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Abstract

Lung cancer is the leading cause of cancer death in the UK, with a high incidence
in Scotland. In suitable cases surgical resection is the first-choice treatment but

is associated with high rates of post-operative morbidity and mortality.

Survival with a meaningful quality of life is important. Public engagement work by
our research group has demonstrated that second only to “being alive and cancer
free,” exercise capacity was the main priority of patients. However, prediction of
post-operative dyspnoea is often difficult and inaccurate. Conventional prediction
relies on estimation of function and quantity of lung remaining following surgery.
The British Thoracic Society and the National Institute of Clinical Excellence
recommend pulmonary function testing and calculation of predicted post-
operative FEV1% (ppoFEV1%) and DLCO% (ppoDLCO%), with <40% in either domain
being considered ‘high risk’ for post-operative dyspnoea. Whilst these calculations
correlate well with post-operative pulmonary function they are not well
associated with functional outcomes. No effective method exists for identifying

risk of, nor therapeutic strategies to prevent, post-operative dyspnoea.

The British Thoracic Society, The European Society of Thoracic Surgeons and the
National Institute of Clinical Excellence highlight the need for studies concerning
patient fitness and operative risk when assessing patient suitability lung resection.
Furthermore, the James Lind Alliance identified “improving recovery from surgery

for elderly patients” as a top 10 priority.

The aim of this thesis was to improve conventional prediction of post-operative
dyspnoea. Pilot data from our research group demonstrated association between
B-Type natriuretic peptide and both; post-operative cardiac dysfunction and post-
operative dyspnoea. The author proposes a novel scoring tool incorporating B-Type

natriuretic peptide alongside conventional measurements.

B-Type natriuretic peptide is a quantitative biomarker of myocardial dysfunction,
identifying patients at risk of cardiopulmonary complications in a variety of
surgeries. Current international guidelines recommend using B-Type natriuretic
peptide to aid prognostication of peri-operative morbidity in high-risk patients

prior to non-cardiac surgery, yet its potential role in peri-operative decision
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making in lung resection is unclear. No previous work has compared B-Type

natriuretic peptide to functional outcomes following lung resection.

The first investigation of this thesis (chapter 8) explores conventional risk
prediction methods in a single site derivation population of 93 patients at the
Golden Jubilee National Hospital. Results highlighted poor performance of
conventional methods to predict post-operative dyspnoea, confirming the sole use

of pulmonary function in this setting could be improved.

In response to these findings, new models were explored (Chapter 9). Univariate
analysis identified risk predictors for candidates with and without post-operative
dyspnoea. Variables with significance were used to derive new predictive models,
incorporating B-Type natriuretic peptide. New models improved prediction within

the internal dataset.

An external dataset from three other UK sites was used in an attempt to validate
these new models (Chapter 10). Conventional and new models performed similarly
within the external population, highlighting the challenge of creating a new
scoring tool. Although B-Type natriuretic peptide did not improve risk prediction
in either the internal or external dataset, the analysis highlighted the potential of
other variables to predict post-operative dyspnoea, such as body mass index,

diabetes status and pre-operative pain and quality of life scores.

Secondary analyses demonstrated post-operative B-Type natriuretic peptide was
greater in those with increasing post-operative morbidity (>1 complication), those
with new post-operative atrial fibrillation and those with pulmonary complications
(Chapter 11). A positive association between post-operative BNP and length of
hospital stay was also demonstrated. Lung function testing displayed an
association with post-operative outcome when used as a continuous variable.
There also existed an association between pre-operative quality of life, pre-
operative performance status and pre-operative ASA which has not been shown
before in this population. These positive findings could be useful in the pre-

operative setting when planning surgery in a shared decision setting.

The work within this thesis confirms current risk prediction methods must be

improved, but also highlights the challenges involved in creating scoring tools for
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use in clinical practice. Future work in this area may involve low technology
testing such as heart rate recovery, in addition to the independent predictors of
post-operative dyspnoea discovered here, to improve prediction of dyspnoea

following lung resection surgery.
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1 Lung Cancer

1.1 Lung cancer: Introduction

1.1.1 Lung cancer mortality

Lung cancer accounts for the largest proportion of cancer deaths in the UK with
35,300 deaths per year.! With more than 46,000 new cases each year (47.4 per
100,000 population in the UK), lung cancer is also the second most prevalent
cancer type - in both males and females.? Outside the UK, lung cancer accounted
for 20% of all cancer deaths in Europe in 2016 and 27% of all cancer deaths in the
USA in 2015.3

In males, the incidence of lung cancer has been decreasing over the past decade,
secondary to reduced smoking rate. Conversely, in females, the incidence of lung
cancer is increasing due to a simultaneous upward trend in smoking rates.# This
increase in females is faster than the decline in males, meaning an overall increase
in total cases of 3% in the last decade. The incidence of lung cancer is highest in
areas of deprivation, where a three-fold increase can be observed as a result of

increased smoking rates.?

The prognosis of patients with lung cancer is very poor; 5 years after diagnosis,
only 1 in 10 are still alive." 2 This low survival can in part be explained by late
presentation and often advanced stage at diagnosis; only 18% of people are able
to be offered curative surgery." There are usually few signs or symptoms in the
early stages of the disease process, but patients eventually develop a combination

of; persistent cough, haemoptysis, dyspnoea, lethargy and weight loss.

In a drive to improve mortality rates, the National Institute for Health and Care
Excellence (NICE) have published a quality statement with numerous targets,
these include; increasing public awareness, ensuring adults with suspected or
confirmed lung cancer receive evidence based support to stop smoking, increased
access to lung cancer clinical nurse specialists and appropriate early investigations

to accurately determine diagnosis and stage.?



Chapter 1 22

1.1.2 Risk factors for lung cancer

One in 13 UK males and 1 in 15 UK females will be diagnosed with lung cancer in
their lifetime yet it is thought 79% of lung cancer in the UK is preventable. Like
most cancers, risk of developing lung cancer is dependent upon many factors
including age, genetics and lifestyle factors such as smoking.’> Smoking is the
leading cause of lung cancer, resulting in 7 of 10 lung cancer cases in the UK.®
Other causes include; ionising radiation (5%), workplace exposure to organic dust
(13%) and air pollution (8%)."° Age contributes to the risk of developing lung
cancer, reflecting cell DNA damage over time. Lung cancer risk is 82% higher in
people whose siblings have been affected by lung cancer and 25-37% higher in
people whose parents have had the disease. This association is independent of

smoking highlighting the importance of genetic factors.”

1.2 Classification of lung cancer

Cancer that originates within the lung is called primary lung cancer, whereas
metastases from another organ system is called secondary lung cancer. There are
two main forms of primary lung cancer, with classification based on the
microscopic appearance of tumour cells; small cell and non-small cell lung cancer
(SCLC and NSCLC respectively). SCLC is less common than NSCLC, more aggressive
then NSCLC and less amenable to surgical resection. NSCLC is the most prevalent
type of lung cancer accounting for >85% of cases. NSCLC can be one of three types:

squamous cell carcinoma, adenocarcinoma or large cell carcinoma.

1.2.1 Lung cancer management and surgery

Management of lung cancer can be broadly classified into surgical and non-surgical
and ranges from palliation to curative surgery, with or without chemo-
radiotherapy. Other interventions include smoking cessation and targeted
immunotherapy agents, dependent on cancer classification. Often, the type of
lung cancer diagnosed and its resectability are evaluated alongside the general
health of the patient to determine which management will be offered. Risk
stratification of general health includes examination of cardiac risk factors and
tests of pulmonary function. Patient preference should also play a major role in
treatment planning, some patients deciding not have certain types of

management including potentially curative surgery.® Surgical treatment remains
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the best curative option for early stage lung cancer, despite advances in non-
surgical management.® Reported survival following surgery with curative intent

for early stage lung cancer ranges widely from 45-80% at five years.'°

Types of surgery/resection performed range from pneumonectomy (the entire
lung being removed) to more conservative, lung sparing, options such as; wedge
resection (where the tumour and a small amount of surrounding tissue is
resected), segmentectomy (where an anatomical segment is removed) and
lobectomy (where an anatomical lobe is removed)." Around 7500 lung resections
took place in 2015 in the UK and these numbers have been increasing each year:
having doubled since 2002, when only 3000 lung resections for primary lung cancer
took place (Figure 1).'2 Despite this, resection numbers in the UK are low
compared to other countries with similar healthcare systems;? the reasons for this

are complex and multifactorial.

6,000

[eNe!
o N

Figure 1 - Surgical lung resection rates in the UK for primary lung cancer (1980-2015).

Taken from The UK Cardiothoracic Surgery Workforce report 2019.12

There has been a drive by the department of health within the UK to increase
resection rates to the levels of other developed nations and improve care for
patients with lung cancer.’® These interventions include; increasing surgeon

numbers, restricting operations to high-volume centres, broadening the attitude
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of referring clinicians to consider surgery as an equal option when the possible
outcomes appear equal.’® NICE advocate offering potentially curative treatment
to patients if they accept the risks of post-operative dyspnoea and associated
complications. Furthermore, surgical resection is increasingly being offered to

older patients if they are prepared to accept the risks of surgery.

The development of minimally invasive surgical techniques has resulted in the
avoidance of open surgery where possible. From being a small proportion of overall
activity in the 1980’s, video assisted thoracoscopic surgery (VATS) for lung cancer
has increased considerably, now forming half of all UK cases. As a natural
evolution to the VATS technique, a small number of UK centres are now performing

robotically assisted thoracoscopic surgery (RATS).®

1.2.2 Post-operative mortality and morbidity

Patients presenting for lung resection surgery often have multiple co-morbidities,
including cardiovascular and pulmonary disease and other associated medical
conditions.™ In addition, 90% of patients undergoing lung resection are also
smokers, which is another risk factor for post-operative pulmonary complications.
Consequently, lung resection patients have increased risk of post-operative
morbidity and mortality. Despite improvements in perioperative care, mortality

and morbidity associated with lung resection remain high.'

While most patients successfully having lung resection surgery are discharged from
hospital, in hospital mortality remains approximately 1.7% in the UK." A range of
mortality rates have been reported for lobectomy with some authors observing a
90 day mortality as low as 2.1%. Within the UK, when looking at all lung resection
patients, it has been observed in 10,991 patients who had surgery between 2004-
2010 a 3% mortality rate within 30 days and 5.9% within 90 days of surgery.'® Age
is associated with early post-operative death. Other significant associations are
performance status (PS), residual lung function, cancer stage and procedure

type.'®

The American College of Chest Physicians(ACCP) guidelines estimate the mortality

risk to be 4% for lobectomy and 9% for pneumonectomy,’” with the British Thoracic
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Society (BTS) quoting similar figures.'® In the elderly population (>70 years) these

figures are higher as increasing age is associated with more co-morbidity.®

The Society of Thoracic Surgeons report the overall pulmonary complication risk
within 30 days of lung resection to be around 13% and include complications such
as; pneumonia, acute respiratory distress syndrome (ARDS), prolonged ventilatory
support, atelectasis requiring bronchoscopy, pulmonary embolism, pulmonary
oedema and reintubation requiring ventilation. The estimated risk of cardiac
death or non-fatal myocardial infarction within the first 30 days of surgery is
around 2-3%.'° Historically, the incidence of other cardiac complications such as
arrhythmias (atrial and ventricular) is reported as 15-25%, dependent on extent of
lung resection.?® Other recognised post-operative complications are stroke and
acute kidney injury (AKI). The reported incidence of AKl is dependent on definition

and varies between 5-10%.21: 22

1.2.3 Quality of life and patient reported outcome measurements

The World Health Organisation (WHO) define QoL as an:

‘Individuals perception of their position in life in the context
of their culture and value systems in which they live and in

relation to their goals, expectations, standards and concerns.’
WHO 1995 23

Lung cancer is associated with increased disruption to quality of life compared to
other chronic disease and cancers.'® It has been reported that those who go on to
have surgical treatment of their lung cancer have a significant decrease in quality
of life (QoL).2 2#2¢ Conventional parameters used to assess post-operative
cardiorespiratory function do not correlate with quality of life reported by
patients.?® Patients following lung resection experience a shorter life expectancy

and reduced QoL when compared to age-matched peers.?’

The concept of QoL is subjective with individualised levels of satisfaction and well-
being.2® It is recognised that surgical management of lung cancer has significant

impact on patient’s QoL."® The reporting and use of QoL measurement in thoracic
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surgery has improved but its use in clinical practice remains unclear and its value

underestimated.?*

‘Lung function tests and exercise tests cannot be taken as sole
surrogates for quality of life evaluation. A quality of life

instrument should always be used.’

BTS 2010 8

Survival has been traditionally used as an outcome measure. However, many
patients do not regard immediate post-operative complications (including early
mortality) as a reason not to have surgery: the prospect of physical disability and
the risk of an impaired QoL after surgery can be a more important factor to aid
decision making. For many, survival with limited QoL would be unnaceptable.?
29,30 Therefore, major international guidelines advocate long-term function should
be considered before a decision to proceed with surgery is made. The long term

goal of surgery should be to improve survival, with minimal decrease in QoL.?'

Interest in functional assessment and QoL in lung resection patients started in the
mid 1990’s, with a recognition that the impact of surgery on these markers was
not fully understood.3? The potential benefit of surgery then started to be weighed
against residual post-operative QoL, which until this point was difficult with such
little data concerning patient reported QoL. Even now, this still represents a

challenge to physicians and surgeons consenting patients for surgery.'8

Improvements in diagnosis and management in recent years have changed the
perspective of life expectancy and QoL.%* 33 As life expectancy following lung
resection increases, the ability to resume a normal lifestyle at conclusion of
treatment becomes increasingly important.3® However there are conflicting

reports on the impact of surgery on QoL during the follow-up period.34 3>

1.2.4 Patient reported outcome measures

Patient reported outcome measures (PROMs) are defined as a health outcome,
directly reported by the patient; these often incorporate a QoL assessment. This

is in contrast to an outcome reported by someone else, usually a physician or nurse
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reported outcome. Despite growing interest, routine collection of QoL PROMS is
poorly performed.? No guidelines have been developed in the lung cancer setting
about the best time to evaluate QoL after surgery.?* Increased consensus is needed
to ensure improved collaboration and standardisation between centres in
collecting similar PROM’s and QoL data. Scores to measure these outcomes such
as EQ-5DL and EORTC QLQ-30 have been developed over the past 30 years in an
attempt to improve standardisation, but few are routinely used in the lung cancer

resection population.3¢

PROM collection has been demonstrated to enhance communication between
patients and care providers.’” In turn, this improves patient involvement in
decision making. The International consortium for Health Outcomes Measurement
(ICHOM) has identified a core set of outcomes and variables that can be collected
for lung cancer patients internationally in routine clinical practice including;
survival, complications within 6 months of surgery and patient reported QoL.?°
These are not specifically recommended for lung cancer resection patients. These
core outcomes reflect the opinions of experts and patients’ representatives
globally and advocate the use of QoL instruments such as EORTC QLQ-C30 and
EORTC QLQ-LC13 (Section 2.2) essential in the process of clinical care. In 2017,
the UK Society of Thoracic Surgeons (STS) incorporated PROMs into its database

for the first time, recognising this is a critical gap.3® 3°

1.2.5 Dyspnoea following lung resection

Dyspnoea is a debilitating symptom following lung resection affecting QoL,
functional status and psychological health/4° Up to 30-50% of patients reporting
long term disabling shortness of breath following surgery.4' Dyspnoea is defined
by the European Respiratory Society (ERS) and the American Thoracic Society
(ATS) as:

‘A subjective experience of breathing discomfort that consists

of qualitatively distinct sensations that vary in intensity’

ERS and ATS 1999 4
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Dyspnoea is one of the most commonly reported complaints post-operatively in
patients undergoing lung resection. Zieren et al reported dyspnoea as the most
frequent and severe single complaints in 52 patients undergoing lung resection.*?
Twenty-one percent suffered from dyspnoea at rest at 12 months. Furthermore,
patients following lobectomy suffered less frequently from dyspnoea than those
undergoing pneumonectomy suggesting that the more lung parenchyma is lost the
more at risk the patient is of long term post-operative dyspnoea. Over 20%
represents a significant proportion of patients who may experience post-operative

dyspnoea.

In 94 patients undergoing thoracotomy, Sarna et al observed the most common
symptoms at 4 months post-operatively were dyspnoea (49%) and fatigue (57%). In
many patients, these symptoms persisted for longer than 4 months, long into the
post-operative recovery period.** In even earlier work, the same author observed
dyspnoea in 142 patients undergoing lung resection surgery (Figure 2). Figure 2
displays the frequency of breathlessness following lung resection in this cohort
with over 50% complaining of SOB when hurrying and 11% so disabled that they

were unable to leave their house.

Proportion of patients c/o symptoms (%)

Short of Breath

SOB with hurry
Slower than peers
Stop when walking
Stop every 100 yards

Can't leave house

0 10 20 30 40 50 60 70

Figure 2 - Proportion of patients complaining of (c/0) symptoms.

Redrawn and adapted from Sarna et al 2004.5? (n=142)

Similarly, in 117 patients, Dales et al observed moderate to severe dyspnoea
among 31% of patients within 3 months of lung cancer resection for lung cancer.*
Moderate to severe dyspnoea reported in 14% pre-operatively increased to 34%

post-operatively, (p<0.005). Further studies examining long term post-operative
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dyspnoea include; Feinstein et al 4! observed that dyspnoea is common 1 to 6 years
after lung cancer in 342 patients undergoing resection and is associated with pre-
operative dyspnoea, reduced diffusing capacity, depression and lack of physical
activity. Balduyck et al* in a cohort of 100 patients undergoing lung resection
observed a decrease in dyspnoea scale scores extending to the 12-month follow

up point.

Myrdal et al#’ studied quality of life following lung resection including dyspnoea
scores and observed a high incidence of breathlessness following lung resection.
In 112 patients undergoing open surgery for lung cancer, the author observed
breathlessness extending to 48 months following surgery. Interestingly, at the
same cardiothoracic centre and in the same study the author compared these lung
cancer patients to patients undergoing coronary artery bypass grafting (CABG) in
the same timeframe. Breathlessness on physical exertion was more pronounced in
patients with lung cancer than in the CABG patients, (p<0.001). Studies of CABG
patients have shown improvements in physical function and breathlessness as
early as 3 months post-procedure.*® This illustrates the high levels of post-
operative dyspnoea in the lung resection population not observed in other high

risk populations.

Finally, in a pilot study of 25 patients focusing on functional capacity following
lung resection, Young et al #° (our research group) reported a difference in the
distribution of dyspnoea scores over time; patients reported functional limitation
and increased breathlessness using the Medical Research Council (MRC) dyspnoea
scale at all post-operative timepoints, (p=0.03). Dyspnoea was measured at
baseline, 2 months post-operatively and 1 year post-operatively. Ten patients had

a deterioration in self-reported dyspnoea (40%).

This data serves to illustrate that breathlessness is prevalent following lung
resection for cancer, having detrimental effects on post-operative quality of life
and functional capacity. The reported post-operative dyspnoea extends beyond

the immediate post-operative period, long into the recovery.

Not all patients end up with long term dyspnoea and prediction of those who will
develop this post-operative disability is challenging. Dyspnoea is historically

attributed to loss of lung parenchyma with reduced alveolar volume, however it
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is increasingly becoming recognised that the pathophysiology of post-operative
dyspnoea is complex, multifactorial and likely to involve cardiovascular
mechanisms (Section 3).%° Prediction of dyspnoea is conventionally performed
using predicted post-operative forced expiratory volume in one second (FEV1%)
and predicted post-operative diffusion capacity of carbon monoxide (DLCO%)
(chapter 4.2.3). Current guidelines acknowledge that prediction of disabling post-

operative dyspnoea is important, difficult and could be improved.'® 51, 52

1.2.6 Shared decision making

Some patients would accept the risk of dyspnoea if they could be offered curative
treatment. Conversely, many more patients survive the operation but are left with
long term physical disability and reduced QoL which is intolerable.> In recent
years, perspective has shifted from a more authoritarian patient pathway, with
decision making dominated by the surgical team, to a scenario where the patient
is more involved in the decision-making process.>! This includes assessing the
patients willingness to undertake surgery even if the risks, of dyspnoea for
example, seem particularly high.>* This is important as some patients may be
ready to accept the short-term risk of immediate cardiopulmonary complications
but not long-term risks of significant functional debility.3° Like all surgery, the
survival benefit must be weighed against the potential for a significant reduction

in quality of life.?

Discussion of peri-operative risk should be based around shared decision making;
patients should be involved in decisions about treatment and the specific risks
they are prepared to accept should be explored. International societies, including
NICE and BTS are uncertain how to include shared decision making into surgical
decision-making algorithms. Although, not all patients wish to be involved with

complex decision-making processes.>

In 2008, the General Medical Council (GMC) introduced a document advocating
shared decision making and empowerment of the patient beyond the clinicians’
recommendations.>® The BTS are the first to include patient acceptance of risk as
an integral part of risk assessment in the lung resection population.'® This makes
the role of QoL measurement and prediction of dyspnoea even more crucial to

enable patients to have complete information about residual function and
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outcome. Despite this, further investigation is required to establish how

interventions affect QoL and ascertain the best method to measure this outcome.

1.2.7 Conclusion

Lung resection for cancer is common and with an ageing population a further
increase in cases should be expected. Dyspnoea following lung resection is also
common and its effect on post-operative QoL profound. The mechanisms driving
post-operative dyspnoea has not been fully explained, but are likely
multifactorial, including cardiovascular factors. Future work should attempt to
fully understand these complex mechanisms and predict who is at risk of long-
term disabling dyspnoea. If we could improve prediction of dyspnoea following
lung resection this would not only enable improved shared decision making for
surgery, but also facilitate targeted intervention and entry in trials aiming to

ameliorate post-operative breathlessness.
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2 Measuring dyspnoea and quality of life

This chapter explores some common patient self-reported questionnaires used to
quantify dyspnoea and quality of life following lung resection surgery. The concept
and importance of ‘minimum clinically important differences’ (MCID) when using

self-reported questionnaires in clinical practice is also introduced.

2.1 Scoring tools to assess dyspnoea

There are numerous scoring tools to measure dyspnoea. Dyspnoea can affect many
dimensions of a patient’s life, reducing activity and causing distress and
discomfort. Dyspnoea is subjective sensation, with patients experiencing different
sensations with various intensity when attempting to describe and quantify. The

American Thoracic Society (ATS) reiterates,

‘Dyspnoea is symptom which can only be described and
interpreted by the patient and therefore any assessment

should be patient reported.’
Parshall et al 2012 °7

There are a variety of definitions of dyspnoea, from two words such as ‘laboured
breathing’ up to whole paragraphs, but importantly no consensus exists. The ATS

define dyspnoea as

‘The subjective experience of breathing discomfort that is
comprised of qualitatively distinct sensations that vary in

intensity.’
Parshall et al 2012 37

The use of tools to measure dyspnoea helps standardise the way in which this
symptom is described. The two major reasons for measuring dyspnoea are to
discriminate symptom severity between individuals and evaluate changes over
time for a given individual. Psychophysical methods (relationship between a
stimulus and a response) and clinical scales are used to asses dyspnoea which is a

subjective sensation.>®
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Two types of uni-dimensional tool are used to measure dyspnoea; visual analogue
scales (VAS) or numerical rating scales (NRS). These measure dyspnoea in general
or on exercise and are often used to describe breathlessness in exercise tolerance
tests. They are self-administered and quick to complete. Discussion in the chapter
will be limited to the Visual Analogue scale (VAS), Modified Research Council
(MRC) scale and the University of California and San Diego Shortness of Breath
Questionnaire (UCSD-SOBQ) (both are NRS) to measure dyspnoea.

2.1.1 Minimum Clinically Important Difference

Evaluation of health outcomes for patients has become increasingly important;
subsequently the usage of self-reported questionnaires has increased.
Interpretation of these outcome measures is challenging given the variety of
questionnaires and scoring methods available. Unless the user is very familiar with
a particular questionnaire it can be confusing to interpret meaningful change. The
term minimal clinically important difference (MCID) was first described by
Jaeschke et al®® when they proposed statistically significant changes can occur
using measurement tools which often do not have clinical significance. The MCID

has thus been defined as;

‘The smallest difference in score in the domain of interest
which patients perceive as beneficial and which would
mandate, in the absence of troublesome side effects and

excessive cost, a change in the patients management.’
Jaeschke et al 2008 *°

This value may be larger than a statistically significant difference or change.
Standardisation of patient reported outcome measures has improved the ability to
determine care pathways that provide better results.®® Some definitions also
include a second construct, which would mandate that in addition to the minimal
amount of patient change there must also be significant enough difference to alter

patient management.

Varied definitions and inconsistent reporting of outcomes between trials

researching similar topics make it difficult to draw comparisons, limiting the value
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of each trial to improve overall patient experience or outcome.®' This variability
undermines systematic reviews and meta-analysis aiming to answer a specific
research question. Two main issues were identified which cause this problem;
which outcomes are selected and the criteria used to define them. In an attempt
to improve this, the patient reported outcomes subgroup of the Standardised
Endpoints in Perioperative medicine working group (StEP-COMPAC) has
recommended the use of at least one patient reported outcome with an
established MCID in every study.®? The common goal being to define which
measures should be used in future research and facilitate comparison between

studies enabling robust evidence synthesis.¢?

Some limitations in defining the MCID exist which may be as a result of the
patient’s inability to understand the context of improvement; often reporting
current state of health as a comparison against expectations or healthy peers. The
MCID is not a universal fixed value and cannot be transferred across patient
populations.®3 MCID can also be subject to recall bias and patient variation
influencing reporting of change such as age, socioeconomic status and education.
Several methods have been developed to calculate MCID’s for scoring tools, but

no clear consensus exists to select a best approach.®

2.1.2 Visual Analogue Scale to measure dyspnoea

A visual analogue scale is used to assess dyspnoea with the patient asked to
provide a quantification of their dyspnoea by placing a mark on a horizontal or
vertical line, usually 100mm in length, sometimes with descriptors or images at
the extremes. The Modified Borg Scale (MBS) is the most widely used scale of this

type to rate dyspnoea during exercise testing (Table 1).
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Score Difficulty of Breathing
0 Nothing at all
0.5 Very, very slight (just noticeable)
1 Very slight
2 Slight
3 Moderate
4 Somewhat severe
5 Severe
6 I
7 Very Severe
8 I
9 Very, very severe (almost maximal)
10 Maximal

Table 1 - Modified Borg Scale (MBS) for dyspnoea

The scale consists of a vertical line labelled 0-10 with descriptors of severity
corresponding to specific numbers. Some of the numbers (6 and 8) do not have a
description. The patient can choose the number or the verbal descriptor to
quantify their dyspnoea. This style of grading dyspnoea allows for comparison
between individuals, based on the assumption the verbal descriptors on the scale
describe the same intensity for different subjects. Although the VAS can provide
a dimensional measurement of severity of dyspnoea it does not consider the
contributing factors. There also exists no criteria or guidelines to allow this type
of scale to be used between different observers.®® Inter-observer reliability has
been quantified to support the use of the Borg scale in assessing exercise intensity

with authors reporting test correlation coefficients ranging from 0.7 to 0.9.%

2.1.3 Medical Research Council scale to measure dyspnoea

Chosen as the primary outcome measure for the work presented in this thesis, the
Medical Research Council (MRC) scale (Table 2) has been widely used since 1959
and is based on the exertional effort needed to perform specific tasks, resulting
in dyspnoea. Use of the MRC scale is free but should be appropriately
acknowledged by researchers. The MRC scale was derived from a coal mining
population in Wales by Fletcher et al in the 1940s when studying respiratory
problems at the pneumoconiosis unit, allowing a numerical value to be placed on
each subjects exercise capacity.®’ Thus, allowing standardisation and comparison
between patients/populations.®® The MRC scale measures perceived respiratory
disability and is simple to administer, allowing the patient to quantify the extent

to which dyspnoea affects their mobility. All questions relate to everyday



Chapter 2 36

activities, are easily understood by patients and can be scored in a few seconds.
The scoring tool is usually self-administered, the patient selecting the best option
to describe their dyspnoea but, with a slight change in question format, can be

delivered by researchers or clinicians.

The MRC score does not quantify dyspnoea itself, but rather it quantifies the
disability associated with breathlessness by identifying dyspnoea occurring when
it should not (grades one and two) or quantifying exercise limitation (grades three
to five). There is up to 98% agreement between observers recording of MRC
dyspnoea score and strong association with lung function measurements.® While
used extensively in the medical literature, the main limitation of the scoring tool
is the broad grading; it may be insensitive in detecting small but important
changes in dyspnoea levels.”® There are no precise limits to several of the grades
which may contribute to this insensitivity: an individual who can leave the house
but walks less than 100 yards does not clearly fall into either grades four or five.”"
The MRC scoring tool is widely used to stratify risk in patient cohorts such as
pulmonary rehabilitation in COPD’? and often used to describe dyspnoea in
patients with lung cancer at multi-disciplinary meetings. MRC grading can predict
survival and is used to complement pulmonary function testing to describe
disability in patients with COPD.”* 74 NICE recommend use of the MRC dyspnoea
scale in the diagnosis of COPD patients, a disease particularly prevalent in the

lung cancer population.”>

The MCID of the MRC scoring tool is widely accepted as being one, meaning any
stepwise change represents a clinically important difference to patients.”®

However, the validity of this value is difficult to find and data is limited.”’

Grade Statement about perceived dyspnoea

1 Not troubled by breathlessness except on strenuous exercise

2 Short of breath when hurrying on level ground or up a slight hill

3 Walks slower than most people on the level stops after a mile or
so or stops after 15 minutes walking at own pace.

4 | stop for breath after walking 100 yards or after a few minutes
on the level ground

5 | am too breathless to leave the house, or breathless when

dressing/undressing

Table 2 - Medical Research Council dyspnoea scale.
Redrawn from Stenton et al”' - “The MRC breathlessness scale”.
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The scale has been ‘modified’ with more simplified statements and refers to
‘people’ instead of men but remains based on the same five stages of
breathlessness due to exertion.®® Confusingly, the original grades ranged from 1
to 5 while the modified version grades patients from 0 to 4 (Table 3). In its
modified form the MRC scale has been used in more than just respiratory

conditions, including disorders such as obesity.”8

Grade Statement about perceived dyspnoea

0 | only get breathless with strenuous exercise

| get short of breath when hurrying on level ground or walking up
a slight hill

On level ground, | walk slower than people of the same age
2 because of breathlessness or have to stop for breath when
walking at my own pace on the level.

| stop for breath after walking 100 yards or after a few minutes
on level ground

| am too breathless to leave the house or | am breathless when
dressing

3

4

Table 3 - Modified Medical Research Council dyspnoea scale.
Redrawn from Williams et al 201779 “The MRC breathlessness Scale”.

2.1.4 University of California and Sand Diego Shortness of Breath
Questionnaire to measure dyspnoea

The University of California and San Diego Shortness of Breath Questionnaire
(UCSD-SOBQ) is a 24-item questionnaire commonly used and validated to measure
dyspnoea with scores ranging from 0 to 120 (Appendix 9). The original version was
developed by Archibald et al® in 1987 before being revised in 1998 by Eakin et
al® to expand the rating scale and incorporate 3 new questions to the original 21-
item questionnaire. These additional questions ask about fear of harm from over-
exertion, limitations and fear caused by shortness of breath. Similar to the MRC

scale, the questionnaire is self-administered.

The UCSD-SOBQ measures dyspnoea over the preceding week across a range of 21
activities of daily living on a six-point rating scale (0 = “not at all” to 5 = “maximal
or unable to do because of breathlessness”). Since its development in 1987, the
UCSD-SOBQ has undergone a number of revisions to clarify and expand the rating

scale to minimise missing data. If patients do not perform the activity described
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in any given question, they are asked to estimate the degree of shortness of breath

anticipated.

In a group of 54 patients with a variety of respiratory conditions, Eakin et al®
concluded the UCSD-SOBQ is a valuable tool in both clinical practice and research
in patients with moderate to severe lung disease. The authors observed significant
negative correlation to exercise tolerance (6-minute walk test), r=-0.45, p<0.05).

Eakin et al®' also reported excellent internal consistency (Cronbachs alpha >0.9).82

The MCID of the UCSD-SOBQ is generally accepted as a change of 5 units. This was
originally proposed by Kupferberg et al in 2005 several years following its
development.® Kupferberg studied 164 patients with moderate to severe COPD,
simultaneously measuring dyspnoea using two further measures; chronic
respiratory questionnaire and the transition dyspnoea index score. The MCID was
evaluated by comparison of agreement between UCSD-SOBQ score and the other
two scoring tools for dyspnoea. A change of 5 units being the MCID was confirmed

by Ries et al in a retrospective review of published trials.?*

2.2 Scoring tools to assess quality of life

Many scoring tools exist to quantify and assess quality of life in clinical practice.
This section will discuss two tools used within this study; the EQ-5DL quality of
life questionnaire and the European organisation for research and treatment of

cancer quality of life questionnaire (EORTC).

2.2.1 EQ-5DL quality of life scoring tool

The current 5-level EQ-5DL was introduced in 2009 to improve upon the previous
version of the questionnaire. The aim was to increase the sensitivity of the scoring
tool and the revised version consists of two components; the EQ-5DL visual

analogue scale and the EQ-5DL descriptive system.

2.2.1.1 EQ-5DL visual analogue scale

The EQ-5DL visual analogue scale (VAS) records the patients overall current health
on a vertical visual analogue scale where the endpoints are labelled ‘the best

health’ and ‘the worst health’ you can imagine. It provides a quantitative measure
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of the patient’s perception of their overall health.8> While no validated MCID for
the VAS exists for the lung cancer population, it has been proposed a deterioration
of approximately seven units/percent would signify a clinically important change
in QoL.% This is based on a retrospective analysis by Pickard et al® on 534 cancer
patients (eleven different cancer types, including lung cancer) estimating MCID in
EQ-5DL utility and VAS scores using an anchor-based technique. This author is the
first to define this value and further work requires to be done before this becomes
an accepted definition. Although, a change of seven units/percent appears
adequate given published results in similar populations reporting comparable
MCIDs.%7> 88

2.2.1.2 EQ-5DL descriptive system

The EQ-5DL descriptive system comprises of five dimensions: self-care,
pain/discomfort, mobility, usual activities and anxiety/depression. Each
dimension has 5 levels: no problems, slight problems, moderate problems, severe
problems, extreme problems. Health status is indicated by selecting the box next
to appropriate statement for each dimension. The digits are combined into a five-
digit number describing the patients’ health state. This five digit-number is then
converted into a single numerical value called a summary health index, which is
adjusted to the population of whatever country the patient lives within. The
summary health index is a continuum from zero to one - one represents ‘best
health’ possible and zero represents ‘dead’. However, health state scores less
than zero are possible, ostensibly conferring a QoL ‘worse than being dead’. Like
the VAS component described in section 2.2.1.1, no official MCID for the summary
health index value exists. This is surprising given the widespread use of this
questionnaire. It has been proposed a deterioration of 0.18 units would represent
a MCID in quality of life. This is based on work by Coretti et al®® in a critical
appraisal of 18 studies, the largest published paper and most commonly cited to
date determining this value. Across these 18 studies, the author reported overall
MCID ranged from 0.03 to 0.54 with a raw average across all studies of 0.18.
Twelve of the studies were from musculoskeletal populations. Much debate still
exists about the calculation and validity of MCID for this scoring tool. Further work
is needed to confirm this value in the lung cancer population. However, a value
of 0.18 units for the MCID for EQ-5DL summary health index value remains the

most widely reported, with the best supporting evidence.
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2.2.2 European Organisation For Research And Treatment Of
Cancer quality of life questionnaire

The European Organisation For Research And Treatment Of Cancer quality of life
questionnaire (EORTC) is a system for assessing the perceived QoL in cancer
patients in clinical trials. It consists of a core questionnaire (QLQ- C30) and was
released in 1993. A supplementary module exists for this scoring tool called the

LC-13, which is designed specifically for the lung cancer population.®

2.2.2.1 EORTC QLQ-C30

The QLQ-C30 consists of 33 questions which are a combination of multi-item scales
and single item measures - see Appendix 10 for an example questionnaire. The
QLQ-C30 includes 5 functional scales, three symptom scales, a global health scale
and six single items. Each of the multi-item scales includes a different set of
items, such that no item appears in more than one scale. The scales and single
item measures range in score from 0-100. A high scale score representing a higher
response level. For functional and global health status a high response indicates a
high level of functioning or high QoL whereas a high score for a symptom scale

indicates a high symptom burden.

The principle for scoring these scales is to estimate the average of the items that
contribute to the scale (raw score) and then use a linear transformation to
standardise the raw score so that it ranges from 0 to 100: a higher score indicating

a higher (better) level of functioning.

Recently, the EORTC QoL group recommended the use of the QLQ-C30 summary
score (Sumscore) to supplement the 15-outcome profile generated by the QLQ-
C30. The Sumscore is a global representation of overall QoL and summarises all 15
scores and is arguably easier to interpret than individual scores in each domain. It
has been observed the Sumscore is more sensitive to changes in a subjects QoL
than the global health score and thus can be used as an easy to interpret patient

reported outcome measurement.®"

The Sumscore is calculated from the mean of 13 of the 15 QLQ-C30 scales - global

quality of life scale and financial impact scale are not included. No validated MCID
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exists in the lung cancer population for this score, although there exists general

consensus about the value which authors have proposed.

One of the first studies to propose an MCID for the QLQ-C30 Sumscore was by
Osoba et al, but in the breast cancer population.®? Using an anchor-based approach
and an alternative subjective significance questionnaire in 300 patients, the
author concluded a change in 10 points in the Sumscore corresponded to a MCID

in quality of life.

In the largest critical review to date by Fiteni et al, 18 studies were examined to
determine an MCID for the QLQ-C30 Sumscore - incorporating the work by Osoba
et al.”? Fiteni also proposed this was found to be represented by a 10-point change
in the QLQ-C30 Sumscore - all studies that reported an MCID for the QLQ-C30
confirmed a 10-point decrease to represent a meaningful change.’*% However,
the meta-analysis demonstrated the challenges in agreeing an MCID for the QLQ-

C30 Sumscore and the heterogeneity of measurement and analysis.

An MCID of 10 has generally been adopted into the lung cancer population, as
described. Future work should aim to publish recommendations and confirm an

MCID for the QLQ-C30 Sumscore in the lung cancer population.

2.2.2.2 EORTC QLQ-LC13

The EORTC study group has developed a supplemental disease specific modular
system to complement the core QLQ-C30 questionnaire and assess disease specific
QoL: the QLQ-LC13 is a lung cancer module. It contains a 13-item lung cancer
specific questionnaire consisting of both multi-item and single-item measures of
lung cancer associated symptoms; haemoptysis, dyspnoea, pain, coughing, sore
mouth, peripheral neuropathy and hair loss. The QLQ-LC13 was validated in 1994
by the EORTC study group (Bergman et al%’) in 17 countries. The questionnaire was
found to discriminate clearly between patients differing in performance status
and to be a clinically valid and useful tool to assess disease and treatment specific
symptoms in lung cancer patients when combined with the core QLQ-C30
questionnaire. For over two decades its performance has been continually

investigated and improved. There is however no data or evidence to support a
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Sumscore equivalent or MCID for the LC-13 supplemental module of the QLQ-C30

questionnaire.

Since selecting the QLQ-LC13 module to be included in the work presented in this
thesis, an updated module (QLQ-LC29) has been released in 2020, updating the

LC-13 module since its development in 1994.%

2.2.3 World Health Organisation disability schedule 2.0

The World Health Organisation disability schedule 2.0 (WHO DAS 2.0) is a generic
assessment instrument for health and disability used across multiple conditions.
The assessment is short, easy to administer and applicable in both clinical and
general population settings across cultures and in all adult populations. The
questions cover 6 domains of functioning including cognition (understanding and
communicating), mobility (moving and getting around), self-care (hygiene and
eating), getting along (interacting with other people), life activities (domestic
responsibilities) and participation (joining in community activities).?® It contains
12-items for overall functioning scored on a Likert scale of zero to four, zero being
‘no difficulty’ and four being ‘extreme difficulty’. The cumulative score is
converted to a percentage: with the maximum possible score being 48 (100%). The
WHO DAS 2.0 has not been specifically validated in the lung cancer population but
remains a well-recognised tool to measure global disability. No validated MCID
exists for the WHO DAS 2.0 disability tool, however Shulman et al 2020 proposed
a change/decrease of 5% or more after surgery should be considered a clinically
important change in disability '® - also observing patients with a score <16%
following surgery have an acceptable symptom state. Conversely, a score of >35%
can be considered as having at least moderate disability.'® The patient reported
outcomes subgroup of the StEP-COMPAC initiative has recommended the use of
WHO DAS 2.0 as the gold standard measure of functional status in clinical trials in

the perioperative setting.¢?

2.2.4 Hospital anxiety and depression scale

The hospital anxiety and depression scale (HADS) was devised by Zigmond et al'®!
in 1983 to measure anxiety and depression in the general population and has

developed into a popular tool in clinical practice, which has also been validated
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in the lung cancer population.'% 19 The tool is simple to use and very few people
have difficulty completing the questionnaire. Anxiety and depression are assessed
together, recognising the two often co-exist. The questionnaire has seven
questions for anxiety and seven for depression which are interspersed. Each
component therefore has a maximum score of 21 and each component must be
scored separately. Castelli et al'® observed the HADS tool to be an effective
screening questionnaire for depression in the lung cancer population. Physical
symptoms are excluded from the scale, such as sleep disturbance or pain, due to

potential confounding.

Through a systematic review of studies using the HADS questionnaire, Bjelland et
al identified a cut-off score of 8 out of the possible maximum score of 21.192 A
score of =8 has a specificity of 0.78 and sensitivity of 0.9 for diagnosis of anxiety.

For depression, a score >8 has a specificity of 0.79 and sensitivity of 0.83.1%2

2.2.41 Measuring Dyspnoea and Quality of Life: conclusion

It is important to ensure the tool selected to measure dyspnoea or quality of life
has a validated MCID to enable a significant patient centred difference to be
detected in addition to statistically significant results. In an attempt to
standardise patient reported outcomes, the patient reported outcomes subgroup
of the Standardising Endpoints in Perioperative medicine (StEP-COMPAC) initiative
has recommended a list of outcomes, from which one should be selected for use
in every study. All of the scoring tools described within this chapter were selected
and used within this thesis to measure dyspnoea and quality of life. Their selection
was based on their strengths, simplicity of use and proposed MCID values which

enabled comparison of meaningful patient centred changes.
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3 Proposed mechanisms of dyspnoea and
reduced functional capacity following lung
resection surgery

Over 40% of patients report long term disabling dyspnoea following lung resection
which is not fully explained by changes in pulmonary function,* as will be
discussed in this chapter. This may reduce the patient’s ability to be physically
active, reducing post-operative quality of life. The proposed mechanisms by which
this occurs are likely to be multifactorial. Clinical guidelines advocate the use of
predicted post-operative pulmonary function to calculate the risk of post-
operative dyspnoea (Section 4.3.3). However, this has been shown to be poorly

associated with changes in exercise capacity.'?

Lung resection surgery may result in persistent reduction in post-operative
pulmonary function of 10-40% which may contribute to long term global functional
impairment.'® This is defined by a reduction in FEV:% and DLCO% from pre-
operative values. This reduction in pulmonary function is multifactorial and due
to removal of lung tissue and alteration in chest wall movement due to surgical
incision.'® Bolliger et al 1996 found patients undergoing lobectomy and
pneumonectomy had significantly reduced pulmonary function test results and
CPET results which persisted following surgery with increased dyspnoea
particularly in those patients undergoing pneumonectomy.'” This supports a
hypothesis that increased dyspnoea is due to increased loss of lung parenchyma
available for gas exchange. While lung function has been shown to decrease
following lung resection, this does not completely explain the decline in functional

capacity observed in some patients.

Pelletier et al'® observed a change in FEV1% was a poor predictor of change in
functional capacity following lung resection (Figure 3). In 47 patients undergoing
lung resection, FEV1% predicted” accounted for only 30% of the variance in exercise
capacity. Similarly, Larsen et al confirmed alteration in FEV; is a poor predictor
of a deterioration in exercise capacity following pulmonary resection in 97

patients (Figure 4).' In some patients, exercise capacity increased or barely

A FEV1% predicted is defined as the FEV1% of the patient divided by the average FEV1% in the
population for any person of similar age, sex and body composition. ppoFEV1% is defined as
the predicted post-operative FEV1% as calculated by lung segment calculation (section 4.3.3).
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changed despite a loss of up to 35% of ventilatory capacity (as measured by FVC).
While the association between exercise capacity and FVC was significant, only a
weak relationship existed with FVC predicted accounting for just 18% of the
variance in functional capacity. There was no difference between the magnitude

of lung lost and loss of functional capacity in those patients undergoing lobectomy.
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Figure 3 — Relationship between change in exercise capacity and change in FEV1%.
Expressed as percentages of initial values. Wmax — maximal exercise intensity. Black dots =
lobectomy. White dots = pneumonectomy, (n=47). Patients in left and right upper quadrants had an
increase in FVC but still had a reduction in functional capacity. Taken from Pelletier et al'®
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Figure 4 — Relationship between alterations in maximal oxygen uptake (VO2-Max%) and
alterations in forced vital capacity (FVC% pre-operatively) following lung resection,

Taken from Larsen et al'® (n=97).

In 1998, Nezu et al''® examined 82 patients undergoing lung resection for cancer
to assess the effects of pulmonary resection on post-operative recovery and
limitation of exercise capacity. The authors observed a reduction in FEV; and
VO;max at more than 6 months when compared to pre-operative values in both
lobectomy and pneumonectomy patients. Compared to pre-operative values, the
functional percentage decrease in FEV: at six months for lobectomy and
pneumonectomy groups were 11% and 36%, and for VO,max were 13% and 28%,
respectively. Maximum heart rate and heart rate percentage decreased in both
lobectomy and pneumonectomy groups, (p<0.05). Combined with no reduction in
breathing reserve, this would suggest cardiac limitation as a contributing factor

to the reduction in functional capacity following lung resection.

3.1 Reduced respiratory muscle function and reduced
pulmonary function

A reduction in respiratory muscle strength following lung resection is suggested as
contributing to post-operative dyspnoea, however there is much debate
surrounding how much influence it has. It is well established that dysfunction of
the respiratory muscles following any type of surgery (thoracic or not) may lead
to a reduction in vital capacity, tidal volume and total lung capacity - secondary
to muscle/nerve injury or chronic pain impairing ventilation causing insufficient

cough. In turn, this can reduce functional residual capacity affecting the gas
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exchange properties of the lung by increasing ventilation/perfusion (V/Q)

mismatch. "

Respiratory muscle function can be affected by damage directly to the muscle, or
the nerves supplying the muscle, due to surgical incision or indirectly by a change
in the respiratory mechanics."” Chest wall distortion may reduce chest wall
compliance and increase work of breathing with reduced efficiency of the
respiratory muscles or reduced compliance of lung tissues. Respiratory muscle
mass may also be deconditioned following major lung resection. A decrease in
chest wall compliance observed after thoracotomy may increase morbidity and
mortality in those with borderline pre-operative lung function.'? Maximal
inspiratory/expiratory pressures (MIP and MEP) are often used as markers of

respiratory muscle function.

Chest wall damage may be a major determinant in the decrease in respiratory
muscle strength seen after lung resection; a smaller decrease has been observed
in respiratory muscle strength in patients undergoing video assisted thoracoscopic
surgery (VATS) compared to open thoracotomy. Nomori et al'*? observed this in 81
patients undergoing lung resection measuring MIP and MEP pre-operatively and 12
weeks post-operatively; thirty-one patients within this group underwent VATS
surgery and had better/increased post-operative MIP and MEP than those
undergoing conventional thoracotomy, (p<0.01). Nomori observed a reduction in
post-operative respiratory muscle function in those who were aged >70 years,
(p<0.01). These results may support the hypothesis that increased post-operative
dyspnoea is multifactorial and involves impaired respiratory mechanics in
vulnerable patients (such as the older population with increasing burden of

cardiovascular morbidity).

Brocki et al''* recruited 80 patients from a single centre undergoing lung resection
to evaluate respiratory muscle strength following surgery. MIP and MEP were used
as markers of muscle function and measured pre-operatively, 2 weeks and 6
months post-operatively. Brocki found no change in pressures at all peri-operative

time points and concluded:
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‘Respiratory muscle function is unlikely to be the sole cause

of dyspnoea following lung resection...’

Brocki et al 20184

3.2 Cardiovascular dysfunction

The inconsistent association between pulmonary function and post-operative
functional capacity suggests other factors play a major role in long term dyspnoea.
Several authors have suggested this may result from cardiac rather than pulmonary
limitation."% "5 This section explores the potential cardiovascular factors
contributing to post-operative dyspnoea and reduced functional capacity

following lung resection surgery.

3.2.1 Post-operative dysrhythmias

Arrhythmia, in particular atrial fibrillation (AF), is the most common cardiac
complication after thoracic surgery which may contribute to long term dyspnoea
and reduced functional capacity with a reported incidence of new onset post-
operative atrial fibrillation (POAF) of >10-20% following lung resection surgery.
The pathophysiology of POAF is multifactorial, complex & poorly defined;
involving interaction between triggering stimuli and sustaining processes acting on
a vulnerable myocardium, predisposed to developing a tachyarrhythmia.’'® Risk
factors include increasing age, male gender, electrolyte imbalance and infection.
The extent of pulmonary resection is also associated with POAF; patients
undergoing pneumonectomy having higher rates of POAF than those undergoing

lobar resections. '

The prognostic significance of arrhythmias is difficult to quantify as it can be
associated with or induced by other complications such as heart failure or
pulmonary oedema. PAOF is often considered a benign operation-related problem
which is transient however it can result in post-operative hypotension, stroke,
myocardial infarction and increased duration of hospital stay.'"” While AF is a well-
recognised cause of dyspnoea in the general population, little evidence exists to

link new POAF to long term dyspnoea in the lung resection population.



Chapter 3 49

Amar et al'"® studied 100 patients undergoing pulmonary resection without a
history of AF or previous thoracic surgery and examined the effects of pre-defined
risk factors on the incidence of AF. Echocardiograms were performed pre-
operatively and post-operatively to evaluate cardiovascular dysfunction and
estimate right ventricular systolic pressure (using tricuspid regurgitation jet
velocity). POAF occurred in 18% of patients and echocardiography revealed
elevation of right ventricular systolic pressure, when compared to those without
POAF. Amar concluded, increased right heart pressure, but not fluid overload or
right heart enlargement, may predispose to supraventricular tachycardias

following lung resection.'®

The only study found after a review of the literature to examine AF, lung function
and patients with long term dyspnoea is Ariansen et al.""? In this study the authors
report reduced FEV: was associated with new onset POAF, with patients
complaining of dyspnoea. The patients within the study with AF had reduced lung
function compared to subjects in sinus rhythm. Furthermore, patients with AF
were more likely to lie below 5™ percentile of predicted FEV: (p<0.05) compared
to control subjects. The dyspnoea frequency and severity scores correlated with
VO, peak in AF patients (r= -0.6, p<0.01) and with FEV1% in control subjects
(r=-0.3, p<0.05). Ariansen concluded, dyspnoea was therefore related to exercise

capacity rather than lung function in AF patients.

3.2.2 Right ventricular dysfunction

It has been hypothesised that right ventricular (RV) dysfunction occurs in some
patients following lung resection and may contribute to long term functional
outcome.' The incidence of post-operative RV dysfunction following lung
resection is difficult to quantify with limited information available on RV
adaptation following pulmonary resection - the impact of major lung resections
on RV function has not been well investigated.'?! This is likely because assessment
of RV function is difficult due to the RV’s retrosternal position, complex geometry

and marked load dependence.'?? 123

Our research group has investigated peri-operative RV dysfunction using
cardiovascular magnetic resonance (CMR) imaging. In 25 patients undergoing lung

resection, McCall et al observed a decrease in right ventricular ejection fraction
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(RVEF) persistent until 2 months post-operatively, (p=0.02).'? Interestingly, no
changes in left ventricular ejection fraction occurred over the same time frame
(Figure 5). The mechanism proposed was a mismatch between afterload and
contractility. An increase in pulsatile afterload, resulting from the operative
pulmonary artery was also observed.'?® This work confirms similar work in this

area which have also reported a reduction in RVEF post-operatively.
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Foigure 5 — Taken from McCall et al.120 Left and right ventricular ejection fraction over time
;(AA)E Peri-operative right ventricular ejection fraction. B = Peri-operative left ventricular ejection
fraction Pre-op = pre-operative. POD 2 = Post-operative day 2. (n=25)

Other studies have described a 15-25% relative reduction in RV ejection fraction
following lung resection.'? 125,126 Reed et al'?® observed RV dysfunction in 15
patients in the post-operative period, using pulmonary artery catheters. Right
ventricular end-diastolic volume increased on post-operative day one and post-
operative day two, (p<0.05). Furthermore, although pulmonary artery pressures
were observed to be increased in the immediate post-operative period, pulmonary
vascular resistance remained lower or unchanged from pre-operative levels;

suggesting a rise in static afterload may not be the only contributing factor.

The aetiology of right ventricular dysfunction following lung resection has been
the subject of much debate.'” Apart from rare conditions such as pulmonary
embolism, alterations in RV contractile performance and increases in RV afterload
are suggested mechanisms of RV dysfunction following lung resection, but have
yet to be proven. Increased RV afterload would seem an intuitive cause of RV

dysfunction in this population. The degree of RV dysfunction in some instances is
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related to the extent of surgery performed, with increased RV dysfunction in

patients undergoing pneumonectomy instead of lobectomy. 2! 128,129

Limited work has explored the association between RV dysfunction and reduced
long-term functional outcome following lung resection and this remains
challenging.’?” In a small cohort of 35 patients, Foroulis et al observed that
patients with an increased systolic pulmonary artery pressure at 6-months
following lung resection had increased levels of dyspnoea (p=0.01) and an increase
in post-operative complication rates, including arrhythmias.'?%24 Lewis et al
observed that intra-operative RV dysfunction observed on echocardiography
identified patients who would subsequently develop ‘cardiorespiratory disability’
long after surgery (defined as New York Heart Association (NYHA) heart failure
class II/1V), suggesting the impact of peri-operative RV dysfunction can be
sustained long into the post-operative period.'?* At the time of PA clamping, the
mean RVEF for those patients in class I/1l NYHF was 43% compared with 31% for
those in NYHA class III/IV. This observation was made in a small cohort of just 20
patients, but may suggest that increased peri-operative afterload on a vulnerable
RV has an impact on functional outcome. However, in larger populations these

findings have not been reproduced.?* 125

In 1994, in a small cohort of 20 patients who had major lung resection, Okada et
al'3% observed RV dysfunction up to three weeks post-operatively when compared
to pre-operative values, (p<0.05). In this group, pulmonary vascular resistance
index at rest initially increased then returned to baseline levels. However, during
exercise, post-operative PVR levels increased markedly, (p<0.05) (Figure 6). Right
ventricular ejection fraction was decreased post-operatively at rest and during
exercise, compared to pre-operative levels, (p<0.05) (Figure 7). These results
indicate post-operative RV dysfunction with a potential to have an effect on
functional capacity and quality of life in some patients. Okada et al hypothesise
that post-operative functional capacity is influenced by the degree of RV
dysfunction in maintaining pulmonary blood flow, as the pulmonary artery
pressure sets the limit for increasing flow with exercise. During exercise there is
an increased oxygen demand which cannot be met due to RV dysfunction; the RV
cannot eject increased cardiac output through a reduced pulmonary vascular bed
(following resection). This is reduced contractile reserve. This supports that a

change in afterload may be the main factor affecting RV pump performance, with
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exercise-loading driving the RV to its limitations and exposing underlying

dysfunction.

g

B
L

(-}

Pulmonary Vascular Resistance Index (dynes-sec-cm3.m?)

preop. Isthr  6thhr Istday 2ndday 3rd week
‘——— postop. ————

Figure 6 — Peri-operative pulmonary vascular resistance index.
Taken from Okada et al'®°. Increased PVR during exercise at three weeks post-operatively. (n=20).
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Figure 7 — Peri-operative right ventricular ejection fraction.

Taken from Okada et al'. Post-operative decreased RVEF with no return to baseline levels at rest
or during exercise. (n=20).

Similar to the work by McCall et al described above in this section, Okada et al
also observed peri-operative LV function was unchanged: indices of function such
as cardiac index, arterial pressure and pulmonary capillary wedge pressure were

no different to pre-operative values at 3 weeks post-operatively, (p>0.05).
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In 1996, Okada et al again examined peri-operative RV function, this time
exploring the RVEF in the pre-operative risk evaluation of candidates for
pulmonary resection.’! In a cohort of 18 patients, there existed no association
between pre-operative RVEF (%) and either incidence of post-operative
complications or length of hospital stay, (p>0.05). However, patients with a pre-
operative decrease in RVEF following exercise had a longer length of hospital stay,
increased incidence of post-operative complications and simultaneous increase in
PAP, (p<0.05). Patients with impaired pre-operative RV contractile reserve may
be the group who struggle in the face of the increased afterload challenge of lung
resection. This suggests the RV may have a role in the mechanism of functional
deterioration experienced by some patients. The deterioration of the RVEF during
the stress of exercise, when faced with a reduction in the pulmonary vascular bed
following lung resection, may play a part in the decline of post-operative
cardiopulmonary reserve. These results are similar to Okada and co-workers
earlier paper discussed above in this section and would require further work to

confirm the findings.

If peri-operative RV dysfunction following lung resection was associated with long
term functional impairment, identification of or susceptibility to pre-operative RV
dysfunction could improve prediction of post-operative dyspnoea. Targeted
interventions could also attempt to decrease RV dysfunction in those most at risk,
improving patient outcome. However, to date no study has attempted to

undertake this.

3.2.3 Myocardial injury following non-cardiac surgery

Myocardial injury following non-cardiac surgery (MINS) is a relatively new concept
defined as a ‘prognostically relevant myocardial injury due to ischaemia occurring
within 30 days after non-cardiac surgery’.'32 While no study demonstrates a clear
link between MINS and post-operative dyspnoea in the lung resection population,
it reasonable to hypothesise that peri-operative myocardial injury could lead to
long-term heart failure with coinciding breathlessness. The VISION study (Vascular
events in non-cardiac surgery patients cohort evaluation) was an international
prospective study that estimated worldwide prevalence of MINS to be around 8%
in patients undergoing major non-cardiac surgery, which was associated with 30
day mortality (adjusted hazards ratio, 3.87, 95% Cl 2.96-5.08).'33 The POISE study
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(Peri-operative ischaemia evaluation) also reported a MINS rate of 5.7% and
suggested this will increase with time given the ageing population with increased

co-morbidity.

In a study of 598 patients undergoing lung resection surgery, myocardial injury
was observed in 1.2%; abnormal exercise testing and intraoperative hypotension
being the strongest predictors for these events.'3* Herrington et al ' also
investigated myocardial injury (defined as myocardial ischaemia or infarction)
following lung resection and observed the incidence of myocardial injury was low
(0.13%) in those with no previous myocardial history and moderate (2.8% - 17%) in
patients with previous history of infarction. There was also no association between

anaesthetic technique, nor duration of procedure and peri-operative myocardial

injury.

Post-operative myocardial injury is a strong predictor of mortality after non-
cardiac surgery, therefore cardiac risk for lung resection must be assessed prior
to surgery. The American college of cardiology and American heart association
guideline remains the best method for cardiac risk assessment in non-cardiac

surgery. This is discussed further in section 4.2.2.

3.2.4 Pulmonary embolism

Pulmonary embolism (PE), by occlusion of the pulmonary arterial bed may lead to
life threatening reversible or irreversible myocardial injury & right ventricular
failure. Similar to MINS detailed above, no study demonstrates a clear link
between PE and long term post-operative dyspnoea in the lung resection
population but it is again reasonable to hypothesise that peri-operative myocardial
injury or right ventricular dysfunction as a result of massive PE could lead to long-
term heart failure and breathlessness. PE following non-cardiac surgery and lung
resection surgery is more common than traditionally thought. In a study of 66
patients undergoing elective intermediate to high risk non-cardiac surgery,
Grobben et al'*¢ unexpectedly observed clinically silent PE in one third of patients
with peri-operative myocardial injury (n=46) using post-operative computed
tomography.’3¢ In this study, none of these Pes were clinically suspected. This
suggests the prevalence of post-operative PE may be much higher than reported,

as a large number may go undiagnosed.
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The diagnosis of post-operative PE is difficult to confirm due to the lack of specific
clinical manifestations; chest pain, dyspnoea, tachycardia and decreased oxygen
saturations can often be mistaken for incisional pain, reduced blood volume and
pulmonary atelectasis. Deep Vein Thrombosis (DVT) of upper of lower limbs are

found in 90% of patients with PE, suggesting it is the result of DVT in most cases.

Post-operative DVT is more common in lung resection surgery but may lead to
serious complications such as pulmonary hypertension after pulmonary embolism.
One of the few studies to examine thromboembolism after lung resection is by
Ziomek et al' which prospectively observed 77 patients for 30 days post-
operatively. The incidence of thromboembolism was higher in bronchogenic
carcinoma than in metastatic cancer or benign disease and also increased in
frequency with increasing size of cancer and size of lung resection. The overall
incidence was 26%, (19% post-operative); 4 patients having pulmonary embolism

in which 1 fatality occurred.

Given the potential for irreversible myocardial injury and right ventricular failure
it could be postulated this may result in long term dyspnoea following surgery, but

to date there is no evidence to make this link.

3.2.5 Shunting

The rare development of an atrial shunt (right to left) through a patent foramen
ovale (PFO) may be a cause of long term post-operative dyspnoea. The overall
prevalence of PFO in the general population is 20-35% and given not all patients
get a pre-operative echocardiogram prior to lung resection, it is possible some
patients may present with post-operative shunt. Factors for the development of
the shunt include; mediastinal shifting and rotation, compression of the atrium by
pleural fluid, reversal of inter-atrial pressure gradient due to a decrease in right
ventricular compliance, PE, Ml and positive pressure ventilation. Clinical features
include postural dependent (worse in upright position) and volume dependent
(worse in dehydrated patients) dyspnoea. Treatment is by surgical repair or with

the increasingly popular percutaneous device closure.'38

While this is an interesting and rare cause of post-operative dyspnoea, it seems

unlikely that this is a major contributor to long term shortness of breath following
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lung resection. Only a few cases of right-to-left shunts following lung resection

have been reported as case studies. '3’

3.2.6 Conclusion

The cause of dyspnoea following lung resection is likely multifactorial. While a
decrease in lung parenchyma (and subsequent decrease in surface area available
for gas exchange) would be an intuitive cause of dyspnoea, cardiac dysfunction is
likely to play a role. Those patients undergoing more extensive resection such as
pneumonectomy often demonstrate reduced exercise capacity limited primarily
by cardiovascular dysfunction, regardless of other co-morbidities,'"> adding to the

increasing body of evidence to support this theory.
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4 Operative risk assessment in lung cancer
patients

4.1 Methods: review of the literature

A database search was performed at the University of Glasgow in August 2018, in
consultation with the library. The following strategy and key words were used

using the Embase online database, 1946 to present with daily updates;

. Pneumonectomy / (18605)

. Thoracic Surgery / (26945)

. PneumonectomS.tw (7482)

. (Lung adj4 resectionS.tw) (9692)

. 57obectomysS.tw (20154)

.or/1-5(63663)

. “Quality of life”/ (379792)

. exp dyspnoea

9. exp Exercise Test/ (63044)

10. Walk test/ (1183)

11. (QLQ-C30 or QLQC30 or EQ-5DL or EQ5DL).tw (6533)

12. (MRC or Modified Research Council Dyspn?ea Scale or Modified Research
Council Dyspn?ea Score).tw (8910)

13. (Life Quality or Quality of life).tw (358517)

14. (walk test$S or Stair test$ or (stair? Adj2 climb$) or exercise testS).tw (37820)
15. (Dyspn?ea or shortness of breath or breathlessness).tw (78792)

16. forced expiratory volume/ (51543)

17. (forced expiratory volume or FEV or FEV1).tw (49950)

18. brain natriuretic peptide/ (24922)

19. (BNP or Brain Natriuretic Peptide).tw (25719)

20. exp lung function test/ (124859)

21. exp lung diffusion capacity/ (6136)

22 exp oxygen consumption (352274)

23. exercise test/ or exp cardiopulmonary exercise test/ or exp treadmill
exercise/ (58246)

24. anaerobic threshold/ (3322)

25.7o0r8or 9or 100r 11 0or 12 or 13 or 14 or 15 (678904)

26. 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 (539350)

27. 6 and 25 and 26 (1574)

28. limit 27 to English language (1465)

CONOUTAN WN

Title review for relevance reduced the 1465 studies down to 537 for abstract
review. Following review, 127 abstracts remained for full text review. References
of all articles were reviewed for further relevant work, with 89 additional studies

being identified (Figure 8).
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Literature review performed — 1465 studies identified

Title review — 537 studies

Abstract review — 127studies

Full text review— 127 studies

Review of references— Additional
89 studies

\ 4

Full text review — 216 studies

Figure 8 — Flow chart of Literature review.
Performed August 2018

Studies were included if they reported any variable used in the prediction of
dyspnoea, complications, morbidity and mortality or quality of life following lung
resection surgery. Articles examining lung volume reduction surgery were
excluded; lung volume reduction is a palliative procedure used to treat severe
emphysema or COPD. The work presented in this thesis will not include any studies

reporting lung volume reduction as this represents a different population.

For discussion the studies have been divided into 9 groups;

1. Studies utilising FEVs and DLCO to predict post-operative dyspnoea
2. Studies utilising FEV; and DLCO to predict mortality
3. Studies utilising FEV: and DLCO to predict post-operative quality of life

4. Studies utilising FEV; and DLCO to predict post-operative pulmonary

complications

5. Studies utilising cardiopulmonary exercise testing to predict post-

operative dyspnoea, mortality, quality of life or pulmonary complications

6. Studies utilising shuttle walk testing to predict post-operative

dyspnoea/mortality/quality of life or pulmonary complications
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7. Studies utilising stair climbing to predict post-operative

dyspnoea/mortality/quality of life or pulmonary complications

8. Other predictive markers of dyspnoea/mortality/quality of life or
pulmonary complications such as arterial oxygen content, arterial oxygen
desaturation, pre-operative pulmonary artery pressure, arterial carbon

dioxide content and minute ventilation to carbon dioxide output ratio

9. Biomarkers to predict post-operative dyspnoea/mortality/quality of life

or pulmonary complications such as B-Type natriuretic peptide

4.2 Introduction to risk assessment in thoracic surgery:
conventional risk stratification

The British Thoracic Society (BTS) and the American College of Cardiology (ACC)
adopt what is termed a ‘tripartite’ approach to quantify ‘surgical risk’ and
facilitate calculation and assessment of individual outcomes to be discussed with
the patient and by the multi-disciplinary team (MDT) (Figure 9).'® 52 Within the
guidelines, estimated risk of post-operative cardiac events, peri-operative death
and post-operative dyspnoea must be considered before offering a patient surgery
- the patient must be involved in the calculation, assessment and discussion of
these risks in an attempt to predict individual outcomes. Ideally, the patient must
accept the potential impact on quality of life before proceeding with surgery
(shared decision making). This section will focus on the tripartite approach for

pre-operative risk stratification in lung resection patients.
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Risk Assessment for Lung Resection Surgery

Post-operative Cardiac
event

Peri-operative Death Post-operative Dyspnoea

A 4 A 4
Dynamic lung volumes/
transfer factor

ACC/AHA risk stratification Thoracoscore

Address modifiable risk factors and reassess

Does patient accept risk and potential impact on lifestyle?

Figure 9 — Risk assessment pathway for lung resection surgery, as per BTS guidelines.
ACC = American College of Cardiology, AHA = American Heart Association. Redrawn from British
Thoracic Society 2010 Risk Assessment for Lung Resection Surgery.®

4.2.1 Peri-operative death

Risk of in-hospital mortality for lung resection is important in the peri-operative
decision-making process: the national average being 2.3% for lobectomy and 5.8%
for pneumonectomy in the UK according to the latest BTS guidelines, 2010.8
Validated across the world, Thoracoscore is currently the most widely used model
to quantify this risk and was developed by the French Society of Cardiovascular

Surgery in 2007.

Thoracoscore calculates in-hospital mortality risk and was constructed from
15,183 patients undergoing thoracic surgery. It has been validated with an area
under the receiver operator characteristic curve (AUROCC) of 0.86.'° It was
developed and validated in France and then re-validated in a patient set in the
United states of America with an AUROCC of 0.95."' Thoracoscore consists of nine
variables (Table 4); age, sex, ASA score, performance status, dyspnoea score,
priority of surgery, extent of surgery, malignancy diagnosis and a comorbidity
score. An equation transforms these variables into a predicted in-hospital death

rate.
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Logit = —7.3737 + Sum (calculated beta)

e(logit)

Predicted in hospital death rate = W

Equation 1 - Regression equation used to calculate Thoracoscore. Calculated beta value taken
from sum of beta-coefficients, displayed in Table 4 below. Falcoz et al'4?

The European Society Objective Score (ESOS) is an alternative to Thoracoscore to
predict in-hospital mortality with only two variables, ppoFEV1 and age and was
derived in 2005 from the online European thoracic surgery database of 3426
patients.'™ A 2012 study by Barua et al'#* of 290 patients demonstrated the
superiority of the ESOS to Thoracoscore; its sensitivity 88% and specificity 67% was
better than Thoracoscore sensitivity (67%) and specificity (53%). However, when
this paper was further scrutinised, these results were in a single centre with a
single operating surgeon. While Thoracoscore has been validated to predict in-
hospital mortality, it has poor correlation with FEV: and peak VO, - suggesting
they may not be useful for prediction of in-hospital mortality in the lung cancer
population. Prior to Thoracoscore, no peri-operative scoring tool to quantify
predicted mortality existed. Instead, careful consideration was given to increasing
age and co-existing morbidities.' Most UK cardiothoracic centres tend to

outperform, with the Thoracoscore overestimating mortality.'4¢
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Variable Value Beta-coefficient

<55 -

Age (years) 55-65 0.7679

>65 1.0073

Gender Male 0405
Female .
<2 -

ASA score >3 0.6057
<2 -

MRC dyspnoea score >3 0.9075
<2 -

WHO performance score >3 0.9075

Ll 1-2 0.7447

Comorbidities >3 0.9065
Priority for surgery Elective -

Emergency 0.8443

, Pneumonectomy 1.2176
Operation type Other )
Diagnosis group benign -

Malignant 1.2423

Table 4 - Variables within Thoracoscore.

Adapted from Falcoz et al'*?. ASA = American Society of Anaesthesia score. MRC = Medical
Research council. WHO = World Health Organisation. Co-morbidities included smoking addiction,
history of cancer, hypertension, chronic obstructive pulmonary disease, Ischaemic heart disease,
diabetes, peripheral vascular disease, alcoholism and obesity.

4.2.2 Post-operative cardiac event

The latest BTS guidelines 2010 advocate cardiovascular risk and morbidity should
be assessed prior to surgery using the American College of Cardiology (ACC) and
American Heart Association (AHA) 2007 guidelines. Combined incidence of cardiac
death and non-fatal myocardial infarction is reported to be 1-5% in the lung
resection population.’> A full history, physical examination, assessment of
functional status and resting ECG are prerequisites and must be performed in each
patient. Any patient in which this identifies an active cardiac condition (Table 5)
requires evaluation by a cardiologist and optimisation before considering surgery.
If unexplained dyspnoea or a murmur are discovered, the patient should have an

echocardiogram.
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Condition Example
Unstable coronary syndrome Unstable/severe angina
Decompensated heart failure NHYA class IV

37 degree AV block

Mobitz type Il

Supraventricular arrhythmias with
ventricular rate >100bpm

Severe aortic stenosis: mean pressure
>40mmHg or aortic valve area <1.0cm?

Significant arrhythmias

Severe heart valve disease

Table 5 - Active cardiac conditions.

Redrawn from British Thoracic Society guidelines 2010."®NYHA — New York Heart Association
classification, bpm = beats per minute

In those who do not have an active condition the revised cardiac risk index is used
which is a validated model with AUROCC of 0.81 (Table 6)."'” The ACC/AHA suggest
patients with less than two risk factors and reasonable functional capacity can
proceed to surgery without further investigation. Patients unable to climb a flight
of stairs and with poor cardiac function or greater than three risk factors should
have further assessment to screen for reversible cardiac ischaemia, with tests such

as stress testing or exercise thallium scanning.

Number of factors Risk of major cardiac complication*
0 0.4%
1 1%
2 7%
>2 11%

Table 6 - Revised cardiac risk index

Redrawn from British Thoracic Society Guidelines 2010

Risk factors: high risk surgery (includes all thoracic surgery), ischaemic heart disease, congestive
cardiac failure, cerebrovascular disease, insulin therapy for diabetes, pre-operative serum creatinine
>177 micro/mol/l. *Cardiac complications defined as MI, pulmonary oedema, ventricular fibrillation or
primary cardiac arrest, complete heart block.

4.2.3 Dyspnoea

Dynamic lung volumes and transfer factor have been conventionally used to
estimate risk in patients being considered for lung resection surgery (Figure 10)
and will be discussed in more detail in section 4.4. Dyspnoea is a common
complication following lung resection, with 30 - 50% of patients reporting disabling
shortness of breath (section 1.2.5).4" Patients who have a ppoFEV:% AND/OR
ppoDLCO% <40% are categorised moderate/high risk- the origins of this pathway

will be explored further in section 4.4.1. Functional assessment should be
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performed in this ‘high risk’ group to further stratify risk and determine the
impact of surgery. Following this, moderate risk patients need to be informed of
mild/moderate risk of post-operative dyspnoea (consider split function testing in
this group if suspicion of ventilation perfusion mismatch to allow more accurate
prediction). Patients in the high-risk group are at increased risk of post-operative
ventilator dependence, and should be considered for lung parenchymal sparing
surgery. Functional assessment is covered in section 4.4. Most authors
acknowledge the importance of predicting post-operative disabling shortness of

breath, but recognise the challenges, limitations and the need for improvement.'®
51, 52

Risk Assessment for post-treatment Dyspnoea

Spirometry and transfer factor
Low risk High Risk
ppoFEV240% AND ppoFEV,<40% AND/OR
ppoTLCO240% ppoDLCO<40%
Moderate risk Functional assessment
< High risk*
A4

Does patient accept risk and potential impact on lifestyle?

Figure 10 - Risk Assessment for post-operative dyspnoea.

Redrawn from British Thoracic Society Guidelines 2010."® ppoFEV+ = Predicted post-operative
forced expiratory volume, ppoDLCO = Predicted post-operative diffusion capacity. ). * = Patients in
high risk group are at increased risk of post-operative ventilator dependence

4.3 Pulmonary function testing and calculation of
predicted post-operative values

As already described, prediction of post-operative dyspnoea following lung
resection is centred around pulmonary function testing. This section will explore
the values obtained from pulmonary function testing and their usefulness in the

prediction of post-operative dyspnoea.
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There was no difference in peri-operative BNP levels between those with and

without the primary outcome.

12.4 Association between B-Type natriuretic peptide and
acute post-operative complications

Association was sought between pre-operative BNP and those with and without
post-operative complications. No difference in median [IQR] pre-operative BNP
was observed between those with and without complications, (32pg/ml (24,62)
compared with 30pg/ml (8,59) respectively, p>0,05, Mann-Whitney U). Median
pre-operative BNP level for those with one less than one complication and those
with more than one complication was also no different (31pg/ml (8,59) compared
with 37pg/ml (25,92) respectively, p=0.26, Mann-Whitney U).

Median [IQR] post-operative peak BNP level was the same in those with (97
(57,199) and without (74 (37,165) a post-operative complication (p=0.08, Mann-
Whitney U). However, median post-operative peak BNP level was higher in those
with more than one post-operative complication (p=0.04, Mann-Whitney-U).
(Figure 42).

I"#'$%$&

Figure 42 - Peak Post-operative BNP and >1 post-operative complication
POC = post-operative complication. BNP = B-type natriuretic peptide. (n=93).
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12.4.1 Association between B-Type natriuretic peptide and
new post-operative atrial fibrillation

Pre-operative BNP level was higher in those with new post-operative atrial
fibrillation (AF), (p =0.04, Mann Whitney-U) (Figure 43). Median [IQR] post-
operative peak BNP level was the same in those with and without new post-

operative AF (131pg/ml (68,383) compared with 87pg/ml (41,177) respectively,
p = 0.12, Mann-Whitney U).

300
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200
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Pre-operative BNP Level (pg/ml)

100 ‘
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—r
0
No POAF POAF

Figure 43 - Pre-operative BNP and new atrial fibrillation
POAF = Post-operative atrial fibrillation. (n=10 patients developed new post-operative AF), BNP =
B-type natriuretic peptide. (n=93).

12.4.2 Association between B-Type natriuretic peptide and
post-operative cardiopulmonary complications

Association was sought between those with and without cardiopulmonary
complications as per ESTS association guidelines, defined in methods chapter 6.
Median [IQR] pre-operative BNP level was the same for those with and without
post-operative cardiopulmonary complications, (30pg/ml (8,59) compared with
32pg/ml (21,53), p= 0.56, Mann Whitney-U).

Median [IQR] post-operative peak BNP was higher in those with pulmonary
complications than without (152pg/ml (94,336) compared with 75pg/ml (42,174)
respectively, p<0.01, Mann Whitney-U) (Figure 44). Median pre-operative BNP was
the same in those with and without pulmonary complications, p>0.05 (Mann-

Whitney-U, data not shown).
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Median pre-operative & post-operative peak BNP were the same in those with and
without cardiac complications, p>0.07 for both, (Mann Whitney-U, data not

shown).

P =0.007
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100
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= 1
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Figure 44 - Post-operative peak BNP (pg/ml) and pulmonary complications.
PC = pulmonary complications, BNP = B-Type natriuretic peptide. (n= 15 patients with pulmonary
complications.) (n=93)

12.4.3 Association between peri-operative B-type natriuretic
peptide and length of hospital stay

Given those who encounter post-operative complications may require prolonged
care, an association between peri-operative BNP and length of hospital stay was
sought. There was no association between pre-operative BNP and length of
hospital stay in days, (r =0.10 p=0.32, spearman’s rank test). However, there was
a positive correlation between post-operative peak BNP and length of hospital
stay in days (r= 0.27, p=0.01, Figure 45).
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Figure 45 — Association between post-operative peak BNP and duration of hospital stay.
(r=0.27, p=0.01, spearman's rank order). BNP = B-Type natriuretic peptide. (n= 91).

12.5 Post-operative quality of life and disability by primary
outcome group

12.5.1 European organisation for the research and treatment
of cancer quality of life questionnaire

A comparison was performed between EORTC QoL scores and WHO DAS 2.0 scores
in those with and without the primary outcome. This comparison was to establish
if those who become short of breath report differing pre-operative quality of

life/disability scores to those who do not have dyspnoea at three months.

Pre-operative EORTC QoL score was lower in those patients who had an MRC>2 at
3-month time point, (p<0.01, Mann Whitney-U, Figure 46). This represents a lower
pre-operative quality of life in those who would go on to report increasing
dyspnoea at three months post-operatively. Furthermore, 31(41%) patients had a
MCID decline in EORTC sumscore of >10 points post-operatively. Of these patients,
n=17(55%) had a primary outcome of MRC>2 at 3 months post-operatively, (p<0.01,

chi-squared test).
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Figure 46 - Pre-operative EORTC sumscore by 3-month MRC score (primary outcome) group.
MRC = Medical Research Council dyspnoea score, EORTC = European organisation for the
research and treatment of cancer. (p<0.01, Mann Whitney U). (n=75).

A positive correlation existed between pre-operative and post-operative EORTC
sumscore suggesting those who reported a poor quality of life pre-operatively
were likely to report a poor quality of life following surgery, (Figure 47). Similarly,
those with a high quality of life pre-operatively were likely to have a higher quality

of life post-operatively.
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Figure 47 - Correlation between pre-operative and post-operative EORTC sumscore.

EORTC = European organisation for the research and treatment of cancer. Pre-op = Pre-operative,
Post-op = Post-operative 3-month time point. (n=75).

As previously mentioned LC-13 lung cancer component of the EORTC questionnaire
is not included in sumscore calculations and is considered separately in this the
analysis. Forty-nine (68%) patients had a decrease in LC-13 score post-operatively
compared to pre-operative levels and of these n=18(37%) had a primary outcome

of MRC score >2 at 3 months, (p=0.8, chi-squared test).

The WHO DAS 2.0 disability questionnaire has an MCID increase of 5%. Of those
patients with a primary outcome of MRC >2 (n=27), 23 (85%) had an MCID increase
of >5% in WHO DAS 2.0 score, (p<0.01, chi-squared test). This suggests those with
increased dyspnoea at 3 months were more likely to also report increasing

disability post-operatively.

12.6 Prediction of quality of life and MRC deterioration

Further analysis was performed to observe if any of the derived risk prediction
model(s) could also predict a deterioration in breathlessness (an increase in MRC
of one). This is in contrast to the primary outcome, where MRC score was
dichotomised into patients who scored >2 at three months post-operatively. The
MCID of a deterioration in MRC score is an increase of one. The model(s) were

created using the same methodology described in model derivation in chapter 9;
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Model 3 is the ‘conventional’ model using the same variables as before, Model 5
is the ‘next best variable’ model building on model 3 using the next best variable
selected at logistic regression and finally ‘hypothesis free’ model 7, with no

variables used as a baseline.

Given post-operative dyspnoea has an influence on quality of life, ‘conventional’
Model 3 and ‘hypothesis free’ model 7 were carried forward from
derivation/external validation chapter 11 to determine if they are also predictive
of a deterioration in QoL, using the EQ-5DL index score and EORTC Sumscore. As
model 5 contained pre-operative EQ-5DL index score (a quality of life score) it

was not included in quality of life prediction.

12.6.1 Prediction of a deterioration in Medical Research
Council score

From 75 patients with paired data for analysis at 3 months, 49(65%) had a MCID
deterioration (increase) in MRC score. Results of this regression analysis are

summarised in Table 58 and Table 59.

Variables within Variable _ Model AUROCC
Model significance significance o
model (Cl 95%)
(p-value) (p-value)
Age 0.04
Gender 0.73 0.70
3 | ppoFEV,%* 0.09 0.03 (0.58-0.82)
ppoDLCO%* 0.14
Age 0.03
Gender 0.96 0.72
5 ppoFEV1%* 0.08 0.01 (0 6(5-0 84)
ppoDLCO%* 0.05 ) )
Diabetes 0.09
Age 0.01 0.73
7 1emi 0.04 <0.01 (0.62-0.85)

Table 58 - MRC deterioration: summary of results

Model 3 = ‘conventional’, Model 5 = ‘next best variable’, Model 7 = ‘hypothesis free’, AUROCC =
Area under receiver operator characteristic curve, Pre-op = Pre-operative, Cl = Confidence interval,
ppoFEV1 = Predicted post-operative forced expiratory volume in one second, ppoDLCO = Predicted
post-operative carbon monoxide diffusing capacity, BNP = B-Type natriuretic peptide. Significant
results in bold. * = Linear variable.
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Model | Correct (%) Sensitivity (%) | Specificity (%) | PPV (%) | NPV (%)
3 67 80 46 70 59
5 70 83 48 72 63
7 65 77 44 69 55

Table 59 - MRC Deterioration: sensitivity and specificity summary

Model 3 = ‘conventional’, Model 5 = ‘next best variable’, Model 7 = ‘hypothesis free’. PPV = Positive
predictive value, NPV = Negative predictive value.

According to the Hosmer et al3%, ‘conventional’ model 3 displayed acceptable
discrimination in predicting a deterioration in shortness of breath, (p=0.03). Model
3 represents conventional risk prediction, using age, gender, ppoFEV:% and

ppoDLCO%, with age being the most significant value.

‘Next best variable’ model 5 displayed acceptable discrimination in predicting a
deterioration in shortness of breath, (p=0.01). Diabetes status was selected as the
next best variable to improve the predictive strength of age, gender, ppoFEV1%
and ppoDLCO%. Age and ppoDLCO% were both significant variables within the

model.

Finally, ‘hypothesis free’ model 7 displayed acceptable discrimination in
predicting a deterioration in shortness of breath at 3 months post-operatively.
Model 7 represents a new risk prediction model, containing only age and BMI to
predict a deterioration in shortness of breath at 3 months. Both age and BMI are

significant within the model.

12.6.2 Prediction of quality of life (EQ-5DL index value)

Table 60 summaries the results of QoL (EQ-5DL index value) prediction using
models three and seven. Seventy-five patients had paired data for analysis in the
internal dataset; of these, thirty-nine (52%) patients had a MCID deterioration in

QoL using the EQ-5DL questionnaire (index value).
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Variables within 'Va'rl'able . Nfo'del AUROCC
Model significance | significance N
model (95% Cl)
(p-value) (p-value)
Age 0.55
3 Gender 0.47 0.7 0.59
ppoFEV1%* 0.80 ’ (0.45-0.72)
ppoDLCO%* 0.32
ppOoFEV1% 0.9
7 BMI 0.5 0.7 0.61
Pre-op BPI 0.23 ’ (0.48-0.74)
Diabetes 0.76

Table 60 - Quality of life prediction: MCID in EQ-5DL questionnaire

Model 3 = ‘conventional’, Model 7 = ‘hypothesis free’, AUROCC = Area under receiver operator
characteristic curve, Pre-op = Pre-operative, Cl = Confidence interval, ppoFEV1 = Post-operative
predicted forced expiratory volume in one second, ppoDLCO = Post-operative predicted carbon
monoxide diffusing capacity, BNP =B-Type natriuretic peptide, BMI = Body mass index, BPI = brief
pain inventory pain score. * = Linear variable

According to the Hosmer et al’®, model 3 and model 7 displayed poor
discrimination when predicting quality of life at 3 months. Neither of the models
were significant at analysis and neither were any of the variables within either of
the models.

12.6.3 Prediction of quality of life (EORTC sumscore)

Table 61 summaries the results of QoL (EORTC sumscore) prediction using models
three and seven. Seventy-five patients had paired data for analysis in the internal
dataset; of these, thirty-one (41%) patients had a MCID decline in QoL using the

EORTC questionnaire (sumscore) of >10 points post-operatively.

. cep s Variable Model
Model Varlall\)Als;ev;nthm significance significance ?9%5/08():
(p-value) (p-value) ?
Age 0.37
3 Gender 0.82 0.10 0.67
ppoFEV1%* 0.11 ’ (0.55-0.80)
ppoDLCO%* 0.66
ppoFEV1% <0.01
BMI 0.52 0.7
7 | pre-op BPI 0.36 0.08 (0.57-0.82)
Diabetes 0.72

Table 61 — Quality of life prediction: MCID in EORTC sumscore.

Model 3 = ‘conventional’, Model 7 = ‘hypothesis free’, AUROCC = Area under receiver operator
characteristic curve, Pre-op = Pre-operative, Cl = Confidence interval, ppoFEV1 = Predicted post-
operative forced expiratory volume in one second, ppoDLCO = Predicted post-operative carbon
monoxide diffusing capacity, BNP = B-Type natriuretic peptide, BPI = brief pain inventory pain score,
*=Linear variable
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According to the Hosmer et al3®, ‘conventional’ model 3 displayed poor
discrimination when predicting quality of life at 3 months. Model 3 was not
significant and none of the variables within the model were significant.
‘Hypothesis free’ model 7 displayed acceptable discrimination with an AUROCC of
0.7, however the model was not significant, (p=0.08). Interestingly, ppoFEV1% was
a significant variable within the model which may signify an association between

lower ppoFEV1% and reduced post-operative quality of life.

12.7 Concordance between scoring tools used to measure
dyspnoea

Seventy-five patients had data for analysis of concordance between scoring tools
used to measure dyspnoea. Patients in this study reported breathless following
surgery at 3 months post-operatively using the MRC scale, (section 8.3). No
validated scoring tool (nor MCID) exist to quantify dyspnoea in the lung cancer
population despite strong evidence this population have a high incidence of
breathlessness.3%" Another scoring tool used to measure dyspnoea is the University
of California and San Diego shortness of breath questionnaire, outlined in section
2.1.4. Using the UCSD-SOBQ it was also observed patients had increasing dyspnoea

following surgery, (section 8.3).

The aim of this secondary analysis was to compare the tools used to measure
dyspnoea and assess the concordance between them. A four-quadrant plot was
created and direction of change analysis performed for concordance. Concordance
was evaluated using the Landis and Koch3%2 grading system; 0-20% (No agreement),
21-40% (fair agreement),41-60 (moderate), 61-80% (substantial), 81-100% (almost
perfect). The MCID of the MRC scoring tool is one and the MCID of the UCSD-SOBQ

is five.

Forty-six (61%) patients reported an MCID change in MRC score post-operatively
compared to 61 patients (81%) reporting a change in UCSD-SOBQ post-operatively,
(p=0.02, chi-squared test). Concordance between these scoring tools was 59%
(Figure 48), reflecting moderate concordance. Arguably, the broad grading
categories of the MRC scoring tool is a strength of its use, however this may omit
clinically important change which may be captured with the use of an alternative

scoring tool.



Chapter 12 223

w 90 o
o o
o 70 o
@

g 50 o Q 8 )
8 b4 e

30
9', ) 0 8
| 10 2 g (]
S o g g
£ 0 ° 8 °
g’o o 8 )
c .
£ 30
- (o]
O s

-1 0 1 2 3 4

Change in MRC score

Figure 48 - Concordance between scoring tools used to measure dyspnoea following lung
resection for cancer.

Positive values denote a deterioration in dyspnoea. Negative Values denote an improvement in
dyspnoea. MRC = Medical Research Council dyspnoea scoring tool. UCSD-SOBQ = University of
California and San Diego shortness of breath questionnaire. The MCID of the MRC scoring tool is
one and the MCID of the UCSD-SOBAQ is five. Concordance was 59% (n=75).
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13 Summary of results and findings

Research within this thesis focussed on prediction of dyspnoea following lung
resection for cancer, the main findings and results of which are summarised

below.

In totality, this study (PROFILES) confirms dyspnoea is common following lung
resection, with 27 of 75 (36%) patients in the internal dataset reporting increased
shortness of breath postoperatively. The study also establishes that conventional
prediction of dyspnoea following lung resection using lung function is poor and
highlights the challenges associated with creating a new scoring tool to improve
prediction. Contrary to findings observed in a smaller pilot dataset, the addition
of the biomarker B-Type natriuretic peptide did not improve the prediction of
post-operative dyspnoea. New derived scoring tools performed well within the
internal dataset but failed to improve prediction within the external dataset. The
biomarker B-Type natriuretic peptide may however have a role in the prediction
of post-operative complications or duration of hospital stay. The derived models
may also be able to improve the prediction of post-operative quality of life but

would require further work to confirm and validate.
The main findings and results of each result chapter will now be discussed;
Chapter 8

Ninety-three patients were recruited into the study from the Golden Jubilee
National hospital to test conventional methods and derive a new scoring tool(s)
for the prediction of post-operative dyspnoea. Pre-operative demographics would
suggest our cohort of patients are similar to other studies exploring risk prediction
for lung resection surgery; most were elderly were current or ex-smokers and had
significant co-morbidities. The majority of patients reported good functional
capacity prior to surgery with most patient’s performance status 0 or 1 (86%) or
ASA 1/11 (68%) - this was observed because of the inclusion criteria, not because
these findings reflect the surgical population in general. Most patients within the
study had minimally invasive surgery (64%), in keeping with current trends within
the UK. Seventy-five patients had data for analysis at the 3-month post-operative

time point, 27 (36%) of which reported the primary outcome of MRC score >2
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reflecting post-operative dyspnoea. Similar to other studies, patients generally
reported increasing shortness of breath following surgery; 61% of patients
reported an increased MRC score and 81% reported an increased UCSD-SOBQ score
post-operatively. Patients also reported an increased level of disability and
reduced performance status post-operatively; one quarter of patients had a WHO
DAS 2.0 score of >16%, representing moderate disability after surgery and 11% of
patients reported a WHO performance status of >2 pre-operatively, increasing to
31% post-operatively. Quality of life, measured using the EQ-5DL and EORTC QLQ-
30, also decreased following surgery - with 41% of patients having a peri-operative
clinically significant decline in EORTC sumscore. Patients also tended to be more
depressed following surgery, with HADS D scores increasing from three to five.
There existed a significant increase in pain scores at three months post-
operatively with BPI scores increasing from a median of five up to fourteen. There
was no discernible difference in patient demographics when comparing those lost
to follow-up at 3-months (19%) and patients with data for analysis. Finally, BNP
was significantly increased post-operatively, peaking on day two and day three,
(p<0.01).

Chapter 9

This chapter explored the strength of conventional risk prediction models, which

are based on estimation of predicted post-operative pulmonary function. .

Conventional risk prediction dichotomises patients using ppoFEV1<40% and
ppoDLCO<40% to identify those who would have post-operative dyspnoea, this
method performed poorly in our cohort, (AUROCC 0.52). When age and gender
were included in this model, prediction did not improve, (AUROCC 0.55). In model
three, when ppoFEViand ppoDLCO were used as linear variables, this improved

prediction to an almost acceptable degree of discrimination, (AUROCC 0.68).

Pre-operative BNP levels were no different between patients with an MRC<2 vs
MRC >2 at 3-months, (p=0.8). The addition of pre-operative BNP did not
significantly improve the predictive strength of model three (AUROCC 0.69),
(p=0.69). In summary, no models were strong predictors of dyspnoea at three

months.



Chapter 13 226

Chapter 10

This chapter explored and derived new models to improve the prediction of
dyspnoea following lung resection. All variables significant at univariate analysis
were considered for entry into any new model derived. Despite pre-operative BNP
not being significant at univariate analysis (p=0.8) this was included in logistic

regression, in keeping with the aim of the thesis.

Using forwards logistic regression, the ‘next-best variable’ was added to the best
conventional model 3 (age, gender, ppoFEV+1/ppoDLCO). The pre-operative quality
of life scoring tool EQ-5DL was selected as the next best variable and was
significant within this model 5, (p<0.01). Model 5 had excellent discrimination and
improved conventional risk prediction within the internal dataset, (AUROCC 0.81).
When pre-operative BNP was incorporated into model 5, model discrimination did
not significantly improve (p=0.5) (AUROCC 0.82) and pre-operative BNP was not
significant within the model, (p=0.13).

When all variables were considered, without a-priori inclusion of conventional
lung function (model 7); ppoFEV1%, BMI, pre-operative brief pain inventory score
and diabetes were all strong predictors of post-operative dyspnoea, (AUROCC
0.83) - ppoFEV1% was significant within this model, (p=0.04). Pre-operative BNP
was not selected to be in this model. Finally, when pre-operative BNP was used
as a baseline (model 8) and forwards regression was used to select the next best
variables (ppoFEV1/ppoDLCO, BMI, pre-operative BPI score, pre-operative VAS
score and diabetes status), this achieved excellent discrimination (AUROCC 0.85)
but did not significantly improve the prediction of model 7, (p=0.8). BNP was not
significant within the model, (p=0.1).

Chapter 11

External validation was performed in 85 patients recruited from three other
tertiary cardiothoracic centres within Scotland and Northern Ireland. Patient
demographics of the patients in whom the models would be applied and be
externally validated (3,5 and 7) were compared with no discernible difference.
The best conventional model (model 3 - ppoFEV1% (linear), ppoDLCO% (linear), age

and gender) had discrimination approaching acceptable, within the external



Chapter 13 227
dataset, (AUROCC 0.68). Model 5 (age, gender, ppoFEV1% (linear), ppoDLCO% and

EQ-5DL index value) also had poor discrimination within the external dataset,
(AUROCC 0.66). Finally, the hypothesis free model 7 (ppoFEV1% (linear), BMI, pre-
operative BPI and diabetes status) also performed poorly within the external
dataset, (AUROCC 0.62). All models were not statistically significant and had poor

discrimination.

Mean calibration suggested all models tended to overestimate risk. Model 3
calibration revealed the model tended to overpredict risk in the top two quintiles
(40%) of predicted values. Model 5 under predicted at lower values and over
predicted at higher values. Model 7 displayed best model calibration; all mean
values approaching perfect prediction and all 95% confidence intervals crossing

the line of perfect prediction.

Model 7 cut-off was modified to optimise the model for high sensitivity and high
negative predictive value - desirable qualities in prognostic enrichment studies.
The model performed well in the internal dataset achieving a sensitivity of 93%
and NPV of 94%. However, the best sensitivity that could be achieved with model
7 in the external dataset was 59%, with a NPV of 82%.

Chapter 12

Chapter 12 describes the secondary outcome analyses, including acute post-
operative complications. Sixteen percent of patients experienced a post-operative
pulmonary complication (as defined by the ESTS) and had higher median post-
operative peak BNP, (p<0.01). Thirty-three percent of patients had a post-
operative cardiac complication, also as defined by the ESTS. Post-operative peak
BNP level was higher in patients experiencing any post-operative complication, as
defined by the ESTS, (p=0.04). The incidence of new post-operative atrial
fibrillation was 11% in our cohort, with increased pre-operative and post-operative
peak BNP levels, (p=0.04).

There was no difference in peri-operative BNP levels (at all time points) between
those with and without the primary outcome, (p>0.2). The mean duration of
hospital stay was 6 days following lung resection. A positive correlation existed

between post-operative BNP and length of hospital stay, (r = 0.27, p= 0.01),
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suggesting patients with raised post-operative BNP levels tended to spend longer

in hospital.

Patients had increased dyspnoea scores postoperatively regardless of which
scoring tool was used to quantify this, (p<0.05). Sixty-one percent of patients
reported an MCID change in MRC score post-operatively Vs 81% in UCSD-SOBQ,
(p=0.02). Pre-operative quality of life was lower in patients who had long-term
dyspnoea; pre-operative EORTC QoL score was lower in those patients who had an
MRC>2 at 3-month time point, (p<0.01). Patients with MRC>2 at 3-months also
experienced more disability post-operatively with higher WHO DAS 2.0 scores,
(p<0.01).

Derived ‘conventional’ model 3 and ‘hypothesis free’ model 7 were tested to
determine if they were predictive of a post-operative deterioration in quality of
life using the EQ-5DL questionnaire, displaying poor discrimination and
significance, (p>0.05 and AUROCC<0.65 for both). Derived models 3 and 7 were
also tested to determine if they were predictive of a post-operative deterioration
in quality of life using the EORTC questionnaire. Model 3 had poor discrimination
(AUROCC 0.67) and was not significant (p>0.05). However, model 5 displayed
acceptable discrimination (AUROCC 0.70) but failed to reach statistical
significance, (p=0.08).

Models 3, 5 and 7 all displayed acceptable discrimination when predicting a
deterioration in MRC score (AUROCC >0.7) and were all significant, (p<0.05).
Model 5 had the best sensitivity (83%) and NPV (63%).
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14 Discussion of results and future direction

This chapter will discuss the results of the study, exploring their strengths and

limitations.

14.1 Demographics and burden of dyspnoea

The return rate of questionnaires within the study to allow analysis of the primary
outcome was 77%, which is in keeping with other studies within our research
group. This is a good return rate compared to other published studies which have
a similar follow up period.'? The power analysis for the study was performed

based on a 25% non-return rate.

Patients with lung cancer often have multiple underlying co-morbidities, including
chronic obstructive pulmonary disease. The demographics of the population in our
study was broadly similar to other work in this field. Most patients tending to be
current or ex-smokers (82%) and have previous co-morbidity (74%). Eighty-eight
percent of patients within the study also had an ASA of either two or three,
representative of the degree of co-morbidity that exists within the lung cancer

population.

The mean predicted post-operative FEV1% (70%) and mean predicted post-
operative DLCO% (59%) fell above the recommended 40% for operative lung
resection - suggesting patients within the study have been appropriately listed for
surgery, using current major guidelines. Eighty-eight percent of patients had a
baseline performance status of zero or one, again reflecting appropriate selection
for surgery, with good pre-operative function. However, some patients with a poor
baseline lung function and performance status were intentionally excluded. This
would mean the population within this study was different to the overall
population undergoing surgery at the GJNH during this period - with some
speculative patients sitting outside the guidelines not being included within the

study.

Ninety-three percent of patients within the study had a lobectomy or bi-
lobectomy, with only a small proportion of patients undergoing complete

pneumonectomy (7%). With the reported proportion of patients undergoing
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pneumonectomy within the UK falling from 40% in 1981 to 5% in 2015, these figures
are similar to other published work within this field.3% Sixty-four percent of
patients underwent minimally invasive thoracic surgery - the majority (55%) of
lung cancer surgery now being performed using minimal access approach within

Europe.304

When the demographics of those patients with and without an MRC score greater
than two at the three-month time point were compared, there existed some
differences; BMI and weight were higher in patients with increased post-operative
dyspnoea scores. This may reflect the fact that increasing weight is associated
with reduced baseline functional capacity and a traumatic surgical insult may
cause these particular patients to experience increased incidence of shortness of
breath post-operatively. Furthermore, it is established that increased BMI is
associated with increased incidence and mortality of lung cancer.3% Increased BMI
also increases the risk of peri-operative complications in the lung cancer

population 3% which may also contribute to increasing peri-operative dyspnoea.

Patients with increased MRC score and greater dyspnoea burden at three months
post-operatively also had lower pre-operative FEV1 (L), FVC (%) and calculated
ppoFEV1% values, showing a possible association between lung function and post-
operative dyspnoea levels. Importantly, ppoFEV1 was an independent predictor of

post-operative dyspnoea within ‘hypothesis free’ model 7.

ASA scoring was higher in patients reporting increased dyspnoea at three-months,
displaying a possible connection between increased co-morbidity and increasing
dyspnoea scores. It was surprising that no difference existed in pre-operative
performance status between patients who would develop post-operative dyspnoea
and those who would not, given performance status is assessed routinely at pre-
operative assessment and at MDT prior to listing for surgery. Pre-operative
performance status plays a role in the risk prediction of mortality, as discussed in
section 4.2.1. Generally, the demographic findings between the two groups that

were different were all biologically plausible.

As discussed in section 1.2.4, dyspnoea is a debilitating symptom experienced by
roughly half of all patients undergoing lung resection, affecting both functional

and psychological health.“>#' In this study, patients reported an increase in
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dyspnoea following surgery regardless of which scoring tool was used to measure
shortness of breath. Between 60-80% of patients within the study reported an

increase in dyspnoea, similar to other studies reporting post-operative dyspnoea
levels.44’3°7’45’41

Within the study, a greater proportion of patients (74%) who reported dyspnoea
at three months had a pre-operative MRC dyspnoea score of two, instead of one.
This is perhaps intuitive, as any patient with a pre-operative MRC dyspnoea score
of one has further to deteriorate following surgery before reporting a post-
operative MRC dyspnoea score of greater than two. However, despite reported
pre-operative MRC dyspnoea scoring being significantly different between those
with and without the primary outcome (MRC score greater than two at 3-month
time point), this variable did not get selected at logistic regression to feature in
the derived risk prediction scoring tools. To date, no study has reported baseline

breathlessness as a risk factor for further deterioration.

Twenty-seven patients (36%) reported the primary outcome of an MRC score
greater than two at three months post-operatively. As up to 30-50% of patients
report long-term disabling dyspnoea following lung resection surgery*,
approximately one third in this cohort is encouraging - patients undergoing surgery
at our centre tending to sit on the lower end of this spectrum. Another study
within our research group has reported 40% of patients reporting a post-operative
deterioration in dyspnoea.*’ Our results are consistent with this finding. This may
be considered as selection bias, but this is not a negative given these are the

patients intended to be captured within the study.

14.2 Peri-operative B-Type natriuretic peptide to improve
risk prediction of post-operative dyspnoea

The primary aim of this study was to explore whether BNP could improve the
prediction of dyspnoea. An increase in BNP levels was observed following lung

resection surgery (p<0.01), similar to pilot work within our research group.

The results of this study suggest that BNP does not improve the prediction of
dyspnoea following lung resection. At univariate analysis, pre-operative BNP level

was no different in those with and without dyspnoea at three months. When BNP
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was forced into model derivation, it was not significant within the model and did

not improve the predictive strength.

There are a number of possible explanations why BNP did not improve prediction
of post-operative dyspnoea within our cohort. Pilot work, which this study was
based upon, observed an association between increased dyspnoea or reduced
functional capacity (decreased distance at 6-minute walk test) and the biomarker
BNP in a small cohort of 27 patients. BNP also improved the prediction of post-
operative dyspnoea. Functional capacity assessment and/or 6-minute walking
testing was not performed within this thesis. This was a pragmatic decision made
when faced with recruitment of a large number of patients across multiple
hospital sites. The results of the pilot study may also have been by chance (small
numbers). Different inclusion and exclusion criteria existed between the two
studies - patients with a high pre-operative MRC were intentionally excluded from
this thesis. This suggests BNP may have a role in patients falling at the other end
of the spectrum - with increasing dyspnoea, reduced performance status and

increasing co-morbidity.

Another potential confounder is that the hypothesised underlying mechanism by
which patients become short of breath post-operatively, may be incorrect. The
concept of post-operative dyspnoea having a cardiovascular component may be
wrong - therefore the addition of BNP was unlikely to improve predictive strength.
Post-operative dyspnoea is not fully understood and likely to be multifactorial or
include other factors not considered within this study. If post-operative dyspnoea
does have a cardiovascular component, BNP may be too blunt a tool to detect

these changes and subtle interplay of cardiovascular function and afterload.

According to the manufacturer’s guidelines, measurement of BNP using Abbott i-
STAT point of care BNP devices requires accurate timing of sample analysis. Point
of care devices were selected to maintain consistency across all hospital sites. A
record of quality control was maintained and the devices were externally quality

controlled by NEQAS, who have no conflict of interest in the results of this study.

Other studies have identified specific cut-offs for BNP to predict post-operative
outcomes, such as onset of new atrial fibrillation.3® Creation of peri-operative

BNP cut-offs may have been incorporated within our study to improve risk
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prediction. However, while creating cut-offs makes the usability of risk prediction
models favourable, information is often lost when continuous data is not handled
in a linear fashion3%® - BNP was used as a continuous variable within the derived

models within this study.

14.3 Model derivation and validation

Models 1-4 were designed to be reflective of current clinical risk prediction of
post-operative dyspnoea. Model 1 and 2 reflect current risk prediction guidelines,
with ppoFEV1% and ppoDLCO% dichotomised above and below 40%. Age and gender
were included in the models (as these should always be considered when
estimating clinical risk) in addition to lung function, but failed to improve the
predictive performance. Given age and gender feature in the prediction of ‘in
hospital mortality’ with the use of Thoracoscore, it was unexpected they were not
more influential within these scoring tools. However, age was used within
Thoracoscore with cut-offs which was different to this study where age was

handled as a continuous variable.

‘Conventional’ model 3 included ppoFEVi% and ppoDLCO% as linear variables,
alongside age and gender, and was selected to be taken forward to external
validation. Model 4 was ‘conventional’ model 3 with the addition of pre-operative
BNP, which did not improve the prediction of post-operative dyspnoea. BNP was
not significant at univariate analysis and was not therefore expected to improve

the prediction of model 3.

Models 5-8 were derived to try and improve risk prediction of post-operative
dyspnoea and explore the predictive strength of BNP. Models 5 and 7 were

selected as the best models to progress to external validation.

When models 3,5 and 7 were compared within the internal dataset, ‘hypothesis
free’ model 7 had the best predictive discrimination, with an AUROCC of 0.83
(95%Cl 0.74-0.92). Furthermore, when conventional model 3 was compared to
models 5 and model 7, only model 7 had a significant increase in risk prediction,
(p=0.03). Model 7 contained: ppoFEV; as a linear variable, BMI, Pre-operative BPI
score and diabetes status. All of these variables would be easy to collect or

calculate in a clinical setting. It is encouraging to see lung function was still be
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selected into the model, albeit being used as a linear variable without cut-offs.
Lung function has traditionally been used for risk prediction in this population and
though despite having a questionable evidence base, lung function can’t not have
a role in post-operative dyspnoea. Validating any novel scoring tool without the
inclusion of lung function would be very challenging as many clinicians would be
reluctant to use a risk prediction calculator that did not incorporate ppoFEV1%
and/or ppoDLCO%.

It may seem intuitive that BMI should affect dyspnoea grade as body habitus can
have a large influence on exercise tolerance and functional capacity. In our
cohort, those with dyspnoea at three-months had a higher BMI (29.8) when
compared to those without (26.7), (p=0.03). Despite this being statistically
significantly different, clinically this modest difference in BMI is unlikely to
represent any meaningful difference. Furthermore, this is at odds with most of
the lung cancer literature, where patients with a low BMI have poorer outcome.3"0
Most patients with advanced lung cancer are cachectic with a low BMI, post
diagnosis weight loss potentially being a prognostic factor for survival and global
quality of life.3" Our patients have been selected for having good functional
capacity and this may explain the higher than normal BMI in both groups - the

cancer being recognised early with minimal progression of disease.

Pre-operative pain score and diabetes status are less obvious variables to be
selected into the model. An increased pre-operative pain score having an
influence on post-operative dyspnoea could be because these patients may have
chronic pain due to the lung cancer disease process or other significant co-
morbidity. These patients may therefore be vulnerable to any surgical insult
causing a worsening of long term-symptoms with the chest wall becoming affected
- chronic pain is a complex disease process, much of which remains unexplained.
Pre-operative diabetes status may be linked to increased post-operative dyspnoea
with the increased levels of cardiovascular co-morbidity observed in patients with
poorly controlled diabetes. Diabetes could also be simply serving as a surrogate of
otherwise unmeasured factors such as; all cardiovascular risk factors and the
metabolic syndrome. Diabetes has also been associated with an increase in
prevalence of respiratory symptoms as compared to the general population.3'? The
mechanism behind this is unclear but thought to involve a faster lung ageing

process. One half of patients with COPD have co-existing metabolic syndrome
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which may explain why both of these factors have been selected; as the two
conditions involve low grade inflammation, they have recently been collectively
referred to as ‘chronic systemic inflammatory syndrome’.3'® 3'4 |t has been
demonstrated that the risk of some cancers is higher in the diabetic population,
but this is not the case for lung cancer.3'> However, it has been suggested that
pre-existing diabetes is associated with a worse survival rate in those with newly

diagnosed lung cancer, particularly females.3'¢

While the derived models performed well within the internal validation dataset,
the results were not reproducible in the external dataset. This may have occurred
for a number of reasons. With many different statistical methods available to
create a risk prediction model perhaps selection of an alternative technique may
have had more positive findings - forwards logistic regression was used to derive
the risk prediction models. Linear regression (using a continuous primary
outcome), cox regression (considering the risk of dyspnoea with increasing post-
operative time) and machine learning are all other options which may have had
different results. Machine learning is a relatively new method of risk prediction in
medical research - situations which are suited to machine learning are those where
researchers are only interested in classification of conditions without wishing to
draw conclusions from individual variables.3'” While machine learning may be

useful, a very large data set is commonly needed.

Models developed using data with few positive events compared with the number
of variables often underperform when applied to a new patient cohort.3'® The
main reason for this is ‘model overfitting’ with overfitted models tending to
underestimate the probability of an event in low risk patients and overestimate in
high risk patients - the smaller the positive event ratio, the more overfitted the
model will be.3' In the current study twenty-seven patients had a ‘positive event’
of an MRC dyspnoea score of >2 at three months post-operatively. There exists no
firm rule for the number of positive events per variable ratio when creating a
scoring tool, but it has been suggested by some authors that is should be at least
ten - for example a dataset should contain at least 70 events to fit a risk model
with seven regression co-efficients.3'® Other authors have shown adequate model
performance when the positive events to variable ratio falls short of this.32° Model
3 had four variables, based on which, ideally should have 40 positive events within

the dataset, falling short of this ‘rule-of-thumb’. Given the pattern we observed
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in all models (3,5 and 7) was one of underestimation at low risk patients and an
even more pronounced overestimation in high risk patients, it seems reasonable

model overfitting is the most obvious reason for poor external validation results.

In an attempt to reduce model overfitting, candidate predictors were carefully
selected from univariate analysis based on the number of positive events. Given
model overfitting is the most likely cause for poor results at external validation,
two further strategies could be used to minimise or remove the underestimation
(model overfitting); increasing the sample size and simultaneously increasing the
positive event rate is the most obvious solution. Alternatively, more complex
methods can alleviate the problem of overfitting, such as ‘shrinkage’ methods.
‘Shrinkage’ moves the regression coefficients towards zero, moving poorly
calibrated predicted risks towards the average risk. This is commonly done by
shrinking the regression coefficients by a factor, for example 30%. ‘Penalised
regression’ is the most common shrinkage approach when the positive event rate
is low - placing a constraint on the values of the regression co-efficient. Several
penalised methods have been described that use different constraints2', which
are complex and have not been carried out within the risk prediction models

described within this thesis.

The absence of an important predictor within the models is another obvious reason
why the risk prediction models may not have performed as well as expected. The
most obvious suggestion is that intra-operative variables not considered for
inclusion into our risk prediction models may be independent predictors. This was
intentional, as the purpose of this study was to improve prediction of dyspnoea
prior to surgery. However, some intra-operative events or variables may by the
key to understanding the mechanism of dyspnoea and explaining the difference
between the internal and external centres within the study. Given a possible
explanation for post-operative dyspnoea is RV dysfunction (Section 3.2.2), intra-
operative factors include; duration of anaesthesia, single lung ventilation time,
main pulmonary artery clamping occurrence/duration and size of surgical lung
resection. All of these may have the potential to trigger RV dysfunction in a
vulnerable ventricle (with recognition the mechanism leading to RV is complex

and not fully understood).
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Difference in methods of measurement is another common reason why risk
prediction models can fail.32? In this study, every attempt was made to standardise
and therefore minimise any differences in measurement. Selection of well
validated, simple and easy to use questionnaires was another step taken to
decrease variability in completion. Arguably, selection of the MRC dyspnoea
scoring tool may not have been the best to quantify or detect long-term dyspnoea
and the University of California and San Diego Shortness of Breath Questionnaire
may have been better - with a more granular and detailed account of the impact
of surgery on this population and the post-operative dyspnoea experienced.
However, previous work from within our research group (including the pilot work
upon which this study was based) and patient public involvement all supported

use of the MRC dyspnoea score.

A change in clinical setting results in a different case mix which can commonly
affect the usability of prognostic models.3%* That said, all centres within the study
were tertiary cardiothoracic centres performing large numbers of lung resections
per annum with equally qualified surgeons/anaesthetists. Patient demographics
were compared between centres with no discernible difference, making this an
unlikely cause. While all centres within the study are tertiary cardiothoracic
centres, the Golden Jubilee National Hospital is a higher volume centre than the
rest - with a higher number of more complex patients undergoing surgery. With
surgeons performing an increased number of operations, it is plausible this is
driving improved outcome within this centre with patients experiencing less post-
operative dyspnoea - for example reduced operative time because of very
experienced surgeons and anaesthetists. Alternatively, some centres within the
study may be risk averse in their selection of patients undergoing surgery - those
patients who have borderline lung function not being considered for surgical lung
resection. Finally, the other centres within the study may be excellent at patient
selection, considering some other factor when making decisions about operative
intervention, such as age or type and severity of other co-morbidities which may
have an effect on functional outcome. Although, with most centres within the UK

strictly following national guidelines, this seems unlikely.

Usability of a new prognostic model also is a major factor that can limit its clinical
application. A novel prognostic model must also be acceptable to clinicians and

be easy to use. Unambiguous definitions of predictors and reproducible
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measurements using methods readily available are crucial in the success of a new
prognostic model.32® All models created within this study are intuitive, with easily
obtained and reproducible variables. Also, the models are not complex involving

too many variables, which can lead to error, frustration and reduced usability.

When a prognostic model performs poorly in external validation, adjusting the
model using the new data can be considered to improve its performance. 3% This
process is called updating. There are several methods to update risk prediction
models; each with strengths and weaknesses.3** Intercept recalibration is the
simplest form, using a recalibration factor to correct the average of all
predictions. However, as the predictions of a logistic regression model are not
linear, this is not a statistically adequate method and does not improve
discrimination. Logistic recalibration can also be used in small data sets, re-
estimating the model intercept and calibration slope. This also does not however
improve model discrimination. A third method is model revision: all individual risk
factor effects are updated. However, this approach requires an extensive dataset,
more than in PROFILES study.

A final simple method well described in the literature to update risk prediction
models is to add new risk factors. This would generally apply and work best in
models which have been in existence for many years, when over time new
variables have been discovered to be valuable. Given the models within this thesis
are new risk prediction models, this method of updating would not improve risk
prediction. Furthermore, if any variable were of help they would have been

selected as part of the regression analysis.

Another possible approach that may improve the prediction of post-operative
dyspnoea would be to merge all internal and external data, before deriving further
risk prediction models. New models would then be based on both the development
and validated data, improving stability and generalisability, and increasing power.
As the methodology was finalised before the commencement of this study (section
6), this has not been undertaken. Furthermore, internal validation before
proceeding to external validation is a well-recognised technique to create risk
prediction models and is a strength of the current work- 32> combining the data

would not be in keeping with this approach.
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An impact study may be undertaken to quantify whether the use of the prognostic
model in daily practice improves decision making and patient outcome. This is
something that could be done in the future. Prognostic models do not require an
impact study to be carried out before use in clinical practice. Instead, this will be
determined by the acceptable rate of false positive and false negative predictions
and the consequences these erroneous results have for patient management and
outcome.32 If an impact study is not possible, an intermediate step using decision
modelling techniques or Markov chain can be helpful.3?® Markov chains are used
not only in medicine to improve risk prediction models but in many other
professions where a scoring tool is used to forecast results.3?” The analysis helps
evaluate potential consequences of using the model, subsequent therapeutic
decisions and eventual patient outcome. If a Markov model did not observe any

improved outcome a formal impact study would then be required.

Determining if the predictive accuracy of a new model in a population is adequate
is also a matter of clinical judgement and depends upon what alternatives are
available.32® From the literature, it is unclear if experience and clinical judgement
are as good as risk prediction models or guidelines to predict long term dyspnoea
in lung cancer. No study from the review of the literature created a risk prediction
scoring tool with clinical judgement built into the model. Similarly, no study has
tested a new risk prediction model against clinical judgement or alongside clinical
judgement to explore if predictive strength is improved with/without a novel

scoring tool.

This study has confirmed prediction of dyspnoea following lung resection is
challenging. It has also illustrated the difficulty of creating a new risk prediction
model. Creating any risk prediction model is very complex and this becomes even
more intricate when the mechanism behind post-operative dyspnoea is not fully
understood. Dyspnoea is a very subjective symptom, meaning different things to
different patients: making prediction of long-term dyspnoea even more
complicated. In time, with future work in this area, hopefully prediction of

dyspnoea will improve.
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14.4 External validation

When the models were calibrated within the external dataset there were a few
discussion points. Conventional model 3 predicted the first 70% of patients with
reasonable degree of accuracy with all decile points lying close to the ‘perfect
prediction’ line (section 11.3.3, Figure 35). The final 30% of patients were below
the line of ‘perfect prediction’, diverging in this direction - patients at highest
observed risk being decreasingly predicted at a lower risk value. This suggests a
factor(s) which leads to increased predicted risk is actually proving to be
protective. When the calibration curve was drawn using quintiles, this protective
trend is increasingly obvious, (Figure 36). The external centres are perhaps
selecting and risk stratifying patients using a different technique to the GJNH base
centre - although this seems unlikely given most centres within the UK follow the
discussed pre-operative risk assessment strategy (Section 4). Patient
demographics were compared with no differences observed between the variables
measured. There could however be some other variable that could account for
this ‘protection’ in the high-risk patients. External centres may be conservative,
offering surgery to patients who are low risk, with those patients who fall below
the 40% value being assessed further using functional techniques before being
turned away for surgery. At the Golden Jubilee National Hospital few patients (if
any) are offered pre-operative CPET testing, to aid the operative decision-making
process. In the derivation dataset, worsening lung function was associated with
increased risk of dyspnoea. However, if the external centres were only selecting
a minority of the very best of patients with poor lung function in the validation
dataset, then poor lung function could in fact paradoxically be a marker of good
patient outcome. This hypothesis is supported by the observation that a greater
proportion of patients with poor lung function underwent surgical lung resection
in the derivation dataset - eleven patients (15%) had ppoFEV1% and/or ppoDLCO%
falling below 40% value who underwent surgery at the Golden Jubilee National
Hospital. External sites had less (n=5,6%) patients with ppoFEV1% and/or
ppoDLCO% falling below 40% who underwent lung resection. Small numbers of
patients at the extremes of poor lung function may also be contributing to less

accurate prediction by the models.

Model 5 (conventional model 3 and next best variable (EQ-5DL)) also

underpredicted risk within 60% of the highest risk patients within the external
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dataset (Figure 38). Despite the top 3 quintiles falling below the line of perfect
prediction, the lines did not diverge in the highest risk patients, as observed in
conventional model 3 (discussed above). The EQ-5DL QoL questionnaire was very
influential within this model and was most significant predictor, (p<0.01). Patients
from the external sites may have a higher global quality of life and this would
explain the underestimation of risk displayed within model 5. The additional of
the EQ-5DL QoL also prevented the divergence of lines (protective effect at

highest risk) observed at external validation of model 3.

Upon visual inspection, model 7 (‘hypothesis free’) appeared to display the best
calibration within the external dataset (Figure 40). The highest risk patients (top
3 quintiles) remain underestimated, similar to model 3 and model 5, but sit much
closer to the line of perfect prediction, with the line connecting the quintiles

being ‘non-divergent’.

Finally, age and gender were used in the baseline, conventional model in a linear
fashion but perhaps are not as influential for risk prediction as believed. Other
risk prediction model use cut-offs for age, such as Thoracoscore (Section 4.2.1),
with patients falling above 65 years at increased risk. Being male increased risk
within ‘conventional’ model 3. However, age and gender not being selected in
‘hypothesis free’ model 7 may suggest these factors are not as important as
believed or were not handled in the correct fashion to maximise potential

predictive value.

14.5 Deterioration in MRC score

As the minimally clinical important difference (MCID) of the MRC scoring tool is a
change of one (i.e. a change that is meaningful to the patient), further analysis
was performed to test the derived model’s strength to predict a deterioration of
post-operative MRC score, (Section 12.6.1). Following review of the literature,

this is the first study to undertake such an analysis and have positive findings.

Conventional models (including age, gender, ppoFEV:% linear and ppoDLCO%
linear) were significant (all p<0.05) with acceptable discrimination (all AUROCC
>0.7) for determining a deterioration of peri-operative MRC score. These were

improved results compared to when the conventional models were used to predict
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a post-operative MRC score of greater than two at three months (primary
outcome). This ad-hoc analysis shows a potential for ‘MRC deterioration’ to be
used in future studies as the primary outcome - predicting those who are most

vulnerable to become more breathless post-operatively.

Arguably however, a deterioration in dyspnoea illustrated by moving from an MRC
score of one to an MRC score of two may not represent someone who has
‘disabling’ post-operative dyspnoea, which is the cohort of patients prognostic

enrichment aims to capture.

14.6 Peri-operative quality of life and disability

It is well established that patient reported quality of life (QoL) is reduced
following lung resection surgery, more so than other chronic illnesses and
cancers.'® The patients within our study also reported a decline in QoL three
months post-operatively, regardless of which quality of life scoring tool was used.
Global QoL, measured using the EQ-5DL index score, displayed a reduction in
overall quality of life. When each EQ-5DL domain was individually scrutinised, they
all displayed a deterioration in QoL apart from the domain ‘anxiety and
depression’, which remained unchanged. Arguably, the anxiety and depression
levels should have reduced following lung resection within our population given

many patients have been offered the opportunity of definitive treatment.

For post-operative anxiety and depression scores to remain unchanged from pre-
operative scores, perhaps suggests ongoing anxiety and depression from already
higher than average levels. When anxiety and depression was analysed further
using the ‘HADS’ scoring tool, it would seem patients indeed remain as anxious
following their operation but experienced increased depression scores. Increased
post-operative depression may reflect an increased drop observed in reported
post-operative QoL due to increasing post-operative dyspnoea. There was also
reduced performance status reported by patients post-operatively which could
also account for the increased levels of depression. Patients had increased levels
of pain post-operatively as well which may contribute to the increasing post-
operative depression experienced by this cohort. The increased post-operative

depression is likely to be multi-factorial in origin and may also incorporate some
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other factor we did not explore- such as frailty, chemotherapy, radiotherapy,

recurrence and unfavourable pathology results.

At univariate analysis, patients who had an MRC>2 at three months reported higher
levels of disability and reduced quality of life - this was to be expected. This was
a global decline in quality of life, across all domains, and in both QoL scoring tools.
An understanding of the mechanism driving reduced post-operative QoL may allow

us to decrease or stop the decline in QoL and improve patient satisfaction.

14.7 Prediction of quality of life using derived scoring
tools

In section 11.5.1, ‘conventional’ model 3 and ‘next best variable’ model 5 were
used to try and predict quality of life assessed by EQ-5DL (index value) and EORTC
(sumscore). As dyspnoea can influence post-operative quality of life’, it seemed
reasonable to perform this analysis. Positive results would also offer additional
validity to the derived models if they could predict other factors (such as QolL),
perceived to be associated with dyspnoea. The scoring tools generally had poor
discrimination which failed to reach clinical significance. Of note, ‘hypothesis
free’ model 7 was able to predict a significant reduction in quality of life (EORTC
scoring tools - sumscore) with an AUROCC of 0.7 (95%CI 0.57-0.80), ppoFEV1% being
independently predictive within this model, (p<0.01). While this falls short of what
is often deemed to be clinically useful,3% this displays potential for future
exploration. The variables within the model (ppoFEV1%, BMI, pre-operative pain
and diabetes status) are all variables which may reasonably contribute to global

quality of life.

Few studies have explored the prediction of QoL following lung resection. Those
that have, reported ppoFEV1% and peri-operative pain levels as components and

influencers of post-operative QoL.>*

14.8 Secondary outcomes - complications

The incidence of new post-operative atrial fibrillation within our study was 11%,
which is lower than the reported national (UK) incidence of 20-50%.3% Sixteen

percent of patients developed post-operative pulmonary complications within our
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cohort, which falls within other reported ranges of 14%-40%.32% 32° The incidence
of cardiopulmonary complications within our cohort was 47%, which is higher than
the reported 18.5% in the European Society of Thoracic Surgery (ESTS) registry.304
However, when observing patients more closely in a study environment, it is likely
that more complications will be captured than when performing a routine clinical

audit.

There was no mortality in our group which is lower than 2.6% nationally, reported
in the ESTS registry.3% This could however be easily explained due to the small
sample size. Furthermore, no patient within the study developed renal failure,
again lower than 7.2% reported by the ESTS.3% This could be as a result of small
sample size or because of the selected definition of renal failure, as per ESTS:
new onset renal failure with an increase in serum creatinine to two times the
baseline or new requirement for dialysis post-operatively. The incidence of peri-
operative renal failure varies according to the sensitivity of the definition used3*
and other studies may use definitions with less of an increase in creatinine

required.

Median post-operative peak BNP level was higher in those with more than one
complication within this study. This may be because the majority of patients
experiencing complications had cardiopulmonary complications and therefore a
greater increase in BNP post-operatively, may indicate a cardiac mechanism
contributing to this.3% Pre-operative BNP was higher in those with new post-
operative atrial fibrillation and a positive correlation also existed between post-
operative peak BNP and length of hospital stay. These observations highlight the
potential of BNP as a predictive biomarker in lung resection surgery. As discussed
in section 5, BNP is used in other high-risk non-cardiac surgical groups to
determine cardiac risk, it would therefore seem reasonable to explore its
predictive strength in the lung cancer population. Within these guidelines, other
biomarkers are also referenced, such as high sensitivity troponin, which was not

measured within this study.

14.9 What does this research add to existing literature?

The findings within this thesis add to the existing literature surrounding the

prediction of dyspnoea in the lung resection population. This work has
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demonstrated the need for, and challenges in creating, a validated scoring tool to
predict dyspnoea in patients with lung cancer undergoing lung resection surgery.
To date, most work has observed association between lung function, exercise
testing and morbidity and mortality following lung resection, with few authors
having attempted to predict long term dyspnoea. The study adds to the increasing
body of evidence that dyspnoea is both common following lung resection and has
an impact on quality of life. Regardless of which scoring tool was used to measure
dyspnoea, a deterioration was observed post-operatively. Disability and QoL
deteriorated following surgery, in all domains, apart from anxiety and depression

- this may secondary to potentially curative surgery being performed.

The study adds to the evidence that the 40% predicted post-operative cut-off
values for pulmonary function, used in guidelines to stratify risk, are poor
predictors of dyspnoea. Forty percent may not be the optimal cut-off and the
results of this thesis support the use of pre-operative lung function as a continuous
variable to predict post-operative dyspnoea. This study is also one of the first
studies to include age and gender into risk prediction models for lung cancer
resection. It is one of the first studies to look for other predictors of dyspnoea
other than lung function: the ‘best’ model 7 included BMI, pre-operative pain
levels and diabetes status in addition to ppoFEV1%. Pre-operative pain levels being
very significant within the model. This was a new finding and is the first study to
report a link between post-operative dyspnoea and pre-operative pain levels.
Furthermore, the post-operative outcomes detailing dyspnoea, quality of life and
performance status could be invaluable to inform patients prior to surgery in the
shared decision-making process. Lung function testing does have an association
with post-operative outcomes when used as a continuous variable. There existed
an association between increasing post-operative dyspnoea burden and pre-
operative quality of life, performance status and ASA score which has not been
shown before. These findings may be an invaluable tool in the pre-operative

shared decision-making process.

When sensitivity was changed within ‘hypothesis free’ model 7 to achieve a high
sensitivity and high NPV in the external dataset it was not possible to achieve 90%
sensitivity, however a NPV of 82% would be acceptable for a low-risk intervention:

if high-risk was predicted by the score this could be used as inclusion criteria in
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future studies. This is the first study to publish a clinically useful scoring tool to

quantify risk of long-term dyspnoea.

The best new model 7 performed well in the internal derivation dataset and
expectedly less well in the external validation dataset, achieving an AUROCC value
of 0.62 (95% Cl 0.48 - 0.77). The AUROCC for prognostic models is typically
between 0.60 and 0.85.3' Values for AUROCC are generally criticised for an
inability to detect meaningful differences.3*' Therefore, Brier skill score and net
reclassification indexing were both used and confirmed the discriminative abilities

of the new models.

By comparison, ‘conventional’ model 3 performed poorly within the internal
derivation dataset with similar values when applied to the external validation
dataset, achieving an AUROCC value of 0.68 (95% CI 0.55 - 0.80) - however this
was better than model 7 detailed above. Variables within this dataset included
age, gender, ppoFEVi% and ppoDLCO% which are routinely collected during
conventional risk prediction of dyspnoea. Post-operative predicted FEV:% and
ppoDLCO% were used as linear variables within this model, instead of the
traditional cut off values of above or below 40% deemed high risk and warranting

further investigation.

Improved prediction of post-operative dyspnoea and implementation of novel

scoring tool could benefit patients by:

e Screening for entry into a prognostic enrichment study aiming to ameliorate

post-operative dyspnoea.

e Better informing them when making decisions about choosing to undergo

surgery.

e Providing access to potentially curative surgery in those previously deemed

too high-risk.

e Allowing development of novel targeted preventative therapies in those at

most risk.
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Finally, an accurate prognostic model is of no benefit if it is not generalisable or
doesn’t change behaviours.323 All variables for consideration in the models are
easy to collect and would not utilise additional resource. They are basic
measurements which are already routinely collected at pre-operative assessment.
As this scoring tool will not be used in clinical practice (nor is it designed to be so
used) it is not possible to determine if it would change clinical decision-making

behaviours.

14.10 Strengths and limitations

A strength of this study is that it is the only reported study exploring the predictive
value of the biomarker BNP for long term dyspnoea following lung resection
surgery. The study is one of the largest reported datasets looking at the prediction
of dyspnoea following lung resection, incorporating a large number of patients
across multiple cardiothoracic centres within the UK. Despite pre-operative BNP
not improving current risk prediction strategies, this study confirms association
between BNP and both the incidence of post-operative complications and hospital
stay. Following lung resection, peri-operative BNP levels have previously been

associated with post-operative complications, including AF.134 269, 270, 332, 333

The use of two scoring tools to measure peri-operative dyspnoea was a strength
of the study. By using two tools which have different strengths and weakness’ we
could confirm with more certainty the findings about dyspnoea burden in this
population. The MRC grading system has several advantages; its ease of use and
broad grading categories make its use intuitive with both clinicians and patients.
In addition, it is one of the few dyspnoea scoring tools with a valid MCID. The
broad grading category however is also a potential weakness of the MRC scoring
tool and therefore the UCSD-SOBQ was also selected to quantify pre- and post-
operative dyspnoea within the study. The UCSD-SOBQ has a valid MCID but is not
as easy to complete, with substantially more questions and grading categories.
Despite their popularity, neither the MRC score or UCSD-SOBQ are validated

specifically in the lung cancer population.

The study observed pulmonary function is associated with, but not predictive of
long-term dyspnoea following lung resection surgery. This is similar to other

studies investigating the prediction of post-operative dyspnoea in this
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population.'? 170, 18 The analysis contained within this thesis displayed the
questionable evidence base of the predictive strength of post-operative dyspnoea
from pre-operative lung function, confirming at best an association with post-
operative dyspnoea. By using lung function as a linear variable, prediction of post-

operative dyspnoea burden may be able to be improved.

As part of model validation, calibration was also investigated in line with
recommendations. Other studies looking at risk prediction often do not comment
on this aspect of model validation and this sets this work apart, again adding to

the strength of the findings.

The models created within this study have variables which are easy to obtain in
clinical practice. It would not involve any extra resource or much time to
implement, which is paramount when creating a new clinical risk prediction
model: if too much effort is involved for little gain, medical staff will be reluctant

to adopt the model. 323

As detailed in chapter 6, missing data was minimal within the internal dataset
(GJNH), despite the size of the study. Missing data was more prevalent within the
external data set and some patient data was excluded as a result. This is
unavoidable in clinical research and by excluding some patients from the final
analysis balanced the two groups in size. A sensitivity analysis was performed and

this demonstrated that missing data had no effect on the overall outcome.

The analysis plan had to be modified during the study for the purpose of this
thesis, prior to any results being viewed or analysed. Due to time constraints and
a delay in getting data returned from external sites, derivation of the scoring tools
took place using data only from the patients recruited from the Golden Jubilee
National Hospital. The original analysis plan aimed to test the additional utility of
BNP to existing conventional pre-operative risk prediction methods across all

centres.

The analysis plan changed to recruit 125 patients and derive a new scoring tool
before validating with 125 patients from an external dataset, (Section 6).
Derivation and validating a scoring tool within the same study was a strength

rather than a limitation. No other published work concerning the prediction of
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dyspnoea following lung resection has attempted to derive and validated a scoring

tool within a single study.

The global COVID-19 pandemic resulted in a lower-than-expected return rate of
questionnaires at the 3-month time point at this stage of the study (the end). This
was for two reasons; follow-up and reminder letters were not sent routinely as
they had been before and patients were less likely to engage with the study during
the pandemic, likely due to increased pressures in their social/personal life.
Consequently, less patients than anticipated were in each group. However, with
approximately one third of patients reporting the primary outcome and having a

‘positive event’ this was sufficient when performing regression analysis.

Arguably, the analysis could be repeated to incorporate all patients within the
study (internal and external) to derive a further scoring tool to predict post-
operative dyspnoea. However, given how convincingly BNP did not improve risk

prediction it would be unlikely to change the primary finding of this study.

14.11 Future directions

The study has served to emphasise the burden of dyspnoea following lung
resection, regardless of which scoring tool was selected. Based on the results of
this study, the ‘best’ scoring model developed to predict dyspnoea (model 7) may
be strong enough to allow entry into further low risk interventional studies,
(Section 14.12). However, the model would need to be improved to become useful
in clinical practice - influencing decision making process’ for lung resection and

aiding the surgical consent process.

A review of the literature showed a strong association between low technology
exercise testing and post-operative morbidity and mortality and therefore this
may be incorporated into any future model derivation. Recently there has been
interest in heart rate recovery in risk prediction studies 334 and pilot work within
our research group has shown some promise. Sub-maximal exercise testing with
heart rate recovery may be another variable that would strengthen prediction of

dyspnoea following lung resection. This should be a focus of future work.
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Our analysis focused on dyspnoea at the 3-month time point following lung
resection. The trajectory of post-operative dyspnoea is not well defined and
therefore this time point may not be optimal- perhaps we should instead seek to
measure dyspnoea at the 1-month or 1-year time point following surgery. A study
to determine and gain better understanding of the development and time-frame

of post-operative dyspnoea would be beneficial.

As highlighted in the literature review, pulmonary function has been used for many
years to predict post-operative complications with varied success. While we
observed association between BNP and post-operative complications (AF and
pulmonary complications) further work would be required to demonstrate any
predictive value. Equally, prediction of hospital stay would be useful to plan
service provision, but much work would be required to successfully use BNP in this
setting. The potential role of BNP in this population is not yet known and requires
further exploration. Given it is hypothesised dyspnoea following lung resection
may be driven in part by cardiovascular dysfunction (in particular RV dysfunction),
a future study should seek to better understand, explore and define the

mechanism.

One aspect of the study, not yet discussed, is a comparison of the MRC scores
clinicians awarded patients at MDT discussion, versus what patients self-graded
graded. As these values often underpin clinical decision making, this comparison
would be useful to determine if clinicians are over or underscoring patients when
assessing and planning the best treatment modality. This could be a secondary

outcome of any future study in this area.

If resource was not finite, it would have been useful to include measurement of
other biomarkers such as NT-pro BNP and cardiac troponins. These biomarkers may
have increased predictive strength of long-term dyspnoea and may be considered

when planning future studies.

This thesis has utilised traditional data analysis tools and statistics in an attempt
to improve the prediction of dyspnoea following lung resection surgery for cancer.
Artificial intelligence and machine learning are becoming increasingly popular
techniques to discover insights, find new patterns and discover relationships

within data. The large clinical dataset created within this project, including many
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outcome measurements with biological markers, would be suitable for future
analysis using artificial intelligence and machine learning. This approach may
unveil the key to accurate prediction of post-operative dyspnoea in this population

and improve the shared decision-making process.

14.12 Interventions

The purpose of deriving new risk prediction models in this study was to facilitate
prognostic enrichment and entry of patients into low-risk interventional studies,

aiming to mitigate the risk of dyspnoea. Future low-risk interventions may include;

e Pre-operative - Pre-operative optimisation or ‘pre-habilitation’ in a
selection of patients to reduce body weight, increase cessation of smoking,
optimise medications and offer psychological support. Given pre-operative
pain was predictive of post-operative dyspnoea within this study,
consideration of pre-operative optimisation and referral to acute/chronic

pain team may be advantageous.

¢ Intra-operative - Consideration of intra-operative factors that may be
contributing to post-operative dyspnoea. Enhanced monitoring and
particular attention to reduced anaesthetic times/OLV times/PA clamp

times, which are known to be harmful.3%

e Post-operative - Increased ‘enhanced recovery’ care in HDU or other high
acuity area with extra monitoring and physiotherapy in the initial period
following surgery. Early post-operative echocardiogram to assess
cardiovascular status and optimise fluid balance. Routine administration of
high flow nasal cannula in the post-operative period- this has been shown
to be beneficial in the lung cancer population in reducing length of hospital
stay,®3¢ but its effects on post-operative dyspnoea have yet to be

confirmed.

Combined, the above peri-operative interventions may lead to marginal gains to

reduce the burden of post-operative dyspnoea.
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If dyspnoea is indeed contributing to post-operative quality of life, a discharge
package of care could be implemented with appropriate psychological support and
follow up. This would ensure patients most vulnerable to a reduced post-operative
quality of life or long-term dyspnoea can be identified early with intervention to
improve patient outcome. If dyspnoea is inevitable, an offer of psychological
intervention to council patients about expecting post-operative shortness of
breath and provide techniques to manage this symptom, may improve global

quality of life in some patients.



Appendices

253

15 Appendices

Appendix 1 -

Appendix 2 -

Appendix 3

Appendix 4

Appendix 5

Appendix 6

Appendix 7

Appendix 8

Appendix 9

Appendix 10

(Summary table) Stair climbing test as a predictor in lung

cancer surgery assessment

(Summary table) Six-minute walk test as a predictor in lung

cancer surgery assessment

(Summary table) Shuttle walk test as a predictor in lung

cancer surgery assessment

(Summary table) Pre-operative CPET testing for lung

resection

Ethical approval for study to explore prediction of dyspnoea

in lung cancer population

Grant confirmation - AAGBI/NIAA

Patient information leaflet V4 with ethical approval (Golden

Jubilee National Hospital)

Blank consent form for PROFILES study (Golden Jubilee
National Hospital)

University of California and San Diego Shortness of Breath

Questionnaire

European Organisation for research and treatment of cancer

Quality of life questionnaire



Appendices

15.1 Appendix 1

Table 62 — Summary of studies examining stair cIimbing as a predictor in Iung cancer surgery assessment

Single centre

Step height 0.174m

of complications sustained (r= -0.30), (all
p<0.05). No further stats provided.

Study Population Method Outcome Comment
Retrospective 30-day complications | Negative correlation between steps Association demonstrated, no
climbed pre-operatively and post- predictive statistics provided
Olsenetal fn=54 Maximum 5 flights operative intubation time (r= -0.35),
1991 214 hospital days (r= -0.28) and total number

Prospective

Stair climbing
performed in all

Climbing > 44 steps had a PPV 91% and
NPV 80% for 90-day mortality. No other

Small patient numbers

Single centre

patients included into
study - defined as
FEV1 <2L

One patient climbed two flights
One patient failed the test and developed
post-operative respiratory complications

Holdenetal Jn=16 patients predictive stats Association demonstrated,
1992 223 minimal predictive statistics
Single centre 90-day complications provided
and mortality
Prospective 30-day complications | No statistical analysis Small patient numbers
and mortality
Pate et al n=12 Results described; No statistical comparison due
1996 213 Only borderline Ten patients climbed more than 3 flights | to small cohort
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15.2 Appendix 2

Table 63 — Summary of studies examining six-minute walk testing as a predictorin Iung cancer surgery assessment

Study

Population

Method

Outcome

Comment

Holden et al
1992 223

Prospective
n=16

Single centre

Pre- op 6MWT all patients

90-day complications and
mortality

6MWT distance of >1000 feet
predictive of survival longer than
90 days (sensitivity 100%, PPV 85%,
NPV 100%).

Patients with no complications had
longer 6MWT distance (p<0.05).
(no values given)

Small patient numbers

Association demonstrated with
minimal predictive statistics
provided

Markos et al

Prospective

12-minute walk test
Pneumonectomy n=18

No complications group mean walk
distance 1,018m SD 282m

No difference in walk test in
patients with and without

Pneumonectomy n=11
Lobectomy n=29
Wedge n=12

shorted distance at 6MWT, p=0.03)

1989 154 n =55 Lobectomy n=29 Cgmplications group mean walk complications.
No resection n=6 distance 905m SD 163m
Single centre Inoperable n=2 (p>0.05) No predictive statistics
Prospective Pre-op 6MWT all patients 6MWT independently predicted 6MWT is independently
respiratory failure. No results from | predictive of respiratory failure.
n= 52 Cardiopulmonary complications | regression displayed.
Pierce et al and mortality within 32 days No results from regression
1994 225 Single centre (Patients with complications had displayed.
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Study

Population

Method

Outcome

Comment

Marjanski et al
201522

Retrospective
n =253

Single centre

Pre-op 6MWT all patients

In hospital cardiopulmonary
complications

Lobectomy n=253

6MWT distance < 500m was
associated with post-operative
cardiopulmonary complications
(p<0.01)

6MWT distance < 500m
independent predictor of
cardiopulmonary complications
(OR 2.50, 95% Cl 1.28-5.30 p<0.01)

6MWT independent predictor of
cardiopulmonary complications

6MWT = six minute walk test

256
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15.3 Appendix 3

Table 64 — Summary of studies examining shuttle walk testing as a predictorin Iung cancer surgery assessment

Study Population Method Outcome Comment
Retrospective Pre-op SWT (400m Vs 250m | SWT distance less than 400m | SWT distance <400m independent
walk tested cut-offs) independent predictor of | predictor of post-operative
Fennelly et al n =101 cardiopulmonary complications (OR | cardiopulmonary complications
2017 337 30-day complications 4.3 95% Cl 1.4-12.7, p<0.01)
Single centre 400m distance used in guidelines
Lobectomy n=89
Pneumonectomy n=12
Prospective Pre-op SWT Good outcome n=69 (mean shuttle | No difference between groups
Duration of hospital stay, post- | 419m) (No post-operative
n=103 operative complications and | complications) No predictive stats performed as no
mortality rates Poor outcome n=34 (mean shuttle | significance at univariate analysis.
Win et al Single centre 388m) (Post-op death or major
2004 227 Lobectomy n=57 complications)
Pneumonectomy n=37 No difference between two groups (p
Bi-lobectomy n=6 =0.6)
Wedge or no resection n=11

SWT = Shuttle walk test



Appendices 258

15.4 Appendix 4

Table 65 — Summary of studies examining pre-operative CPET testing as a predictor in Iung cancer surgery assessment

Study Population Method Outcome Comment
Prospective Pre-op CPET More pulmonary complications in | Small patient numbers
those with VO, max <15ml/kg/min
n=55 30-day complications (8.8 v 16 mls/kg/min, p=0.05) Association demonstrated with no
predictive  statistics  provided
Bayram et al Single centre Two groups with despite title of paper
200733 pre-operative =~ VO max -

15ml/kg/min cut-off

Lobectomy n=31
Bi lobectomy n=6
Pneumonectomy n=18

Prospective Pre-op CPET Post-operative complications n=9 Small patient numbers
Bec;:g&a §t al n=62 Pneumonectomy n=14 Two patients with predicted post- | No analysis -narrative only
Lobectomy n=48 operative VOmax > 10ml/kg/min

Single centre became oxygen dependent
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Study

Population

Method

Outcome

Comment

Bechard et al
1987234

Prospective
n=50

Single centre

Pre-op CPET - surgeon blinded

Pneumonectomy n=10
Lobectomy n=28
Wedge resection n=12

Patients without complications had
a higher VO,max (17ml/kg/min Vs
9.9ml/kg/min, p<0.001)

n=7 patients had VO, max
<10ml/kg/min. n=2(29%) died and
n=3(43%) had morbidity.

n=28 patients had VO, max 10-
20mls/kg/min. n=0 died and
n=3(11%) had morbidity.

No patients with VO; max
>20ml/kg/min sustained any
morbidity or death (p<0.001)

<10ml/kg/min is associated with
significant morbidity and
mortality.

Association demonstrated with no
predictive statistics provided

Bobbio et al
200933

Prospective
n=73

Single centre

Pre-op CPET

Post-operative cardiopulmonary
complication

Lobectomy n=64
Bi-lobectomy n=5
Segmentectomy n=4

VO; max in those with and without
pulmonary complications 19.7 Vs
16.9 ml/kg/min, p=0.04

VO, max to predict pulmonary
complications - AUROCC 0.69 (95%
Cl1 0.57-0.85)

At 15ml/kg/min, sensitivity was 85%
and specificity was 32% for
pulmonary complications. At
20ml/kg/min Sensitivity was 36%
and specificity was 90%.

Association demonstrated but VO,
max is not an independent
predictor of pulmonary
complications
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Single centre

Lobectomy n=197
Pneumonectomy n=28

Appendices
Study Population Method Outcome Comment
Prospective Pre-op CPET VO2max?% predicted and VO,max VO2max% predicted is an
ml/kg/min were greater in group A | independent predictor of post-
n=80 Two groups; with no complications (p=0.0001 & operative complications
A - No complications p<0.0002 respectively)
Bolliger et al Single centre B - Post-operative complications
1995340 within 30 days VO,max% predicted 86% at
regression. No further statistics
Lobectomy n=45 given
Pneumonectomy n=21
Segmentectomy n=14
Retrospective Pre-op CPET VO; max (ml/kg/min) was not CPET testing not an independent
associated with respiratory predictor of complications
Brat et al n=76 30-day pulmonary complications complications (p=0.15)
341
2016 Multicentre Pneumonectomy n=17 Not significant at regression
Lobectomy n=47
Segmentectomy n=10
Prospective Pre-op CPET VO; max (ml/kg/min) associated Author concludes: VO; max
with pulmonary complications >20mls/kg/min is a safe cut off
n=204 30-day complications (p=0.015) but not cardiovascular value; no mortality occurred and
Brunelli et al complications (p=0.3) only 35% of patients observed
2009342 Single centre Lobectomy n=177 morbidity”
Pneumonectomy n=27 VO, max an independent predictor
of pulmonary complications (Cl VO; max is an independent
(0.77,0.99), p=0.04) No further stats | predictor of pulmonary
provided complications
Prospective Pre-op CPET VO; max ml/kg/min not associated V02 max is not an independent
with post-operative pulmonary predictor of pulmonary
Brunelli et al n=225 30-days pulmonary complications complications or mortality, p=0.5 at | complications or mortality
201227 univariate analysis
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Study Population Method Outcome Comment

Prospective Pre-op CPET Survivals of patients with pre-op VO2max (%) is an independent
VO2max >60% longer: 73% vs 40%, predictor of survival. (best cut-off
Brunelli et al n=157 Long term survival (5-year) p<0.01). 60%)
343

2014 Retrospective Lobectomy or Segmentectomy VO2max above 60% (p=0.001, hazard
database n=157 ratio 2.4) was an independent
analysis predictor of survival.

Brutsche et al

Prospective

n=125

Pre-op CPET

30-day complications

VO; max/kg body weight (%
predicted) was an independent
predictor of complications (OR -
0.05, SEM 0.014, p<0.01, no further

VO;max is an independent
predictor of post-operative
complications

Lobectomy n=52
Pneumonectomy n=27
No resection n=18

VO, max(ml/kg/min) (48 months)
predictor of long-term survival,
p<0.01. No further stats provided

200074 Single centre Pneumonectomy n=33 stats provided)
Bi-lobectomy n=9
Lobectomy n=68
Wedge n=15
Prospective Patients divided into two groups; VO2 max (ml/kg/min) is an VO, max an independent predictor
- patients with cardiopulmonary independent predictor of any of any complication
n=97 and technical complications or complication, p<0.01. For
death within 30 days. cardiopulmonary complications
Larsen et al Single centre - patients with cardiopulmonary alone, VO, max was not an Recommended VO,max cut off (%
199734 complications only independent predictor, p>0.05 predicted) for cardiopulmonary

death = 50% predicted
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Study

Population

Method

Outcome

Comment

Loewen et al
2007 236

Prospective
n= 346

Multicentre

Pre-op CPET

30-day cardiopulmonary
complications or mortality

Lobectomy n=213
Pneumonectomy n=53
Wedge n=73

No resection n=7

Patients with complications had
lower VO2max%, p<0.01.

Patients with VO,max% <65%
predicted had poor outcome
(p<0.01, no test given), defined as
respiratory complications or death

Multicentre study with robust

methodology

Markos et al
1989134

Prospective
n=55

Single centre

Pre-op CPET

Pneumonectomy n= 18
Lobectomy n= 29

No resection n= 6
Inoperable n=2

Complications in 4 of 12 patients
with pre-operative VO,max%
<20ml/kg/min and in 3 of 4 patients
with VO2max% > 20/ml/kg/min.

Author concludes a relationship
between decreasing VO;max% and
increasing complication rate

following lobectomy exists

Association demonstrated with no
predictive statistics provided

Matsuoka et al
2004 163

Retrospective
n=130

Single centre

Pre-op CPET
30-day complications

Lobectomy n=130

Patients with complications had a
lower pre-op VO,max (ml/kg/min)
(p=0.01)

Small number of patients with

complications (n=9)

Association demonstrated with no
predictive statistics provided

Nagamatsu et al
20143%

Retrospective
n=315

Single centre

Pre-op CPET

Lobectomy n=291
Bi-Lobectomy n=10
Pneumonectomy n=14

No difference in ppoVO,max/mz2 in
those with and without
complications (p=0.07, no test
stated). No regression performed.

ppoVO2max not an independent

predictor of complications.
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Study

Population

Method

Outcome

Comment

Nagamatsu et al

Prospective
n=211

Single centre

Pre-op CPET

Limited complication definition -
tracheostomy, ventilation >2 days,
daily bronchoscopic lavage >7 days

VO2% max higher (p<0.01) and
anaerobic threshold higher (p<0.01),
in those without complications

VO, max% not a predictor of post-

VO2% max associated with but not
predictive of CP complications

Wedge resection n=1
Lobectomy n=12
Pneumonectomy n=4
No resection n=5

Every patient (n=6) with VO;max
<15ml/kg/min had complications.

200434 and arrhythmias >3 days operative CP complications (r=-
0.0719, p=0.08).
Lobectomy n=166
Bi-lobectomy n=21
Pneumonectomy n=24
Prospective Pre-op CPET and 3-month post-op | VO.max Vs post-operative QoL (3 No association demonstrated
QoL measured months) between pre-op VO;max and post-
n=221 operative QoL (3 months)
Two groups based on VO, max (< > | SF-36 survey to measure QoL.
Single centre 15 ml/kg/min) Mental Component Score (MCS) and | No predictive statistics displayed
Pompili et al Physical Component Score (PCS).
20133 Lobectomy n=204
Pneumonectomy n=17 No difference or change in post-
operative QoL between high or low
VO, max groups. (PCS score 27% Vs
21%, p=0.3 and MCS score 67% Vs
70%, p=0.6, no test given).
Prospective Pre-op CPET Those without CP complications had | Association demonstrated between
higher VO,max than those without pre-op VO;max and post-op
n=22 30-day cardiopulmonary (22.4 ml/kg/min Vs 14.9 ml/kg/min, | complications
Smith et al complications p<0.01)
1984233 Single centre No predictive statistics performed

Small study, n= 16 had lung
resection.
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Study Population Method Outcome Comment
Prospective Pre-op CPET Patients with complications had Association demonstrated with no
lower YO2max (ml/kg/min and % predictive statistics provided
Villani n=150 30-day cardiopulmonary predicted) than those without
illani et al L .
2004348 ‘ complications (p<0.05)
Single centre
Pneumonectomy n=150 3 of 4 patients who died had
VO;max <50% predicted (p<0.05)
Prospective Pre-op CPET Those with and without VO;max (ml/kg/min) not
complications had a similar mean associated with or independent
n=40 30-day pulmonary complications VO2max value (ml/kg/min), 16.3 Vs | predictor of post-op pulmonary
Wang et al . 17.9 (p=0.27) complications
199919 Single centre Lobectomy n=29
Bi-lobectomy n=2 Cut off values of 12.5, 15,17.5 and
Wedge resection n=9 20ml/kg/min not predictive of
pulmonary complications, p>0.05 for
all, chi-squared. No further stats
Prospective Pre-op CPET Patients with complications had Association demonstrated between
lower VO2max% predicted (p<0.01) pre-op VO;max% and in hospital
n=65 In hospital cardiopulmonary and lower VO, max ml/kg/min complications
complications (p<0.01)
Wang et al Single centre VO2max was a predictor of post-
200034 Lobectomy n=32 AUROCC to predict overall operative complications
Bi-lobectomy n=2 complications using YO2max
Wedge resection n=10 (ml/kg/min) was 0.86 and the best
Pneumonectomy n=10 cut off point was 15 ml/kg/min,
No resection n=11 with a sensitivity of 58% and
specificity of 89%. No further stats
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15.5 Appendix 5
Ethical approval for study to explore prediction of dyspnoea in lung cancer
population.
Health Research
Authority
London - Queen Square Research Ethics Committee
HRA NRES Centre Manchester
Barlow House
3rd Roor
4 Minshull Street
Manchester
M13DZ
Telephone: 0207 104 8019
13 September 2018
Dr Ben Shelley
Academic Unit of Anaesthesia, Pain & Critical Care Medicine
University of Glasgow
Level 2 New Lister Building, 10-16 Alexandra Parade
G312ER
Dear Dr Shelley
Study title: PROFILES: bnP for prediction of Outcome Following
Lung resection Surgery
REC reference: 18/LO/1563
Protocol number: NA
IRAS project ID: 251030

Thank you for responding to the Proportionate Review Sub-Committee’s request for changes to the
documentation for the above study.

The revised documentation has been reviewed and approved by the sub-committee.

We plan to publish your research summary wording for the above study on the HRA website,
together with your contact details. Publication will be no eardier than three months from the date of
this favourable opinion letter. The expectation is that this information will be published for all
studies that receive an ethical opinion but should you wish to provide a substitute contact point,
wish to make a request to defer, or require further infomation, please contact please contact
hra.studyregistration @nhs.net outlining the reasons for your request.

Under very limited circumstances (e.g. for student research which has received an unfavourable
opinion), it may be possible to grant an exemption to the publication of the study.

Confirmation of ethical opinion

On behalf of the Committee, | am pleased to confirn a favourable ethical opinion for the above
research on the basis described in the application form, protocol and supporting documentation as
revised.

Conditions of the favourable opinion

The REC favourable opinion is subject to the following conditions being met prior to the start of the
study.

You should notify the REC once all conditions have been met (except for site approvals
from host organisations) and provide copies of any revised documentation with updated
version numbers. Revised documents should be submitted to the REC electronically from
IRAS. The REC will acknowledge receipt and provide a final list of the approved
documentation for the study, which you can make available to host organisations to

A Research BEthics Cammiliee established by the Health Research Authorly
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facilitate their permission for the study. Failure to provide the final versions to the REC may
cause delay in obtaining permissions.

Management pemnission must be obtained from each host organisation prior to the start of the
study at the site concerned,

Management pemission should be sought from all NHS organisations involved in the study in
accordance with NHS research governance arrangements. Each NHS organisation must confirm
through the signing of agreements and/or other documents that it has given pemnission for the
research to proceed (except where explicitly specified otherwise).

Guidance on applying for HRA and HCRW Approval (England and Wales) NHS permission for
research is available in the Integrated Research Application System, at www.hra.nhs.uk or at
hitp ’www.rdforum.nhs.uk.

Where a NHS organisation’s role in the study is imited to identifying and referring potential
participants to research sites (“participant identification centre”), guidance should be sought from
the R&D office on the information it requires to give pemnission for this actiity.

For non-NHS sites, site management pemission should be obtained in accordance with the
procedures of the relevant host organisation.

Sponsors are not required to notify the Committee of management permissions from host
organisations.

Registration of Clinical Trial

All clinical trials (defined as the first four categories on the IRAS filter page) must be registered ona
publically accessible database. This should be before the first participant is recruited but no later
than 6 weeks after recruitment of the first particpant.

There is no requirement to separately notify the REC but you should do so at the eardiest
opportunity e.g. when submitting an amendment. We will audit the registration details as part of
the annual progress reporting process.

To ensure transparency in research, we strongly recommend that all research is registered but for
non-clinical trials this is not curently mandatory.

If a sponsor wishes to request a deferral for study registration within the required timeframe, they
should contact hra_studyregistration@nhs.net. The expectation is that all dinical tnals will be
registered, however, in exceptional circumstances non registration may be permissible with prior
agreement from the HRA. Guidance on where to register is provided on the HRA website.

It is the responsibility of the sponsor to ensure that all the conditions are complied with
before the start of the study or its initiation at a particular site (as applicable).

Ethical review of research sites

The favourable opinion applies to all NHS sites taking part in the study, subject to management
permission being obtained from the NHS/HSC R&D office prior to the start of the study (see
“Conditions of the favourable opinion™ above).

Approved documents

The documents reviewed and approved by the Committee are:

Document Version Date
GP/consultant information sheets or letters [GP Letter] 1 31 July 2018
IRAS Application Form [IRAS_Form_17082018] 17 August 2018
Letter from funder [Grant Award Letter] 27 July 2018

A Ressarch BEthics Cammiliee established by the Health Resaarch Authorly
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Email: nrescommittee.london-queensquare@nhs.net
Enclosures: “After ethical review — guidance for researchers™ [SL-AR2]
Copy to: Dr Brian Lafferty

Dr Catherine Sinclair, NWTC Board
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15.6 Appendix 6

Grant confirmation - AAGBI/NIAA
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15.7 Appendix 7

Patient information leaflet version 4 with ethical approval

NHS

Health Research
Authority

London - Queen Square Research Ethics Committee
HRA NRES Centre Manchester

Barlow House

3rd Roor

4 Minshull Strest

Manchester

M13DZ

Tek 0207 104 8019
02 November 2018

Dr Brian Lafferty

Clinical Research Fellow

Golden Jubilee National Waiting Times Hospital
Agamemnon Street, Clydebank

G814DY

Dear Dr Lafferty

Study title: PROFILES: bnP for prediction of Outcome Following Lung
resection Surgery

REC reference: 18/L0O/1563

Protocol number: NA

Amendment number: 127818

Amendment date: 27 September 2018

IRAS project ID: 251030

The above amendment was reviewed by the Sub-Committee in correspondence.

Ethical opinion

The members of the Committee taking part in the review gave a favourable ethical opinion of the
amendment on the basis described in the notice of amendment form and supporting
documentation.

The Committee found no ethical issues with this amendment.

Approved documents

The documents reviewed and approved at the meeting were:

Document IVasbn Date

Notice of Substantial Amendment (non-CTIMP) 127/9/18 27 Seplember 2018
Partcpant informaton sheet (PIS) [VAPILSGJINH clean) la 24 Seplember 2018
Partcpant informaton sheet (PIS) [VAPILSGJINH tracked)] 4 24 Seplember 2018
Partcpant information sheet (PIS) [V4PILSothercentres dean) 4 24 Seplember 2018
Partcpant informaton sheet (PIS) [V4PILSothercentes tracked| 4 24 September 2018

Membership of the Committee
The members of the Committee who took part in the review are listed on the attached sheet.

Working with NHS Care Organisations
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i i i Beardmore Streel
Golden Jubilee National Hospital ey 90,
NHS National Waiting Times Centre Scotland
Telephone 0141 851 5000
Charman Stewart MacKinnon Fax 0141 951 5500 — \’ —
Chief Executive Jil Young SCOTLAND

PATIENT INFORMATION SHEET - Golden Jubilee National Hospital

PROFILES

¢ boP for pRediction of Outcome Followlng Lung rEsection Surgery’

You are being invited to take part in a research study. Before you decide it is important for you to
understand why the research is being done and what it would involve for you. One of our team will
go through the information sheet with you and answer any questions you have. We suggest this should
take about 15 minutes. You should understand enough about the risks and benefits to be able to make

an informed decision.

Talk to others about the study if you wish.
Ask us if there is anything that is not clear.
What is the purpose of the study?

Lung cancer is the second most common type of cancer in the UK and the leading cause of cancer
related death. Surgery to remove the tumour and the surrounding lung (lung resection) often
provides the best chance of cure. Frequently, patients are smokers with related lung or heart
problems increasing the risks associated with surgery. Whilst surgery for lung cancer is considered
the best chance of ‘cure’, patients may suffer long term breathlessness, lowering quality of life. This
is important; public engagement work we have performed demonstrates repeatedly that second only
to “being alive and cancer free” exercise capacity is the main priority of post-operative patients.

In a previous study our research group showed that the function of the right side of the heart (the
right heart) is decreased following lung resection. The decrease in right heart (the part that supplies
blood to the lungs) function was associated with a prolonged stay in the high dependency unit and
blood markers indicating damage to the heart. The process by which the damage occurs is poorly
understood

Prediction of breathlessness is difficult and not solely caused by lung removal but also from
decreased performance of the heart. Although the surgery does not directly involve the heart, it is
thought the damage is caused indirectly by the surgery and by removal of part of the lung. Current
methods for predicting the risk of breathlessness after surgery are inaccurate. Some patients are
refused surgery based on these methods yet may have had successful surgery. Furthermore, no
specific treatment exists for patients considered to be at increased risk of breathlessness.

By identifying patients at risk of breathlessness, we believe an opportunity exists to intervene. A

small study we completed (a ‘pilot study’) suggests measuring a hormone called ‘BNP’ (B type-
natriuretic peptide, released by the heart) will improve prediction of post-operative breathlessness.

¢ bl for pRedistion, of Outcome Egllowlng Lung rEsestion Surgery’
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Why have you been chosen?

You have been chosen because you are about to undergo lung surgery. We intend to include 250
patients in total in the study across four hospitals in Scotland and Ireland.

Do you have to take part?

It is up to you to decide whether or not to join the study. We will describe the study and go through
this information sheet. If you agree to take part, we will then ask you to sign a consent form. You
are free to withdraw at any time, without giving a reason. This would not affect the standard of care
you receive.

‘What would happen if you take part?

A doctor or nurse from the research team would take you through this information sheet and obtain
your permission to participate in this study in writing.
If you decide to take part you will be asked some questions about your health and asked to fill n a

short questionnaire.

The main part of this study involves additional blood samples collected to measure the level of the
hormone called BNP. One blood test will be taken before your operation and two additional tests
afterwards on the 2* and 3 days after your operation.

We will also ask you to fill in a short questionnaire before your operation and afterwards at 3 months
and one year.

If you are having your operation at the Golden Jubilee Hospital you will also be asked to complete a
walking test before and after your operation as well.

What will you have to do?
Blood sampling

For an operation like this it is routine to have a fine plastic cannula (tube) placed into one of the
arteries at your wrist. Where possible we will aim to take the blood samples from this line and so no
extra needles will be involved. The first blood sample will be collected just before the start of your
operation. Further blood samples will be collected each morning on days 2 and 3 after your operation
with other routine bloods. We will take 3ml (less than a teaspoon full) of blood each time.

Questionnaire completion
You will be invited to complete a questionnaire before your operation and again at three months and

one year after surgery. It should take no longer than 15 minutes to complete each time. You will be
able to return the questionnaire by post if needed.

¢ bl for pRedistion, of Outcome Egllowlng Lung rEsestion Surgery’
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Walking test — Golden Jubilee Hospital

To give us a better understand of exercise and functional capacity we will ask those having surgery
at the Golden Jubilee to undertake a six minute walking test before their operation and again at
three months post operatively. This involves simply walking as far as you can in the six minute time
period and having your heart rate measured simultaneously. You will be screened in accordance
with national guidelines to see if it safe for you to take part in this section of the study and if you
feel unwell or wish to stop the test you may do so at any time. This is an optional extra part of the
study and you can still take part in the main study even if you do not wish to do the six minute walk
test.

Will my care be affected by taking part in this study?

There is no drug or procedure being tested. The drugs you will receive and procedures that take place
at the time of your operation are not affected by taking part in the study.

As your care is not affected by the study, there are no alternatives for treatment.
What are the possible disadvantages and risks of taking part?

Exercise walk testing will pose minimal risk to you. Exercise testing will be guided by your ability
and you may stop at any stage. If you experience any chest pain, tightness or discomfort and/or
excessive breathlessness we will ask you to stop exercising immediately and we will not ask you to
perform any further exercise. You will not be allowed to perform this test if you have had chest pains
in previous month.

Occasionally research studies using blood testing reveal significant unexpected abnormalities which
require medical follow-up, either for further investigation or (more rarely) treatment. The tests we are
doing are for research, but we review them carefully to avoid missing any such abnormality. If any

significant unexpected abnormality is found we will inform your surgeon and send the report to your
GP, who will be able to take it further with you.

Your lung operation and anaesthetic have risks and side effects and these will be explained to you
when you consent for it. The care you receive will not change because you are taking part in the study.

What are the side effects of any treatment received when taking part?

There are no specific side effects of taking part in the study. The drugs you will receive and
procedures that take place at the time of your operation are not atfected by taking part in the study.

Your lung operation and anaesthetic have risks and side effects and these will be explained to you
when you consent for it.

What are the possible benefits of taking part?
There is no direct benefit to you personally, over and above that of the operation itself. We hope the

results of this study will provide information that helps the medical profession develop future
treatments for other patients undergoing lung surgery.

bk, for pRedistion,of Outcome Egllgylng Lung rEsestion Surgery’
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What happens when the research stops?

After the blood tests and questionnaire at | year after your operation there will be no further research
requirements.

What if there is a problem?

Any complaint about the way you have been dealt with during the study or any possible harm you
might suffer will be addressed. Please write to Mrs Paula McPhail — address given at the bottom of
the leaflet.

Would participation in this study be kept confidential?

Yes. We will follow ethical and legal practice and all information about you will be handled in
confidence.

What happens if you don’t want to carry on with the study?

You can withdraw from the study at any time. If you withdraw from the study, no more samples will
be collected and we will destroy all your identifiable samples already taken, but we will need to use
the data collected up to your withdrawal.

What if there is a problem?

We don’t expect any problems in this low risk observational study. In the event that something does
go wrong however, and you are harmed during the research due to someone’s negligence then you
may have grounds for a legal action for compensation against the hospital or health board but you
may have to pay your legal costs. The normal National Health Service complaints mechanisms will
still be available to you.

If you suffer any complications after your surgery it is possible you may require admission to the
intensive care unit; if so you may be sedated and so unable to make decisions about your care. If this
occurs we still plan to collect information about you for the study and would continue to collect blood
tests.

Will participation in the study be kept confidential?

All information which is collected about you during the course of the research will be kept strictly
confidential, and any information about you which leaves the hospital will have your name and
address removed so that you cannot be recognised.

The necessary information will be taken from your medical records, from the hospital computers and
the analysis of blood samples by members of the research team. All data will be anonymised by
removing all names and addresses as soon as possible after collection, so that individuals cannot be
recognised.

The anonymised data will be stored securely with a designated custodian. The study team will be the
only people with direct access; they will analyse the data for the purposes of completing this project.
It may also be used for further scientific work in the future; however this would require permission
to be granted from an independent Research Ethics Committee. The data may also be reviewed by
regulatory authorities responsible for monitoring the quality of research. Your study data may be held
and processed on secure, password protected computers.

¢ haP for pRedistion,of Outcome Egllowlng Lung rEsestion Surgery’
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Anonymised data will be held for a maximum of 10 years before being destroyed securely. Your
personal details (for example your name and address) will be stored separately for 3 years so that we
are able to send you a copy of the study results. After this time these details will be destroyed securely.

Your GP will also be informed that you took part in the study.
What will happen to any samples you give?

This study involves taking blood samples which are in addition to those taken for normal patient care.
The samples will be labelled by unique study number only — all data that is identifiable (gg names
and addresses) will be removed.

Samples will be processed in the laboratories at the hospital and then be disposed of. Analysis is
taking place in specialised laboratories in an alternative location from the routine blood tests you will
undergo.

‘What will happen to the results of the research study?

The study is estimated to take 24 months commencing in October 2018. It is hoped to publish the
results in 2020. We will send a summary of the study results to you at the end of the study. Individual
patients will not be identified in any report / publication of the study.

Who is organising and funding the research?

The study is being organised by a group of doctors led by Dr Brian Lafferty and Dr Ben Shelley who
work at both the University of Glasgow and Golden Jubilee National Hospital in Scotland. The study
is funded by the National Institute of Academic Anaesthesia. Doctors and nurses conducting the
research are not being paid specifically for including you in this study. The study is sponsored by the
NHS National Waiting Times Centre Board.

Who has reviewed the study?

All research in the NHS is looked at by an independent group of people, called a Research Ethics
Committee, to protect your interests. This study will be undertaken with their approval.

This study is being funded by the National Institute of Academic Anaesthesia whose expert panel has
also reviewed the study as part of the funding process.

Further information and contact details

The NHS National Waiting Times Centre Board is the sponsor for this study based in the United
Kingdom. We will be using information from you and your medical records in order to undertake this
study and will act as the data controller for this study. This means that we are responsible for looking
after your information and using it properly. The NHS National Waiting Times Centre Board will
keep identifiable information about you for 10 years after the study has finished.

Your rights to access, change or move your information are limited, as we need to manage your
information in specific ways in order for the research to be reliable and accurate. If you withdraw
from the study, we will keep the information about you that we have already obtained. To safeguard
your rights, we will use the minimum personally-identifiable information possible.

¢ haP for pRedistion, of Outcome Egllowlag Lung rEscction Surgery’
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You can find out more about how we use your information by contacting Mrs Sharon Stott,
Information Governance Manager, National Waiting Times Centre Board, Golden Jubilee National
Hospital, Beardmore Street, Clydebank, Scotland, GR1 4HX.

The NHS will collect information from you and your medical records for this research study in
accordance with our instructions.

The NHS will use your name, CHI number and contact details to contact you about the research study,
and make sure that relevant information about the study is recorded for your care, and to oversee the
quality of the study. Individuals from the NHS National Waiting Times Centre Board and regulatory
organisations may look at your medical and research records to check the accuracy of the research
study. The only people in the NHS National Waiting Times Centre Board who will have access to
information that identifies you will be people who need to contact you to arrange appointments or
complete questionnaires or audit the data collection process. The people who analyse the information
will not be able to identify you and will not be able to find out your name, CHI number or contact
details.

The NHS will keep identifiable information about you from this study for 10 years after the study has
finished.

If you have any questions concemning the study, please ask the person presenting this form to you, or
contact Dr Brian Lafferty on 07527 709 790.

If you have any complaints about any aspect of the way you have been approached or treated during
the course of this study, you should write to Mrs Paula McPhail, Legal and Feedback Co-
ordinator/Complaints, National Waiting Times Centre Board, Golden Jubilee National
Hospital, Beardmore Street, Clydebank, Scotland, G81 4HX. You may also contact the

independent Patient Advice and Support Service through your local citizens advice bureau.
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15.8 Appendix 8

Blank consent form for PROFILES study - Golden Jubilee National Hospital

Teeghon= 0141 9

Golden Jubilee National Hospital Boardnare Sved N H
NHS National Waiting Times Cenre -;-::::1--1 o .

0@

5
Charman Stewart Maddinnan Fax 0141 9515500

Chief Executive Jill Young SCOnAND
Patient Identification Number for this study:

CONSENT FORM

Title: PROFILES “bnP for pRediction of Outcome Followlng Lung rEsection Surgery’

Name of Researcher: Please mitial box

1. Iconfirm that | have read and understand the information sheet dated.................
(version............ ) for the above study. I have had the opportunity to consider the
information, ask questions and have had these answered satisfactorily.

)

I understand that my participation is voluntary and that I am free to withdraw at
any time without giving any reason, without my medical care or legal rights being
affected.

3. lunderstand that relevant sections of my medical notes and data collected during
the study may be looked at by individuals from the University of Glasgow, from
regulatory authorities or from the NHS Trust. I give permission for these
individuals to have access to my records when relevant to the research.

4. lagreetomy GP being informed of my participation in the study.

5. lagreeto take part in the above study.

Name of Patient Date Signature
Name of person Date Signature
taking consent

When completed: 1 for participant; 1 for researcher site file: 1 (original) to be kept in medical notes.

P for pRediclion of Outcome Fallowing Lung Esecion Surgery - Cansent farm
Vesion 20 - 1082018
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15.9 Appendix 9

This section displays the University of California and San Diego Shortness of Breath

Questionnaire.

Instructions: For each activity listed below, please rate your breathlessness on a scale
between zero and five where 0 is not at all breathless and 5 is maximally breathless or too
breathless to do the activity. If the activity is one which you do not perform, please give
your best estimate of breathlessness. Your responses should be for an ‘average’ day during
the past week. Please respond to all items by circling 0 — 5 as per box below.

How short of breath do you get:

At rest

Walking on a level at your own pace
Walking on a level with others your age
Walking up a hill

Walking upstairs

While eating

Standing from a chair

Brushing teeth

Shaving/brushing hair

Showering/ bathing

Dressing

Picking up and straightening

Doing dishes

Sweeping vacuuming

Making bed

Shopping

Doing laundry

Washing car

Mowing lawn

Watering lawn

Sexual activities

How much do these limit you in your daily life?
Shortness of breath

Fear of ‘hurting myself’ by overexerting
Fear of shortness of breath 0 1 2 3 4 5
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279

European Organisation for research and treatment of cancer Quality of life

questionnaire (EORTC) used within this study.

Please answer the following questions. If you do not perform a task please take your best
estimate. Please respond to all questions by circling answers 1-4 as per box below.

1-Not atall
2-Alittle

3 - Quite a bit
4 -Very much

Question

1

Do you have any trouble doing strenuous activities, like
carrying a heavy shopping bag or suitcase?

Do you have any trouble taking a long walk?

Do you have any trouble taking a short walk outside of the
house?

Do you need to stay in bed or a chair during the day?

Do you need help with eating, dressing, washing yourself or
using the toilet?

During the past week?

6.

Were you limited in doing either your work or other daily
activities?

Were you limited in pursuing your hobbies or other leisure
time activities?

Were you short of breath?

Have you had pain?

10.

Did you need to rest?

11

Have you had trouble sleeping?

12.

Have you felt weak?

13.

Have you lacked appetite?

14.

Have you felt nauseated?
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15. Have you vomited? 1]2 3 4

16. Have you been constipated? 1]2 3 4
During the past week:

17. Have you had diarrhoea 1]2 3 4
18. Were you tired 1|2 3 4
19. Did pain interfere with your daily activities? 1|2 3 4
20. Have you had difficulty concentrating on things, like reading 1|2 3 4

newspaper or watching television?

21. Did you feel tense? 12 3 4
22. Did you worry? 12 3 4
23. Did you feel irritable? 12 3 4
24. Did you feel depressed? 1]2 3 4
25. Have you had difficulty remembering things? 1|2 3 4
26. Has your physical condition or medical treatment interfered 1(2 3 4

with your family life?
27. Has your physical condition or medical treatment interfered 1(2 3 4
with your sodial activities?
28. Has your physical condition or medical treatment caused 1(2 3 4
you financial difficulties?

For the following questions please circle the number between 1 and 7 that best applies to
you:

29. How would you rate your overall health during the past 1121|345 6 7

week?
30. How would you rate your overall quality of life during the 1(2131]|4]|5 6 7
past week?

During the past week:

31. How much did you cough? 12 3 4
32. Did you cough up blood? 12 3 4
33. Were you short of breath when you rested? 12 3 4
34. Were you short of breath when you walked? 112 3 4
35. Were you short of breath when you climbed stairs? 1|2 3 4
36. Have you had a sore mouth or tongue? 12 3 4
37. Have you had trouble swallowing? 112 3 4
38. Have you had tingling hands or feet? 12 3 4
39. Have you had hair loss? 112 3 4
40. Have you had pain in your chest? 112 3 4
41. Have you had pain in your arm or shoulder? 1|2 3 4
42. Have you had pain in other parts of your body? (If so, 12 3 4

where?)

43. Did you take medication for pain? (yes or no? please circle) | 1.Yes 2.No
44. If so, how much did it help? 1/2 |3 4

280
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