construction showing individuals contacted at each site and those taking part

Consultant anaesthetist

Baseline interview

Follow-up interview

Research nurse

Baseline interview

Col du Télégraphe

Consultant surgeon

Consultant anaesthetist

Research nurse

Puy de Dome

Consultant surgeon

Consultant anaesthetist
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— Research nurse(s) Baseline interview x2 Follow-up interview x2

Col de Vars Consultant surgeon Baseline interview
L__| Consultant anaesthetist Baseline interview Follow-up interview
— Research nurse
Col des Aravis —
L__| Consultant anaesthetist Baseline interview
— Research nurse Baseline interview
Intervention sites Col du Tourmalet —
L__| Consultant anaesthetist(s) Baseline interview x2 Follow-up interview x1
— Research nurse Baseline interview Follow-up interview
Col d'Allos Consultant surgeon
Consultant anaesthetist Baseline interview
[ Research nurse
Col du Galibier
Consultant surgeon
—— Consultant anaesthetist

Figure 4-6: Intervention site interview sample construction showing participants contacted at each site and those taking part
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4.3.7 Unit of analysis

Intervention effects in the CITS analysis were analysed at the hospital level with

data aggregated to calendar month.

Qualitative interview data were coded individually and analysed at the participant

level in the framework analysis.

4.3.8 Statistical methods

4.3.8.1 Impact regression model

A multilevel segmented linear regression model was used to estimate the impact of
the intervention on primary and secondary outcomes.?%3204 Fixed effects were
estimated using the equation below.?'7:218 The model also incorporated a random

intercept term for hospital site.

y =a + ,81T + ﬂzX + ﬂ3XT + ﬁ4Z + ﬁsZT + B6ZX + ﬁ7ZXT + €

Where:

T = Time from start of study period (months)

X = Study phase (pre- or post-implementation)

XT = Time after implementation (months)

Z = Intervention or control group

ZT = time from implementation for intervention group (months) and 0 for control
group

ZX = study phase for intervention group (pre- or post-implementation) and 0 for
control

ZXT = time after implementation for intervention group (months) and 0 for control
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Interpretation of coefficients:

B1= Control group pre-implementation trend

B2 = Control group post-implementation level change

Bs = Control group post-implementation trend change

B4 = Intervention/Control pre-implementation level difference

Bs = Intervention/Control pre-implementation trend difference

Bs = Intervention/Control post-implementation level difference

B7 = Intervention/Control post-implementation change in slope difference pre- to

post-implementation

The impact model allowed for a step change at the specified time of implementation
(defined as 13t July 2018) in the intervention group compared to the control group
(Bs) as well as estimating the difference in slope change following implementation
between the two groups (B7). The main impact model did not allow for a time lag or
transition phase. The presence of a time-lag is investigated in a sensitivity analysis,
allowing a three-month lag following implementation, setting the break point on 1st
October 2018.

A multilevel segmented linear regression model is appropriate to assess the
continuous primary and secondary outcomes at the hospital level. Risk-adjusted
morbidity ratio was aggregated to month. Secondary outcomes measures, which

are processes of care, were converted to percentage and aggregated to month.

4.3.8.2 Sensitivity and secondary analyses

Subgroup analyses were performed to assess primary and secondary outcome
measures in hospital sites identified in the qualitative analysis as ‘higher
engagement, higher compliance’, ‘lower engagement, higher compliance’, and

‘lower engagement, lower compliance’ compared to control sites.

A sensitivity analysis was performed to explore the effect of a lag period of 3-months
following implementation. The intervention time-point was defined as 15t October in

this analysis.
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Recruitment at two control sites (Alpe d’Huez and Col du Soulor) reduced
significantly during the implementation period. A second sensitivity analysis

explored the effect of excluding these two sites from the analysis.

4.3.8.3 Handling of missing data

Cases with missing primary outcome data were excluded, incorporating both those
cases who withdrew from the study before postoperative day 7 and those with a
calculated length of stay >7 days but no POMS outcomes recorded. In keeping with
model development, patients discharged before postoperative day 7 were assumed
to have no POMS-defined morbidity. Those who died before postoperative day 7
were assigned to have morbidity at postoperative day 7. Cases with missing
predictor data required for risk-adjustment of postoperative morbidity were also
excluded from the analysis. Secondary outcome measures were mandatory fields

within the study database.

4.3.8.4 Statistical software

Statistical analyses were performed using R version 4.1.0 (R Foundation for
Statistical Computing, Vienna, Austria), with the following external packages
enabled: plyr, zoo, extrafont, scales, DescTools, nmle, Ime4, tidyverse. Means and
standard deviations are reported for normally distributed data. For non-normally

distributed data, medians and inter-quartile ranges (IQRs) are reported.

Qualitative analysis was performed using NVivo 20 qualitative data analysis

software.215
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Chapter 5 Results

5.1 Quantitative analysis

5.1.1 Study population

5.1.1.1 Patient level study population

Patients undergoing colorectal
surgery at one of the included
NHS trusts between 1st July
2017 and 30t June 2019,
n=3265

Excluded based on missing POMS
outcome, n=14 (0.4%) of which:
Withdrew from study before

postoperative day 7 (n = 5)

Missing primary outcome (n=9)

Excluded due to missing risk-adjustment
data, n=6 (0.2%) of which:
Age missing (n=5)

BMI (n=1)

A\ 4

v

Patients included in time series
analysis, n=3245

Control n=1557,
Intervention n=1668

Figure 5-1: Time series analysis sample construction
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Patient level baseline characteristics

A total of 3245 patients were included in the time series analysis, of which 1948
were recruited in the 12-months prior to implementation, and a further 1297 patients
in the post-implementation period. Table 5-1 shows baseline patient characteristics
prior to implementation in the two groups including variables used for risk-
adjustment of postoperative morbidity. All patients were included in assessment of
the primary and secondary outcome except for the provision of carbohydrate drinks
prior to surgery. Patients diagnosed with diabetes (425/3245, 13.1%) were
excluded from the analysis of preoperative carbohydrate delivery due to the limited
evidence to support them in this group and concerns about their effect on blood
glucose.?’® Cases where the delivery of carbohydrate drinks to non-diabetic
patients was documented as unknown were classified as not receiving them
(347/2820, 12.3%).

There was no significant difference in the baseline incidence of unadjusted
postoperative morbidity defined by the POMSmajor between the two groups (Table
5-2). The incidence of Clavien-Dindo grade Il and above complications was higher
in the intervention group (28.6% vs. 23.6%, p=0.018)
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Table 5-1: Baseline patient characteristics by group assignment

Control Intervention p-value
Age 66 [54-74] 66 [56-74] 0.765
Sex
Female 401 448 0.757
Male 528 571
ASA grade
I 83 137 <0.001
I 555 634
1 273 240
IVIV 18 8
Body Mass Index (kg.m2-1) 27.75 (+/- 27.57 (+/- 5.41) 0.478
5.73)
Heart rate (beats per minute) 79 (+/- 14) 77 (+/- 13) 0.045
Systolic blood pressure (mmHg) 135 (+/- 20) 134 (+/- 19) 0.282
Respiratory history
No respiratory history 805 868 0.166
Dyspnoea on exertion 86 118
Dyspnoea on light exertion/at rest 38 33
Number of operations in last 30 days
One 897 996 0.149
Two or more 32 23
AXA surgical severity
Minor/Intermediate/Major 16 13 0.520
Xmajor 533 569
Complex 380 437
Estimated risk of postoperative major 0.171 0.160 0.068
morbidity* [0.128-0.230] [0.120-0.223]

Notes: ASA — American Society of Anesthesiologists Physiological Score; AXA, AXA health
classification; values are median [IQR] and mean (+/- standard deviation); significance
testing for difference in means — paired t-test; significance testing for difference in medians
— Wilcoxon rank sum test; significance testing for count data - Pearson's Chi-squared test;

“risk-adjustment model derived in Chapter 3 used for risk estimation
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Table 5-2: Baseline unadjusted postoperative morbidity by group assignment

Control Intervention p-value
n (%) n (%)

Patients recruited 929 (47.7) 1019 (52.3) 0.025
Patients remaining in hospital at postoperative 407 (43.8) 459 (45.0) 0.616
day 7
Patients with POMS-defined morbidity (including 241 (25.9) 290 (28.5) 0.232
death on or before postoperative day 7)
Patients with POMSmajor-defined morbidity 158 (17.0) 176 (17.3) 0.925
(including death on or before postoperative day
7)
Patients who died within 7 days of surgery 4 (0.4) 4 (0.4) 1.000
Patients with Clavien-Dindo grade Il or above 220 (23.7) 294 (28.9) 0.011

complication during hospital admission
Notes: Significance testing performed using two-proportion z-test.

5.1.1.2 Hospital level characteristics

Table 5-3 shows hospital characteristics by group assignment. There were no
significant differences in hospital bed capacity, the number of surgical wards, the
number of surgical ward beds, or critical care facilities available between
intervention and control groups. The was a trend for intervention hospitals to have
a greater number of general surgical wards and general surgical beds, but these

did not reach statistical significance.

Table 5-3: Hospital characteristics by group assignment

Control (n=10) Intervention (n=10) p value
Trust wide hospital beds220 742 [678-843] 851 [591-1022] 0.631
Hospital beds 625 [550-785] 675 [510-815] 0.970
General surgical beds 145 [123-192] 226 [125-258] 0.130
General surgical wards 5 [5-7] 8 [6-10] 0.075
Critical Care Facilities 10/10 9/10 1.000
present in hospital
Critical care beds 18 [14-21] 22 [16-29] 0.520
Number of ventilated 13 [8-17] 11 [10-14] 0.849
critical care beds
Enhanced care ward 5/10 5/10 1.000
present in hospital
Enhanced care beds 4 [4-8] 4 [2-8] 0.915
Hospital provides tertiary 710 6/10 1.000
level services
Emergency Department in 9/10 10/10 1.000
hospital
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Notes: Trust wide beds calculated from published data.?®® These figures may
include additional hospital sites within a trust not included in this study. All other
hospital level data shown in this table was collected by the SNAP-2 EPICCS
study.??'.222 Figures are either median [IQR] or count. P-values for differences
between groups are calculated using either the Wilcoxon rank sum test or the two-
proportion z-test. Services considered as tertiary level included: bariatric surgery,
bone marrow transplant, burns services, cardiothoracic, complex colorectal,
complex cardiology, extracorporeal membrane oxygenation (ECMOQ), hepatobiliary,
hyperacute stroke services, major trauma, maxillo-facial surgery, neurosurgery,
transplant services, upper gastrointestinal surgery, vascular, and complex
orthopaedic surgery.

5.1.1.3 Site recruitment throughout study period

All sites recruited patients during the pre- and post-implementation period. Seven
sites (four control, three intervention) had a =50% fall in patient recruitment in the
post-implementation period compared to pre-, namely, Col du Tourmalet, Col
d’lzoard, Col d’Allos, Alpe d’Huez, Col du Soulor, Col du Glandon, and Puy de
Dome. Only one site, Col de [Ilseran, increased recruitment in the post-

implementation period (Figure 5-2).

The general reduction in recruitment may have been the result of both local
challenges with resource available to support PQIP patient recruitment and the
addition of new surgical specialties to the PQIP study in 2018 (namely the inclusion
of burns/plastics, gynaecology, orthopaedics, vascular, and spinal surgery). The
addition of these specialties resulted in a reduction in the proportion of colorectal
patients recruited to PQIP at the national level (see Figure 5-3, reproduced from
the Second national PQIP report?23), which in turn may have impacted on the
number of colorectal patients recruited during the implementation phase of the
pomVLAD study. This is likely to have had a greater impact in pomVLAD sites given
they were selected for inclusion based on their recruitment of colorectal patients

prior to this change.
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Figure 5-2: Site recruitment by month throughout entire study period
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Figure 5-3: National patient recruitment to the PQIP study by year>>3

5.1.2 Outcomes and estimation

Primary outcome

The risk-adjusted postoperative morbidity ratio (observed/expected morbidity ratio,
PMR) defined by POMSmajor was 0.915 and 0.953 in the control and intervention
groups respectively pre-implementation. Following implementation, the PMR was
0.872 and 0.997 in the control and intervention groups respectively. Figure 5-4
shows the risk-adjusted time series morbidity data with pre- and post-

implementation regression lines for the control and intervention groups.

Following implementation there was a non-significant reduction in PMR of 0.391
(95% CI-1.092-0.306). There was an increase in the slope of 0.065 (95% CI -0.036-

0.166) following implementation, representing a non-significant trend back towards
the baseline PMR (Table 5-4).
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Figure 5-4: Regression trends in PMR by site assignment throughout the study
period

Notes: PMR, risk-adjusted postoperative morbidity ratio; Linear regression lines show the control
and intervention groups pre- and post-implementation. The vertical grey line represents the
intervention time-point. Table 5-4 shows the estimated level and trend change in risk-adjusted
postoperative morbidity from the multilevel CITS model.

Table 5-4: Multilevel controlled interrupted time series regression model estimates
of level and slope change in PMR following implementation

Parameter estimated Estimate (95% CI) p-value
Risk-adjusted  Intervention/Control post-implementation -0.391 (-1.092-0.306) 0.276
postoperative level difference
morbidity ratio  Intervention/Control change in slope 0.065 (-0.036-0.166) 0.213

difference Pre- to Post-implementation
Notes: PMR, risk-adjusted postoperative morbidity ratio

Secondary outcomes

Compliance with process measures recommended in pomVLAD

intervention

After correction for multiple testing there were no statistically significant level or
trend changes in the postimplementation period. Figure 5-5 shows the regression
lines of compliance in the intervention group compared to the control group
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following implementation. Table 5-5 shows the estimated change in level and slope

of compliance in the intervention group compared to the control group following

implementation.

Preoperative carbohydrate loading

Intraoperative warming

Patients without a nasogastric tube
on arrival in recovery

-

\

Patients without an abdominal drain
on arrival in recovery

Patients DrEaMing on
postoperative day 1

Patients receiving
all five recommendations

Patients receiving process measure (%)

w0 —_—

0
B2 22 e 2292202220 @200 292229 2200 2
5 © © 5 © © 5 © © 5 © ©9 5 5§ © © 5 o 9 5 © © 5 o © 5 5 © © 5 o © 5 ©o o &5 o © &5
S &8 8 8 8 8§ 3 R & & QI IR Q&I QI T ITLYLIT LRI LIRS
= o> = o> = Z o> 2 o> S« o> Y o> Y
s § 3 § 83 8 3 § 3 § &8 3 3 3 % 3 5§ 3 8 3 §© 3 § 8 F 353 % 3B 5 3 8 s & 3 § 8 F
2 0w Z 5 =2 =2 2 o Z S5 =2 =z 2 2w zZ2 5 =2 =z 2 o0z S5 =2 =z 2 2 o 2 5 =2 =2 2 oz 5 =2 =2 °

Control = Intervention

Figure 5-5: Regression trends in monthly adherence to process measures by site
assignment throughout the study period

Notes: Linear regression lines show the control and intervention groups pre- and post-

implementation. The vertical grey line represents the intervention time-point.
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Table 5-5: Multilevel controlled interrupted time series regression model estimates
of level and slope change of secondary outcomes following implementation

Variable Parameter estimated Estimate p-value
(95% Cl) (Bonferroni
correction)
Carbohydrate Intervention/Control post- 10.684 0.238 (1.000)
loading implementation level (-6.984-28.325)
difference
Intervention/Control change in 0.720 0.582 (1.000)
slope difference Pre- to Post- (-1.825-3.264)
implementation
Intraoperative Intervention/Control post- 4.470 0.574 (1.000)
warming implementation level (-11.037 — 19.969)

Avoidance of
nasogastric tubes

Avoidance of
abdominal drains

DrEaMing within
24 hours of
surgery ending

Patients receiving
all
recommendations

difference
Intervention/Control change in
slope difference Pre- to Post-
implementation
Intervention/Control post-
implementation level
difference
Intervention/Control change in
slope difference Pre- to Post-
implementation
Intervention/Control post-
implementation level
difference
Intervention/Control change in
slope difference Pre- to Post-
implementation
Intervention/Control post-
implementation level
difference
Intervention/Control change in
slope difference Pre- to Post-
implementation
Intervention/Control post-
implementation level
difference
Intervention/Control change in
slope difference Pre- to Post-
implementation

2,913
(-5.153 - -0.672)

-2.566
(-10.394 — 5.206)

0.850
(-0.278 — 1.976)

15.265
(-1.000 — 31.520)

-1.613
(-3.960 — 0.740)

11.200
(-5.325 — 27.643)

-0.753
(-3.184 — 1.581)

12.425
(-0.851 — 25.672)

-1.350
(-3.267 — 0.566)

Records locked with 14 days of hospital discharge

0.012 (0.081)

0.521 (1.000)

0.116 (0.992)

0.068 (0.474)

0.181 (1.000)

0.186 (1.000)

0.514 (1.000)

0.068 (0.478)

0.170 (1.000)

There was a non- significant reduction of 9.3% (95% CI -28.887-10.282) in the
percentage of case records locked within 14-days of hospital discharge in the
intervention group compared to the control group following implementation. The
increase in the slope trend of 1.1% (95% CI -1.720-3.940) was also not statistically

significant (Table 5-6). Figure 5-6 shows the regression lines for the percentage of
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records locked within 14-days of hospital discharge for the control and intervention

groups in the pre- and post-implementation periods.
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Figure 5-6: Regression trends in records locked within 14 days of hospital discharge
by site assignment throughout the study period

Notes: Linear regression lines show the control and intervention groups pre- and post-
implementation. The vertical grey line represents the intervention time-point. Table 5-6 shows the
estimated level and trend change in the percentage of records locked within 14-days of hospital
discharge from the multilevel CITS model.

Table 5-6: Multilevel controlled interrupted time series regression model estimates
of level and slope change of records locked within 14-days of hospital discharge
following implementation

Variable Parameter estimated Estimate p-value
(95% CI) (Bonferroni
correction)
Records locked Intervention/Control post- -9.318 0.354
within 14 days implementation level (-28.887-10.282) (1.000)
difference
Intervention/Control change in 1.109 0.445
slope difference Pre- to Post- (-1.720-3.940) (1.000)

implementation
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5.1.3 Supplementary and sensitivity analyses

Sensitivity analysis — inclusion of 3-month time lag prior to break point

/
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Figure 5-7: Trend in risk-adjusted morbidity ratio by site assignment pre- and post-
pomVLAD implementation after allowing a 3-month lag period from implementation

Table 5-7: Estimated change in level and slope of risk-adjusted postoperative
morbidity in intervention group compared to control group following
implementation

Parameter estimated Estimate (95% CI) p value
Risk-adjusted Intervention/Control post- -0.248 (-1.040 — 0.540) 0.540
postoperative implementation level difference
morbidity ratio Intervention/Control change in slope 0.114 (-0.016 — 0.245) 0.088

difference Pre- to Post-
implementation

161



Preoperative carbohydrate loading Intraoperative warming Pat'emzr:’vgnﬁ;g[ ?nnlii%%ils;"'c tube

100

80

60

40

20

Patients without an abdominal drain Patients DrEaMing on

Patients receiving
on arrival in recovery postoperative day 1

all five recommendations

3
8

80

Patients receiving process measure (%)

60 /\

40

20

[
~ FF 2 2 P o 2 2 22 2 0~ FFo 29 2 o 2 2 222 90~FEE® 2 o2 22229
T © 5 &5 © 9 5 & © 5 5 2 5 & © o5 &5 &5 9 5 5 5 5 5 9 55 o o5 5 5 S 5 o o & o 9 35
¥ & & &« § § €& & ¥ &« ¥ § § ® ® ¥ ¥ ¥ § & & 8 ¥ € § § ¥ ® ¥ & & § ® € «¥ « « §
—_ Q > - > _ Q > = > - - aQ > = > - a > = > - - o > — > — a > — > =
s & 3 § 8 8§ 3 & 3 § &8 ¥ 3 3 9 3 § &8 ¥ 35 3 5§ 8 & 5 35 o 3 § 53 & 5 93 5§ 53 8 3
2wz S5 =2 =2 2 n Z2 5 =2 = 22w Z S5 =2 =2 2 n Z2 S5 =2 =2 2 92 0 zZ2 5 =2 =2 2 o0 2 5 =2 = °

Control = Intervention

Figure 5-8: Trends in monthly adherence to process measures by site assignment

pre- and post- pomVLAD implementation after allowing a 3-month lag period from
implementation
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Table 5-8: Estimated change in level and slope of secondary outcome measure
delivery in intervention group compared to control group alowing a 3-month lag
time from implementation

Variable Parameter estimated Estimate p-value
(95% Cl) (Bonferroni
correction)

Carbohydrate Intervention/Control post- 9.808 0.800

loading implementation level difference (-9.685 — 29.250) (1.000)
Intervention/Control change in -0.388 0.502
slope difference Pre- to Post- (-3.584 — 2.815) (0.711)
implementation

Intraoperative Intervention/Control post- -8.656 0.318

warming implementation level difference (-25.570 — 8.244) (1.000)
Intervention/Control change in -1.941 0.175
slope difference Pre- to Post- (-4.725 — 0.844) (1.000)
implementation

Avoidance of Intervention/Control post- 4.345 0.317

nasogastric tubes implementation level difference (-4.137 — 12.788) (1.000)
Intervention/Control change in 0.445 0.533
slope difference Pre- to Post- (-0.946 — 1.841) (0.449)
implementation

Avoidance of Intervention/Control post- 7.775 0.397

abdominal drains implementation level difference (-10.096 — 25.659) (1.000)
Intervention/Control change in -3.197 0.035
slope difference Pre- to Post- (-6.138 - -0.248) (0.244)
implementation

DrEaMing within 24  Intervention/Control post- 5.865 0.529

hours of surgery implementation level difference (-12.346 — 24.017) (1.000)

ending Intervention/Control change in -1.851 0.228
slope difference Pre- to Post- (-4.845 — 1.144) (1.000)
implementation

Patients receiving Intervention/Control post- 11.877 0.114

all implementation level difference (-2.767 — 26.490) (0.797)

recommendations Intervention/Control change in -2.663 0.032
slope difference Pre- to Post- (-5.070 - -0.251) (0.221)

implementation
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Figure 5-9: Records locked within 14 days of hospital discharge by site assignment

pre- and post- pomVLAD implementation after allowing a 3-month lag period after
implementation

Table 5-9: Estimated change in level and slope of records locked within 14 days of
hospital discharge in intervention group compared to control group following
implementation

Parameter estimated Estimate p-value
(95% CI) (Bonferroni
correction)
Records locked Intervention/Control post- -6.145 0.572
within 14 days implementation level difference (-28.887 — 10.282) (1.000)
Intervention/Control change in 2.938 0.102
slope difference Pre- to Post- (-1.720 — 3.940) (0.711)

implementation
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5.2 Qualitative analysis

5.2.1 Interview participant characteristics

Twenty-three interviews were conducted in total, including 16 individuals from nine
hospital sites. One site, Col du Galibier, did not take part in interviews despite
contact inviting their local investigators. Table 5-10 shows which local investigators
participated in the qualitative analysis. Only one consultant surgeon took part in
each of the control and intervention groups. Four research nurses took part in the

interview process in the intervention group compared to only one from the control

group.

Table 5-10: Interview participant characteristics

Control group Intervention group p value
Research nurse 1 4 0.223
Consultant anaesthetist 3 5
Consultant surgeon 1 1
Length of interview in 29 [25-35] 37 [28-44] 0.174
minutes; Median [IQR]
Number of participants 3/5 5/10 1.000
taking part in second
interview
Total interviews (n) 8 15 0.144

5.2.2 Programme theory

Figure 4-1 shows the theory of change for the pomVLAD intervention which aimed
to define how positive change in primary and secondary outcome measure would

be delivered.

Three key short-term outcomes of quality improvement activity, an increase in data
completion/quality, and engagement with the dashboard were identified that would
lead to increased compliance with the secondary outcome measures and a

reduction in risk-adjusted postoperative morbidity.
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Initial contact with local sites built interest in the dashboard and the data it displays.
Local investigators reported accessing the dashboard around the time of the

national PQIP meeting when the project was first introduced.

“‘When it all came after the meeting, | did have a look at it before
consenting as well as after the meeting. But all the information is there,
but we haven't really gone ahead and looked at it and then seen what
can be done to change things which need to be. So | think it will be more
of allocating some time.” INT 6 (Anaesthetist, Intervention site)

Site initiation phone calls also helped to build initial engagement with local data.

“The most obvious local prompt [to engage] has been the pomVLAD
stuff. So that's what the last couple of weeks has made me look at the
dashboard a lot more, because | was looking at that dashboard, if you
see what | mean...And frankly, you know, with our numbers that we're
recruiting, if we had say two to three a week, you know, you need a
couple of months to go by before anything really changes anyway.” INT
14 (Anaesthetist, Intervention site)

“I think it's pretty good; | had a quick look before this phone call. | think
the only thing | can't find in the dashboard is our total numbers, there's
lots of percentages but no, so that’s a percentage of what.” INT 12
(Anaesthetist, Intervention site)

Initial engagement with the dashboard was not always sustained however and
some local investigators reported accessing it infrequently during their normal day
to day work. Additional contact with sites when arranging interviews stimulated

further engagement.

“No, hand on heart, not a lot. | mean I've really only properly looked at
[the pomVLAD dashboard] ... when | was aware it was available | looked
at it out of interest... Then when you requested this phone call | looked
at it much more seriously because | thought well I'd better know what I'm
talking about slightly so | guess, if I'm honest, no | haven'’t looked at it on
a regular basis.” INT 4 (Research nurse, Intervention site)
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Local investigators described limited engagement from senior management which
reduced the impact of PQIP and pomVLAD. Participants acknowledged other
national studies took time to become established and gain engagement from senior
management. Clinicians felt this engagement was required to successfully deliver

change projects.

“...on other projects and certainly around NELA there is now much better
understanding of the importance of the data collection and the use of it.
And the ... | think it's now part of the everyday language of the hospital...
right through to the chief exec. So I think it’s that ... in some ways | mean
PQIP trying to up its own profile with ... in the senior executive teams of
acute trusts would be ... this is all really ... it’s there, it exists and it’s
really important data that you can use for quality improvement work in
your hospital. But it does require, not just clinician buy in, but it requires
general management allocating time to it and using it.” INT 3
(Anaesthetist, Control site)

“There is a little bit of futile cycling where we all discuss it, agree what
needs to be done but maybe not all the people who need to be in the
room are there. And it is actually quite, you almost need the improvement
teams and the general managers to come to you to join that final piece
together so that actually a QI Project can work.” INT 3 (Anaesthetist,
Control site)

Some participants were frustrated the link between data collection for research and
subsequent implementation of quality improvement was not understood by senior

management, and that their role was not fully appreciated.

“I don't know. | mean it would be great if it would be ... | mean what | can
see happening is, for example if as a result of PQIP and the data
collected and quality improvement initiatives were identified and
implemented and it saves the trust some money and they were obviously
then aware of that they'd be rubbing their hands with glee and
congratulating, quite rightly, the team who had driven that change. But
whether they would ever connect that with the fact that this data came to
light because of a research study that we were running is very unlikely.

They just don't put the two ends together, they wouldn't match the ... they
wouldn't.” INT 4 (Research nurse, Intervention site)
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Despite this, clinicians saw the value of a clinical dataset which they felt offers better
data quality than administrative datasets, which are frequently used by

organisational analysts.

‘Because they spend huge amounts of time in general management
analysing data that's collected from HES and various other sources
within the hospital. But some of this clinical data is actually far more
robust than the data that they analyse because the data collection is that
much more careful and is done often by clinicians or in this case the
research nurses. So | think the quality of the data is good.” INT 3
(Anaesthetist, Control site)

Local investigators felt contact between the central project team and senior

management highlight the importance of their work.

“.. it makes me wonder whether we can ask study teams, such as
yourself, to inform our, if it's not the chief exec, but some of the higher
management levels in the trust about our participation. Because |...
whether actually study teams directly approach, emailing the higher
management and saying thank you for your trust participation, we are
now on this list of blah, blah, blah. At which point they'd probably look
at the email and go oh really | didn't know we ... but it's sort of ... | guess
it might help.” INT 4 (Research nurse, Intervention site)

As well as contact with senior management, some investigators suggested ‘experts’
from the central PQIP team attending local site meetings may improve

management engagement.

“What was helpful from one other study which was prevent | think, one
of their research fellows came out and spoke to us at an audit day, just
sort of for half for an hour. Because we'd done some local presenting
on it and bits and pieces but actually having someone from the centre
conducting it coming out seemed to spark a bit more interest. Albeit that
was towards the end of their study, so there was ... it was not the ideal
time to do it but to be fair to us that was the first time we'd asked them
to come out. That seemed to raise a bit of awareness because people
understood what was going on.

Would that be helpful? Yeah it probably would but it's quite an amount

of work for you guys to do, but | think that would give the management

an idea of what we're up to and why it's important and the fact it's not

some sort of local whim. It's a national study that's potentially ... well
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should guide a big improvement at a local level as well.” INT 7
(Anaesthetist, Intervention site)

Sites included in the intervention group of the study generally viewed their

participation as a positive opportunity.

“Yeah, no, again that was another ... we were pretty chuffed. We were
aware we were just one of 10 sites that had the opportunity to be involved
in that and therefore didn’t squander the opportunity. So, yeah, we've
been trying to get our heads around this VLAD stuff and how it ... it
wasn'’t too hard but | think it was a good way of presenting the data and
| say it's very visually quick to see isn’t it whether you’re above the
expected or ... and to make morbidity outcomes and things.” INT 4
(Research nurse, Intervention site)

However, this was not universal and some investigators felt engagement with the

study was not relevant to their role.

“... until | got your message and linked it up what it was [l wasn’t aware
of it]... because we don't do research into it.” INT 9 (Research nurse,
Intervention site)

Clinicians generally considered the process measures recommended within the

pomVLAD dashboard were useful and provided QI opportunities for clinical teams.

“I think they're appropriate. | think the nasogastric tubes don't exist, the
drains do but I think it would be interesting to look at the drain behaviour
of the different surgeons you know it gives you an opportunity to ask
questions. So we've got about a twenty percent drain rate roughly and
well is that everyone or is there a variation in practise, | think the
dreaming is fantastic for the ward, for the ward nurses.” INT 12
(Anaesthetist, Intervention site)

“I think those recommendations are noted. If ... they should ... they're
probably in place already but it's always a good aide memoire to have it
before, you see, because you do lose sight of one or two things don't
you? And yes every clinical situation is different. But | think the
recommendations do help a lot of surgeons to keep it foremost in their
mind because sometimes care varies from one day to the next doesn't
it?” INT 1 (Surgeon, Intervention site)
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“l want to get the surgeons; | mean in my mind this is just tailormade for
surgeons to do QI and | haven't got the time or don’t think | should be
the one who's doing all the QI side of it | can't possibly take it on so I'm
just waiting for the opportunity to get surgeons involved.” INT 11
(Anaesthetist, Intervention site)

DrEaMing as a postoperative outcome measure particularly captured the interest
of local investigators as a target for quality improvement. The inclusion of DrEaMing
as one of the national improvement priorities, identified in the first annual PQIP

report increased this enthusiasm.

“We presented the data and we were quite shocked that we aren't
achieving the dreams that ... particularly focusing on the dreams
because that's the one thing that stood out for us in colorectal surgery.
We've always felt that we provide a high quality service, it just [the data]
highlights the fact that we couldn't ... all these we need to improve in...

“So the starting point will still be your dashboard... and the dreams I think
is quite an important agent to identifying that we have a good approach
to delivering dreams but if we haven't why is that? Could we link that
back to lack of nursing staff? Could it be linked back to change of staff,
[lack of] juniors or registrars doing the ward rounds? There's a lot of
things that you can infer from the data and you go back and understand
why we've not achieved that and aim to improve it, where things we've
identified a shortfall of care we can improve. Does that make sense?”
INT 1 (Surgeon, Intervention site)

“l think we are doing very well in four of the parameters that you've
mentioned, except for the dreaming. But even the dreaming, | think the
early mobilisation is a problem. | think it’s, | mean this has been identified
and we have looked at it to see what can be done to improve.” INT 6
(Anaesthetist, Intervention site)

“I think the dreaming is fantastic for the ward, for the ward nurses.” INT
12 (Anaesthetist, Intervention site)

Despite the enthusiasm for DrEaMing as an outcome measure there was some
concern about its definition, how the data is captured and whether that might

influence apparent performance.
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“I think the definition of eating may need looking at because some people
don’t eat because they don’t want to or some people have a mouth full
of something and what is, | don’t know this is picked up from actually
being on the wards when you ask people are you eating and they just go
I don’t feel hungry. So there's not feeling hungry and not eating versus
feeling sick and not eating and | don’t think they're the same.” INT 12
(Anaesthetist, Intervention site)

“And all areas where we could improve, my only worry is you know things
like the whole eating thing on day two, three. And it’s a tricky one really,
because then you are looking at and thinking, oh gosh is that down to
my interpretation of the data, do you know what | mean. That's my ... or
the questions, because for example you know when you say, have they
started eating say diet on day one isn't it, based on post op.” INT 5
(Research nurse, Intervention site)

The use of dial displays, with colour coding according to performance, supported

identification of areas for improvement.

“So you look at these things and you think oh good, we're in ... | was
going to say something so yeah, green is good isn't it. Orange is sort of
Ok-ish and then the red/pink is sort of less than ... so you obviously focus
on those and you think oh, well why aren’t we doing this quite so well
and yes, and then you want to try and ... yes, | think there’s a human
nature isn’t there to try and then improve or try so that the next time
you’re in the green.” INT 4 (Research nurse, Intervention site)

“l am kind of just obviously looking at the pomVLAD and the enhanced
recovering stuff that you can ... you know you can see what areas that
need improving... But for me personally, you know I can look at it ... | do
find it quite straightforward and simple to see the areas that we need to
as a trust obviously improve it.” INT 5 (Research nurse, Intervention site)

However, despite the potential to identify areas for improvement, the impact of the

dashboard was reduced by limited quality improvement activity.

“we haven't used it enough yet specifically for Ql... hopefully I'll be able
to tell you in a couple of months once | can get these surgeons up and
atit.” INT 11 (Anaesthetist, Intervention site)

“I think the answer is yes it is useful but | mean | think it's going to be, |
think the absolute value of it is going to be okay if we have a meeting
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next week where we go well our temperature on arrival in recovery is
fluctuating between sixty and eighty percent should we try to get that
higher and so | don'’t think we’re going to know for another year the value
of the dashboard. So, if they result in you doing a change in practise
that results in an improvement then the dashboard'’s valuable, if it doesn’t
then it's of less value.” INT 12 (Anaesthetist, Intervention site)

One potential reason for limited improvement activity was the perceived need for

‘bedding in’ period prior to clinicians acting on results.

“It's still data collection; we are just beginning talks about where we
present the data. Having said that we've done brief presentations you
know sort of three to five minutes to make people aware of what’s going
on but we've been waiting for a year of data to do a bigger presentation
and | think that’s happening next week at a joint surgical anaesthetic
meeting.” INT 12 (Anaesthetist, Intervention site)

Other reasons for limited improvement work included the perception that the
enhanced recovery recommendations were not be suitable for all surgery types and

were simply not deliverable in the local context.

“The gynaecology and the orthopaedic one that's gone into colorectal
has different bits attached to it and I'm more of a fan that it's attention to
detail rather than the individual aspects. And | know your little five dials
going across the top, plenty of ours won't get at least three of those just
because of the operation they're having. It's not feasible to get them, it's
just not possible.” INT 7 (Anaesthetist, Intervention site)

‘But it just makes you look at them [enhanced recovery
recommendations] with a degree of caution with it because having an
awareness when we see a particular low percentage on those
dashboard outcomes that that's there for a reason. And we're never
going to get particularly high scores on those which just means you pay
less attention to it for that speciality. Which | think when you're talking
about altering the metrics that are displayed and customising it, if you're
able to do that per speciality, per speciality output which is perhaps even
more preferable. Because there's three or four there that | would do
away with from the word go for a couple of our specialities because
they're not ... they're completely unachievable at the moment.” INT 7
(Anaesthetist, Intervention site)
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Dashboard engagement and its effect on data quality

Poor performance identified through the pomVLAD dashboard stimulated

discussion about data quality and led to local investigation of data quality.

“So initially we picked on a temperature one a couple of months ago just
because from the report we seemed to be doing quite well. And then |
think on the pomVLAD dashboard we looked like we'd dropped and we
were going to try and find out why we dropped and what had happened...

Our sort of internal record-keeping suggested that there was a slight
difference between the two. And it also ... the other thing we were trying
to do at the time, and we still are trying to do is to try and convince our
theatres to effectively buy more under body warming mattresses. INT 7
(Anaesthetist, Intervention site)

‘they presented their Audit and relayed it back to PQIP obviously for the
drinks which was great, and is going to look into how things can be
changed, whether it's documentation, because | think it's a combination,
documentation what they could do to improve that, as then should the
drinks be prescribed and just spreading the word really for nurses to
document that they have been given, or just, so looking at ways of
improving that.” INT 5 (Research nurse, Intervention site)

“.... my only worry is you know things like the whole eating thing on day
two, three. And it’s a tricky one really, because then you are looking at
and thinking, oh gosh is that down to my interpretation of the data, do
you know what | mean. That's my ... or the questions, because for
example you know when you say, have they started eating say diet on
day one isn't it, based on post op.” INT 5 (Research nurse, Intervention
site)

“We did discuss it last time we had a meeting with the anaesthetists and
the research nurses. Some of it | think will be to do with data so I've
seen we’'re getting thirty percent for interoperative warming and that just
won't be true unfortunately, is that process or is that the outcome and
the temperature and recover?

“What we do in our trust is we warm our fluids in a warming cabinet and
then give them like that as a money saving thing and we very rarely use
a ranger activity warmer. So | never tick active warming of fluids but
they're using warmed fluids at forty degrees but maybe we should so
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everyone gets that and everyone gets a bear hugger.” INT 11
(Anaesthetist, Intervention site)

Discussion sometimes identified errors in local documentation that were easily
corrected. Occasionally further investigation was needed to fully understand

results.

“And then various people before said that everyone's got a temperature
about 36.5 and what have you when they get to recovery and then PQIP
suggests that quite not so much, in pomVLAD | think suggested it was
much lower than we thought, it was dropping. So it was again trying to
confirm that which was accurate basically. Is it our local records that are
accurate or what our research nurses are putting in which may be more
accurate than what we are recording ourselves.” INT 7 (Anaesthetist,
Intervention site)

“They also looked at DrEaM, how they can change things. And also the
preoperative carbohydrate load. | think more with the documentation,
it's been agreed in the surgical department. The problem is the
documentation not exactly how it is practiced. |think the idea of following
exactly what is prescribed might be slightly the issue, but physically it is
not documented properly. And when it gets filled in it doesn’t get
transferred what happened exactly because it’s not documented. So
[consultant surgeon (surgical lead)] has agreed that documentation is a
problem. They are looking at that aspect as a team.” INT 6 (Anaesthetist,
Intervention site)

“So that makes it easier for us in terms of collecting PQIP data because
it's documented a bit more clearly now... No | think, from what | gather
from what they've said is that it was happening but it just wasn't being
documented.” INT 10.2 (Research nurse, Intervention site)

The pomVLAD dashboard simplified the presentation of and led to clearer
understanding of complex morbidity data. Participants felt it could feed in to regular

morbidity and mortality departmental meetings.

“Where we are in the PQIP cycle, is just behind that, you know. NELA's
been running longer, and | think we get there ... and | think the pomVLAD
data helps with that, | really do. Because that as a graphic, is far easier
to understand that complexities about how the morbidity data is
presented. Because it is a bit hard to get your head around, well, you've
got you know, morbidity, and then what is severe morbidity? And that
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crossover between the two ways of documenting it.” INT 14
(Anaesthetist, Intervention site)

“... because obviously the pomVLAD is real time and we can get ... we
can track it, from an audit point of view it makes it relatively
straightforward to see how you're doing and get almost a carrot to
encourage people to carry on.” INT 7 (Anaesthetist, Intervention site)

“Well at the moment your dashboard is probably what we're going to be
using to measure things as it stands. The data ... what | would like to do
is to bring it into a continuous sort of monthly audit that we monitor. But
it's feeding back that data and looking at it as a source of looking at
quality of ...

We've always felt that we provide a high quality service, it [the data] just
highlights the fact that we couldn't ... all these we need to improve in.
You have to keep an eye on these things and these things it must be
ever present in your mind, in your ... it must be there in front of you to be
looked at. And your dashboard is probably going to be a way of doing
that. It could be a part of mortality, morbidity discussion we have on a
monthly basis...

And identify that fairly early on and then monitor, if we've put in place the
right bit of training, right level of staffing levels then has it made a
difference or not. It's common-sense things but as a graph of quality of
care | think it's a very good, it would be a very good indicator tool as to
where we're falling short.” INT 1 (Surgeon, Intervention site)

However, the need for accurate outcome data was emphasised by one clinician.

“For us the other very important aspect is the accuracy of our morbidity
data, because we, three consultants, myself ... [two consultant
colleagues] and myself, lock all the records, so we review the patient
notes before every one of our PQIP records is locked.” INT 14
(Anaesthetist, Intervention site)

The appropriateness of measuring the POMS at postoperative day 7 was raised by
another investigator, with concern that later time points may be more suitable
depending on the surgery performed. This led to local discussion about how pre-

existing work could be improved.
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‘Because we hope ... we're in this discussion about morbidity as a useful
marker but it depends at what stage of the morbidity you're trying to look
at. And for us that becomes speciality and procedure specific based on
likely the recovery times such that 30-day morbidities a bit of a poor
outcome marker if you're expected to take a year to recover from your
surgery. And therefore probably what's more important is morbidity, or
mortality and morbidity at a much later date.

And we're ... so we're sort of going right back into our data to figure out
which is the critical points from our morbidity, mortality and at what ... not
necessarily what processes. But you need to measure the processes
for a part of it but what do we think is going to affect those markers and
how do we measure them better.” INT 7 (Anaesthetist, Intervention site)

5.2.3 Perceptions of the pomVLAD intervention

Some local investigators felt that the pomVLAD study provided an opportunity to

engage surgical colleagues in quality improvement work.

‘I mean in my mind this is just tailormade for surgeons to do QI and |
haven't got the time or don'’t think | should be the one who's doing all the
QI side of it | can't possibly take it on so I'm just waiting for the opportunity
to get surgeons involved...

| think one of the reasons maybe you know when | send out the report
it's all mixed in with other specialties, anaesthetic perspective things. |
think the other thing that the pomVLAD is much more to do with the
surgical side and | think it will get their attention so | think in theory yes
it will be an advantage but in practise I've yet to get my surgeons
chomping at the bit for it. INT 11 (Anaesthetist, Intervention site)

“The surgical lead is friendly and receptive to it [PQIP]. But there haven't

we haven't engaged that much with them, and our coming
presentation is an effort to try and improve that, but I think probably the
pomVLAD data may well help from that perspective... but | was going to
use that as an opportunity to highlight grade three, grade four and grade
five morbidity that we've had. Just so we can use that as an opportunity,
as a point just to highlight that these things are happening.” INT 14
(Anaesthetist, Intervention site)
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Morbidity was generally perceived as a useful outcome measure to report, and likely

to be more relevant than mortality in the context of a monitoring tool.

“..if you're entering say a hundred or a bit over a hundred cases a year
and you’ve got a two percent mortality rate unless it's risk adjusted
morbidity it's not going to be useful for five years or more.” INT 12
(Anaesthetist, Intervention site)

“Mortality is done to death really if you ask me. There's so many end
points, by and large the major end point of most situations is mortality. |
think you're best to focus on morbidity really because there are really
predictive models in place for mortality, and that's one on the
preoperative situation of the patient... Because if you look at mortality in
surgery, even for colorectal it is so extremely small. | think you're going
to lose ... if you do have that within your study parameters I'm not sure if
you're really going to gain anything out of it really... But | think what you
have focused on is worth focusing on, morbidity, absolutely.” INT 1
(Surgeon, Intervention site)

“..but it certainly having morbidity, grading it, and identifying morbidity
that you care about more, and it's therefore deemed as you know, an
indicator of poor practice, potentially, or practice you need to look at. It's
certainly something you should do.” INT 14 (Anaesthetist, Intervention
site)

The ability to examine organ specific morbidity within the POMS was thought to be

particularly useful and provided an opportunity to make targeted improvements.

“Yeah, but you think again that that ... so the overall outcome morbidity
data is useful and important. But actually if you were able to then maybe
drill down into the data a little bit more to see where that morbidly is. So
is it like you said, is it a problem with wound infections, is it a problem
with respiratory infections, that that would be helpful...

... then your intervention is much more intelligent then.

Absolutely, it would make it [implementing change] far easier. It would
be far more meaningful, make it far easier. And actually the response to
it, would be quicker.” INT 15 (Surgeon, Control site)

177



Despite morbidity being considered a useful outcome, the range of morbidity and
complication measures reported in the PQIP study confused some local

investigators.

“So, you know, that's more consistent | guess, with what we do in M&M
meetings. Whereas day seven poms is just, it's just identifying some
stuff that you could call morbidity. Whereas the other one you get to
decide what you call morbidity, based on your clinical experience. So
it's ... those two systems aren't the same, they're not even particularly
that similar...And so that's where the confusion comes from really...

The difficulties, it's getting your head around that POMS major stuff. I'm
probably about to say I'm getting it wrong now, but ... so you have your
day seven POMS data don't you, and it's one of those that POMS will be
defined as being major, depending on how it's cross referenced against
the Clavien-Dindo scoring system isn't it? And that is the Wong et al.
who publish that...

For example, there's no Gl POMS that's seen as being POMS major, for
example. And it's just getting that ... it's been mapped by somebody, it's
just a concept to get your head around, so | think all of it is a little bit
confusing.” INT 14 (Anaesthetist, Intervention site)

Participants felt the pomVLAD dashboard would allow timely identification of poor

performance and provide a simple way to monitor care delivery.

“Well at the moment your dashboard is probably what we're going to be
using to measure things as it stands. The data ... what | would like to do
is to bring it into a continuous sort of monthly audit that we monitor. But
it's feeding back that data and looking at it as a source of looking at
quality of ...

“Theoretically it could change quite quickly and I’'m not sure what action
I'd take on a report that | would think is ... | mean for example if it hadn’t
been in the main report and that’s all | was looking at, goodness knows
what could have happened since May in terms of our practice. So it’s
almost ... it’s too historical then. | think it's got to be very current and
very dynamic and therefore personally | think I'd take much ... give much
more credence to looking at it on the dashboard on lunch ... presumably
... I don’t know how often ... | mean it’s telling me here that this is up to
July 2018 so I'm assuming it’s within a ... is that the end of July? I'm
assuming within two weeks of this data being analysed.” INT 4
(Research nurse, Intervention site)
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If accessed regularly, the dashboard may change the way local teams interact with

their data and reduce their reliance on static reports.

“I'm a big fan of real time, or semi real time dashboards. It sounds fairly
... |mean to me it's fairly obvious that having yearly reports are great and
they're very useful but you are looking back over the last 12 months and
it doesn't really give you the opportunity to intervene on a weekly basis
or a monthly basis to change something that's obviously not performing
as it should. Whereas the closest you can get them down to real time
week by week, month by month | personally think you've got more
opportunity to intervene early if you see something that isn't performing
as you'd expect, rather than waiting for a three month, six month, yearly
report. ” INT 7 (Anaesthetist, Intervention site)

“Well that is brilliant. | think better than | thought. But that’s the sort of
thing | thought. | thought it was live data and that’s fantastic. And on
that basis to be honest | don'’t think I'd ever even look at it in a report.”
INT 4 (Research nurse, Intervention site)

Although to realise this potential regular engagement was needed and the impact

would be greatest when data are acted on and improvement projects implemented.

“I think if it used correctly, | think it's going to be useful actually. There’s
going to be a bit more information and much more earlier. So | think it
will be useful actually in fact. But the only thing is you need to look at
the information first. That we haven’t done so far actually.” INT 6
(Anaesthetist, Intervention site)

“Yes, | suppose it has added, | kind of feel that ... you know for it to really
add to it, there is something it needs to be acted upon, do you know what
I mean?

There is no point in collecting the data and you guys doing what you are
doing, without you know the surgeons then going back, and feeding back
to their colleagues. Who are actually really interested in the findings you
know, so yeah | think for that reason it could do, as in you know
pomVLAD could add to it definitely.” INT 5 (Research nurse, Intervention
site)

One clinician raised concerns over the performance and accuracy of risk-

adjustment although other participants did not discuss this.
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“‘Well, I'm always ... for my cases, I'm always questioning risk adjusted
models, purely on the fact that do you have enough data points on a
grand scale that will give you the power for the details that you want...

What other variables which ... like chemical and haematological markers
in itself, how are you going to use that in the model itself? Because there
are obviously other parameters apart from the appearance of quality, all
the things that you're collecting, there are parameters which are just as
good indicators. For example, you look at someone's serum albumin for
example, we know the outcome and they're going to be in hospital for
two weeks, you see what | mean?

Obviously I'll be very focused on colorectal and | do think in the current
climate what's great about the study is that we have moved on five, ten,
last five to ten years when it comes to perioperative care. And we don't
have a risk adjusted model for the current level of care that we have. It
would have been ... previous models would have been based on
laparotomy as opposed to laparoscopic resection. All models of care
leaving NGT within five days and keeping drains in and things have
moved on so much that at this point in time, while for that you're probably
going to get much advantage ensuring that the model works, | think it's
still worth doing because of where we are in the care, perioperative care
provisions.” INT 1 (Surgeon, Intervention site)

Despite this concern, risk-adjustment of outcomes was considered important by

another participant, particularly when comparing performance between institutions.

“Well | think what you have got ... what would be ultimately useful is to
understand the case mix that is going on in that hospital. Because our
case mix will be hugely different to the next hospital down the road,
because we have got loads of centralised, sub-specialised services and
do operations that aren’t done anywhere else in the region. So
comparing that data set in terms of just looking at complications,
comparing it to a unit where the upper Gl activity for example, mainly gall
bladder surgery. Whereas here it's 50 esophagectomies a year, and you
can't ... it’'s comparing apples and pears really, it’s not really like for like.

... you need to stratify it really don’t you, to say that we have got ... here
is the risk that we have got, so here is the ... you know based on the
cardio pulmonary exercise tests, anaerobic thresholds or something,
something to stratify the risk. Or you know ASA grades to keep it very
crude, | don’t know it's something that would stratify the risk. And the
length ... you know the operative time as well, so you can see that these
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are long major operations that are going on, compared to ... | don’t know
but you get the idea, you are talking about trying to stratify the risk.

Yeah the outcomes are then stratified as well according to the risk of that
operation risk, length of time of surgery and complexity of the surgery.
That would then mean that | could compare our data with a similar unit,
and then | really do get an average that | can benchmark to.” INT 1
(Surgeon, Intervention site)

5.2.4 How do local investigators use the dashboard

Investigators thought the pomVLAD and other PQIP dashboards were useful for

obtaining a quick overview of care delivery.

“Yes, yes mainly because it [pomVLAD dashboard] is the best one for,
well it's potentially the best one for being, you know using observed
versus expected and because it looks fantastic for us.” INT 12
(Anaesthetist, Intervention site)

“I think we just flick through them all [the dashboards]... Yes, if you've
got the thing open just before you close it you quickly flick through to go
how’re we doing.” INT 12 (Anaesthetist, Intervention site)

“I do more sort of on an ad hoc, frequent basis, look at the dashboards,
because that's your sort of immediate quick look. All three methods of
looking at data [reports, dashboard and presentations] are sort of useful
in their own way, | think” INT 14 (Anaesthetist, Intervention site)

However, access was generally infrequent and often related to other activity on the

PQIP website such as inputting patient data.

“A few times [looking at the pomVLAD dashboard] nothing ... just out of
interest really, just to have a look at it. But not too regularly | would say.

Yes, well again | have looked at them [PQIP dashboards], so | am kind
of aware of them. Just to kind of get an idea just of things at [NHS trust],
but not too regularly again to be honest with you.” INT 5 (Research
nurse, Intervention site)
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“I've got to be honest to say | look at them [the dashboards] if I'm putting
patients in and I've got spare time | have a quick look but | don’t look, |
don’t personally look on a regular basis.” INT 12 (Anaesthetist,
Intervention site)

“No, hand on heart, not a lot. | mean I've really only properly looked at
it ... when | was aware it was available | looked at it out of interest.” INT
4 (Research nurse, Intervention site)

The availability of quarterly PQIP reports reduced the engagement of some
participants with the dashboard who felt it did not add additional information to that

contained in quarterly reports.

“I don’t even know where to find the dashboard to be fair, because I've
looked look at the report, and the report is so well written and formatted
and | know where to find it on the site, that’s all I've used.” INT 13
(Research nurse, Control site)

“I must admit | don't actually. | would like to. The trainee lead who did,
they did a bit. | tended to use the reports so my involvement in reviewing
the data and analysing it and distributing it tends to be report based.”
INT 3 (Anaesthetist, Control site)

Despite infrequent access, some participants felt real time dashboards were an
exciting concept, although lack of previous experience and familiarity in using them

for monitoring care delivery limited their impact.

“No, the dashboards are brilliant, you know this is the first kind of study
showing live reporting. As a concept it is brilliant, no doubt about it. So
very useful and so it’s fantastic really most of the things that come.” INT
2 (Anaesthetist, Control site)

“Looking at the dashboards that's what really ... | think the quarterly
report might be useful, | mean the quarterly report will also say what the
dashboard says of course. But you know it depends on the timeline of
what we are doing, a few things we want monthly sort of update. Then
obviously the dashboard is updated monthly, so we will get a quicker
feedback on a monthly basis then. So, | would say we would probably
look at both really.” INT 2 (Anaesthetist, Control site)
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“The dashboards are useful for what's there but the reports tend to give
... they give a bigger picture that we can pick things out of a little bit
easier at the moment which might just reflect our not great usage of
dashboards in the past.” INT 4 (Research nurse, Intervention site)

5.2.5 Strategies to build and maintain engagement

Involvement of local investigators with the data collection process increased
engagement with data displays. Participants reported accessing the dashboard
around the time of data entry but admitted limited access at other times. Lack of
time available during normal day to day work was highlighted as a key factor limiting

data review.

“I mean what you tend to do is whenever you’ve had a session sticking
data in you have a quick look at the dashboard just to see how it's going.”
INT 12 (Anaesthetist, Intervention site)

“Yes in the way we look at it but | think the difficulty is time and you know
you look at something when you open it up, so for example if | do some
note checking to close down records and I've got five minutes at the end
of that I'll have a look at it, if | input data at some point | may have a quick
glance at it but I've just got to be honest, because of time constraints |
don'’t look at something regularly that isn't in front of my face.” INT 12.2
(Anaesthetist, Intervention site)

“You know | couldn’t say hand on heart that | do it on a regular basis. But
if I am on the PQIP site because | have been uploading or whatever.
Then | might, you know or I've had an email today to say that, the report
is out or whatever. So | would definitely have a look at it yeah, | think
there is probably a lot more there that | could look at. You know [ think
there is quite a lot there on the dashboard, you know including research
and things like that, that | don’t currently use maybe.” INT 5 (Research
nurse, Intervention site)

The release of quarterly PQIP reports acted as a trigger for participants to engage

with their local data but engagement was limited between report cycles.

“.. clearly when a report comes out you look at the report.” INT 12
(Anaesthetist, Intervention site)
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“And it's like | know a report's coming out, | won't particularly look at the
data, I'll wait for the report to come out and I'll then use as a prompt to
you know, do another presentation to one of our clinical specialists'
meetings or send them out around, you know, the generic updates, for
my consultant colleagues, for each report that comes out...And | use the
reports to trigger me to do that, as a general update.” INT 14
(Anaesthetist, Intervention site)

“I look at it very occasionally actually. Then | do look when the quarterly
reports come, or if somebody is asking me something, then | do look at
the dashboard. Or if it gets like that from PQIP team, or when the
information comes from the PQIP team, then | will cross check, to see
what's happening to our place. More than that | don't look into that, every
week or once in a fortnight, by looking at that, | think it might be more
useful actually.” INT 6 (Anaesthetist, Intervention site)

“I guess when we’re made aware that the actual report is active, | know
you can’t do it more frequently but | do look forward to the reports coming
out. That gives us an opportunity to sort of ... we always say that we
don’t see back to the actual clinical stuff...

So | would probably not look at the data in between those three months.
But that email was my trigger to think oh right latest reports are up, let's
have a look at them.” INT 4 (Research nurse, Intervention site)

“The research nurses obviously flag it up to our anaesthetists and
surgeons and we say what do you reckon to the latest report, have the
you seen it, are you going to be telling your colleagues, what did they
say when you presented it to the department and so we’re interested in
what’s happening to the reports and we make sure we are sort of ... it’s
fed back to us. But the dashboard I've been less used to using | guess
or just | don’t have the time really to look at it on a regular basis.” INT 4
(Research nurse, Intervention site)

“.. just at the time that the reports come out, which is quarterly isn't it,
So yes, maybe at other times, because, you can have, you can fall
whatever, five, ten minutes, if you've got that email and you’re thinking,
right okay, I'll just have a quick look, you would, | have got that time to
do that, but off my own back, it wouldn’t necessarily be something that
I'd say, Oh I'll do that.” INT 5 (Research nurse, Intervention site)
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The inclusion of PQIP and pomVLAD presentation at local clinical governance
meetings triggered engagement. If meetings fell between the PQIP quarterly report
cycle some clinicians reported increased utilisation of dashboard data to ensure

they were presenting up to date results.

“And | use the reports to trigger me to do that, as a general update. But
then, between those times, you know, if we can have a PQIP meeting,
let's say, or have a meeting with my surgeons, to talk about stuff, or ...
for whatever reason, if there's another smaller prompt, I'll look at the
dashboard data instead.” INT 14 (Anaesthetist, Intervention site)

Implementation of local quality improvement projects related to the PQIP
dashboards stimulated engagement. Participants felt dashboards were particularly

useful for monitoring the impact of improvement activity.

“So | think that was highlighted in one of the reports and then [trainee]
who was the trainee with me, they went through the data much more
meticulously and break it all down and looked at it. Then we presented
that and then took it from there..

So when we looked at the data and tried to understand it, we also looked
at, or we surveyed the general or colorectal anaesthetists about the
preferred analgesic technique and found actually that, particularly for
laparoscopic colorectal work, and found that there was quite wide
variability. And one of my colleagues had done a separate audit actually,
not using PQIP data and had done a literature review and felt that we
should be increasing our spinal opioids use and dose. So that's what we
agreed amongst the five of us that we would do. And so we've got a
more uniform analgesic technique of spinal diamorphine at higher dose
for laparoscopic resection and that that seems to have made a
difference. But it all stemmed from the data coming out of PQIP.” INT 3
(Anaesthetist, Control site)

“... we've had four medical students join me for their Research Speciality
Unit, and I'm obviously left to supervise them, so | looked at PQIP and
thought oh we can do something here, around pre op, perioperative
anaemia because of a lot of the international initiatives that have come
out from PQIP, looking at enhanced recovery, and around obviously pre-
operative risk. So I've looked at the dashboard and actually the medical
students that I'm working with over next year, | was looking at the small
little projects around those three areas, so I've looked at it, but it’s not
part, | feel it’s not part of my remit. | know, it’s easy to say, it’s nothing to
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do with me and healthcare is everything to do with everybody but if |
spent time doing that side of things, | wouldn’t get my day job done.” INT
13 (Research nurse, Control site)

The release of the PQIP annual report in April 2018 and two collaborative events

held to coincide with it stimulated engagement with local data.

“I think, we have the PQIP annual day in London so | attended that. So,
when the annual report was published... yeah so that identified a few
things individual for the trust because that’s what the report said. And a
few of that were national, sort of common to all trusts like anaemia,
HbA1c where pretty much everyone was poor.” INT 2 (Anaesthetist,
Control site)

“A bit variable. At the minute | spend a bit longer, but there are
sometimes | hardly based on a few emails, either coming from the
hospital or coming from PQIP team... Like when | got the annual report
for about a month or so, around that time, been very busy actually. A
good few hours a week | would say. It does take time for preparing and
presentation, that kind of stuff.” INT 6 (Anaesthetist, Intervention site)

“And then the other thing was we're outlying with regards to patients on
opioids for longer in other patients. So we need to look at that as to why
it's the case... That was in the annual report.” INT 8 (Anaesthetist,
Control site)

“l looked at the Annual report and then | looked at our most recent
individual reports, to see whether there were any trends or anything that
we needed to look at, and around the perioperative iron, sorry, anaemia,
we've got a Blood Conservation team here at the Trust, a Blood
Management team, so in collaboration with [named clinician], who
manages that team, they’re obviously around perioperative anaemia
management... because of optimising peoples haemoglobin through
some of the PQIP data, and National data.” INT 13 (Research nurse,
Control site)

Establishing a team to share the workload of data collection and QI activity helped

reduce the burden on individuals and supported ongoing engagement.
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“What we've got is three core consultants who’re spending time on PQIP,
then | would say another five or six who’re helping out and then we've
got between three and five trainees who are contributing to PQIP and so
we've effectively got a team...So the consultants primarily do the
checking and final inputting of data and checking of data and the trainees
do the day to day management, on a Friday a trainee looks up next
week’s PQIP patients and sends round an email highlighting what people
need to do on what day.” INT 12 (Anaesthetist, Intervention site)

“So that would be myself, there's probably about four research nurses or
practitioners working on the trial. And then there's probably about four
to five anaesthetists that work on the trial.

Yeah, we try to discuss things that we think we may be doing subjectively
at our meetings so that everybody is on the same page. INT 10
(Research nurse, Intervention site)

Regular, monthly or bi-monthly meetings of these teams were implemented in three
interview sites. Participants felt these meetings promoted engagement, improved

data quality, and generated enthusiasm for improvement work.

“Well | think locally what we've decided is we’re going to have a two-
monthly meeting for two hours when we’re going to sit down and look at
the data and we found out that every time we get together and meet we
get enthusiastic and we talk about what QI we can [do] and it happens
whereas if we don’t meet it doesn’t happen.” INT 11 (Anaesthetist,
Intervention site)

“So, we try and do a monthly or two monthly PQIP meeting with
everybody involved. So, before that meeting | would tend to look at the
data and ... because usually we just go like the central PQIP projects
that could be done there. Or any issues that we're having with recruiting
or follow ups that kind of thing. So that would prompt me to look at the
data.” INT 10 (Research nurse, Intervention site)

“Probably before, so we have a monthly PQIP meeting that’s primarily
the PQIP team so I'd probably look at it once a month before that
meeting.” INT 12 (Anaesthetist, Intervention site)

“Once in two weeks | do open, you know open up the site to see the

dashboard, not the dashboard, the data entry to make sure the nurses

have sort of completed things. But | tend to meet the nurses once a

month, the research nurses once a month, just to troubleshoot, if they
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have got queries with data collection and things like, you know what does
this mean, and what data should we input. And queries like that, so |
mean if | am collecting ... if | am doing quality improvement in that for
example, we did do a quality improvement in that, with regards to
documentation on objective risk assessment obviously.” INT 2
(Anaesthetist, Control site)

Participants circulated PQIP quarterly reports by email to try and maintain colleague
engagement. Some participants also included summaries or key points related to

the report.

“Primarily just emailing round reports to people and it's trying to get, the
main bit, the people we've been communicating with are the ward
nurses, the senior nurse in surgery and the colorectal surgeons.” INT 12
(Anaesthetist, Intervention site)

“Yeah, so | do a quick summary, five key points, email for each report to
my department, | print out the report, and circulate it. And | send a
summary to our surgical lead. | send updates and summaries to the
research nurses as well, just so they can know how we're doing.” INT 14
(Anaesthetist, Intervention site)

“The quarterly reports, yeah absolutely, yeah absolutely. And then | tend
to circulate it around the colorectal surgeons and anaesthetists who are
involved]. So | try to circulate them around the department, sort of keep
them updated as to what is happening, yeah absolutely.” INT 2
(Anaesthetist, Control site)

“Yeah, so when the report came out | emailed, put an email round, gave
the sort of salient points in the email and then ... with a copy of the report.
And then also a lot of the information from the report went up on our
PQIP notice board.” INT 8 (Anaesthetist, Control site)

“But other information, quarterly reports and annual report as well we
have shared with the management, both on the research side, as well
as the anaesthetic managers, surgical managers, medical directors. All
of them are in the loop, and the associate medical director who covers
our division as well in the group.” INT 6 (Anaesthetist, Intervention site)

However, some participants reflected on the limited feedback this contact received

from colleagues.
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“So, our Pl has sent them out via email to some of the Matrons at the
beginning, but, | don’t think there was a massive response.” INT 10
(Research nurse, Intervention site)

“So, we've used it like that and we've presented and then when the
reports come out your, the ones direct from PQIP, they get emailed very
broadly and | did last time write an A4 summary of it as an email to send
with it, as well as attaching the report. And that gets mixed ... well it
doesn't get any negative response but the vast majority is no response
and a few people are interested and want a bit more information.” INT 3
(Anaesthetist, Control site)

Local data were also presented at clinical governance meetings with the aim of
maintaining engagement. All sites reported presentation of local results at one or
more meetings to a range of audiences, including anaesthetists, surgeons,

research nurses and management colleagues.

‘[Presented] to the anaesthetists | have but | haven't taken it any further
than that at the moment... I'd probably do it just after the reports; | won't
present everything I'll just try and choose a couple of things that they
need to focus on.” INT 11 (Anaesthetist, Intervention site)

“Correct in terms of using the data, well anybody who's got access to it
obviously but the main people who’re looking at it are three of the
consultants and it's regularly presented at a clinical effectiveness
meeting...

There are sessions where the general surgeons are there, if we have a
general surgeon and anaesthetic/intensivist we usually put in our NELA
and PQIP stuff there and then the report’s circulated by email as it comes
out.” INT 12 (Anaesthetist, Intervention site)

“Saying that, we have PQIP and perioperative medicine meetings where
the whole team gets together, maybe twice a year. So, it's formal
meetings outside of information communication, emails etc.” INT 14
(Anaesthetist, Intervention site)
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“Yeah, in the month of May there was a combined QI meeting between
the surgeons and the anaesthetists, so we presented the whole data,
you know detailed discussion on those things. And, | guess the plan is,
you know the six months or quarterly, you know within the anaesthetic
department, we would be presenting it. | did make an initial presentation
last year when PQIP was started just to raise awareness.” INT 2
(Anaesthetist, Control site)

“Yeah, so both myself and we had a, for two years we had a trainee lead
but they've just moved on in August. But they and myself had been at
least twice to the surgical audit meeting and three times, | think, to the
anaesthetic audit meeting and presented updates. And we did have an
issue, for example that was shown through the PQIP data or high pain
scores in recovery.” INT 3 (Anaesthetist, Control site)

Despite these presentations, cross-specialty engagement was often limited. This
was particularly true of individuals outside local PQIP teams who rarely, if at all,

accessed and used data for improvement work.

“Yes, I've got the anaesthetic department updated and I'm waiting for a
lot with the surgeons to go and describe this to them, the trouble is know
full well only two or three of them will be there and it's virtually impossible
and emailing them doesn’t work, so | probably need to find some time
just to go round and actually show them on my laptop.” INT 11
(Anaesthetist, Intervention site)

“l tend to do it as a presentation at audit is the main way but I've
distributed it and then if other people ask for the data, then send it to
them. And encourage people to have a long answer, they can look at it
themselves but | don’t honestly think that any of my surgical colleagues
do that. It just tends to be the trainees helping the project with me.” INT
3 (Anaesthetist, Control site)

Participants also used less formal communication methods to engage colleagues,

including informal conversations and using notice boards to disseminate results.

“..the people we've been communicating with are the ward nurses, the
senior nurse in surgery and the colorectal surgeons.” INT 12
(Anaesthetist, Intervention site)
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“I thought I'll present it to individual surgeons at various points while
trying to sort of encouraging them to get on board.” INT 8 (Anaesthetist,
Control site)

“..what | have been doing is I've been printing off the information and
putting it on all the notice boards...It's in the department, | also put a
smaller notice board up in the ... like a room where the surgeons write
their reports in theatre. | put it in there as well”. INT 8 (Anaesthetist,
Control site)

“We do sort of meet once every couple of weeks informally and kept it
that way, we've settled. For example, we operate together, we will talk
about what's going on with this and so we sit down with coffee and he
lets me know what's going on.” INT 9 (Research nurse, Intervention site)

One site shared anonymised clinician outcomes to stimulate behaviour change and

maintain engagement with local data.

“1 think our approach to QI are fairly basic so I think they’ll be a meeting
where we go okay these are your temperatures and then you go shall
we share individual patients temperatures and that's our usual approach.
So, you anonymously show what each individual’s outcomes are and
then you let the individuals know that the group doesn’t know who's who
and it's a really simple way of people changing behaviour if you know
somebody’s watching you, you change.” INT 12 (Anaesthetist,
Intervention site)

As well as developing engagement within hospitals, participants discussed whether
local area networks, where good practice and successful improvement work could

be shared might be beneficial.

“We have an informal network. So, we have a perioperative medicine
meeting in a pub once or twice a year and the people who attend that
are all involved in PQIP. Then I think with the GIRFT stuff we're starting
our visits in six weeks’ time... do you do PQIP you know and what’s your
PQIP data like.” INT 12 (Anaesthetist, Intervention site)

“The other thing about PQIP is that we are maybe using PQIP as a basis
for a regional QI network. So, we are starting to get together with at least
one other Trust who is interested and will hopefully suck in another two
trusts which are in our region, to start looking at well how are you doing
with these and how is everything going in terms of your PQIP outcomes.
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Just as a starting point. And say well what have you done about yours
and could we learn from that etc etc and share some of the learning and
maybe try and standardise some of the practice across the region if we
can crack it, that would be amazing. A big goal to set yourself. But that
is what we are trying to do.” INT 15 (Surgeon, Control site)

The integration of data collection into a pilot of perioperative medicine ward rounds
at one site increased interest in care delivery and patient outcomes. Data collected

through PQIP and pomVLAD were also used to evaluate the impact of the service.

“.. the pomVLAD dashboard definitely has led us to it but actually
another development has also led us to it that we started doing the
perioperative medicine round on the colorectal ward. So definitely the
PQIP data has made us aware of it but | think you're made even more
aware of things when you actually see the patients.” INT 12
(Anaesthetist, Intervention site)

“I know our Medical Director is aware of it, partly because it ties into our
new perioperative medicine ward rounds, that we're piloting at the
moment. And very much, you know, the PQIP data, and collecting the
PQIP data is going to be partly one of the roles of the perioperative
medicine ward rounds really.” INT 14 (Anaesthetist, Intervention site)

“So, part of that is they're collecting data about what their impact is. And
we will hope with that team, we'll see better dreaming rates, and | know
that's what their focus is... | have to see all PQIP patients as part of the
perioperative medicine ward round, you hope by looking at these things,
you'd improve these things at the same time.” INT 14 (Anaesthetist,
Intervention site)

Sites who were able to engage medical students and trainees in local PQIP data

collection and improvement projects reported a positive impact.

“Yeah, so both myself and we had a, for two years we had a trainee lead
but they've just moved on in August. But they and myself had been at
least twice to the surgical audit meeting and three times, | think, to the
anaesthetic audit meeting and presented updates. And we did have an
issue, for example that was shown through the PQIP data or high pain
scores in recovery.” INT 3 (Anaesthetist, Control site)
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“I've got an F1, not an F1 a CT1 just started now, they've done an
actual... they’ve done a year of [quality improvement training]. So, they’re
here now to help me with PQIP. So, I'm hoping that will be a good
stimulus to get things ... to get looking at some more information and get
some... QI projects out of it but I've been trying to sort of get them ... I've
been trying to get them to look at.” INT 8 (Anaesthetist, Control site)

“Well actually very interestingly, there was, there’s a Registrar here, who
became involved in PQIP a little bit at the beginning of the year, and then
they used the information or looked at the information from PQIP and did
their own Audit on Pre-Op Carbohydrate Loading, because I think it was
showing that we weren't particularly good at that. So, they looked into
that and investigated, and did present at the Anaesthetic meeting and
fed that back, and they also, there was a big meeting on Friday, which it
was for the Colorectal Surgeons and the Anaesthetists, some ward staff
were there, I'm trying to think what that was called, it was the GIRFT
[Getting it Right First Time], so they went through that.” INT 5 (Research
nurse, Intervention site)

Some participants who had not managed to engage trainees acknowledged their

involvement would support data collection and QI activity.

“What we'd like to do is get trainees involved with it as well and get them
tooling around on their own doing, not quite post-op ward rounds but not
far off post-op ward rounds, specifically around this data collection and
data entry. And take a load off our research nurses and if we can do
that.” INT 7 (Anaesthetist, Intervention site)

One participant tried to encourage colleagues to engage with local data through its

use for annual appraisal, although this strategy failed.

‘Because | have to produce quite a lot of information for my appraisal
from it which was quite useful. And Il've said, if you've got the name of
your patients, | can get them their Bauer satisfaction score from it. But
I've had no ... no one's asked for it.

| recognise that's really difficult now because it's dependent on the
surgeon and everything else that goes on. But this is something where
you can actually get proper feedback on what they thought of ... were
they sick, were they in pain, what did they think of the service providers?
But that ... I've tried to push that and I've shown them what I've produced
but no one's asked me. | think they're speaking next week, I'll get a bit
more interest from them.” INT 8 (Anaesthetist, Control site)
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The Bauer Patient Satisfaction Questionnaire is a tool used to assess patient
comfort and satisfaction specifically related to anaesthesia care. It includes
questions on anaesthesia-related discomfort (e.g., drowsiness, pain, thirst) and
overall satisfaction with various aspects of anaesthesia services, with responses

using Likert scales.??#

5.2.6 Barriers to quality improvement activity

Baseline period of data collection

Participants felt a baseline period of data collection was needed to enable them to

understand local care delivery prior to implementing change.

“Yeah, well we've had a discussion about that, but | guess to just put it
into ... describe it now, you know, partly pomVLAD came out and it was
... you know, we saw it as a good thing, but a bit of an unknown. And
then you sort of getting like for PQIP projects full stop, mentally I've
decided to wait for a period of time before | pay them much interest, just
to let it bed in.” INT 14 (Anaesthetist, Intervention site)

“So, for the first year we were getting baseline data on board and we’re
only a couple of months past that now and what I'm trying to do now is
get some enthusiasm from the surgical teams and the anaesthetic teams
to do some QI. So | don't really have much to tell management about
that except to show what our baseline data is and I've done my best to
just do that as well as | can.” INT 11 (Anaesthetist, Intervention site)

The small number of patients being recruited at some sites also contributed to the
perceived need for this baseline period. Participants described large apparent
swings in performance due to limited patient recruitment and therefore a period of

baseline data collection would help them better understand true performance.

‘it's part of the feeling about local data, so the fact if we're only having
three or four patients through, you know, something happens to one of
them, that's 25% change.

So we're always going to have very large swings in you know, what our
rates of whatever are. Just because one patient, declaring one severity
of symptom, is going to be maybe a quarter of the patients, well as low
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as a quarter of the patients, maybe an eighth to a tenth of the patients.
So you know, they're always going to have a significant impact.” INT 14
(Anaesthetist, Intervention site)

“Yes, if, the first thing that a bunch of consultants will do is say well hold
on, where's the scientific backgrounds for this, so you know how many
was the denominator, what's the numerator, what is the scope of the
data that's being collected i.e. can | actually draw any conclusions from
it? Statistically. Because setting off on a tangent with wrong data would
be almost as bad as not taking any action at all really | guess. It just
wouldn't be right.” INT 15 (Surgeon, Control site)

As local patient cohorts grew clinicians felt data became more relevant although
some participants identified ongoing issues with data collection affecting the use of

data to drive improvement.

‘it's because the data's sort of becoming more mature and therefore
more relevant. | mean, you sit down and they say "oh yeah, we've had
like 50 patients and only 20 of them done a Bauer questionnaire and
people go "okay, whatever, I'm not listening to that".

But you know, when you say you've done 100 and whatever patients,
and 70% have done the Bauer questionnaire, because | think that's
roughly what our rates are, then people will be ... you'll start to listen to
it more. And I think that's even before we get into that tipping point now.
INT 14 (Anaesthetist, Intervention site)

“The second thing I'd say is that data collection and data input, | think
continued to be a challenge. | was speaking to [anaesthetic lead/Pl] the
other day about PQIP and data collection and data input, and to do it
consistently and produce really good data is always a challenge
whatever sphere you are in. It requires a lot of discipline, dedication and
people around it to make it part of their job. | am not sure that has
happened yet with PQIP so | think you know the data entry | think has
fallen off a little bit and unless you are producing decent amounts of data
it doesn’t have any meaning.” INT 15 (Surgeon, Control site)
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Lack of dedicated time to deliver quality improvement

A major barrier to QI activity was lack of time available during day-to-day work to
deliver quality improvement activity. Local investigators felt improvement activity
was not valued by their trust and senior management and QI activity often had to

be delivered before obtaining designated time in job plans.

“Yes in the way we look at it but | think the difficulty is time and you know
you look at something when you open it up, so for example if | do some
note checking to close down records and I've got five minutes at the end
of that I'll have a look at it, if | input data at some point | may have a quick
glance at it but I've just got to be honest, because of time constraints |
don'’t look at something regularly that isn't in front of my face.” INT 12
(Anaesthetist, Intervention site)

“l can make sure you recruit etc., and all these sorts of problems but it's
then having the time then to try and push the agenda of PQIP to try and
get people to start doing QI.” INT 8 (Anaesthetist, Control site)

“If there was more time available 1'd like to spend more time looking at
the data itself. But it is very helpful to have the report and to have the
pre-prepared presentations because they, that can be quite a burden
otherwise” INT 3 (Anaesthetist, Control site)

“Yeah, | mean, if you, if you go and talk to the, you know audit
department lead, they will agree and concur and you know agree with
the value of the data and all that. But | think when it comes to reality, it's
... | think it's a question of resources and manpower for them really...
they were overwhelmed with their routine firefighting really.” INT 2
(Anaesthetist, Control site)

“I think you'’ve got to demonstrate it before people will give you money
So you have to do the work within your existing job plan and then | think
over time will demonstrate will actually people need PAs for this and |
expect that will then be forthcoming.” INT 12 (Anaesthetist, Intervention
site)

“No, it has not been allocated. We have been talking about this.
Obviously, the money is so tight within the trust, so people are trying to
get more out of whatever is available. So, there is no allocation so far.
| have raised it formally at least a couple of times so far, but it has not
been allocated. I'm doing it out of my own interest basically actually...
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potentially the dashboard is more interactive and ... it can be looked more
often, but | don't know how much time we have available to act on it. I'm
not saying that it's not useful, it's certainly useful as | mentioned, but
putting that into practice involves a lot more engagement, between the
PQIP team, the local PQIP team, and the clinicians and managers. The
current working of the department doesn't allow that time commitment
from anybody | think.” INT 6 (Anaesthetist, Intervention site)

“I think in principle they [surgical colleagues] do agree and they all want
to but again it’s just you know, time and resources for them as well and
because they have an extra pressure to perform and make sure they are
within the targets of achieving their activity...” INT 2 (Anaesthetist,
Control site)

“I suppose it totally but in a busy work schedule, remembering even
every 3 months to go and have a look at the dashboard and see what it
is showing etc without a prompt or something landing on ... | respond to
things that land on my desk normally and my desk is, | am looking at it
now, there's around about 50 sets of case notes to be reviewed, there's
100 emails arrive each day in my inbox, so do you see what | mean, that
actually making it part of your business to go and look at this stuff needs
some kind of prompt or a kind of did you know, have you looked at your
PQIP this month or something like that.” INT 15 (Surgeon, Control site)

“So our Pl is trying to use the data to do some Quality Improvement at
the moment but | think with everything, | think they’ve got a lot of other
stuff on at the moment, so I think it’'s been quite difficult in terms of getting
people engaged in Quality Improvement, because obviously it’s difficult
to get everybody engaged when you don't really have time to push it
yourself.” INT 10 (Research nurse, Intervention site)

Where clinicians did manage to obtain time in their job plan allocated to PQIP and
quality improvement work, this did not reflect the true time commitment required

and clinicians were forced to go above and beyond to deliver the work.

“I'm going to plan for 0.25 for it, that's a couple of ... that's two hours a
week, that's what I'm down for.

. 8o our Trust basically states that if you're a core investigator or
project principle investigator, to an externally funded research project,
and each project comes with its ... an equivalent to .25, you can use in
your job plan.
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And so you can use those to make up that one additional, but all my
research stuff is essentially above and beyond, because I've got other
roles, to fill up that one. I'm not actually paid or funded for it... what
would have to happen is that my CD and the management have to agree
that they see value in me continuing to do PQIP above and beyond, and
therefore losing clinical sessions to it.

And that is, just isn't something that I've negotiated with them at the
moment. And | guess that's an ongoing debate around the usefulness
to local Trusts, or these type of dashboard projects, be it NELA or be it
PQIP.” INT 14 (Anaesthetist, Intervention site)

Participants felt allocated time was needed to support quality improvement activity,
although this did not necessarily need to be clinician time. Involvement of
administrators or junior managers was suggested as an option to improve the way

data are used to improve care.

“I don't think we've got the capacity to do that, because Quality
Improvement isn’t research per se, | don't, | know it’s all part of the
clinical effectiveness cycle, but if | took time out to actually implement
the Quality Improvement side of things, | wouldn’t get the research done,
so | think there needs to be some ringfenced time, somewhere along the
line, for the Anaesthetist and their trainees, to take on the QI side of
things.” INT 13 (Research nurse, Control site)

“l guess as clinicians we tend to focus on clinicians. And actually... it's
the management and senior management that has the ability to allow
time...

Yes well they have the ability to ... because they've got a big general
management team at all sorts of levels, and it doesn't take ... all you
need is a named person for which PQIP is a dedicated part of their
working week. So they don't need to employ another person, they just
need to find a junior general manager in the surgical division who they
... who has got time in their job to take on PQIP as well as all the other
things they do. Because it's not full time, if they spent two to ... two hours
a week, four hours a week maybe within their job checking, analysing,
producing data. Talking to the clinical leads, the reports ... and
distributing reports, that would make a massive difference | think.” INT
3 (Anaesthetist, Control site)
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Difficulty engaging colleagues

Difficulty engaging colleagues was another major barrier to implementing Ql. This
included participants struggling to engage colleagues within their own department

and across specialties.

‘I mean | guess there are very high performing trusts where everyone’s
up and can do about it and there are other trusts probably like mine
where everyone’s just got their noses to the grindstone a little bit and it
makes me feel bad that I'm a trust where | can't engage the surgeons
that easily but | ran another for four years and came up against the same
thing.” INT 11 (Anaesthetist, Intervention site)

“We have got surgeons, there is a rep, and so the surgical representative
the involvement is getting better | would say. And hardly any involvement
in the first year, but there is a bit more buy in and involvement this year,
but there is still a long way to go from the surgical side.” INT 2
(Anaesthetist, Control site)

“I mean when | first proposed that we take part in PQIP | went to see our
colorectal surgical lead who was really, really negative and their first
comments were ... because | asked whether they would be the surgical
lead. And they said | wish you lot would just leave us alone to get on
with our jobs. So | knew there was going to be a bit of a struggle there.”
INT 3 (Anaesthetist, Control site)

“.. also the responses coming when you engage with people, you know,
how things can be done differently. Like for example our department, at
the last meeting | pointed out that preop risk assessment needs to be
done differently, and these are the ways to do it, we try to agree how to
do it, but there is not much response from my department. So those
things do make it difficult, can happen that when I'm trying to do things
on my own time, to make a difference. Whereas if the engagement is
not coming, it’s not just a question of time alone, also how well people
are engaging, not just to the clinical people but also management.” INT
6 (Anaesthetist, Intervention site)

“I don't think there was massive ... | think from surgeon'’s point of view
they weren't too fussed about it. | think there was a few people interested
in, anaesthetists interested but there wasn't very many surgeons
interested in using the data.” INT 10 (Research nurse, Intervention site)
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“So what I'm trying to say is to spend time exclusively for this, to extract
the information and then spread out to the department it takes a lot of
effort. And then the second bit is how much the clinicians on the floor,
my department isn't very much engaged with it, so | wasn't able to
convince so far, about preoperative assessment. Whereas we're able to
do a few things better, differently, as compared to what we have done a
few years ago...

More than that, I'm unable to engage people, unable to change people
so far.” INT 6 (Anaesthetist, Intervention site)

“So our Pl is trying to use the data to do some Quality Improvement at
the moment but | think with everything, | think they’ve got a lot of other
stuff on at the moment, so | think it’'s been quite difficult in terms of getting
people engaged in Quality Improvement, because obviously it’s difficult
to get everybody engaged when you don't really have time to push it
yourself.” INT 10 (Research nurse, Intervention site)

Difficulty accessing and analysing data sources outside the main PQIP

programme

Participants stated that difficulty accessing and analysing data outside those
provided by the PQIP team presented a barrier to improvement work. This included
both data within the PQIP programme and linking other data sources routinely

collected within the NHS such as administrative data.

“.. I've probably got too much on my plate at the moment...So when |
have got time | would love to go on and do data queries and show the
surgeons how to do it but I'm finding it too time consuming and so it's
just been I've pushed it to the side for now...

So what | want to do for the surgeons is stand up and demonstrate how
to do it but I've got no confidence that I'll be able to do that at the moment
So it's going to be a hard sell but | will try and get that sorted out.

| feel frustrated with myself because I'm sure it's doable but in the time
slot I've had | haven't managed to make it work yet” INT 11
(Anaesthetist, Intervention site)

‘Because there's about four different databases for each individual
speciality as far as | can see, and they don't talk to each other and there's
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no way to communicate between them or extract the data that you want
from them. So, if you go for something like the database that we've got
for cancers. It's obviously possible to get data out of and then link it with
our systems, so you end up collecting it in three different databases and
repositories which just is a horrible duplication and triplication of work.”
INT 7 (Anaesthetist, Intervention site)

Failure to collect data in an accessible format that could then be used easily for Ql

acted as an additional barrier.

“.. so those two systems work together to give us the data that we need.
It's not easy to interrogate however, apart from ... it's just like you flipping
your notes, it's just like almost like a PDF really if you ask me where
things are scanned into it. So it's a little bit difficult to interrogate but if
further data is required then it means obviously the old-fashioned way of
going through the notes and going through the electronic notes and
extracting the data. That's certainly feasible. I'm looking at how we
structure our data to collect data going forward and our perioperative
quality. Obviously, that's a big, big project and it's not, you appreciate
it's not a priority for the trust at the moment. They're just concerned
about hitting that target of all data, of the people existence, how we get
there, how the data is recorded obviously is not their worry.” INT 1
(Surgeon, Intervention site)

Limited senior management support for quality improvement

Limited support from management teams acted as a barrier to Ql. Participants

reflected on the need for this support and engagement to deliver positive change.

“I think we’re just left alone to get on with it rather than we're supported.”
INT 12 (Anaesthetist, Intervention site)

“From a management perspective, | don't see much enthusiasm to it. As
far as | can tell really, it's about clinicians trying to use that methodology
to try and improve things”. INT 14 (Anaesthetist, Intervention site)

‘Il mean so with all of those we are looking then ... so we've got the outline
now of a pathway, which this meeting on Monday is partly to get the buy
in of the surgical, clinical director and of the management team to say
we, as clinicians can't make this just happen out of the blue. It needs to
be a directorate of action and we can then monitor our progress with it.”
INT 3 (Anaesthetist, Control site)
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“There is a little bit of futile cycling where we all discuss it, agree what
needs to be done but maybe not all the people who need to be in the
room are there. And it is actually quite, you almost need the improvement
teams and the general managers to come to you to join that final piece
together so that actually a QI Project can work. Even though you've got
the people who know what to do in there, actually making sure the
process happens is a whole different ball game. INT 3 (Anaesthetist,
Control site)

“It's very hands off [management support/engagement]. We have
support ... we have research nurses that we wouldn't be able to do it
really without them. So, it helps produce the data but when it comes to
actual QI and actually using it there's not a lot of pressure or sort of
support that helps us keep generating QI from it. No, | wouldn't say that's
... it's quite hands offish, sort of left to get on with it on our own really.”
INT 8 (Anaesthetist, Control site)

“‘Well, | think they’re a bit disappointed because they wanted more
management to be there, so they could hear what needed to be done
and just ways of moving forward, | think it was a shame, | think they were
a bit disappointed. There was somebody there, who wasn’t a senior
Manager but was from management, who was going, his aim was
obviously to pass it all back to management, but yes, there was, they
were quite limited really.” INT 5 (Research nurse, Intervention site)

“The potential is not realised actually, particularly, | mean, more and
more people are aware, so now | don't even speak to people, trying to
convince them, so they do know. But as for the management side, it
does not come across yet, | feel that's my impression in my set up
actually.” INT 6 (Anaesthetist, Intervention site)

“From a management perspective, | don't see much enthusiasm to it. As
far as | can tell really, it's about clinicians trying to use that methodology
to try and improve things, but that isn't part of the QI projects that I've
personally done and local projects that I've done.” INT 14 (Anaesthetist,
Intervention site)

This lack of support was sometimes perceived to be due to conflict between clinical

and managerial priorities for improvement.

“I mean it's down to the initiative of the individuals. Organisationally is
there a push to improve quality improvement, yes in general. But it's
more generic on the lines of the trust agenda, with nothing specific to
PQIP really. But if you go with any ideas of quality improvement
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especially if it has got, you know financial savings attached to it, and
certainly yeah | have never come across them being obstructive as such,
but the interest does mainly kind of depend on, you know the agenda
you take forward.” INT 2 (Anaesthetist, Control site)

‘[Our trust is] very much a trust that is focused on quality and that
extends all across the board from safe care to high quality surgery, to
getting it right first time. But also on data capture. By enlarge data
capture is focused on trust performance figures, things like safety
thermometer or falls and bundles for care for sepsis or pneumonia. All
those various things. But when it comes to other quality measures,
which is what | was alluding to earlier that PQIP has more built into it
about dreams for example, are they getting up and out of bed and eating
and so forth early. All that data I'm afraid isn't captured at another level
as it were of quality.” INT 1 (Surgeon, Intervention site)

Existing data dashboards available in institutions are rarely clinician facing tools

resulting in a lack of experience with using them limiting their impact.

“We do [have some other non-PQIP dashboards available to monitor
hospital performance] but I'm not familiar with them because they're
used primarily as a management tool not a clinical tool.” INT 12
(Anaesthetist, Intervention site)

‘there is a dashboard that the trust board looks at so it's length of stay,
readmissions, deaths and a few other things but it's not really used by
the clinicians.” INT 12 (Anaesthetist, Intervention site)

“I mean, I'm sure there's loads of managerial dashboards, that | have got
access to. But from what's really keenly publicised to us, from
anaesthesia perspective really, it's never ... there is in house dashboards
that are created by the clinical governance lead, which is relatively ad
hoc, depending on what they're wanting to look at. INT 14 (Anaesthetist,
Intervention site)

‘sometimes the parameters that the management team want to monitor
are different to what the clinicians want to monitor. The management
team have the resources and the personnel to keep these dashboards
alive and running and maybe the clinicians don't have access to that in
an equal way.” INT 3 (Anaesthetist, Control site)

‘so we've been trying to do something along the dashboard front for a
while that would be in, not public access, but available to all staff within
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trust. And try and make dashboards that will be relevant to their area
and we've been trying to do that for a couple of years and have basically
hit various technological, IT, management stonewalls. So there's no sort
of interactive dashboard that's available. | believe at management level
they have the availability of some dashboards but | wouldn't like to say
what they are, nor how accurate they are, nor how often they're used.
So | think at clinician level this is probably the first that we've had with
any sort of clinical relevance to them.” INT 7 (Anaesthetist, Intervention
site)

Lack of formal quality improvement structures

A lack of formal quality improvement structure within sites acted as a barrier to
improvement activity. Participants felt improvement work was dependant on
individual clinicians to deliver and that support to develop suitable data collection

tools and select robust outcome measures was needed.

“It's exceptionally dependent upon you and other clinicians to do
everything for it. So there doesn't seem to a great way of building a more
sort of rigorous structure for picking all your metrics and you know, your
process measures and outcome measures etc. Which is one of the sort
of attractiveness of PQIP projects, because a lot of that side of stuff is
done for us really, isn't it?” INT 14 (Anaesthetist, Intervention site)

“No, not by a long way. | mean | think ... well | think in order to build it in
and sustain it is required a dedicated, doesn't have to be a highly banded
person, but a dedicated person that physically sits within the department
but, maybe, part of the management team who can do the data, not even
so much collection because that can be quite difficult. It can be a clinical
thing but can ... when it is captured electronically can access it and turn
it into reports and work directly with the clinicians.” INT 3 (Anaesthetist,
Control site)

Some participants felt using clinician time to deliver QI activity rather than them
being involved in data collection or analyses was a more appropriate use of

resources.

“So | think clinical time ... | think our department is fair, | mean you'd

always want more time for that but it seems a waste to me if you're asking

senior clinicians, giving them enough time to actually sit down, look at

spreadsheets and produce reports. Whereas really they should be

interpreting them and driving initiatives and change and projects and
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there should be ... it doesn't require that level of hourly pay to produce
the reports. So | think it's more what we probably lack is the
administrative support to produce them.” INT 3 (Anaesthetist, Control
site)

“I think from a data point of view we've been very good at collecting data
but | think it has been suggested by yourselves, in terms of what we do
with the data that requires a much wider discussion with the colorectal
team and the anaesthetic department. Because there's still some way
to go in getting the culture change towards a better team.” INT 1
(Surgeon, Intervention site)

And without a structure providing time, financial and methodological support in

place sustained improvement was not deliverable.

“So | think that's probably where a lot of these things get held up and
people will try, well what they will do is predictable. They will come up
with an action plan saying here's a few things that we need to do and
then unless you've got highly motivated people with a lot of time on their
hands to get meetings together to do this, to do that, and with an actual
methodology that means that you can achieve that change. It won't
change, or it'll change very little or it'll change for a little while and then it
will get worse and it'll go back to where it was again. So | am speaking
as someone who has been in a very senior leadership role for quite a
few years and has made quite a lot of high level changes and then have
struggled with other changes and | guess I've sometimes not understood
why something has worked well and why something is so incredibly
difficult to change.” INT 15 (Surgeon, Control site)

Local improvement priorities not aligning with the national agenda

Another perceived barrier to QI was when national improvement agenda did not fit
with local priorities, leading to study outputs being considered irrelevant to the local

context.

“‘Whilst | remember, there's the bit | don't like, is you often produce
posters as well, and little summaries. And quite often, those posters and
summatries are what PQIP's agenda is, not what our agenda is.

And that's fine, but we find it useless because they're not our agenda.
So, at the moment, we've got ... you know, there's things they're trying
to push obviously, the HbA1cs, also, you know, completion of enhanced
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recovery | think, trying to push you know, the anaemia bit. And | guess
these are all tied into national things that I'd want to be improved to be
honest, but | can't exactly remember where they've all come from.” INT
14 (Anaesthetist, Intervention site)

One participant also suggested this conflict between national and local priorities

was relevant to the pomVLAD dashboard.

“And | know your little five dials going across the top, plenty of ours won't
get at least three of those just because of the operation they're having.
It's not feasible to get them, it's just not possible.” INT 7 (Anaesthetist,
Intervention site)

And as a result the relevance of the dashboard was reduced, with the local

investigator not pursuing improvement.

“But it just makes you look at them with a degree of caution with it
because having an awareness when we see a particular low percentage
on those dashboard outcomes that that's there for a reason. And we're
never going to get particularly high scores on those which just means
you pay less attention to it for that speciality...

they're not overly interested on what's on pomVLAD because the bits
we're looking at are ... the metrics aren’t ideal for us. So it's sort of given
us a push to what we need to do and what we might do with our
dashboards.” INT 7 (Anaesthetist, Intervention site)

The competition for engagement between different national projects such as PQIP
and NELA was a potential barrier to Ql, with more established national audit

projects perhaps reduing engagement with PQIP and the pomVLAD intervention.

“I think for the first time, we're now getting a large enough dataset, where
it feels relevant. And that maybe some ... the other aspect of it is the
best form that we present in, is our clinical effectiveness meetings, and
like it or lump it, NELA takes over slightly. Because until now, surgeons
are more interested in it, and its been going longer.” INT 14
(Anaesthetist, Intervention site)
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Staff turnover and poor continuity in clinical teams delivering patient care

Staff turnover acted as an obstacle to delivery of QI in some institutions, resulting

in problems with the day-to-day running of the PQIP study.

“I think, because there's been a few changes in staffing, and going
forward we're going to have another few chances in staffing because
there's a lot of admin to ... associated with PQIP as well. So it probably
is going to get a bit more difficult actually in the next few months and
particularly over holiday periods when we don't have as many ... like
Christmas and Easter that kind of thing when there's not as many people
on the ground to help with the follow-ups and also just recruitment in
general. And it can be quite difficult to keep up with the amount that
we're supposed to be recruiting.” INT 10 (Research nurse, Intervention
site)

“I think as time has gone on and we’ve changed Principle Investigator a
couple of times, that the support and the importance of it, has become
less of a priority, and | feel that my team, I'm managing my team to
obviously collect the information, the patients are kind enough to take
part, we've got a duty of care to do something with the result, and | feel
that we're not doing that.” INT 10 (Research nurse, Intervention site)

Changes in nursing staff and junior doctors caring for patients also affected

participants ability to implement Ql.

“So even from a general surgical point of view really but leaving that to
a side we are not reaching our target when it comes to dreams... That's
due to absences and so forth, that's due to people who are supposed to
be dealing with it, dealing with enhanced recovery pathways etc.
They've just not been around.

This is becoming ... understanding what the enhanced recovery is
because we have a different nurse every other day. Understanding ...
juniors understanding what's happening. Juniors often changing, we
don't necessarily have the same registrar on the wards on a daily basis.
So I'm looking at overall processes because at the end, it's all really ...
it's to get them up and about quickly to reduce SSls [surgical site
infections] amongst other things.” INT 1 (Surgeon, Intervention site)

“And then your trainees of course they ... | mean some of our trainees
stay for up to two years but that's unusual. The majority are six months
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to a year. So they may get one small project done in that time but it's
difficult to keep that going over without somebody whose job it is to be
monitoring it all the time.” INT 3 (Anaesthetist, Control site)

Good or satisfactory performance reduces the need to improve

Where performance was considered acceptable (either based on local views or in

comparison to national average) the drive to improve was reduced.

“At the moment, there hasn’t been any major triggers for us to go and
look at the data | don’t think there’s been alarming triggers if you like.”
INT 2 (Anaesthetist, Control site)

“Part of our issue is we seem to do quite well so everyone seems quite
happy, rather than if we said oh we're rubbish at this. It's how the NHS
used to work, isn't it? You get told when you're bad at something and
you have to improve, that seems to be how QI works in the NHS. But
because our numbers isn't ... in PQIP, the results are actually quite
reasonable, it's quite difficult to ... so it's a bit like less of a stick try and
get people to sort of try and work on things and improve.” INT 8
(Anaesthetist, Control site)

‘[the recent report] was quite positive, there wasn’t any particular, you
know set of actions that needed to come out of it, if you see what | mean.
It seemed to be reasonably quite a ... there was no concerns raised from
it. So the question is then, what if everything is going okay, almost all
things are going okay, then do you need any specific actions related to
that, or any specific QI work streams... Because if the only benchmark
is the national average, so if you are above the national average then no
one sits there feeling a need to get involved in a QI project.” INT 15
(Surgeon, Control site)

5.2.7 Facilitators to quality improvement activity

Regular meetings to review data entry and performance

Regular meetings to review data entry and performance generated enthusiasm

amongst local investigators to undertake QI work.
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“Well, I think locally what we've decided is we’re going to have a two-
monthly meeting for two hours when we’re going to sit down and look at
the data and we found out that every time we get together and meet we
get enthusiastic and we talk about what QI we can and it happens
whereas if we don’t meet it doesn’t happen. So, prompts would be good
I don'’t think people will get fatigued by them | think that'd be a good idea.”
INT 11 (Anaesthetist, Intervention site)

These meetings also gave participants the opportunity to discuss interpretation of

variables and identify issues that may affect data quality.

“l think that question is coming up at most of our meetings. | guess if
something ... so we're prompted by the data that we get to ask the
question and then the first question we ask from that is how are we
documenting it? Or how are we documenting it on the CRF and are we
looking in all the right places to document that?

... But it's usually stuff that's a bit more like the clavien-dindo sometimes,
like between number one, number two can be a bit difficult to decide
which patient it is. But we've come up with a strategy for figuring that
out, but that was an example of something that we had been
documenting the way we thought, but then the anaesthetists said oh
maybe document it ... it should be documented this way.” INT 10
(Research nurse, Intervention site)

Endorsement and promotion of the project by national bodies

The perceived importance given to studies by Royal Colleges such as the Royal
College of Anaesthetists and the Royal College of Surgeons was suggested as a
facilitator of Ql. Participants felt that a high-level push from these bodies increases

local engagement and buy in from clinical teams.

“... something trickled down from up high from the college that would be
a massive advantage even to the trainees because the trainees can
drive this, it doesn’t need the consultants and in many ways it's hard to
change the consultants and they're just up to their necks in it quite
honestly. The trainees and the fellows | thought would be biting my arm
off to get involved in this but it might be that it's because it's coming from
next door from a different department rather than coming down from up
high from the college, that would be a massive advantage if you could
do that because thatlll be all the incentive they need.” INT 11
(Anaesthetist, Intervention site)
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The Royal College of Anaesthetists taking a leading role in evolving the field of
Perioperative Medicine was seen as positive and had led to a change in clinician

mindset about how patients should be assessed and cared for.

“Yeah, yeah absolutely | mean it, yeah | mean it’s, | mean it’s partly PQIP
and part, partly of course, the overall ... overall Peri-Operative medicine
push from the Royal College, perhaps that has also made a, playing a
bit of a role but there’s certainly a shift in mindset with regards to pre-
assessment or assessing a patient or the way we manage patients |
think, there’s more emphasis on the patient experience side of things
and the obligations definitely yes.” INT 2 (Anaesthetist, Control site)

Greater involvement and promotion of PQIP by the Royal College of Surgeons may
encourage engagement amongst surgical colleagues resulting in  more

multidisciplinary Ql.

“I mean | think a common problem for a lot of these projects is the ... is
how the surgeons here are informed about it. They're quite a traditional
bunch like that. So, if the Royal College of Surgeons ... | think for
emergency laparotomy the Royal College of Surgeons very nearly
embrace that as their major project. But | think they then went with
gallbladders or something in the end. So ... but at the same time they
are now, | think quite well engaged with emergency laparotomy and
therefore that comes out of the Royal College of Surgeons.

And | think the same for PQIP, if the Royal College of Surgeons can push
it a bit more and recommend, particularly to its trainees and obviously to
the consultants that they embrace and use this data more, and are they
fully aware of it? Because | think to be ... even the surgeon who was so
negative at the beginning is now actually ... and didn't want any of his
patients included. So, for the first six to nine months or even maybe the
first year none of his patients are in there but when he started seeing the
data he now wants his patients in there.” INT 3 (Anaesthetist, Control
site)

“I don't know, | don't know how much support you've had a level from the
College of Surgeons, whether there's any information goes into surgical
journals or surgical newsletters that sort of thing, may become ...
because | think that would help if it came through their own channels
rather than just through saying | need to keep steering and telling them
about various projects.” INT 8 (Anaesthetist, Control site)
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Other national projects, perceived to be led by anaesthetists, took time to bed in
and receive the full attention of surgical colleagues. It was considered this process

was likely to occur with PQIP and that given time it would gain wider acceptance.

“NELA crept in and no one's said anything against it by and large. It was
done by the anaesthetists but the surgeons looked at it and said alright,
hang on a minute, the data is there, we need to improve. | suspect PQIP
would take on that evolution at some point as well. So, | suspect on a
sort of national importance you guys should be working on that
specifically. Of course, it all depends on what they generate on a
national collective level...

| think whether surgeons accept where it comes from or not is probably
irrelevant. | think it's probably going to take on a very national
importance really.” INT 1 (Surgeon, Intervention site)

The visit of an external organisation (Getting it Right First Time) to one trust acted
as a stimulus for investigators to engage with their data and to explore QI

opportunities.

“We had the Getting it Right First Time (GIRFT), the information from
PQIP was presented. So that's ... I'm hoping that's going to be, yes,
there were a lot of things said in that meeting, apart from PQIP
information. But there are a few things that they want to act upon, like
the preop carbohydrate loading, for all patients, and then getting how the
information is actually gathered to reflect clinical practice. So those
things hopefully, I'm hoping that it will change.” INT 6 (Anaesthetist,
Intervention site)

“.. because of the whole idea of the GIRFT was obviously to improve
outcomes and care and things, so it was all really relevant. So that was
really good, because that was purely PQIP stuff... it was up to date,
relevant, for everybody in the room and yes, so that was quite a positive
thing really...

| think for those who were in the room and | think they could see
definitely, see the benefit of it [PQIP] yes, and | think because they were
all there for a common aim, and PQIP was very relevant to that because
it gives them the information they need.” INT 5 (Research nurse,
Intervention site)
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The potential for data collected in studies such as PQIP to feed into evidence

presented at external visits was also discussed.

“I guess so what matrix [of complications/morbidity] do people want to
know, what'’s useful for the trust. What is useful for CQC kind of reports
and things like that, because you want to be producing something that
you can show as a trust to any regulator, show that you are doing okay,
whether it’s the Royal College, the CQC or whoever, the NHS whoever
it is. So that would be my view, and yeah so | think the matrix are ... a
lot of them are very useful, but there is one or two | think that ... and
maybe they could expand the scope of the matrix as well.” INT 15
(Surgeon, Control site)

Shared learning of successful improvement projects

The sharing of successful improvement work from sites recruiting to the PQIP study
was suggested as a facilitator of quality improvement. There was an
acknowledgment of siloed working within the NHS resulting in different institutions
going through similar improvement cycles. Facilitating shared learning between
sites about how and why improvement project did or did not improve patient care

was considered potentially beneficial.

“I think it might be worth trying to find some good news stories of places
who’ve done something or done something with their data and made an
improvement or places who’ve managed to get funding and then also
had a success in improving their outcomes.” INT 12 (Anaesthetist,
Intervention site)

“Things like knowing ... it's like if ... positive deviance stuff is really good
but it almost needs a bit more detail to work out why someone is ... it
would be nice to know why someone is a positive deviant. So, to get
maybe something | would quite like to see would be a small little report
to say from ... so maybe the PQIP person in a hospital to say why they
think going on a PQIP positive deviant in that area. So it gives people
ideas of maybe things that can be done to improve. Because a lot of
these things are quite simple sometimes. The changes that individual
undertake that somehow seem to make quite a big difference.” INT 8
(Anaesthetist, Control site)
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“Perhaps if other hospitals are doing QI projects and they’re going quite
well, maybe including in the email when you've done the quarterly
reports, examples of what the hospitals are doing, because maybe give
an example of what other hospitals are doing, might inspire a little bit and
give people ideas.” INT 10 (Research nurse, Intervention site)

Local networks were suggested as a solution to address the issue of siloed working.
| Participants felt these networks could facilitate regional QI activity and increase

the success of implementation.

“.. I think it’s just, it'd be good to see, to share case studies. | saw on
the website, was it Salford or one of the centres, shared a case study,
as to what improvements, | think that it would be interesting to obviously
it's a National study, is, it's that networking side of things, it’s learning
from other people are doing, and whether that would be of use, because
rather than think up our own changes that we need to make. If there was
some changes that people have done, up country maybe, that have
made a difference to share that, rather than reinventing the wheel every
time.” INT 13 (Research nurse, Control site)

“I think it will probably just happen [develop some local networks] but
we’re quite competitive. | understand PQIP don’t go for the negative, it's
go for the positive as a national principle which | completely agree. | think
locally and because we’re all good | think the competitive you know we
are linked stays better than yours is a driver in particular for the colorectal
where you go it's the same procedures. So, for thoracic not everybody
does thoracic, hepatobiliary not everybody does hepatobiliary but
everybody does colorectal.” INT 12 (Anaesthetist, Intervention site)

The impact local networks could have was not limited to just clinical applications,
but may also support clinicians to obtain parity with local colleagues in relation to

time allocated to undertake this important work.

“So, for example | know [other NHS organisation] there are specific PAs
for the Pl and PQIP so | think that gives you, when you have your job
plan review that gives you an opportunity to say look this is a really
important thing, this is how down the road somebody gets a PA for that.”
INT 12 (Anaesthetist, Intervention site)

Some areas had already started to develop links between local hospitals.
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“The other thing about PQIP is that we are maybe using PQIP as a basis
for a regional QI network. So, we are starting to get together with at least
one other Trust who is interested and will hopefully suck in another two
trusts which are in our region, to start looking at well how are you doing
with these and how is everything going in terms of your PQIP outcomes.
Just as a starting point. And say well what have you done about yours
and could we learn from that etc etc and share some of the learning and
maybe try and standardise some of the practice across the region if we
can crack it, that would be amazing. A big goal to set yourself. But that
is what we are trying to do.” INT 15 (Surgeon, Control site)

Communication from national project team to senior trust management

Direct contact between the central PQIP team and local senior management was
generally viewed as positive and helped to raise the profile of local work.
Participants felt this external communication had a greater impact than local

investigators themselves trying to engage colleagues.

“I think one that did wake things up was the sending of the annual report
to the chief executives and the medical directors because that suddenly
got the medical director wanting to know what’s going on, if | send
something to my medical director it goes in his bin pretty quickly.” INT
12 (Anaesthetist, Intervention site)

“What was helpful from one other study which was PREVENT | think,
one of their research fellows came out and spoke to us at an audit day,
just sort of for half for an hour. Because we'd done some local presenting
on it and bits and pieces but actually having someone from the centre
conducting it coming out seemed to spark a bit more interest... That
seemed to raise a bit of awareness because people understood what
was going on.

Would that be helpful? Yeah, it probably would but it's quite an amount
of work for you guys to do, but | think that would give the management
an idea of what we're up to and why it's important and the fact it's not
some sort of local whim. It's a national study that's potentially ... well
should guide a big improvement at a local level as well.” INT 6
(Anaesthetist, Intervention site)

This direct contact could raise the profile of the work local investigators were doing

and potentially support their requests for additional funding and support.
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‘I mean our research team here, the research nurses work
phenomenally hard on all of this without any ... we've basically got one
and a half nurses involved in this and they've got other projects
themselves as well. And actually trying to get additional funding for them
to get the appropriate time they need, and they're doing it well as they
are but they are rushed off their feet. And having someone from the
centre themselves coming out and showing what we do to the
management might just give them a little shove to try and free up a little
bit more time for them.” INT 6 (Anaesthetist, Intervention site)

11

. it makes me wonder whether we can ask study teams, such as
yourself, to inform our, if it's not the chief exec, but some of the higher
management levels in the trust about our participation. Because | ...
whether actually study teams directly approach, emailing the higher
management and saying thank you for your trust participation, we are
now on this list of blah, blah, blah. At which point they'd probably look
at the email and go oh really | didn't know we ... but it's sort of ... | guess
it might help.” INT 4 (Research nurse, Intervention site)

Time allocated in job plans to undertake Ql work

Participants frequently discussed the pressure they felt to deliver clinical work and
few had time specifically allocated to improvement implementation. Many felt that
allocated time was key to support them in delivering high quality, sustained
improvement in patient care. Without such time, many felt they moved through
improvement cycles with little success. Financial incentives were seen as one way

to influence trust priorities.

“Yeah, | think yeah absolutely. Time is, time yeah, time involvement will
definitely you know, improve things and if only you know all this became
you some kind of a best practice standard, that would straightaway focus
everyone and ... because then | think accountability comes for everyone,
clinicians, managers and everyone but yeah, it will help, it will help... |
think ringfenced time will help” INT 2 (Anaesthetist, Control site)

Participants were interested in improvement work and felt that if people were
afforded time in their day-to-day work to deliver work, it would be result in positive

change.
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“l think the people that gain that time back would want to do something
with the data, whether they'd be allowed to, as in would they then get
peeled off, want to do something more clinical that would be the battle |
think. But | think most of the people that are interested would want to
stay and do something with it. It's whether they'd be ... you know what
it's like you have half an hour back because you've done something
quicker, you have to do something else. Rather than being given that
time to do something that you're actually interested in. INT 6
(Anaesthetist, Intervention site)

The need for protected time did not just related to senior clinicians but also non-

clinical staff and trainees.

“They were yeah, they were really proactive, and | think they possibly
had the time to be able to do it, because they were a trainee, | think it
needs a lot of time dedicated to it, to make, you've only got to make small
changes but | think you need to be quite a high profile in the Trust, and
liked, and just needs somebody with a high motivation and a high time
ability to drive it forward, to make those small changes.” INT 13
(Research nurse, Control site)

“And what I'm trying to see is whether we can actually get a bit of
dedicated time out of named members of staff in the general
management team to help actually drive the changes that come out of
the collecting and the showing of the data. So that's my plan for Monday
morning...” INT 3 (Anaesthetist, Control site)

Trainee engagement in data collection and Ql implementation

Surgical and anaesthetic trainees involvement in PQIP reduced the data collection
burden on research nurses and senior clinicians and led to successful Ql

implementation in some sites with trainees leading specific projects.

“Yes, it's been me with a team of research managers who've been
absolutely fantastic and they're the only reasons it's ever got up and
running and kept running and the trainees which have helped with
weekend data collection and that sort of thing.” INT 11 (Anaesthetist,
Intervention site)
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“So we've got three, four trainees, who are part of the PQIP team, and
one of them, very early on, we sort of thought we should be trying to
improve our pain scores, because | think we got 21% severe pain, in
recovery, although still very high satisfaction rates.

So, we thought that's potentially one of the things we can do. As part of
that we're standardising, not standardising, we're producing general
SOPs or guidelines for anaesthesia type, and they want to look at the
pain scores more accurately really, than what the ... you can really get
from PQIP study in terms of linking it to the types of anaesthesia. Getting
in mind all that data themselves, from the database, and the
downloadable components of it.” INT 14 (Anaesthetist, Intervention site)

“So, I think that was highlighted in one of the reports and then the trainee
with me, they went through the data much more meticulously and break
it all down and looked at it. Then we presented that and then took it from
there...” INT 3 (Anaesthetist, Control site)

“I've got an F1, notan F1 a CT1 just started now, [they’ve] done an actual
... [they've] done a year of [quality improvement training]...

So [they’re] here now to help me with PQIP. So I'm hoping that will be a
good stimulus to get things ... to get looking at some more information
and get some... QI projects out of it but I've been trying to sort of get
them ... I've been trying to get them to look at.” INT 8 (Anaesthetist,
Control site)

“Well actually very interestingly, there was, there’s a Registrar here, who
became involved in PQIP a little bit at the beginning of the year, and then
[they] used the information or looked at the information from PQIP and
did [their] own Audit on Pre Op Carbohydrate Loading, because I think it
was showing that we weren’t particularly good at that. So [they] looked
into that and investigated, and [they] did present at the Anaesthetic
meeting and fed that back, and [they] also, there was a big meeting on
Friday, which it was for the Colorectal Surgeons and the Anaesthetists,
some ward staff were there, I'm trying to think what that was called, it
was the GIRFT [Getting it Right First Time], so they went through that.
So anyway.. so basically [they] presented her Audit and relayed it back
to PQIP obviously for the drinks which was great, and is going to look
into how things can be changed...” INT 5 (Research nurse, Intervention
site)
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A culture of quality improvement within an institution

A culture of improvement and institutional drive to enhance patient care was
considered a facilitator or QI activity. One participant reflected on the presence of
‘QlI days’ within their trust, where traditional audit or clinical governance meetings
had been renamed. They felt this had resulted in a shift of focus away from audit

towards quality improvement.

“Well, | think we have got a dedicated QI days, QI days you know the
clinical governance or quality improvement half days we call it every
month, half day as it is in many trusts... So, | think from the research side
we are getting adequate support, and QI it’'s mainly down to the initiative
of consultants and colleagues really. So, whenever there is a Ql we are
supported generally and encouraged.” INT 2 (Anaesthetist, Control site)

“No, it’'s always, | mean last, | don’t know, six, seven years, | think the
Trust changed the name of Clinical Governance meetings to Quality
Improvement half days, that’s all...

| think the terminology change did help because lots of people were
doing stuff which were not really quality improvement, so there’s a bit of
a, sort of rigorous reporting but because the quality Improvement
agenda, the half-days and action plans have to be reported to the Trust
which goes to the E-Governance and Trust Department and so there’s a
bit of a Governance that are passed to ... Governance and Audit as to
what activity is done.” INT 2 (Anaesthetist, Control site)

The same trust had also established an annual quality improvement competition,
where projects were presented and prizes awarded. Recognition of local
investigators effort at the local level had a positive impact and acted as an incentive

for trainee engagement.

“Our Trust does have a yearly sort of Quality Improvement poster project
and a competition to ... wide open to the whole of the Trust and they give
some prizes so with a bit of financial rewards, small rewards for the
Department... That, that's always been there and yeah so we, we ... last,
last year we got the second prize in the Trust...
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Yeah, yeah that’s a hospital-wide presentation day, where the Chief
Executive comes and sort of deliver, delivers the prize, if you like. So,
there was a keen trainee involvement because that’s obviously a Trust-
wide recognition.” INT 2 (Anaesthetist, Control site)

The identification of quality improvement leads within the department led to feeling

of trust support for QI work.

“Well, we have a ... | think the regional QI lead is one of my colleagues.
So, QI is heavily backed | believe, by the Trust. It's certainly seen that
methodology to improve patient outcomes, patient welfare, etc., as
something that it wants to invest in.” INT 14 (Anaesthetist, Intervention
site)

And there was an acknowledgment from participants of the need for dedicated staff

and funding to support QI activity.

“... well it would all have to be to do with funding really, because, or like
extra staff to help with Quality Improvement, | can’t see things being
done without extra staff being around just to assist with the Quality
Improvement and implement it.” INT 10 (Research nurse, Intervention
site)

Support from management and divisional leads for quality improvement

Engagement and support from divisional leads and non-clinical management staff
within surgical and anaesthetic directorates was viewed as a facilitator of
improvement work. Where principle investigators felt supported and had identified

interested colleagues improvement activity was generally more successful.

“I mean | would be leading it mainly because | have got the interest and
the stakes there. But the clinical director is fully supportive of this, and
so what we have done is sort of we had the trainee induction last week,
So we have included that in the trainee sort of induction pack involvement
in that...

But overall you know we have identified a few colleagues who are keen
at getting involved. Some of the things we ... especially the pre operative
risk assessment we were able to straightaway agree on a few things and
come up with a strategy, and that’s sort of ... we are implementing that
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straightaway. Other things like HbAT1c is pretty straightforward and
anaemia pathway and prehabilitation, that’s going to take months. That’s
slowly progressing.” INT 2 (Anaesthetist, Control site)

“Then | approached the colorectal surgeon... and he was happy to be
the lead and he, to be brutally honest, he is very helpful at times. When
something ... like come Monday I've sort of pre-warned him that one of
the things that I'm going to be pushing for is the management team to,
and the surgeons, to take on the anaemia issue that PQIP has
highlighted. And | think he will give significant support at that meeting
because he's the CD for surgery for that.” INT 3 (Anaesthetist, Control
site)

‘By and large from a national viewpoint we're one of the best run trusts
and the quality speaks for itself, we have our challenges. But when it
comes to taking quality and focusing on the data capture, if we wanted
to introduce something else, for example the trust are very, very
supportive. We have a very good relationship with the managers and in
terms of quality they are very, very focused on.” INT 1 (Surgeon,
Intervention site)

Education in improvement science and experience of delivering successful
Ql

Participants who had undergone QI training or had experience of delivering
successful improvement work found it easier to engage colleagues and lead QI

activity.

“I have no official status in terms of title but I'm continuously doing forms
of quality improvement and I'm sort of an unofficial, | don’t have a title
but I'm the person people go to if they're doing any perioperative
medicine or surgical pathway improvement.” INT 12 (Anaesthetist,
Intervention site)

“We had a number of Trust fellows who were QI fellows, who are
involved in Trust wide projects, and certainly | don't know the structure
behind that, | just know it's around, because a colleague of mine, so |
think [they’re] the regional lead, but [they’re] certainly the Trust lead for
it.
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So [they’re] very much involved in that side, educating some of those
fellows, and they actually go through proper courses etc., for that
educational sort of screens, so they can do the QI work properly.” INT
14 (Anaesthetist, Intervention site)

The need to build capacity to deliver QI within organisations was identified as

important.

“Actually, what the capability to actually improve, is not there | think in
most organisations, most Trusts, most departments. So, | think what
needs to be bolted onto a lot of these massive laudable efforts that are
going on to produce data for people and show you what's going on and
show you where your problems are is to increase the capability to
change. Which sometimes might need more resource and sometimes it
won't do, it just means you've got to, you know you've got to introduce
that knowledge and capability into that organisation or into that
department...

So that's the first thing | would say is that where's the capability to back
up the areas that you've highlighted to say okay we will now be able to
support you to make some changes because this is how it was done in
Trust A and B and look, there's a methodology.” INT 15 (Surgeon,
Control site)

Development of QI teams

The establishment of local teams, either to work on specific projects, or to ensure
the day to day running of the PQIP study reduced the burden on individuals and

resulted in positive change.

“So when we looked at the data and tried to understand it, we also looked
at, or we surveyed the general or colorectal anaesthetists about the
preferred analgesic technique and found actually that, particularly for
laparoscopic colorectal work, and found that there was quite wide
variability. And one of my colleagues had done a separate audit actually,
not using PQIP data and had done a literature review and felt that we
should be increasing our spinal opioids use and dose. So that's what we
agreed amongst the five of us that we would do. And so we've got a
more uniform analgesic technique of spinal diamorphine at higher dose
for laparoscopic resection and that that seems to have made a
difference. But it all stemmed from the data coming out of PQIP.” INT 3
(Anaesthetist, Control site)
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“Yes, so a couple of colleagues of mine, | wasn't involved in the initial
anaemia pathway, but they have been setting that up over a number of
years, probably before and then alongside PQIP before it became a sort
of national priority within PQIP. But it was struggling to get any patients
down the pathway and certainly PQIP has helped them. So | get regular
requests from them to share the PQIP data with them to see how their
pathway is going. So again that's increased the awareness of PQIP and
the information in it is trusted because it's on the whole collected so
carefully, and it’s a clinical dataset. So yes, that is, that is working quite
well.” INT 3 (Anaesthetist, Control site)

Comparison with external sites

Providing a comparison of performance against external sites was considered a
potential drive to improve. Some participants felt that being able to compare their
own results with similar institutions would be helpful, either locally or more widely.
It was acknowledged however, that if a hospital was delivering processes at or

above the national average this may limit improvement activity.

“I mean the comparison, the national comparison is very helpful it tells
us where we are, you know compared to national levels and we can sort
of try and work out you know where there is scope for improvement. And
where we consider ... can look at ourselves and say, look okay we are
doing a reasonable job because we are at or above national standards.
I mean that’s a useful thing, the national standards and the comparative
graph with the national standards.” INT 2 (Anaesthetist, Control site)

“From the graph [VLAD] perspective, you know, I think although it's very
simple, I'd say that's one of its strengths. It would be useful to know
where we are in comparison to other places, and | guess you could talk
a little bit about maybe moving in that direction, you know, the final plot
type idea. That's always quite useful, because there's always
confidence around these things.” INT 14 (Anaesthetist, Intervention site)

“So either national or if you want to sort of band Trusts into sort of DGH’s
and major teaching hospitals or something. So you are comparing like
with like it would be quite interesting.” INT 4 (Research nurse,
Intervention site)
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“I think what's transpired from it is that we have been quite reassured
that we are not an outlier in terms of the outcomes that you are
measuring on PQIP. | think it's been quite reassuring to know where we
stand basically as a Trust and where we stand compared to our peers in
other Trusts etc. So that's been one very useful thing because you need
to be confronted with that data. But then it has highlighted a couple of
areas where we do need to do some work. What you then need is
something around that to say well yes he identified there were two areas
that you need to improve on. The whole point is improvement but then it
needs people with improvement methodology who can then undertake
whatever it is that you need to do to sort it out.” INT 15 (Surgeon, Control
site)

Identification of poor performance was considered a drive to improve, either through
comparison with national averages or identification of ‘outlier’ trusts using statistical

methods.

“In other words are you saying if we got wind that ... if the reports were
showing that there were areas that needed improvement would we act
on that? Absolutely.” INT 4 (Research nurse, Intervention site)

“I think personally I'm not uncomfortable with that [outlier identification]
because if we’re an outlier | would want to know and then the next is
actually we've probably, our bit that we've not used this for yet is you
know we’re not the best now at length of stay for say our elective
colorectal. So you know at some point we need to use this to go to our
surgeons and go so what is it we're doing you know, what bits of this and
| think it's if you have a confidence interval that was benchmarking, |
know we’re not allowed to use the word benchmarking in PQIP, | think it
would be of value.” INT 12 (Anaesthetist, Intervention site)

Collection of novel data

The availability of data that was perceived to be interesting and novel, such as

postoperative thirst, acted as a facilitator for Ql.

“I think from the anaesthetists the things that people have found
interesting is the amount of thirst, temperature in recovery so | think
those are the sort of simple things that we weren't looking at
beforehand.” INT 12 (Anaesthetist, Intervention site)
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“I think it's locally it has just been reporting them getting used to 6-
monthly reports and audits of the PQIP data, and then people thinking
actually you know are any of my patients in there. Because the
performance is, for several of the measures, some of them aren't
immediate things a real problem for us but for the DrEaMing has been
quite good so they like to see that obviously because that on the whole
looks quite good. They like to see their patients in there and included in
it. But it has, the PQIP data has definitely been positive in driving our
initiative to improve anaemia and it highlights it regularly that it is a real
problem. So we have a, we do now have a referral pathway for anaemia
and IV Iron is established. Though our problem still remains that patients
are identified way too late for it to impact on their preoperative
haemoglobin. So the number of patients who are having IV Irons is
slowly increasing.” INT 3 (Anaesthetist, Control site)

Availability of real time data was also considered to better support Ql.

“I have said data that only appears once every blue moon will always
have a limited impact. If you produce data for people that's real time,
there's up to the minute and they are faced with it every month then that
is something that you probably will find that needs to change a lot faster
than reports that only come out every so often. But that's life, do you
know what | mean, we've got national bowel cancer and all sorts of big
reports that come out every year. They do only come by the nature of it,
they do only come out once a year and you have to accept that but it is
not the optimum way of doing it.” INT 15 (Surgeon, Control site)

Involvement of research nurses in data collection process

The role of research nurses in patient recruitment and data collection was viewed

as positive and vital in successfully delivering the PQIP study.

“I mean, the benefit of ... for a local Trust, benefit of PQIP is the fact that
you're giving us an easy way, really, of collecting all this data that hasn't
been collected before. And yeah, being sold as research, so we get this
CRN funding, so we have research analysis, doing the questionnaires,
and some of the data collection.” INT 14 (Anaesthetist, Intervention site)

“I think the Research, | think the help with the Research Nurses is really,
really useful, as they’re the ones, they're the backbone really, they're the
ones doing most of the work.” INT 2 (Anaesthetist, Control site)
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‘I mean our research team here, the research nurses work
phenomenally hard on all of this without any ... we've basically got one
and a half nurses involved in this and they've got other projects
themselves as well. And actually trying to get additional funding for them
to get the appropriate time they need, and they're doing it well as they
are but they are rushed off their feet.” INT 6 (Anaesthetist, Intervention
site)

Despite their involvement being valued by clinicians, research nurses did not

always feel their role was valued within their organisation.

“.. the Trust is not hugely supportive of research, we’re underfunded
and understaffed and a bit stretched...

It's utterly frustrating from my end but our funding has been reduced and
our workload has been increased. And one of the what, looking back on
it was probably a luxury, is being able to keep an eye and monitor our
PQIP performance and everything has had to go by the wayside” INT 4
(Research nurse, Intervention site)

Financial incentives to direct improvement priorities

Financial incentives have the potential to facilitate improvement activity through
determining institution priorities. However, incentives provided in the care of some
patients, through the use of best practice tariffs for example, may exacerbate poor

care and limit improvement activity to other groups.

“..they've approved a new Data Collection Nurse because we were
asking for a Data Collection Nurse for nearly five, six years without much
success really and the NELA BPT straightaway sorted it out, because
they were able to fund it because ... so that’s what happens and as
always they tend to fill the template, you know, the Fracture Neck of
Femur Data Collection Nurse and that happens unhindered because
we've got £1,300 extra for each patient which is the BPT (best practice
tariff). ..
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Yeah, | think yeah absolutely. Time is, time yeah, time involvement will
definitely you know improve things and if only you know all this became
you some kind of a best practice standard, that would straightaway focus
everyone and ... because then | think accountability comes for everyone,
clinicians, managers and everyone but yeabh, it will help, it will help.” INT
2 (Anaesthetist, Control site)

5.2.8 Participants perceptions of their role in quality improvement

Delivery of quality improvement was often considered to the responsibility of
clinicians, with the onus often falling on anaesthetists in the setting of PQIP and
pomVLAD. Participants expressed frustration and sometimes guilt at being unable

to deliver successful Ql.

“The QI we have started its all anaesthesia related.” INT 11
(Anaesthetist, Intervention site)

“I mean | would be leading it mainly because | have got the interest and
the stakes there.” INT 2 (Anaesthetist, Control site)

“I think part of it's my ... | think | will be partly to blame in not going after
them more and saying look at this data. Because that's the thing I'm
trying to get across is I'm Pl for it but I'm not ... | don't have time with
everything else | do to actually then start creating a few [QI projects] that
I need other people to collect the data on” INT 8 (Anaesthetist, Control
site)

Due to time constraints clinicians often felt unable to deliver QI work themselves
and instead saw their role as one to engage and stimulate colleagues to implement

Ql.

“l want to get the surgeons, | mean in my mind this is just tailormade for
surgeons to do QI and | haven't got the time or don’t think | should be
the one who's doing all the QI side of it | can't possibly take it on so I'm
just waiting for the opportunity to get surgeons involved.” INT 11
(Anaesthetist, Intervention site)
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“But | think just looking at the data doesn’t achieve anything | think it's
going to be using it as | say for demonstrating to the ward nurses so
showing it to the ward nurses or showing it to the surgeons that are
meeting to then reciprocate an okay we need to look at this.” INT 12
(Anaesthetist, Intervention site)

QI activity was not considered to be part of research nurses’ role. This led to a
disconnect where those most invested in data collection and data quality were not

involved in using data for improvement.

“My main focus is the data collection, because that’s how | see my role,
I'm obviously not an Anaesthetist, I'm not a Pain Specialist Nurse, | feel
that we need to give them the information, and let them make the
improvements. So I'm obviously, we’re the conduit collecting the
information that we need to do something with and it’s a bit frustrating
because I'd like to see things change, not that it’'s my field of expertise,
but if you’re doing a study, it’s going to improve things, you want to see
improvements, so it’s a little bit frustrating.” INT 13 (Research nurse,
Control site)

“I mean | think, to be frank, | mean obviously as a research nurse you
could make the argument that did | ... is it even necessary that | was ever
aware of it, to be honest. Because | can't implement it and | can't ... as
| said to you earlier, it was interesting from my selfish perspective to just
be appraised of what our data is showing. But actually if you were being
really callous about it, did | ever really need to know? And I'm still ... the
little bits | do glean about the data is that the clinical team are looking at
it. I mean | think as a trust, and as ... the clinical team who are in a
position to implement improvements are absolutely looking at the data.”
INT 4 (Research nurse, Intervention site)

“I don't think we've got the capacity to do that, because Quality
Improvement isn’t research per se, | don't, | know it’s all part of the
clinical effectiveness cycle, but if | took time out to actually implement
the Quality Improvement side of things, | wouldn'’t get the research done,
so | think there needs to be some ringfenced time, somewhere along the
line, for the Anaesthetist and their trainees, to take on the QI side of
things.” INT 13 (Research nurse, Control site)
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“veah, when they were attached to the emails | used to look, go through
them. But | know they put highlights on the emails that tell you the main
points that have come up for your site. | do read those but | don't, if I'm
honest, | don't have time to go on and check the reports. If | was involved
in a QI project | probably would but because I'm mainly responsible for
running the trials and not really doing QI from them, | don't really feel the
need to.” INT 10 (Research nurse, Control site)

“..all the quality improvement is what the doctors work on because
they're trying to improve their practice with PQIP whereas we're just
gathering information. And we aren’t changes practice in that sense. |
know we're collecting the data and helping to, but it is the doctors that
are running with change in practice. So | don't think it would benefit us.”
INT 9 (Research nurse, Intervention site)

Despite quality improvement work not being directly relevant to their role, some
research nurses expressed interest in implementing QI if their responsibilities

allowed time for this work.

“Yeah definitely, | think if there was time to do it [get involved in quality
improvement], we probably would be very interested in doing it.” INT 10
(Research nurse, Intervenion site)

5.2.9 Recommendations for improving the pomVLAD dashboard

Easier data export to enable own analyses

Participants discussed their difficulties obtaining raw data to analyse for local Ql
projects. Improving the ease of data access would particularly support Ql for data

not currently reported within pomVLAD or elsewhere in the PQIP study.

“Well going on the reports we produce a couple of times I've allocated
an hour to sit with your users guides about how to do my own data query
and | haven’t quite got there yet. | get to a certain point but I've found it
quite difficult and it's on my to-do list is to phone up and get some kind
of action on-line advice because I've not managed to make it, | don’t find
it very user friendly at all because there's specific data queries so | find
it really tricky...
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it's not intuitive at all. So what | want to do for the surgeons is stand up
and demonstrate how to do it but I've got no confidence that I'll be able
to do that at the moment so it's going to be a hard sell but | will try and
get that sorted out.” INT 11 (Anaesthetist, Intervention site)

Including the number of patients as well as percentage

Due to the small number of patients recruited each week in some sites, participants
felt that making the denominator clear for percentage calculations would help
understanding of large changes in apparent performance. One potential solution

suggested to these large swings was the use of moving average charts.

“l think the only thing | can't find in the dashboard is our total numbers,
there's lots of percentages but no, so that’s a percentage of what.

| wonder if that could go in your basic demographic. So you’ve got
acquisition cases per week, | could add them up but I'd have to go out of
the dashboard to find the total number and then also I'd have to look at
what are complete. That's the only thing when | looked at it | thought |
would've liked to have seen.” INT 12 (Anaesthetist, Intervention site)

“Because if it's small numbers, we're doing just colorectal, things can
bounce around hugely month by month or certainly week by week. So
that sort of moving average is a really important component of it | think.”
INT 3 (Anaesthetist, Control site)

Comparison with local sites

Participants reported that visual comparison with the performance of local sites
would potentially improve dashboards and stimulate engagement. This was

considered to be particularly relevant in the context of establishing local networks.

“I think these are things that you need to get people to want locally so |
think you should probably be open to something like if say a group of five
hospitals go can you give us a dashboard that compares us all | think
that’'s something to think about but that’s got to be driven by people
wanting it locally.” INT 12 (Anaesthetist, Intervention site)
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In the setting of pomVLAD one investigator felt that providing a comparison may

support interpretation.

“Because the one thing that is good about reports is the comparison for
the national average as well. | mean this dashboard for the pomVLAD
is really good but then | had to go elsewhere and look at other documents
to find out sort of how that compares with the national rate but that’s
what’s missing from this dashboard at the moment. If we can get
context...

Well in that case, if it's an option, if it’'s not set in stone in its current
format it would be fantastic. Even if it’s one further click, see your own
data and then there’s some way of looking at that comparison with
national or like ... similar Trust sort of data would be really helpful.”
INT 4 (Research nurse, Intervention site)

Ability to customise dashboard for local priorities

The ability of local investigators to customise dashboard displays to display local

improvement priorities was suggested as a way to improve dashboard utilisation.

“What is a lot more useful for us is knowing that every anaemic patient
is at least being given one IV infusion or being considered for it. But that
type of data we can't get, you know, a separate local project. So that,
just as an example, okay, a lot of their stuff is what's coming through on
the posters and the top of the reports. But it's not that helpful for us.

So ... but | guess every Trust, you're going to have, we appreciate are
going to have different agendas and you can't really clearly produce
reports that are specific to the agenda of that Trust. That's just a bit of
generic feedback, is what they say ... aren't that useful...

But yeah, if you have that customisation ability, to enable us to look at a
few add-ons, which are, as | said, you know, bit more specific to our local
agenda. And also plough almost you know, PQIP pretty reports, that
aren't more specific to what | want to be presenting to my local
department, you know, that's going to provide a lot more usability, and
make it far more relevant.” INT 14 (Anaesthetist, Intervention site)

“l have ... yeah | absolutely ... I'm sure that it [customizability] would.
Again, mainly because you're then selecting the markers or the metrics
that you feel you can, or that you need to improve upon. And it then may
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also allow you to change them over time such that you can focus your
efforts for a given period on one thing that you decided that we need to
change. And once you feel you've got a good handle on that, you can
then move on to the next thing as it were and tweak your dashboard to
allow you to reflect that. And then see how you manage that with time,
rather than potentially staying with the same one the whole time.” INT 7
(Anaesthetist, Intervention site)

Provide ability to identify individual cases within dashboard

Another improvement suggested by participants was to improve the way individual
cases are identified within the pomVLAD dashboard facilitating easier local
investigation of morbidity and mortality after surgery. One investigator also felt that

identification of high-risk patients as data are entered may improve care.

“Yeah, so if in the pre op if we input data and there is a flag coming up,
say for example of ... flagged up this patient, is high risk and is likely to
do such and such a thing, | mean the research nurses are there for data
collection, then they are not at the clinical input. But if there is a way to
feed that back to the clinical team on a live basis, that would be fantastic.
But it’s probably asking for too much, but that would be great...

Yeah, the, the, the only sort of logistical tricky, difficulty we have is
because | think when we have to identify patients, we have to go by the
name really because you know the ID, the ID tracking number in your
PQIP is different to our hospital ID.” INT 2 (Anaesthetist, Control site)

Display constituent parts of DrEaMing outcome

Reporting performance of individual components that make up the DrEaMing
outcome (drinking, eating and mobilising) was suggested as a way to improve
understanding of local data. Some participants reported that performance in
delivery of DrEaMing was often heavily influenced by a single component, and

without displaying all three it was not clear which this was.
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“And | think it was a bit confusing because | can't remember. | can't
actually remember the ... something like, something was placed over
something else, and it would be easier if it was extricated and you could
see the individual component of the thing.

Yeah | think that was the dreaming part wasn't it? | think, yeah” INT 4
(Research nurse, Intervention site)

Improve information about risk-adjustment process and VLAD interpretation

Despite many investigators feeling the VLAD display was intuitive, some
participants wanted additional information about the risk-adjustment process and
interpretation of the VLAD. Improving the written resources available was

suggested to increase local understanding of what trends in the VLAD may mean.

‘I sort of get the feeling it's in development. | mean, after my
conversation with you, | was a lot happier. | mean, | guess you have
only got 10 pilot sites, what you could do is actually get up a pilot site
specific explanation of it.

So you could critique the graph. | mean, from an educational
perspective, there's probably a little bit more you could do around your
blog website, in describing how it's calculated, where the original dataset
and risk prediction came from. How you interpret the graph generally. |
mean, | think you've done a good start, but | was still left with questions
that you answered quite easily and very thoroughly, so clearly the
knowledge is there.” INT 14 (Anaesthetist, Intervention site)

“And then it comes down to specific graph is saying well, | see our trend
is going in that direction, you know, what does that mean, how should |
interpret that, that would be the next steps? And you've only got 10 pilot
sites at the moment, I'm just giving your work a test, but | don't see it
outside the realms of possibility that you should get slightly more site
specific feedback to each site, as part of the project, so we can interpret
it better.” INT 14 (Anaesthetist, Intervention site)

Another possible solution to aid interpretation was the addition of control limits or

confidence intervals.
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“From the graph perspective, you know, | think although it's very simple,
I'd say that's one of its strengths. It would be useful to know where we
are in comparison to other places, and | guess you could talk a little bit
about maybe moving in that direction, you know, the final plot type idea.
That's always quite useful, because there's always confidence around
these things. So | now look at a chart and go "oh, we'd got worse, and
now we're getting better and better and better and better". And that could
be because the risk prediction is slightly wrong. It could be because we
are getting a bit better, but actually, you know, if you put that in the
context of confidence intervals, you know, we could actually be ... that
trend, it could be no different, it could be within the realms of possibility
or variation in competence, efc., that it's an area we should actually look
at, and should still consider going along the zero axis if you see what |
mean...

You know, is it a clear difference? So we have to care about it now. Or
is it a trend, and that's a term | hate, to significance? But then when you
get a number of dots, and there's a persistence of time running, you
know, above where you'd ideally want to be, and you've got to start
looking at it that little bit more.” INT 14 (Anaesthetist, Intervention site)
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Chapter 6 Discussion and conclusions

6.1 Summary of findings

Despite quantitative analysis not demonstrating a significant change in the primary
outcome, risk-adjusted Postoperative Morbidity Ratio (PMR), the qualitative
analysis revealed that local investigators, which included anaesthetists, surgeons,
and research nurses, generally perceived pomVLAD positively and valued the real-
time feedback of patient outcomes. Participants identified several implementation
challenges that might reduce the effectiveness of the monitoring tool, including
difficulties in accessing and interpreting data, concerns about the accuracy and
completeness of data, and a perceived burden associated with using the monitoring
tool. Local investigators also expressed difficulty in engaging colleagues with their
Ql endeavours as well as finding the time to deliver QI activity amongst busy clinical
workloads. In order to successfully implement a large-scale monitoring programme
many of these barriers must be considered at the design and implementation

phase.

| will now discuss the findings in the context of the research questions set out in
Chapter 4.

234



6.2 Discussion of findings in context of research questions

6.2.1 Research question 1 and 2

Does the implementation of an online dashboard reporting risk-adjusted
postoperative morbidity outcomes and perioperative care recommendations
in near real time result in a reduction in the incidence of postoperative

morbidity in NHS hospitals recruiting to the PQIP study?

Does reporting of risk-adjusted morbidity outcomes and performance in
delivery of a range of perioperative care processes result in greater

compliance with those care processes?

The implementation of the pomVLAD dashboard did not reduce the incidence of
postoperative morbidity or improve adherence to recommended perioperative care
processes during the 12-month follow up period. Potential reasons for this may
have included the relatively short implementation period and the capacity of local
teams to respond to rapid feedback. Within the NHS there can be significant inertia
to change, with the time taken for clinical policies to be approved or for procurement
services to obtain and commission new equipment extending to a period of months
or even years. An example of the potential impact of these issues was
demonstrated when local investigators in one site discussed their efforts to improve
intraoperative warming of patients. They discussed the challenge of moving away
from one type of warming device to another that they thought would be more
effective. Despite this drive to improve, there was difficulty in gaining approvals and
funding for the new equipment resulting in no real change during the

implementation period.

There was evidence that reporting of performance led to local discussion about
potential reasons for poor adherence with the suggested process measures.
Consideration was given to both data quality concerns and to true poor adherence.

Positive performance also acted as a facilitator for discussion of results within sites.
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Another factor that may have reduced the impact of the dashboard was the
capability of clinical teams to respond to real-time feedback. Whilst local
investigators generally perceived the rapid availability of outcome data as positive,
their capacity to act on this data was limited. Clinicians frequently cited a lack of
designated time in their day-to-day work to deliver meaningful change. Instead, the
pressures of direct clinical care took priority. They also expressed a feeling of lack
of support from management, especially when clinicians’ priorities did not align with

those of senior management or wider NHS priorities.

The DrEaMing process measure was one that particularly captured the interest of
local investigators. Many were or planned to undertake QI related to it, reflecting
success of its promotion as a national improvement priority by the PQIP study and
the publication of final incentives for its delivery in 2023.52 This accomplishment
was in part related to a perception that DrEaMing was something local investigators
were able to directly impact, and that it was within their control to improve with little
external support. Implementing improvement did not require significant investment
or wholesale change of care pathways which contributed to enthusiasm around the

measure and its improvement.

6.2.2 Research question 3

Does the availability of near real time risk-adjusted morbidity data increase

engagement of clinicians with their local data?

It was not possible to directly quantify user access to the pomVLAD dashboard
using login data, so engagement could only be assessed subjectively through

qualitative data obtained from the interviews.

The availability of near real-time risk-adjusted morbidity and associated process of
care data prompted some discussion among healthcare professionals about
performance metrics, data quality, and patient outcomes. In certain cases,

clinicians examined discrepancies between dashboard data and their perceived
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performance or internal records, which contributed to improved understanding of

local data but did not consistently lead to wider engagement or action.

The dashboard’s ability to simplify complex morbidity data into an understandable
format supported clinician engagement to some extent, making it easier to interpret
the data. However, translation of this insight into tangible changes in practice was
limited. Some initiatives were reported, including proposals for medical equipment,
minor adjustments to documentation, and small changes to perioperative protocols,

but these were generally isolated and not sustained.

Despite limited improvement activity directly aimed at reducing postoperative
morbidity, the dashboard was viewed by some as a useful tool for monitoring and

audit, rather than a catalyst for broader quality improvement efforts.

6.2.3 Research question 4

What is the programme theory supporting the pomVLAD intervention?

The programme theory is grounded in the belief that providing clinicians and
healthcare teams with access to near real-time, risk-adjusted morbidity data can
enhance engagement with local data, stimulate Ql initiatives, and thereby improve
patient outcomes. This theory is supported by several key components and

assumptions:

Initial engagement and awareness

The introduction of the pomVLAD dashboard at national meetings and through site
initiation phone calls builds initial interest and awareness among clinicians. This
initial engagement is crucial for sparking curiosity and encouraging the exploration

of local data.
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Data accessibility and presentation

The dashboard provides a user-friendly interface for clinicians to access complex
morbidity data. Features such as dial displays with color coding facilitate easy
identification of areas needing improvement, making the data more actionable for

clinicians.

Stimulating quality improvement initiatives

By highlighting discrepancies and areas of underperformance, the pomVLAD
dashboard encourages clinicians to initiate QI projects. These projects are aimed
at addressing specific issues identified through the dashboard, such as
postoperative outcomes like DrEaMing and other process measures that offer

opportunities for clinical improvement.

Engagement from senior management

Successful delivery of change projects and sustained improvement efforts requires
engagement and support from senior management. The programme theory
acknowledges the need for this engagement to allocate time and resources

effectively for Ql initiatives.

Continuous feedback loop

The dashboard's near real-time data serves as a continuous feedback mechanism
for clinicians and healthcare teams. This allows for ongoing monitoring of

performance improvements and the effectiveness of implemented QI projects.

Educational and supportive role of the central team

The involvement of 'experts' from the central PQIP team in local site meetings and
the direct communication with senior management highlight the importance of the
study and its findings. This support helps to raise awareness and potentially
increase engagement from both clinical and managerial staff.
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Better data quality over administrative datasets

Clinicians recognise the clinical dataset provided by the pomVLAD dashboard as
superior in quality to administrative datasets typically used by organisational
analysts. This high-quality data is seen as more reliable for informing clinical

practice and QI efforts.

Customisation and relevance to clinical practice

The programme theory suggests that the dashboard should present data that is
relevant and customisable to different specialties and clinical practices. This
ensures that the metrics and recommendations are applicable and achievable,

thereby fostering more targeted and effective Ql initiatives.

6.2.4 Research question 5

What are staff members’ perceptions of the pomVLAD intervention?

Staff members' perceptions were broadly positive, highlighting its potential to
engage healthcare professionals, particularly surgeons, in QI efforts. The
intervention was viewed as particularly well-suited for surgical engagement, given
its focus on surgical outcomes and the opportunity it presents for targeted
improvements. Morbidity, rather than mortality, was seen as a more relevant and
actionable outcome measure, offering a meaningful basis for monitoring and

improving patient care.

The dashboard's ability to provide timely feedback was highly valued, as it allowed
for the immediate identification of areas needing attention, contrasting with the
limitations of static, historical reports. This real-time aspect was believed to hold the
potential to transform how teams interact with and respond to their performance
data. However, realising this potential hinged on regular engagement with the
dashboard and subsequent action. Staff emphasised that the impact of the
dashboard would be maximised when data are not only accessed but also acted
upon through the implementation of improvement projects.
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Despite the enthusiasm, some staff members expressed confusion over the range
of morbidity measures reported across PQIP as a whole and the concept of risk
adjustment, suggesting a need for clearer communication and education on these
topics. Concerns were also raised about the performance and accuracy of risk-
adjusted models, especially their ability to reflect the case mix of different hospitals

when making comparisons.

6.2.5 Research question 6

Do local investigators use the pomVLAD dashboard and PQIP quarterly

reports? If so, how?

Local investigators used the pomVLAD dashboard and PQIP quarterly reports, but
their engagement levels and the manner in which they utilised these resources
varied. Investigators found the pomVLAD and other PQIP dashboards useful for
obtaining a quick overview of care delivery. The dashboard was particularly valued
for its potential to highlight the performance of care delivery in a visually appealing
and straightforward manner. However, access to the dashboard tended to be
infrequent and often occured incidentally, such as when investigators were already
on the PQIP website for other reasons, such as inputting patient data. Many
acknowledged only looking at the dashboards out of interest or when they had

spare time, rather than as part of a regular review process.

The production and release of quarterly PQIP reports seemed to reduce the
engagement of some participants with the dashboard. A few investigators
expressed a preference for the reports over the dashboard, citing the reports’
comprehensive analysis and ease of access as reasons for their preference. They
felt that the reports offered a well-structured and familiar format for reviewing data,
which they relied on for disseminating findings within their teams. This preference
suggests that while the concept of real-time dashboards is exciting and recognised
as innovative, the actual impact and usage of them are limited by a lack of familiarity

and established habits.
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Despite this, there is a recognition of the value of real-time data provided by the
dashboards, with some investigators acknowledging their potential for offering
quicker feedback compared to the more comprehensive but less frequent quarterly
reports. This suggests a growing interest in leveraging real-time data for more
timely monitoring and improvement of care delivery, although the full potential of

this approach has yet to be realised by many investigators.

6.2.6 Research question 7

How do staff members describe their experiences of using the pomVLAD
dashboard?

Staff members described their experiences of using the pomVLAD dashboard as
generally positive, valuing it for the quick and visual overview it provides of care
delivery. They appreciated the dashboard's potential, particularly for its ability to
highlight areas of care that are performing well or need improvement. This visual
and immediate representation was cited as a significant advantage, making the

dashboard potentially the best tool for a quick assessment of performance.

However, the experiences shared by staff also highlighted a pattern of infrequent
access to the pomVLAD dashboard. Many staff members indicated that their
engagement with the dashboard occured sporadically, often tied to other activities
on the PQIP website, such as inputting patient data. This incidental use suggests
that while the dashboard was recognised for its utility, it did not become a regular
part of most staff members' routines. Some even expressed a lack of familiarity with
accessing the dashboard, relying instead on the more traditional format of PQIP

quarterly reports for in-depth analysis and review.

Despite this infrequent access, the concept of real-time dashboards was met with
enthusiasm. Staff members acknowledged the innovative nature of live reporting
and the unique benefits it offers for monitoring care delivery. However, they also

noted that their engagement with and impact of the dashboard was limited by a lack
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of previous experience and established habits in using such tools for continuous

care monitoring.

6.2.7 Research question 8

What factors act as barriers to site collaborators engaging with their local
data and pomVLAD dashboard and using them in quality improvement

initiatives?

Site collaborators face several barriers to engaging with their local data and the
pomVLAD dashboard, impeding their ability to utilise these tools. One primary
barrier is the perceived need for a baseline period of data collection to understand
local care delivery before implementing changes. This perception, coupled with the
small number of patients being recruited at some sites, leads to large apparent
swings in performance, making it challenging to interpret the data reliably.
Consequently, some clinicians waited for data to become more mature and relevant
before taking action. Ongoing issues with data collection, particularly related to turn
over or loss of staff supporting data collection reduced the use of data to drive

improvement.

A significant barrier to QI activity repeatedly discussed was a lack of dedicated time
during day-to-day work. Local investigators felt improvement activity was
undervalued by their trust and senior management, with QI activity typically
delivered outside designated job plans. This lack of allocated time for Ql, combined
with the challenge of engaging colleagues across departments and specialties,
severely restricted the capacity of sites to undertake meaningful improvement work.
Additionally, difficulties in accessing and analysing data sources outside the main
PQIP programme, including administrative data routinely collected within the NHS,

present further obstacles.

Limited senior management support for QI emerged as another major barrier, with
a perceived disconnect between clinical and managerial priorities for improvement.

The absence of formal QI structures within sites exacerbated this issue, making
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improvement work heavily dependent on individual clinicians. This lack of support
and structure meant that even when clinicians managed to secure job planned time
for PQIP and QI work, it often did not reflect the true time commitment required,

forcing them to go above and beyond their job plans to deliver the work.

Where national improvement agendas did not align with local priorities the
perceived value of the pomVLAD dashboard was diminished. There was also a
perception that some national audit projects are effectively in competition for
engagement, potentially reducing interest in PQIP and the pomVLAD dashboard.
Staff turnover and poor continuity in clinical teams further hinder the day-to-day

running of the PQIP study and the implementation of Ql initiatives.

Lastly, a perceived good or satisfactory performance, either based on local views
or in comparison to the national average, reduced the drive to improve. If
performance was deemed acceptable, there was less incentive for site
collaborators to engage deeply with local data and the pomVLAD dashboard for Ql
efforts. These barriers collectively contributed to a challenging environment for
leveraging local data and the pomVLAD dashboard in quality improvement

initiatives.

6.2.8 Research question 9

Are there factors that act as facilitators to increase engagement and use of

the dashboard/reports for quality improvement?

Several facilitators significantly enhanced engagement and utilisation of the
dashboard and reports for QI within healthcare settings. Regularly scheduled
meetings dedicated to reviewing data entry and performance have proved to be a
crucial motivator for local investigators, sparking enthusiasm for QI work. These
sessions not only facilitated discussions on data interpretation and identification of
data quality issues but also encouraged collaborative brainstorming on potential Ql

projects.
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Support and endorsement from national bodies, such as the Royal College of
Anaesthetists and the Royal College of Surgeons, also emerged as significant
facilitators, providing a top-down push that boosted local engagement and
multidisciplinary involvement. This external validation played an important role,

especially in integrating QI activities into routine practices across different teams.

Shared learning of successful QI projects between sites was suggested as a
potential way to address the issue of isolated working within the NHS, and promote
a culture of continuous improvement. Investigators also felt the development of
local networks and direct communication from the central project team to senior
trust management helped to raise the profile of local QI efforts and secure additional

support and resources.

Allocating specific time in job plans for QI activities enabled clinicians to engage
meaningfully with the data and develop improvement initiatives. The involvement of
trainees in data collection and QI implementation reduced the burden on senior
clinicians and research nurses whilst also fostering a proactive approach to Ql

projects.

An institutional culture that prioritised quality improvement, characterised by
dedicated QI days, competitions, and identified QI leads, helped to cultivate an
environment where improvement initiatives were valued and pursued. The backing
of management and divisional leads was equally crucial, providing the necessary

support to ensure the success of Ql activities.

Education in improvement science and previous successes in QI projects
empowered clinicians to effectively engage their colleagues in QI efforts.
Establishing QI teams for specific projects or for the day-to-day management of
studies like PQIP helped to reduce the burden on individuals, facilitating better

engagement and delivery of QI activities.
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6.2.9 Research questions 10 and 11

What are PQIP collaborators’ recommendations for improving the
dashboard? What are PQIP collaborators’ recommendations to increase the

use of the dashboard to drive quality improvement?

PQIP collaborators provided several insightful recommendations aimed at
enhancing the functionality of the pomVLAD dashboard and fostering its use in
driving quality improvement initiatives. One key suggestion was to simplify the
process of exporting data, enabling users to conduct their own analyses, especially
for data not currently reported within pomVLAD or the broader PQIP study. This
improvement would support local QI projects by providing easier access to raw data
for bespoke analysis. Additionally, incorporating the total number of patients
alongside percentages in the dashboard was recommended to add context to large
changes in performance metrics, especially in settings where patient recruitment
numbers are small. A suggestion to overcome this issue was to implement moving
average charts, which would mitigate the impact of limited patient numbers that can
lead to large swings in apparent performance when reported as monthly

percentages.

The ability to visually compare performance with surrounding hospitals was also
suggested as a potential improvement. Such comparisons, particularly relevant in
the context of establishing local networks, could stimulate engagement and
collaborative improvement efforts. In addition to this, enabling local investigators to
customise the dashboard displays to reflect local improvement priorities may further

enhance the dashboard's utility, making it more relevant to specific local agendas.

Improvements to facilitate the identification of individual cases within the dashboard
was suggested as a way to support easier local investigation of morbidity and
mortality post-surgery. This change was implemented during the pilot phase of the
dashboard. Where a patient died during their hospital stay a red triangle was placed
on the VLAD chart, and hovering over that provided the PQIP Caseld which a local

investigator could then use to find the patients details. Reporting constituent parts
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of the DrEaMing metric was also suggested as a way to improve the dashboard.
Investigators suggested this would provide clearer insights into which areas require
focus for improvement, as often this was only one part of the drinking, eating and

mobilising bundle of care, rather than all three elements.

To aid the interpretation of the VLAD and understanding of the risk-adjustment
process, collaborators recommended improving the written resources available.
This included the use of detailed explanations of the risk-adjustment methodology,
the origins of the dataset, and guidance on interpreting trends in the VLAD. Another
area suggested was adding control limits or confidence intervals to the VLAD to

help investigators determine the significance of observed trends.

6.3 Focus and questions for future work

Reflecting on some of the key findings from this work there are multiple areas and
questions for future focus. Firstly, the integration and utilisation of the dashboard in
QI efforts highlights a critical need for enhancing user experience, particularly in
data accessibility and dashboard customisation. The ability to easily export data for
local analyses and to tailor the dashboard to reflect local priorities suggests a

potential avenue for improving engagement with the dashboard and local data.

The role of regular meetings in generating enthusiasm for QI work underscores the
importance of collaborative engagement and continuous dialogue among local
collaborators. This raises the question of how virtual or regional networks could be
established or strengthened to facilitate shared learning and collaboration beyond

the confines of individual hospitals.

Endorsement and active promotion by national bodies, such as the Royal Colleges,
was identified as powerful facilitators of engagement. This presents an opportunity
to explore more formal partnerships or endorsements that could elevate the profile
and perceived importance of QI projects within the surgical and anaesthetic
communities. What strategies can be employed to secure such endorsements, and

how can they be leveraged to maximise impact?
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The challenge of increasing engagement with the dashboard and reports amidst
the pressures of clinical duties points to a broader issue of how best to support
clinicians to deliver QlI, including whether dedicated time for QI activities within job
plans may offer benefit. Investigating models for integrating QI work into clinical
roles without overburdening staff is essential. Could there be innovative
approaches to job planning or financial incentives that better support QI activities?
Can the burden of data collection be removed so that clinicians can focus their time

on using data for improvement rather than collecting it themselves?

With the roll out of electronic health records across the NHS there is an opportunity
to capture large amounts of data during routine patient care. This data capture
needs to be in a structured, standardised format however to allow automated
analyses and display. If developed, such a system would allow reporting of a large
range of healthcare process and outcome metrics to become instantaneous without
the need for any documentation beyond that required for standard patient care. This
model would allow hospital sites to capture a wider range of process and outcome
measures for a greater number of patients, thus reducing concerns about small

patient numbers and the representativeness of data.

However, even if this is realised, there remains a significant translation step from
data capture, analysis, and display to its use by clinicians and hospital teams for
driving improvement in patient care. This step is complex and likely to be highly
context specific. What works in one hospital department, may not work in another,
even within the same institution, let alone a different hospital. Understanding how
local context affects the impact of national QI initiatives, and how this context can
be changed to maximise the effect of national programmes on patient outcomes
will help improve the impact of such programmes. A ‘one size fits all’ approach at a
national level may not provide the scope for local clinicians and leaders to address
local priorities. Instead, facilitating and empowering clinicians to understand their
local performance and drive their own improvement efforts may yield more success.
Delivering such a ‘local feel’ on a national scale may be difficult to do and in isolation
without addressing other barriers to quality improvement activity is unlikely to lead

to sustainable change.
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6.4 Reflexivity

Reflecting on my involvement in this study, | realise that my roles as a clinician,
researcher, and a member of the PQIP central team, coupled with my belief in the
power of data to drive quality improvement (Ql), may have shaped the research

and its findings.

As a clinician, | brought an understanding of the complexities and challenges of
hospital work, which influenced both the design and the analysis of the study. This
insider perspective was invaluable for connecting with participants and interpreting
their experiences. However, it also meant that | was predisposed to see the value
in multidisciplinary approaches and perioperative coordination, which | assumed
would benefit both patients and practitioners. My own personal biases may have
influenced the discussions | had around difficulties implementing change in a
complex system, as | have at times found it hard to instigate improvement projects
as a clinician for varying reasons. | also recognise that my strong belief in data-
driven quality improvement may have impacted which aspects of the study |

prioritised and how | interpreted the data.

This work was my first experience of conducting interviews and formal qualitative
research. | did at times catch myself ‘leading’ the discussion and as | gained
experience of interviewing participants | found this easier to manage and avoid. The
process of interviewing participants has improved me as a researcher. | now have
a much stronger appreciation of the value of understanding my biases and
acknowledging their impact on my work. There is undoubtedly great skill in
gathering information about individuals’ thoughts and experiences without
projecting one’s own views. This is something that | became increasingly conscious

of during the work, but | acknowledge | still have much to learn.

My role as part of the PQIP central team added another layer of complexity to my
work. Striving to maintain a stance as an independent researcher while possessing
insider knowledge occasionally led to moments where | found myself advocating

for PQIP, perhaps influencing how participants responded to my questions.
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Participants often regarded me as a source of advice for improving PQIP
implementation, drawing on my insights to enhance their own practices. While this
was helpful for building relationships and fostering a collaborative atmosphere, my
advocacy for PQIP and the field of perioperative medicine could have subtly nudged
the study's findings in certain directions. | continually attempted to check these
impulses by engaging with other research team members in critical reflection and
analysis. Participants were also aware that the pomVLAD dashboard was ‘my
project’ and their responses about its utility and potential may therefore have been
skewed. They were, however, honest about their interactions and the potential
barriers to using the dashboard, and so | am confident the qualitative analysis

provides an honest and balanced evaluation.

6.5 Limitations

This thesis, while providing valuable insights into the implementation of a
monitoring tool into clinical practice, has some limitations that should be considered
when interpreting its results. One key limitation is the relatively short
implementation period, which may have hindered the full realisation of its potential
impact. Longer-term studies are necessary to assess whether improvement in

outcomes can be observed over a longer period and in other fields of medicine.

Additionally, the study's small sample size, with the intervention limited to ten
hospitals, may have constrained the statistical power of the findings. This limitation
makes it challenging to detect small but meaningful effects and to generalise the
results across a broader range of surgical settings. Consequently, larger-scale
studies are important to confirm the intervention's effectiveness and ensure that the
findings are applicable to diverse clinical environments. Any studies assessing the
implementation of monitoring tools should also include a qualitative evaluation to
improve understanding of how clinicians use them and support the translation of

data capture and feedback to quality improvement.
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The study's focus on a broad spectrum of surgical procedures also poses a
limitation, as it restricts the ability to assess the intervention's efficacy within specific
surgical specialties or procedures. Future research should aim to investigate the
intervention's impact in more targeted settings, providing a clearer understanding

of its effectiveness across various surgical domains.

While the pomVLAD study employed rigorous methodological approaches,
potential biases may still influence the interpretation of its results. Selection bias is
one possible type, as the 20 hospitals (intervention and control sites), were selected
for participation based on their study recruitment. The hospitals could therefore be
viewed as ‘early adopters’ who were perhaps in a better position to implement the
intervention compared to other sites recruiting lower numbers or not recruiting

patients at all.

Measurement error is another potential issue, given the reliance on postoperative
morbidity data recorded at postoperative day 7. Although the outcome measure
used has been validated and demonstrated to have good inter-observer

reliability 6566

Lastly, the study may be subject to performance bias, as surgical teams aware of
being part of the intervention group might have been more motivated to enhance
their performance. This awareness could have led to a Hawthorne effect, where the
observed changes in process and outcome may not be sustained over time once
the initial enthusiasm and scrutiny diminish. Addressing these biases and
limitations in future studies will be crucial to providing a more comprehensive
evaluation of the pomVLAD intervention and its long-term effectiveness in

improving surgical outcomes.
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6.5.1 History bias

A possible source of bias that deserves special consideration is history bias. History
biases are “events unrelated to the policy under study that occur before or during

the implementation of that policy and that may have a greater effect on the policy’s

hoped-for outcome than the policy itself”.225

Intervention and control sites that participated in the pomVLAD study were selected
from the NHS hospital trusts actively recruiting patients to the wider PQIP study.
Two specific aims of this larger study, which the pomVLAD intervention was nested
within, were to measure and improve outcome from major surgery in the UK NHS
and to implement and evaluate a complex intervention aiming to enhance the use
of data for improvement by clinical teams. Whilst the pomVLAD pilot study is an
important part of delivering these aims, other forms of data feedback were used
throughout the PQIP study.

These alternative methods of data feedback may have reduced the impact of the
pomVLAD intervention on both process measure compliance and risk-adjusted

postoperative morbidity outcome. Two key aspects are important to highlight:

1. PQIP study quarterly reporting structure and existing data dashboards

2. Annual report, national improvement priorities and collaborative events

Within the PQIP study data feedback to local site investigators was provided on a
three-month basis. Reports were in pdf and Microsoft Word® format, available
through the PQIP webtool, with sites notified by email when the latest release is
available. Report development was led by JB with support and input from members
of the PQIP delivery team and preceded the pomVLAD study. Local performance
against a range of perioperative process measures aggregated to month were
shown, together with a national performance comparison. Specialty specific
reports, such as colorectal or hepatobiliary, were provided as well as hospital level
data. Appendix E-1 shows an example the PQIP quarterly report provided to sites

in July 2018. The content and layout of reports evolved during the study period.
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The delivery of carbohydrate loading preoperatively, DrEaMing (drinking, eating,
and mobilising) outcome, and unadjusted postoperative morbidity outcome were all

reported in both the quarterly reports and existing PQIP dashboard displays.

In addition to the regular reporting structure annual reports showing national trends
in process measure and outcome were also produced. The first annual PQIP report,
published in April 2018, highlighted five national improvement opportunities.4’

These were:

1. Identification and treatment of preoperative anaemia

2. Measurement of HbA1c and optimisation of blood glucose control in
patients diagnosed with diabetes prior to surgery

3. Use of enhanced recovery pathways

4. Individualised postoperative pain management

5. Delivery of DrEaMing within 24 hours of surgery

Two collaborative events, where local site investigators attended lectures and
workshops, were held in April 2018 and June 2018. These events showcased the

annual report and highlighted the national improvement opportunities.

Identification of the use of enhanced recovery pathways and DrEaMing as national
priorities may influence the results of the pomVLAD intervention. Although
enhanced recovery pathways vary between hospitals, they are likely to encompass

many, if not all, the process measures recommended in the pomVLAD intervention.

6.6 Concluding remarks

This thesis has shown that whilst there is enthusiasm for novel monitoring tools that
improve understanding of care outcomes, there remains a significant translation
step between data capture and their use to improve the quality-of-care delivery.
The capacity of frontline NHS staff to respond to contemporaneous data and deliver
quality improvement activity whilst navigating significant time and resource
constraints is limited. Novel approaches to reduce the burden of data collection and

methods to create a collaborative culture of QI across institutions offer the potential
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to increase capacity for QI. Improving education for clinical staff in change
management rather than a focus on basic QI methodology may also result in more

impactful QI activity.
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Appendices

Appendix A

Appendix A-1 : Procedures eligible for recruitment to PQIP study

Patients undergoing the following procedures were eligible for recruitment to PQIP
at: (a) the time of model derivation and internal validation (black, non italic); (b)
procedures added after model derivation and prior to temporal validation (italic); (c)

procedures discontinued after model derivation and before temporal validation (red)

All major Head and Neck resections including:
- Craniofacial resection (+/- reconstruction)
- Extensive excision of mandible (+/- reconstruction)
- Glossectomy (total)
- Laryngectomy (partial)
- Laryngectomy (subtotal)
- Laryngectomy (total)
- Laryngotracheal reconstruction following PLO
- Maxillectomy (partial/hemi for malignancy +/- reconstruction)
- Mediastinal thyroidectomy/parathyroidectomy with sternotomy
- VATS excision of mediastinal tumour (including thymectomy)
- Partial excision of trachea and reconstruction
- Pharyngectomy (partial)
- Pharyngectomy (total)
- Pharyngolaryngo-oesophagectomy (PLO)
- Radical dissection of cervical lymph nodes +/-:
- local myocutaneous flap reconstruction
- distant myocutaneous flap reconstruction
- Selective dissection of cervical lymph nodes +/-:
- local myocutaneous flap reconstruction
- distant myocutaneous flap reconstruction
- Prosthetic replacement of temporomandibular joint
- Reconstruction of jaw (non-vascularised reconstruction)
- Tongue flap - first stage and second stage
- Selective dissection of cervical lymph nodes, levels 1 to 5 (+/- 6)

Thoracics:
- VATS bullectomy (unilateral/bilateral)
- VATS excision of mediastinal tumour (including thymectomy)
- VATS lobectomy
- VATS lung volume reduction (unilateral/bilateral)
- VATS metastasectomy
- VATS pleurodesis/pleurectomy
- VATS pneumonectomy
- VATS wedge resection of lung
- Carinal resection +/- pneumonectomy
- Decortication of pleura of the lung
- Excision of chest wall tumour (+/- reconstruction)
- Lung resection with excision of chest wall
- Open excision of lesion of lung
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Open pneumonectomy

Open resection of mediastinal tumour

Partial excision of trachea and reconstruction

Pulmonary lobectomy including segmental resection

Thoracotomy and closure of bronchopleural fistula

Thoracotomy and bullectomy (unilateral/bilateral)

Thoracotomy and lung volume reduction

Thoracotomy and pleurectomy/pleurodesis (+/- ligation of bullae)
Exploratory thoracotomy

Plication of paralysed diaphragm

Repair of rupture of diaphragm

Secondary correction of scolios-related chest wall deformity (posterior costoplasty) (as sole
procedure)

Partial excision of trachea with reconstruction

Tracheoplasty

Correction of pectus deformity of chest wall

Open pleural biopsy as sole procedure

Percutaneous radiofrequency ablation of malignant neoplasm of lung
Sleeve resection of bronchus or pulmonary artery with pulmonary resection
Mediastinal parathyroidectomy with sternotomy

VATS debridement of empyema

VATS excision lesion of oesophagus

VATS oesophageal / oesophagogastric myotomy

VATS sympathectomy — bilateral

VATS sympathectomy - unilateral

Abdominal - Hepatobiliary:

Exploratory laparotomy

Hemihepatectomy (left/right)

Partial hepatectomy (+/- ablation)

Pancreatectomy (partial/distal)

Pancreatectomy (total)

Pancreaticoduodenectomy (Whipple procedure)

Radiofrequency thermocoagulation of the liver with scapel resection

Resection of lesion(s) of liver

Splenectomy (partial/total)

Exploratory laparotomy

Creation of portocaval shunt

Frey's procedure

Associating Liver Partition and Portal vein Ligation for Staged hepatectomy (ALPPS)
Partial excision of bile duct and anastamosis of bile duct to duodenum/jejunum
Anastomosis of gall bladder (to another viscus)

Anastomosis of hepatic duct

Anastomosis of pancreatic duct (to another viscus)

Excision of lesion of pancreas

Hepatectomy including partial / hemi

Repair of bile duct

Abdominal - Upper GI:

Exploratory laparotomy

Partial gastrectomy (+/- excision of surrounding tissue)

Total gastrectomy (+/- excision of surrounding tissue)

Bypass of oesophagus

Complex restoration of intestinal continuity

lleo-caecal resection (with anastamosis or ileostomy formation)
Intestinal failure reconstruction

Laparotomy for enterocutaneous fistula

Oesophagectomy (partial)
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- Oesophagectomy (total)/Oesophagogastrectomy

- Pancreatectomy (partial/distal)

- Pancreatectomy (total)

- Pancreaticoduodenectomy (Whipple procedure)

- Partial excision of bile duct and anastamosis of bile duct to duodenum/jejunum
- Resection of duodenal tumour

- Resection of small bowel (+/- tumour)

- Splenectomy (partial/total)

- Exploratory laparotomy

- Complex restoration of intestinal continuity

- Partial excision of bile duct and anastamosis of bile duct to duodenum/jejunum
- lleo-caecal resection (with anastamosis or ileostomy formation)
- Closure of bypass of oesophagus

- Open excision of lesion of oesophagus

- Revision of anti-reflux procedures

- Transabdominal anti-reflux operations

- Transthoracic repair of diaphragmatic hernia (acquired)

- Transthoracic repair of paraoesophageal hiatus hernia

- Anastomosis of gall bladder (to another viscus)

- Anastomosis of hepatic duct

- Anastomosis of pancreatic duct (to another viscus)

- Excision of lesion of bile duct

- Excision of lesion of pancreas

- Hepatectomy including partial / hemi

- Radiofrequency thermocoagulation of liver with scalpel liver resection
- Repair of bile duct

- Resection of liver tumour(s)

- Hemihepatectomy (right)

- Hemihepatectomy (left)

- Laparoscopic biliary gastric bypass

- Revision of gastro-jejunostomy

- Total or Partial gastrectomy and excision of surrounding tissue
- Vagotomy and pyloroplasty

- Endoscopically assisted oesophagectomy

- Repair of ruptured oesophagus

- Transabdominal repair of diagphragmatic hernia

- Transthoracic fundoplication

Abdominal - Lower Gl:
- Abdominal revision of restorative proctocolectomy
- Abdominoperineal (AP) resection with anastamosis (+/- pouch)
- Abdominoperineal (AP) resection with end colostomy
- Anterior resection
- Colectomy and colostomy with preservation of rectum
- Colectomy (total) and ileorectal anastamosis
- Completion proctectomy
- Complex restoration of intestinal continuity
- Excision of retroperitoneal tumour (+/- ureterolysis)
- Exploratory laparotomy
- Intestinal failure reconstruction
- lleo-caecal resection (with anastamosis or ileostomy formation)
- Hartmann's procedure
- Restoration of intestinal continuity
- Laparotomy for enterocutaneous fistula
- Left hemicolectomy (with anastomosis/colostomy)
- Panproctocolectomy and ileostomy
- Resection of duodenal tumour
- Resection of small bowel (+/- tumour)
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- Reversal of Hartmann’s procedure

- Right hemicolectomy (with anastomosis/ileostomy)

- Sigmoid colectomy

- lleo-caecal resection (with anastamosis or ileostomy formation)
- Open excision of lesion of duodenum

- Resection of small intestine

- lleoanal anastomosis and creation of pouch

- Redo operations on ileum/colon

- Abdominal operation for Hirschprung's disease

- Excision of transverse colon

- Partial excision of rectum and sigmoid colon for prolapse

- Total mesorectal excision (TME) including Trans-Anal / TATME
- Transanal endoscopic mircosurgery

Abdominal - other:
- Abdominal wall reconstruction
- Adrenalectomy (unilateral/bilateral)
- Excision of retroperitoneal tumour (+/- ureterolysis)
- Exploratory laparotomy
- Laparotomy + excision of sarcoma tumour
- Retroperitoneal lymph node dissection
- Pelvic exenteration
- Complex restoration of intestinal continuity
- Intestinal failure reconstruction
- Restoration of intestinal continuity

Urology
- Pelvic exenteration

- Radical prostatectomy

- Retroperitoneal lymph node dissection

- Total cystectomy (with construction of intestinal conduit or neobladder)
- Total nephrectomy (non-transplant)

- Total exenteration of pelvis

- Appendiciovesicostomy / Mitrofanoff procedure

- Nephrectomy and excision of perirenal tissue

- Nephroureterectomy

- Percutaneous nephrolithotomy (including cystoscopy and retrograde catheterisation)
- Bilateral replantation of ureter into bladder

- Construction of ileal conduit

- Excision of ureterocele (with or without ureteric reimplantation) - bilateral
- lleal or colonic replacement of ureter

- Open correction vesicoureteric reflux-bilateral

- Replantation of ureter into bowel (including bilateral)

- Bilateral Ureterolysis

- Enlargement of bladder

- Enterocystoplasty

- Laparoscopic pyeloplasty

- Laparoscopic upper or lower pole heminephrectomy

- Repair of bladder exstrophy

- Repair of vesicocolic fistula

- Complex secondary repair of hypospadias

- Repair of epispadias

- Prostatic cryotherapy
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Appendix B

Appendix B-1 Data extraction fields and categories

about methods
used to embed
VLADs

Data field Data Categories used Notes
extracted
(free text/
categorical/
numerical)

Title Free text NA
Authors Free text Cardiology/General Medicine
Year Numerical Paediatric ENT surgery
Language Free text
Type of Categorical Peer-reviewed,
publication organisational report, other
Source of funding | Free text
Country of study Free text
Setting of study Categorical Primary care, secondary

care, tertiary care, state-

wide/regional, national,

international
Number of Numerical Converted to single
institutions centre or multicentre
involved when reported in review
Study design
Aims and Free text
objectives
Risk of selection Categorical Yes, No Free text explanation
bias added as to what risk

involved

Inclusion criteria Free text
Exclusion criteria | Free text
Time period Date / free The time period the
reported text studies reports on
Specialty Categorical Cardiac surgery, thoracic Free text if other

surgery, Upper

gastrointestinal, lower

gastrointestinal, urology,

gynaecology, intensive care,

cardiology, paediatrics, other
Population group | Categorical Adult, paediatric, both, not

stated
Description Categorical Yes, no
provided of study
population
demographics
Detail provided Categorical None, limited, satisfactory
about monitoring
intervention
Detail provided Categorical None, limited, satisfactory
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Data field Data Categories used Notes
extracted
(free text/
categorical/
numerical)
Original (new) Categorical Yes, no Answered yes if there
qualitative data was any new qualitative
presented in information regarding
study the implementation
included. This did not
need to be a formal
qualitative evaluation.
Number of Numerical
patients included
Outcome reported | Categorical Mortality, morbidity, other If other, free text allowed
If outcome other Free text
than morbidity,
how was it
defined?
Main study Free text
finding/outcomes
Secondary study | Free text
findings/outcomes
Name given to Categorical VLAD, RA-CUSUM, CUSUM,
chart in study O-E, E-O, other
Method of risk Categorical Derived for purposes of If existing risk model
adjustment monitoring, published risk used, name/reference of
model, other published model
extracted
Rationale for Categorical Quality assurance, quality
implementing improvement, both
monitoring
Context of Categorical Local, regional, national,
implementation international, other
Level of outcome | Categorical Individual clinician/surgeon,
reporting departmental/hospital,
regional,
Method of data Categorical Clinical database, Free text clarification of
collection administrative database, method also extracted
national registry, other
Method of VLAD Free text
dissemination
Use of online Categorical Yes, no If yes, additional free
dashboard text information
extracted about:
software used; primary
users; any pilot period
for software; how
dashboard was
accessed
Methods to Free text
embed VLADs
into routine

clinical practice
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Data field Data Categories used Notes
extracted
(free text/
categorical/
numerical)

Alternative Free text

methods used to

report findings

alongside VLADs

Use of flags to Categorical Yes, no If yes, additional data

signal variation extracted about how
flags were calculated

Action taken on Free text

results of VLAD

monitoring

Costs/resource Free text

use

Facilitators of Free text Data extracted as full

VLAD monitoring paragraphs to enable
thematic analysis

Barriers to VLAD | Free text Data extracted as full

monitoring paragraphs to enable

thematic analysis
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Appendix B-2 : Mixed Methods Appraisal Tool (MMAT)''3 assessment of
included studies

The quality assessment of papers was carried out using MMAT."'3 All included
studies were deemed to be either qualitative, quantitative descriptive studies or
mixed methods studies. The questions used from the MMAT tool for each type of
study are shown in Box 6-1. Appendix Table B-1 shows the results of the quality

assessment.

All included studies were classified as either qualitative, quantitative descriptive or
mixed methods studies. Box 6-1 shows an abridged version of the MMAT tool

including only the questions relevant to these study types.
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Screening questions: Box 6-1: Abridged MMAT quality assessment criteria

S1. Are there clear qualitative and quantitative research questions (or objectives®), or a clear mixed methods question (or objective*)?
S2. Do the collected data allow address the research question (objective)? E.g., consider whether the follow-up period is long enough for the outcome to occur (for

longitudinal studies or study components).

1. Qualitative studies

1.1. Are the sources of qualitative data (archives, documents, informants, observations) relevant to address the research question (objective)?
1.2. Is the process for analysing qualitative data relevant to address the research question (objective)?

1.3. Is appropriate consideration given to how findings relate to the context, e.g., the setting, in which the data were collected?

1.4. s appropriate consideration given to how findings relate to researchers’ influence, e.g., through their interactions with participants?

2. Quantitative descriptive studies

2.1. Is the sampling strategy relevant to address the quantitative research question (quantitative aspect of the mixed methods question)?

2.2. Is the sample representative of the population understudy?

2.3. Are measurements appropriate (clear origin, or validity known, or standard instrument)?

2.4. Is there an acceptable response rate (60% or above)? The response rate is not pertinent for case series and case report. E.g., there is no expectation
that a case series would include all patients in a similar situation.

3. Mixed methods studies

3.1. Is the mixed methods research design relevant to address the qualitative and quantitative research questions (or objectives), or the qualitative and
quantitative aspects of the mixed methods question (or objective)?
3.2. Is the integration of qualitative and quantitative data (or results*) relevant to address the research question (objective)?

3.3. Is appropriate consideration given to the limitations associated with this integration, e.g., the divergence of qualitative and quantitative data (or results*) in

a triangulation design?
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*These two items are not considered as double-barrelled items since in mixed methods research, (1) there may be research questions (quantitative

research) or research objectives (qualitative research), and (2) data may be integrated, and/or qualitative findings and quantitative results can be

integrated.
Appendix Table B-1: Results of the quality assessment performed using the Mixed Methods Appraisal Tool (MMAT)
Author Classification | SCREENING 1. QUALITATIVE 2. QUANTITATIVE 3. MIXED COMMENTS | Overall
and year of study QUESTIONS STUDIES DESCRIPTIVE STUDIES METHODS score
STUDIES
S1 S2 1.1 1.2 13 14|21 22 2.3 24 | 31 32 33
Albert Quantitative Yes Yes Yes Cant Yes N/A No patient **
2004119 descriptive tell demographics
presented. No
rationale for
hospitals
included or
excluded from
study.
Albert Qualitative Yes Yes Can't Cant Yes No >
2004120 descriptive - tell tell
narrative
Arrowsmith  Quantitative Yes Yes Yes Can't Can't N/A *
2006121 descriptive tell tell
Belliveau Quantitative Yes Yes Yes Cant Yes N/A >
2012122 descriptive tell
Borracci Quantitative Yes Yes Yes Yes Cant N/A >
2007123 descriptive tell
Brunelli Quantitative Yes Yes Yes Yes Yes N/A e
2011124 descriptive
Clarke Qualitative Yes Cant Yes Cant Can't No *
2010125 descriptive - tell tell tell
narrative
Collett Quantitative Yes Yes Yes Yes Yes N/A e
2009126 descriptive
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Author Classification | SCREENING 1. QUALITATIVE 2. QUANTITATIVE 3. MIXED COMMENTS | Overall
and year of study QUESTIONS STUDIES DESCRIPTIVE STUDIES METHODS score
STUDIES
S1 S2 1.1 1.2 13 14|21 22 2.3 24 | 31 32 33

Driessen Mixed Yes Yes Yes Cant No No Yes Yes Yes Yes Yes Yes No Limited *
2016127 methods tell description of

survey process,

and qualitative

data analysis
Duckett Quantitative Yes Yes Yes Yes Yes N/A e
200798 descriptive
Fusco Quantitative Yes Yes Yes Yes Yes N/A e
2012128 descriptive
Kuhan Quantitative Yes Yes Yes Yes Cant N/A >
2018129 descriptive tell
Lovegrove Quantitative Yes Yes Yes Cant No N/A No *
1999130 descriptive tell demographic or

patient

characteristics

included in

paper. Single

centre cohort.
Lovegrove Quantitative Yes Yes Yes Cant No N/A Unclear why the *
199791 descriptive tell 3 groups for

VLAD were

chosen.
Morton Quantitative Yes Yes Yes Cant Yes N/A No context >
2008131 descriptive tell provided for

hospitals

providing data
versus those in
the state who
do not take
part.
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Author
and year

Classification
of study

SCREENING
QUESTIONS

S1

S2

1.1

1. QUALITATIVE
STUDIES
1.2

13 14

2.1

2. QUANTITATIVE

2.2

2.3

DESCRIPTIVE STUDIES

2.4

3. MIXED
METHODS
STUDIES

3.2

3.1 3.3

COMMENTS

Overall
score

Pagel
201395

Mixed
methods

Yes

Yes

Yes

Can't
tell

Yes No

Yes

Yes

Yes

N/A  Yes

Yes No

Limited
description of
process of
collecting
qualitative data
despite
qualitative
information
being
presented.

**

Patella
2016132

Quantitative
descriptive

Yes

Yes

Yes

Can't
tell

Can't
tell

N/A

Roberts
2013133

Quantitative
descriptive

Yes

Yes

Yes

Can't
tell

Yes

N/A

No presentation
of patient
demographics,
comorbidities
etc. Single
centre study.

**

Sketcher-
Baker
2010134

Qualitative
descriptive -
narrative

No

No

Yes

Can't
tell

Yes

N/A

Narrative
manuscript on
experience
within
Queensland
Health. Clear
objectives for
paper not set
out.

**

Snyder
2014135

Quantitative
descriptive

Yes

Yes

Yes

Can't
tell

Yes

N/A

No
demographic or
patient
characteristics
included in

paper.

**
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Author Classification | SCREENING 1. QUALITATIVE 2. QUANTITATIVE 3. MIXED COMMENTS | Overall
and year of study QUESTIONS STUDIES DESCRIPTIVE STUDIES METHODS score
STUDIES
S1 S2 1.1 1.2 13 14|21 22 2.3 24 | 31 32 33
Vasilakis Quantitative Yes Yes Yes Cant Yes N/A Uses UK and **
2011136 descriptive tell international
definitions of
infection. No
patient
demographics
for cohort
included, single
centre study.
Williams Quantitative Yes Yes Yes Cant Yes N/A Single centre, >
2015137 descriptive tell no patient

demographics
presented. Data
independently
check by two
authors.
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Appendix C

Appendix C-1 Postoperative Morbidity Survey (POMS) organ domains and
criteria.
Criteria highlighted in bold are included in our composite POMSmajor outcome

(Clavien-Dindo grade Il and above). Excluded criteria are highlighted in italic

(Clavien-Dindo grade 1).

POMS organ POMS domain criteria Assigned
system Clavien-Dindo
grade
Pulmonary New requirement for oxygen 2
Pulmonary New requirement for respiratory support 2
Infectious Currently on antibiotics 2
Infectious Temperature >38°C in the last 24hr 1
Renal Urinary catheter in situ 1
Renal Increased serum creatinine (>30% from 2
preoperative level)
Renal Presence of oliguria <500 mL/24hr 2
Gastrointestinal Unable to tolerate an enteral diet for any reason 1
Gastrointestinal Vomiting or abdominal distension, or use of antiemetics 1
Cardiovascular Thrombotic event requiring anticoagulation (new) 2
Cardiovascular Atrial or ventricular arrhythmias (new) 2
Cardiovascular Hypotension (requiring pharmacological or fluid 2
therapy >200 mL/hr)
Cardiovascular New myocardial infarction or ischaemia 2
Cardiovascular Cardiogenic pulmonary oedema 2
Neurological New coma 3
Neurological New confusion or delirium 2
Neurological New focal neurological deficit 2
Haematological Platelet, fresh-frozen plasma, or cryoprecipitate 2
transfusion in last 24hrs
Haematological = Packed erythrocyte transfusion in the last 24hrs 2
Wound Wound dehiscence requiring surgical exploration 2
or drainage of pus from the operation wound with
or without isolation of organisms
Pain New pain significant enough to require parenteral 1
opioids
Pain New pain significant enough to require regional 2

analgesia
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Appendix C-2 Frequency each candidate variable was selected into each
backwards step-wise model across the 1000 bootstrap samples. Variables

selected into >80% of bootstrap models were selected into the final model.

Variable Frequency selected
into bootstrap models
(%)
Surgical specialty 100
Severity of surgery 100
Sex 99.5
American Society of Anaesthesiologists - Physiological Status (ASA- 97.7
PS)
Body mass index 96.1
Heart rate (preoperative) 95.1
Systolic blood pressure 94.7
Age (years) 92.1
Number of operations in past 30 days 91.3
Respiratory history findings (POSSUM variable) 88.3
Smoking history 75.9
White cell count 75.3
Haemoglobin 70.0
Diagnosis of cancer in last 5 years 62.1
Oxygen saturations 58.6
New York Health Association (NYHA) classification 55.3
ECG findings (POSSUM variable) 46.3
Serum Urea 45.9
Cardiac history findings (POSSUM variable) 45.0
Urgengy of surgery (NCEPOD classification) 38.1
History of cerebrovascular disease 37.1
Current alcohol consumption 33.9
Serum creatinine 29.3
Respiratory infection in past month 27.1
History of diabetes 22.0
History of liver disease 20.3
Serum potassium 19.3
Serum sodium 18.9
Interaction term: Age (years) x Systolic blood pressure 74.0
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Appendix C-3 Predicted and observed risk of postoperative morbidity

predicted by PQIP model in the temporal validation cohort.

n Mean Mean n with morbidity n with morbidity
predicted observed (predicted) (observed)
risk risk
[0.0219,0.0817) 826 0.060 0.053 49.90 44
[0.0817,0.1088) 825 0.096 0.085 79.35 70
[0.1088,0.1319) 825 0.120 0.124 99.31 102
[0.1319,0.1523) 825 0.142 0.126 117.19 104
[0.1523,0.1734) 825 0.163 0.147 134.30 121
[0.1734,0.1972) 825 0.185 0.135 152.68 111
[0.1972,0.2258) 825 0.211 0.170 17414 140
[0.2258,0.2629) 825 0.243 0.234 200.73 193
[0.2629,0.3251) 825 0.291 0.299 240.48 247
[0.3251,0.6471] 825 0.391 0.379 322.72 313

The model is seen to overestimate risk in the 17.3-22.6% risk bands. Data from this

table is used to produce the calibration plot shown in Figure 3-10

Appendix C-4 Recalibration of the model with estimation of shrinkage factors
As discussed in the limitations section (see 3.5.3), shrinkage factors for each
surgical specialty can be used to improve calibration of a model and improve its
accuracy. In order to estimate these shrinkage factors an intercept and slope value
for each specialty’s calibration plot is calculated. The estimates of the intercept and

slope values for this type of recalibration are shown in Appendix Table C-1.

Recalibration of the model through the application of linear shrinkage factors
improved calibration within specialties (see Appendix Figure C-1 in comparison to
Figure 3-11). The intercept and slope estimates shown in Appendix Table C-1
reflect the relative mis-calibration of the PQIP model within each specialty when
applied to the validation cohort. A perfect calibration would be represented by an

intercept value of zero and a slope gradient of one.

An example of how shrinkage factors are used to produce the recalibrated risk

estimates:
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If the PQIP morbidity formula yields a probability (p) of having POMSmajor-defined
morbidity on postoperative day 7 of 25%, and the surgical specialty is Lower

Gastrointestinal then:

logit(p) = —1.10

and

logit[P(Y)] = —0.27 + 0.864 = (—1.10),

where P(Y) is the probability of having POMSmajor morbidity estimated by the

calibrated model. P(Y) in this example would therefore be 22.8%.

In a second example, if the PQIP morbidity formula yields the same probability (p)
of having POMSmajor-defined morbidity on postoperative day 7 of 25%, but the

surgical specialty is Upper Gastrointestinal then:

logit(p) = —1.10

and

logit[P(Z)] = 0.345 + 1.22 * (—1.10),

where P(2Z) is the probability of having POMSmajor morbidity estimated by the

calibrated model. P(Z) in this example would therefore be 27%.

This is one method that can be used to improve calibration at the surgical specialty
level. Other options include the development of an individual risk-prediction model
for each specialty, or the development of a multilevel model that allows for the

intercept and/or the slope of predicted log odds to vary for each surgical specialty.
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Appendix Table C-1: Estimated shrinkage factors for the PQIP-morbidity
adjustment model. The factors are used to optimise the performance of the model
for each surgical specialty. PQIP, Perioperative Quality Improvement Programme

Surgical Intercept Slope
specialty

Lower -0.27 0.864
gastrointestinal

Urology -0.983 0.945
Upper 0.345 1.22

gastrointestinal

Hepatobiliary -0.127 0.824
Thoracics -0.799 0.731
Head and neck -0.672 0.373
Abdominal - -0.011 1.036
other
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Appendix Figure C-1: Calibration plot for the PQIP model after recalibration using

the shrinkage factors in Appendix Table C-1
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Appendix D

Appendix D-1 Introductory booklet provided to intervention sites
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Appendix D-2 Enhanced recovery recommendations
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Appendix D-3 Presentation slides used at introductory events

PoMVLAD

near real-time reporting of risk-adjusted
postoperative morbidity outcomes

Dr James Bedford
ST5 Anaesthesia/Intensive Care Medicine
PQIP fellow

@jbedford84

PQ'P Perioperative Quality CEXH SR C TF;MMM

M‘\‘L Improvement Programme IEEREEERRN ealth sevices ResearchCentre imbrovement

Project overview

Enhanced recovery recommendations; five
process measures

Dashboard display; reporting ER
recommendations and risk-adjusted
morbidity outcomes

Top 20 recruiting colorectal sites
Part of PQIP - no additional data collection

poMVLAD
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Reporting outcome data

-

) T o
1 1

.%Z. HIGH HISHmICHTIUHS .2.
17

POMVLAD

Defining postoperative complications

- Using the Postoperative Morbidity Survey' (POMS)
on postoperative day 7

- POMS major?

- Major morbidity (e.g. requirement for a new
therapy or a diagnosis of a complication) not a
minor deviation from usual course (e.g. urinary
catheter)

1. Bennett-Guerrero E, Welsby |, Dunn TJ, Young LR, Wahl T g, Diers TL, et al. The use of a postoperative morbidity survey to evaluate patients with prolonged

hospitalization after routine, moderate-risk, elective surgery. Anesth. Analg. 1999;89:514-9

2. Wong DJN, Oliver CM, Moonesinghe SR. Prediicting postoperative morbidity in adult elective surgical patients using the Surgical Outcome Risk Tool ( SORT ).

poMVLAD
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N Intraoperative maintenance
The 3urc;lloa:v of normothermia with a
preoperative fasting suitable warming device

should be 2 hours for
Intraoperative

liquids and 6 hours for
warming Target body

Warmed intravenous
fluids should be used
routinely

dred 3| ive
Patients should receive ’ reoperative
carbohydrate loading carbohydrate

solids 0
reoperativel loading
preop v 9 temperature >36¢

DrEaMing refers to patients pOmVLAD N
drinking, eating and recommendations P
mobilising after surgery nZ:l:;:s'l(:l‘ti:vfubes

These pomVLAD recommendations are

should not be used

porioperative care in eloctive colonic routinely
surgery and elective rectal/pelvic

Avoid routine
Nasogastric tubes

use of o inserted during
postoperative surgery should be

NGTs removed before
reversal of
anaesthesia

Perioperative
fasting should be
minimised

Get patients
DrEaMing on
day 1

Patients should be fr) Routine drainage is
encouragedl lcz l::ke discouraged because it is an
sog:':;aposc;u;: Prolonged immobilisation Avoid routine yn;uppor(gd intavvenl.ign llhol
increases the risk of use of is likely to impair mobilisation

after surgen 2 .
oo pneumonia, insulin abdominal

resistance and muscle drains Expert opinion is avoidance except

weakness with specific indications, such as
excessive intraoperative blood loss or
tenuous anastomosis

pomVLAD: Variable life-adjusted display

Risk-adjustment model is used to estimate the risk of
postoperative morbidity for each patient

The outcome is either: 1 = morbidity or 0 = no morbidity

The chart is then created as a continuous plot using
expected minus observed outcome for each subsequent

patient

So, if risk of morbidity for a patient is 15%, and
that patient has morbidity, then: 0.15 -1 = -0.85

if they do not have morbidity: 0.15 - 0 = +0.15

poMVLAD
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POMVLAD

pomVLAD risk-adjustment model

Produced using data from 14 months of PQIP,
4466 patients

Final model includes 10 preoperative patient and surgical
variables

Performance favourable compared to POSSUM and SORT
morbidity

poMVLAD
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Risk modelling

Surgical specialty

Severity of surgery

Gender

ASA grade

BMI

Heart rate

Systolic BP

Age (years)

Number of operations in last 30 days

Respiratory history findings

POMVLAD

Dashboard display

surgical specialty. | Abdominal - Lower gastrointesting
Oate from 2oy 200 ° Oute o Aot 2008
View Dashboard

L 7 £\N7. .
reoperative Intracperative Patients without Pavients without an

- atients DrEaMing on
carbonydrate loading nasogastric tube on postoperative day 1

;;;;;  recovery wery

pomVLAD
—._'_rli
s ~ '_'__f’ )
g 7
§ . —
H Uy
] o
g-
= -~ Oue
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Implementation

Now live!

- 10 sites will receive recommendations and
dashboard

- Recommendations accessible to all other sites
- Available through PQIP webtool

POMVLAD

Project evaluation

- Project planned to run for initial 12 months

- Evaluation based on quantitative and
qualitative outcomes

- Telephone interviews with teams at some
sites receiving the dashboard
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Appendix D-4 Participant information sheet for qualitative interviews

. A rapid feedback evaluation of the
p@l I IV I_A pomVLAD project

Participant information sheet

The Perioperative Quality Improvement Programme (PQIP) was launched in 2016 by the National
Institute of Academic Anaesthesia Health Services Research Centre, working on behalf of the Royal
College of Anaesthetists. The aim of the programme is to investigate perioperative care of patients
undergoing major non-cardiac surgery and measure complication rates, failure to rescue and
patient reported outcomes. As part of PQIP, in May 2018 the pomVLAD project launched to provide
10 hospital sites with rapid feedback of their risk-adjusted morbidity outcome data using an online
dashboard combined with regular reports.

To understand the impact of pomVLAD at local sites, and to inform a wider implementation after
the initial pilot we will need to carry out an evaluation to capture staff perceptions of the project,
dashboard and reports to help us maximise engagement and use of the data for local quality
improvement. The information we capture through the evaluation will directly inform future
developments in the dashboard and reports to improve their delivery.

We will carry out a rapid feedback evaluation to understand the factors acting as barriers and
facilitators in engagement with the pomVLAD dashboard and reports, and how these differ from
existing PQIP reporting mechanisms. We will interview PQIP collaborators based at five sites
receiving the pomVLAD intervention and five comparison sites who are participating in PQIP but
not receiving the pomVLAD intervention. The study is being carried out by a team from UCL. You
can contact us using the details printed at the back of this form.

The aim of this information sheet is to help you understand why we are carrying out this evaluation
and what would be required of you if you decide to take part in the study.

1. Who has given ethical approval for the study?

The study has been confirmed as a service evaluation by the Joint Research Office at the University
College London Hospitals NHS Trust and University College London. Ethical approval is therefore
not required. The study has been registered with University College London Hospitals NHS Trust as
a service evaluation.

2. Why have | been asked to take part?

You have been asked to take part because you are currently involved in the delivery of PQIP at your
local site. We are interviewing representatives from five sites receiving the pomVLAD intervention
and five comparison sites who are not receiving the intervention. We wish to speak with you
because we believe you have a valuable perspective on how local sites are using the reports and
dashboards, and the potential benefits and limitations of these.
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3. What does taking part involve?
If you decide to take part, the researcher will ask you to sign a consent form. After the consent form
has been signed, he will liaise with you to arrange the time for an interview. The interview will take
place over the telephone at a time that suits you and will last approximately 30 minutes. We would
like to carry out two interviews in total with you over the one-year duration of the project.

The interview will include questions on your current role, your hospital, and how you and your site
use PQIP data and/or the pomVLAD dashboard and reports, and what your views of them are. The
researcher will ask to audio record the interviews. You can ask the researcher not to record the
interview or to stop the recorder at any time and they will take notes instead.

4. Do | have to take part?
No, it is up to you to decide whether or not to take part. If you decide to take part, we will ask you
to sign a consent form and email it back to us before the interview takes place. You can hold a copy
of this consent form. Whether or not you decide to take part in the interview, your employment
status or relations will not be affected in any way.

5. Is what | say confidential?
Yes, we will not inform anyone outside the research team that you have participated in the study.
Your personal information will not be attached to any information you provide. All information will
be stored securely and will only be accessed by members of the research team. We will not identify
you by name in any reports or publications. Your personal data will be destroyed within a year of
the study’s completion, while research data will be archived securely for 20 years after the study’s
completion, before its eventual destruction.

If you disclose information that the researcher feels has implications for professional practice, we
may report these concerns to the head of service or other managers. Any information passed on
will be anonymised, ensuring you cannot be identified.

6. Whatif | change my mind?
You are free to withdraw from the study at any time. You do not have to give a reason for
withdrawing. Even if you start an interview, you can stop it at any point if you want to. If you wish
to withdraw, please contact us using the details at the end of this sheet.

If you withdraw, we will hold onto the information you provided before withdrawing. If you lose
capacity to participate, we will withdraw you from the study automatically. In this case we will also
keep the information you provided.

7. What are the risks of taking part?
Helping us with this study will take up a little of your time, but we will do our best to minimise any
inconvenience to you by arranging to a time that suits you. If you feel uncomfortable discussing any
aspect of this study, you can withdraw from the interview and observations at any time. You can
also contact the study team to discuss any concerns you have before and after agreeing to take
part.

The researcher who conducts the interview will abide by a professional code of conduct.
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8. What are the benefits of taking part?
There may be limited personal benefits emerging from the study, but the evaluation will help inform
the implementation of PQIP and the pomVLAD project. The findings from this study will be
presented to the staff leading the project on an on-going basis, pointing out any problems with the
design and implementation of pomVLAD. Our documentation of how PQIP reports/dashboards and
the pomVLAD dashboard are being used and may be improved will provide valuable lessons on the
development of similar web-based dashboards in healthcare settings.

9. What will happen to the results of the research study?
We will report our findings to pomVLAD and PQIP staff and other people interested in the project
after each round of interviews, using reports and presentations. At the end of our study, we will
produce a full report. We will publish our findings in scientific journals and present them at national
and international scientific meetings and conferences. Your name will not be used at any time. Our
final report will also be disseminated to staff and we will be happy to send you a copy. You can also
let the researcher know if you are interested in receiving updates on the study.

10. What happens if something goes wrong?
If you wish to complain, or have any concerns about any aspect of the way you have been
approached or treated by members of staff you have met through your participation in the
research, National Health Service complaints mechanisms are available to you. For further
information, please see the Sponsor’s website:
http://www.uclh.nhs.uk/PandV/Helpandsupport/Commentssuggestionsandcomplaints/

Alternatively, you may wish to contact the Principal Investigator (details below). Please note that
NHS Indemnity does not offer no-fault compensation i.e. for non-negligent harm, and NHS bodies
are unable to agree in advance to pay compensation for non-negligent harm.

11. Where can | find out more about the research?
Further information can be found by contacting the study team:

Principal Investigator

Dr James Bedford - _

Co-Investigators
Dr Cecilia Vindrola -

Dr Duncan Wagstaff -
Dr Sonya Crowe -
Prof Ramani Moonesinghe -

Should you require independent advice, you may wish to contact the UCL/UCLH Joint Research
Office on 020 3447 5557.
You may also wish to look up the INVOLVE website at: www.invo.org.uk.

THANKYOU FOR TAKING THE TIME TO READ THIS INFORMATION AND FOR CONSIDERING HELPING
WITH OUR STUDY
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Appendix D-5 Consent form for qualitative interviews

- A rapid feedback evaluation of the

p@m V I_A pomVLAD project

Consent form

Name of researcher:

Please read the following statements and mark the boxes to show you agree

1. | confirm that | have read and understand the information sheet (Version 0.2,
19/07/2018) for the above study. | have had the opportunity to consider the
information, ask questions and have had these answered satisfactorily.

2. lunderstand that my participation is voluntary and that | am free to withdraw at
any time without giving any reason, without my legal rights or employment status
being affected.

3. lunderstand that my participation in these discussions will be audio recorded and
stored anonymously.

4. | understand that relevant sections of my anonymised data collected during the
study may be looked at by members of the research team. | give permission for
these individuals to have access to this data. | understand that this information
will be treated as strictly confidential and handled in accordance with the
provisions of the Data Protection Act 1998.

5. |l understand that data and quotations | provide may be used (anonymised fully)
in future publication of this study.

6. | understand that, in the event of my withdrawal from the study, data | provide
prior to my withdrawal will be retained (anonymised fully) for analysis and
publication.

7. |agree to take part in the above study.

Name of participant Date Signature

Name of person receiving Date Signature

consent form
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Appendix D-6 Interview topic guide

: A rapid feedback evaluation of the
p@l I IV I_A pomVLAD project

Interview topic guide: Round 1 interviews

Thank you for agreeing to take part in this interview.

Interviewee role
1. It would be good to begin with a description of your current role within your hospital/trust
2. How long have you been in this role?
3. How you held any previous roles within your trust?

Exploring hospital context
1. Does your hospital have electronic health records?
2. Do you have designated office space with access to a computer?
3. Do you have access to any non-PQIP dashboards to monitor performance in your hospital?
4. Do you feel your team has adequate financial support, resources and time to allow Ql activity
within your trust?

Interviewee interactions with PQIP
1. Whatis your current role for PQIP within your hospital?
How much time do you think you spend each week on PQIP related activities?
Do you have time allocated to your PQIP role to support QI activity?
Are your aware of the PQIP online dashboards? If yes, how often do you access them?
How/where do you access the PQIP reports and dashboards?
Do you feel there are any benefits of using online dashboards over the quarterly reports?
Are there any barriers to you accessing and using the PQIP dashboard or quarterly reports?
How does your trust share information from the dashboards and quarterly reports?
Have you or your team identified any improvement opportunities from your PQIP quarterly
reports, existing PQIP dashboards (not pomVLAD) or based on the top 5 improvement
opportunities from the annual PQIP report?
10. If yes, how are you planning to address these opportunities, and how will you measure any
change?
11. Are there ways that we could improve the delivery of the PQIP quarterly reports or dashboards?

LN WD

Views on pomVLAD intervention
1. What are the aims of the pomVLAD project?
2. Do you feel the pomVLAD project offers any additional benefit to the dashboard and reports
already produced by PQIP?

3. What are your views of the enhanced recovery recommendations made as part of the project?

4. Have you or your team identified any improvement opportunities based on the pomVLAD
dashboard?

5. If yes, how do you plan to address these opportunities and how will you measure any subsequent
change?

6. Have you accessed the pomVLAD dashboard? If so, have you shared the dashboard information
with colleagues? How?

7. How frequently do you access the pomVLAD dashboard? If/when you do access it, how was your
experience of using it?

8. Are there any barriers to you accessing and using the dashboard data?

9. Are there any factors that you feel support interaction and engagement with your local data?

10. How do you feel we could improve the pomVLAD dashboard to better support you?

319




Interview topic guide: Round 2 interviews

This topic guide may be modified based on information gained during the first round of interviews. We will
explore in more detail any emerging themes.

Thank you for agreeing to take part in this interview.

General views on data feedback within PQIP and pomVLAD
1. To start with a general question, can you tell me how you’re finding being involved in PQIP?
2. How do you feel PQIP is running in your hospital?
3. How do you feel about the way data is fedback within PQIP?

Interviewee interactions with PQIP
1. Do you feel access to PQIP data has changed your understanding care delivery in your hospital?
How has it changed your understanding?
2. Canyou compare the use of the PQIP quarterly reports to the dashboards in your hospital?
3. How do you share information in your trust from the dashboards and quarterly reports? Are the
dashboards or reports used more to share information? Why do you think that is?

Use of data for quality improvement
1. Have you or your team identified any opportunities for improvement based on PQIP (or pomVLAD)
data?
2. How are you planning on address these opportunities, and how will you measure any changes?
3. Do you feel dashboards or reports will adequately support you to monitor any change?

Triggers for accessing data

1. Arethere any triggers that increase your likelihood of looking at local data? Is there anything that
makes you sit down and review local data?

2. Do these triggers apply to the reports and dashboard data, or one more than the other? Why do
you think that is?

3. Isthere anything you feel inhibits or stands in the way of you looking at and using your local data?
Are these the same for the dashboards and reports? If it impacts on one more than the other, why
do you think that is?

Views on pomVLAD intervention

1. Do you feel having access to the pomVLAD dashboard has changed your understanding of local
outcomes? For better or worse?

2. Do you feel your engagement with the dashboard (pomVLAD or PQIP) has changed over the 12-
month pilot project? Why? How?

3. How frequently do you access the pomVLAD dashboard? If/when you do access it, how was your
experience of using it?

4. How have you and colleagues found interpreting your local VLAD?

5. Are there any improvements you feel could be made to the dashboard? Is there anything that you
feel should be displayed or analysed differently?

6. Have you discussed the VLAD dashboard with colleagues? How did they feel about it?

Potential updates to pomVLAD dashboard — control limits and support for interpretation
1. Do you feel the addition of control limits or confidence intervals would help or hinder you in
interpreting your local data?
2. Are there any concerns you might have with the addition of control limits to the VLAD?
3. Have you managed to review the draft interpretation and investigation documents sent via email?
If yes, do you feel the publication of these documents will change understanding of the VLAD
dashboard or how it is used locally? Will this change be beneficial or a negative change?
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Interviewee role
1. Since our previous interview has your role within your hospital or PQIP changed?

Exploring hospital context
1. Have there been any changes in your trust that your feel has improved your ability to deliver QI
work, for example having time allocated in your job plan, increased financial support, or improved
staffing?
2. Have there been any changes in your trust that you feel have been detrimental to your ability to
deliver Ql work?

pomVLAD interview topic guide v0.2 26/07/2018
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Appendix E

Appendix E-1 Example quarterly report provided by PQIP study to local site

investigators
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aAAA~" Improvement Programme

Sample Hospital report
July 2018

This report includes patients who underwent surgery during the period 01 December 2017 to 27 July
2018. The patient recruitment information includes all patients recruited to PQIP (locked and

unlocked case records). The remainder of the report is based only on records that were locked at the
time of the report production (27 July 2018 13:53).
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PQIP's Top 5 Improvement Opportunities for 2018-19
PQIP released the first annual report in April 2018 which is available to download and view on the

PQIP Website. As part of the annual report the top 5 national improvement opportunities have been
highlighted in section 1 of the report.

Anaemia & Diabetes

Anaemia

New guidelines suggest that men and women should be considered anaemic if their haemoglobin is
less than 13g/dL. Preoperative anaemia is associated with higher morbidity , length of stay and
mortality in major non-cardiac surgery. The 2017 consensus statement on the peri-operative
management of anaemia and iron deficiency can be adapted to your local context, it can be
found here. Figure 1 below shows the percentage of patients who had a recorded preoperative
haemoglobin that was above 13g/dL. Between 01 December 2017 and 27 July 2018 152 patients
were anaemic. Of these 129 (84.9%) were having elective operations rather than expedited or urgent
operations.

Figure 1: Percentage of patients who had a haemoglobin above 13g/dl
preoperatively by month of surgery
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HbAlc testing

National Guidelines state that all diabetic patients should have a HbAlc measured before elective
surgery. At Sample Hospital 17.1% of patients recruited to PQIP were recorded as being diabetic.

Figure 2 below shows the number of diabetic patients who did and did not have a recorded
preoperative HoAlc test

Figure 2: Number of diabetic patients who had a preoperative HoAlc
test preoperatively by month of surgery.
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The recommended upper threshold for preoperative HbAlc is 8.5 mmol/mol . If higher than this
consideration should be made to postponing the surgery if possible. Between 01 December 2017 and
27 July 2018 65 HbAlc fests were performed, of which 12 % were above 8.5 mmol/mol.
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Individualised Risk Assessment

Preoperative risk assessment can be used to plan appropriate perioperative care and to inform the
process of shared decision-making. The 2011 NCEPOD report ‘Knowing the Risk’ identified that
formally documented assessment of perioperative risk is infrequently and often inadequately
performed. The Montgomery v Lanarkshire Health Board case of 2015 brought the law in line with
previous GMC professional guidance, drawing attention to the responsibility of a doctor to provide all
material risks to a patient. The 2017 AAGBI Consent for Anaesthesia guidelines recommend that
anaesthetists should record their discussion in the patient record, noting any individualised risks,
benefits and alternatives that were explained. Figure 3 below shows the percentage of patients at
Sample Hospitalthat have a documented individualised risk assessment by month of surgery.

Figure 3: Percentage of patients who had an individualised risk assesment preoperatively

by month of surgery.
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Enhanced Recovery

Enhanced recovery pathways provide individualised protocolised care to reduce complications and
length of stay. There is variation between specialties and hospitals in terms of enhanced recovery
pathway adoption and compliance. Enhanced recovery after surgery (ERAS) pathway data was

available for 404 patients, of which 293 ( 72.5 %) were enrolled on an ERAS pathway from 01
December 2017 to 27 July 2018 .
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Figure 4: Patients enrolled on an ERAS pathway by month of surgery
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Indvidualised Pain Management

Poorly controlled pain after surgery can confribute to the stress response if not adequately treated.
Optimal analgesia can aid the return to normal function and minimise complications after surgery. It
is an RCoA-recommended quality measure that no patient should be discharged from recovery with
uncontrolled pain. PQIP collects information on the maximum pain score recorded in recovery. Pain
score data was complete for 404 out of a possible 404 patients (100%) between 01 December 2017
and 27 July 2018. Figure 5 below shows maximum pain scores in recovery for Sample Hospital by

month of surgery.

Figure 5: Maximum pain scores recorded in recovery
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Drinking, Eating & Mobilising - DrEaMing
DrEaM (drinking, eating and mobilising) is an international initiative supported by anaesthetists and
surgeons working fogether with patients. PQIP measures the proportion of patients who are drinking
(at least free fluids), eating (at least soft diet), and mobilising (sitting out of bed, with maximum
assistance of one person) by the end of day 1 postoperatively.

Perioperative Quality

Figure 6 shows the percentage of patients who were drinking, eating and mobilising by the end of
day 1. The final graph (bottom right of the four) shows the percentage of patients who had
completed all three of those measures and were ‘DrEaMing’. DrEaM data was available for every
patient recruited to PQIP between 01 December 2017 and 27 July 2018

Percentage of patients

Figure 6: Patients drinking, eating and mobilising on postoperative day 1
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Recruitment
Patient recruitment

From 01 December 2017 to 27 July 2018 Sample Hospital recruited a total of 494 patients to PQIP.

Figure 7 below shows recruitment to PQIP by week. It is not possible display a recruitment target as

one is not recorded. If you would like to update your recruitment target please contact the PQIP

team .

Figure 7: Recruitment of patients to PQIP by week
(locked and unlocked case records)
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Table 1: Number of patients recruited per surgical specialty

Surgical specialty

23 Apr 2018
07 May 2018

21 May 2018
04 Jun 2018
18 Jun 2018

Number of patients

Urology
Abdominal - Upper gastrointestinal
Abdominal - Lower gastrointestinal
Abdominal - Hepatobiliary
Thoracics
Head and neck
Abdominal - other
Orthopaedics
Spinal
Burns & Plastics
Not recorded

RCOA mEmHSRC

Royal College of Anaesthetists

101
51
104

;i’

Inspirin:

g
mprovement

SOULCce
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Of the 494 patients recruited, there were 404 case records locked. The remainder of this report is
based on locked records. The number of patients recruited by each surgical speciality is shown in

16 Jul 2018

30 Jul 2018
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Records locked within 14 days of discharge

The percentage of records locked within 14 days of discharge is used by PQIP as a measure of
hospital engagement with the study. Figure 8 shows the percentage of records included within this
reports that were locked within 14 days of discharge by month.

Figure 8: Percentage of records locked within 14 days of discharge
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The overall proportion of records locked within 14 days of discharge or death was 52.1 %, (monthly
range 37 % to 100 %). between 01 December 2017 and 27 July 2018.
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Preoperative

Preoperative assessment

The 2011 NCEPOD report Knowing the Risk recommended that all elective high-risk patients should be
seen and fully investigated in pre-assessment clinics in order to improve patient care, improve theatre
utilisation, reduce bed occupancy, and reduce errors due to inadequate communication.

A total of 400 out of 404 patients underwent face to face preoperative assessment between 01
December 2017 and 27 July 2018.

Figure 9: Patients undergoing face-to-face preoperative assessment
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Admission to hospital on the day of surgery

Admission on the day of surgery is a key aspect of enhanced recovery and has been shown to have
an effect on length of stay by Simpson et al. Between 01 December 2017 and 27 July 2018 374 out of
404 patients (92.6%) were admitted on the day of surgery. Figure 10 shows the percentage of

patients admitted on the day of surgery over the last 30 days, 90 days and throughout the period of
this report.

Figure 10: Percentage of patients admitted on the day of surgery
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Enhanced Recovery by specialty

At Sample Hospital 72.5 % of patients were enrolled on an ERAS pathway from 01 December 2017 to
27 July 2018 . Figure 11 below demonstrates how each of the specialties at Sample Hospital is
adopting enhanced recovery

Figure 11: Percentage of patients enrolled on a enhanced recovery
pathway by specialty
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Preoperative carbohydrate loading

The ASER/POQI joint consensus statement (2016) recommends that, with the exception of type |
diabetics, pre-operative complex carbohydrate (e.g. maltodexirin) be used when available to
improve insulin sensitivity and reduce protein catabolism. Alternatively, clear fluid used to maintain
oral hydration pre-operatively should contain at least 45g of carbohydrate. This evidence relates to
colorectal surgery, the use of preoperative carbohydrates may not be appropriate in every setting.

Between 01 December 2017 and 27 July 2018 of the 335 non-diabetic patients attending Sample
Hospital , 108 patients received preoperative carbohydrate drinks. Figure 12 shows the percentage of
patients who received preoperative (approximately 2 hours) carbohydrate drinks by month of
surgery.

Figure 12: Percentage of patients receiving preoperative carbohydrate drinks
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Intfraoperative & Recovery

Administration of prophylactic antibiotics

Antibiotic prophylaxis is recommended by NICE Guidelines for preventing surgical site infections in
certfain procedures. Between 01 December 2017 and 27 July 2018 388 out of 404 patients (96%)
received antibiotfics according to local protocols within 60 minutes before knife fo skin. Figure 13
shows the adherence with local antibiotic protocols over the last 90 days and the remaining period

included within this report. It is expected that 100% of patients follow local protocols for prophylactic
anfibiotics.

Figure 13: Patients receiving antibiotics within 60 minutes
before knife to skin according to local protocol (%)
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Patients arriving in recovery with a body temperature below 3écc

NICE guidelines define hypothermia as a core body temperature below 36cC and recommend that
body temperature is measured in the perioperative period. Of the 404 recruited patients between 01
December 2017 and 27 July 2018 at Sample Hospital 29 (7%) had a temperature below 36°c in
recovery. Figure 14 below demonstrates the proportion of patients that had a temperature above
and below 36°c in recovery by month of surgery

Figure 14: The percentage of patients that were normothermic in recovery by month of surgery.
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Table 2 below demonstrates the number of warming devices that were applied in theatre to those
patients that had a recovery temperature below 36°C.

Table 2: Number of warming devices applied in theatre to those patients with a recovery
temperature below 36°C

Number of warming devices used Number of patients Percent (%)
0 1 3
1 5 17
2 16 55
3 7 24
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Critical care admission when risk of death is greater than or equal to 5%
The 2011 NCEPOD report ‘Knowing the Risk’ identified that postoperative care of the high risk surgical
patient needed to be improved. Any patient with a predicted mortality greater than 5% should be
considered high risk and considered for critical care admission postoperatively.

Mortality risk within this report is calculated using the Surgical Outcome Risk Tool (SORT). SORTis a
preoperative risk prediction tool for death within 30 days of surgery that has been developed and
validated for use in inpatient non-neurological, non-cardiac surgery in adults (aged 16 or over).

Table 3: Patients admitted to critical care where risk of death is calculated to be greater than or
equal fo 5%

Patients with risk of death greater or equal to Number admitted to
Date range 5% HDU/ICU
Last 30 days 0 0
Last 90 days 7 7
During time of this 37 33

report

A SORT mortality prediction could be calculated for all 404 patients between 01 December 2017 and
27 July 2018. Where a patient underwent a different procedure to the one planned, the SORT
mortality risk has been calculated for the actual procedure performed.
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Postoperative

These measures of postoperative recovery and morbidity can be used to assess how well patients
recover following surgery against expected or predicted morbidity, and act as a focus for quality
improvement. They can be used to:

. Measure the benefits and harms of tfreatments

. Benchmark services

. Identify potential outliers

. Support your case for change

. Inform the consent process and aid shared decision-making.

Postoperative morbidity survey at day 7

The Postoperative Morbidity Survey (POMS) was first published in 1999 by Bennett-Guerrero et al. and
has been validated fo describe morbidity following major surgery of a nature that would prolong
length of stay. It consists of an 18-point survey which characterises morbidity into nine organ systems.
For patients who are recruited into the PQIP study POMS is calculated at day 7. Patients who have
been discharged from hospital by day 7 are assumed to have a POMS of zero.

Figure 15: Percentage of patients POMS positive at day 7 by domain
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Between 01 December 2017 and 27 July 2018 there were 140 out of 404 patients sfill in hospital on
postoperative day 7 (34.7%). Of those remaining in hospital 96 (68.6%) were Postoperative Morbidity
Survey positive. POMS data was complete for all 404 patients recruited.
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Major postoperative morbidity at day 7

Of those patients who were overall POMS positive between 01 December 2017 and 27 July 2018,
there were 54 patients who were POMS major positive. The categorisation of POMS criteria into minor
and major was first proposed by Wong et al. and further details of mapping of POMS sub-domains to
the Clavien-Dindo classification of surgical complications can be found in appendix 7.1.

Figure 16: Percentage of patients POMS major positive at day 7 by domain
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Complications experienced by patients recruited to PQIP

PQIP records the grade of complication of experienced by patients. Table 4 shows the maximum
grade of complication experienced by patients at Sample Hospital according to the Clavien-Dindo
classification over the last 30 days, 90 days, and throughout the whole period 01 December 2017 to

27 July 2018. Clavien Dindo-complication data was available for 404 out of 404 patients recruited to
PQIP.

Table 4: Complications experienced by patients (raw number and (% of patfients with data
available))

Last 30 Last 90 Period of
Maximum grade of complication days days report

Grade Il or below 27 (100%) 110 (90%) 331 (82%)

Grade llIA - Intervention not under general anaesthesia 0 3 (2%) 46 (11%)
Grade lIIB - Intervention under general anaesthesia 0 3 (2%) 12 (3%)
Grade IVA - Single organ dysfunction (including 0 5 (4%) 12 (3%)

dialysis)

Grade IVB - Multi-organ dysfunction 0 0 2 (0%)
Grade V - Death 0 1(1%) 1 (0%)
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Need for unplanned intervention postoperatively

Between 01 December 2017 and 27 July 2018 69 patients experienced at least a grade Ill Clavien-
Dindo complication (see section: “Complications experienced by patients recruited to PQIP" for
more detail on the classification of postoperative complications). This includes surgical, endoscopic
or radiological intervention (whether under general anaesthesia or not), unplanned HDU/ICU
admission and death. Figure 17 shows the time between these events, with a mean duration of 2.9
days.

For this graph the x-axis is the number of cases who have had an unplanned admission to HDU. The y-
axis is the number of days from the date of surgery of case 1 to the date of surgery of case 2, and
then from the date of surgery of case 2 to case 3 and so on. This is the same type of graphical
representation that is used to show rare events in healthcare, such as hospital MRSA bacteraemias or
C. difficile infections. Good performance is indicated by few events with long periods between them
(i.e. higher on the y-axis), poorer performance would be shown by both a higher number of events
and short periods between them.

More information on rare events charts can be found in this article by Benneyan et al. within the
section ‘Surgical site infections’.

Figure 17: Unplanned postoperative intervention (Clavien-Dindo grade llI, llla, and lllo complications)
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Unplanned HDU/ICU admissions

Data for unplanned HDU/ICU admissions is gathered via the Clavien-Dindo classification of surgical
complications. Grade 4A, 4B and grade 5 (death) complications are included to produce a ‘T chart’,
also known as a ‘rare events chart’ which plots the number of cases against fime since the previous
case. Good performance is indicated by few events with long periods between them (i.e. higher on
the y-axis), poorer performance would be shown by both a higher number of events and short
periods between them.

As PQIP does not collect the date of unplanned HDU/ICU admission, we use the date of surgery as a
surrogate marker, and calculate the time between initial surgery for each case. This interval time is
plotted on the y-axis. More information on rare events charts can be found in this arficle by Benneyan
et al. within the section ‘Surgical site infections’.

Figure 18: Unplanned admissions to HDU/ICU
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Between 01 December 2017 and 27 July 2018 there were 15 unplanned HDU/ICU admissions
(including deaths) during the period included within this report. The mean duration between date of
surgery for these cases was 12.9 days.

Postoperative length of stay

Figure 19 shows the median postoperative length of stay by quarter of surgery. Between 01
December 2017 and 27 July 2018 the overall median length of stay was 5 days for this report (IQR 3 -
9, mean LOS = 7.9 days).

RCOA ImHSRC OBm.. (. ce

Royal College of Anaesthetists improvement

342




P

Median postoperative length of stay

Ql P Perioperative Quality

W Improvement Programme

12

Figure 19: Postoperative length of stay
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Patient reported outcome measures

Patient reported outcome measures can be used to assess patient experience and recovery
following surgery, and act as a focus for quality improvement. They can be used to:

. Measure the benefits and harms of treatments.

. Benchmark services

. Identify potential outliers

. Support your case for change

. Inform the consent process and aid shared decision-making

Bauer patient safisfaction with anaesthesia care survey

The figure below shows the satisfaction of patients recruited to PQIP with the perioperative
anaesthesia care received at Sample Hospital. Between 01 December 2017 and 27 July 2018 a total
of 229 patients completed the Bauer patient satisfaction survey, of which 229 (100%) would
recommend the anaesthetic service to friends and family.

Figure 20: Patient satisfaction with anaesthesia care (Bauer survey)
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Figure 20a: Patient satisfaction with anaesthesia care
(National data)
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Bauer patient satisfaction survey - day 1

The Bauer patient safisfaction score assesses patients’ experience of anaesthesia related discomfort
within the first 24-hours following surgery, and their satisfaction with anaesthesia care. Survey results
were available for 235 out of the 404 patients recruited to PQIP between 01 December 2017 and 27
July 2018.

Figure 21: Patient experience of anaesthetic related discomfort
(Bauer patient satisfaction score)
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Figure 21a: Patient experience of anaesthetic related discomfort
(National data)
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Day 3 quality of recovery score

Quality of recovery on day 3 is assessed using the QOR-15. This is a shortened version of the QOR-40
which was first developed and validated in 2000 by Myles et al. The QOR-15 score was developed by
Stark et al. and first published in 2013. It has been shown to be a valid, extensive, and yet efficient
evaluation of postoperative quality of recovery.

Figure 22: Mean QoR-15 domain score change by month (preop to day 3 postop)
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Between 01 December 2017 and 27 July 2018 quality of recovery data was available for 143 patients.
Figure 22 shows the mean monthly score by QOR-15 domain. The maximum score in each category is
10. Figure 23 below shows the change in QOR-15 score from admission to day 3 where data is
available. The maximum fotal QOR-15 score is 150. Blue points represent the change for individual
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patients, the red points are mean change for that month, with one standard deviation of the mean
shown by the red lines extending from the mean. Outliers in a particular domain may draw attention
to areas where quality of care could be improved.

Figure 23: QoR-15 score change from admission to day 3 by month
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The data from the QOR-15 scores are presented for information. There are a wide range of factors
which may influence the admission and day 3 scores that are not recorded as part of PQIP.

Health status at six months

The following information is based on all locked records atSample Hospital, not just those from the last
13 months. Measurement of generic health status is performed pre operatively and again at 6 & 12
months post operatively using EQ-5D-5L. This was developed in 2011 by Herdman et al. In each
domain patients grade the severity from no problem to unable. Figure 24 shows change in severity in
each domain at 6 months post operatively. Improvement is a decrease in severity by one or more
levels. Deterioration is an increase in severity by one or more levels.
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Figure 24: Change in level of severity at 6 months post operatively
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Figure 25 demonstartes change in proportion of patients in each severtity level by domain of EQ-5D
at Sample Hospital

Figure 25: Change in proportion of patients in each severtity level by domain of EQ-5D.
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Between 01 December 2017 and 27 July 2018 37 patients out of 52 had postoperative EQ-5D
available at postoperative month é. As part of EQ-5D each patient rates how good or bad their
health is, on a visual analogue scale ( 0 - 100). In PQIP this is recorded preoperatively, six and twelve
months post operatively. Figure 26 shows the change in each visual analogue score from admission
to 12 months postoperatively. Each line represents a unique patient.
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Figure 26: Change in EQ-5D visual analogue score from admission to 6/12 month follow-up.
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Between 01 December 2017 and 27 July 2018 there were 37 patients out of 52 who had
postoperative EQ-5D data available at month 6. Of the 0 patients who had their operation more
than 1 year ago, 0 patients had completed their 12 month questionnaire.

Report feedback and contact details

The PQIP team want fo make the way we present data as useful as possible for local quality
improvement. We have created a short survey which gathers some information on your views on the
PQIP dashboards and reports, and how you plan to use the data locally. The survey can be
accessed here.

If you have any other queries or suggestions please contact us via options below:

. PQIP website: http://pqgip.org.uk

. email: PQIP@rcoa.ac.uk

e Telephone: 020 7092 1678

. ’ @PQIPnews
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Appendix

Postoperative Morbidity Score mapping to Clavien-Dindo grades
POMS major is defined as those sub-domains that are assigned Clavien-Dindo grade 2 or above
according to the table below. The mapping of POMS sub-domains to Clavien-Dindo graded
complications was proposed by Wong et al.

Details of how the POMS organ-system sub-domains were mapped against Clavien-Dindo grades
(reproduced with permission from Wong et al.) ## Postoperative Morbidity Score colour mapping

Assighed

POMS organ Clavien-Dindo
system POMS sub-domain grade
Pulmonary New requirement for oxygen 2
Pulmonary New requirement for respiratory support 2
Infectious Currently on antibiotics 2
Infectious Temperature >38A,A°C in the last 24hr 1
Renal Urinary catheter in situ 1
Renal Increased serum creatinine (>30% from preoperative level) 2
Renal Presence of oliguria <500 mL/24hr 2
Gastrointestinal Unable to tolerate an enteral diet for any reason 1
Gastrointestinal Vomiting or abdominal distension, or use of antiemetics 1
Cardiovascular Thrombotic event requiring anticoagulation (new) 2
Cardiovascular Atrial or ventricular arrhythmias (new) 2
Cardiovascular Hypotension (requiring pharmacological or fluid therapy >200 2

mL/hr)
Cardiovascular New myocardial infarction or ischaemia 2
Cardiovascular Cardiogenic pulmonary oedema 2
Neurological New coma 3
Neurological New confusion or deliium 2
Neurological New focal neurological deficit 2
Haematological  Platelet, fresh-frozen plasma, or cryoprecipitate transfusion in 2

last 24hrs
Haematological ~ Packed erythrocyte transfusion in the last 24hrs 2
Wound Wound dehiscence requiring surgical exploration or drainage 2

of pus from the operation wound with or without isolation of

organisms
Pain New pain significant enough to require parenteral opioids 1
Pain New pain significant enough to require regional analgesia 2

The colour coding for the POMS displays (Postoperative morbidity survey at day 7, figures 14 and 15)
was calculated using data from the first 772 patients recruited to the PQIP study with complete data.

The proportion of patients who were POMS positive at day 7 was calculated for each hospital.
Summary statistics were then calculated. The proportions were not normailly distributed, showing a
right skew so classification of outliers was calculated using the interquartile range (IQR) and third
quartile (Q3), with the formula:

UpperRegionOutlier = Q3 + (1.5 *x IQR)
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R Markdown

This PQIP report was produced using R Markdown. Markdown is a simple formatting syntax for
authoring HTML, PDF, and Powerpoint documents. For more details on using R Markdown see
http://rmarkdown.rstudio.com. In order to produce the 400 reports that we have released this quarter
we have automated production. This means there is the potential for some small formatting errors to
have occurred without being picked up during the production process. If you do notice anything
that you think may be an error please contact is via the routes above.
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Appendix F

Appendix F-1 Framework matrix of pomVLAD theory of change

A : Building
engagement
(central to local
level)

B : Identification of QI
opportunities through
pomVLAD dashboard

C : Monitoring of
Ql implementation

D : Perceptions of
pomVLAD project

E : Perceptions of
process measure
recommendations

F : QI activity related to
pomVLAD dashboard

G : Understanding of data
quality and data completion

1 : Participant #11

Clear QI opportunities
for surgical teams

Tailormade for surgeons
to do Ql work

Opportunity to engage
surgeons

Process measure
performance (poor)
stimulated discussion

2 : Participant #12

Setup phone call
stimulated
engagement

VLAD may need
specific
explanation

Time-lag from
implementation to
starting QI work

Identification of QI
opportunities may be
supported by addtion of
control limits/reference
points

Current utility
limited by lack of
Ql work

Morbidity a suitable
outcome given low
mortality incidence

Suitable measures

Definition of eating may
need revision - outcome
VS. process

DrEaMing excellent
measure
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3 : Participant #14

A : Building B : Identification of Ql C : Monitoring of D : Perceptions of E : Perceptions of F : QI activity related to G : Understanding of data

engagement opportunities through Ql implementation | pomVLAD project process measure pomVLAD dashboard quality and data completion

(central to local pomVLAD dashboard recommendations

level)

Inclusion in Potential need for Focus on accuracy of

pomVLAD project 'bedding in' period prior morbidity data

promoted to ensure understanding

engagement Increased understanding of
Need for accurate data morbidity data

Interpretation of

VLAD prompted New style of data Varying

engagement with
central team

presentation (VLAD)
stimulated interest

May support surgical
engagement

VLAD dashboard
simplifies complex
morbidity data

Range of
morbidity/complication
definitions can be
confusing

morbidity/complication
measures can be confusing

Confidence intervals or
control limits may help
interpretation

4 : Participant #2

PQIP national
event stimulated
engagement

Local data
collection around
local QI work -
seperate to
PQIP/pomVLAD

PQIP measures - apparent
poor performance identified
as recording error

5 : Participant #3

Targeting senior
management may

PQIP measure - pain, poor
performance stimulated

support more detailed assessment
engagement of data

6 : Participant #6 PQIP national Identification of Useful to monitor pomVLAD may support Apparent poor performance
event stimulated performance and Ql work but limited | early identification of investigated and felt to be
engagement improvement work improvement problems documentation issue

identified

activity happening

Poor performance
stimulated further
investigation into data and
processes
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7 : Participant #7

A : Building
engagement
(central to local
level)

B : Identification of QI
opportunities through
pomVLAD dashboard

C : Monitoring of
Ql implementation

D : Perceptions of
pomVLAD project

E : Perceptions of
process measure
recommendations

F : QI activity related to
pomVLAD dashboard

G : Understanding of data
quality and data completion

PQIP 'experts'
presenting to local
sites incl.
management

pomVLAD dashboard
stimulated deeper
investigation of data

Supported ongoing
local QI work (intraop
warming)

Useful to monitor
improvement work

Real-time feedback
supports early
intervention

Process measures not
applicable to all
specialties

Timescale of morbidity
measure may not be
suitable for all surgery
types

ERAS package vs.
importance of individual
elements

May not be suitable for
all specialties

Intraoperative warming

Apparent poor performance
stimulated investigation into
data

Morbidity data has prompted
local work outside
pomVLAD/PQIP project

8 : Participant #8

9 : Participant #1

Site initiation calls
supported initial
engagement

Focus on DrEaMing Ql
work

Dashboard useful
to monitor ongoing
Ql work

DrEaMing QI work

Suitability of risk-
adjustment model
important

Morbidity appropriate
outcome measure

Local context can
impact on delivery of
processes

Process
recommendations can
focus delivery of care

DrEaMing key focus

DrEaMing

Apparent poor performance
led to investigation of data
and planned improvement

VLAD will improve
understanding of quality of
care and feed into M&M
meetings

10 : Participant
#15

PQIP data adn apparent
poor performance (ERAS)
has led to discussion around
data quality

Good quality data is needed
- and dedication to deliver it

11 : Participant
#10

Awareness, but
limited
involvement in
project

Improved documentation
implemented after apparent
poor performance identified

12 : Participant
#13
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13 : Participant #4

A : Building
engagement
(central to local
level)

B : Identification of QI
opportunities through
pomVLAD dashboard

C : Monitoring of
Ql implementation

D : Perceptions of
pomVLAD project

E : Perceptions of
process measure
recommendations

F : QI activity related to
pomVLAD dashboard

G : Understanding of data
quality and data completion

Selection into
pomVLAD project
positive and good
opportunity

Setup phone call
increased
engagement

Increasing
management
engagement might
help clinical teams

Focus on DrEaMing -
data quality

Identification of QI
opportunities based on
dashboard dials

Up to date nature
of dashboard
better for
monitoring
changes in care

Presents opportunity not
to be squandered

VLAD easy to interpret

Real time data useful

Apparent poor performance
has led to local discussion

around documentation and
interpretation of data points

Apparent poor performance
led to local investigation of
data (process measures)

14 : Participant #5

Feedback to
patients about
study outcomes
important

Easy identification of
areas for improvement

Interest in
understanding data
quality

Improvement work on
carbohydrate loading

Real value in project is
when data is acted upon

Preop carbohydrate
loading

Apparent poor performance
led to local discussion about
data collection and
interpretation

15 : Participant #9

Engagement not
viewed as relevant
to role
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Appendix F-2 Framework matrix of strategies to establish and maintain engagement

A : Triggers to engage

B : Strategies to maintain local engagement across specialties

1 : Participant #11

Regular meetings to review data and progress

Departmental audit meetings - incl. cross specialty

2 : Participant #12

Data entry as trigger to look at dashboard
Report release acts as trigger
POM ward rounds link data to clinical work

Regular PQIP meetings to review data/performance

Developing PQIP 'team’ locally

Involvement in inputting data and final checks

Circulation of reports

Informal communication with MDT

Sharing of anonymised individual clinician process/outcomes
Local area networks

Presentation at clinical effectiveness meetings

3 : Participant #14

Report release acts as trigger

Departmental meetings between report cycles trigger dashboard engagement

Integration with perioperative medicine ward rounds
Presentation at departmental meetings
Involvement in data entry/checking

Circulation of reports

4 : Participant #2

Combined clinical governance meeting
National annual report highlighted some poor performance
Monthly review meetings with research nurses to ensure data quality

Lack of alarming performance reduces need to engage

Presentation at clinical governance meetings
Trying to develop shared targets for improvement
Circulation of reports by email

Use of PQIP data at local QI poster competition

5 : Participant #3

Management team meeting

Local QI work (pain/anaemia) stimulates engagement with data
Departmental audit meetings

Report release

PQIP newsletter stimulates local engagement

Presentation at regular local meetings
Involvement of trainees
Circulation of reports incl. summary

Feedback of positive performance
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6 : Participant #6

A : Triggers to engage

B : Strategies to maintain local engagement across specialties

Annual report resulted in local work presenting data
QI work based on report data stimulates engagement

GIRFT visit

Reports and contact from PQIP team trigger comparison to local data

Circulation of reports by email

Presentation at departmental audit meetings

7 : Participant #7

Build trainee involvement

8 : Participant #8

Time allocated in job plan
Departmental audit meeting presentation
Local QI activity

Identification of poor performance

Presentation at departmental meetings
Individual presentation to surgical colleagues
Trainee involvement

Use of PQIP data towards appraisal

Notice boards displaying information

Circulation of reports by email

9 : Participant #1

Presentation of results at operational governance meetings

Informal communication

10 : Participant #15

Annual report circulated

Regular audit meeting presentation may support engagement

Presentation at audit meetings

Development of local networks

11 : Participant #10

Report release

Regular PQIP meeting to review data and any issues highlighted

Presentations to department
Circulation of reports
Build trainee engagement

Regular PQIP 'team' meetings to review data and results

12 : Participant #13

Medical students joining for research unit
Annual report and quarterly report release

Local QI work (anaemia pathway)
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13 : Participant #4

A : Triggers to engage

B : Strategies to maintain local engagement across specialties

Report release

MDT communication based on report release and Ql work

Presentation at departmental meetings
Build trainee engagement

Feedback of positive results

14 : Participant #5

Report release or data input
GIRFT visit

Significant change in performance

Presentation at departmental meetings incl. cross specialty
Informal communication
Trainee engagement

QI work based on PQIP data

15 : Participant #9

Involvement in study recruitment
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Appendix F-3 Framework matrix of dashboard feedback

A : Experience of using the
dashboard

B : Participants perceptions of dashboard vs.
report feedback

C : Recommendations for improving the
dashboard

D : Statistical considerations

Participant #1

Waiting for reports to engage
Acknowedges not using dashboards effectively

Dashboards more useful for monitoring planned
improvement work

Dashboards useful for frequent monitoring -
monthly or more frequently

Responsibility on clinicians to use data effectively

Concern re: adequate risk adjustment

Model performance compared to existing well
known/used models

Participant #10

Release of reports leads to engagement with data
Reads reports for own interest

Reports well laid out, easy to read

Lack of time prevents reading reports

Job role not QI therefore doesn't feel need to read
reports

Participant #11

Impressed with dashboard

Sees potential to engage
surgical team in Ql

VLAD interpretation
straightforward

Lack of time limits engagement with dashboards
Reports easily accessible and easy to disseminate

Lack of Ql interventions limits utility of dashboard
and reduces frequency of access

Dashboards are user friendly way to interogate
data a bit more - data query system a problem

Dashboard may support surgical engagement

Currently difficult to access data to perform
own analyses

Being able to seperate results by specialty
increases relevance

VLAD simple to interpret and use
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A : Experience of using the
dashboard

B : Participants perceptions of dashboard vs.
report feedback

C : Recommendations for improving the
dashboard

D : Statistical considerations

Participant #12 Useful for quick overview of Dashboards more useful for frequent access Include N as well as % Notification of dip in outcomes might be worth
data highlighting to trusts
Reports a trigger to engage Allow comparison with local sites - driven by
Looks at dashboard when sites not central Trialling control limits may be helpful
inputting data Dashboard utility linked to monitoring Ql
interventions Consider adding length of stay dashboard
Morbidity/complication
outcome more useful than Understanding which patients are included in
mortality report is difficult
Reports quick/convenient to look at
Participant #13 Lack of dashboard use - report | Only uses report - includes everything feels VLAD easy to interpret
provides relevant information needed
Percentages can vary significantly because of
small numbers of patients recruited
Participant #14 Uses on adhoc basis Dashboard access useful for frequent and quick Customisability - national agenda not Recruitment affects speed of changes observed
review necessarily key local issues
pomVLAD data helps to Desire to understand risk-adjustment and ensure
simplify morbidity/complication | Reports evolving, covering varying timescales Range of morbidities reported (POMS vs. morbidity data accurate
data Clavien) can be confusing
No real requirement to review data very frequently Confusing range of morbidity/complication
Improve information about risk-model and measures in programme
Complexity of data in reports can be overwhelming | how to interpret VLAD
National agenda not neccesarily local agenda Tools to support interpretation - what is a
significant trend?
Monthly data inadequate to monitor QI work
Add comparison to other local sites or
Large swings in % due to low number of patients confidence intervals
recruited
Participant #15 Real time data has potential for greater Ql impact Data should be relevant to important bodies
that intermittent reports (CQC/RCS)
Participant #2 Useful to have live, up to date Dashboards more useful for continuous feedback Support identification of high risk patients

reporting via dashboards

Dashboard useful to monitor
Ql work

Navigation straight forward

of performance

Dashboards useful to monitor QI work

Improve ability to identify patients within
dashboard - to support follow up
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A : Experience of using the
dashboard

B : Participants perceptions of dashboard vs.
report feedback

C : Recommendations for improving the
dashboard

D : Statistical considerations

Participant #3 Limited experience of Reports provide premade resource Moving averages may help interpretation
dashboards - tends to use
reports Dashboards require time input for initial Issues with small numbers causing large
navigation/understanding changes in %
Dashboards may be more useful than reports for
monitoring QI work
Reports provide overview before more detailed
analysis of data
Participant #4 Easy to understand after Lack of time reduces frequency of accessing Provide national or local comparisons Short period of time to gain understanding of
initially appearing dashboard VLAD
overwhelming Include breakdown of constituent DrEaMing
Dashboard more up to date parts How do process measures link to morbidity?
Straightfoward to interpret
process measures Dashboard offers opportunity to monitor change
faster than reports
Limited use after initial access
Participant #5 Easy to visualise areas for Report format useful for quick overview of data

improvement

Infrequent access to
dashboard

Unsure of colleagues use of
dashboard

Both report and dashboard format useful to
support understanding
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A : Experience of using the
dashboard

B : Participants perceptions of dashboard vs.
report feedback

C : Recommendations for improving the
dashboard

D : Statistical considerations

Participant #6 Limted access to dashboard Dashboards provide opportunity to act early on
concerning issues
Limited engagement within
department and time to acton | Tendency to rely on reports
results reduces utility of
dashboard Acknowledges room to improve own use of
dashboards
Familiarity with reports eases understanding.
Dashboards less familiar
Reports easy to read
Dashboards require some time input to get used to
Lack of QI activity reduces accessing of data
Dashboard and reports provide useful information
for external bodies
Limited engagement within department and time to
act on results reduces utility of dashboard
Participant #7 Lack of previous dashboard Reports offer more detailed information Customisability to focus on measures
use might reduce current utility important to local site
Previous lack of dashboard use reduces utility
Dashboards useful to a degree
- limited by local relevance of Dashboard (real time) makes it easier to track
measures change in performance
Participant #8 Limited use of dashboards Report provides overview in once place - easily
accessible, broad overview
Impressed when has
accessed Dashboard may be more useful if Ql work is being
done
Participant #9 Accessible, easy to access
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Appendix F-4 Framework matrix of participants perceptions of their role in Ql

A : Participants perceptions of their role in quality improvement

1 : Participant #11

Need for baseline data prior to starting QI work
Build enthusiasm with team to stimulate them to do Ql
Current Ql is anaesthesia related - in area participant interested in

QI work not sole responsibility - needs to engage surgical colleagues

2 : Participant #12

Frequent involvement in Ql

Involvement at national level in perioperative medicine field

Feels need to demonstrate impact priot to being given time/financial support
Non-clinical work greater than time allocated within job plan

Improvement requires MDT input

Difficult to engage surgical colleagues in QI work related to PQIP

3 : Participant #14

QI work dependent on clinicians to deliver

Lack of support structure in place to facilitate Ql work
Difficulty engaging colleagues in Ql

Need for baseline data prior to implementing change

Siloed working - difficulty engaging surgical colleagues

4 : Participant #2

Acknowledgement of MDT nature - developing combined goals for Ql
Responsibility for leading QI on participant
Research nurse role to flag up potential issues - externalises

Identification of varying engagement in department
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5 : Participant #3

A : Participants perceptions of their role in quality improvement

Involvment in previous successful improvement work
Need for management to be engaged in QI work
Data analysis should not be responsibility of clinicians
Clinician responsibility to drive change

Need for MDT involvement in Ql

Coordinating role - overview of pathway important

Needs support in delivering QI but own priorities may not match trust ones

6 : Participant #6

Externalises QI work to other parts of MDT
Requests external support in change management
Acknowledges lots to improve

Sees need to engage colleagues but feels unable to

7 : Participant #7

Feels need to engage people in research and project

8 : Participant #8

Needs support from colleagues to deliver Ql
Feels responsible for not pushing project harder with colleagues

Lack of time to take ownership of all QI work related to study

9 : Participant #1

Overview of data and ensure QI work happening - but not direct involvement in Ql

Responsibility on others to lead QI work

10 : Participant
#15

Limited involvement in project and QI work

Responsibility of others with QI experience to deliver improvement
Improvement focussed on areas of poor performance

QI work not structured - needs robust structures in place to be consistent

Limited time to fully engage in Ql work
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11 : Participant
#10

A : Participants perceptions of their role in quality improvement

Role to collect data - not deliver QI
QI clinician responsibility but limited by time
QI needs engaged team

Interest in delivering QI but not possible currently due to time/job role

12 : Participant
#13

Role to run study, collect data

QI responsibility of clinicians and nurses involved in direct patient care
Wants to see improvement from work

Leading medical students in QI projects

Interest in improvement work but lack of time

13 : Participant #4

Informal involvement in data feedback
Understaffed and under supported so unable to deliver any QI work
Clinicians responsible for delivering QI

Role is to ensure running of study, patient recruitment etc.

14 : Participant #5

Limited time and resource
QI responsibility of clinicians
Role to collect data and run study - not QI

Feels need for data to be acted on

15 : Participant #9

Role is data collection not Ql
Feels Ql is important

Ql is clinicians responsibility
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Appendix F-5 Framework matrix of barriers and facilitators of Ql

A : Barriers to local QI activity

B : Facilitators to local QI activity

1 : Participant
#11

Perceived need for baseline data
Lack of time to undertake QI work
Difficulty engaging colleagues

Difficulty accessing and analysing data outside that provided by PQIP team

Research team and trainee involvement to support data collection

Regular (two-monthly) PQIP meetings to review data and get together as PQIP team
generates enthusiasm

Push from RCoA to encourage engagement - especially trainees

2 : Participant
#12

Existing performance monitoring dashboards not clinically relevant
Lack of support from management for Ql work
No formal time allocated to QI work in job plans

Difficulty engaging surgical colleagues

Communication from central team to senior management

New information considered 'interesting' from clinical perspective

Sharing anonymised clinician level process/outcomes

Sharing 'good news' stories from external sites of where QI work has been implemented
Informal local networks can drive improvement

Comparison with other similar sites/control limits/confidence intervals may support
improvement of poor performance

3 : Participant
#14

Existing dashboards not clinically relevant or widely used

Lack of formal time recognition in job plan

Lack of support from management

Lack of QI structures in hospitals

Local agenda not fitting national improvement agenda

Difficulty interpreting local data in context of small numbers recruited

Other national projects compete for importance

Feeling of QI being important within the trust - being supported
Experience within department of QI methodology

Time allocation to support QI work

Engagement of trainees

Research nurse allocation to support data collection
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4 : Participant
#2

A : Barriers to local QI activity

B : Facilitators to local QI activity

Difficulty engaging surgical colleagues

Clinical targets for improvement do not match organisational targets
QI work dependant on clinicians

Lack of designated time to focus on non-clinical/Ql work

Lack of drive to improve unless results are alarming

Poor managerial support unless financial incentives attached

Electronic health records should improve data collection and usability of data
Provision of dedicated 'Ql days' within trust raises profile or QI work

Feeling supported by divisional leads and colleagues

Allocation of time to support PQIP and QI activity

Comparison of local performance with national

Awareness and ability to take QI work from external sites into local practice
Research nurse involvement helps keep study running on day to day basis
Push of perioperative medicine agenda by Royal Colleges

Financial incentives such as best practice tariffs

5 : Participant
#3

Existing hospital dashboards focussed on managerial level outcomes
Lack of specified time to implement and sustain projects

Lack of analyst support to interrogate data

Trainee rotations limit input they can have into projects

Difficulty engaging colleagues

Management engagement needed to deliver Ql work

Organisational targets do not match clinician targets for improvement

Identification of QI lead within department

Previous experience of Ql work

Time allocated for research/Ql work

Push from Royal Colleges - particularly RCS could improve engagement
Reseach nurse involvement to maintain recruitment and data collection
Relevance of data to clinical practice

Trainee engagement with development of specific projects

Developing group of colleagues to develop QI work

Positive engagement from senior management to help deliver QI work
Making link from just having data to real patient outcomes

Understanding patient pathway and key stakeholders for each part - building support
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6 : Participant
#6

A : Barriers to local QI activity

B : Facilitators to local QI activity

Difficulty transforming discussion into action

Lack of specified time for project work

Difficulty engaging colleagues

Lack of management support for clinical improvement aims

Limited trainee interest in research

Comparison with similar external sites and shared learning from experience of
implementation

Support and engagement from colleagues
Engagement from management and feeling of importance given to project by them

External bodies visiting (GIRFT)

7 : Participant
#7

Lack of existing clinically relevant dashboards

Lack of designated time

Perceived inability to deliver processes

Local relevance of measures reported

Inability to access existing data sources to use for Ql

Lack of managerial support for non-clinical activities

Time allocated to QI work
Engagement from central project team to local site to raise profile QI work

Research nurse involvement to keep study running

8 : Participant
#8

Lack of support for delivering Ql
Difficulty engaging surgical colleagues
Good or satisfactory performance inhibits desire to improve

Lack of designated time for Ql

Research culture within hospital

Time allocation for PQIP/QI work

Push from Royal Colleges to promote study and QI work
Trainee engagement

Examples from external trusts about QI work that has worked/why trusts are positive
deviants

9 : Participant
#1

Local context - staff turnover
Lack of cross-specialty improvement culture
Recording data in usable format not an organisational priority

Organisational data capture priorities differ from clinical priorities

Support from management/senior management in trust
Importance given to project on national scale

Providing evidence for links between process and outcome
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10 : Participant
#15

A : Barriers to local QI activity

B : Facilitators to local QI activity

Inadequate resources for QI

Limited surgical engagement in project

Satisfactory performance or above average performance removes drive to improve
Lack of formal QI structures and skills in place to deliver Ql

Need for good quality data and recruitment

Lack of time for QI work - whose responsibility should it be?

Perception of relevance of data feedback to local performance
Knowledge and capability within organisations to deliver change projects
Regional QI networks can facilitate knowledge exchange

Contemporaneous data feedback supports QI activity

11 : Participant
#10

Poor engagement from senior colleagues/management

Lack of time to deliver QI work

Local context - staff changes affecting recruitment to study

Difficulty accessing data for local projects not included in dashboards/reports

Lack of surgical engagement

Examples of successful QI work carried out elsewhere
Funding and support for QI activity

Meetings to review data collection and quality

12 : Participant
#13

Turnover of staff affects day to day running of project
Lack of time to undertake QI work - not perceived to be part of role

Small numbers recruited can impact utility of data

Time available and dedicated for Ql

Case studies of successful QI work

13 : Participant
#4

Poor trust level support of research

Lack of formal structures to feedback data to ward staff
Lack of time and not part of role deliver QI

Low banding of study from NIHR

Positive results reduce desire to implement change

Areas of poor performance identified in reports
National or local comparisons of performance
Informal communication from interested individuals
Stable team supports running of project

Engagement of senior management by central PQIP team may support local teams

14 : Participant
#5

Lack of support and funding for research activity from senior management
Local staffing affecting recruitment

Lack of time to review data

NIHR banding of study - band 1

Poor engagement from management

Trainee engagement with specific project allocation

Informal communication and sharing of data between individuals
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15 : Participant
#9

A : Barriers to local QI activity

B : Facilitators to local QI activity

Limited cross MDT working

QI not perceived as part of role

Feeling of support and drive within the institution to deliver QI
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