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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.?
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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
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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



Chapter 2 41

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.
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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.
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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



Chapter 4 64

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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