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ABSTRACT

Introduction

Long-term nocturnal home non-invasive ventilation (NIV) has been demonstrated to
improve survival, decrease admissions and reduce utilisation of healthcare resources in
patients with chronic hypercapnic respiratory failure. Improvements in the management of
patients with chronic respiratory disease has increased the number of patients requiring
home NIV. In the UK, as in other health systems, initiation of home NIV has historically been
via in-patient admission, including an overnight titration study in a specialist centre.
However, if it could be demonstrated that initiation of long-term home NIV could be
performed safely and effectively in an outpatient setting with outcomes that were not
inferior to in-patient initiation, there is potential to reduce the burden on healthcare

systems. This hypothesis formed the basis for this study.

Methods

113 patients (in-patient NIV initiation n=92) with a mix of conditions leading to chronic
hypercapnic respiratory failure (predominantly COPD and OHVS), commenced on long-term
home NIV as either an in-patient or an outpatient, were identified via an NIV database used
as part of on-going NIV patient review. Retrospective data for demography, baseline
spirometry, initial and subsequent blood gases, ventilator settings exacerbations,
hospitalisations, and health-related quality of life (HRQoL) using the Serious Respiratory
Insufficiency (SRI) questionnaire was reviewed. Primary outcomes compared were daytime
arterial carbon dioxide pressure (PaCO;) reduction after 12 months of NIV, and change in

HRQoL measured by the SRI. Secondary outcomes were the impact of home NIV on in-
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patient admissions, length of stay and mortality. An investigation of the potential cost

savings of outpatient initiation of NIV was also undertaken.

Results

The baseline arterial PaCO, in the in-patient initiation group was higher (median 9.4kPa, IQR
8.6-11.3) than the outpatient initiation group (median 7.1kPa, IQR 6.8-8.3). Following 12-
months of home NIV, there was neither a statistical (p=0.164) nor clinical difference in
PaCO, between the in-patient group (median 5.9kPa, IQR 5.3-6.4) and the outpatient group
(median 6.2kPa, IQR 5.7-6.4). The pressure support required by the in-patient group (mean
13.2cmH;0, SD 3.1) at 12-months was slightly higher than the outpatient group (mean

11.7cmH,0, SD 3.6), however this difference was not statistically significant (p=0.113).

Compliance, defined as total hours/total days of ‘mask on’ time measured in hours, was
higher for the in-patient group (mean 7.5 hours, SD 2.4 vs. mean 6.1 hours, SD 2.5) but
again, this difference was not statistically significant (p=0.059). The baseline SRI scores of
the in-patient and outpatient initiation groups were not statistically different (p=0.502) and
the difference between the groups (3.4 points) was less than the minimal clinically
important difference (MCID), defined as 5 points. The absolute change in the mean SRl score
at 12 months was greater than the MCID for both groups (in-patient mean 5.8 points, SD
24.6; outpatient mean 5.7 points, SD 14.1) but below the level of statistical significance (in-

patient p=0.345; outpatient p=0.450).

Compared to the outpatient initiation group, the in-patient initiation group had more
admissions in the 12 months prior to NIV (p=0.016) as well as more bed days (p=<0.001).

Following initiation of NIV, admissions (p=<0.001) and bed days (p=<0.001) were
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significantly reduced for the in-patient group; this improvement was observed for the
outpatient group. Combined all-cause mortality at 1-year was 15% and there was no
statistical difference in mortality between the in-patient and outpatient initiation groups
(p=0.523). Based on standard NHS Tariff costs, outpatient initiation of NIV produces a
potential cost saving of at least £476 per patient, but this could be as much as £1,018 per

patient depending on how costs are calculated.

Conclusions

Based on this single centre observational study, outpatient initiation of long-term home NIV
in @ mixed patient cohort produces outcomes in PaCO, and HRQolL that are not inferior to
in-patient initiation at 12-months; there appears to be no difference in mortality between
the two groups. There is evidence to suggest that single centre studies may provide larger
treatment effect estimates than multi-centre trials (Unverzagt, S., et al.,, 2013) and
conclusions drawn from this data must be considered in this context. However, despite the
relatively small number of outpatients included in the study, it is reassuring that comparable
studies that have drawn similar conclusions do not have significantly larger numbers of

patients in their study cohort.

This study supports previous work that demonstrates that, in appropriately selected
patients, outpatient initiation appears safe, effective and has the potential to deliver
substantial cost benefits without significant reductions in HRQoL. This study provides
important information about the “real world” initiation of outpatient NIV in a non-specialist
centre. However, these findings can only be applied after careful consideration of the

context of this study with an individual’s own situation.
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LAY ABSTRACT

There are a number of medical problems such as some long-standing lung diseases or being
very, very overweight that can cause patients to be unable to get oxygen in and waste gas
(carbon dioxide) out of their body as well as they should. This imbalance is termed
respiratory failure. The levels of oxygen and carbon dioxide in the blood are measured using
a test called a ‘blood gas test’ that also identifies if the respiratory failure is causing the
patient’s blood to become more acidic. If the blood becomes more acidic, it can cause

significant health problems for patients.

To reduce the waste gas and increase the oxygen levels in their blood, patients may benefit
from a treatment called non-invasive ventilation (NIV). NIV blows air in to the lungs at a
higher pressure than room air via a close fitting facemask to help to “flush out’ the waste gas
and increase oxygen levels. Patients that are admitted to hospital may require NIV for a
short period to improve their blood gas levels, but some patients require NIV more regularly
once they are at home. Research has shown that NIV can help patients stay out of hospital
and improve how they cope with their breathing problem at home. Traditionally, a specialist
NIV team has commenced NIV during an in-patient admission with a stay of a few days
whilst the treatment is adjusted. Hospital beds are always in high demand in the UK, so
considering other ways of starting NIV treatment may be beneficial. The purpose of this
study was to see if starting NIV as an outpatient produced outcomes that were not
significantly different from staring NIV as an in-patient, with the potential to reduce the
burden on the healthcare system and produce cost savings to the NHS without affecting

patient care.
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The study compared the outcomes of patients who started on NIV as an in-patient against
those who started on NIV as an outpatient over 1-year of treatment. To compare the two
groups, we looked at the levels of carbon dioxide in patients’ blood before starting NIV,
immediately after starting NIV and then at 3 and 12 months after NIV was commenced. The
study also looked at the quality of life reported by patients on home NIV using a
questionnaire that has been found to be reliable for this group of patients; the
guestionnaire was called the Serious Respiratory Insufficiency (SRI) questionnaire. The study
assessed the costs of staring a patient on NIV as an in-patient compared to the costs for
starting NIV as an outpatient. To compare the costs, we use something called NHS National
Tariff costs. These are a set of prices and rules used by providers and commissioners of NHS

care to deliver the most efficient, cost effective care to patients.

From the data that was obtained during the study period, it does not appear that patients
who started NIV as an outpatient had worse blood carbon dioxide levels after 1 year of
treatment. The quality of life scores at 12 months for both groups were not significantly
different either. This suggests that patients started on NIV as an outpatient have similar
outcomes to patients that are started on NIV via the more traditional in-patient route. Using
NHS National Tariff costs, the study was able to demonstrate that outpatient NIV initiation
produces a potential cost saving of at least £476 per patient, but this could be as much as

£1,018 per patient depending on how costs are calculated.

However, for a number of reasons, is not possible to be certain that this study proves that
the two groups have similar outcomes. The main reason is the difference in numbers of
patients in each group, which makes comparisons between the two groups less reliable.

There were 113 patients at the start of the study, of which only 21 (18.5%) had been started
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on NIV as an outpatient. Unfortunately, only 67 patients completed the full 12-month study
period of NIV treatment resulting in just 15 patients remaining from the initial 21 patients
that started NIV as an outpatient. The study looked at patients that had already been
started on NIV treatment and followed their progress, rather than finding patients before
their treatment had begun. This means that the patients were not selected specifically for

the study and there was ‘missing’ or incomplete data for some patients.

Whilst this study was not able to prove that the two methods for commencing NIV produced
similar patient outcomes, it does add to the growing research data that supports the
outpatient set up of NIV. The results of this study are similar to other studies that compared
in-patient and outpatient set up. The study does demonstrate that significant cost savings
are possible using an outpatient set up methodology. Further work is necessary to get a

larger number of patients, particularly outpatients so that the data is more reliable.

8|Page



Module C2 [16501449]

ACKNOWLEDGEMENTS

First and foremost, | am extremely grateful to my clinical supervisor, Dr lyad Ismail and to
my academic supervisor, Professor Brendan G. Cooper for their invaluable advice,
continuous support, and patience during my PhD study. Their extensive knowledge and

abundant experience have encouraged me throughout this piece of research.

| would also like to thank Mr Peter Nightingale for his advice and support with the statistical
analysis of my study. Special thanks to Mr Richard Glover, for his support with data analysis
of the study and for ensuring the Lung Function and Sleep service ran smoothly whilst my

attention was elsewhere.

My thanks also to all the members of the Lung Function and Sleep team at Good Hope
hospital. It is only with their help and support that | have been able to balance my role as

Service Lead with my academic study during a particularly challenging period.

| would also like to express my appreciation for my friends Jackie and Ken, Jane and Glen
and my Auntie Wendy and Uncle Allan, who have constantly encouraged me and supported

me to complete this — | can see you at weekends now!

Last, but certainly not least, | would like to express my endless gratitude to my husband,
Brendan. Without his tremendous understanding, patience and encouragement throughout
the entire HSST process, it would have been impossible for me to see it through until the

end.

9|Page



Module C2 [16501449]

DEDICATION

| would like to dedicate this piece of work to a number of very important people. Firstly and
most importantly my husband, Brendan, who believed | could even when | told him |

couldn’t! Thank you for your patience, persistence and love.

| would also like to dedicate it to my brother, who | lost to suicide 3 years ago. He would

have been endlessly amused by the thought of his big sister completing a doctorate!

Finally, | would like to dedicate this to my niece, Harriet, who proves every day that anything

is possible if you just try hard enough.

10| Page



Module C2 [16501449]

CONTENTS
PAGE
GLOSSARY 14
LIST OF TABLE
STO S 18
LIST OF FIGURE
ST OF FIGURES 24

1. INTRODUCTION 24
1.1 Respiratory failure 25
1.2 Management of respiratory failure 26
1.3 Mechanical ventilation of the lung 27
1.4 Evidence for the use of NIV in the management of AHRF in 28
adults

2. LITERATURE REVIEW
2.1 Search methodology 31
2.2 Development of adult home NIV services 32
2.3 Evidence for the use of home NIV in COPD 32
2.4 NIV in COPD-OSA overlap syndrome in adults 39
2.5 Evidence for the use of home NIV in non-COPD in adults 41
2.6 Modes of ventilatory support 43
2.7 Patient selection for an adult non —specialist home NIV 44
service
2.8 In-patient versus outpatient initiation of NIV 47
2.9 Compliance with home NIV 51
2.10 Health related quality of life 52
2.11 HRQoL questionnaires in Chronic Respiratory Failure (CRF) 55
2.12 Minimal Clinically Important Difference 61
Summary and research questions 63

11|Page



3. METHODOLOGY

Research Questions

3.12 Study Population

4. RESULTS

Part A

3.1 Introduction

3.2 Decision to commence long-term nocturnal home NIV

3.3 Study design

3.4 Evidence of stakeholder engagement and patient

involvement

3.5 Part A: Quantitative data

3.6 Physiological measurements
3.7 Part B: Quality of life data

3.8 Primary Outcome: Part A
3.8.1 Secondary Outcomes: Part A
3.9 Primary Outcome: Part B
3.9.1 Secondary Outcomes: Part B
3.10 Time investment and costs
3.11 Study sample size

3.12.1 Inclusion criteria

3.12.2 Exclusion criteria

3.13 Patient categorisation

3.14 Informed consent and ethical approval

3.15 Data collection procedures

3.16 Data management techniques

4.1 Flow chart for patients in the study

4.2 Baseline characteristics for the total cohort

Module C2 [16501449]

12| Page

68

69

72

73

76

77

81

81

83

84

85

86

88

88

89

90

90

91

92

94

95



Module C2 [16501449]

4.2.1 Baseline characteristics by clinical diagnosis 96

4.2.2 Clinical diagnosis confirmed by spirometric data 97

4.2.3 Patient anthropometric data by route of NIV initiation 99
4.3 Part A Primary 4.3.1 PaCo; First Review Data 101
Outcome

4.3.2 PaCO, Second Review data 103

4.3.3 PaCO, Third Review data 105
4.4 Part A Secondary 4.4.1 Outcome 1: Frequency and length of stay for respiratory 108
Outcomes related admissions

4.4.2 Outcome 2: Was poor compliance with NIV associated 110

with re-admission?

4.4.3 Outcome 3: All-Cause Mortality at 12-months following 111

initiation of NIV

4.4.4 Was poor-compliance with NIV associated with death 113

before the end-point of the study?

4.4.5 Outcome 5: Admission free survival at 12 months 113

following initiation of NIV (in-patient versus outpatient NIV

initiation)
4.5 Part B Primary 4.5.1 SRI scores pre and post initiation of NIV between groups 115
Outcome: (pooled data)

4.5.2 SRl scores pre and post initiation of NIV within groups at 117

first review (paired data)

4.5.3 SRl scores pre and post initiation of NIV within groups at 118

second review

4.5.4 SRl scores pre and post initiation of NIV within groups at 119

third review

4.6 Part B Secondary 4.6.1 Outcome 1: Are there differences within SRl domain score 120
Outcomes between groups at First Review compared to Baseline?

4.6.2 Outcome 1: Comparison of domains of SRl between 122
groups at Second review compared to baseline

4.6.3 Outcome 1: Comparison of SRl domains between groups 125
at third review compared to baseline

4.6.4 Outcome 2: Are there differences in the domains of SRI 128
that are disease specific?

4.6.5 Outcome 3: Are there differences within SRl domain score 129

13| Page



Module C2 [16501449]

over time comparing COPD with OHVS?

4.7 Cost comparisons 4.7.1 Equipment costs 136
4.7.2 Time taken to initiate NIV 137
4.7.3 Estimate of procedure costs based on NHS HRG codes 137
4.7.4 Costs associated with admissions before and after 138

commencing NIV

5. DISCUSSION AND 5.1 Discussion

CONCLUSION 140
5.2 Critique of the study 152
5.3 Improvements to the Study Design 160
5.4 Impact of the Study and Future research 161
5.5 Conclusion 154
APPENDICES 156
Appendix 1 Severe Respiratory Insufficiency Questionnaire 166
Appendix 1a Severe Respiratory Insufficiency Questionnaire Scoring 170
guidance
Appendix 2 Semi-structured interview information sheet 172
Appendix 3 Guidelines for the use of Non-Invasive Ventilation (HGS) 179
Appendix 4 Outpatient NIV Trial for CHRF in patients requiring non-complex 208
NIV (Good Hope Hospital)
Appendix 5 Domiciliary NIV Service Proposal Consultant Feedback 221
Appendix 6 GHH Home NIV Engagement Meeting Agenda 224
Appendix 7 Signed sponsorship letter 227
Appendix 8 NIV review (Lung Function and Sleep, Good Hope Hospital) 228
REFERENCES 235

14| Page



Module C2 [16501449]

GLOSSARY

6MWD 6-minute walk distance

AHRF Acute hypercapnic respiratory failure

AVAPS Average volume assured pressure support

BE Base excess (positive number) or base deficit (negative
number)

BMI Body Mass Index

BPM Beats per minute

BURR Back up respiratory rate

CNS Central nervous system

CO, Carbon dioxide

COPD Chronic Obstructive Pulmonary Disease

CRDQ/CRQ Chronic respiratory disease questionnaire

CRF Chronic respiratory failure

CWD Chest wall disease

EPAP Expiratory Positive Airway Pressure

FEV, Forced expiratory volume in the first second of a forced

expiratory manoeuvre

15| Page



FiO,

FvC

GOLD

HCO3

HOS-AR

HOT-HMV

HRG

HRQoL

ICU

IMV

IPAP

IPPV

LOS

LTOT

MCID

MRF;s

NHS

Module C2 [16501449]

Fraction of inspired oxygen

Forced vital capacity

Global obstructive lung disease

Bicarbonate ions

Home Oxygen Service — Assessment and Review

Home oxygen therapy - home mechanical ventilation

Healthcare Resource Groups

Health related quality of life

Intensive Care Unit

Invasive mechanical ventilation

Inspiratory Positive Airway Pressure

Intermittent positive pressure ventilation

Invasive ventilation

Length of stay

Long-term oxygen therapy

Minimal clinically important difference

Maugeri Respiratory Failure questionnaire

National Health Service

16| Page



NIPPV

NIV

NMD

0,

OHVS

PaCoO,

PaOz

PCO,

pH

PEF

PO,

POCT

PVA

RCT

RWE

5302

Module C2 [16501449]

Nasal or Non-Invasive Intermittent Positive Pressure

Ventilation

Non-invasive ventilation

Neuromuscular disease

Oxygen

Obesity Hypoventilation Syndrome

Partial pressure of carbon dioxide in arterial blood

Partial pressure of oxygen in arterial blood

Partial pressure of carbon dioxide

Logarithm of the reciprocal of hydrogen ion concentration

Peak expiratory flow

Partial pressure of oxygen

Point of Care Team

Patient ventilator asynchrony

Perfusion of individual lung units

Randomised controlled trial

Real-world evidence

Oxygen saturation in arterial blood

17 |Page



Module C2 [16501449]

SAQLI Calgary Sleep Apnoea quality of life index

SF3g Short form survey instrument 36

SGRQ St. George's Respiratory Questionnaire

SO, Oxygen saturation

Sp0; Arterial oxygen saturation estimated by pulse oximetry
SRI Serious respiratory insufficiency questionnaire

v Ventilation of the lung

Weqas Wales External Quality Assessment Service

18| Page



Module C2 [16501449]

LIST OF TABLES
TITLE Page

Table 1 Consensus clinical indicators for home NIV use in COPD 48
(taken from Cheung et al., 2010)

Table 2 WHO domains of quality of life (Adapted from World 55
Health Organisation WHOQOL-100.2)

Table 3 Summary of papers for validation of translated SRl 60

Table 4 Summary of papers for validation of SRl in a range of 61
clinical conditions

Table 5 NIV patient database data collection 78

Table 6 Baseline characteristics for the total cohort (N=113) 97

Table 7 Baseline characteristics by confirmed clinical diagnosis 98

Table 8 Spirometric data by route of NIV initiation for the 99
combined cohort data

Table 9 Spirometric data by clinical diagnosis for the combined 100
cohort data

Table 10 Patient anthropometric data by method of NIV initiation 102

Table 11 PaCO, at first review following NIV initiation 104

Table 12 PaCO; at second review following NIV initiation 106

Table 13 PaCO; at third review following NIV initiation 108

Table 14 Admissions and bed days pre and post initiation of NIV 111
between groups (in-patient vs. outpatient)

Table 15 Admissions and bed days pre and post initiation of NIV 112

19| Page



Module C2 [16501449]

within groups (in-patient and outpatient)

Table 16 Mortality at 1-year (in-patient initiation vs. outpatient 113
initiation of NIV)

Table 17 Admission free survival at 1-year (in-patient initiation vs. 116
outpatient initiation of NIV)

Table 18 SRl summative score comparison pre and post initiation 117
of NIV between groups (in-patient versus outpatient)

Table 19 Baseline summary SRl versus first review summary SRI 119
Score within groups (in-patient and outpatient)

Table 20 Baseline summary SRl versus second review summary SRI 120
Score within groups (in-patient and outpatient)

Table 21 Baseline summary SRl versus third review summary SRI 121
Score within groups (in-patient and outpatient)

Table 22 Comparison of baseline and first review SRl domains for 122
in-patient NIV initiation

Table 23 Comparison of baseline and first review SRl domains for 122
outpatient NIV initiation

Table 24 Comparison of the absolute change in SRI domain scores 124
between in-patient and outpatients NIV initiation groups
from baseline to first review

Table 25 Comparison of baseline and second review SRl domains 125
for in-patient NIV initiation

Table 26 Comparison of baseline and second review SRl domains 125

20| Page



Module C2 [16501449]

for outpatient NIV initiation
Table 27 Comparison of the absolute change in SRI domain scores 126
between in-patient and outpatients NIV initiation groups

from baseline to second review

Table 28 Comparison of baseline and third review SRl domains in 127
in-patients

Table 29 Comparison of baseline and third review SRl domains in 127
in-patients

Table 30 Comparison of absolute change in SRI domain scores 129

between in-patient and outpatients NIV initiation groups

from baseline to third review

Table 31 Comparison of baseline SRI domain scores in COPD and 130
OHVS

Table 32 Comparison of baseline and first review SRI domain data 131
in OHVS

Table 33 Comparison of baseline and first review SRl domain data 132
in COPD

Table 34 Comparison of absolute change in SRI domain score 132

between OHVS and COPD from baseline to first review

Table 35 Comparison of baseline and second review SRl domains 134
in OHVS

Table 36 Comparison of baseline and second review SRl domains 134
in COPD

21| Page



Module C2 [16501449]

Table 37 Comparison of absolute change in SRI domain score 134
between OHVS and COPD from baseline to second
review

Table 38 Comparison of baseline and third review SRI domain 136
score in OHVS

Table 39 Comparison of baseline and third review SRl domain 136
score in COPD

Table 40 Comparison of the absolute change in SRI domain score 136
between OHVS and COPD from baseline to third review

Table 41 In-patient NIV initiation versus outpatient NIV 138
equipment costs

Table 42 Time required for initiation of NIV (in-patient versus 139
outpatient)

Table 43 Comparison of in-patient and outpatient NIV costs based 140
on HRG tariff

Table 44 Cost of NIV 1-year pre and post NIV initiation (in-patient 141
versus outpatient initiation)

Table 45 Baseline SRI reported in HRQol studies in home NIV 147

Table 46 Number of subjects in outpatient versus in-patient NIV 158

initiation comparison studies

22| Page



Module C2 [16501449]

LIST OF FIGURES

TITLE Page
Figure 1 Respiratory failure; failure of the lung or the pump 26
Figure 2 Figure 2: Children in iron lungs during a polio outbreak in 29

the US in the 1950s

Figure 3 Total hospital beds per 1,000 inhabitants in Europe 66
Figure 4 Flow chart for study participants (physiological data) 96
Figure 5 Change in daytime PaCO, values for in-patient NIV 109

initiation group

Figure 6 Change in daytime PaCQ; values for outpatient NIV 109

initiation group

Figure 7 Kaplan-Meir Survival curve at 1-year (in-patient initiation 114

vs. outpatient initiation of NIV)

Figure 8 Kaplan-Meir admission free survival curve at 1-year (in- 116

patient initiation vs. outpatient initiation of NIV)

Figure 9 Change in SRl over 12 months for in-patient and 118

outpatient NIV initiation

Figure 10 Absolute change in SRI domain score from baseline to 123

first review for in-patient and outpatient NIV initiation

23 |Page



Figure 11

Figure 12

Figure 13

Figure 14

Figure 15

Figure 16

Module C2 [16501449]

Absolute change in SRl domain score from baseline to 126
second review up for in-patient and outpatient NIV

initiation

Absolute change in SRI domain score from baseline to 128
third review up for in-patient and outpatient NIV

initiation

Absolute change in SRI domain score from baseline to 133

first follow up in patients with COPD and OHVS

Absolute change in SRI domain score from baseline to 135

second review in patients with COPD and OHVS

Absolute change in SRl domain score from baseline to 137

third review in patients with COPD and OHVS

Hierarchy of evidence for questions about the 154
effectiveness of an intervention or treatment (Taken

from Akobeng, A.K., 2005)

24 |Page



Module C2 [16501449]

1. INTRODUCTION

The respiratory system may be broadly considered as two parts: the lung and the pump that
ventilates the lungs (Palange, P. and Rohde, G. eds., 2019). The principle function of the lung

is to facilitate the exchange of the respiratory gases, oxygen (O,) and carbon dioxide (CO,);

this is contingent on appropriate matching of ventilation of the lung (F) and perfusion (Q)
of individual lung units. The pump consists of the chest wall and respiratory muscles, the
respiratory controllers in the central nervous system (CNS) and the pathways that connect
the central controllers with the respiratory muscles via the spinal and peripheral nerves

(Roussos, C. and Koutsoukou, A., 2003).

When respiratory failure occurs, the respiratory system fails in one or both of its gas
exchange functions i.e. oxygenation of and/or elimination of carbon dioxide from mixed

venous blood.

Figure 1: Respiratory failure; failure of the lung or the pump. Taken from Roussos, C. and
Koutsoukou, A., 2003.

Respiratory failure

/\

Lung failure Pump failure
Gas exchange failure Ventilatory failure

manifested by manifested by

hypoxaemia hypercapnia

25| Page



Module C2 [16501449]

1.1.RESPIRATORY FAILURE

The diagnosis of respiratory failure is not clinical, but based on arterial blood gas
assessment. Hypoxaemic respiratory failure (Type 1) is characterized by an arterial partial
pressure of oxygen (Pa0;) lower than 8.0kPa with a normal or low arterial carbon dioxide
partial pressure (PaCO,). Hypoxaemic respiratory failure represents a failure of the lung
(Figure 1) and is the most common form of respiratory failure. It can be associated with
virtually all acute diseases of the lung, which generally involve fluid filling or collapse of
alveolar units. Failure of the pump (Figure 1) results in alveolar hypoventilation and
hypercapnia (hypercapnic or Type Il respiratory failure) and is defined as PaCO, > 6.0kPa.
Common causes include drug overdose, neuromuscular disease, chest wall abnormalities,
and severe airway disorders (e.g. chronic obstructive pulmonary disease [COPD]).
Hypoxaemia when breathing room air is seen frequently in patients with hypercapnic
respiratory failure. The increase in arterial CO, directly influences the blood pH (logarithm of

inverse concentration of H+) according to the following equation:

CO, +H,0 & H,CO0; <> HCO; + H* (Raherison, C. and Girodet, P.O., 2009)

Thus, the consequence of hypercapnia due to failure of the pump mainly consists in increase
of H® concentration and development of respiratory acidosis. From the Henderson-
Hasselbach equation, which describes the relationship between pH, bicarbonate ion

concentration ("HCO3), and partial pressure of CO;:

pH =6.1 + log "HCO3/ 0.03pCO; (Bach, P.B., et al., 2001)

It is clear that the pH is strictly determined by the bicarbonate/pCO, ratio, rather than their

individual values; a change in either the bicarbonate (metabolic) or the pCO, (respiratory)
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will directly affect pH and activate compensatory mechanisms. The extent of these
compensatory changes are for the most part dependent on that of the primary alteration
and, from the acid base equation described earlier, can be predicted (Bruno, C.M. and

Valenti, M., 2012).

1.2. MANAGEMENT OF RESPIRATORY FAILURE

Respiratory failure is classified according to its onset, course and duration into acute,
chronic, and acute on top of chronic respiratory failure; the clinical presentation and
management differs significantly between each type. Acute respiratory failure of either type
may be immediately life threatening and management will depend on its cause, severity,
and the likely benefits and complications of possible interventions. The first objective in the
management of respiratory failure is to reverse and/or prevent tissue hypoxia. This is
achieved by the provision of supplemental oxygen to increase the Pa0,. For patients with
hypoxic respiratory failure, this requires the titration of fraction of inspired oxygen (FiO,) to
achieve an improvement in PaQ,; for those patients with hypercapnic failure this is more
challenging for the reasons described earlier. Hypercapnia unaccompanied by hypoxemia is
generally well tolerated and probably is not a threat to organ function unless accompanied
by severe acidosis (Kaynar, A.M. and Sharma, S., 2011). However, coexistent hypercapnia
and respiratory acidosis that is either acute or chronic will need to be managed. In acute
hypercapnic respiratory failure, this may be achieved by correcting the underlying cause or
providing ventilatory assistance. In chronic hypercapnic respiratory failure, nocturnal
ventilatory support may be required in conjunction with supplemental oxygen to correct

hypoxaemia (Hardinge, M., et al., 2015).
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1.3. MECHANICAL VENTILATION OF THE LUNG

Mechanical ventilation is not a new concept and reference to the use of positive pressure to
ventilate the lungs was first described in the mid-16th century (Vesalius, 1998). The ‘modern
era’ of mechanical ventilation can be traced back to the poliomyelitis epidemics of the mid-
20" century, which resulted in large numbers of patients requiring mechanical ventilatory
support (Figure 1). Initially, this was delivered via negative-pressure ventilation (‘iron lung’)

but despite this, patient mortality remained high.

Figure 2: Children in iron lungs during a polio outbreak in the US in the 1950s (taken from

https://www.theguardian.com/society/2020/may/26/last-iron-lung-paul-alexander-polio-

coronavirus)

It was recognized that these devices were insufficient for ventilation of severe cases,
particularly with respect to elimination of carbon dioxide, and positive pressure ventilation

by tracheostomy was developed (Engstrom, C.G., 1954). Its initial application for long-term
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use in the home was for hypoventilation due to paralysis of central origin, neuromuscular
diseases, and spinal and chest wall deformities. Increased understanding of pulmonary gas
exchange and the widespread use of arterial blood gas sampling and analysis led to its use in
a range of patients with hypercapnic ventilatory failure (defined by a PaO, of <8 kPa and a
PaCO, of >6 kPa [BTS, 2002]). However, due to the many complications associated with
invasive mechanical ventilation (IMV) (Zwillich, C.W. et al, 1974; Pierson, D.J., 1990; Slutsky,
A.S., 2005; Tremblay, L.N. and Slutsky, A.S., 2006), there was a resurgence of interest in less

invasive and potentially less harmful techniques to provide ventilatory support.

1.4 EVIDENCE FOR USE OF NIV IN THE MANAGEMENT OF AHRF IN ADULTS

The application of non-invasive ventilation was studied in the late 1940’s (Motley, H.L. and
Werko, L., 1947), but only became widespread following the work by Sullivan et al (1981).
This was initially with nasal Continuous Positive Airway Pressure (CPAP) to treat obstructive
sleep apnoea (OSA), and subsequently the successful use of intermittent positive pressure
ventilation (IPPV) via a nasal mask in five patients with respiratory muscle weakness (Ellis
E.L., et al, 1987). This demonstrated that NIV could be used successfully in the intensive care
setting to ventilate patients with respiratory insufficiency, without the complications
associated with the use of IMV. The term IPPV became known as Nasal or Non-Invasive
Intermittent Positive Pressure ventilation (NIPPV) and finally as NIV. Subsequent studies
demonstrated that NIV produced similar physiological improvements to those observed
when using IMV (Meduri et al., 1989); it was more effective than standard care (Brochard, L.

et al., 1990) and was successful in avoiding intubation (Chevrolet, J.C. et al., 1991).

There were early concerns that NIV was more time-consuming than IMV (Chevrolet, J.C. et
al., 1991), but subsequent studies concluded that NIV was neither more expensive nor time-
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consuming and after the first few days of ventilation, NIV was significantly less time-
consuming in the ITU setting (Nava, S. et al., 1997). Wood K.A., et al. (1998) concluded that
NIV applied in the emergency department demonstrated a greater utilization of respiratory

care services on ‘Day 1’ when compared to IMV, but not beyond.

These early applications of NIV (Wood, K.A. et al, 1998; Chevrolet, J.C. et al., 1991) used
relatively low ventilatory pressure (IPAP <10cmH,0) and variable usage from 60 minutes,
four times daily (Foglio, C. et al., 1992) to periods of 3 to 88 hours (Meduri, G.U. et al.,
1989). Brochard et al. (1990) applied NIV for 7.6 hours/day (+3.9 hours) and demonstrated
that it could can obviate the need for IMV; continuous use of NIV in the first 24 hours in
AHRF, rather than short ‘bursts’, produced more favourable outcomes and was further

supported by the 1993 study from Bott, J. et al.

Subsequent work (Conway, J.H. et al., 1993; Celikel, T. et al., 1998) demonstrated that NIV,
with the addition of supplemental oxygen, could successfully correct severe hypoxaemia
without increasing hypercapnia in patients with AHRF. Studies examining the efficacy of NIV
during AHRF within the ICU setting (Brochard L., et al., 1995; Kramer N., et al., 1995;
Antonelli M., et al., 1998; Celikel T., et al., 1998) demonstrated its efficacy in reducing the
need for intubation and in-hospital mortality associated with severe exacerbations of COPD.
Conway et al. (1993) and Plant et al. (2000) demonstrated that early use of NIV for patients
with AHRF due to COPD, leads to more rapid improvement of physiological variables and,
more importantly, NIV was delivered on a medical ward as opposed to the traditional ITU
setting. A Cochrane Review (Lightowler J.V., et al., 2003) demonstrated the benefit of NIV as
first line intervention, in addition to normal medical care, for the management of AHRF

secondary to an acute exacerbation of COPD.
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Research into the utilisation and effectiveness of long-term home NIV has increased
exponentially; use of long-term home NIV has been shown to improve outcomes in chronic
respiratory failure due to a number of clinical conditions (McKim, D.A., et al., 2011;

Maclntyre, E.J., et al., 2016; Windisch, W., et al., and Guideline Commission, 2018).

The research to support the use of long-term NIV in COPD has historically been equivocal.
However, with the introduction of ‘high intensity NIV’, which can be described as non-
invasive ventilation utilising higher inspiratory pressures and a higher back up respiratory
rate (BURR), clinically important improvements have been demonstrated in COPD (Kéhnlein
T., et al.,, 2014; Ergan, B., et al., 2019). Importantly, these improvements in physiological
parameters, principally PaCO,, have been made without the loss of health related quality of

life (Windisch, W., et al., 2005; Dreher, M., et al., 2011; Duiverman, M.L,, et al., 2011).

Given the evidence for the success of long-term home NIV in improving survival, reducing
admissions and utilisation of healthcare resources, combined with the expected increase in
patients requiring home NIV in the UK (Snell, N., Set al., 2016), it is important to look at the
capacity to deliver this service. In the UK, as in other health systems, initiation of home NIV
has historically been performed with an in-patient admission, including an overnight
titration study in a specialist NIV centre (Suh, E.S., et al., 2019). However, if initiation of
long-term home NIV could be performed safely and effectively in appropriately selected
patients in an outpatient setting and produce equivalent outcomes to in-patient initiation, it
may have the potential to reduce the burden on the healthcare system and produce cost

savings to the NHS. This hypothesis forms the basis for this study.
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2 LITERATURE REVIEW

2.1 METHODOLOGY

The literature review has been structured to:

1. Establish the evidence to support the use of non-invasive ventilation (NIV) in stable
ventilatory failure. Consideration for home NIV is determined by the clinical
presentation of the patient; evidence to support its use in specific, clinically
appropriate patient groups is presented.

2. Present the current literature on the impact of NIV (acute and home) on patient
reported health related quality of life (HRQoL).

3. Compare the outcomes of initiating home NIV in an outpatient setting versus
elective in-patient admission in terms of safety, effectiveness and HRQoL.

4. Develop the research questions for the study.

Published articles were located by searching general computerised indexes in the health
science disciplines (MEDLINE; PubMed; CINAHL), high quality electronic databases (NHS
Evidence Search; TRIP database; Cochrane library) and common search engines (Google;
Google Scholar). The reference lists of identified articles were reviewed for relevant papers
and multiple key words were used as follows: Non-invasive ventilation; adult(s); Guidelines;
Respiratory failure; Acute hypercapnic respiratory Intermittent positive pressure ventilation;
Nasal /Non-invasive intermittent positive pressure ventilation; failure; Chronic hypercapnic

respiratory failure; COPD; Neuromuscular disorders; Chest wall disorders; Obesity
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hypoventilation/obesity hypoventilation syndrome; Obstructive Sleep Apnoea/Obstructive

Sleep Apnoea Syndrome; Supplemental oxygen therapy; service delivery; models.

Boolean operators were used to combine the keywords in database searches to both

broaden and focus the search results as required.

2.2 DEVELOPMENT OF ADULT HOME NIV SERVICES

In light of the benefits observed with acute NIV, the impact of long-term NIV in chronic
stable COPD was investigated. The ‘cost and consequences’ analysis of 13 COPD patients on
home NIV by Tuggey et al. (2003) concluded that, in selected patients with recurrent
admissions with acidotic exacerbations of COPD, NIV was effective at reducing further
admissions, reducing utilisation of primary care resources and thus minimised associated
costs. Despite the economic arguments to support the use of home NIV (Tuggey J.M., 2003;
Elliott M.W., 2009; Dretzke J., 2015), the clinical evidence for its use was contradictory, and
the conclusions drawn from the research evidence were often inconsistent. The Eurovent
survey (Lloyd-Owen S.J., et al, 2005), a Europe wide study of 483 NIV centres, concluded
that despite conflicting evidence of a long-term benefit for ventilation in COPD patients, NIV

was being used widely in this group of patients.

2.3 EVIDENCE FOR THE USE OF HOME NIV IN COPD

Historically, home NIV had been used to manage patients with chronic hypercapnia due to
neuromuscular disorders. However, the success of NIV in COPD patients with AHRF led to
researchers investigating the potential benefits of its long-term use in those patients with
persistent hypercapnia following recovery from an acute exacerbation. Janssens et al.

(2003) described major changes in patient selection for NIV between 1992 and 2000, with a
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marked increase in the use of NIV for COPD and obesity hypoventilation syndrome (OHVS).

However, evidence of benefit for its longer-term use in COPD remained ambiguous.

Meecham Jones et al. (1995) demonstrated that in 14 patients with chronic respiratory
failure due to COPD, receiving NIV in addition to LTOT improved daytime blood gases,
nocturnal PaCO; and reported improved HRQoL compared to patients receiving LTOT only at
3 months. A similar study by Casanova et al. (2000), with 52 randomised patients and
increased study duration, found an improvement in hospital admissions at 3 months, and an
improvement in Borg dyspnoea rating at 6 months. However, beyond that, they concluded
that NIV ‘does not affect the natural course of the disease and is of marginal benefit in
outpatients with severe COPD who are in stable condition’. In contrast, a similar multi-centre
study of 90 stable COPD patients over a 2-year period demonstrated comparable findings in
terms of survival and hospital admissions, but noted the duration of hospital admissions was
shorter. Improvements in carbon dioxide retention, dyspnoea and HRQolL led them to
conclude that there were some improvements with use of home NIV (Clini E., et al., 2002).
The randomised controlled trial (RCT) of 105 consecutive patients with acute hypoxemic
respiratory failure admitted to the ICU by Ferrer et al. (2003) found NIV in a clinically mixed
group of patients to be independently associated with decreased risks of intubation and 90-
day mortality, when compared to high concentration oxygen therapy. However, it is
important to note that patients with hypercapnia, defined as a PaCO, >6kPa (45mmHg) for
this study, were excluded and thus the conclusions drawn cannot necessarily be applied to a

hypercapnic COPD patient cohort.

The observational study of 140 patients with severe persistent hypercapnic COPD (PaCO,

60.1 £+ 9.2mmHg; 8kPa + 1.22kPa) treated with NIV at high inspiratory pressure levels and
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showing high adherence to therapy by Budweiser et al. (2007), demonstrated that long-
term survival was significantly higher than in non-ventilated patients. Of interest is the
finding that patients displaying more severe disease, according to known risk factors,
seemed to benefit most from long-term NIV. The multicentre RCT of LTOT and NIV versus
LTOT alone in 144 patients by McEvoy et al. (2009), which followed the patient cohort for up
to 5 years, supported the findings of Budweiser et al (2007). It is of note that McEvoy (2009)
observed that this improvement in survival appeared to be at the cost of worsening HRQolL

when measured using the St. George's Respiratory Questionnaire (SGRQ).

The negative effect on HRQoL reported is in contrast to the earlier study by Clini et al.
(2002) of 122 stable hypercapnic COPD patients who reported an improvement in HRQoL in
favour of NPPV+LTOT when using the Maugeri Respiratory Failure Questionnaire (MRF,g). A
small study by Ali and Kabir (2007) of 17 patients with mixed disease causing hypercapnic
respiratory failure, also found that community-based NIV significantly improved HRQolL
including dyspnoea, fatigue, mastery and emotional function using the Chronic Respiratory
Disease Questionnaire (CRDQ or CRQ), as well as arterial blood gases. It is of note that the
cohort within this study was biased towards patients with neuromuscular or chest wall

disease, which may contribute to the reported outcomes.

Whilst studies have demonstrated improvements with NIV in stable COPD using a range of
outcomes, a meta-analysis (4 trials) of 3 months of NIV in patients with stable COPD
indicated that it did not improve lung function, gas exchange, or sleep efficiency. A
statistically significant improvement was found in 6-minute walk distance (6MWD), but the
authors did not conclude that NIV was beneficial (Wijkstra P.J., et al., 2003). An update of

this systematic review (Struik F.M. et al., 2013), which included 3 further studies, concluded
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that home NIV used for at least three months, in hypercapnic patients with stable COPD,
had no consistent clinically or statistically significant effect on gas exchange, exercise
tolerance, HRQoL, lung function, respiratory muscle strength or sleep efficiency. Whilst the
conclusions drawn are disappointing, the differences seen in the studies may be due to
methodological factors including variations in ventilator setting, study endpoints, non-
heterogeneous study populations and relatively small study numbers. Crimi et al. (2016)
concluded that, due to the lack of conclusive data from RCT’s, the use of NIV in stable COPD
‘still relies on empirical and subjective decisions, and this may eventually lead to under or

over-prescription of chronic ventilator support’.

Despite a historic lack of consensus and large-scale controlled clinical trial data for the use
of home NIV in COPD, accumulating evidence for its benefit is becoming incorporated into
clinical practice guidelines (Nava and Ergan, 2013). The RESCUE trial (REspiratory Support in
COPD after acUte Exacerbation) was an attempt to provide clarity on the effectiveness of
NIV in COPD patients with prolonged hypercapnia following ventilatory support for acute
respiratory failure. It was a multicentre, prospective, randomised controlled study designed
to assess the impact of home NIV in addition to standard care on admission-free survival in
patients who remained hypercapnic 48 hours after cessation of acute NIV (Struik, F.M., et
al., 2014). 201 patients with severe COPD were recruited (mean FEV; 26% predicted; mean
PaCO, 7.7 kPa) and received moderate pressure support (IPAP 19 cmH,0; EPAP 4 cmH,0).
The study found there was no difference between the intervention group and standard
treatment group in the primary outcome, which was time to readmission or death. The
study did demonstrate a significant treatment effect in the intervention arm in terms of

reduction in PaCO,. However, this was matched by a similar reduction in PaCO, in the
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control arm and served to emphasise the importance of ensuring that the target population
is selected to be the one most likely to benefit from the intervention. The initiation of long-
term NIV in COPD patients in the early phase of a recovery from an acute exacerbation in
this study failed to fully consider and adjust for the transient hypercapnia observed post

acutely following a life-threatening exacerbation.

Thus, the literature to this point provided limited data to support the clinical and cost
effectiveness of NIV in patients with COPD. However, Murphy and Hart (2014) suggested
that the failure of NIV to enhance the clinical outcome in COPD patients with chronic

respiratory failure should be considered as either a consequence of:

1. inappropriate target population selection

2. failure to deliver the intervention effectively

3. inappropriate primary outcome selection

4. failure of the intervention itself
More recent studies have suggested that the previous poor outcomes observed may be
attributed to the use of NIV pressures that fail to adequately reduce hypercapnia; the use of
high-intensity ventilation (a combination of higher IPAP and BURR) have demonstrated
promising results. In the RCT by Kohnlein et al. (2014), 195 stable hypercapnic COPD
patients were recruited and randomly assigned to the NIV group (n=102) or to the control
group (n=93). The control group received optimised COPD therapy without NIV, but NIV was
allowed temporarily in the case of an acute exacerbation with an increase in PaCO, to
>10kPa (74 mmHg). In the NIV group, the NIV settings were aimed to decrease baseline
PaCO, by > 20% or achieve PaCO, < 6-5 kPa (48-:1 mmHg), with a mean inspiratory pressure

(IPAP) of 22cmH,0 used to achieve this. This study provides evidence that in chronic
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hypercapnic COPD patients, the addition of NIV targeted to greatly reduce hypercapnia,
when compared to standard treatment, improves overall survival, exercise capacity, and
HRQolL (using Short Form Survey Instrument [SF-36]) over 1 year in patients with COPD
compared with optimised COPD treatment without NIV. The findings of this study were in
contrast to those of McEvoy et al. (2009) in that there was a significant improvement in
blood gases, primarily the values of PaCO, without a decline in HRQoL. It should be noted
that different tools were used to measure HRQoL in these studies and it has been
demonstrated that the values from different HRQoL tools cannot be used interchangeably
(Buss, A.S. and Silva, L.M., 2009; Swigris, J.J., et al., 2010); it is therefore not possible to
compare directly the outcomes observed in HRQoL in these two studies. In addition,
another group of investigators in another country have yet to replicate the survival
outcomes with NIV observed in this study and there remain conflicting data, even from

subsequent studies (Struik, F.M., et al., 2014).

2.3.1 EFFeCT OF NIV ON THE CARDIOVASCULAR SYSTEM IN COPD

It has been demonstrated that mechanical ventilation can affect cardiac output; the nature
of the haemodynamic side effects depend upon the cardiac and respiratory status of the
patient, the mode of ventilatory support and the ventilatory parameters chosen. In general,
NIV reduces right ventricular and left ventricular preload and improves left ventricular
afterload (Duke, G.J., 1999). These effects are enhanced especially if it is applied with higher
inspiratory and/or expiratory positive airway pressures (Cournand, A., et al.,, 1947;
Lukacsovits, J., et al., 2012; Esquinas, A.M., et al.,, 2013; Duiverman, M.L et al., 2016).
However, in an analysis of 11 severe stable COPD patients, comparing cardiac and

pulmonary effects of 6 weeks of low-intensity NIV and 6 weeks of high-intensity NIV, NIV per
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se did not have an overall adverse effect on cardiac performance (Duiverman M.L,, et al.,
2016). Indeed, it may have a positive effect on HRQoL measures (using the Serious
Respiratory Insufficiency Questionnaire [SRI]) with no significant change in sleep quality as

measured by the Calgary Sleep Apnoea Quality of Life Index (SAQLI) (Weir M., et al., 2015).

2.3.2 NIV coMBINED WITH OXYGEN THERAPY IN COPD

The ‘HOT-HMV’ trial (Murphy P.B., et al., 2017) was a multi-centre RCT investigating the
effect of home NIV with oxygen therapy, compared to oxygen therapy alone on hospital re-
admission or death. It examined a cohort of 116 patients (59 randomized to home oxygen
alone; 57 to home oxygen plus home NIV) with persistent hypercapnia (PaCO, >53mmHg;
7kPa), 2 to 4 weeks after resolution of respiratory acidosis. The study established that
adding high intensity home NIV to home oxygen therapy (HOT) produced a 51% reduction in
the risk of hospital readmission or death compared to the HOT only arm within the 12
months of the study. This study provides the necessary evidence to support the argument
that home NIV should be adopted more widely as part of the management of severe COPD
patients. The results also suggest that patients with severe COPD should be screened for
suitability for home NIV therapy within 2-4 weeks following a hospitalisation requiring acute
NIV, with the potential to reduce costs associated with hospital admissions (Vogelmeier C.F.

et al., 2017).

2.3.3 CURRENT GUIDELINE FOR USE OF NIV IN COPD

Despite the increasing body of research now available, there remains disagreement in the
recommendations for the use of NIV in COPD. The 2018 Global Initiative for Obstructive

Lung Disease (GOLD) report considered that there was ‘inadequate evidence of long-term

39|Page



Module C2 [16501449]

benefit for patients with stable severe COPD’ to warrant routine use of NIV (Mirza, S., et al.,
2018). In contrast, the 2019 European Respiratory Society Guidelines suggest that long-term
home NIV be used for patients with chronic stable hypercapnic COPD, and in those with
COPD and persistent hypercapnia after a life-threatening episode of acute hypercapnic
respiratory failure requiring NIV, and that NIV be titrated to normalise or reduce PaCO,

levels (Ergan, B., et al., 2019).

2.4 NIV IN COPD-OSA OVERLAP SYNDROME

COPD and Obstructive Sleep Apnoea (OSA) are both highly prevalent, with 4.5% of the UK
population aged over 40 diagnosed with COPD (British Lung Foundation, 2018) and 1.5
million adults with OSA (Rején-Parrilla, J.C., et al., 2014). Given their prevalence, it is
therefore likely that both conditions will occur together (overlap syndrome) based on
chance association alone. Flenley (1985) first described the COPD-OSA overlap syndrome

and defined it as a synergistic relationship between OSA and COPD.

Historically, typical phenotypes of COPD were described as ‘pink puffers’ and ‘blue bloaters’
(Filley, G.F., et al 1968; Netter, F.H., 1979) based on their physical presentation, with
predominantly emphysema (pink puffers) and predominantly bronchitis (blue bloaters) as
the two extreme phenotypes. The increased lung volumes and low body mass index (BMI)
associated with the predominant emphysema phenotype protects against OSA, whereas the
higher likelihood of peripheral oedema and increased BMI associated with the predominant
chronic bronchitis phenotype promotes OSA (McNicholas, W.T., 2017). For a number of
reasons, patients with COPD-OSA overlap syndrome may have a worse prognosis compared
with patients with only one of those diseases. Studies have demonstrated that COPD is
associated with oxygen desaturation during sleep, the level of which may exceed that
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associated with maximum exercise (Mulloy, E. and McNicholas, W.T., 1996); a central
element of OSA is intermittent nocturnal oxygen desaturation associated with apnoeas and
hypopneas (Budin, C.E., et al., 2019). During sleep, patients with combined COPD and OSA
suffer from more frequent episodes of oxygen desaturation and more total sleep time with

hypoxaemia and hypercapnia than patients with OSA alone (Chaouat, A.R.l., et al., 1995).

Treatment with continuous positive airway pressure (CPAP) improves pulmonary function
and gas exchange in patients with COPD-OSA overlap (de Miguel, J., et al., 2002; Mansfield,
D. and Naughton, M.T., 1999). Marin et al. (2010) demonstrated that patients with COPD-
OSA overlap treated with long-term CPAP and followed for a median of 9.4 years had a
survival similar to patients with COPD alone, whereas overlap patients not treated with
CPAP had a higher mortality (relative risk, 1.79; 95% confidence interval, 1.16-2.77) and
were more likely to suffer a severe COPD exacerbation leading to hospitalization (relative
risk, 1.70; 95% confidence interval, 1.21-2.38) versus the COPD-only group. The 2010 study
by Machado M.L. et al. similarly demonstrated increased survival in patients with COPD-OSA
overlap and hypoxaemia treated with CPAP when compared to patients who declined CPAP
therapy. In patients with predominant OSA, standard CPAP is the preferred option, either
set in the continuous or auto-adjusting pressure mode. However, where COPD is the
dominant component, non-invasive ventilation (NIV) in the form of bi-level positive airway

pressure (BIPAP) may be more appropriate (McNicholas, W.T., 2017).
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2.5 EVIDENCE FOR THE USE OF HOME NIV IN NON-COPD IN ADULTS

2.5.1 NEUROMUSCULAR AND CHEST WALL DISORDERS

Prior to its introduction to manage respiratory failure in COPD, most published reports of
sustained clinical use of NIV was centred on patients with neuromuscular disease (Kerby
G.R., et al., 1987; Ellis E.R., et al., 1987; Hill N.S. and Braman S.S., 1999; DiMarco A.F. and
Renston J.P., 1999; Mehta S. and Hill N.S., 2001). Neuromuscular and chest wall disorders
are individually uncommon, but together form an important group of conditions that can
lead to chronic ventilatory failure (Shneerson J.M. and Simonds A.K., 2002). Due to the
progressive nature of many neuromuscular diseases and their associated complications, it is
recommended that they be managed as part of a specialist multi-disciplinary team (Farrero
E., et al,, 2013). In the UK, patients who require assisted ventilation for >14 hours during a
24 hour period and are at risk of significant clinical harm if ventilation is interrupted are
managed within the NHS Specialised Commissioning Framework (NHS England, 2013/14).
This patient group falls outside the remit of a non-specialist outpatient home NIV service,

and are therefore excluded from further discussion within the scope of this research study.

2.5.2 OBESITY HYPOVENTILATION SYNDROME

The World Health Organisation's definition of obesity is a Body Mass Index (BMI) greater
than or equal to 30kg/m2. In 2014/15, there were 6,032 Finished Consultant Episodes (FCE's)
in NHS hospitals with a primary diagnosis of obesity; obesity prevalence has increased from
15% in 1993 to 26% in 2014. The prevalence of Obesity Hypoventilation Syndrome (OHVS) in
adults is unknown, but it has been estimated to be 0.3—-0.4% (Mokhlesi B., 2010). OHVS is

characterised by obesity and chronic hypercapnic respiratory failure in the absence of other
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causative clinical conditions e.g. neuromuscular, metabolic, lung or chest wall disease
(Mokhlesi B., et al., 2008). It frequently co-exists with OSA, which is also associated with
obesity. The study by Masa et al. (2015) reported that 73% of patients with OHVS also had
OSA, but the symptoms and cardiovascular consequences of OHVS are worse than those in

patients with OSA (Kessler R., et al, 2001).

The recommended therapy for OSA is CPAP (NICE, 2008) and research has focussed on
whether CPAP or NIV is the more appropriate management strategy for patients with OHVS
and OSA. Pieper et al. (2007) found CPAP and NIV to be equally effective in improving
daytime hypercapnia in patients with OHVS without severe nocturnal hypoxaemia; an RCT
from Howard et al. (2014) comparing NIV with CPAP for initial treatment of OHVS found no
difference in treatment failure, sleepiness or HRQolL at 3 months between treatment
groups. In contrast, a large multicentre RCT by Masa et al. (2015) comparing NIV, CPAP, and
lifestyle modification over a 2-month period in patients with OHVS but without OSA
concluded that NIV yielded better respiratory functional improvements than CPAP. It was
observed that there was a tendency towards lower healthcare resource utilisation in the NIV
group. Despite the higher initial cost of NIV, reduction in healthcare resource use would be

attractive to both commissioners of service and to service providers.

Given the characteristics of obesity-associated hypoventilation, there has been interest in to
the effects of different modes of ventilation (‘volume assured’ ventilation versus ‘pressure
support’ ventilation). Whilst the use of volume assured ventilation has demonstrated
improvements in nocturnal and daytime blood gases (Storre J.H., et al., 2006; Murphy P.B.,

et al., 2012), there were no significant changes in the other clinical and HRQoL outcomes

43 |Page



Module C2 [16501449]

reported; this suggests that there is no significant additional benefit provided by this mode

of ventilatory support in OHVS patients.

In a similar approach to that currently used to characterise COPD, Pépin et al. (2016)

described OHVS in terms of phenotypes, which may also guide their management:

e Patients with marked desaturation, hypercapnia, and worsening hypoventilation in

REM sleep.

e Patients with predominant OSA

e Patients with OHVS and chronic lung disease such as COPD, termed ‘overlap’

patients

CPAP may be sufficient in those with predominant OSA, whereas NIV is almost always
required in those with hypercapnia, or in individuals for whom CPAP fails; this would

therefore include those patients with OHVS/COPD overlap (Simonds A.K., 2016).

The primary goal of treatment for OHVS has been to correct sleep-related breathing
abnormalities, thus reversing chronic respiratory failure. More recent studies have
demonstrated that a more holistic management approach, with focus weight loss as well as
physiological parameters, demonstrates improved reduction in body mass index (BMI),
exercise capacity and HRQolL (Mandal S., et al, 2018) reinforcing the importance of weight

reduction in conjunction with NIV in the management of this patient cohort.

2.6 MODES OF VENTILATORY SUPPORT

NIV is most commonly delivered using a bi-level positive airway pressure support modality.

In its simplest terms, it referrers to the intermittent delivery of positive pressure during the
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patients breathing cycle; the higher positive pressure delivered during inspiration is termed
‘inspiratory positive airway pressure’ (IPAP) and the lower pressure delivered during the
expiratory phase is termed ‘expiratory positive airway pressure’ (EPAP). The difference
between these two pressures is the amount of ‘pressure support’ that is being delivered to

the patient and serves to increase tidal volume and hence minute ventilation.

The most frequent mode of NIV delivery is using a fixed pressure support mode, where the
clinician sets the upper and lower pressure limit; there is disagreement about which
ventilator set-up is preferable. Some studies have found that a ‘high-pressure’ approach
that uses a lower backup rate (6 breaths/min) works as well as the ‘high-intensity’ high
BURR approach (Murphy, P.B., et al., 2012), whilst others have advocated for different

modes of ventilation than the usual pressure support and PEEP approach.

Average volume-assured pressure support (AVAPS-AE), which adjusts pressure support to
maintain target average ventilation over several breaths, is a relatively recent mode of non-
invasive positive pressure ventilation. A retrospective cohort study from Coughlin et al.
(2015) of a Ql initiative using AVAPS-AE in conjunction with medication reconciliation,
appropriate oxygen therapy initiation and patient education, demonstrated a significant
improvement in readmission rates. The proportion of patients who were readmitted on two
or more occasions decreased from 100% (397 of 397) in the year prior to initiation of

intervention to 2.2% (9 of 397) in the following year (x2 = 758, p < 0.0001).

2.7 PATIENT SELECTION FOR AN ADULT NON-SPECIALIST HOME NIV SERVICE

The continuing improvements in the medical management of many chronic respiratory and

extra-pulmonary diseases, and the rising levels of obesity, are likely to be contributing
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factors to the growth in home NIV use (Bwika J., et al., 2013). Therefore, it is essential that
patients considered for home NIV be selected with care and rigour to optimise patient
outcomes, maintain patient safety and manage service expenditure. However, it is not
enough to consider only the clinical suitability of patients for home NIV, it is also essential to
consider suitability in terms of treatment tolerance and the support required for the patient

to be able to use NIV successfully.

Data from the Eurovent survey (Lloyd-Owen S.J., et al., 2005) indicates that only 56% of
hospitals initiating home ventilation assessed whether patients or caregivers cleaned and
operated the ventilatory equipment correctly after discharge from hospital. An editorial by
Simonds (2006) emphasises the importance of effective education of patients, families, and
carers to use home NIV confidently, with the provision of a clear plan of action should a

problem arise.

2.7.1 PATIENT SELECTION IN COPD

From the literature, there are no universally accepted indications for commencing home NIV
in COPD patients. The Eurovent survey (Lloyd-Owen S.J. et al., 2005) indicated that decisions
about when and how to start NIV in patients with COPD are highly dependent on local
guidelines and each physician’s current clinical practice. In the UK, home NIV for patients
with COPD is considered on health economic grounds if a patient has had three hospital
admissions with AHRF (Tuggey J.M. et al., 2003). The NICE COPD guideline (NICE, 2010)
states that ‘adequately treated patients with chronic hypercapnic respiratory failure who
have required assisted ventilation (whether invasive or non-invasive) during an exacerbation
or who are hypercapnic or acidotic on LTOT should be referred to a specialist centre for
consideration of long-term NIV'. The guidance for invasive and non-invasive NIV from
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Germany is more specific, recommending long-term NIV when PaCO, is >6.66kPa during the

day, or >7.33kPa at night (Windisch, W. et al., 2010).

Consensus guidelines developed almost 20 years ago (Goldberg, A., 1999 are still in

widespread use and summarised in Table 1:

Table 1: Consensus clinical indicators for home NIV use in COPD (taken from Cheung et al.,

2010)

Disease Documentation

Before considering a COPD patient for NIV, a physician with skills
and experience in NIV must establish and document an
appropriate diagnosis on the basis of history, physical
examination, and results of diagnostic tests, and assure optimal
management of COPD with such treatments as bronchodilators,
oxygen when indicated, and optimal management of other
underlying disorders (such as performing a multi-channel sleep

study to exclude associated sleep apnoea if clinically indicated)

The most common obstructive lung diseases would include
chronic bronchitis, emphysema, bronchiectasis, and cystic

fibrosis.

Indications for Usage

Symptoms (fatigue, dyspnoea, morning headache, etc.)
AND

Physiological criteria (one of the following):

a) PaCO, > 7.33kPa

b) PaCO, 6.66 — 7.20kPa and nocturnal desaturation (oxygen
saturation by pulse oximeter <88% for 5 continuous minutes

while receiving oxygen therapy =2 L/min)

c) PaCO, 6.66 — 7.20kPa and hospitalisation related to recurrent
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(22 in a 12-month period) episodes of hypercapnic respiratory

failure.

2.7.2 PATIENT SELECTION IN OHVS

There are a number of historic cohort studies of patients with OHVS that demonstrate that
the use of NIV improves blood gases (Masa J.F., et al, 2001; Heinemann F., et al, 2007,
Budweiser S., et al., 2007). When initiated early, there is growing evidence to suggest that
NIV is effective in reducing ITU requirements, general health care resources (Berg G., et al.,
2001) as well as improving survival (Budweiser S., et al., 2007). However, screening for OHVS

is often delayed until after an episode of AHRF (Quint J.K., et al., 2007).

It is clear that simply correcting PaCO, is not enough. Work by Manuel et al. (2015) has
suggested that the diagnostic criteria in OHVS for NIV use base excess rather than arterial
carbon dioxide, with normocapnic patients with a base excess 22 mmol/L being considered
as having an early obesity-related nocturnal hypoventilation and thus be considered for NIV.
It is therefore suggested that patients with BMI >3Okgm2 are screened with blood gases and

overnight oximetry as a minimum.

2.8 IN-PATIENT VERSUS OUTPATIENT INITIATION OF NIV

Traditionally, initiation of home NIV has been as part of either an acute or elective in-patient
admission. In-hospital initiation of NIV has undoubted advantages, the obvious one being
the presence of a team of trained experts able to resolve any medical or technical problems
that may arise, and the ability to titrate pressures whilst monitoring physiological

parameters. However, admission to hospital has clear cost implications for the healthcare
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purchaser/provider (Plant, P.K., et al., 2003). Non-acute hospital admissions are often
inconvenient for the patient, beds may be unavailable, there is a risk of nosocomial
infections particularly with the current concerns around COVID 19, and patients and families

inevitably lose time off work or study (Rodger, M.A., et al., 2003).

In keeping with NHS England’s current healthcare policy of providing high quality and cost-
effective care in the community (England, N.H.S., 2019), the numbers of people receiving
and services delivering home NIV are increasing (Lloyd-Owen, S.J., 2005; Fletcher, S.V.,
Ewles, S. and Wilkinson, J.E., 2012; Mandal, S., et al.,, 2013). Initiation of home NIV has
historically been performed with an in-patient admission, including an overnight titration
study within the UK National Health Service and other healthcare systems (Suh, E.S., et al.,
2019). However, more recent studies have demonstrated that NIV can be set up safely in
the outpatient setting or in the patients’ home, and the effectiveness of NIV treatment can

be monitored in the community (Bertella, E., et al., 2017).

A prospective, observational study of a mixed cohort of 16 patients divided into two groups
(outpatient protocol n=9; standard in-hospital initiation with an elective admission n=7)
demonstrated that at 3 months, the effectiveness of ventilation and the number of hours of
ventilation was equivalent in all groups. This was irrespective of the route of NIV initiation
(Lujan, M., et al., 2007). A retrospective review of 22 patients undergoing clinic NIV initiation
over 12-months by Newnham, M., et al. (2014) similarly demonstrated that in selected
patients, clinic NIV initiation was a viable alternative to in-patient initiation. Both studies
also demonstrated considerable cost savings for outpatient initiation compared to in-patient

initiation.
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A randomised trial of 28 stable neuromuscular and chest wall disease patients with
nocturnal hypoventilation demonstrated that outpatient initiation of NIV is feasible, with
equivalent outcome in the outpatient and the in-patient groups (Chatwin, M., et al., 2008).
A larger study of 77 patients with neuromuscular disease (39 in-patient set up, 38 home set
up) demonstrated that not only was home set up of NIV feasible, it was as effective for gas
exchange and quality of life as hospital initiation and produced significant reduction in

healthcare costs (Hazenberg, A., et al., 2014).

Whilst these results are important for patients with neuromuscular and chest wall disease, it
is important that the data is not simply extrapolated and applied to the COPD patient
cohort, as has often happened with NIV. The study by Criner, G.J., et al. (1999)
demonstrated success rates in terms of gas exchange, functional status, and respiratory
mechanics following NIV initiation of 80% in restrictive disorders (NMD & chest wall disease)
and only 50% in COPD. Patients with neuromuscular disease are a significantly different
population from COPD; they are generally younger, are more familiar with medical
equipment, often have excellent support in place and have less comorbidity, all of which

favour successful home initiation of NIV.

The study by Tai, C., et al. (2018) retrospectively examined patient records of arterial blood
gas results, compliance, air leak and frequency of exacerbations resulting in hospital
admissions in 39 patients with COPD who had been set up on home NIV (24 in-patient set
up, 15 outpatient set up). The study found similar clinical outcomes in the outpatient group
compared to those set up as in-patients. The study also demonstrated a significant cost
benefit (at least £759 per patient compared to in-patient setup), which is important when

considering the management of an increasing number of hypercapnic COPD patients.
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Similarly Duiverman et al. (2020) in a study of 67 stable hypercapnic COPD patients that
were randomised to initiation of NIV in the hospital or at home using telemedicine, found
that home NIV initiation was non-inferior to in-hospital initiation, was preferred by the
patients (64 of 67) and reduced costs by over 50%. Schwarz, S.B., et al. (2018) demonstrated
that stable COPD patients, established on NIV, could be effectively monitored in an

outpatient setting without the need for in-patient visits to assess control.

As previously described, patients with COPD frequently present with other co-morbid
conditions. Patients with COPD—OSA overlap syndrome have a greater incidence of chronic
respiratory failure compared with patients with OSA alone. Guidelines recommend the use
of full polysomnography (PSG), accompanied by waveform analysis and retrospective NIV
modification the following day to direct NIV titration and reduce patient-ventilator
asynchrony [PVA] (Kushida, C.A,, et al., 2005; Chediak, A., et al., 2010). If this guideline were
to be followed rigidly, it would make outpatient initiation of NIV problematic in this group of
patients, as full polysomnography is technically demanding, requiring highly skilled staff to
perform the analysis and necessitates an overnight admission with all of the associated
costs. A recent study of 14 patients with COPD—OSA overlap syndrome (PaCO, >6 kPa; BMI
>30 kg/m?) by Patout et al. (2019) found that the change in daytime PaCO, at 3 months in
patients initiated using limited monitoring and nurse-led titration was comparable with
patients titrated during an in-patient admission using polysomnography. A similar but larger
study of 60 patients with predominantly neuromuscular disorders produced similar
outcomes (Hannan, L.M,, et al., 2019), reporting no differences in nocturnal gas exchange or
overall measures of HRQoL. They noted that NIV titrated with PSG was associated with less

PVA, but not less sleep disruption when compared with therapy titrated during the daytime
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alone. The literature has indicated that outpatient NIV setup in OHVS, using an auto-titrating
device, has similar cost as an inpatient setup using nurse-led overnight titration NIV.
Importantly, there was no difference in clinical effectiveness or safety between inpatient

and outpatient setup (Murphy, P.B., et al., 2019).

2.9 CompuANCE WITH HOME NIV

There are a number of studies that suggest that lower NIV usage is associated with poorer
outcomes. It was demonstrated by Funk, G.C., et al. (2011) that withdrawal of NIV causes
clinical worsening in a cohort of 26 COPD patients with chronic hypercapnic respiratory
failure. A retrospective analysis of 20 COPD patients demonstrated that long-term home NIV
used for at least 4 hours per day was effective in reducing recurrent AHRF and readmissions
in a highly select group of patients with severe, unstable COPD and frequent AHRF
(Ankjaergaard, K.L., et al., 2016). A systematic review and individual patient data meta-
analysis of stable COPD patients using home NIV found a significant drop in PaCO, at 3
months in patients who used ventilation on average for more than 5 hours per night
compared to those who used it for less than 5 hours per night (Struik, F.M., 2014). The
European Respiratory Society guidelines on long-term home non-invasive ventilation for
management of COPD acknowledge the adverse effect of poor adherence to NIV and
recommend that patients should aim to use NIV for 5 hours a day (Ergan, B., et al., 2019). A
more recent study of 1,210 patients on home NIV with a range of conditions including NMD,
CWD, COPD, OHS and overlap syndrome showed that less than 4 hours NIV usage per day
was associated with worse survival (Schwarz, E.l., et al., 2020). Furthermore, the study also
indicated that interrupted patterns of ventilation or an overall decreased use might indicate

inappropriate settings, adverse effects or patient discomfort. Conversely, in patients with
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COPD, increasing use of their NIV over time may also reduce deterioration in their overall
health and potentially predict exacerbations (Blouet, S., et al., 2018; Borel, J.C.,, et al., 2015).
It is therefore reasonable to conclude that ‘daily use’ or compliance monitoring from
ventilator hardware seems to be of clinical use, and a minimum of 5 hours NIV usage over a
24 period is recommended to achieve a significant reduction in PaCO, and improve patient

outcomes.

It has been suggested that initiation of NIV as an outpatient procedure may reduce overall
compliance when compared to an in-patient set up. In a study of 7 patients, Strumpf, et al.
(1991), recorded poor compliance with ventilation in up to 70% of patients with COPD who
received NIV after receiving minimal instructions at the health centre where the prescription
was made. In contrast, Meecham Jones et al. (1995) recorded poor compliance in only 22%
of their 14 patients initiated on NIV as an in-patient; Lujan et al. (2007) concluded from their
study of 16 patients that that the model of initiation used does not influence the patient's
level of compliance. A larger and more recent retrospective analysis of 94 home NIV
patients (57 OHVS; 37 COPD) by Ramalho, et al. (2019) demonstrated poorer adherence to
NIV in the patients with COPD, suggesting that adherence to NIV may be more intrinsically

related to the patients’ disease rather than where NIV was initiated.

2.10 HeALTH RELATED QUALITY OF LIFE

Research has demonstrated that patients with chronic respiratory failure have poor survival
(Postma, D.S., et al., 1979; Celli, B.R., et al. 2008); in patients with severe COPD, a 5-year
mortality of 70-100% was reported (Sahn, S.A., et al. 1980). Survival rates are difficult to
improve once this group of patients have developed respiratory insufficiency. Despite
treatment with long-term oxygen or NIV, median survival remains at approximately 3 years
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(Chailleux, E., 1996). Although survival rates appear difficult to improve, interventions such
as NIV may have the potential to improve HRQoL (Nishiyama, O., et al, 2005; Carone, M., et
al., 2007). Indeed, data from the Quality of Life Evaluation and Survival Study (Carone, M., et
al.,2016) suggests that Health Status assessment can detect a worsening in health better
than functional parameters, and that it is a better predictor of mortality than functional

parameters such as FEV; and exercise performance (Carone, M., et al., 2001).

In 1948, the World Health Organisation (WHO) defined health as ‘a state of complete
physical, mental and social well-being, and not merely the absence of disease’ (World Health
Organization, 2014). This definition suggests that quality of life encompasses several key

areas, or ‘domains’ and is summarised in Table 2.

Table 2: WHO domains of QoL (Adapted from World Health Organisation WHOQOL-100.2)

Domain Items incorporated within the domains

1. Physical health o Energy and fatigue
o Pain and discomfort
o Sleep and rest
2. Psychological health o Bodyimage and appearance
o Negative feelings
o Positive feelings
o Self-esteem
o Thinking, learning, memory, and concentration
3. Level of o Mobility
independence o Activities of daily living
o Dependence on medicines and medical aids
o Work capacity
4. Social relationships o Personal relationships

o Social support
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(HRQol) o Sexual activity

5. Environment o Financial resources
o Freedom, physical safety and security
o Health and social care: accessibility and quality
o Home environment
o Opportunities for acquiring new information and skills
o Participation in and opportunities for recreation and
leisure
o Physical environment (pollution, noise, traffic, climate)
o Transport
6. Personal values and o Religion
beliefs o Spirituality

o Personal beliefs

Health can be considered in terms of a person’s body structure and function and the
presence or absence of disease or signs (health status); their symptoms and what they can
and cannot do i.e. the extent to which the condition affects the person’s normal life (quality
of life). Quality of life may be expressed as a measure of the difference between the hopes
and expectations of the individual and the individual’s present experience (Fayers, P.M. and
Machin, D., 2013). HRQol is primarily concerned with those factors that fall within the

spheres of influence of health care providers and health care systems.

Evaluation of HRQoL has become steadily more crucial in research and health care practice
in order to evaluate the human and financial costs and benefits of modern medical
techniques (Testa, M.A. and Simonson, D.C., 1996). During the last two decades, a number

of generic and disease-specific questionnaires have been developed to assess HRQoL in
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disease (Fayers, P.M. and Machin, D., 2015). In the main, generic questionnaires are not
specific to any particular disease and allow comparisons of HRQoL to be made between
patients with different diseases or patients without disease. One of the most widely
evaluated generic health measures is the Medical Outcomes Study 36-item Short-Form
Health Survey Questionnaire (SF-36), accounting for 10% of all published reports before
2000 (Garratt, A.M. et al, 1993). The SF-36 is commonly used in the UK to provide an
indication of the health status of particular populations to assist with service planning, and
to measure the impact (in terms of health gains) of clinical and social interventions (Burholt,

V. and Nash, P., 2011).

Condition or disease specific questionnaires are designed to measure how a specific disease
affects HRQoL in a particular patient population. The choice of instrument depends on the
approach of the study, and it is important to use instruments that are both reproducible and
valid for the condition being investigated (Guyatt, G.H., et al 1989). Many of the common
HRQoL tools used for patients with respiratory disease are well validated in chronic
respiratory failure due to COPD; patients with chronic respiratory failure due to other
diseases or causes may also report some of the same respiratory complaints as COPD
patients. However, they might report a heavier burden of symptoms and other kinds of

disease related problems, especially in the advanced stages of disease.

2.11 HRQOL QUESTIONNAIRES IN CHRONIC RESPIRATORY FAILURE (CRF)

From the research and current guidelines, non-invasive ventilation is indicated in patients
with chronic, severe respiratory insufficiency of different causes. However, not only the

underlying disease, but also the intervention itself can have a deep impact on the patients’
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quality of life. HRQoL is an important outcome factor in patients with chronic, non-curable
disorders. This is particularly pertinent to patients with severely advanced chronic
respiratory failure who receive home NIV and in whom life expectancy is considerably

reduced (Huttmann S.E. et al., 2015).

The generic HRQoL questionnaire most widely studied and used is the SF-36 (Ware Jr, J.E.
and Sherbourne, C.D., 1992). The SF-36 was designed for use in clinical practice and
research, health policy evaluations, and general population surveys. The SF-36 includes one

multi-item scale that assesses eight health concepts/domains:

1. limitations in physical activities because of health problems

2. limitations in social activities because of physical or emotional problems

3. limitations in usual role activities because of physical health problems

4. bodily pain

5. general mental health (psychological distress and well-being)

6. limitations in usual role activities because of emotional problems

7. vitality (energy and fatigue)

8. general health perceptions
Despite its extensive use prior to the year 2000, studies that are more recent have
demonstrated that, compared to disease specific HRQoL tools, the SF-36 lacks discriminative
capacity and is not an appropriate instrument for determining the affective state of COPD

patients (Buss, A.S. and Silva, L.M., 2009).

The St. George's Respiratory Questionnaire (SGRQ) has become one of the most widely used
instruments for assessing HRQoL in respiratory patients since its development in 1991

(Jones, P.W,, at al. 1991). It is a standardised, self-completed questionnaire for measuring
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impaired health and perceived well-being (‘quality of life’) in airways disease (Jones, P.W.,
Quirk, F.H. and Baveystock, C.M., 1991) and is well validated for use in patients with COPD
and asthma (Guyatt, G.H., et al., 1987; Jones, P.W., et al., 1991) but not for patients with
chronic respiratory failure receiving NIV. The specificity of the SGRQ for airway disease may
mean that it fails to address a number of factors that are important for the daily life of
patients receiving home mechanical ventilation; this leads to an incomplete assessment of
HRQol in these patients (Windisch, W., et al. 2003). Therefore, an instrument with more

relevant ‘domains’ may be more appropriate when assessing HRQoL in home NIV patients.

The Maugeri Respiratory Failure Questionnaire (MRF,g) was the first instrument designed to
identify a core set of items that may characterize impaired health in chronic respiratory
failure (CRF), since none of the questionnaires previously used to measure impaired health
in patients with CRF were developed for use specifically in such patients (Carone M., et al.,

1999). Its 28 items are grouped around three specific factors:

e Daily activity, associated with disability in daily life due to breathlessness

e Cognitive function, related to impaired cognitive function

e Invalidity, related to the experience of social isolation or dependency on others.
The MRF,g total and subscale scores range from 0% (best health status) to 100% (poorest
health status) (Carone, M., et al., 1999). From a practical perspective for research, the MRF g
may be more attractive than other HRQoL questionnaires, as it is self-administered, contains
only 28 items and takes approximately 10 minutes for patients to complete (Duiverman,

M.L., et al., 2008).

More recently, the Serious Respiratory Insufficiency (SRI) questionnaire, originally produced
in German, was developed as a specific HRQoL measurement tool for patients with chronic
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respiratory failure receiving HMV to identify relevant domains of HRQoL in this patient
group (Windisch, W., et al., 2003). It measures diversified health impairments more multi-
dimensionally and discriminatively, with greater balance in patients receiving NIV.
Subsequently, the SRI has been translated and validated for a number of different

languages; the key papers are summarised in Table 3.

Table 3: Summary of papers validating the translated SRI

Author Study type Patients SRI Summary Score for home
ventilation patients
Gosh et al. 2012 English SRl 152 stable NIVand 55.9 + 18.9 (all patients)
validation IV patients

43.1+17.3 (COPD)

61.9 + 16.1 (RCWD)

58.8 + 20.3 (NMD)

53.4 + 18.8 (OHVS)

53.5 £ 19.7 (miscellaneous)
Markussen et Norwegian SRl 127 stable NIVand 55.8 + 18.4 (all patients)
al. 2015 validation IV patients

61.0 + 14.7 (NMD)

43.2 +19.0 (COPD)

58.4 + 18.3 (OHVS)

55.8 + 18.4 (RCWD)

Chen et al. 2017 Chinese SRl 149 stable NIV 52.93+15.11
validation patients

Ogaetal. 2017 Japanese SRl 56 stable NIV 56.0 + 15.3 (all patients)
validation patients

56.6 + 14.7 (COPD)
55.5 + 16.4 (Th)
Ribeiro et al. Portuguese SRI 93 stable NIVand 56.6 + 15.7 (all patients)

2017 validation IV patients
57.0 + 16.5 (COPD)
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55.6 £ 15.1 (OHVS)

62.0 £ 12.6 (RCWD)

50.2 £ 16.2 (COPD+0SA)

59.4 £ 19.2 (NMD)

46.0 + 13.3 (miscellaneous
Valko et al. Hungarian SRI 104 stable NIV and 66.8 +15.1 (NIV)

2020 validation IV patients
58.2 +13.6 (IV)

(NIV — Non Invasive Ventilation; IV — Invasive ventilation)

The SRI has been validated in a number of specific clinical conditions requiring NIV including
COPD, restrictive thoracic disorders, neuromuscular disorders, and OHVS as well as mixed
clinical cohorts (see Table 4). However, whilst it is self-administered, the SRI contains
significantly more items than the 28 items of the MRF,s (49 items) and thus takes

approximately 20 minutes to complete rather than 10 minutes reported for the MRF,s.

Table 4: Summary of papers for validation of SRI in a range of clinical conditions

Author Study type Patients SRI Summary Score for

home ventilation

patients
Storre et al. 2006 High intensity vs. 10 COPD patients 59.3+14.8vs.62.4 +
target volume NIV with established 18.9

HMV

Budweiser, 2007 Prognostic value of 231 stableIVand IV 61.2+17.7 (all
HRQL patients patients)

52.2 +15.6 (COPD)

66.2 + 17.2 (RCWD)
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Windisch, 2008

Murphy, 2012

Huttmann et al.

2015

Walterspracher,

2016

Arellano-Maric et

al. 2020

SRI validation in

COPD

High intensity vs.

high pressure NIV

HRQL of invasively
ventilated HMV

patients

SRI for LOT COPD

patients

NIV vs. CPAP

162 COPD patients
with established NIV

7 COPD with
established HMV

32 IV patients

COPD patients with
established NIV

42 OHVS patients
with established NIV

55.3 +9.2 (NMD)

71.3 + 15.7 (OHVS/OL)

52 +17

57+11vs. 6916

53 + 16 (all patients)

58 + 16 (NMD)

42 53.2+18.6

61.2+16vs. 65.3+14

Research suggests that the SRl is able to detect the influence of bicarbonate levels from

arterial blood gases on physical functioning and social activities (Duiverman, M.L., et al.,

2008). This is in line with a previous study, which demonstrated a high correlation between

a reduction in bicarbonate level following establishment of home NIV and an increase in the

SRI summary scale (Windisch, W., et al., 2006).

The comparative review of the MRF,s compared to the SRI (Duiverman, M.L. et al., 2008)

concluded that both instruments were reliable and valid questionnaires in COPD patients

with chronic hypercapnic respiratory failure, but emphasise different aspects of HRQoL.
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While the emphasis in the MRF,s questionnaire is on activities of daily living, the SRI
guestionnaire, like the CRQ, is more related to anxiety and depression. Thus, to include the
most extensive measurement of health-related quality of life in COPD patients with chronic
hypercapnic respiratory failure, Duiverman, et al., (2008) recommended using the SRI. The
systematic review and individual patient data meta-analysis by Struik at al., (2013)
demonstrated that the SRI performed slightly better than the Clinical COPD Questionnaire
(CCQ), CRQ and, MRF,g Questionnaire, which renders it the preferred questionnaire for

scoring HRQL in patients with very severe COPD.

More recently, an association between SRl score and mortality in patients treated with long-
term NIV has been demonstrated (Markussen, H., et al., 2019), with higher SRl sum scores
associated with a lower mortality risk even after adjustment for age, education, hours a day
on NIV, time since initiation of NIV, disease category and comorbidity (HR 0.98, 95% ClI:
0.96-0.99). Thus, the use of HRQoL measurements should be considered an essential part of
the holistic care of home NIV patients and the SRl is the tool of choice when assessing

patients that use long-term non-invasive ventilation.

2.12 MINIMAL CLINICALLY IMPORTANT DIFFERENCE

A minimal clinically important difference (MCID) is an important concept used to determine
whether a medical intervention improves perceived outcomes in patients. Prior to the
introduction of this concept in 1989, studies focused primarily on statistical significance
(Jaeschke, R., Singer, J. and Guyatt, G.H., 1989). Whilst reporting the mean effect of an
intervention may demonstrate a statistical difference, it does not necessarily inform
clinicians or policy makers whether the patient will perceive these differences as important
to them. During the 20™" century, patient centred care became a focus of healthcare
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systems, with its potential benefits in terms of patient satisfaction and perceived quality of
care (McMillan, S.S., et al., 2013). Thus, identifying the difference that a patient feels is
important may have an impact in terms of their satisfaction with treatment or therapy; it
can also serve as a benchmark of what constitutes a meaningful effect of an intervention.
There are several definitions of the MCID that correspond to the perspective of those who
are evaluating it. For example, Jaeschke et al. (1989) defines MCID as ‘the smallest
difference in a score in a domain of interest that patients perceive as beneficial and that
would mandate, in the absence of side effects, a change in the patient's management’'.
Meltzer, E.O., et al. (2016) defines it as ‘a statistical model that attempts to define the

smallest change in a treatment outcome that a patient would identify as important’.

However, as Jones (2002) described, there are difficulties and complexities associated with
methods to determine the MCID. Since there is no “gold standard” for measuring health
status, the subjective evaluation of “clinically significant” becomes important for health
status (Jaeschke, R., et al., 1989). Health status measures may be compared or anchored to
other clinical changes or results, which is thus termed anchor-based interpretation. The
‘anchor’ may be the patient’s perception of the difference relative to their memories, or the
clinician’s perception. The reliability of patient judgement of their health remains
problematic, and the relevant anchor judged clinically significant, may differ within different
patient groups. In addition, there is substantial data showing that the patients' perspective

and the clinicians' perspective usually differ (Hajiro, T. and Nishimura, K., 2002).

The minimal effect that would be meaningful to patients is termed the MCID; the minimal
difference that reflects a true improvement (or deterioration) in an outcome is the

minimally important difference (MID). There are no standard or universally accepted ways
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for defining or determining the MCID for HRQolL questionnaires. However, different
approaches for evaluating the MCID for HRQoL have reached similar conclusions. Thus, a
score of 0.5 for the CRQ (Jaeschke, R., et al., 1989) and Asthma Quality of Life Questionnaire
[AQLQ] (Juniper, E.F., et al., 1994), a score of 4 for the SGRQ (Jones, P.W. and Bosh, T.K,,
1997) and a score of 6 points (using distribution based method) for the SRI (Kort, J., et al.,
2018) were recommended as the interim standards for the clinical thresholds. More
recently Raveling, T., et al. (2020) estimated that of change of between 4.5 - 6.2 points in SRI
in patients with severe COPD who use long-term NIV was important, and therefore it was
suggested a MCID of approximately 5 points is the cut-off point for a change in SRI to be

clinically relevant.

SUMMARY AND RESEARCH QUESTIONS

As medical care continues to advance, it becomes possible to prolong the survival of
patients with chronic respiratory diseases until the very advanced stages of their natural
history. It therefore becomes inevitable that the number of unavoidable acute in-patient
admission for AHRF will also increase (Wilt, T.J., et al., 2007). The benefit of NIV has been
demonstrated as first line intervention, in addition to normal medical care, for the
management of AHRF secondary to an acute exacerbation of COPD (Lightowler J.V,, et al.,
2003). Historically, home NIV had been used to manage patients with chronic hypercapnia
due to neuromuscular disorders. However, the success of NIV in COPD patients with AHRF
led its long-term use in those patients with persistent hypercapnia following recovery from
the acute exacerbation including patients with COPD and obesity hypoventilation syndrome

(Janssens, J.P., et al. 2003). There remains disagreement about the evidence of long-term
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benefit for patients with stable severe COPD (Mirza, S., et al., 2018; Ergan, B., et al., 2019),
but with the introduction of high-intensity NIV, more consistent improvements have been

demonstrated in patients with COPD.

It has been suggested that the initiation of NIV in patients with advanced COPD requires a
high amount of motivation and cooperation from the patient and the therapy team and can
therefore take well up to 2 weeks on the hospital ward before stable treatment conditions
are achieved (Windisch, W., et al., 2018). However, there is also mounting evidence that
hospitals in the UK are struggling: between 1987/88 and 2019/20, the total number of NHS
hospital beds fell by 53 per cent — from 299,400 to 141,000 and as demonstrated in Figure 3,

the UK has fewer hospital beds than most comparable countries (Ewbank, L., et al., 2017).

Figure 3: Total hospital beds per 1,000 inhabitants in Europe (Taken from: NHS hospital bed

numbers: past, present, future. Ewbank, L., et al., 2017)
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Given the continuing reduction in total number of NHS hospital beds, the initiation of long-
term home NIV in an outpatient setting would potentially alleviate a proportion of the
burden on the UK healthcare system. There is also literature to suggest that outpatient
initiation may be effective and safe in appropriately selected patients (Duiverman, M.L., et
al., 2020). Thus, the primary aim of the quantitative aspect of this research was to
demonstrate that that initiation of long-term nocturnal home NIV via elective outpatient set
up produces equivalent improvements in daytime PaCO, to those following NIV initiation as

an acute in-patient admission over a 12-month period of treatment with NIV.

The literature indicates that patients who develop Type Il respiratory failure due to an
exacerbation of COPD and who then require non-invasive ventilation have a poor prognosis
after they are discharged from hospital (Niewoehner, D.E., 2006; McGhan, R., et al., 2007;
Suissa, S., et al., 2012. Titlestad, I.L., et al., 2013). Chu et al. (2004) found that, within the
first year following discharge, more than 60% of patients who developed Type Il respiratory
failure due to an exacerbation of COPD are re-admitted, and more than 25% are deceased.
Secondary analysis of the landmark ‘HOT-HMV’ trial (Murphy, P.B., et al., 2016)
demonstrated that, in those patients that remain hypercapnic following an acute
exacerbation of COPD, initiation of long-term home NIV delayed and reduced hospital
admissions. This was in contrast to the ‘RESCUE’ trial (Struik, F.M., et al., 2014), which did
not show any improvement in time to readmission or death by adding NIV. Thus, a
secondary aim of the study was to assess the impact of the introduction of NIV on the
frequency and length of stay (LOS) of respiratory related admissions based on the number
of admissions and bed days in the previous 12 months versus the number of admissions and

bed days in the 12 months following the introduction of NIV.
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The research literature demonstrates that there is an association between NIV compliance
and patient outcomes, particularly readmissions. A pilot study of treatment compliance in
home non-invasive ventilation by Cheng, L., et al. (2011) found a correlation between the
number of adverse event and lower percentage of days with home NIV use > 4 hours/day in
a mixed cohort of 65 patients. Thus, a further outcome of interest for the study was to
identify if there were any associations between compliance and non-compliance with NIV
with subsequent respiratory related admissions and mortality for a mixed cohort of
patients. A review of a mixed cohort of 120 patients over 4 years found that patients with
poorer compliance had worse outcomes (Ansari, Z., et al., 2014). They also reported a
mortality rate of 30.8%, with mean duration between initiation of home NIV and death of
7.63 months. Chu, C.M., et al. (2004) reported 1-year mortality 49.1% for COPD patients
having survived an AHRF and treated with NIV, which is significantly higher than the 20%
reported by Ankjeergaard, K.L., et al.(2016). The study by Chu, C.M., et al. (2004) also found
that 79.9% of patients had been re-admitted to hospital one year after discharge. Therefore,
it was of interest to compare all-cause mortality and admission free survival in this mixed

cohort with that from previous studies.

It is important with any intervention to consider not only the impact on physiological
parameters and disease outcomes, but also patients feel and how satisfied they are with
treatment. There is a growing recognition of the importance of understanding the impact of
healthcare interventions on patients' lives rather than just on their bodies (Addington-Hall,
J. and Kalra, L., 2001). Assessment of HRQoL has become steadily more important in order
to evaluate the true costs and benefits of treatment modalities in patients with chronic

disease. This is particularly true for patients with long-term home NIV and severe objective
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limitations in daily living (Windisch, W. and Criee, C.P., 2006). Whilst clinicians often
consider the most important outcome as the improvement in PaCO,, patients usually care
most about their quality of life (QoL), might care about survival (with good Qol), but usually

do not care about PaCO, changes (Duiverman, M.L., 2018)

This research therefore also aimed to assess the impact of long-term nocturnal domiciliary
NIV on the patients quality of life using a validated quality of life tool, the SRI questionnaire,
which been specifically designed for assessing the effects of long-term home NIV on HRQoL.
The primary aim of the quality of life aspect of this research was to demonstrate that that
initiation of long-term nocturnal home NIV via elective outpatient set up produces
equivalent improvements in HRQolL outcomes (based on summary SRl score) when
compared to initiation as an acute in-patient admission over a 12-month period of

treatment with NIV.
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3 METHODOLOGY

3.1 |INTRODUCTION

The purpose of this chapter is to describe the research methodology used for this study of
the relationship between physiological parameters and quality of life in a cohort of patients
treated with long-term home nocturnal non-invasive ventilation (NIV). The aim of the
research was to examine a group of patients over a 12-month period that had previously
presented to a district general hospital (Good Hope Hospital, Sutton Coldfield, UK) with
decompensated Type |l respiratory failure requiring management with long-term nocturnal

home NIV.

The study aimed to provide a body of evidence to support the delivery of long-term
nocturnal home NIV by a non-specialist NIV service and, via that service, demonstrate the
efficacy and safety of outpatient initiation of NIV when compared to a more traditional in-
patient initiation, using quantitative data and quality of life data. Comparison was made
between patients that were established on long-term nocturnal home NIV during an acute
in-patient admission and patients that were established on long-term nocturnal home NIV

electively via an outpatient service.

The primary objective of the study was to establish if patients commenced on long-term
nocturnal home NIV as an elective outpatient had equivalent outcomes in physiological
variables when compared to patients commenced on long-term nocturnal home NIV as an
in-patient during an acute admission with decompensated Type |l respiratory failure.

Secondary outcomes assessed the impact of long-term nocturnal home NIV on the
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frequency and duration of respiratory related admissions and time to death following

initiation of NIV.

The study also examined the effect of long-term nocturnal home NIV on the self-reported
quality of life using the SRI questionnaire and scoring matrix (Appendix 1 and Appendix 1a),
a validated tool for assessing quality of life in patients on long-term NIV. Comparison was
made between patients that were established on long-term nocturnal home NIV during an
acute in-patient admission and patients that were established on long-term nocturnal home
NIV electively via an outpatient service. To identify any meaningful differences in quality of
life that were linked to a specific clinical condition, the patient cohort was subdivided by

clinical condition for sub-analysis.

Within the C1 Innovation Proposal was the requirement to demonstrate the potential for an
on-going cost-benefit analysis of the proposed innovation; this study built on this
requirement by providing analysis of comparative costs of in-patient versus outpatient
initiation of long-term nocturnal home NIV and use of healthcare resources following

initiation of long-term nocturnal home NIV.

3.2 DecisSIoN TO COMMENCE NOCTURNAL LONG-TERM HOME NIV

The decision to commence nocturnal long-term home NIV was made on a case-by-case basis
using clinical evidence, and in accordance with local clinical guidelines and the NHS
Birmingham and Solihull and NHS Sandwell and West Birmingham Clinical Commissioning
Group ‘Policy for use of domiciliary Non-Invasive Ventilation, Version 1.0’ (NHS Birmingham
and Solihull CCG & NHS Sandwell and West Birmingham CCG. 2020). Patients that had

rapidly progressive neuromuscular disease or who required home NIV for >14 hours per 24
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hour period fell outside the scope of the non-specialist NIV service provided at Good Hope
hospital and were not included in this study cohort. The care of this group of patients was
transferred to the local Tertiary Complex Sleep and Ventilation service at Birmingham

Heartlands Hospital for on-going ventilatory management and support.

The indications for long-term nocturnal home NIV via the non-specialist service were
evidence of chronic hypercapnia, demonstrated by an awake, non-acute, stable PaCO, level

> 6.5kPa and a confirmed clinical diagnosis of one of the following:

e COPD with:
o Evidence of recurrent admissions with decompensated hypercapnic
respiratory failure requiring acute NIV (>2 in a 12 month period)
OR
o Difficulty weaning / unable to tolerate weaning from acute NIV
e OHVS indicated by:
o BMI>30kg/m’
o Exclusion of other causes of hypoventilation
o Polysomnography revealing sleep hypoventilation with nocturnal
hypercapnia with or without obstructive apnoea/hypopnoea events
e Chest wall disease:
o Diagnosed via physical examination and confirmed with radiological findings.
e Neuromuscular and neurological weakness with:
o FVC<50% predicted or FVC <1L

o Maximal inspiratory pressures (MIP)< 60cmH20
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o nocturnal symptoms of hypoventilation including sleep disruption, and

headache upon awakening
Patients that commenced long-term home nocturnal NIV during an acute admission were
set up with either a Stellar™ 150 ventilator or a Lumis™ 150 VPAP ST ventilator (ResMed
Inc., San Diego, California, USA). NIV was initiated by a member of the NIV Physiotherapy
Team on a dedicated respiratory ward, with a Respiratory Consultant clinically responsible

for the patient and the decision to treat with long-term NIV.

Patients where NIV was begun as an outpatient were set up with a Lumis™ 150 VPAP ST.
NIV was initiated by a specialist NIV respiratory and sleep scientist in an outpatient clinical
room, with a couch and appropriate resuscitation facilities. A Respiratory Consultant
remained clinically responsible for the patient and the decision to treat on the day of
initiation, following clinical assessment of the patient. Patients that were commenced on
NIV as an outpatient were identified from an outpatient home oxygen assessment and
review (HOS-AR) clinic or following a respiratory sleep study, and after discussion at an NIV

multidisciplinary team (MDT) meeting

The patient interface was selected on an individual basis and decisions about the interface
were based on patient comfort, fit and tolerance. The interfaces used by patients in this
study were: ResMed AirFit™ F20 full face mask (ResMed Inc., San Diego, California, USA);
Fisher & Paykel Simplus™ full face mask (Auckland, New Zealand) and Philips Amara View™
hybrid face mask (Koninklijke Philips N.V, Amsterdam, Netherlands). Nasal masks were not

used for patients in this study.
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3.3 StupY DESIGN

The initial study design was a two-part study; Part A, which assessed quantitative
physiological variables and Part B, which assessed self-reported quality of life using the SRI
guestionnaire and a qualitative assessment of the perceptions and feelings of NIV users and
their carers using semi-structured face to face interviews. Part A and Part B used an
observational, longitudinal, retrospective study methodology in addition to semi-structured

interviews for the qualitative data.

Patients established on long-term nocturnal home NIV as an in-patient followed the
pathway and protocol specified in Appendix 3 (Guidelines for the use of Non-Invasive
Ventilation (HGS)); they were commenced on home NIV during an admission with
decompensated Type |l respiratory failure. Patients established on home NIV as an
outpatient followed the Standard Operating Procedure described in Appendix 4 (Outpatient
NIV Trial for chronic hypercapnic respiratory failure in patients requiring non-complex NIV

(Good Hope Hospital)).

During the period when the semi-structured interviews were planned to take place, the
study was paused due to COVID 19 pandemic. Within the sponsoring Trust, all outpatient
clinical work and research activity was ceased; clinicians were redeployed to support the in-
patient workload and access to patients was severely restricted. Under COVID 19 guidelines,
the majority of patients included within this study were deemed clinically vulnerable and as
such were required to remain at home. Following re-evaluation of the study with my clinical
supervisor in the light of the COVID 19 pandemic, it was regretfully decided to withdraw the
semi-structured interview component from the study, as it was unlikely | would be able to

obtain adequate data to be meaningful. For the purposes of this submission, | have included
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a copy of the proposed semi-structured interview instruction sheet (Appendix 2), which had
been submitted to, reviewed and amended by a qualified social scientist. It was planned to
perform thematic analysis of the data using the NVivo 12 analysis package (QSR
International, Melbourne, Australia) to explore the perceptions, feelings and experiences of

home NIV patients and their carers.

3.3.1 METHODOLOGICAL CONSIDERATIONS

The aim of the study was observe the effect of a specific outcome; in this case, the
introduction of NIV in the same cohort, by means of repeated measures, over a defined
period. Thus, a longitudinal methodology was considered the most appropriate. On
reflection, a prospective study design would have enabled the primary variables of interest
to be more clearly defined at the outset and avoided the risks associated with missing
variables. However, the unpredictability of the number of patients initiated on to
domiciliary NIV as an outpatient in the time that was available for data collection made a
prospective methodology impractical, with a significant risk of insufficient data to support
the study hypothesis. A retrospective longitudinal study design allowed the use of an
existing data set created for the management of the long-term home NIV patient cohort as
the primary data source. It also was advantageous in terms of planning, initiating, and

following a prospective cohort, not to mention less costly and time consuming.

3.4 EVIDENCE OF STAKEHOLDER ENGAGEMENT AND PATIENT INVOLVEMENT

The aim of this study was to provide evidence to support the efficacy and safety of long-
term nocturnal home NIV initiated as an outpatient compared to that initiated as an

inpatient; the inpatient route was already well established within the organisation. As part
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of the development of a new clinical service, it is vital to involve key stakeholders in its
development from the outset. The overarching goal of stakeholder engagement in medical
research is to generate evidence that is more relevant and useful to those making real-world
health care decisions, with the hope that this will increase the dissemination and uptake of
research findings in clinical practice (Basch, E., et al., 2012). Recognition of the value and
importance of integrating stakeholder engagement into comparative effectiveness research
(CER) and patient-centred outcomes research (PCOR) to improve health care delivery
continues to grow (Barger, S et al., 2019). Patients may enhance CER and PCOR by providing
experiential knowledge to a research question or study design, informing data collection
and analysis, reviewing and interpreting results, and improving translation and
dissemination of key findings (Ciccarella, A., et al., 2018; Domecq, J.P., et al., 2014; Mullins,
C.D,, et al., 2012). Patient and public involvement (PPI) is now so well embedded that it is a
funding requirement by the National Institute for Health Research (NIHR) and other funders
that applicants provide information on how PPI has and will continue to inform the

proposed research (Hayes, H., Buckland, S. and Tarpey, M., 2012).

Prior to commencing the study, a stakeholder group was created to inform the development
of the service that would subsequently form the basis of this research. The stakeholder

group comprised of the following groups:

e the Respiratory Consultants at Good Hope site who would support delivery of NIV
e Patients that use NIV and their caregivers

e Local General Practitioners (GP’s) and Clinical Commissioning Groups (CCG’s)

e Community based teams involved in supporting patients with complex health

conditions.
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Local Home Oxygen Services - Assessment & Review (HOSAR)
Acute NIV Physiotherapists

Respiratory Clinical Scientists/Physiologists

A Respiratory Consultant with appropriate NIV experience was identified as the lead

physician for the proposed NIV service at GHH. The opinions from the four respiratory

consultants based at Good Hope site about the proposed service were obtained via a brief

guestionnaire; their feedback is summarised in Appendix 5.

A stakeholder engagement meeting was held in September 2017 to obtain input from key

stakeholders not included in the cross-site group. The minutes from this meeting are

included as Appendix 6, with the key points as follows:

Patient representatives were positive about the proposed domiciliary NIV service
closer to their locality and the benefits this would potentially offer.
Representatives of local GP’s and Community based teams were supportive but
expressed some concerns in terms of supporting this complex cohort of patients in
the community. It was agreed there would be additional education and training for
healthcare professionals involved in the care of domiciliary NIV patients.
Reassurances were provided that the GHH Trust clinicians would retain clinical
responsibility for the patients from an NIV perspective.

The CCG were unable to send representation to the meeting, but indicated via the
Trust Clinical Commissioning team that they would support and financially reimburse
a service that met the NIV Service Specification (NHS England, 2013/14) for

domiciliary NIV.
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A cross site working group consisting of the HEFT NIV Lead Consultant, GHH Consultant NIV
Lead, HEFT Therapies Manager, NIV Lead Physiotherapist (BHH), NIV Lead Physiotherapist
(GHH), Respiratory Clinical Service Lead (GHH), Respiratory Divisional Manager and
Respiratory Group Support Manager was established to assess feasibility and ensure service
standardisation and patient safety were maintained across the Trust. A pathway and
documentation for the proposed service was developed and agreed with input from all

working group members (Appendix 4).

3.5 PARTA: QUANTITATIVE DATA

Part A of the study was an observational, longitudinal retrospective review of patients
managed with long-term nocturnal home NIV initiated at Good Hope Hospital as either an
in-patient or an outpatient. Data was recorded on a local database created for the on-going

management of the long-term home NIV patient cohort and is summarised below in Table 5:

Table 5: NIV patient database standard data collection

Outcome Measurement

Clinical Anthropometric: Age; sex; BMI; clinical diagnosis

Treatment data: Date of commencement; in-patient or
outpatient set up; date NIV ceased if <12 months; days to 1
admission post NIV; days on NIV until death/first admission;
number of admissions pre NIV; number of admissions post NIV;
respiratory bed days pre NIV; respiratory bed days post NIV;
using long-term oxygen therapy (LTOT)

Physiological (baseline; Blood gases: PaCO,;pH; PaO,; HCOs; BE + FiO,

1% review; 2" review;
NIV data: IPAP; EPAP; mode; compliance
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3" review) Baseline spirometry: FVC; FEV,; FEV,/FVC

Quality of life SRI (total and domains): respiratory; physical functioning; sleep
(baseline; 1°** review; 2" quality; social functioning; feelings of fear; mental health; social

review; 3" review) functioning

The study was registered with and sponsored by the research board at University Hospitals
Birmingham NHS Foundation Trust (Reference number 20190055STU; 18/04/2019); the
sponsorship letter is included as Appendix 7. Reporting of the study followed guidelines for

observational studies using routinely collected health data.

Part A examined the relationship between use of long-term nocturnal home NIV and its
impact of physiological parameters comparing initiation as an in-patient versus initiation as

an outpatient.

3.6 PHYSIOLOGICAL MEASUREMENTS

The primary outcome measure of Part A of the study was change in daytime PaCO,
measured by blood gases, during spontaneous breathing. Other standard blood gas
parameters (pH; PaO,; HCOs; Base excess) were recorded at each review but the data was
not reported in this study due to the changes in prescribed oxygen FiO, that occurred during

the study period. The data is available for review within the NIV database.

3.6.1 BLOOD GAS SAMPLING

PaCO, was measured using either arterial (via radial artery puncture) or arterialised capillary
(via earlobe puncture) blood gas analysis taken at least 2 hours after cessation of nocturnal

NIV. It has been shown that arterialised capillary blood sampling is less invasive than arterial
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blood gas sampling (Fajac, I., et al., 1998) and less painful (Hajiseyedjavady, H., et al., 2012).
A range of healthcare staff can perform it after minimal training (Higgins, C., 2008), it
produces minimal discomfort to the patient (Dar, K., et al., 1995; Crawford, A., 2004) and

very small sample volumes are required (approximately 60uL of blood).

Arterial blood gas sampling was performed in accordance with the AARC (American
Association for Respiratory Care. 1992) clinical practice guideline; local anaesthesia was not
routinely used for radial artery sampling in accordance with local Standard Operating
Procedures. Arterialised capillary blood gas sampling was performed in accordance CLSI
document GP42-A6 (Clinical and Laboratory Standards Institute, 2008). Arterialisation of
capillary blood gas samples was achieved by the application of a rubefacient cream
containing the active ingredients methyl salicylate and menthol (Deep Heat Max Strength,
The Mentholatum Company Limited, East Kilbride, Scotland) for a minimum of 10 minutes
prior to skin puncture. Arterial samples were collected using 3mL pre-filled heparinized
single-use disposable syringes with a 23G x 1linch safety needle (BD Preset™ Eclipse™
Arterial Blood Collection Syringe. Becton, Dickinson and Company, Plymouth, UK);
arterialised capillary samples were collected using 150ul, 1.90 x 100mm heparinized single-
use disposable plastic capillary tubes (Protech Medical Limited, Glossop, UK). Patient blood
gas samples were processed within <5 minutes for arterial samples and <2 minutes for

capillary blood gas samples.

3.6.2 BLOOD GAS ANALYSIS

Blood gas samples were analysed using the Cobas b123 POC blood gas system or the Cobas
b221 blood gas system (F. Hoffmann-La Roche Ltd, Basel, Switzerland). All analysers were
calibrated, maintained and operated according to their manufacturer’s instructions and
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were included in an external quality control programme (Weqas POCT Blood Gas EQA
programme). Arterial and arterialised capillary blood gas samples were performed by
healthcare professionals that had successfully completed a competency based training
program in blood gas sampling. Blood gas samples were analysed by healthcare
professionals that had successfully completed a competency based training program in use

of the Cobas b123 or Cobas b221 blood gas analyser.

3.6.3 SPIROMETRIC MEASUREMENTS

Baseline spirometry was performed to confirm clinical diagnosis; spirometric values (Forced
Vital Capacity (FVC); Forced Expiratory Volume in the first second (FEV,); FEV1/FVC) were
recorded. Spirometry was performed using the nSpire HDpft 1000 portable spirometer
(nSpire Health Inc., Longmont, CO 80501, USA) and data was downloaded and stored using
nSight™ Software V6.2 (nSpire Health Inc., Longmont, CO 80501, USA). Spirometry was
performed in accordance to ERS/ATS guidelines (Miller, M.R., et al., 2005) by healthcare
professionals that had completed an accredited certification program. Clinically significant
airflow limitation was defined as an FEV,/FVC below the lower limit of normal (LLN), which
represents the lower 5% of test results from a healthy, non-smoking population. Use of a
fixed ratio to define airflow limitation, traditionally 0.70, was avoided in this study as it may
underestimate airflow limitation in younger individuals (Cerveri, I., et al., 2008) and

overestimate airflow limitation in older individuals (Swanney, M.P., et al., 2008).

Patients receiving long-term oxygen therapy had been formally assessed by a member of
the specialist Home Oxygen Assessment Service (HOS-AR). Home oxygen was prescribed in
accordance with BTS Quality Standards for home oxygen use in adults (Suntharalingam, J., et
al., 2017).
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The physiological data set formed part of the routine review of long-term nocturnal home
NIV patients at Good Hope Hospital; no additional data was recorded other than that
collected as part of the routine care and management of the patient cohort. The standard

operating procedure for each NIV outpatient review is documented in Appendix 8.

3.6.4 CoMPLIANCE DATA

Each Stellar™ 150 ventilator or Lumis'™ 150 VPAP ST ventilator (ResMed Inc., San Diego,
California, USA) has an internal memory that collects patient treatment data. This includes
information on mask fit (leak data), usage hours and the time of day that the unit was used.
At each patient visit, the data was downloaded to the ResScan™ patient management
system either via direct link or a USB stick. The ResScan™ patient management system
consists of the ResScan software, ResScan Data Card, ResLink™, and ResScan Serial and USB
Adapters. Remote monitoring software was available, but was not used during this study as
the Stellar™ 150 ventilator was not compatible without an appropriate modem and

adequate numbers of these were not available at the time of the study.

Patient compliance was reported as ‘mask on’ hours rather than ‘device on’ hours to
measure true patient usage; the ‘average’ daily usage was recorded rather than the
‘median’ usage. The average daily usage is caculated as ‘total hours/total days’, wheras the
median usage is calculated as ‘hours per day/used days’. Average daily usage was selected
for the study as it more closely true patient usage; use of the median values minimises the
impact of ‘non-used’ days and was therefore rejected. From the research literature and for
the purposes of this study, patients that used NIV every day for =5 hours/day were classified
as ‘compliant’; patients who used NIV irregularly and <5 hours/day were classified as ‘non-
compliant’.
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3.7 PART B: QUALITY OF LIFE DATA

Part B examined the relationship between use of long-term nocturnal home NIV and its
impact of quality of life as recorded using the SRI questionnaire (and specific domains within
the tool). Patients initiated on long-term nocturnal home NIV either as an acute in-patient
admission or as an elective outpatient set up were asked to complete a baseline SRI
guestionnaire and to complete repeat SRI questionnaires at subsequent reviews at
approximately 3, 6 and 12 months after initiation of home nocturnal NIV. Subsequent SRl
values were compared with baseline SRl in patients commenced on long-term nocturnal
home NIV, comparing set up as an acute admission versus as an elective outpatient. The
quality of life data set using the SRI formed part of the routine review of long-term
nocturnal home NIV patients at Good Hope Hospital; no additional data was recorded other

than that collected as part of the routine care and management of the patient cohort.

3.8 PRIMARY OUTCOME: PART A

The primary outcome of Part A of this study was to assess if there was a statistically
significant difference in daytime PaCO, measured by blood gases during spontaneous
breathing after approximately 6/52, and subsequently 6 and 12 months of long-term
nocturnal home NIV compared with baseline PaCO, in a cohort of patients, comparing set
up as an acute in-patient admission versus as an elective outpatient. Statistical significance
provides an indication of the reliability of the study results, but may not reflect the clinical
relevance or importance. The clinical significance of the difference in the change in daytime

PaCO, may therefore more closely reflect its impact on clinical practice.

In order to establish whether elective outpatient initiation of home NIV is equivalent to in-

patient initiation, it is helpful to make an estimate of the difference in the effect between
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the outpatient and in-patient NIV set up that would be clinically relevant. This
methodological approach is termed a non-inferiority study and is routinely used in
randomised controlled trials to assess an established treatment or medicine against a new
or alternative treatment. Whilst not routinely used in observational, longitudinal,
retrospective studies, an estimate of clinically acceptable non-inferiority was considered
helpful in assessing a clinically relevant difference in effectiveness between the two routes
of NIV initiation, in addition to the statistical significance. A true estimate of non-inferiority
cannot be made without an estimate of the statistical power required to detect non-
inferiority. This study was not randomised nor controlled and the two groups in the study
were not matched, therefore accurate calculation of non-inferiority between the groups
cannot be made. However, using evidence from previous studies, an estimate of the

difference in PaCO, that would be clinically relevant was assigned.

Previous studies of the impact of NIV have suggested that a change in PaCO, > 0.45kPa
demonstrates clinically relevant benefits in sleep quality and sleep time (Meecham Jones,
D.., et al.,, 1995), 6-minute walk distance and dyspnoea measured by the Transition
Dyspnoea Index (Diaz, O., et al., 2005) and health related quality of life (Meecham Jones,
D.J., et al., 1995, Duiverman, M.L,, et al., 2008; Duiverman, M.L., et al., 2011). Therefore, if a
difference of <0.4kPa in PaCO, between in-patient and outpatient NIV initiation was
observed at 12 months, it would be unlikely to defer any clinically relevant benefit and thus

would not be considered clinically significant.

The null hypothesis stated that over a 12-month period of treatment with NIV, initiation of

long-term nocturnal home NIV via elective outpatient set up produces improvements in
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daytime PaCO, that are equivalent to those observed following initiation as an acute in-

patient admission.

3.8.1 SECONDARY OUTCOMES: PART A

The secondary outcome for the quality of life component of the study assessed the impact
of the introduction of NIV on the frequency and length of stay (LOS) for respiratory related
admissions. This was based on the number of admissions and bed days in the previous 12
months versus the number of admissions and bed days in the 12 months following the
introduction of NIV. Bed days are defined as a day during which a person is confined to a
bed and in which the patient stays overnight in a hospital. The NIV usage data, which was
recorded at each visit, was analysed to ascertain any association between compliance and
non-compliance with domiciliary NIV and subsequent respiratory related in-patient
admissions. The mean hours of ‘mask on” on rather than ‘device on’ time were recorded in

the NIV database to ensure that true ‘treatment effect’ could be assessed.

To assess the potential impact of NIV on patient admissions, the admission free survival at
12 months post NIV was calculated for the combined patient cohort and the in-patient
versus outpatient NIV initiation groups. Admission free survival was defined as patients who

were not re-admitted and/or did not die within 12 months of starting NIV.

Changes to the home NIV treatment based on the physiological parameters recorded were
documented on the NIV database that was used within the study. The study was
retrospective and did not influence treatment or management of NIV patients during the

data collection period.
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3.9 PRIMARY OUTCOME: PART B

Part B of the study used a validated health related quality of life tool, the SRI Questionnaire,
which was specifically developed for use with patients with chronic respiratory failure

receiving home mechanical ventilation.

The primary outcome of Part B was to assess if there was a statistically significant difference
in the summary SRl score (calculated over the 7 SRI domains) after approximately 6/52, and
subsequently 6 and 12 months of long-term nocturnal home NIV comparing in-patient NIV
initiation with outpatient NIV initiation. As stated, statistical significance does not
necessarily equate to clinical significance. A minimal clinically important difference (MCID) is
an important concept used to determine whether a medical intervention improves
perceived outcomes in patients. The research literature has suggested that for patients with
severe COPD and CHRF who use long-term NIV, a MCID of between 5 and 7 points (Kort, J.,
et al., 2018) and more recently, 5 points is clinically significant (Raveling, T., et al., 2020). No
values for MCID in other clinical conditions producing CHRF requiring long-term NIV were
available in the literature at the time of the study. Therefore, in addition to statistical
analysis of the data, a MCID of 5 points in the SRI score (calculated over the 7 SRI domains
and for each domain) irrespective of the clinical condition of the patient was considered
clinically significant. Baseline SRI Score was compared to SRI score after approximately 6/52,
6 and 12 months of long-term nocturnal home NIV, comparing in-patient NIV initiation with

outpatient NIV initiation patient groups.

The null hypothesis stated that over a 12-month period of treatment with NIV, initiation of

long-term nocturnal home NIV via elective outpatient set up produces equivalent

85| Page



Module C2 [16501449]

improvements in HRQoL outcomes (based on summary SRI score) to initiation as an acute

in-patient admission

3.9.1 SECONDARY OUTCOMES: PART B

For the secondary outcomes of Part B, the individual SRI domain scores for in-patient and
outpatient NIV initiation groups were compared over the 12-month review period to
identify any statistically significant changes within each domain. The individual SRI domains

are stated as:

Respiratory complaints
e Physical Function
e Sleep quality
e Social relationships
e Anxiety
e Psychological well-being
e Social functioning
To assess if there are statistically significant differences in the domains of SRI that are

disease specific, the patient cohort were grouped as defined in Section 3.13:

e Chronic Obstructive Pulmonary Disease (COPD)
e Obesity Hypoventilation Syndrome (OHVS)
e Chest wall disease (CWD)

e Slowly progressive neuromuscular disease (NMD)
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For each clinical sub-group, the domain specific SRI scores were compared within groups
and between groups at baseline to identify similarities and differences. This analysis was

repeated to identify similarities and differences:

a. between baseline to first review

b. between baseline to second review

c. between baseline to third review
The absolute change in domain specific SRI was compared to identify differences in the
magnitude of any SRI domain score changes within each clinical sub group at each follow up
interval. In addition to statistical analysis of the data, a MCID of 5 points in the SRI score for
each domain, irrespective of the clinical condition of the patient, was considered clinically

significant.

3.10 TIME INVESTMENT AND COSTS

A comparison of the costs of initiating long-term home NIV as an in-patient and as an
outpatient was made. Device and consumable cost were identified for each group, and from
this, a mean cost per patient was calculated. The time taken for in-patient compared to
outpatient initiation of long-term home NIV was estimated. Prior to being sent home with
an NIV machine, the patient was assessed to ensure they were competent to independently
fit the NIV mask and headgear correctly and operate the NIV machine; the patients in both

groups were provided with identical patient information packs to support NIV use at home.

This was a retrospective study, therefore an accurate calculation of the true procedure costs
per patient was not possible as it was not achievable to calculate the number of hours of
healthcare professional time utilised for an in-patient initiation per patient. An analysis

using procedure costs based on clinical coding was rejected due to the errors associated
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with retrospective analysis of NHS Healthcare Resource Groups (HRG) codes, which may
have been inaccurately completed and include additional scores for individual complexity
and co-morbidity (cc) that are not relevant to this study. HRG codes consist of patient
events that have been judged to consume a similar level of resource and are assigned using

the software application HRG4+ Grouper (NHS Digital).

To reduce bias from complex, unrelated healthcare issues during an in-patient admission,
unrelated to the initiation of home NIV, the HRG code DZ37A (Non-Invasive Ventilation
Support Assessment, 19 years and over) was selected to represent the procedure cost for
both in-patient and outpatient initiation. The ‘Combined day case / ordinary elective spell’
tariff was used as most elective prices are for the average of day-case and ordinary elective-

case costs.

Comparisons were made between:

e Equipment costs
o Device
o Consumables
e |Initiation period cost
o In-patient NIV spell costs calculated using HRG code DZ37A as a ‘Combined
day case / ordinary elective spell’ versus a ‘Non-elective spell’
o Outpatient initiation
= Calculated using DZ37A as both ‘outpatient procedure’ and
‘Combined day case / ordinary elective spell’
Home NIV patients all followed the same pathway, therefore the follow up period costs

were not calculated but were stated.
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The data from frequency and duration of respiratory related admissions following initiation
of home nocturnal NIV compared to the 12-month period prior to initiation of NIV were
included in the overall cost analysis. The calculated cost included adjustment for long stay
payments, where the length of stay of the in-patient spell exceeded a specified trim point. A
trim point is defined as the upper quartile length of stay for the HRG plus 1.5 times the
inter-quartile range of length of stay. For elective admissions, a trim point of 5 days was
used and for non-elective admissions a trim point of 14 days; a long stay payment attracted

a payments of £246 per day.

3.11 STuDY SAMPLE SIZE

The study cohort was taken from a database of sequential patients commenced on home
nocturnal NIV at Good Hope Hospital. The study sample size was limited by the size of the
patient population receiving long-term home non-invasive ventilation via the Good Hope

NIV service over the study period.

At each patient review, the available data was collected in a database that was created in
2016; the available data in the database was reviewed and analysed over a 9-month period
from 18/04/2019 to 31/12/2019 and initially consisted of 113 patients (see Results). There
was subsequent attrition of patients and data points during the study period.

3.12 STuDY POPULATION

3.12.1INCLUSION CRITERIA

1) Evidence of Type |l respiratory failure requiring the use of long-term home nocturnal

NIV
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Commenced on long-term nocturnal home NIV via the Good Hope NIV service,
either:

a) Following an acute admission requiring NIV

b) Or as an elective outpatient NIV set up in accordance with Trust NIV policy.
Age > 18 years

Patient can read and comprehend written and verbal English

3.12.2 ExcLUSION CRITERIA

1.

10.

11.

12.

Inclusion criteria not met.

Persistent hypercapnic respiratory acidosis defined as pH <7.30

Rapidly progressive neuromuscular disease

Significant bulbar weakness

History of, or current spontaneous pneumothorax

Uncontrolled cardiac failure or arrhythmia

Pregnancy

Failure to tolerate NIV during initiation or if required to treat acute decompensation
Patient is not compliant with prescribed NIV

Patient unable to fit and remove mask independently, unless a waking carer was in
place

Psychiatric disease necessitating antipsychotic medication, on-going treatment for
drug or alcohol addiction, persons of no fixed abode post discharge

Requirement for ventilatory support for >14 hours/day
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3.13 PATIENT CATEGORISATION

For the purposes of analysis, patients were categorised in to the following clinical groups

based on spirometric values, blood gas values and anthropometric data:

1) COPD defined as:

a) Reduced FEV/FVC ratio, such that FEV1/FVC is less than the lower limit of normal

(LLN), measured following administration of bronchodilator medication.
2) OHVS defined as:

a) The presence of daytime alveolar hypoventilation (awake, sea level, arterial
PaCO,>6kPa) among patients with BMI 230 kgm2 in the absence of other causes of
hypoventilation.

3) Chest wall disease defined as:

a) Disease or deformities that affect the rib cage (thoracic spine, ribs, sternum) and

abdomen confirmed by radiological examination.
4) Slowly progressive neuromuscular disease defined as:
a) Diseases that affect any part of the nerve and muscle producing weakness,

particularly affecting the diaphragm, rib cage muscles and the abdominal muscles.

3.14 INFORMED CONSENT PROCEDURES AND ETHICAL APPROVAL

Both Part A and Part B used an observational, longitudinal retrospective methodology using
data that was collected as part of routine review of the patient cohort. All data used within
the study was fully anonymised and there was no patient identifiable information. The
submission does not report on primary research. All data analysed within the study were

collected as part of routine diagnosis and management of the cohort. Patients were
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diagnosed, treated and managed according to national guidelines and local Clinical
Guidelines. Testing blood gasses and recording all other variables included in the analysis
were essential for confirming diagnosis, monitoring disease and managing patients. The
measurements are made for each patient as part of routine care and are in no way an add-
on for the purposes of research. The study does not report on the use of experimental or

new protocols; the protocol that was evaluated was the agreed Trust protocol.

Therefore, based on this information and following review by the UHB Trust Research
Department, informed patient consent was not required for this study. The study was
registered with, and sponsored by the research board at University Hospitals Birmingham

NHS Foundation Trust (Reference number 20190055STU; 18/04/2019).

3.15 DATA COLLECTION PROCEDURES

Following the decision to treat with long-term nocturnal home NIV, the patient’s baseline
anthropometric, physiological, quality of life score and NIV treatment data were added to
the NIV patient database. Patient reviews in the Good Hope NIV outpatient clinic were
scheduled for 6 weeks, sixth, and twelfth month after the initiation of NIV. If the patient had
an infective exacerbation within 6 weeks of a scheduled appointment, the appointment was

re-booked and the review was performed 6 weeks after the event.

At each follow up visit, the patient received a physical examination by a member of the
respiratory team. Arterial or arterialised capillary blood gases and spirometry were
measured with patient consent, and the compliance data (hours used) and the settings of
the ventilator were downloaded in order to assess the effectiveness of NIV treatment,

quality of mask fit and patient compliance. Throughout the study, patients underwent

92 |Page



Module C2 [16501449]

adjustments in NIV masks or ventilator settings as needed in order to maintain patient—
ventilator synchrony and optimize gas exchange and functional status. Additional
measurements routinely recorded included the number of hospital admissions, number of

in-hospital days and number of deaths during the follow-up period of 1 year.

Patients were asked to complete the English version of the SRI Questionnaire. If the patient
was unable to complete this on his or her own, the SRl was completed with support from
the clinician performing the review. Support consisted of the items being read aloud and
answers were marked according to patient’s response. To maintain objectivity, all of the
registered senior healthcare scientists (4 team members in total) randomly performed the
patient reviews and subsequent SRI questionnaires. Relatives and carers were excluded
from answering or completing SRI questionnaires on behalf of the patient; translators were
not required as all patients had English as their first language and there were no visually

impaired patients. Patients could decline to complete the SRI at each visit.

3.16 DATA MANAGEMENT TECHNIQUES

Data was analysed with IBM SPSS 26.0 Statistics software package (IBM, Armonk, New York,
USA). Prior to statistical analysis, data was tested for normality distribution using the
Shapiro-Wilk and Kolmogorov-Smirnov non-parametric tests. Categorical variables were
presented as frequency (%); continuous variables were shown as mean * standard deviation
(S.D.), with ranges in parentheses (if normally distributed) or median (interquartile range) if

not normally distributed unless otherwise mentioned

Comparisons between two groups were performed with independent (students) sample t-

tests, comparisons among three or more groups were performed with one-way analysis of
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variance (ANOVA) using an appropriate post-hoc test (Bonferroni) where the data were

parametric.

For non-parametric data, Mann Whitney U (unpaired) and Wilcoxon signed rank test

(paired) tests were used. A two-sided p-value < 0.05 was considered statistically significant.

Comparison of survival times and admission free survival times for in-patient versus
outpatient groups following initiation of NIV was made using the Mantel-Haenszel log-rank
test and Kaplan-Meir survival curves. The Pearson Chi-Square Test of Association was used

to look for associations between NIV usage and outcomes.
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PART A: QUANTITATIVE DATA

4.1 FLoW CHART FOR PATIENTS IN THE STUDY (PART A)

The flow chart for the study participants is shown in Figure 4. 113 patients were active on

the NIV database and were confirmed to be receiving long-term home NIV via the Good

Hope service.

Figure 4: Flow chart for study participants

[ Patients using home NIV (n =113) ]

[ In-patient NIV (n =92) ]

1°* Review

[ Outpatient

NIV (n =21) ]

n=82. DNA=4; UTA=1;
Ceased = 1; Deceased = 4

n=67.DNA=2; UTA=1;
Ceased = 6; Deceased = 6

n=52. DNA=3; UTA=1;
Ceased = 2; Deceased =9

[ End-point (n =52) ]

n=20.UTA=1

n=17. DNA =1; Ceased =
1; Deceased =1

n=15.DNA=1;
Deceased =1

[ End-point (n =15) ]
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The attrition rate for the in-patient cohort at 12 months (56.53%) is significantly higher than
that seen in the outpatient NIV initiation group (28.27%). This may reflect that this group

had a lower initial health status.

4.2 BASELINE CHARACTERISTICS FOR THE STUDY COHORT (PART A)

The baseline characteristics for the total study cohort (n = 113) are shown in Table 6. This
represented the data for all patients that were using long-term nocturnal home NIV and

were actively being followed up by the Good Hope NIV Service during the study period.

Table 6: Baseline characteristics for the total cohort (N=113)

Chronic Obstructive Pulmonary Disease (COPD) | 61 [54.0%]
Primary Obesity hypoventilation (OHVS) 37 [32.7%]
Diagnosis | Chest wall disease (CWD) 10 [8.8%]
Neuromuscular disease (NMD) 5 [4.4%]
Male sex 49 [43.4%)
Body Mass Index (kg/m?) 34.5(24.2 - 43.2)
Age (years) 68 (60 - 75)
Pre-NIV PaCO, (kPa) 9.5(8.2-11.2)
On Long Term Oxygen therapy 48 (42.5%)
In-patient set up 92 (81.4%)

Units shown in brackets. Categorical variables shown as frequency (%), continuous variables

shown as median (IQR).

The largest clinical clusters within the study cohort were patients with COPD, followed by
OHVS; there were a very small number of patients with CWD and slowly progressive NMD
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within the study cohort. This observation is unsurprising, as the service was commenced as
a non-specialist NIV service for patients requiring home NIV for < 14 hours/day. The patient
group was elderly (mean age 68 years (60 — 75)), approximately equally distributed between
males and females (male n =49 (43.4%)) and with an elevated BMI (BMI = 34.5kg/m2 (24.2 -
43.2)), which would categorise them as clinically obese (Purnell, 2018). From the BMI, there
were few patients with overt cachexia despite the number of patients clinically diagnosed as
having severe COPD. As would be expected, significant hypercapnia was observed (mean
PaCO, = 9.5kPa (8.2 — 11.2)), with almost half of the cohort (42.47%) currently prescribed
long-term oxygen therapy; the majority of the patients in the study were established on NIV

during an acute in-patient admission (n =92 (81.4%)).

4.2.1 BASELINE CHARACTERISTICS BY CLINICAL DIAGNOSIS

Analysis of the anthropometric data of the study cohort by clinical diagnosis, as stated by

the referring clinician on the NIV ‘Decision to Treat” document, is summarised in Table 7.

Table 7: Baseline characteristics of the whole cohort by confirmed clinical diagnosis

Diagnosis COPD OHVS CWD NMD
(n=61) (n=37) (n=10) (n=5)
Male sex 27 (44.3%) 16 (43.2%) 3 (30%) 3 (60.0%)
BMI (kg/m?) 25.7 (19.8,34.2) | 48.6(40.0, 51.4) | 26.0(5.4) | 35.1(10.3)
Age (years) 69 (9) 63 (13) 66 (13) 63 (12)
Pre-NIV PaCO, (kPa) 10.1 (8.4, 11.5) 9.2 (2.0) 11.1(4.1) | 9.9 (3.8)
On LTOT 32 (52.5%) 9 (24.3%) 5(50.0%) | 2 (40.0%)
In-patient set up 52 (85.2%) 29 (78.4%) 7 (70.0%) | 4 (80.0%)

Continuous variables shown as mean # SD (if normally distributed) or median (IQR) if not

normally distributed.
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There were small numbers of patients with CWD (n = 10) and NMD (n = 5); the limited
number of patients with these clinical conditions in the study cohort influenced subsequent
analysis of the data by clinical diagnosis. For the largest clinical disease groups (COPD and
OHVS), there were similar numbers of male and female patients; CWD patients were
predominantly female and NMD patients predominantly male, but the numbers of patients
in each group were too small for this to be considered significant in any way. Patients with
OHVS unsurprisingly had the highest BMI (mean BMI 48.6 kg/m? (40.0, 51.4)), were less
hypercapnic (mean pre NIV PaCO,: 9.2 kPa (2.0)) and were prescribed LTOT less frequently

than the other clinical sub groups.

4.2.2 CLINICAL DIAGNOSIS CONFIRMED BY SPIROMETRIC DATA

In addition to the clinical diagnosis recorded in the NIV ‘Decision to Treat’ document,
spirometric data, where available, was used to confirm the primary diagnosis (n=95). The
spirometric data is summarised by route of NIV initiation (Table 8) and by clinical diagnosis
(Table 9). For n = 18 patients, spirometry was either not requested by the referring clinician
or the patient was unable to produce spirometry results that met ATS/ERS standards (Miller,

M.R., et al., 2005) and values were not reported.

Table 8: Spirometric data by route of NIV initiation for the combined cohort data

Inpatient Outpatient p value
(n=77) (n=18)
1.64 1.79
FVC(L) 0.473
(1.07, 2.31) (1.45, 2.08)
48.6%0 52.3
; 0 0.729
FVC predicted (%) (39.0, 63.0) (14.6)
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FVC -3.22 (1.12) -3.21 (1.14) 0.976
(Z-score)
0.79 0.86
0.635
FEV: (L) (0.55, 1.26) (0.63, 1.28)
34.2 37.70 (17.1)
: . 0.776
FEV; predicted (%) (24.1, 46.3)
FEV, (Z-score) -3.73 (0.97) -3.68 (0.99) 0.844
FEV1/FVC (%) 0.56 (0.19) 0.56 (0.20) 0.864
2.22 -2.39 (1.96)
FEV,/FVC 0.811
(Z-score) (-4.1,-1.1)

Continuous variables shown as mean * SD (if normally distributed) or median (IQR) if not

normally distributed.

Table 9: Spirometric data by clinical diagnosis for the combined cohort data

COPD OHVS CWD NMD
(n=49) (n=34) (n=8) (n=4)
FVC (L) 1.59 2.0 (0.8) 1.1 (0.5) 1.69 (0.6)
(1.3,1.9)
FVC predicted 51.7 (14.5) 55.4 (16.1) 325 40.0 (5.5)
(%) (27.3, 35.5)
FvC -3.1(1.1) -3.0(1.1) -4.3(1.3) -4.0
(Z-score) (-4.5, -4.0)
0.7 (0.3) 1.4 (0.6) 0.6 1.3 (0.4)
FEV, (L)
(0.5,0.8)
FEV, 28.6 49.2 (15.9) 26.6 38.4(3.2)
predicted (%) (19.7, 35.2) (23.1, 29.5)
FEV; (Z-score) -4.00 (0.8) -3.24 (1.0) -3.97 (1.3) -3.94 (0.3)
FEV1/FVC (%) 38 69 (11) 70 (20) 76 (8)
(32,52)
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FEV1/FVC -3.9 -1.1 (-1.3) -0.9 (2.38) -0.3 (1.1)
(Z-score) (-4.6,-2.8)

Continuous variables shown as mean + SD (if normally distributed) or median (IQR) if not
normally distributed.

The spirometric data comparing in-patient initiation versus outpatient NIV initiation (Table
8) indicates that the two groups are not statistically different. The spirometric values by
clinical condition were in keeping with the reported clinical diagnosis; patients with COPD
demonstrated clinically significant airflow obstruction indicated by the Z-score for FEV,/FVC
that was < -1.645; patients with OHVS, CWD and NMW had restrictive spirometry, indicated
by Z-scores < -1.645 for FVC, FEV; with an FEV;/FVC above the lower limit of normal. The
morphology of the flow volume curves (data available, but not included within the body of

this study) supported the numerical data.

Clinically significant airflow obstruction, defined as Z-score < -1.645 for FEV{/FVC, was
observed in 13 (38.2%) patients (of 34 measured) with OHVS as their primary diagnosis,
indicating probable overlap between these two conditions. Smoking history, calculated in
pack years, is available for all patients that performed spirometry but is not included within

the body of this study.

4.2.3 PATIENT ANTHROPOMETRIC DATA BY ROUTE OF NIV INITIATION

To provide comparative data for the in-patient and outpatient NIV initiation groups, Table
10 presents the baseline anthropometric characteristics of the study cohort described by

their route of NIV initiation.
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Method of NIV initiation
In-patient Outpatient
p value
n=92 n=21

Diagnosis CoPD 52 (56.5%) 9 (42.9%) 0.640

OHVS 29 (31.5%) 8 (38.1%)

CWD 7 (7.6%) 3 (14.3%)

NMD 4 (4.3%) 1 (4.8%)
Male sex 41 4 (44.6%) 8 (38.1%) 0.589
Prescribed LTOT 36 (39.1%) 12 (57.1%) 0.134
BMI 33.1(22.6, 40.7) 37.0 (10.1) 0.191
Age 68 (62, 75) 64 (11) 0.298
Pre-NIV treatment PaCO, 10.2 (9.0, 11.5) 7.4 (0.8) <0.001*

Mann Whitney U Test is used to test for differences between continuous variables and

Pearson’s chi squared test for categorical variables.

The number of patients in the in-patient NIV initiation group was significantly higher than

that of the outpatient NIV initiation group. Despite the difference in patient numbers

between the two groups, they were similar in terms of their sex (p = 0.589), age (p = 0.298)

and the proportion of patients with COPD (p = 0.640). A greater percentage of patients in

the outpatient NIV group were prescribed LTOT; the difference between the groups did not

reach statistical significance. The baseline mean pre-NIV PaCO, value for the in-patient NIV

initiation group was 2.8kPa higher than that for the outpatient NIV initiation group; this

difference was statistically significant (<0.001), suggesting that this group had poorer

alveolar ventilation at the point of NIV initiation. It may also reflect the recovery period

from the acute event that precipitated their admission to hospital.
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4.3 PRIMARY OUTCOME: PACO, VALUES AT FIRST, SECOND AND THIRD REVIEW

4.3.1 PACO, FIRST REVIEW DATA:

Following initiation of home long-term NIV, all patients were scheduled to attend a NIV first
review after approximately 6 weeks. The blood gas data (PaCO,), compliance data, pressure

support and days from initiation of NIV are presented in Table 11.

From the initial study cohort of 113 patients commenced on nocturnal home NIV, 102
patients attended for their first review of NIV treatment and had data on blood gases pre
and post NIV (baseline and first follow up). Two data sets were missing from the compliance
data, 1 data set was missing from pressure support. Overall, this represented an attrition

rate of 9.73% of patients from the baseline cohort.

4 patients (3 COPD; 1 OHVS) failed to attend follow up and did not notify the service they
would not attend (DNA). 2 patients (2 OHVS) reported that they were unable to attend
(UTA) for review, 4 patients (3 COPD; 1 NMD) were deceased before their first review and 1
patient (COPD) had ceased NIV treatment as he was unable to tolerate. In Table 10, the Pre-
NIV treatment PaCO, was re-analysed to reflect the total number of patients that attended
for review (n = 102); the Pre-NIV treatment PaCO, values therefore differ from Table 7,

where n =113.
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Table 11: PaCO, at first review following NIV initiation

Method of NIV initiation
Measurements at first In-patient Outpatient p value
NIV review (n=82) (n=20)
Pre-NIV treatment PaCO, 10.1 (9.0, 11.5) 7.1 (6.8, 8.0) <0.001*
1% review PaCO, 6.2 (1.1) 6.5 (0.9) 0.21
Pressure support 14.1 (2.7) 10.5(3.1) <0.001*
Compliance 6.9 (5.3, 8.4) 5.8 (4.2,7.3) 0.54
Normalised PaCO, 35(42.7) 6 (30) 0.218
Days from initiation to 1* review 56.5 (43.0, 78.0) 39.0 (32.5, 59.5) 0.008*

Values shown as mean (SD) or median (IQR) for continuous variables, and frequency (%) for

categorical variables. Normalised PaCO, defined as PaCO; at first follow up <6.0kPa.

The pre-NIV treatment PaCO, demonstrated a statistically significant difference (p = <0.001)
in the baseline pre NIV PaCO, values between those patients set up on NIV as an in-patient
(PaC0O;, =10.2 (9.0 — 11.5)) and those set up as an outpatient (PaCO, = 7.4 (0.8)). However,
the mean PaCO, at first review was slightly lower for patients established on NIV as an in-
patient compared to patients established on NIV as an outpatient; the difference was not
statistically significant (p = 0.21) and absolute difference (0.3kPa) was less than the level
defined as conferring a clinical beneficial (0.4kpa). Both patient groups were equally likely to
present with normalised PaCO, at the first review. Compliance with treatment was not
statistically different between the groups (p = 0.54), but there were statistically significant
differences observed in the amount of pressure support (the difference between IPAP and
EPAP) for the in-patient NIV set up group (p = <0.001), with the in-patient NIV group
receiving higher mean pressures. This was almost certainly a function of the higher pre-NIV

treatment PaCO, in the in-patient NIV set up group requiring increased pressure support to
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normalise their PaCO,. The time to first review following initiation of NIV was also
statistically significantly different between the two groups (p = 0.008), with the in-patient
set up group attending for 1* review significantly longer following initiation of NIV than

those set up via the outpatient pathway.

4.3.2 PACO, SECOND REVIEW DATA

Following their first review of home long-term NIV, all patients were scheduled to attend a
NIV second review after approximately 6 months (182 days). The blood gas data (PaCO,),
compliance, pressure support and days from initiation of NIV are presented in Table 12.
From the cohort of 102 patients that attended for their first review following NIV initiation,
84 patients attended for their second NIV review and had paired data for blood gases and
compliance; 1 dataset for pressure support was absent. This difference at second review
represented a patient attrition rate of 17.64% from the first review and 25.66% overall from
baseline. 3 patients failed to attend follow up (DNA); 1 patient reported that they were
unable to attend (UTA), 7 patients were deceased or following a palliative care pathway and

7 patients had ceased NIV treatment.

In Table 12, the pre-NIV treatment PaCO, was re-analysed to reflect the total number of

patients that attended for review (n = 84); the Pre-NIV treatment PaCO, values therefore

differ from Table 7 (n = 113) and Table 10 (n = 102).
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Table 12: PaCO, at second review following NIV initiation

Method of NIV initiation
Measurements at second
In-patient Outpatient p value
review
(n=67) (n=17)
Pre-NIV treatment PaCO, | 9.9 (8.7,11.3) 7.1(6.8,7.9) <0.001
2" review PaCO, 5.8 (5.5, 6.4) 6.5 (6.1,7.4) 0.004*
Pressure support 13.1(2.8) 11.1(2.6) <0.001
Compliance 7.5(6.2, 8.6) 5.6 (3.6, 6.8) 0.003*
Normalised PaCO, 38 (56.7) 3(17.6) 0.004*
Days from set up 264 (236, 300) 224 (202, 252) 0.007*

Values shown as mean (SD) or median (IQR) for continuous variables, and frequency (%) for
categorical variables. Normalised PaCO, defined as PaCO, measured at second review

<6.0kPa.

At NIV first review, there was no statistical difference (p=0.21) or clinical difference (PaCO,
difference = 0.3kPa) in the PaCO; between the 2 groups. However, at second review
(approximately 6 months post NIV initiation) the mean PaCO, was higher for patients
established on NIV as an outpatient; this difference is statistically significant (p = 0.004) and
clinically significant (PaCO, difference = 0.7kPa). Patients established on NIV as an in-patient
were statistically more likely to maintain a normalised PaCO, at their second review. The
difference in compliance between the 2 groups was also statistically significant (p = 0.003) at
second NIV review. Patients established on home NIV as an in-patient used their NIV for
almost 2 hours more each day than those established as an outpatient, which may be a
contributing factor to the higher mean PaCO, values observed in the outpatient initiation
group. At second review, there remained a statistically significant differences in pressure

support received by the 2 groups (p = <0.001), with patients initiated as in-patients
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continuing to receive greater pressure support. The time to second review also remained
statistically significantly different between the two groups (p = 0.007), with the in-patient
NIV initiation group attending for 2" review later than those set up via the outpatient

pathway.

4.3.3 PACO, THIRD REVIEW DATA

Following their second review of their home long-term NIV, patients were scheduled to
attend a NIV third review after approximately 12 months (365 days); this was the end-point
of the study. The blood gas data (PaCO,), compliance, pressure support and days from

initiation of NIV are presented in Table 13.

From the cohort of 84 patients that attended for their second review following NIV
initiation, 67 patients attended for their third NIV review and had paired data for blood
gases and compliance; 1 dataset for compliance was missing. At third review, this
represented a patient attrition rate of 20.23% from the second review and 40.71% overall

from baseline.

4 patients failed to attend follow up (DNA); 1 patient reported that they were unable to
attend (UTA), 10 patients were deceased or following a palliative care pathway and 2

patients had ceased NIV treatment.

In Table 13, the Pre-NIV treatment PaCO, was re-analysed to reflect the total number of
patients that attended for review (n = 67); the Pre-NIV treatment PaCO, values therefore

differ from Table 7 (n = 113), Table 10 (n = 102) and Table 11 (n = 84).
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Table 13: PaCO, at third review following NIV initiation

Method of NIV initiation
In-patient NIV Outpatient p value
Measurements at third
(n=52) NIV
review
(n=15)
Pre-NIV treatment PaCO, | 9.4 (8.6, 11.3) 7.1(6.8, 8.3) <0.001*
3" review PaCO, 5.9 (5.3, 6.4) 6.2 (5.7, 6.4) 0.164
Pressure support 13.2(3.1) 11.7 (3.6) 0.113
Compliance 7.5(2.4) 6.1(2.5) 0.059
Normalised PaCO, 34 (64.1) 6 (40.0) 0.084
Days from set up 496 (434, 586) 426 (379, 500) 0.022*

Values shown as mean (SD) or median (IQR) for continuous variables, and frequency (%) for

categorical variables. Normalised PaCO, defined as PaCO, measured at third review <6.0kPa.

Whilst the mean PaCO; at the end point of the study remained modestly higher for patients
established on NIV as an outpatient, the difference compared to the in-patient group was
neither statistically significant (p = 0.164) or clinically significant (PaCO, difference = 0.3kPa)
and both groups were equally likely to present with normalised PaCO, at the third review.
There were no statistically significant differences in compliance (p = 0.059) or pressure
support received (p = 0.113) between the 2 groups. The time to third review remained
statistically significantly different between the two groups (p = 0.022), with the in-patient
set up group attending their 3" review significantly later after NIV initiation than those set
up via the outpatient pathway.

The daytime PaCO, values during spontaneous breathing without NIV at baseline, first

review, second review and third review are illustrated graphically in Figure 5 (individual
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values for in-patient NIV initiation group) and Figure 6 (individual values for outpatient NIV

initiation group).

Figure 5: Change in daytime PaCO; values for in-patient NIV initiation group
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Figure 6: Change in daytime PaCO, values for outpatient NIV initiation group
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For both study groups, the PaCO, values were reduced at first review compared to baseline
and for those patients that remained in the study at 12 months, remained below the
baseline value at the end-point of the study. The reduction in PaCO, from baseline to first
review was more profound for the in-patient group, but this must be considered in the

context of their baseline PaCO, values being significantly higher than the outpatient NIV

group.

For both groups, the change in PaCO, from baseline was clinically significantly at the end of
the 12-month study period (in-patient PaCO, difference = -3.5kPa; outpatient PaCO,
difference = -0.9kPa); the mean PaCO, values at 12 months between the groups were not
statistically different (p = 0.164). The difference between the 2 groups at 12- months post
NIV was below the threshold (0.4kPa) where clinical benefit would be conferred (PaCO,

difference = 0.3kPa)

4.4 PART A: SECONDARY OUTCOMES

4.4.1 OuTtcOME 1: FREQUENCY AND LENGTH OF STAY FOR RESPIRATORY RELATED ADMISSIONS

To assess the impact of the introduction of home long-term NIV on frequency and length of
respiratory related admissions by route of initiation of NIV (in-patient versus outpatient),
the total number of respiratory related admissions and total bed days in the 12 month
period prior to initiation and the 12 month period following initiation of NIV (Table 14) were
compared. Patients who were still using long-term home NIV and were still alive at one year
post NIV initiation were included (n = 88) in the analysis. From the baseline cohort (n = 113),

16 patients were deceased at < 12 months, 6 patients were no longer on NIV, and 3 patients
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had moved out of the area and were no longer followed up by the Good Hope Home NIV

service.

Table 14: Admissions and bed days pre and post initiation of NIV between groups (in-patient

vs. outpatient)

In-patient NIV Outpatient NIV
(n=71) (n=17) p value
Admissions 1 year prior to NIV 2 (1-3) 1(0-2) 0.016*
Admissions 1 year post NIV 0(0-1) 0(0-1) 0.510
Bed days 1 year prior to NIV 23 (13-33) 1 (0-8) <0.001*
Bed days 1 year post NIV 0 (0-6) 0 (0-4) 0.437

Non-parametric data — Median (IQR); Mann Whitney U (unpaired) test used.
*signifies significant result.

The in-patient NIV initiation group had a greater number of hospital admissions 1-year prior
to commencing NIV compared to the outpatient NIV initiation group; the difference is
statistically significant (p =0.016). Bed days in the 1-year prior to NIV were significantly
higher for the in-patient NIV initiation group compared to the outpatient NIV initiation
group and the difference was statistically significant (p = <0.001). Following initiation of
home NIV, the number of admissions and bed days were reduced for the in-patient NIV
initiation group. There was no statistically significant difference between the 2 groups in
terms of either admissions (p= 0.510) or bed days (p =0.437) following 12-months of home

NIV.

Within groups analysis of the frequency and length of respiratory related admission data
(Table 14) demonstrates that for the outpatient NIV initiation group, there is not a
statistically significant difference in either admissions (p = 0.475) or bed days (p = 0.878)

following initiation of NIV i.e. introduction of NIV neither improves or worsens admissions or
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bed days. However, for the in-patient NIV initiation group, the reduction in in-patient
admissions (p = <0.001) and bed-days (p = <0.001) is statistically significant following 12-

months of home NIV.

Table 15: Admissions and bed days pre and post initiation of NIV within groups

1 year pre-NIV | 1 vyear post
NIV p value
Admissions (OP NIV set up) 1(0-2) 0 (0-1) 0.475
Bed days (OP NIV set up) 1 (0-8) 0 (0-4) 0.878
Admissions (IP NIV set up) 2 (1-3) 0 (0-1) <0.001*
Bed days (IP NIV set up) 23 (13-33) 0 (0-6) <0.001*

Non-parametric data — Median (IQR); Wilcoxon signed rank test (paired) test used. *signifies

significant result.

The data indicated that for patients that required long-term home NIV as an in-patient
following an acute admission with decompensated Type |l respiratory failure, the
introduction of home NIV reduced the frequency of admissions and the number of bed-days
at 1-year post NIV; this difference was not observed for patients commenced on NIV as an

outpatient.

4.4.2 QUTCOME 2: WAS POOR COMPLIANCE WITH NIV ASSOCIATED WITH RE-ADMISSION?

Compliance data for the 12-month periods was available for 82 patients from the original
cohort of n = 133. The data was not stratified by route of NIV admission due to the small
numbers in the outpatient initiation group, and sought only to assess if there was an
association between poor compliance with NIV and re-admission to hospital with

decompensated Type Il respiratory failure
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Cross tabulation of compliance data against re-admission was performed to assess
correlation; Chi-Square Test for statistical significance. Cross tabulation suggests that a
higher number of patients that are compliant with NIV are re-admitted to hospital
compared to those that are not compliant. The data was combined for both groups, thus the
outcome may be skewed by the greater number of patients who were initiated with NIV as
an in-patient. The in-patient group consistently showed higher levels of compliance with
NIV, but conversely tend to have poorer alveolar ventilation (as indicated by level of PaCO,)
and thus are more likely to be re-admitted to hospital with decompensated type Il
respiratory failure. From statistical analysis of the data, the corresponding p-value (0.989)
indicates that there was insufficient evidence of an association between poor compliance

with NIV and re-admission to hospital.

4.4.3 OUTCOME 3: ALL-CAUSE MORTALITY AT 12-MONTHS FOLLOWING INITIATION OF NIV

Assessment of all-cause mortality of the grouped NIV subject data at the end point of the
study (12 months), along with a comparison of in-patient versus outpatient NIV initiation
groups was performed (Table 17; Table 18) and Kaplan- Meier survival curves plotted (Figure
7). 6 patients were excluded (counted in censored) as they were no longer on NIV at 12

months.

Table 16: Mortality at 1-year (in-patient initiation vs. outpatient initiation of NIV)

Mortality at 1 year

Method Total Events (death) Censored

N N Percent
Inpatient 92 14 78 84.8%
Outpatient 21 2 19 90.5%
Overall 113 16 97 85.8%
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Excluding the 6 patients who were no longer on home NIV at the 12 month review, all cause

mortality at 1-year for all patients commenced on long-term home NIV was 15.0%.

Visual assessment of the Kaplan- Meier Survival curves at 1-year (Figure 7), comparing the
in-patient and outpatient NIV initiation group, suggests that mortality in the in-patient NIV
initiation group may be slightly higher. However, statistical analysis of the data produced a p
value of 0.523, indicating that there was no statistical difference in mortality associated with

initiation of NIV as an outpatient compared to NIV initiation as an in-patient.

Figure 7: Kaplan- Meier Survival curve at 1-year (in-patient initiation vs. outpatient initiation

of NIV)
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4.4.4 OuUTCOME 4: WAS POOR-COMPLIANCE WITH NIV ASSOCIATED WITH DEATH BEFORE THE

END-POINT OF THE STUDY?

Analysis of patient NIV compliance data (where compliance is defined as > 5 hours NIV use,
every night) against death at <12 months (end-point of study) for correlation and statistical
significance was performed for the combined cohort data (n = 100). The data was not
stratified by route of NIV admission due to the small numbers in the outpatient initiation
group, and sought only to assess if there was an association between poor compliance with

NIV and death (any cause) before the end-point of the study.

From the statistical analysis, the corresponding p-value (0.055) indicates that there was
insufficient evidence of an association between poor compliance with NIV and death before

12 months for patients receiving long-term home NIV.

445 OUTCOME 5: ADMISSION FREE SURVIVAL AT 12 MONTHS FOLLOWING INITIATION OF NIV

(IN-PATIENT VERSUS OUTPATIENT NIV INITIATION)

Assessment of admission free survival of the combined patient cohort at the end-point of
the study (12 months), along with a comparison between in-patient and outpatient NIV
initiation was performed (Table 17) and Kaplan- Meier admission free survival curves were
plotted (Figure 8). 3 patients were excluded from analysis (included in censored) as their

secondary care provider was ‘out of area’ and hospital admissions data was not accessible.
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Table 17: Admission free survival at 1-year (in-patient initiation vs. outpatient initiation of

NIV)
Admission free survival at 1 year
Method Total Events (death or readmission) Censored
N n Percent
Inpatient 91 45 46 50.5%
Outpatient 19 7 12 63.2%
Overall 110 52 58 52.7%

Analysis of the data, with patients who ceased NIV < 12 months removed, provides an

admission free survival estimate of 50% at 12 months.

Figure 8: Kaplan- Meier admission free survival curve at 1-year (in-patient initiation vs.

outpatient initiation of NIV)
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Visual inspection of the Kaplan- Meier admission free survival curves (Figure 8) comparing
in-patient and outpatient NIV initiation groups suggests that the in-patient NIV group had
lower admission free survival at 12 months compared to the outpatient NIV group.
Statistical comparison of the data produced a p value of 0.346, indicating that there was no
statistical difference in admission free survival associated with initiation of NIV as an in-

patient compared to an outpatient.

PART B: QUALITY OF LIFE DATA

4.5 PRIMARY OUTCOME: COMPARING THE SRl SCORE BETWEEN GROUPS OVER A 12 MONTH
PERIOD

4.5.1 SRI SCORES PRE AND POST INITIATION OF NIV BETWEEN GROUPS (POOLED DATA)

For the pooled data for each group (sum of sample size >15), statistical analysis
demonstrated no significant differences in the mean summative SRI score between groups

at baseline and at subsequent visits (Table 18) for the study period.

Table 18: SRl summative score comparison pre and post initiation of NIV between groups (in-

patient versus outpatient)

Inpatient NIV Outpatient NIV
initiation initiation
(n) (n) pvalue

Baseline Summary 42.0(17.9) 47  38.6(15.3) 16 0.502
Score
First review summary 51.7 (22.1) 41 43.7 (14.6) 15 0.200
score
Days until first review 65 (29) 41 48 (28) 15 0.046*
Second review 56.7 (23.9) 26 47.5(11.9) 7 0.334
summary score
Days until second 256 (46) 26 242 (51) 7 0.390
review
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Third review summary 51.1 (21.2) 24 50.1(12.0) 9 0.894
score
Days until third review 521 (444, 657) 24 430 (375, 497) 9 0.016*

Higher SRl scores reflect better self-reported quality of life

At baseline, the mean SRI score was higher for the in-patient NIV initiation group (42.0
(17.9)) compared to the outpatient NIV initiation group (38.6 (15.3)); this difference was not
statistically significant (p = 0.502) and was not greater than the MCID (difference = 3.4
points). This indicated that the 2 groups reported similar HRQoL prior to the introduction of
long-term home NIV. The mean SRl score for both study groups at first review increased by
greater than the MCID from baseline (in-patient NIV = 9.7 points; outpatient NIV = 5.1
points); improvement in mean SRI from baseline was sustained throughout the study for
both patient groups (Figure 9) but the difference between the groups at each review was

not statistically significant.

Figure 9: Change in SRl over 12 months for in-patient and outpatient NIV initiation

90
80
70
I .
@ 60
5 -
(5] -
N m
=z 50
7 /l/b,
&
5 40 / ] :
€
@ 30
20
=¢— |n-patient
10 == Qutpatient
0
Baseline First review Second review Third review

117 |Page



Module C2 [16501449]

At the end-point of the study (third review) for the pooled data for each group, both the in-
patient and outpatient NIV initiation groups demonstrated a significant improvement in
HRQoL from baseline that was greater than the MCID for SRI (in-patient NIV = 9.1 points;
outpatient NIV = 11.5 points); the difference between groups was not statistically
significant. This indicates that there were no differences in self-reported HRQoL at 12-

months comparing in-patient and outpatient initiation of long-term home NIV.

4.5.2 SRISCORES PRE AND POST INITIATION OF NIV WITHIN GROUPS AT FIRST REVIEW (PAIRED

DATA)

Change in mean SRl at first review from baseline within the two study groups was
compared. Only paired data was included for each time point such that if there was not a
pair of ‘baseline SRI score’ and ‘follow up SRl score’ those patients were excluded from the
sub analysis. An absolute change in SRl value of 5 points was considered clinically significant.

The data for baseline summary SRI score compared to first review is presented in Table 19.

Table 19: Baseline summary SRI versus first review summary SRI Score within groups (in-

patient and outpatient)

Outpatient NIV initiation

N Baseline First review p value Absolute change
in mean SRI
13 38.4 (13.2) 42.3 (13.9) 0.277 3.9 (12.2)

In patient NIV initiation
N Baseline First review p value

31 40.6 (17.6) 48.7 (22.8) 0.016* 8.1(17.8)
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The change in mean SRl observed between baseline and mean SRI at first review was
statistically significant for patients commenced on NIV during an in-patient admission (p =
0.016), but not for those commenced on NIV as an outpatient (p = 0.277). Absolute change
in mean SRI for patients commenced on NIV as an in-patient was greater than SRI MCID (8.1
points). However, a clinically important difference in SRI was not observed for those

patients commenced on NIV as an outpatient (3.9 points).

4.5.3 SRI SCORES PRE AND POST INITIATION OF NIV WITHIN GROUPS AT SECOND REVIEW

Change in mean summative SRl at second review from baseline within the two study groups
was compared. Only paired data was included for each time point and non-paired data was
excluded from the sub analysis. The data for baseline summary SRI score compared to
second review is presented in Table 20.

Table 20: Baseline summary SRI versus second review summary SRI Score within groups (in-

patient and outpatient)

Outpatient NIV initiation

N Baseline Second review p value Absolute change
in mean SRI
6 41.2 (8.6) 48.4 (12.8) 0.269 7.2 (14.2)

In patient NIV initiation
N Baseline Second review p value

19  46.5 (16.0) 53.0 (25.2) 0.180 6.5 (20.5)

Change observed between baseline mean summative SRI and SRI at second review was not
statistically significant for either group (outpatients p= 0.269; inpatients p = 0.180).

However, the absolute change in mean SRI for patients in both groups was greater than SRl
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MCID (in-patient NIV = 8.1 points; outpatient NIV = 7.2 points) and indicated a clinically

important improvement in HRQolL at second review.

4.5.4 SRI SCORES PRE AND POST INITIATION OF NIV WITHIN GROUPS AT THIRD REVIEW

Change in mean summative SRl at the end-point of the study (third review) from baseline
within the two study groups was compared and the data is presented in Table 21. Only
paired data was included for each time point and non-paired data was excluded from the
sub analysis.

Table 21: Baseline summary SRI versus third review summary SRI Score within groups (in-

patient and outpatient)

Outpatient NIV initiation

N Baseline Third review p value Absolute change
in mean SRI
8 44.1 (14.3) 49.8 (12.8) 0.450 5.7 (14.1)

In patient NIV initiation
N Baseline Third review p value

17  44.5(18.4) 50.3 (23.4) 0.345 5.8 (24.7)

Comparing the baseline mean SRI and SRI at the end-point of the study, there was no
statistically significant change in HRQoL for either group in the study (outpatient NIV p=
0.450; in-patient NIV p = 0.345). However, absolute change in mean SRl for patients in both
groups was greater than the SRI MCID (in-patient NIV = 5.8 points; outpatient NIV = 5.7
points) and indicates a clinically important improvement in HRQolL at the end-point of the

study for both in-patient and outpatient initiation of NIV.
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4.6.1 OutcoME 1: ARE THERE DIFFERENCES WITHIN SRI DOMAINS BETWEEN GROUPS AT FIRST

ReViEW cCOMPARED TO BASELINE

To identify differences within each group in terms of change for each SRI domain at review

during the study period, analysis for in-patient NIV initiation compared to outpatient NIV

initiation was made for each of the 7 SRI domains. The comparison of baseline and first

review SRI domain score for in-patient (Table 22), outpatient (Table 23) NIV initiation is

tabulated, and the absolute change is presented graphically (Figure 10).

Table 22: Comparison of baseline and first review SRl domains for in-patient NIV initiation

In-patient NIV initiation Baseline First review N p value
Respiratory complaints 40.8 (22.5) 48.8 (24.6) 43 0.024*
Physical Function 25.0 (12.5, 45.8) 25.0 (12.50,54.2) 41 0.382
Sleep Quality 44 .3 (19.4) 52.8(23.2) 43 0.017*
Social Relationships 62.2 (18.6) 63.0(22.2) 41 0.780
Anxiety 20.0 (10.0, 52.5) 46.8(30.0) 40 0.002*
Psychological well-being 48.3 (21.9) 51.4 (24.0) 43 0.342
Social Functioning 39.1(31.3, 59.4) 50.4 (28.0) 34 0.163

Table 23: Comparison of baseline and first review SRl domains for outpatient NIV initiation

Outpatient NIV initiation Baseline First review N p value
Respiratory complaints 36.8 (29.7, 18.8) 43.5(21.6) 15 0.166
Physical Function 31.9(14.2) 34.7 (15.9) 15 0.339
Sleep Quality 37.5(20.3) 42.4 (20.3) 14 0.421
Social Relationships 59.2 (11.8) 59.2 (17.7) 15 1.000
Anxiety 27.7 (27.6) 39.0 (29.5) 15 0.132
Psychological well-being 46.3 (14.8) 45.7 (15.7) 15 0.879
Social Functioning 40.9 (16.5) 50.5 (20.2) 14 0.115
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Patients commenced on NIV as an in-patient self-reported statistically significant
improvements in respiratory complaints (p = 0.024), sleep quality (p = 0.017) and anxiety (p
= 0.002) at first review compared to baseline. For patients commenced on NIV as an
outpatient, no statistically significant improvements in any SRI domain at first review

compared to baseline were observed.

Figure 10: Absolute change in SRl domain score from baseline to first review for in-patient
and outpatient NIV initiation
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Figure 10 shows an increase in SRI domain score from baseline for both groups at first
review for all domains with the exception of the psychological well-being SRI domain score
for the outpatient NIV initiation group.

The average (or median) change in each SRI domain was compared across the in-patient and
outpatient NIV initiation groups to assesses if the magnitude of change for each subdomain
was similar. The data for baseline to first follow up for both groups is summarised in Table

24,
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Table 24: Comparison of the absolute change in SRI domain scores between in-patient and

outpatients NIV initiation groups from baseline to first review

Inpatient NIV N Outpatient NIV N p

initiation initiation value
Respiratory 7.6 (22.3) 44 4.2 (16.1) 13 0.589
complaints
Physical Function 2.3(19.5) 41 2.8 (10.9) 13 0.937
Sleep Quality 10.7 (-5.4, 21.4) 44 4.8 (21.8) 13 0.465
Social Relationships 0.8 (18.5) 41 0.0 (14.5) 13 0.880
Anxiety 15.6 (26.3) 40 11.3 (27.4) 13 0.596
Psychological well- 3.0(20.7) 43 -0.6 (13.9) 13 0.537
being
Social Functioning 6.3 (23.4) 34 9.6 (21.3) 13 0.655

The outpatient NIV initiation group produced smaller absolute changes in each of the SRl

domain scores at first review. However, there are no statistically significant differences in

the magnitude of change in each domain comparing NIV initiation as an in-patient and an

outpatient from baseline to first review.

4.6.2 COMPARISON OF SRI DOMAINS BETWEEN GROUPS AT SECOND REVIEW COMPARED TO

BASELINE

The comparison of baseline and second follow up SRI domains for in-patient (Table 25) and

outpatient NIV initiation (Table 26) is tabulated and absolute change is presented

graphically (Figure 11).
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Table 25: Comparison of baseline and second review SRI domains for in-patient NIV initiation

In-patient NIV initiation Baseline Second review N p value
Respiratory complaints 47 .7 (22.5) 51.1 (26.5) 32 0.420
Physical Function 35.0(24.4) 38.0(27.7) 27 0.537
Sleep Quality 49.2 (17.2) 53.8 (24.4) 30 0.257
Social Relationships 65.5 (19.2) 61.9 (23.4) 28 0.205
Anxiety 27.5(20.0, 55.0) 40.0 (15.0, 85.0) 28 0.015*
Psychological well-being 52.4 (20.4) 56.7 (25.0) 31 0.242
Social Functioning 47.2 (22.6) 56.3 (26.8) 23 0.067
Table 26: Comparison of baseline and second review SRl domains for outpatient NIV
initiation
Outpatient NIV initiation Baseline Second review N p value
Respiratory complaints 44.5 (31.1) 45.6 (14.1) 9 0.893
Physical Function 29.2 (29.2, 41.7) 38.3(12.1) 10 0.141
Sleep Quality 40.9 (19.9) 54.0 (20.9) 9 0.149
Social Relationships 66.7 (54.2, 70.8) 63.3(16.4) 10 0.779
Anxiety 22.5(19.5) 36.9 (21.2) 8 0.096
Psychological well-being 47.2 (44.4, 58.3) 55.6 (55.6, 55.6) 9 0.483
Social Functioning 42.8 (13.6) 48.8 (15.7) 10 0.380

Patients commenced on NIV as an in-patient continued to report statistically significant

improvements in anxiety domain score (p = 0.015) at second review compared to baseline.

They reported a reduction in SRI domain score for social relationships at second review (-

3.6) but this was not statistically significant (p = 0.779). No statistically significant
improvements in any SRl domain score from baseline were observed for patients

commenced on NIV as an outpatient at second review.
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Figure 11: Absolute change in SRl domain score from baseline to second review for in-patient

and outpatient NIV initiation
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Error Bars: 95% ClI

Assessment of the absolute change in SRI domain score for the in-patient and outpatient

NIV initiation groups from baseline to second review is summarised in Table 27.

Table 27: Comparison of the absolute change in SRl domain scores between in-patient and

outpatients NIV initiation groups from baseline to second review

Inpatient NIV Outpatient NIV p value
initiation initiation

Respiratory complaints 3.4 (23.6) 1.0 (22.5) 0.788
Physical Function 2.9 (24.3) 5.8 (11.2) 0.719
Sleep Quality 4.6 (22.0) 13.1 (24.6) 0.330
Social Relationships -3.6 (14.6) 1.3(17.4) 0.397
Anxiety 12.1(25.8) 14.4 (21.1) 0.825
Psychological well-being 4.3 (21.0) 4.3 (16.3) 0.999
Social Functioning 9.1(22.6) 5.9 (20.3) 0.705
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There no statistically significant differences in the magnitude of change in each SRl domain

between NIV initiation as an in-patient and as an outpatient from baseline to second review.

4.6.3 COMPARISON OF SRl DOMAINS BETWEEN GROUPS AT THIRD REVIEW COMPARED TO

BASELINE

The comparison of baseline and third follow up SRI domains score for in-patient (Table 28)

and outpatient (Table 29) NIV initiation was tabulated; absolute change is presented

graphically (Figure 12).

Table 28: Comparison of baseline and third review SRl domains in in-patients

In-patient NIV initiation Baseline Third review N p value
Respiratory complaints 44.6 (24.5) 47.1(26.2) 25 0.677

Physical Function 29.5(20.3) 31.1(23.6) 24 0.684

Sleep Quality 45.9 (19.2) 44.1 (23.2) 26 0.707

Social Relationships 63.5(18.9) 60.8 (27.3) 25 0.607

Anxiety 35.6 (27.3) 48.4 (34.6) 25 0.046*
Psychological well-being 49.4 (22.6) 52.8 (24.5) 26 0.454

Social Functioning 47.4 (22.8) 54.3 (29.1) 18 0.328

Table 29: Comparison of baseline and third review SRl domains in outpatients

Outpatient NIV initiation Baseline Third review N p value
Respiratory complaints 44.5 (29.7) 48.3 (15.3) 9 0.682

Physical Function 34.3(16.2) 43,5 (19.1) 9 0.023*
Sleep Quality 44.6 (20.5) 54.0 (16.6) 8 0.293

Social Relationships 59.7 (11.8) 58.3(15.9) 9 0.833

Anxiety 35.0(30.3) 42.8 (23.6) 9 0.555

Psychological well-being 47.5(12.8) 48.8 (14.2) 9 0.601

Social Functioning 48.3 (17.8) 54.5 (13.8) 9 0.329

126 |Page



Module C2 [16501449]

At the end-point of the study (third review), patients commenced on NIV as an in-patient
continued to report statistically significant improvements in anxiety (p = 0.015) compared to
baseline. They reported a slightly lower sleep quality score compared to baseline, but the
difference is not significant (p= 0.707). Patients commenced on NIV as an outpatient
reported a statistically significant improvement in SRI domain score for their physical

functioning (p = 0.023) at 12-months following NIV.

Both groups reported a reduced SRI domain score for social relationships compared to
baseline; this difference is not statistically significant (in-patient p =0.607; outpatient p
=0.833).

Figure 12: Absolute change in SRl domain score from baseline to third review up for in-

patient and outpatient NIV initiation

Method

M Inpatient
M Outpatient

40.00
30.00
2000

10.00

SENN LML B

Change in Score

-10.00

-20.00

uopaun4 [easiyd
Mleny daalg
diysuone|ay [elaog
Guuogaund |g130g
#1025 AELLILING

sjue|dwon Aoendsay
Buiad Jjam [EB0|OLYIAS 4

Error Bars: 95% Cl

Absolute change in SRI domain score for the in-patient and outpatient NIV initiation groups

from baseline to third review is summarised in Table 30.
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Table 30: Comparison of absolute change in SRl domain scores between in-patient and

outpatients NIV initiation groups from baseline to third review

Inpatient NIV Outpatient NIV p value
initiation initiation

Respiratory complaints 2.5(29.7) 3.8 (27.0) 0.912
Physical Function 1.7 (18.7) 9.1(9.9) 0.267
Sleep Quality -1.8 (23.9) 9.5 (23.2) 0.248
Social Relationships -2.6 (25.6) -1.2 (19.2) 0.881
Anxiety 12.8 (30.5) 7.8 (37.8) 0.693
Psychological well-being 3.5(23.0) 1.1 (7.0) 0.763
Social Functioning 7.0 (29.3) 6.2 (18.1) 0.943

Both groups reported improvements from baseline in ‘respiratory complaints’, ‘physical
function’, ‘anxiety’, ‘psychological well-being’ and ‘social functioning’ domains. The
outpatient group reported larger domain improvement scores for each of these domains
with the exception of anxiety and social functioning. The in-patient NIV group reported
poorer sleep quality than that recorded at baseline and both groups reported lower scores
for social functioning following 12-months of home NIV.

At the end-point of the study (12 months), there are no statistically significant differences
between the domain scores reported by the in-patient NIV initiation group compared to the
scores reported by the outpatient NIV initiation group. This indicates that outpatient NIV
initiation is not inferior to in-patient NIV initiation in terms of the specific quality of life

domains scored by the SRI.
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4.6.4 OUTCOME 2: ARE THERE DIFFERENCES IN THE DOMAINS OF SRI THAT ARE DISEASE

SPECIFIC?

From the combined (in-patient and outpatient NIV initiation) data pool for this study, there

were insufficient baseline SRI scores with paired data sets for first, second or third review

for patients with chest wall disease and slowly progressive neuromuscular disease; these

clinical groups have not been included in this sub-analysis.

For patients with COPD and OHVS, the baseline SRI domain scores were compared (Table

31).

Table 31: Comparison of baseline SRl domain scores in COPD and OHVS

OHVS copD p value
Respiratory complaints 54.6 (29.1) 38.1(21.1) 0.089
Physical Function 44.7 (18.3) 25.0(17.1) 0.007*
Sleep Quality 52.7 (21.7) 42.4 (18.2) 0.179
Social Relationships 68.3 (17.7) 58.3 (15.1) 0.115
Anxiety 49.2 (31.2) 21.9(16.9) 0.006*
Psychological well-being 55.3(17.7) 46.1(21.9) 0.224
Social Functioning 59.9 (23.3) 37.8 (13.1) 0.011*

Prior to commencing long-term home NIV, all of the domain scores for patients with COPD

were lower than those reported by patients with OHVS and the differences were greater

than the SRI MCID, indicating that there were clinically significant differences in HRQoL

between the groups prior to commencing NIV. The differences in SRI domain scores for

physical function (p = 0.007), anxiety (p = 0.06) and social functioning (p = 0.011) between

the 2 groups reached statistical significance.

129 |Page



Module C2 [16501449]

4.6.5 OUTCOME 3: ARE THERE DIFFERENCES IN SRI DOMAIN SCORE CHANGE OVER TIME

COMPARING COPD wiITH OHVS?

From the combined (in-patient and outpatient NIV initiation) data pool for this study, there
were insufficient baseline SRI scores with paired data sets for first, second or third review
for patients with CWD and slowly progressive NMD; these clinical groups have not been

included in this sub-analysis.

To assess within group (COPD and OHVS) changes in SRI domain score at each review during
the study, baseline SRI domain data for both patient clinical groups were compared with SRl
domain data at first, second and third review. Data is presented in Tables 32 - 40 and

Figures 13-15.

Table 32: Comparison of baseline and first review SRl domain data in OHVS

OHVS Baseline First review N p value
Respiratory complaints 47.5 (27.4) 59.1 (24.2) 20 0.028*
Physical Function 39.1(22.1) 45.6 (26.6) 18 0.148
Sleep Quality 44.9 (22.6) 53.8 (19.1) 19 0.097
Social Relationships 69.8 (18.1) 66.7 (22.5) 20 0.325
Anxiety 41.3 (30.5) 59.8 (27.9) 20 0.019*
Psychological well-being 55.6 (17.0) 56.7 (19.9) 20 0.791
Social Functioning 54.0 (25.4) 63.0(23.1) 18 0.065
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copD Baseline First Review N p value
Respiratory complaints 38.9(20.8) 42.2 (21.9) 31 0.182
Physical Function 28.1(17.9) 29.4 (19.2) 31 0.359
Sleep Quality 42.0(17.8) 48.6 (25.8) 30 0.137
Social Relationships 57.4 (15.7) 59.2 (22.1) 28 0.484
Anxiety 23.6 (21.3) 39.1 (30.0) 28 0.008*
Psychological well-being 46.3 (22.3) 48.2 (24.7) 30 0.840
Social Functioning 37.1(16.6) 44.7 (26.4) 24 0.292

Table 34: Comparison of absolute change in SRI domain score between OHVS and COPD

from baseline to first review

OHVS COoPD p value
Respiratory complaints 11.6 (21.7) 3.3(22.8) 0.204
Physical Function 6.5(18.2) 1.3 (18.4) 0.348
Sleep Quality 8.8(22.0) 6.3 (24.0) 0.713
Social Relationships -3.1(13.9) 1.8 (21.3) 0.374
Anxiety 14.8 (25.8) 14.5 (28.1) 0.972
Psychological well-being 1.1 (18.5) 1.9 (21.6) 0.888
Social Functioning 9.0 (19.5) 7.6 (26.2) 0.842
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Figure 13: Absolute change in SRl domain score from baseline to first follow up in patients

with COPD and OHVS
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Patients reported increased domain scores at first review compared to baseline, suggesting
an overall improvement in HRQoL with the exception of OHVS, who reported a reduction in
the social relationships domain; the change was not statistically significant (p = 0.325).
Patients with OHVS reported statistically significant improvements in respiratory complaints
(p = 0.028) and anxiety (p = 0.019); patients with COPD reported statistically significant
improvements in anxiety (p = 0.008) at first review following initiation of long-term home

NIV.
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Table 35: Comparison of baseline and second review SRl domains in OHVS

OHVS Baseline Second review N p value
Respiratory complaints 54.7 (29.2) 60.0 (24.1) 16 0.485
Physical Function 41.4 (22.0) 44.7 (29.8) 15 0.626
Sleep Quality 47.9 (19.7) 60.7 (42.9, 67.9) 15 0.414
Social Relationships 71.9(17.1) 65.1(23.7) 15 0.410
Anxiety 36.5(27.5) 57.3(30.2) 13 0.018*
Psychological well-being 56.4 (17.5) 60.6 (23.4) 16 0.450
Social Functioning 56.0 (24.7) 63.4 (26.1) 14 0.319
Table 36: Comparison of baseline and second review SRI domains in COPD
copD Baseline Second review N p value
Respiratory complaints 40.5 (19.6) 39.4 (18.6) 20 0.801
Physical Function 31.0(21.7) 34.3(20.1) 18 0.489
Sleep Quality 45.5 (17.2) 49.8 (19.1) 19 0.385
Social Relationships 58.8 (15.5) 55.8 (19.8) 18 0.361
Anxiety 26.1(20.7) 34.5(28.7) 19 0.122
Psychological well-being 50.3 (19.6) 53.8(23.7) 19 0.424
Social Functioning 37.3(12.5) 47.3 (21.4) 16 0.037*

Table 37: Comparison of absolute change in SRl domain score between OHVS and COPD

from baseline to second review

OHVS CcopPD p value
Respiratory complaints 5.3(29.5) -1.1 (19.1) 0.438
Physical Function 3.3(25.9) 3.2 (19.4) 0.991
Sleep Quality 5.5(23.5) 4.3 (21.2) 0.880
Social Relationships -3.9(17.7) -3.0(13.6) 0.874
Anxiety 20.8 (27.2) 8.4 (22.6) 0.173
Psychological well-being 4.2 (21.5) 3.5(18.7) 0.925
Social Functioning 7.4 (26.6) 10.0 (17.4) 0.751
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Figure 14: Absolute change in SRl domain score from baseline to second review in patients
with COPD and OHVS
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At second review, both groups reported a reduction from baseline in absolute SRI domain
score for social functioning (OHVS = -3.9 points; COPD = -3.0 points); the difference within
groups (OHVS p =0.410; COPD p = 0.361) and between groups (p = 0.874) was not
statistically significant. Patients with OHVS reported a statistically significant improvement
in anxiety (p = 0.018) at second review and patients with COPD reported improved social

functioning (p = 0.037), but there were no statistical differences between groups.
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Table 38: Comparison of baseline and third review SRl domain score in OHVS

Baseline Third review N p value
Respiratory complaints 54.6 (29.1) 55.8 (26.5) 13 0.905
Physical Function 44.7 (18.3) 48.5 (21.9) 11 0.512
Sleep Quality 52.7 (21.7) 52.4(21.8) 12 0.968
Social Relationships 68.3(17.7) 65.1(23.4) 13 0.643
Anxiety 49.2 (31.2) 55.0 (29.9) 13 0.618
Psychological well-being 55.3(17.7) 57.1(21.1) 13 0.787
Social Functioning 59.9 (23.4) 59.4 (28.7) 12 0.951

Table 39: Comparison of baseline and third review SRl domain score in COPD

Baseline Third review N p value
Respiratory complaints 38.1(21.1) 41.6 (19.8) 15 0.630
Physical Function 25.0(17.1) 28.9 (20.9) 16 0.367
Sleep Quality 42.4 (18.2) 40.3 (18.2) 16 0.739
Social Relationships 58.3(15.1) 56.0(26.8) 15 0.738
Anxiety 21.9 (16.9) 41.6 (32.7) 15 0.011*
Psychological well-being 46.1(21.9) 49.2 (24.4) 16 0.536
Social Functioning 27.8 (13.1) 50.9 (24.8) 10 0.113

At the end-point of the study, patients with COPD reported a statistically significant

improvement in anxiety compared to baseline (p = 0.011). No other statistically significant

improvements in SRI domains were observed for either group.

Table 40: Comparison of the absolute change in SRl domain score between OHVS and COPD

from baseline to third review

OHVS COPD p value
Respiratory complaints 1.2 (34.5) 3.6 (28.6) 0.834
Physical Function 8.0 (0.0, 13.0) 8.0 (-4.0, 17.00) 0.853
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Sleep Quality -0.2 (24.9) -2.2 (25.5) 0.927
Social Relationships -3.2 (24.3) -2.3(27.5) 0.834
Anxiety 5.8 (40.7) 19.7 (27.2) 0.280
Psychological well-being -3.0(-8.0, 6.0) 11.0 (0.0, 14.0) 0.229
Social Functioning -0.5 (28.5) 13.1 (25.0) 0.240

Figure 15: Absolute change in SRl domain score from baseline to third review in patients with

COPD and OHVS
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At the end-point of the study, both clinical groups reported lower SRI domain scores for
sleep quality and social functioning compared to baseline; comparison between the 2
groups did not yield any statistically significant differences in SRI domain scores comparing

OHVS with COPD at 12 months post NIV initiation. This suggests that whilst there may be
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statistically significant changes for SRI domains within each clinical condition, there are no

significant differences in individual absolute domain SRI scores between the clinical groups.

4.7 COMPARISON OF COSTS OF IN-PATIENT NIV INITIATION VERSUS OUTPATIENT NIV INITIATION

4.7.1 EQuUIPMENT COSTS

In-patient NIV initiation versus outpatient NIV equipment costs are summarised in Table 41
and are based on the cost per device (including hose) and interface from the current block
contract for the organisation with the equipment provider.

Table 41: In-patient NIV initiation versus outpatient NIV equipment costs

In-patient n=92 Outpatient n=21

Devices Unit cost (£) Units Units Cost (£) Cost(£)
Lumis ST150 1,600 19 21 33,600 30,400
Stellar ST150 2,300 73 0 0 167,900
Interfaces Units Units Cost (£) Cost(£)
ResMed AirFit™ F20 80 44 12 960 3,520
Fisher & Paykel Simplus™ 81 31 9 729 2,511
Philips Amara View™ 73 17 0 0 1,241
Cost per patient (£) 1,680.43 2,234.48

Overall, the equipment costs, NIV initiation via an in-patient route were 32.97% more costly
that initiation as an outpatient. This was primarily due to the selection of a more costly NIV

device (Stellar ST150) for this patient group.
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4.7.2 TIME TAKEN TO INITIATE NIV

The time taken for in-patient compared to outpatient initiation of long-term home NIV was

estimated and is summarised in Table 42

Table 42: Time required for initiation of NIV (in-patient versus outpatient)

Time taken to establish on NIV

(days)
Inpatient initiation*

3(2,5)
(median, interquartile range)
Outpatient initiation 0.5

* Calculated from decision to treat with home NIV to discharge from NIV service

Based on when the decision to initiate on long-term home NIV was made and the time to
discharge from the in-patient NIV service, patients established on home NIV as an inpatient
required a significantly greater amount of time to be established on NIV than those who
were established via an outpatient pathway. However, there is no information available of
the time elapsed from when the decision to initiate on long-term home NIV via an

outpatient was made and when the patient received an appointment for this.

4.7.3 ESTIMATE OF PROCEDURE CosTS BASED ON NHS HRG CODES

Using HRG code DZ37A, the total costs were compared between use of the ‘Combined day
case/ordinary elective spell’ tariff versus the ‘Non-elective spell’ tariff for in-patients and
‘Combined day case/ordinary elective spell’ tariff versus the ‘Non-elective spell’ tariff for

outpatients (Table 43)
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Table 43: Comparison of in-patient and outpatient NIV costs based on HRG tariff

In-patient NIV HRG Tariff Total Cost (£)
n =92

Non-elective spell 1,188 109,296
Combined day case / 712 65,504

ordinary elective spell

Outpatient NIV HRG Tariff Total Cost (£)
N =21
Combined day case / 712 14,952

ordinary elective spell

Outpatient procedure 170 3,570

There were significant differences in the ‘cost’ of initiation of NIV depending on the HRG
code selected, irrespective of whether this was as an in-patient or outpatient. In reality, this
‘cost’ reflects only the income received by the Trust per patient, rather than the actual costs

associated with the individual procedure per patient in the study.

4.7.4 COSTS ASSOCIATED WITH ADMISSIONS BEFORE AND AFTER COMMENCING NIV

Using the HRG tariff associated with a non-elective spell, the costs associated with hospital
admissions before and after initiation of NIV were calculated, comparing the in-patient

initiation group with the outpatient initiation group (Table 44).

Following initiation of long-term home NIV, there was a reduction in respiratory related
admissions comparing 1-year pre NIV to 1-year post NIV for both groups; a reduction in
costs associated with in-patient admissions following initiation of NIV was therefore
demonstrated for both groups. The reduction in cost associated with in-patient admissions

pre NIV were greater for the in-patient NIV initiation group. However, at 1-year post NIV,
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the admissions and bed days and thus the costs for both groups were similar. This would

suggest that NIV reduces admissions and therefore costs irrespective of the route of

initiation.

Table 44: Cost of NIV 1-year pre and post NIV initiation (in-patient versus outpatient

initiation)

1 year pre- Cost (£) 1 year Cost (£)

NIV post NIV

Admissions 2(1-3) 2,376 0(0-1) 0(0-1,188)
(IP NIV set up) (1,188-3,564)
Bed days 23 (13-33) 5,198 0 (0-6) 0 (0-1,356)
(IP NIV set up) (2,938-7,458)*
Total cost inc. excess 7,574 0
bed days (IP NIV set up) (4,126-11,022) (0-2,544)
Admissions 1(0-2) 1,188 0(0-1) 0 (0-1,188)
(OP NIV set up) (0-2,376)
Bed days 1 (0-8) 0 (0-1,808)* 0 (0-4) 0 (0-904)
(OP NIV set up)
Total cost inc. excess 1,188 0
bed days (OP NIV set up) (0-4,184) (0-2,093)

* Based on a trim point of 5-days, with’ long stay’ at a cost of £226/day
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5 DiscussiION AND CONCLUSION

5.1 DISCUSSION

5.1.1 PRIMARY OUTCOMES

The aim of this study was to demonstrate that initiation of long-term home NIV as an
elective outpatient produces equivalent outcomes compared to an in-patient NIV initiated
service following an acute admission. At the end-point of the study (12 months), both
patient study groups demonstrated a reduction in PaCO,; both groups were equally likely to
demonstrate a normalised PaCO,. There was neither a statistically significant nor clinically
important difference in PaCO, between the two groups, suggesting that in a mixed cohort of
patients the initiation of long-term home NIV as an elective outpatient produces equivalent
outcomes in terms of PaCO,, compared to NIV initiated as an in-patient following an acute

admission.

Previously, it has been suggested that improvements in physiological variables may come at
the cost of quality of life (McEvoy et al., 2009). In this study, the improvements observed in
gas exchange did not appear to come at the cost of reduced quality of life; patients in both
groups reported an improvement from baseline in mean SRl score at the end-point of the
study that was greater than the minimal clinically important difference. There was no
statistically significant difference in the mean SRl score between the groups at the end of
the study. The difference between the two groups was less than the MCID, implying that in
a mixed cohort of patients (COPD, OHVS, CWD and NMD), initiation of long-term home NIV
as an elective outpatient via a non-specialist NIV service does not produce inferior outcomes

in terms of HRQoL compared to NIV initiated as an in-patient following an acute admission.
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5.1.2 PART A: SECONDARY OUTCOMES

It has been established previously that the introduction of long-term home NIV following a
hospital admission requiring acute NIV has been shown to reduce subsequent hospital
admissions and length of stay for persistently hypercapnic COPD patients (Murphy, P.B., et
al., 2017) and for a mixed cohort of patients (Livesey, A., et al., 2018). In line with previous
research, the introduction of long-term home NIV reduced the frequency of hospital
admissions and the length of stay in the 12-months following its introduction for both
patient groups within the current study. For patients commenced on home NIV following an
acute admission this improvement was statistically significant for both admissions (p=
<0.001) and bed days (p= <0.001). However, statistical significance was not achieved for
patients commenced on NIV as an outpatient. This finding was unsurprising, as it can be
observed from the baseline data for both groups (Table 9) that the in-patient NIV group had
significantly higher PaCO, at baseline. Severity of hypercapnia is associated with a longer
time to clinical stability (Igbal, N., et al., 2017) and more frequent and longer hospitalisation
(Yassin, Z., et al., 2016). In addition, NIV is often not considered unless patients have had
two or more hospital admissions requiring NIV, or they have had difficulty being weaned off
invasive ventilation (Agency for Clinical Innovation Respiratory Network, 2012). It is very
likely that the outpatient NIV cohort were identified earlier in their disease progression than
the in-patient group, as they were already known to the Lung Function and Sleep service
either as home oxygen patients via the HOS-AR clinics or as CPAP patients via the Sleep
service. Thus, this group of patients were being more closely monitored than the in-patient
group and NIV was commenced earlier, and before the frequency of acute in-patient

admissions had increased.
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Whilst statistical analysis indicates that there is insufficient evidence of an association
between poor compliance and re-admission, cross-tabulation of the data comparing the
association between two would seem to suggest that patients that are more compliant are
more likely to be re-admitted to hospital. If this were correct, it would be in direct
contradiction to the findings of previous studies, which found that poor compliance with
NIV was associated with more frequent re-admissions (Funk, G.C., et al., 2011; Ankjeergaard,
K.L., et al,, 2016; Cheng, L., et al., 2011). However, the data from this study must be
considered in the context of the numbers of patients in each treatment group, with
significantly more patients who were initiated on NIV as an in-patient compared to
outpatient initiation. At all points throughout the study period, the in-patient NIV group
demonstrated higher compliance with NIV therapy than those initiated as an outpatient
(tables 10 -12). The factors that affect patient therapeutic compliance are complex and
varied and include age, ethnicity, sex, marital status and the patients’ beliefs and motivation
about the therapy (Jin, J., et al., 2008). It has been identified that if a patient believes that an
illness or its complications could pose severe consequences for their health (McLane, C.G,,
et al., 1995; Sirey, J.A., et al., 2001; Loffler, W., et al., 2003) or if they believe that the
therapy will be effective or perceive benefits from the therapy (Wild, M.R., et al., 2004;
Aloia, M.S., et al., 2005) they are more likely to be compliant with treatment. It may be
hypothesised that patients initiated as an in-patient have experienced a life-threatening
event and are more aware of the severe consequences of their illness; outpatients initiated
on NIV before an acute life-threatening event may be less cognizant of the severity of their

disease and thus do not have as great a desire to comply with treatment.
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Several good quality RCTs have shown that if adequate ventilatory settings are applied,
aimed at a substantial reduction in PaCO,, home NIV provides survival benefits in patients
with severe chronic hypercapnic respiratory failure (Duiverman, M.L., 2018). For patients in
this current study there was no statistical difference in all-cause mortality associated with
initiation of NIV as an outpatient compared to an in-patient at 12 months, suggesting that
outpatient initiation of NIV is not inferior to inpatient initiation in terms of mortality. Whilst
the Kaplan Meier survival curve does suggest increased mortality for the in-patient initiation
group (Figure 5) and the overall attrition rate for this group is higher, this may be a function
of censored data within the larger dataset (n= 92 vs. n= 21); there is no statistical difference
between the 2 groups. In addition, it is probable that the in-patient group were more
severely ill than the outpatient cohort by definition of having multiple previous admissions.
The all-cause mortality for the whole NIV patient cohort at one year was 15.0%; this
compares very favourably with previous studies (Ansari, Z., et al., 2014; Chu, C.M,, et al.,
2004; Ankjeergaard, K.L., et al., 2016). The higher mortality figure of 30.8% reported by
Ansari, Z., et al. (2014) was for a mixed cohort of subjects. This may be explained by data
collection over a 4-year period, in what many may consider as palliative care in end-stage
disease. The studies by Chu, C.M., et al. (2004), who reported mortality at 1-year of 49.1%
and Ankjeergaard, K.L., et al. (2016), who reported a 1-year mortality of 20% were in
patients with COPD that had been admitted with an episode of AHRF. Clearly, the severity of
disease in the populations being studied greatly influences these outcome measures. The
patients in this study were a mixed clinical group; they were mainly COPD and OHVS
patients. The data from Ansari, Z., et al. (2014) for a mixed patient cohort suggests that
patients with COPD have a shorter mean duration between home NIV initiation and death

than patients with OHVS and NMD, which may account for the differences observed
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between this study and those studies with an exclusively COPD patient cohort. The cause of
death for the patients in this current study was not recorded, as it fell outside the original

scope of the data collection.

5.1.3 PART B OUTCOMES

This study has inferred that that initiation of long-term home NIV as an elective outpatient
service in a mixed cohort of patients does not produce inferior outcomes in health related
quality of life at 12-months when compared to NIV initiated as an in-patient following an
acute admission. The patients in this study demonstrated improvements in SRI at the first,
second and third review post NIV initiation; improvement in SRl reached statistical
significance only in the in-patient initiation group between baseline and first review. The
improvement in SRI at first review observed in the outpatient NIV initiation group was less
than the MCID, suggesting that at first review, this group felt no clinically important
improvement following initiation of NIV. This finding is disappointing, but not unexpected.
The outpatient cohort was naive to NIV, although a small number of patients had previously
used continuous positive airway pressure (CPAP); the in-patient cohort were commenced on
to long-term home NIV following an acute admission with AHRF and prior to discharge, thus
they were more accustomed to NIV treatment and had received intensive one-to-one
support to facilitate their use. There is a considerable literature to support that view that
acceptance of long-term positive pressure support is a lengthy process, which involves
gradual orientation with the machine (Lindahl, B., et al., 2005; Sawyer, A.M,, et al., 2010;
Ando, H., et al., 2015; Fung, C.H., et al., 2015). Evident throughout all the studies was the
fact that when patients are started on NIV treatment, they usually have difficulties and

troubles in becoming accustomed to the treatment. These difficulties are related to
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significant air leaks, feelings of claustrophobia, aerophagia, presence or risk of facial injuries

and respiratory distress (Ngandu, H., et al., 2016).

However, at the second review (6 months post NIV initiation), both groups had achieved an

improvement in their summative SRl score that was greater than the MCID; this

improvement was sustained at the third review, and end of the study, at 12 months.

The summative baseline SRI score reported for this study cohort (in-patient initiation 42.0

(17.9); outpatient initiation 38.6 (15.3)) was lower than that reported in similar studies; it

was lower at the study end-point at 12 months, using the same HRQol tool (Table 45) as

comparable studies. In addition, the absolute changes in mean SRI observed at 12 months

were not as large (in-patient initiation absolute change 5.8); outpatient initiation absolute

change 5.7) as reported in the studies below.

Table 45: Baseline SRI reported in HRQoL studies in home NIV

Authors

Study aim

Cohort

Main SR findings

Storre, J.H.,

et al., 2006

Windisch,
W, etal.,,
2008

Struik, F.M.,
etal., 2014
Valko, L., et
al., 2020.

AVAPS in OHVS

HRQoL
improvement
during HMV

NIV vs. standard
treatment
HRQoL
improvement

during HMV

10 OHVS patients
starting NIV

85 stable NIV patients

108 COPD patients after
acute exacerbation

74 hypercapnic patients
commencing home IV or

NIV

63 *+ 15 (baseline)

78 + 14 (6 weeks BPV-S/T)
76 + 16 (6 weeks BPV-S/T-
AVAPS)

49 + 15 (baseline)

61+ 15 (1 month)

61+ 16 (1 year)

47.9 + 15.1 (baseline)
55.0 £ 15.4 (12 months)
57.7 +14.4 (baseline)
68.2 + 15.8 (6 months)
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The reasons for these discrepancies in reported SRI between this study and comparable
studies are unclear; the patients in this study do not differ significantly anthropometrically
or physiologically from those in previous studies. The patient cohort in this study are a
mixed clinical group, as were the cohorts in the studies by Windisch, W., et al (2008) and
Valko, L., et al., 2020. However, the cohort was biased towards patients with COPD (54%)
and absolute improvements in SRl at 12 months in the study by Struik, F.M., et al. (2014) of

COPD patients were more modest (7.1 points).

A further consideration is that the concept of HRQoL is understood differently in different
cultures (Haraldstad, K., et al., 2019) or in different healthcare systems. The SRl was
originally developed in German. It has been translated and validated in to a number of
languages including English (Ghosh, D., et al., 2012). This required translation and back-
translation of the original German SRl by two independent professional translators. ltems
with incongruence or discrepancies between the original and back-translated version
required modification in the definitive UK English version. This requirement may contribute
to the differences observed in the reported HRQoL from a cohort of predominantly white,
English speaking patients using a tool developed in and translated from the original German

version.

Each of the studies described in Table 45 are controlled prospective studies rather than
retrospective studies and it is possible the data obtained may be of better quality and was
more selective than that obtained in this study, due to the limitations associated with
retrospective data analysis. In a prospective study, there is a degree of control as to who
administers the HRQoL tool with the patient and when in the pathway it is administered.

Mercieca-Bebber, R., et al. (2018) found that whilst healthcare professionals often feel
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confident about administering patient related outcome questionnaires, there are challenges
and inconsistencies in day-to-day practices that can adversely affect the quality and value of
the data obtained. This is a retrospective study, and therefore the timing of when the
baseline SRl was administered to the patient and who administered it was not controlled;
this may have directly affected the SRl score that was reported. However, this current work
represents the “real world” clinical situation rather than a carefully selected, but potentially

less representative research cohort.

When analysing the individual domains within the SRI, the domains of respiratory
complaints, physical functioning, anxiety and social functioning were the aspects that were
reported as most diminished at baseline SRI for the in-patient and outpatient initiation
groups. The reduced SRl score reported in the respiratory complaints domain would be
anticipated in a cohort of patients that have chronic respiratory failure and contains a high
proportion of patients with severe COPD. Impaired physical capacity and low-level daily
physical activity are common features in patients with COPD (Watz, H., et al., 2014) and
OHVS (Dreher, M. and Kabitz, H.J., 2012). The thematic synthesis of NIV experiences in
adults with hypercapnic respiratory failure by Ngandu, H., et al. (2016) found that in all but
four studies from the thirty two reviewed, participants expressed a fear of being on NIV. The
perceptions of anxiety and fear are intrinsically linked, but as noted by Sarnoff, I. and
Zimbardo, P.G. (1961), as fear increases so does the desire to affiliate with others, but the
opposite is true for anxiety; this self-isolation may contribute to the patients reported

feelings of reduced social functioning.

The SRl domain in the current study that demonstrated the greatest improvement across

both groups was anxiety (in-patients 12.8 (30.5); outpatients 7.8 (37.8)), with the in-patient
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NIV group having the greatest improvements in this domain score. The standard deviation
for both groups is wide, particularly for the outpatient group, primarily due to the small
number of paired data sets in the analysis. Patients discharged on long-term home NIV as an
in-patient following hospitalisation for acute exacerbation have a high prevalence of anxiety
and depression and a poor health status (Gudmundsson, G., et al., 2006; Piggin, L.H. (2011).
The study by Piggin identified that patients who received NIV for the treatment of CHRF
regarded the NIV machine as a “lifesaver” and therefore its use may reduce their feelings of
anxiety about their breathing. This finding may also contribute to the observation that the
in-patient group in the current study demonstrates higher compliance with NIV at all points
during the study period. Patients commenced on NIV as an in-patient also reported
improved psychological well-being and social functioning at the end of the study compared
to baseline; these improvements may be a consequence of their reduced perceived levels of
anxiety but would require further work to explore any association. The outpatient NIV
initiation group reported robust improvements in their physical function, sleep quality and
social function. This finding is in keeping with previous work that has demonstrated that the
introduction of long-term home NIV improves physical function in a cohort of patients with
COPD and OHVS (Valko, L., et al., 2020). The differences observed in the domains of SRI for
the 2 groups in the current study may also reflect that the outpatient and in-patients NIV
cohorts are a continuum of disease severity but at different time points on the same

timescale.

Whilst the study by Valko, L., et al. (2020) described improvements in physical function
domain with NIV for COPD and OHVS patients, there are also differences between these 2

patient cohorts at baseline and 12-months for the patients in the current study. Patients
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with OHVS report higher baseline domain scores for physical function, anxiety and social
functioning compared with the COPD; despite the higher baseline domain score for anxiety,
patients with OHVS reported improvements in anxiety that are greater than the MCID but
do not show similar improvements in physical function or social functioning. A significant
improvement in physical function following the introduction of NIV would not be
anticipated in patients with OHVS. Fleming, J., et al. (2016) found that in patients referred
for weight management, patient reported physical function was progressively lower in a
dose-dependent fashion with increasing levels of obesity, independent of gender, age,

education and Charlson Comorbidity Index (CCI).

Table 7 demonstrates that 52.5% of the patients with COPD required long-term oxygen
therapy compared to 24.3% of patients with OHVS, implying that this group of patients may

have received home NIV relatively late in their course of disease progression.

5.1.4 ANALYSIS OF COSTS

Lujan, M., et al. (2007) demonstrated that initiation of NIV as an outpatient demonstrated a
50% saving on the direct costs generated in the case of conventional initiation in a mixed
cohort of patients. Subsequent studies in patients with OHVS (Murphy, P.B., et al., 2019)
and COPD (Duiverman, M.L., et al., 2020) have demonstrated similar cost savings when
initiation NIV as an outpatient compared to an in-patient admission. It proved challenging to
calculate accurately the costs associated with initiating long-term home NIV as an in-patient
compared to an outpatient using a retrospective methodology. This was due to the
obstacles outlined in the study methodology. However, even when using as crude a tool as
the HRG code associated with the procedure, this study clearly demonstrates that

outpatient initiation of NIV produces cost savings in terms of equipment utilised and
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healthcare professional time; a more granular assessment of cost would almost certainly

produce significantly greater cost benefits of initiating NIV as an outpatient.

The Eurovent study from 2005 (Lloyd-Owen, S.J., et al., 2005) and the systemic review by
Maclntyre et al. (2016) confirmed that the number of patients receiving home NIV continues
to grow. Given that the prevalence of COPD is expected to rise in the future (Rayner, et al.,
2017; Terzikhan, et al., 2016) and the growing levels of obesity (Hales, et al., 2017), it is
reasonable to conclude the number of patients that will benefit from home NIV will also
continue to increase. Given the increasing burden that this will place upon healthcare in the
UK, the utilisation of outpatient initiation of home NIV in appropriately selected patients
and the associated cost savings that can be made would be advantageous to the system.
The historic precedent has been that initiation and titration of home NIV targeted at a
substantial arterial carbon dioxide reduction requires a hospital admission (Dreher, M., et
al., 2010; Duiverman, M.L., et al., 2008). However, there are no specific evidence based
guidelines that indicate where this should take place within the hospital, who should
undertake this procedure and what monitoring should take place in order to ensure the
desired outcomes. There is an increasing body of evidence that demonstrates that long-
term home NIV can be established safely in carefully selected patients in an outpatient
setting or even in the patients home (Newnham, M., et al., 2014; Hazenberg, A., et al., 2014;
Tai, C., et al., 2018; Duiverman, M.L., et al., 2020). This study, whilst not definitive, adds to

this growing body of evidence.

With the exception of the study by Tai, C., et al. (2018) the majority of studies
demonstrating the feasibility and outcomes for NIV initiation performed outside an in-

patient setting were performed by large specialist NIV centres. This may reduce how the
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outcomes from the study can be applied and replicated by smaller, non-specialist services.
Each of the studies targeted a specific clinical group such as COPD (Schwarz, S.B., et al.,
2018; Duiverman, M.L., et al., 2020) or NMD and CWD (Lujan, M., et al., 2007; Chatwin, M.,

et al., 2008; Hazenberg, A., et al., 2014) for their study population.

In line with previously published work, this study demonstrates the cost savings that may be
achieved by initiating home NIV as an outpatient in terms of both initiation time and the
reduction in hospital bed-days that can be achieved by initiating NIV in this way. The
outpatient NIV initiation service described in this study is healthcare scientist led, without
direct supervision by another healthcare professional. Developing a new service under the
control of a non-medical professional has presented a number of challenges and required
the support and agreement of our medical colleagues to allow it to succeed. In the NHS
(UK), the increasing pressures on resources, particularly chronic shortages of medical
consultants, can act as a driver for the development of services such as this. Given the
pressures currently faced by all health economies across the globe due to the COVID 19
pandemic, any service that provides a reduction in healthcare utilisation and hospital bed-

days with the opportunity to ease pressure on medical consultants should be considered.

5.2 CRITIQUE OF THE STUDY

5.2.1 STUDY DESIGN

Despite providing evidence to support the assertion that patients initiated on long-term
home NIV as an outpatient have non-inferior outcomes in terms of PaCO, and HRQolL at 12
months following initiation, it is clear that this study has a number of significant limitations.

The study was retrospectively performed and hence needs further validation by prospective
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RCTs; however, the utility of this study is that the findings may help to design future

prospective trials.

With respect to study design, randomized controlled trials (RCTs) as well as analysis of
guantitatively synthesized RCT data are considered the gold standard for evaluating efficacy
in clinical research and constitute evidence for medical treatment. (Spieth, P.M., et al.,

2016).

Figure 16: Hierarchy of evidence for questions about the effectiveness of an intervention or

treatment (Taken from Akobeng, A.K., 2005)

Systematic
review of RCTs
with or without
meta-analysis

RCTs
Cohort studies
Case—control studies

Case series

Case reports

Opinion

This opinion has given rise to the concept of ‘hierarchy of evidence’; the hierarchy (Figure
16) provides a framework for ranking evidence that evaluates health care interventions and
indicates which studies should be given most weight in an evaluation where the same

guestion has been examined using different types of study (Rychetnik, L., et al., 2004).

The processes used during the conduct of an RCT minimise the risk of confounding factors

influencing the results; thus, the findings generated by RCTs are likely to be closer to the
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“true” effect than the findings generated by other research methods (Evans, D., 2003).
However, such trials are difficult to deliver due to the costs in terms of time and money.
They may also lead to results that are difficult to apply to a real world setting due to either
the rigor or complexity of the intervention or the selection process for participants that
yields a population dissimilar from that seen in general clinical practice (Boyko, E.J., 2013).
There is evidence to suggest that adequately controlled observational studies produce
results similar to randomized controlled trials (Concato, J., et al., 2000; Benson, K. and Hartz,

A.J., 2000).

In reality, daily practice as a clinician is primarily based on the understanding of the
pathophysiology of disease, and how a given interventions may influence that
pathophysiology to improve outcomes (Vincent, J.L., 2010). In the management of patients
with decompensated type Il respiratory failure, it is clear that to assess the long-term effect
of NIV versus placebo or ‘sham’ NIV would be considered highly unethical, and in reality
would not be performed. Thus, observational studies such as this, which provide real-world
evidence (RWE), are sometimes the only option to obtain data on specific scientific
guestions. Broadly speaking, RWE refers to information obtained from the analysis of data
from a healthcare intervention, typically from clinical practice, that has not been collected
as part of an RCT. It may be considered to represent more closely routine practice when
compared with the highly controlled conditions of an RCT (Garrison Jr, L.P., et al., 2007,
McDonald, L., et al., 2016; Blonde, L., et al., 2018). This study used a mixed cohort of
patients, which may enhance the external validity (i.e., the generalizability) of the findings,
however because the data cohort is constructed for the routine review of NIV patients

rather than specifically for the purposes of research, it may not be perfectly suited to the
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testing of the hypothesis. This may ultimately affect the internal validity of the study, but

makes findings more realistic and relevant to others trying to establish similar services.

A retrospective study methodology was selected for this study for a number of reasons. A
primary driver was the ready availability of a database of long-term home NIV patients. The
use of previously collected data is efficient and comparatively inexpensive; this reduced the
funding issues associated with undertaking the study. The original database was developed
for those patients initiated on long-term home as an in-patient to allow their on-going
follow up as an outpatient. The NIV database was developed solely for the review and
clinical management of NIV patients within the service to allow access to information on NIV
settings, treatment hours and efficacy of treatment. The in-patient NIV service was
introduced following publication of the NICE Quality Standard for COPD (QS10) in 2011
(NICE, 2011); the outpatient NIV service was developed from work following an feasibility

study as part of the HSST C1 Innovation project in 2018.

This was a single centre study and as such, the findings may not be generalizable to other
centres with different work practices. There is evidence to suggest that single centre studies
may provide larger treatment effect estimates than multi-centre trials (Unverzagt, S., et al.,
2013) and many positive single-centre trials have been contradicted when tested in other
settings and, in one case, the subsequent definitive multi-centre trial has found a previously
recommended intervention associated with active harm (Bellomo, R., et al., 2009).
Therefore, whilst it does provide important information of the “real world” initiation of
outpatient NIV in a smaller hospital setting compared with much of the published data from
large, often academic centres, the findings can only be applied after careful consideration of

the context of the study with an individual’s own situation.
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5.2.2 SAMPLE SIZE

There are significant differences in the number of patients initiated on home NIV as an in-
patient compared to those initiated as an outpatient. Since the outpatient NIV initiation
service was commenced a significant period of time after the in-patient service, the number
of patients in the outpatient NIV initiation group was less than a quarter of those initiated

on NIV as an inpatient.

The relatively smaller sample size for the outpatient NIV initiation groups must raise the
possibility of a Type |l statistical error; it is concluded that there is not a significant
difference between the 2 groups, when actually there really is. A longer data collection
period may have been helpful to increase the number of patients in the outpatient NIV
initiation arm of the study. However, the number of patients initiated by the service as an
outpatient is governed by the number of patients that present to the service with
decompensated Type Il respiratory failure or who cannot be adequately oxygenated due to
their Type Il failure; greater patient numbers cannot guaranteed by a longer data collection

period for a non-specialist NIV service.

Despite the relatively small number of outpatients included in the study, it is reassuring that
the previous studies that have concluded that outpatient NIV initiation is equivalent to in-
patient NIV initiation do not have significantly larger numbers of patients in their study

cohort (Table 46).

Table 46: Number of subjects in outpatient versus in-patient NIV initiation studies

Authors Cohort Route of NIV initiation Study Duration
Lujan, M., etal., 19 NMD 9 outpatients 3 months
2007 patients 10 in-patients
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Chatwin, M., et 28 NMD and 14 outpatients 2 months
al., 2008 CWD patients 14 in-patients

Hazenberg, A.,et 77 NMDand 38 outpatients 6 months
al., 2014 CWD patients 39 in-patients

Duiverman, M.L.,, 67 COPD 33 outpatients 6 months
et al., 2020. patients 334 in-patients

The relatively smaller number of subjects in the outpatient initiation group (n = 21) of this
study compared to the in-patient group (n = 92) may mean that interpretation of the results,
particularly the confidence intervals and p values, may be less reliable. Unequal sample sizes

can lead to:

e Unequal variances between samples, which affects the assumption of equal
variances in tests like ANOVA.
o Having both unequal sample sizes and variances dramatically affects
statistical power and Type | error rates (Rusticus, S.A. and Lovato, C.Y.,
2014.).
e Ageneral loss of power
o Equal-sized groups maximize statistical power.

e Issues with confounding variables.

However, it is unclear how unequal the sample sizes need to be for heterogeneity of

variance to be a problem (Wickens, T.D. and Keppel, G., 2004).

The data in this current study was tested for normality and the means were tested to ensure
that appropriate statistical analysis was used. It has been suggested that the Welch’s t-test

should be selected routinely, instead of Student’s t-test, because Welch's t-test performs
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better than Student's t-test whenever sample sizes and variances are unequal between
groups, and gives the same result when sample sizes and variances are equal (Delacre, M.,
et al., 2017). However, when the sample size is small, Student’s t-test is able to form
uniform p-value distributions, whereas Welch’s t-test exacerbates the type Il error rate.

Thus for the purposes of this study, the Student’s t-test was the preferred statistical test.

5.2.3 DATA COLLECTION

The data recorded within the NIV database was collected by specialist respiratory
physiologists and respiratory clinical scientists directly involved in the routine review and
care of patients treated with home NIV and completely independently of this study. They
were unaware that the data would be used for research and thus any hypothesis proposed;
this has the advantage of diminishing observer bias because the outcome of current interest
was not the original reason for the data to be collected (Mann, C.J., 2003). The retrospective
use of this NIV database allows for the examination of medical care utilisation as it occurs in
routine clinical care (Motheral, B., et al., 2003); clinical safety and effectiveness can be

assessed using a RWE study methodology.

Retrospective comparisons are prone to multiple biases, including sampling bias, recall bias,
confounding by indication and changes in practice and/or disease biology (Cohen, A.T., et
al., 2015; Mann, C.J., 2003). In accordance with the standard operating procedure (SOP)
developed for undertaking an outpatient review of an NIV patient, it is expected that patient
data is collected in a standardised way for each patient. If this process occurs as it should, it
has the potential to increase the number of data points available for analysis. However,

whilst there is an expectation of standardised data collection, there remains the very real
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risk that the data is incomplete and it is unlikely that all the relevant information will have

been rigorously collected for a number of reasons.

It is well recognised that one of the most common issues with RWE studies is the quality and
consistency of data collection. Inferences drawn from retrospective RWE studies should be
done with caution, and interpretations need to take account of the design, robustness and
quality assurance in each study (Camm, A.J. and Fox, K.A., 2018). Missing data points in a
number of areas significantly reduced the amount of available data points for this study.
Mercieca-Bebber, R., et al. (2018) reported that participants would often question the need
for, and in some cases refuse to complete, questionnaires due to their excessive burden. In
a prospective study, patients will have provided informed consent and will been prepared
for this administrative burden via the Patient Information Sheet (PIS). For this retrospective
study, data was often incomplete. In some cases, patients declined to complete the
paperwork. In others, the healthcare professional reviewing the patient did not have
adequate time to complete it in the context of their conflicting clinical workloads. The
percentage of missing data points may be a proxy for study quality and risk of bias, although

not necessarily bias due to missing data (Groenwold, R.H. and Dekkers, O.M., 2020).

5.2.4 UTILSATION OF ARTERIAL AND ARTERIALISED BLOOD GAS SAMPLING WITHIN THE STUDY

It is widely accepted that the ‘gold standard’ sample for blood gas analysis is arterial blood
obtained via an indwelling arterial catheter or by arterial puncture. Placing an arterial
catheter is an invasive, painful and technically difficult procedure (Eisen, L.A., et al., 2007)
that is associated with risk of serious complications including systemic infection,
haemorrhage, thrombosis and ischemia (Wallach, S.G., 2004). For radial artery sampling, the
number of failures at the first attempts is reported to be approximately 10% (Giner, J., et al.,
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1996; Laursen, C.B., et al., 2015), and the procedure frequently results in multiple
punctures. Furthermore, repeated punctures of the radial artery have important long-term

effects on radial artery patency (Costa, F., et al., 2016).

There has been prejudice against utilising arterialised capillary samples in routine practice as
there have been studies to suggest that there is poor agreement between PaO, measured in
this way compared to arterial sampling (Sauty, A., et al., 1996; Fajac, I., et al., 1998; Eaton,
T., etal., 2001). However, the seminal paper by Pitkin, A.D., et al. (1994) and a subsequent
meta-analysis by Zavorsky, G.S., et al. (2007) have demonstrated that arterialised blood
gases accurately reflect true arterial oxygen level when PaO, values are below 8.0kPa.
Despite these potential differences, patients within the study were known to have
respiratory failure with PaO, values < 8.0kPa. Therefore, the use of arterialised blood gases
would have had only a marginal impact on the study outcomes, and thus can be considered

largely irrelevant.

5.3 |IMPROVEMENTS TO THE STUDY DESIGN

On reflection, the design of this study could have been significantly improved to provide a
more robust data set to support the effectiveness of outpatient initiation of domiciliary NIV

when compared to in-patient initiation. These changes include, but are not limited to:

e The utilisation of a multi-centre approach to provide a larger sample size.

o This would reduce the ‘small-study effect’ in studies with a sample size that is

too small to detect a clinically plausible effect (Sterne, J.A., et al., 2000).

e Use of a prospective rather than retrospective study methodology to allow greater

control of the outcomes of interest and to ensure matched sample size. A
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prospective study design would have potentially reduced the incidence of ‘missing’
data points, as participants would have been prepared for the burden of data
collection and the clinical team would have planned to ensure data was collected.
Whilst a prospective methodology would have almost certainly improved the
accuracy of data collection with regard to exposures, confounders, and endpoints,
this would have to have been balanced against the increased cost and expensive and

time required to complete the study (Euser, A.M., et al., 2009).

e Estimation of an appropriate sample size required to ensure that the study was
capable of detecting clinically relevant differences prior to commencement. An
appropriate sample would have rendered the research more efficient and the data

generated would have been more reliable.

e Reduction in the duration of the study from 12 to 6 months to minimise the effects
of losses to follow up. Similar studies collected data over a period of 3 or 6 months;
thus, a study duration of 12 months may have inadvertently introduced ‘loss to
follow up’ bias, which can severely compromise a study's validity. This is particularly
important when either the dropout rates are different between the groups or the
patients who drop out are different from those who do not drop out (Dettori, J.R.,
2011). This was not explored during analysis of this study. On reflection, this may

have influenced the conclusions drawn from the data reported.

5.4 |MPACT OF THE STUDY AND FUTURE RESEARCH

Several international guidelines for long-term home mechanical ventilation recommend that

the initiation and control of NIV therapy should not be performed in an outpatient setting
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(Windisch, W., et al., 2018). The potential advantages of outpatient initiation of home NIV
are described earlier and include reduction in treatment delays, increased bed availability,
reduction in risks associated with hospitalisation and potential reductions in cost.

However, to confer any true advantage, the outcomes for outpatient NIV initiation must not

be inferior to those for in-patient NIV initiation.

Using real world data, this study has provided evidence to support the assertion that
outpatient initiation of NIV produces outcomes that are not inferior to in-patient NIV
initiation in carefully selected patients. In terms of the physiological outcomes, it builds on
the evidence base of previous studies and has demonstrated similar outcomes. Locally, this
work has led to the establishment of a dedicated outpatient NIV initiation service for
patients that require long-term home NIV to optimise their oxygenation, in accordance with
BTS guidelines (Hardinge, M., et al., 2015). Complete analysis of the financial impact of
outpatient NIV initiation was not completed at the time of submission of this work.
However, using a median length of stay of 9 days for an NIV patient (BTS National Audit
Report: Adult NIV Audit, 2019) and an average ‘bed-day’ total cost of £ 799.17 (Manoukian,
S., et al., 2021), the study demonstrates a potential cost saving of up to £7,192.53 per
patient initiated on NIV as an outpatient. This does not take in to account the reduction in
in-patient admission costs produced by commencing home NIV prior to the threshold of two

previous in-patient admissions requiring NIV being achieved.

For this study, the number of patients initiated on NIV as an outpatient is small when
compared to in-patient initiation; further work is required to increase the data pool. The
study cohort was principally comprised of COPD and OHVS patients; larger numbers of

patients with CWD and slowly progressive NMD would increase the reliability and

162 |Page



Module C2 [16501449]

generalisability of the conclusions drawn in the study. Since the initiation of this
retrospective study, the site where the study was completed has become part of a group of
three major hospitals across the West Midlands region. Data from additional sites, who also
offer in-patient and outpatient NIV, could be included or compared with this current data to

strengthen the conclusions drawn.

A key element of this study was the effect of long-term home NIV on HRQoL; HRQoL has
been shown to be a strong predictor of survival (Fayers, P.M. and Machin, D., 2015). This
study was unable to demonstrate the improvements in summative SRI seen in previous
studies and potential reasons for this have been discussed. SRI score was completed at 4
points during the study: baseline, first review, second review and third review. These brief
‘snapshots’ in to the patients’ quality of life may not fully describe the true effects of an
intervention such as NIV. Further research is necessary to identify how frequently HRQoL
tools should be administered to reflect change accurately and to identify how healthcare

professionals can more reliably monitor change in quality of life over a longer period.

In this study, the utilisation and effectiveness of home NIV was reviewed at patient follow
up visits; remote monitoring of NIV was not used. The principal reason was the lack of
availability of an appropriate internet connectivity module for a large number of the NIV
machines used. Anecdotally, accessing data stored by the ventilator is not common practice

in the UK within sleep and ventilation services (Mansell, S.K., et al., 2020).

Over the last 20 years, the number of parameters that can be monitored remotely from a
home ventilator has grown steadily. Remote monitoring of patients established on long-
term home NIV as an outpatient may provide objective data on patient compliance, mask fit

and the opportunity to intervene and provide solutions should problems with treatment
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arise. Possible benefits of data from remote monitoring may include reduced requirements
for outpatient appointments, earlier identification of exacerbations and more personalised
and timely interventions by healthcare professionals. However, whilst the availability of
such data seems intuitively useful and, for the majority of variables, appears reliable, there
is a paucity of evidence to support their effectiveness in improving outcomes in patients
receiving home NIV (Borel, J.C,, et al., 2019). The potential benefits and challenges of using
remote monitoring technology in home NIV services have yet to be established (Mansell,
S.K., et al.,, 2020) and further understanding of how we use digital solutions to support
patients is required. The statement by the European Respiratory Society on tele-monitoring
of ventilator dependent patients (Ambrosino, N., et al., 2016) concludes that ‘much more
research is needed before considering tele-monitoring a real improvement in the

management of these patients’.

5.5 CONCLUSION

The evidence from this study supports the assertion that, for outpatient NIV initiation in
carefully selected patients, the outcomes in terms of PaCO, and HRQoL are not inferior to
those of in-patient NIV initiation. Furthermore, the study also suggests that this can be
achieved safely in a mixed patient cohort and delivered by a non-specialist NIV service.
Using an outpatient set-up methodology produces measurable cost savings when compared
to in-patient initiation. This appears to be achieved without an associated negative impact
on quality of care in terms of healthcare professional time and utilisation of health
resources. Given the challenges due to the COVID 19 pandemic faced by healthcare across

the globe, outpatient initiation of long-term home NIV in carefully selected patients
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potentially provides significant benefits with the added advantage of reducing the risks

associated with in-patient admission.
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APPENDIX 1 — SEVERE RESPIRATORY INSUFFICIENCY QUESTIONNAIRE

Severe Respiratcry |]nsuf'|‘it:itﬂ.~n+:'1,.r Questionnaire

SRI

General Health Questionnaire for patients with

Severe @espiratory Unsuﬂiciency

Dear patient!

We are treating you for your respiratary disordar. Please fill in this
guastionnaira so that we can asse8s your currant stats of general haalth.
Please answor every question by marking the appropriate answer onoe
with a cross. Participation is, of course, valuntary. All data s bound by
the rules of patisnt'destor confidentizlity and will be trezted in strict
corfidence. Your attending physician will be pleascd to answer any

gueastions you may have.

0w Wi aizch, Univeesity Hospital Fraiborg, Garmany
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The [Gllnwing cusslion relale o your geteral condilion. You will ses slalemenls
relaled o various aspecls of daily li'e,

How didd vou feel 1gst weeh 7 For EVERY zlalemen! pledsa mar lhe ansaer Lhal
besl appl es 1o you.

complelely | moslly | somglimas | mesty Olberryss
untrnye uni-ue True tuz tn.a
-z -1 G 1 ?

1. finegd it diflizglk to climb stairs. _a -1 o 1 3
2. lauffe fram breathing aroblems

when | eat. - -1 “ 1 2
3. | cango out in the evening. .o A o 1 a
4. Dallen el misernatle, z 1 o 1 a
S Laullz rarm brzalhing probdems 3 .

ewan withnout phyeical axanion. -2 -1 o 1 2
4.l olten hava a hendacha. o 1 o i 9
¥. | kave many frisnda and .

ACoLRNNLanas. -2 -1 it 1 o
2. Dwvorey 1ad my i Iness might

W rSn . 2 1 o 1 a
4. |gote s oeop casily. - -1 @ 1 2
1 | ean dealwith sikor poapla

easily, -2 -1 {?- 1 K
11 | zometimes leal dizzy. - -1 o 1 o
12wk vp at righit with Brazthing

rifficuties a 1 v 1 2
120 Tam alraid 2l wvinyg Broadk-ing

wilfisibie= =1 nighi. -2 -1 o 1 Z
14, | o'ten have nack pain. o -1 o 1 P
15, | am largely penfingd 1o tae

hougd. =& -1 ] 1 2
6, | ewsewark 5 dillicull Ter me. o q o q a

< W Wiadigoh, Liniversity Hogpital Fraibye), Germany
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Heow did wou feol laat week ¥ For EVERY statomeon! pleass mar the answor that
best oppl os to yew.

completaly | maztly | zomatimes | mosthy mhwmyE
unlrz unlu Iru: Lruc bz
2 1 o 1 2

17, L oflen wake up al niglh.. o 1 o 1 a
T | alen theaugh the night agily -z A o q )
1%, | am oftzn ahaf o brerAth. o -1 o q 2
20 | am opdimisti: about ta fubue. _z A o 1 o
21,0 1 en lonaly. ) q B q @
2E | have lroubde breathing when |

spadk. -2 -1 o 1 2
M1 Misitors axhaus ma. o - o q 3
24, 1 oonah a k- ) 1 o i 0
26, Thara s aftan mucus inony

U.im'ﬂ!fﬂ. 2 1 i 1 B
2. i situaticns whorn my

E-raathing problarmis rright -z -1 Iy 1 2

2 bar-ags me
A:0 Hee geod when  am with

fricndia’ aucusincanos., -2 -1 i 1 2
28, | am afraid af having a baur of .

cillicyl. broadhing. -z -1 v 1 2
25 | havo dficulkics arcead hing

ruring phyzical exertian. a 1 o 1 2
At Lo irrlabed By (s milalians i .

caured by my ilnass. -z -1 o 1 £
. My rsmanrirelatianghip is

sutforing bocasme of my illncss. -2 -1 & 1 2
32 can go shopping. -z -1 Iy 1 o
32, | ean pursus all lobb gs ot

intaraal ma. 2 1 o 1 a

< W Wiadigoh, Liniversity Hogpital Fraibye), Germany
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Heow did wou feol laat week ¥ For EVERY statomeon! pleass mar the answor that
beost appl os to wou.

camplatey | mostly | sometimes | mosthy mhwmyE
wrilfuc unlru Iru: Lruc bz
z 1 o 1 2

34, | am ellen iilakle. o 1 o 1 a
Az by cantact with

frendsavquairtancas is linited .z -1 o 1 o

by miy illnesis,
A8, | am enjowing life. N -1 o i o
37 L oin laka par. in social oearls, o 1 o 1 a
3k | am cHen sad. = 1 o 1 a
3t My Crcathing <ifcufizs eathar B .

rries irn paabalic situaticnes, - -1 o 1 #
A 1 am offen marous. -2 -1 o 1 2
41, 1 ean drzss ripsell -] -1 o q o
A2 1 am lired cluring L o = q o q a
a4t Hee izolaterd. - -1 o 1 F
A4. | can copa wall with my illngass. - -1 o 1 o
A& My Eraathing difficultias impair .

e i cveryday aclivilics. -2 -1 V 1 2
46, My farnily life is sufloing i

because of my lIness. 2 1 2 1 2
47, | hawa broken ol contact to

clher poople becauss of my e 1 o 1 a

L:imathing prichlarns.
AL My frea-timy cppodunilins are N

limitzrd & 1 o 1 2
4k | am satistiad with e in conzenl -z -1 a 1 2

Thank you!

< W Wiadigoh, Liniversity Hogpital Fraibye), Germany
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APPENDIX 1A — SEVERE RESPIRATORY INSUFFICIENCY QUESTIONNAIRE SCORING GUIDANCE

Severe Respiratcry Hnsuf“fi:::ien-::',,ur Questionnaire

SRI

General Health Guestionnaire for patients with
Severe F@espiratory [|nsuffif::i«en-'.:g.lr

Guidance for scoring

Pleage provice the fallcwing values foy egch item:

completcly untruc == 1
rmastly untruc = 2
semetimas trus = 3
Faetly tr.ae - 4
akways tnic = 5

T e oy of ilems nesd 1o be reeoded [ellowinig the instroclions given elon:

vl recoded value lems which need 1o ba recoded:

1 — =

2 - 4 1,2 4,5, 6. 8 11, 12. 13, 14, 15.
3 — @ 16, 17, 19, 21, 22, 23, 24, 25, 26,
4 — 2 2R, 20, 30, 21, A4, 54, A8, 53, 40,
£ — i 47, 43 45 46, 4T, 48

Maxl, lhe zeales need 1o be calsulaled as indicaled below. For s purpose al least
Gl of the ilems per scale nusl be sormeclly addrassad, Please lird Lhe ilem nurmber
ind cared M Gracksts [4. b, G....] This process of transfarrration produces a soors
betwoon 0 and 100 with higher values indicating a boter heslth-ro oted quality of | e
groording Lo cenlenl of the soals,
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Respiratory Complaints
it - pee = Mean [2.502 1622 24 25 29— | 100
4
Physical Functicning
SR — PF = Mean [1,16 .32 33 <1 57— | - 100
4
Atiendant Symptoms and Sleep
SRT — AS = Mean [6.9.01.14.17.18.42]-1 1o
!
Social Relationships
Wi - SR = Afepn [?,ln:}._z-|:,-z?._43._45]—1 . 100
Anxiety
AT - Ay o Mean[813.26.28.30]-1

1

Psychological Well-Being
Megee |40 M1, 24 36 A8 40 44 449 ) -1 .

SR —WE = | ¥y
4
Social Functioning
; 305,23 31,35 37 27 48] -
SRE —S1 = Waar [3.13,23 31,35 37 27 45] 1«‘]{)(\:I

i

Summary Scale

Tg Eummnary Scale (SA-55) van be calculaled by (he mean ol the values lor lhe
subanales [SR-RC, SAI-FF, SAI-AL, SRI-53, 5RI-AX, SRIAWE, $RI-5F}. Tra SRI-
&5 should not be caloulated @ anc sLEecale is missing.
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APPENDIX 2 — SEMI-STRUCTURED INTERVIEW INFORMATION SHEET

Interview Information Overview
1. Participants and interviewers

a. Interviewer: all patient interviews will be carried out by Julie Lloyd, Clinical
Scientist/Service Lead, Lung Function and Sleep, Good Hope Hospital (GHH)

b. Participants: participants will be patients who are domiciliary NIV users,
who were commenced on NIV from GHH either via an acute in-patient
admission or via an elective outpatient set up, and are attending for a routine
NIV review.

c. Interviews will generally be conducted on a one-to-one basis but caregivers,
relatives or friends will be present as requested by the patient

2. Consent:

a. Patients will be provided with an information leaflet about the study to
accompany their appointment letter. This will inform them that participation
is voluntary and will not affect their care in any way. There will be a contact
number available for any questions prior to attending their appointment.

b. Consent forms will be provided on the day and will be completed and signed.
Copies will be provide to the patient, retained in the patient notes and stored
with the study materials.

c. If during the interview the patient discloses information that suggests that
they are at risk of harm, this will be escalated to the safeguarding team
immediately and appropriate action taken to maintain patient safety.

3. Recording devices:
a. Each interview will be recorded on a Dictaphone, with patient consent.

b. They will be transcribed and typed in to a password protected Word
document by a named medical secretary employed by University Hospitals,
Birmingham.

4. Session Structure:
a. Introduce self, explain the research and obtain participant’s written consent

b. Point out the recording device to the participant and ensure sure that it is
working.
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c. Ask warm-up or demographic questions first; then, using the interview guide,
move on to more focused questions. Allow flexibility for dialogue.

d. Interview length is estimated to be 30-45 minutes
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Patient Perception of Non-Invasive Ventilation: Interview guide

Interviewee: Patient / carer / both

Sex: M/F

Age:

Clinical Group: COPD / OHS / both

Initiated: In-patient acute / Outpatient elective

1. Qualitative interview introduction

‘I would like to talk to you about how you felt about your experience with home NIV and
how it has affected your life. However, firstly, | must make it clear that giving your honest
answers to my questions will not affect your care, your treatment or your on-going care in
any way. This also applies if you decide not to talk to me.

Secondly, what you say will not be used to criticise any members of the team involved in your
NIV care. He/she/they is/are happy that | am talking to you. By agreeing to talk to me, you
are providing useful information that we hope will improve all patients’ care.’

2. Consent

Consent was obtained from the study participant

Consent was NOT obtained from the study participant (interview terminated at this point)

3. Background Information

Overview:

Invite interviewee to tell interviewer briefly about him/herself: General information about
respiratory and general health prior to introduction of home Non-Invasive Ventilation (NIV).

175|Page




Module C2 [16501449]
Explore how much their breathing affected their life, frequency of hospital admissions and
input from healthcare teams prior to initiation of NIV.

If the interviewee indicates that they have required NIV prior to commencing long-term NIV,
probe with questions describing their experience of acute NIV.

4. Acute NIV — experience

Aim of Section: to establish patient perspective of initiation of acute NIV

Thinking of a/the time when you were admitted to hospital because you were feeling
unwell, can you tell me a little bit about your experience of NIV?

e Where was the NIV started?

e Can you remember who put the machine on for you?

e What were your first feelings about this?

e Can you describe how the NIV affected on your breathing?

e Would you describe this as a positive or negative experience?

o Can you give me some reasons for your answer?

Is there anything that could have been done differently to improve your experience?

5. Initiation of home NIV — experience

Aim of Section: to establish patient perspective of potential long-term NIV
When long-term NIV was suggested for your breathing, what were your thoughts?

Did you have a chance to discuss home NIV with your family or people who support you at
home before you decided? If yes,

e What were their feelings about it?
e How did this affect your decision?

Did you feel that the NIV team listened to you and understood what was important to you?
e [Whether ‘yes’ or ‘'no’] Can you give an example?

If the interviewee has used NIV previously, explore this further: Did any previous experience
with NIV affect how you felt about having home NIV?
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Did you feel you were involved in the decision to have NIV at home?
e Would you want more or less involvement?
o Canyou explain why?

Can you tell be a bit about how the staff explained the information about the home NIV to

you?
e Did the staff explain why they wanted you to have NIV at home?
e Did you understand the information that you were given?
o What format was this information given to you e.g. verbal/leaflet/email
e Did they discuss what might happen if you did not have the NIV at home?

e Did they discuss any alternatives with you?

After receiving this information, did you have enough time to think about having home NIV

before you made your decision?

o [Whether ‘yes’ or ‘no’] Can you tell me a little more about why you felt this

way?
Once you decided to have at home NIV, did you receive any further information?

e Did you feel that you were given enough information about using NIV at home when

you were set up with your machine?
o [Whether ‘yes’ or ‘no’] Can you give explain a little more?

e Do you have any comments on how helpful the information booklets you received

were?

e Can you think of anything that could have been done differently to help you cope
with starting home NIV?

6. Continuing home NIV — experience

Aim of Section: to establish patient perspective of NIV at home
Since staring home NIV, can you describe what is a typical day is like for you?
e What time do you get up?
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e How long does it take you to get washed/dressed?
e What sort of things do you do each day?
o At home tasks e.g. cooking, cleaning
o Going out e.g. shopping, visiting friends
o Hobbies
e How does your breathing affect your day?
Thinking about your daily activities and your breathing, when do you use your NIV?
e Can you describe how it feels to use your NIV machine?
o Comfort/like/dislike/anxiety/inconvenience/sleep position/pressure
e How do you feel that the NIV has affected your life in general?
o Do you feel that NIV has helped your breathing?
= [Whether ‘yes’ or ‘no’] Can you give an example?
o Do you feel that your daily activities have changed?
e Are there any challenges to using your NIV?

= Comfort/like/dislike/anxiety/inconvenience/sleep
position/pressure/synchronisation

e Do you feel that NIV has affected your quality of life?
o [Whether ‘yes’ or ‘no’] Can you give an example?
How would you describe the support you have received since starting with NIV at home?

e Who have you received support from?

How regular is this support?

Ease of accessing support when needed?

How useful has this support been?

Overall, how satisfied have you been with the support you have received for at home
NIV?
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How satisfied have you been with your experience of at home NIV?
e What worked well for you?

e What did not work well for you?

7. Close of interview

Finally, can you think of anything that could have been done differently to help you cope

with continuing home NIV?

Thank patient/carer for participation, check if there are any questions or issues raised
from the interview that they wish to address.

Close interview, prepare and code recording and send for transcription.

179 | Page




Module C2 [16501449]

APPENDIX 3 — GUIDELINES FOR THE USE OF NON-INVASIVE VENTILATION (HGS)

University Hospitals Birmingham m

NHS Foundation Trust

[Guidelines for the use of Non-Invasive Ventilation (HGS)]

CATEGORY: Policy

CLASSIFICATION: Clinical Guideline

Controlled Document | [insert same number as previous

Number: version or if new obtain from Risk
and Compliance Unit]

Version Number: 6

Controlled Document | CSL for Respiratory Medicine

Sponsor:

Controlled Document | HGS Clinical Lead

Lead:

Approved By: HGS Respiratory department

On: 14 September 2018

Review Date: 31 Aug 2021

CONTROLLED DOCUMENT

180 | Page



Contents

Paragraph Page
1 Executive Summary & Overview 3
2 Indications 3
3 The consideration for Acute NIV 3
4 Inclusion criteria for Acute NIV application 3
5 Exclusion criteria for Acute NIV application 4
6 Accessing the Acute NIV service 4
7 Location 5
8 Set-up 5
9 Monitoring 5
10 Duration of treatment 6
11 Escalation & Flow charts 6-8
12 Pressure area monitoring and care 9
13 Weaning 9
14 Palliation 9
Appendices
Appendix 1 Hospital Admissions Policy of people on Domiciliary NIV 10
Appendix 2 Domiciliary Non-Invasive Ventilation Assessment proforma 11
Appendix 3 BHH Acuity-based nursing staffing level scoring system 12
Appendix 4 GHH Acuity-based nursing staffing level scoring system 13
Appendix 5 an-invasive Ventilation in people with Highly Transmissible Airborne 14
Diseases
Appendix 6 Weaning patients from Acute Non-invasive ventilation 15
Appendix 7 NIV Transfer Policy - Solihull Hospital 16
Appendix 8 Critical Care Transfer Proforma 17
Appendix 9 Critical care Transfer Criteria 18
Appendix 10 | Critical care Transfer Pathway 19-20
Appendix 11 | NIV Tissue Viability Flowchart 21
Appendix 12 | NIV Application Record 22.23
Appendix 13 | NIV Weaning Record 24
Appendix 14 | Physiotherapist guidance on Managing Patients where an NIV bed 25
unavailable
Appendix 15 | NIV Withdrawal Checklist 26-27
Appendix 16 | Capacity Flow Chart 28

181 | Page



Module C2 [16501449]

Executive Summary & Overview

NIV refers to ventilatory support through the patient’s upper airway using a mask or similar device
(BTS 2002 and RCP 2008). NIV is indicated for Type Il respiratory failure. AHRF results from an
inability of the respiratory pump, in concert with the lungs, to provide sufficient alveolar ventilation
to maintain a normal arterial PCO2. Co-existent hypoxaemia is usually mild and easily corrected.
Conventionally, a pH <7.35 and a PCO2 >6.5 kPa define acute respiratory acidosis. (BTS 2016)
NIV is not indicated for patients with Type | respiratory failure, or pneumonia, metabolic acidosis,
acute asthma, pulmonary embolism, ARDS or pulmonary oedema.

Indications

Acute Non-Invasive Ventilation (NIV) is indicated for acute hypercapnic respiratory failure (AHRF)
with acidosis (pH <7.35 and/or [H+]>45) in exacerbation of COPD, obesity-related respiratory
failure, neuromuscular disorders, thoracic cage deformities (e.g. Post-Polio Syndrome,
thoracoplasty for TB or other chest wall surgery, kyphoscoliosis), Cystic Fibrosis non-CF
Bronchiectasis and any combination of these conditions. NIV is not indicated for Type 1
respiratory failure or pneumonia, metabolic acidosis, acute asthma, pulmonary embolism, ARDS or
pulmonary oedema.

Note: Type 1 Respiratory Failure is pOz2< 8 kPa ON AIR, pCO2< 6.5 kPa

Acute Hypercapnic Respiratory Failure (Type 2) is pO2< 8 kPa ON AIR, pCO2> 6.5 kPa

If no pO2on air is available: pO2: FiO2ratio<33.3 kPa constitutes respiratory failure where the
“Type” depends on the pCO: after the pOz: FiOz criterion is met [FiOz2=Fraction of inspired oxygen]
(Where FiO:zis expressed in decimals not percentage, i.e. FiOz of 28% is expressed as 0.28)

The consideration for Acute NIV

The medical registrar, of ST3 level or above, will initially assess all patients considered for NIV. All
patients with any of the above mentioned indications with persistent respiratory acidosis, despite
maximal standard treatment on controlled oxygen therapy no more than 1 hour should be
considered for NIV. All patients with AHRF should target Spo2 88-92% including COPD, obesity-
related respiratory failure, neuromuscular disorders, thoracic cage deformities (e.g. Post-Polio
Syndrome, thoracoplasty for TB or other chest wall surgery, kyphoscoliosis), The maximal
standard medical treatment for COPD exacerbation also includes: Nebulised Salbutamol 2.5-5mg;
Nebulised ipratropium 500ug; Prednisolone 30mg (for COPD exacerbations only); Antibiotic agent
(when indicated). A combination of causes of acute respiratory failure including drug overdose and
possible causes of metabolic acidosis, particularly acute kidney injury, should be considered and
treated. Hypovolemia and coexistent uncontrolled heart failure should be considered and treated,
prior to the commencement of NIV

Inclusion criteria for Acute NIV application
PCO:2> 6.5 AND pH <7.35 (or H+ >45) following immediate medical therapy.

Note- NIV should now also be considered for patients who have reduced conscious level, but are
unsuitable for endotracheal intubation, only if NIV is provided in critical care. Patients who are
unable to protect their airway due to hypoxaemia caused by pneumonia or ARDS are excluded
from ward based NIV but may be considered for NIV on an individual basis in Critical Care. Note-
pH <7.25 can still be treated with NIV but may need critical care due to higher risk of mortality if
not transferred to HDU/ITU.

(See Inpatient NIV Referral Pathway Flowchart ON PAGES 7 & 8)

Note- NIV should almost always be considered in NMD or CWD when acutely unwell with
hypercapnia (PcO02 >6.50kPa) or where Vital Capacity is known to be <1L and RR >20 with
normocapnia.

182 |Page



Module C2 [16501449]

Exclusion criteria for Acute NIV application

Absolute: Cardiac/ Respiratory Arrest within the last 24hours, Severe Facial Deformity, Facial
Burns and Fixed Upper Airway Obstruction, Imminent cardiac arrest

Other exclusion criteria include:

PH <7.15,

<GCS less than 8 (Hypercapnia may be the cause of reduced consciousness, which may improve
with NIV)

Confusion/agitation/severe cognition impairment

Inability to protect the airway

Life threatening hypoxaemia

Severe co-morbidity

Recent facial, upper airway or upper gastrointestinal surgery

Vomiting

Undrained pneumothorax

Copious respiratory secretions

Haemodynamically unstable requiring inotropes/vasopressors (unless in critical care unit) Patient
moribund

Bowel obstruction

Primary diagnosis of heart failure or pneumonia, but may be used in COPD patients with these
complications if escalation to intubation and ventilation is deemed inappropriate.

Any of the above excluding the absolute contraindications NIV, may be considered where
appropriate, however should be monitored in a HDU/ITU environment. A patient’s wish or advance
directive not to have NIV should be respected and anyone with mental capacity who expresses
such a wish or has an advance directive not to have NIV is automatically excluded even if the
healthcare professional thinks that is an unreasonable decision.

Accessing the Acute NIV service:

For patients fulfilling the inclusion criteria, the medical officer (ST3 or above) should contact the
NIV physiotherapist for the respective hospital.

Good Hope on bleep 8224 Monday-Friday 8am-4:30pm,

Heartlands on bleep 2718 Monday to Friday 8am-4:00pm

Solihull on bleep 2050/1039 Monday-Friday 8am - 4:30pm

Or the ‘out of hours’ on call physiotherapist for the respective hospital via switchboard after these
times.

The initiating medical officer (if below the ST3 grade) must also contact the following:

At Heartlands: on call Respiratory Registrar (between 9am and 9pm) and RMOL1 at night
At Solihull: On call Medical Registrar in the day and at night

At Good Hope: On call Medical Registrar in the day and at night.

The medical registrar must decide and document at the time of consideration for NIV, the
resuscitation status and whether intubation and ventilation should be attempted in treatment
failure. If NIV is regarded as the “ceiling” of care, the medical officer (ST3 or above) should know
and document what escalation of treatment is necessary if the need arises. In cases of uncertainty,
the on call Registrar/RMO1 should discuss with the responsible clinical consultant as per on call
rota. Under ALL circumstances, the plan if NIV fails should be documented at the time of
commencement of NIV.
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Location

NIV can be initiated in any area of the hospital. However, a patient should be transferred to the
appropriate area as soon as a bed is available and the patient is stable to transfer. Patients in
respiratory failure (single organ system failure) should be transferred to Good Hope ward 10 NIV
bay, at Heartlands to ward 24 unit C, and at Solihull to the High Dependency Unit. The medical
officer (ST3 or above) on call must liaise with bed manager/on call sister and ward nurse in charge
to facilitate an available bed. Patients in acute multi-organ failure or who may need critical care
due to the severity of respiratory failure should be discussed with critical care outreach and the on
call ITU Consultant/Registrar for transfer to critical care. Patients with pH <7.25 may need to be
considered for critical care.

Note- OHS patients may have an increased risk of failure and intubation may be more difficult
therefore consider treatment in Critical Care

The physiotherapist can discuss any concerns with the following:

BHH site- Respiratory Registrar on call (9am — 9pm) or the Respiratory Consultant on call after
9pm

GHH and Solihull Site —the RMO on call

Set-up

Administering and monitoring of patients on NIV will only be performed by staff with specific up to
date training in this practice. Initial minimum IPAP of 15cmH20 (In COPD/OHS/Kyphoscoliosis
Minimum IPAP 10cmH20 in NMD) and EPAP of 3cmH20 (Greater if OSA is known or suspected)
IPAP increased over the next 10-30minutes until therapeutic response is achieved, patient
tolerance is reached and Respiratory Rate has reduced. Pressure target is 20- 30cmH20, IPAP
greater than 25cmH20 and EPAP greater than 8cmH20 then the On Call Physiotherapist to liaise
with the Respiratory Consultant (BHH) or Registrar (GHH & SHH)The medical officer (ST3 or
above) must prescribe oxygen for both on and off NIV. Aim target oxygen saturations of 88-92%
for all patients in AHRF Based on available data from previous admissions, if any, the on call
physiotherapist can use their discretion to increase the initial pressures at set up. (See site specific
NIV Database)

Note: Patients on Continuous NIV for greater than 12hours, a high NRS or inadequate oral intake
should be considered for Nasogastric (NG) feeding.

If NG Feeding is required then the following needs to be considered:

e Enteral feeding must be stopped whilst NIV is initiated/established.

e Consider feeding around NIV usage.

¢ If the patient feeds whilst on NIV, they must be positioned in an upright position at a minimum
of 45° during feeding and for 1 hour after feeding.

¢ Ideally, patients would be transferred to a nasal NIV mask if tolerated.

e If NIV is used with a nasogastric tube in situ, it should be a fine bore tube to minimise mask
leakage (RCP 2008).

Please refer to the most recent editions of following Trust Guidelines for full details:
- Guideline for Nasogastric Feeding in Patients Requiring Non-Invasive Ventilation.
- Guideline for Enteral Feeding Patients Requiring Non-Invasive Ventilation who have an
Existing Gastrostomy.

Monitoring
Observations should be recorded prior to NIV initiation. Frequent clinical monitoring of patients

should be performed every 15 minutes in the first hour, every 30 minutes in the 1-4 hour period,
and hourly in the 4-12 hour period. Observations to be recorded are indicated on the monitoring

184 |Page



Module C2 [16501449]

chart. Pulse oximetry and electrocardiogram recordings should be continuous during the first 24
hours, then if clinically warranted after this time. Any patient triggering a MEWS of more than 4
(unless documented by the medical team otherwise) should be discussed with the critical care
outreach service. If in agreement with critical care outreach, it is jointly felt that there is no need for
the outreach team to review the patient at that time, this decision must be documented in the
medical notes. However, the patient must be re-discussed with outreach if their condition
deteriorates. Arterial blood gases (ABGs) should be taken 1 hour post NIV commencement,
following any deterioration in condition, any subsequent change of settings and at 4 hours or
earlier if the patient is not improving clinically. Once NIV has corrected the acidosis, further
evaluation and ABGs should be taken based on clinical judgement.

Urine output and temperature will be charted by physiotherapy staff as competent/ adequately
informed to do so; otherwise nursing staff caring for the patient must chart these observations.

Duration of treatment

If NIV is being beneficial then this should continue as long as possible during the first 24 hours.
Hours and times of NIV and rest periods should be documented. All patients should be reviewed
by the daytime NIV physiotherapist and the respiratory consultant/registrar every morning as cover
allows. During the weekend, the respiratory registrar will review these patients. The
physiotherapist will review patients at the weekend based upon their weekend criteria of who is
suitable for the out of hour’s service.

Escalation

Decisions not to proceed to invasive mechanical ventilation should be taken by a RMO/Specialist
Registrar and/or Consultant. Treatment failure includes:
e Patients intolerant to NIV,
e \Worsening acidosis and hypercapnia despite appropriate settings,
e Worsening clinical condition e.g. pneumothorax or cardio respiratory arrest
¢ Inability to maintain adequate pO2 +/or Spo2 <85-88%(unless specified otherwise) despite
high flow O2 on NIV (consider NIV on BIPAP Vision machine/V60 on HDU at BHH/SHH)
e Continuing acidosis after 48 hours of NIV should be considered for intubation, and not
continued NIV. If the decision is not to proceed to invasive mechanical ventilation, this
should be decided by a ST3 or above and / or Consultant.

NIV treatment failure should be conveyed to the medical officer (ST3 or above) immediately and
candidates for intubation should proceed without delay. Those not suitable for intubation (after
discussion with the ST3 or above / Consultant) should continue with maximal treatment. Decision
on whether or not to proceed to endotracheal intubation should be made at commencement of
Acute NIV and reconfirmed within 4 hours of starting NIV, as improvements in ABGs, Respiratory
Rate and Heart Rate should be expected within this time. The physiotherapist can discuss any
concerns with the following:

BHH site- Respiratory Registrar on call (9am — 9pm) or the Respiratory Consultant on call after
9pm

GHH and Solihull Site — the RMO (Medical Registrar) on call.

SEE FLOW CHARTS ON PAGES 7 & 8
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Pressure area monitoring and care

e Waterlow scoring should be completed by nursing staff as part of Tissue Viability
Assessment on admission. Patients scoring 10 or above are considered at risk and should
have pressure areas monitored and recorded daily by trained nursing staff (including facial
areas beneath NIV interface, which should be checked at intervals set out on NIV MEWS
Observation Chart).

e Barrier dressings should be applied from the outset, as appropriate e.g. over bridge of
nose, to minimise risk of skin ulceration. (See NIV Tissue Viability Flowchart).

¢ In patients with red or broken pressure areas, advice should be sought promptly from the
Tissue Viability Team and alternative interfaces considered to relieve pressure areas.

e Patients who have been on continuous NIV for 48hours and are unable to wean should be
considered for an alternative interface to relieve pressure from the bridge of the nose and
forehead

Weaning

Weaning should commence 24 hours after initiation of NIV if it has been successful; PH >7.35,
underlying cause and symptoms resolved and RR normalised. This will be initiated by the NIV
physiotherapist or the Weekend Respiratory physiotherapy team. Weaning should generally
commence during normal daylight hours. Although some patients may wean more quickly/self-
wean/need domiciliary support, the aim would be to discontinue NIV by day 4. A proforma charting
physiological indices may aid successful weaning (See NIV weaning proforma — Appendix 13.

Note- Consider referral to Home Ventilation services on discharge from hospital following 1-2
admissions for AHRF (See Domiciliary NIV Screening Proforma — Appendix 2)

Palliation

Palliation of symptoms (with help from the Palliative Care Team) may be appropriate when there is
a decision not for ITU ventilation, standard medical treatment or NIV fails, or when a patient
chooses not to have NIV or further treatment. On occasions where NIV is used for palliation of
breathlessness only, the Palliative Care team should be informed and the Supportive Care
Pathway (available in the intranet) should be initiated. (See NIV Withdrawal Checklist — Appendix
15) NIV for symptom palliation should be considered only after these measures are instituted and
such a service is subject to the availability of machines, life-prolonging treatment with NIV (e.qg.
acute hypercapnic acidosis in respiratory failure) taking priority over palliative use.

Rahul Mukherjee, Lead Consultant for NIV

188 |Page



Module C2 [16501449]

NIV Appendix 1

Hospital Admissions Policy of people on Domiciliary NIV/ Home Mechanical
Ventilation (HMV)

Patients discharged with NIV for domiciliary use will broadly fall into two categories: Non
ventilator dependent and ventilator-dependent. For the purpose of this policy ventilator
dependent patients are defined as those who require more than 14 hours use of NIV per
day. Ventilator dependent patients would be expected to be supplied with two ventilators
(as a back up to prevent equipment failure preventing use of NIV). Irrespective of which
category the patient falls into the policy remains the same.

e Where patients are admitted to hospital who are capable of using their NIV machine
they should continue to do so as at home. There should be no specific need for
admission to ward 24 or other NIV competent area to facilitate this unless they are
admitted with a respiratory condition/progression of respiratory failure.

Assessment of deterioration in patients on Domiciliary NIV/ HMV

e Deterioration with associated acidosis/hypercapnia should be reviewed by the
medical team. Usage of NIV should be ascertained in case deterioration is
secondary to insufficient time on NIV.

¢ |f the patient is not currently using NIV it should be started and an ABG taken after
an hour to establish progress. During normal working hours referral should be
made to the NIV physiotherapy team for review/monitoring. As long as the patient
remains competent to manage their own NIV, this need not involve referral to the
on call physiotherapist outside of normal working hours but should be at the
discretion of the reviewing senior doctor/respiratory consultant. In either case,
transfer to ward 24 or other NIV competent area for continued management may be
advisable.

e Where deterioration occurs despite consistent NIV use the patient should be
referred to the ward based NIV service in the same manner of an acute referral.
Review should consist of adjustment of ventilator settings as necessary and change
to a standard NIV machine used in the Trust if the physiotherapist is unfamiliar with
the patient’s own ventilator. This will apply both for normal working hours and on
call working.

Equipment Failure

o Where domiciliary patients experience problems with their equipment this should be
managed via respiratory physiology (9am-5pm Monday to Friday), for problems
outside of these times the patient should stop using NIV until they can have the
problem investigated by respiratory physiology. Provided the patient does not
become acidotic/hypercapnic, no input from on call physiotherapy services are
required.

« If the patient becomes acidotic/hypercapnic during admission following a failure of
equipment they should be reviewed by the medical team with a view to referral to
physiotherapy team (as per an acute setup of NIV) — within normal working hours
this would fall to the ward NIV team, outside of normal working hours this will fall to
the on call physiotherapist via switchboard
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« If a patient is in a critical care environment and experiences an out-of-hours
equipment failure with resultant acidosis/hypercapnia, the patient should be
managed with critical care input/equipment in the first instance. Only if there is no
available equipment within critical care to provide the patient with NIV, should the
on call physiotherapist be contacted with a view to using ward based equipment for
treatment.

Weaning / Step down Care

o Weaning and step down care for patients on domiciliary machines admitted to
critical care would be carried out during normal working hours with the involvement
of the specialist NIV consultants and NIV physiotherapy team.
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NIV Appendix 2

Domiciliary Non-invasive Ventilation

Assessment

This form is designed to assess patient suitability for safe/appropriate provision of domiciliary NIV.
This decision to commence Home NIV is a multidisciplinary decision led by a physician as per PLCV regulations.

Affix Patient PID Label
Name:
PID: DOB: / /
Date of referral: / / Weight/BMI: /
Current Patient Location Referring Physician

Diagnosis and medical problems

Pre-admission functional Status/Clinical Frailty Score/ Previous occupation

Home NIV Criteria: ReSPECT status:

Daytime hypercapnia ] CPR [] No CPR []
2 3 Acute NIV episodes ] Ceiling of care
Inability to wean from acute nocturnal NIV 1]
Patient consents to use Home NIV ]
Exclusion Criteria:

e Inability to remove mask independently (with no waking night carer) ]

e Cognitive/behavioural limitation affecting ability to comply safely with NIV ]

e Intolerance of acute NIV ]

e Multiple co-morbidities limiting utility of NIV O
Physiotherapy Assessment: (for mode of ventilation)
COPD/significant airways disease [ ] Obesity-related respiratory failure ]
Neuromuscular disorder [] Thoracic cage deformity []

Symptomatic relief for admission prevention (in conjunction with any of the above) []

Chest/Cough Assessment (if applicable)

Auscultation: ......ccccvevvvecreccrnnee. PAIPATIONT L, >360L/min = monitor
60 11T ={ o H OO Peak Cough Flow:.......ccccuvvvrvreernen.
<270L/min = Teach cough augmentation techniques
SPULUM: e FEVI1................ FVC
OVErNight OXIMELIY.. oo oottt sttt s s <160L/min = Establish airway clearance device
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NIV Appendix 3

BHH SITE Ward Based NIV:
ACUITY-BASED NURSING STAFFING LEVEL SCORING SYSTEM

Physiotherapist and Senior Nurse for NIV Unit will update the scoring system daily prior to end of Physio day

shift.
5 ACUTE NIV (requiring continuous NIV)
NEUROMUSCULAR
ACUTE TRACHEOSTOMY (Without NIV)
4 POST 4 HR WEAN
3 POST 6 HR TO FULL DAY WEAN
PALLIATIVE NIV
2 OVERNIGHT WEAN
1 DOMICILIARY NIV
LONG TERM TRACHEOSTOMY (Self caring)
NURSE STAFFING FOR ACUITY SCORES
SCORING NIV NURSE TOTAL NUMBER OF
QUALIFIED NURSES
NEEDED IN BHH NIV UNIT
0-15 1 NURSE 2
16-30 2 NURSES 3
31-45 3 NURSES 4
46-60 4 NURSES 4
1. Use clinical bank for requesting additional nurses.
2. There is always 1 bank shift already allocated for LD/N against NIV cost
code to allow 3 qualified nurses in the unit.
3. This will be permanently recruited into to allow an acuity score of up to
30.
4. If additional staff is required: use clinical bank via POD/on-call

matron/Senior Sister and use NIV cost code.

Louise Wood, Ward manager, Ward 24 BHH
Joanne Hartland, Ward manager, Ward 24 BHH
Amy Oakes, Acute NIV Physiotherapy lead
Debbie Williams, Matron for Respiratory Medicine
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NIV Appendix 4
GHH SITE Ward Based NIV:
ACUITY-BASED NURSING STAFFING LEVEL SCORING SYSTEM

Physio and Senior Nurse for NIV Unit will update the scoring system daily prior to end of Physio day shift.

5 ACUTE NIV (requiring continuous NIV)
NEUROMUSCULAR
ACUTE TRACHEOSTOMY (Without NIV)

4 POST 4 HR WEAN

3 POST 6 HR TO FULL DAY WEAN
PALLIATIVE NIV

2 OVERNIGHT WEAN

1 DOMICILIARY NIV
LONG TERM TRACHEOSTOMY (Self caring)

STAFFING FOR ACUITY SCORES

SCORING NIV NURSE TOTAL NUMBER OF QUALIFIED NURSES
NEEDED IN UNIT (Ward 10)

0-15 1 NURSE Early 5
Late 4
Night 4

+ co-ordinator daytime

16 - 20 1/2 NURSES Early 5
Late 5
Night 5
+ co-ordinator daytime
21-25 2 NURSES Early 6
Late 5
Night 5
+ co-ordinator daytime
26 - 30 3 NURSES Early 6
Late 6
Night 5

+ co-ordinator daytime
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NIV Appendix 5

Non-invasive Ventilation in people with Highly Transmissible Airborne Diseases

The use of non-invasive ventilation (NIV) poses an enhanced risk to the airborne transmission of disease.
Standard NIV circuit has no filtration of the expired gases which are vented from the mask at volume and
flow rates higher than normal respiration.

During the SARS outbreaks in Canada and Hong Kong management of highly transmissible diseases with
NIV was discussed, studies have shown that NIV can be used effectively and safely in such situations if
infection control procedures are strictly followed.

General principles of infection control will apply to use of NIV in all situations but in highly transmissible
airborne diseases including: coronavirus, influenza, smear positive/multibacillary TB; additional precautions
will need to be taken. General principles of current suggested best practice for delivery of non-invasive
ventilation (NIV) in highly transmissible airborne disease are:

a) Staff should be trained in infection control;

b) A gown, gloves and eye protection should be worn for all aerosol-generating procedures; use of an
FFP3 respirator instead of a surgical mask may be prudent until data are available that allow better
assessment of the risk associated with different procedures;

c) Ideally, patients should be managed in negative pressure single rooms with anterooms, where these
are available. If such facilities are not available, they should be cared for in standard single rooms
or, if there is no other option, in cohorted groups;

d) A non-vented patient mask should be used if available;

e) Although bi-level pressure support NIV (bi-level positive airway pressure) is likely to be the preferred
method of NIV support, in certain circumstances continuous positive pressure ventilation may also
be used,;

f) NIV masks should be applied to the patient’s face and secured before the ventilator is turned on;

g) Ventilators that function with double-hose tubing (an inspiratory and an expiratory limb) may be
advantageous;

h) The ventilator should be turned off before removal of the close-fitting mask or when lifting the mask
away from the face, e.g. for mouth care or sips of fluid;

i) Humidification with water should be avoided.

BHH Site Specific Guidance

Ward 24 NIV unit does not have negative pressure side rooms. Negative pressure side rooms within the site
are available on ward 26 and ward 28. Discussion needs to occur at a bed management/consultant level
about the best use of clinical resource in this situation, options include:
e Housing the patient on ward 26 negative pressure side rooms, with additional staffing in line with
normal NIV capacity management.
¢ Housing the patient on ward 28 negative pressure side rooms. Ward 28 staff is not clinically
competent to manage acute NIV so trained staffing will need to be supplied (either from ward 24 or
critical care pools).
e Housing the patient on ward 24 in side room (will not be negative pressure and so will have
increased risk of transmission.
e Cohorted groups.

Patients should be considered for critical care admission where appropriate; however, there is no facility for
negative pressure room isolation within Heartlands critical care.
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NIV Appendix 6:

Weaning patients from Acute Non-invasive ventilation

Approach to weaning

Weaning NIV for patients with chronic lung conditions is based around gradually increasing time
off NIV, interspersed with appropriate rest periods on the NIV. Gradual reduction in the duration of
NIV should be determined by clinical improvement of ABG’s and as medical management of their
respiratory illness takes effect. Initially weaning should take place during the day prior to nocturnal
weaning, as patients with long-term respiratory conditions are more susceptible to developing
respiratory failure during sleep.

Assessing a patient’s suitability to commence weaning

Patients benefitting from NIV in the first few hours of treatment should receive NIV for a minimum
of 6hrs during the first 24hours (with appropriate rest breaks for meals, medications etc.). Weaning
should commence when arterial blood gas analysis demonstrates pH >7.35 and pCO2 within
desirable range for the patient. Clinical observations must be stable (e.g. HR, RR, SpO,) and the
patient’s work of breathing be controlled.

Duration of wean

Determining the duration of wean must be made by clinical assessment of the patient. Typically
patients will begin by completing 1hr off the mask. This can then be extended to 4hrs and 8hrs if
the patient is stable. After successfully weaning in the day, most patients will require an additional
night on NIV prior to commencing an overnight wean, unless chronic ventilatory failure indicates
trial of domiciliary NIV. (See Domiciliary NIV screening proforma — appendix2)

Monitoring during weaning

Clinical monitoring of the patient, to include MEWSs scoring and subjective assessment of a
patient’s perceived breathlessness, must be recorded during the weaning period. An arterial blood
gas is taken at the end of the planned weaning period and documented in the NIV weaning
proforma (see appendix 13)

Determining whether to extend duration of wean

Duration of wean can be extended if, at the end of the weaning period, the patients ABG shows pH
>7.35 and pCO, within desirable range. Clinical parameters (e.g. HR, SpO,, RR) must be stable
and the patient’s work of breathing be controlled.

If the ABG shows pH <7.35 and or pCO2 higher than desired the patient must recommence NIV.
The patient may re-attempt weaning the following day and once they meet the criteria outlined
above. Once the patient has successfully weaned nocturnally, subsequent monitoring of arterial
blood gases may only be indicated depending on the patient’s presentation.

Long-term nocturnal NIV
Long-term NIV therapy may be indicated in a select group of patients following assessment by the
specialist respiratory and NIV teams. (See Domiciliary NIV screening proforma — appendix 2)

NIV & Ward ‘Step-down’
A ‘step-down’ in the patients Level of Care may be considered once the patient has successfully
completed a night off NIV and arterial blood gases are stable.

Documentation

The weaning strategy must be documented in the patient’s NIV weaning proforma (see appendix
13). This will include planned duration of weans, analysis of arterial blood gases, outcome of
weaning periods and a detailed plan for ongoing management. The weaning plan will then be
handed over to nursing staff and the NIV acuity score updated as appropriate (See NIV nursing
acuity score — appendix 3+4)
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NIV Appendix 7

NIV Transfer Policy Solihull Hospital
Physintherapist to contact CCOT ta hegin plans for patient mowvement: Bleep
CCOT (2071} and contact Anaesthetist On-call: Bleep 0205 wia switchhoard.
CCOT or physiotherapist to contact HDU/CC to ascertain hed capactty.

Capacity (nursing & hed) on HDU/CCU available: patient to he tranzferred by physiotherapist, nurse and porter, +/- CCOT (if
availahle) once climcally stable, preferably after NIV established and first ARG taken at 1 hour on NIV

NO CAPACITY- Site Manager to be Post review: still no bed avatlable & NIV
informed. patient chnically stable: patient to he

Amnaesthetist On-call to review patients transferred off Solihull Site.
HLDU beds,

Suttable patients to be stepped down from HDU ¢
to Ward based care & NIV patient admitted to
HDI.

Patient not stahle to he

transferred, Mursed by
CooT,

Physiotherapist to establish patient on hife
support ventilator (currently VIVO3D) to
enable safe transfer.

v
Anaesthetist/Intensivist On-Call for Solihull
Inform Bed Manager of no capacity: identify to deterrmine level of care required, Le:

suitahle hed on BHH or GHH zites s NIV wardbased (1 system respiratory

faihire & not for HDU/TU decisions
/ or) or

¢ Crtical Care (2 or motre acute systerm
‘Ward hased:

; : Failure).
Physiotherapist to contact BHH
Ward 24, if no hed avalahle at

Critical Care hased:
BHE hen GHE Ward . CCOT ta contact Critical Care team at BHH, if

no hed avalahle at BHH then GHH Critical

Y

Care tearn
On take medical team at $olibull to handover
patient to On-call Respiratory Registrar (in ¢
hours) or On take medical team (out of On-call Anaesthetist on site to handaver to
hours) at recemwing site. ITU Congultant at receiving site.

|l |+

Nursing handover to he given to receiving
Solihull Physiotherapist to contact »| area
On-call physio atrecerving site to set i
up NIV machine on ward for patient to
be established on arrival ¥

Critical Care team are responsible for care of
NIV patient during cross site transfer and so
depending availability of staff etther CCOT
nurse or Critical Care Practitioner from
recetving site to accompany patient.

Chudelines for the use of Aeute Mon [rvastee Ventilation (MIV)
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NIV Appendix 8
Critical Care NIV Transfer Proforma

Name: PID:
Date:

Named Nurse:

Handover taken by: Time: Patient ID Label
Date:

Patient accepted by Respiratory Consultant [ ] Yes [ INo
History of Presenting Condition

Past Medical History

Patient known and reviewed by NIV Physiotherapy Team 1 Yes 1 No
ABG prior to NIV: pH
PCO2
PO2
BE
HCO3
Commenced on NIV: Date: Time:
Initial Settings: IPAP ABG on NIV: pH
EPAP
Oxygen PCO;
Mask type and size: PO,
BE
Current NIV Settings: IPAP HCO,
EPAP
Oxygen

Current NIV regime:

Passed Weans: (e.g. 1, 2, 4 hours)

ABG prior to transfer: pH
PCO2
PO2
BE
HCO3

Time transferred to ward 24:
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NIV Appendix 9
Critical Care Transfer Criteria — BHH/GHH
Inclusion Criteria:
e Patient no longer requires critical care support — decision made by the critical care medical
team;

e Transfer agreed by critical care team/Ward Respiratory consultant /NIV physiotherapy
team;

o Patient able to protect own airway;

¢ Single organ failure/organ failure needs can be met at ward level;
e FiO2<0.4

e Arterial line removed;

e CVC removed unless discussed with/requested by ward team:
e Clear plan for escalation/palliation in the event of further deterioration:

o Clear resuscitation decision - DNAR form completed where appropriate;

Patient established on ward NIV machine prior to transfer.

NB Step down at the weekend is to be avoided where possible, however if necessary and the
above criteria are met it can be actioned with agreement from the on call respiratory consultant
and on call physiotherapy team.

NB Patients are not to be set up for NIV transfers after 20.00 as this is not a provision provided by
the overnight On Call Physiotherapy service. The NIV team are to be contacted from 08.00 the
following day.

NB If the patient remains on continuous NIV but is appropriate for step down; they should still be
set up on the ward NIV machine by the NIV Physiotherapy team however, they should remain on
HDU for the next 24 hours for continuous monitoring. If during that time, the patient requires any
setting changes or the patient deteriorates after 20.00 Critical Care should return the patient to an
NIV machine they are trained to use and contact the NIV Physiotherapy team at 08.00 the
following day.
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Critical Care Transfer Pathway — BHH/GHH

to ward 24

Decision made by critical care that
patient is appropriate for step down

A

Referral to ward Respiratory Consultant

A

Agreed treatment and weaning plan — with documented
acceptable PH and PCO,. Escalation policy and documented

resuscitation status in place.

Referral to NIV
Physio team
(between 8am — 4pm)

Ward co-ordinator informed
of patient (until 7pm)

BHH # 2718 /

NIV Physio to review patient on
ITU/HDU at earliest convenience
between 8am — 4pm Mon - Fri

A

If the patient is able to be stepped down over
the weekend - refer the patient to the post take
Respiratory team and contact the on call
Physiotherapy team via switchboard

A\ 4

Patient to be set up on ward NIV
machine with ward circuit, mask and
appropriately entrained O2. Benehold
hydrocolloid dressing to be applied to
nasal bridge and forehead prior to
commencement of NIV

NIV set up to be completed as per
‘NIV Set up Flow Chart’ (Please

» see Use of Non Invasive
Ventilation Guidelines 2018)
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NIV Physio to complete ‘Critical
proforma’ and
verbal handover to be given to
the nurse looking after the patient

care Transfer

Patient to remain on continuous NIV with 15 minute
observations for 1 hour — repeat ABG on NIV.

A

Stable/Improved

A 4

Critical care to contact
ward co-ordinator to
check bed availability

h 4

Once bed available,
ward to contact
ITU/HDU

h 4

Worsening

A 4
Contact NIV Physio for

review of NIV settings

Critical care to complete
NIV transfer Proforma
prior to transfer to ward

A 4

Off NIV - only if patient has
passed a minimum of 2 hour wean
and is stable off NIV (pH >7.35
(unless agreed otherwise)and no
longer hypercapnic)

Critical care to transfer
patient to ward

\ 4

Patient to be transferred
to ward before 7pm

On NIV - if unable to come off NIV
due to WOB +/or AHRF — must
have critical care nurse escort
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NIV Tissue Viability Flow Chart

Prevention _Initial NIV Set up
e Hydrocolloid dressings + full face mask from initial /’ Y
set up —Forehead + Nasal bridge { ‘-.I
e InT.V box behind nursing desk | * '
e Please trim to appropriate size | e Pad
Documentation \ et J
N. Staff —Daily skin check in SKIN Bundle "-5\ _ J."
&
Physio’s —use of dressings/ mask changes in Medical notes S~

g

If not passed 1hr wean at

24hr continuous NIV

Prevention

e Convertto Amara Mask (or shield
mask as appropriate). Contact
physios to trial suitability

Documentation

N. Staff —Daily skin check + complete
skin check in SKIN Bundle

Physio’s — use of dressings/ mask
changes in Medical notes

—

Treatment Grade >1 sore

e [f unsuitable for Amara mask trial and grade >1
sore develops:
- Cover wound with non- adhesive dressing

- 2 Brands of facemask + alternate usage day +

night

- Advise patient not to alter mask fitting / pull down
onto lower part of nose

Documentation

N. Staff -Grade wound daily+ complete skin
check in SKIN Bundle

AAAAAAAA
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NIV Appendix 12
NIV Application Record

Date of referral: / / Time NIV requested: Name:
Time attended Ward:
Referral Source — PID:
RMO / ED SpR (ST3 Level or above only) [ ] Bleep ..............
Resp/ ED/ AMU Consultant I OO
Inclusion Criteria: (Must tick at least one - otherwise contact consultant)
COPD/significant smoking history [lobesity hypoventilation/obstructive sleep apnoea ]
Neuromuscular disorder [IThoracic cage deformity [] Bronchiectasis ]
Conditions Excluded:
Primary Heart failure / Asthma / Pneumonia with no co-existing inclusion criteria
HPC:
PMH:
Home Oxygen: Y / N Prescription___ L/min__ Nebs Y / N
Medical Management: Arterial Blood Gases:
(PH<7.25 — Ref to ITU for consideration if for escalation)
(As Indicated) First T2RF ABG Pre NIV T2RF ABG
Controlled 02 (Sp0O2 88-92%)

Sallf_pmol Nebs D.ate:

[] Ipratropium Nebs Time:

_ ) pH: (<7.35)
] Prednisolone/Hydrocortisone pCO2: (>6.5)
L] Aantibiotics pO2:
HCO3:
Other: Sp02:
02:

ABG Interpretation:

E.g. Decompensated type 2 respiratory failure +/- Hypoxia

*Resuscitation*: Yes [ ] DNAR []
*Ceiling of care*: Level 3/ITU/Intubation [_] NIV ceiling of care Level 2/HDU ] Ward based NIV only
*Treatment failure plan*:

Pre NIV observations:
RR: Sp02: Fi02: HR: BP AVPU
Chest X-ray findings: Pneumothorax No Yes [] ]

Contraindications: (x those that do not apply)

Imminent cardiac or respiratory arrest or need for intubation ]
Inability to protect airway L]
CV instability requiring inotropes/vasopressors (BP systolic <80mmHg) ]
Print name: Signed: Date: / /
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NIV set up:
Verbal Consent: [_] Implied Consent: [ ] BestInterest: []
Pressure areas checked: [_] Concerns:

Prophylactic pressure care in situ

Date: Time: Machine: No:

MaskSize S M L

IPAP: (cmH20) EPAP: (cmH20) 02 entrained: L/min Back-up rate:
Measured or estimated weight of patient: (Kg) Targeted tidal volumes: (ml) to (ml)

Any settings changed from default (e.g. Pressures/Trigger/ Ti / Rise + Fall):

Baseline Observations on NIV:
RR: Sp02: Fi02: HR: BP AVPU Temp MEWS=
Tidal Volumes (Vi) : (ml) Mask LK: (L/min) Aim 0 mask leak. Acceptable <20L/min

Tolerance: Yes [ ] No [_] If intolerant of NIV, Escalate back to referring doctor for urgent review.
Chest Wall movement: Yes [1 No [ If no CW movement, escalate back to referring doctor for urgent

review.
NIV Settings: IPAP: ............. EPAP: ............ Time: oo,

ABG 1hr post NIV set up: Analysis Improving ABG =

1 | normal
: Routine ABG in 4-6 hours
PH:
) >

pCo2: Worsening ABG=
pO2:
HCO3 Increase/ Optimise settings
02 Entrained

Optimise Medical management

Interpretation:

Contact RMO/Resp cons

repeat ABG in 1-2 hours
Plan: Any settings changes: Yes [] No [_] If yes, please

document:

Breaks from NIV: (i.e. Short breaks <10mins)

Oxygen requirements on NIV: L/min Oxygen requirements off NIV:(if assessed) L/min
ABG due at: Target sp02 88-92% documented and MEWS chart adjusted []

Transfer

Time Suitable to transfer: (i.e. improving ABG’s)

Reason for delay: Bed not available [_] Insufficient Nurse Capacity [] Patient not stable to transfer [_]

Time arrived to ward

Print name: Signed: Date: / /
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NIV Appendix 13

NIV Weaning Record

Date: Name:

Time: PID:

Subjective Assessment

Patient verbally consents to treatment/ ABG [_| Treated in best interests ]

Comments

Objective Assessment (complete as indicated) Nasal pressure care:

RR - Hydrocolloid dressing (preventative)

BP - Aquacel Dressing (non-adhesive)

HR - (use for > Grade 1+ if unable to tolerate
Amara)

Sp02 - Interface:

0,_ F+P Mask (>24hr continuous NIV change to
Amara)

AVPU — Amara Mask

Clinical presentation — Shield Mask

ABG Results Other Wean (No of hrs) ................
pH Current NIV settings if taken on NIV:
pCO2

pO2

HCO3

Spoz IPAP

FiO2

Analysis/Intervention (including changes in settings / interface changes) ** If acidotic replace NIV

Today’s Plan:

ABG due at: ..ccooeerieiiiiiieeeeeenn,

Name (Sign and print)
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NIV Appendix 14

General quidance on Managing Patients where an NIV bed unavailable
Physiotherapist Information

e Only one NIV patient should be set up at any one time to ensure patient
safety.
e A second patient may only be commenced by CCOT or by the on call physiotherapist once
the first is located within an NIV competent area i.e. Respiratory ward/Critical care
(See inpatient NIV referral flowchart)

e The on call physiotherapist:

- May leave the patient if waiting for bed availability/ transfer off site after 4hours only if
the patient is clinically stable and the 1 hour ABG shows improvement in pH/pCO..
Observations can be taken by nursing staff as per NIV MEWS chart instructions.

- May treat only a chest patient during this time

- Must remain on site and leave contact details for review in the event of deterioration in
MEWS/ABGs or persistent machine alarms.

e On site accommodation is available at short notice for on-call physiotherapists to remain on
site and come and review the patient urgently — contact Security.

205 | Page



Module C2 [16501449]

NIV Appendix 15: NIV Withdrawal Checklist

Summary Checklist for the Management of Withdrawal of NIV care MName:
when end-of-life care expected {DRAFT 2} oD
iD:
GUIDANCE:
¥ Use this document for patients choosing to withdraw from NIV MNHS Mo.
care and for patients lacking capacity for this decision
¥ Ensure ceiling of care excludes intubation and CPR Dob
¥ Aim to plan withdrawal in NORMAL WORKING HOURS

1. Indicate available supporting documentation which discusses shared
decisions regarding withdrawal from NIV

ADRT Other Advance GP Records Community Palliative @1
Care Plan Care records ﬁ
& fo’
Current case notes: See discussion dated ﬁbﬁf}

withdrawal, and if these persons are aware of the

S
2. Indicate who is inwvohred in discussions concerning NIV yﬁ S

deterioration expected from underlying life-limiting " &ﬁ
iliness (including trauma), irrespective of NIV use s ?.-'l@
Patient (18 years old or older; no reason to doubt capacity) L GUIDAMCE:
Legal proxy [ *copy of registration in casenotes) ¥ Starred box to be ticked
Family/Friend (supply names here) or IMCA [if no NOK & patient lacks capacity) OMLY if patient has

reguested NIV withdrawal
» If patient has not requested

Healthcare team

Consultant NIV withdrawal, proceed
Registrar/STr in best interests: the main
Hospital site_______ |wWard sister clinical team should
Ward__ Staff Nurse discuss rationale for
NIV Physiatherapist expected deterioration
Oecupational Therapist with family/friend, or
Critical Care Outreach Team appoint Independent
Palliative Care [NS. Mental Capacity Advocate
team Registrar/STr {IMCA) if no next of kin
Consultant ¥ If disagreement, obtain a

Healthcare Chaplaincy Team

second opinion

3. Identify responsibilities and roles {select and individualise as needed)

Communication

Leading discussions with patient & family/friend, and allowing time to process

Withdrawing telemetry and other continuows live/cyding monitoring

NIV Equipment

Alteration of NIV settings, alarms and modes; mask removal where requested

Medication

Prescribing of EOL medication: injectable strong opioid and injectable sedation

Signing out of Controlled Drugs

Administration of oxygen (e.g. nasal specula after mask remowval)

Supportive care

Providing comfart

Providing religious/spiritual support

Care after death

Verification of death

Provigion of personal care after death

Completion of death certificate and/or eremation form
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4. Identify approach to managing end-of-life symptoms (e.g. breathlessness, anxiety, terminal restlessness or

agitation) and aim to reduce consciousness level with use of strong opioids and sedation prior to withdrawal

- seek NIV physiotherapy & specialist palliative care advice

A. Best interests decision agreed
to withdraw NIV level of care

when AVPU is “U*

i) Use of continuous strong
opioid +/- sedation
[«h)
=
= [
z
& i) Use of PRN (bolus) strong
2 |ppioid +/- sedation
.
=
[
iii) Use of continuous strong
2
‘.-‘i-. opioid +/- sedation O
E
E iv) Use of PRMN (bolus) strong
5
B |opicid +/- sedation (]
bt

B. Patient requests withdrawal of NIV care

= /- increase in sedation level
prior to mask withdrawal...

i) Gradual weaning: reduction [...with use of IV PRN +/- continuous
in ventilator pressure settings |medication

O

..with use of 5C PRN +/- continuous
medication

O

removal when patient sedated O

i) Use of continuous IV strong opioid +/- sedation followed by mask

removal when patient sedated O

iii) Use of continuous 5C strong opioid +/- sedation followed by mask

ALLERGIES:
5. Document administration record and process here
Date: | On If ” Who is MIV pressure setting Drugs Signature &
4=
examination: oxXygen o present [Check alarms silenced administered PRINT
Time | AVPU/motor is in use g with and in ‘spont mode’] [Indicate doses MNAME
activity/ (FiQ: or = patient Write “OFF" when mask | in continuous
restless L/min) 'E withdrawn infusion if
o commenced)

M.Arolkar/ K.Stygall 2018
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Akinitial referral, determine patient is appropriate:
+  Agk referring dockor ko arrange bed

+ Inform dockor that no Furkher MIY setups are possible unkil patient can be mowved to a safe area

I

| on arrival onto ward 24 check for capacity on the ward |

v

L

If caparity exisks onward 24 setup Mo ward capacity — check if for bed capacity or staffing capacity

pakient on MIY and transfer to
ward as appropriate

l‘ I Bed capacity |

Setup patient as normal, ward 24
shiould swap transfer patients

|
|

| Staffing capacity |

between wards | discharge to
creake bed

Referring dockar ko decide if patient would be appropriate far critical care management wikh NIY

v

If mok For critical care

v

If For critical care

!

L

Involve critical care for discussion to see if
they can accept For management (may
include transFer ko okher brust sike)

declingd. <+——
Y
Bed capacity manager to check Faor ‘ |

capacity to accept patient at GHH

'
| Capacity at GHH | Mo capacity

k

v

arcentbed

!

Stahbilise and transfer to
critical care as appropriate

Contact critical care ouktreach ko
ask them if they are able ko
kransfer once patient skabilised

¥ ¥
If wes —initiate MIV, If no — ask for timeframe For when they
stahilise and hand are likely ko be able ko help,
over ko CCOT For Contack referring dockor o discuss with
transfer, MUST be critical care For any Further assiskance ko
treated with WPAP For arrange transfer to GHH, Skart NIV and
kransfer bo GHH stabilize, MUST be treated with

¥PAP for transfer to GHH

InfFarm referring dockor fbed
capacity team that no further
MIM's can be skarked until the
patient can be moved to &
ward with appropriately
krained skaff

Start NIV as per prokocal
Stabilise the patient on MIY

¥

ko do so)
+  Critical care should seek ta transfer ouk af trost as a level 2 patient

with nurse looking after the NIV patient until 2 bed can be created

+  Caontact bed manager for assistance ko find bed (may tell ward 24 ko accept patient despite having insufficient skaffing

« If insufficient nurse capacity exists on 24 bed manager could ask an NIV competent nurse From 2408126 ko swap
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APPENDIX 4: OUTPATIENT NIV TRIAL FOR CHRONIC HYPERCAPNIC RESPIRATORY FAILURE IN PATIENTS

REQUIRING NON-COMPLEX NIV (Goob HoPE HOSPITAL)

University Hospitals
Birmingham
NHS Foundation Trust
Outpatient NIV Trial for
chronic hypercapnic respiratory failure in
patients requiring non-complex NIV (Good

Hope Hospital)

CATEGORY: Clinical Guidelines

CLASSIFICATION: Clinical

Controlled Document
Number:

Version Number:

Controlled Document
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Controlled Document Richard Glover

Lead (Author): Clinical Scientist

Approved By: Julie Lloyd Service Lead/Clinical
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On:
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STATEMENT OF NEED/ INTRODUCTION

Non-invasive Ventilation (NIV) is ventilatory support delivered to the upper airway via a
facial mask. Mechanically it is similar to invasive ventilation delivered in the ITU, the main
difference is the state of the patient, with NIV the’ alert, awake and cooperative whereas

those on ITU are usually sedated and totally dependent upon others.

There are many instances where NIV is useful and can often be implemented to stop
patients being intubated who would ordinarily be difficult to wean once the acute episode

IS past.

The principle use of NIV within the context of this document is to treat hypercapnic
respiratory failure. This SOP refers only to NIV trials performed within the OP setting on

stable patients.

EQUIPMENT PREPARATION

NIV machine:

e ResMed Stellar 150
e Lumis 150

Consumables:

e Mask

e External disk filter

e Tubing

e Oxygen bubble tubing
e Oxygen connector

e Concentrator

e Pulse oximeter

e Humidifiers
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INDICATIONS

Trial of long term domiciliary NIV must be recommended and authorised by a respiratory

physician and usually (not limited to) the following selection criteria is applied:

- Hypercapnic respiratory failure with:

o Associated symptoms

o Suboptimal oxygenation due to hypercapnic respiratory failure,

o Frequent admissions and/or exacerbations,

o Persistent hypercapnia despite clinical stability

o Failure of CPAP (or CPAP trial deemed inappropriate) in the context of
obesity related hypoventilation found in conjunction with obstructive sleep
apnoea

- Nocturnal hypoventilation

CONTRAINDICATIONS

Absolute

= Acute hypercapnic respiratory failure (pH < 7.35, PCO, >6.5kPa)
» Facial trauma
= Life threatening event
» Multi-organ failure
= Severe fixed upper airway obstruction
» |nability to cooperate
= No cough reflex — risk of aspiration
Relative
= Highly uncooperative
*= Multiple pathologies

= Recent Pneumothorax

PROCEDURE

Test preparation and set up:

. Prepare paperwork
. Explain procedure and why the patient has been referred for NIV trial
. Perform ELCS/ABG according to ELCS SOP
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o If patient is in acute (decompensated) hypercapnic respiratory failure, case
should be escalated for acute intervention and outpatient set up is not
appropriate.

. Size mask and allow the patient to hold the mask on the face with the NIV
machine running at IPAP 12 EPAP 4 to acclimatize patient / alternatively affix
mask, using strapping.

. Follow the NIV set up flow chart (appendix 1)

o The aim of NIV set up is to:

* Provide at least a minimally effective level of NIV pressure support
(=8cmH-,0)

» Ensure that the patient is able to tolerate the pressure prescribed

= Correct blood gases*

e *Blood gas derangement is unlikely to be satisfactorily
corrected without a prolonged period of time spent using NIV
(ideally overnight)

e *Prescribing significantly higher than current O2 flow rates
should be considered a risk until the effectiveness (compliance
and improvement in hypercapnia) of NIV is confirmed;
subsequently LTOT requirements should be managed in line
with BTS guidelines and Trust guidelines on home oxygen.

e As a result of these points, NIV titration should aim to be at
least minimally effective and to facilitate comfort; secondary
changes to NIV settings can be considered at a later date once
good tolerance and compliance with NIV has been
accomplished to maximise therapeutic effectiveness.

. Once satisfactory settings have been established repeat ELCS

Review results:

. If titration is successful, confirm the NIV prescription with Respiratory Physician
and complete Appendix 2.

. Issue short term loan NIV for a period of 2-4 weeks

. Give the patient an NIV leaflet and explain that they will need to contact Lung
Function & Sleep with any issues regarding their NIV machine. Highlight we are
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an outpatient department open between 08:30 — 17:00 for enquiries or
appointments, weekdays only.

. Any weekend emergencies should be dealt with via A+E or their community
team (if a clinical concern, such as exacerbation) or Ward 10 (if a functional NIV
issue). If not an emergency the patient should be advised to wait until Monday
before calling the department.

Provide education:

. Mask fit
o Can the patient fit and remove the mask independently?
. Machine

o Can the patient turn the machine on and off independently?

. Cleaning of mask

. Alarms of machine

. How to use the ‘Home’ settings e.g. alarm, noise, back light etc.

. Explain they must bring their NIV machine with them if they get admitted to the
ward

. Humidifier - if utilising a humidifier, do not use an external filter with the circuit

. Arrange to phone the patient within a few days to check how they are

progressing

. Complete Competency assessment checklist (Appendix 2).

. Add the patient to the NIV database and comment temporary loan
. Log machine on sleep database

. Complete ‘summary of sleep pathway’

2-week review appointment

. Download compliance
. Perform ELCS
. If results are satisfactory re compliance and blood gas results issue long term

loan and arrange for a clinic follow up.
. Complete funding request
. Reaffirm education regarding:

o Machine operation
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o Filters for machine - Provide 3 external filters with the instruction to change
when they become discoloured. The internal filter is disposable and should
be changed regularly once discoloured, the grey washable filter must be
changed every 6-12 months.

o Mask fitting and cleaning

o Humidifier cleaning if appropriate

. Complete outpatient proforma
o Change comments on NIV database to long term loan
o Sign long term loan agreement

o Complete clinical letter

Downloading NIV machine compliance

. Stellar 100/150,
o Insert USB stick/ SD card into the machine
o On the machine choose:
=  Write set/log
» Detailed and summary data
= Select relevant dates
= Write
= QOverwrite existing data
. Run Rescan software
o Remove the USB stick from the NIV and insert into the PC
o On the PC choose:
= Select new patient and insert details or open patient details if existing
patient

= Download data selecting all available data

o Review data
. Choose all available data report ensuring the correct dates are selected and
print.

Note: No patient identifiable information is transferred onto the memory sticks only
compliance data from the device.
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CRITERIA FOR COMPETENCE

In house training that includes shadowing Band 6+ performing NIV trials and progressing

to performing NIV trials under direct and indirect supervision until competence assessment

is successful.

Attendance at recognised lectures, conferences and courses e.g. ARTP NIV course

REPORTING OF RESULTS/ PREPARATION OF REPORT

NIV set up should be documented on clinical letters using the appropriate report template.

This correspondence must be copied to the G.P referring clinician and the patient.

The NIV commencement documentation (see Appendix 2) should be completed and filed

in the clinical notes, and scanned onto the patients file within the Lung Function and Sleep

departments network drive.

PROTOCOL SUBMISSION DETAILS

Protocol Prepared by:

Date:

Protocol submitted to and approved by:

Protocol review date:

Richard Glover
(Adapted from UHB QE protocol)

06/08/2018

Julie Lloyd

06/08/2020
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Appendix 1: NIV titration protocol

Blood gas and SpO,
measurement and chest
X-ray

y

Confirm with respiratory
physician that NIV trial
remains appropriate

v

Initiate NIV
IPAP 12/ EPAP 4*
(if on CPAP set EPAP and IPAP to current
CPAP level)

v

Maonitor for 5
minutes

v

1 IPAP 2emH,0***

SpO, < 90%

v Patient can tolerate
=3 higher IPAP?

Consider increasing Continue with current settings for a

Fio2 minimum of 30 minutes and obtain
further CBG

If unacceptable,
consider (if tolerance
is permitting)

If acceptable or titration limited due to tolerance™
confirm outcome with Respiratory Physician

*Consider increases to EPAP during the procedure as clinically appropriate / indicated, ensuring a minimal difference in PS is maintained =28cmH-0

**Eurther pressure increases may be considered following a period of acclimatisation

***ansure a minimal difference in PS is maintained 28cmH,0
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Appendix 2: Domiciliary Non-invasive

Ventilation Assessment

This form is designed to assess patient suitability for safe/appropriate provision of domiciliary NIV.
This decision to commence Home NIV is a multidisciplinary decision led by a physician as per PLCV regulations.

Affix Patient PID Label
Name:

PID: DOB:
Date of referral: Weight/BMI: /

Current Patient Location: Outpatient (home) Referring Physician: Dr Ismail

Diagnosis and medical problems

Pre-admission functional Status/Clinical Frailty Score/ Previous occupation

Home NIV Criteria: ReSPECT status:
Daytime hypercapnia ] CPR [] No CPR []
> 3 Acute NIV episodes ] Ceiling of care:
Inability to wean from acute nocturnal NIV 1]
Patient consents to use Home NIV ]
Exclusion Criteria:

e Inability to remove mask independently (with no waking night carer) ]

e Cognitive/behavioural limitation affecting ability to comply safely with NIV ]

e Intolerance of acute NIV ]

e  Multiple co-morbidities limiting utility of NIV O
Physiotherapy Assessment: (for mode of ventilation)
COPD/significant airways disease [ ] Obesity-related respiratory failure ]
Neuromuscular disorder [] Thoracic cage deformity []

Symptomatic relief for admission prevention (in conjunction with any of the above) []

Chest/Cough Assessment (if applicable)

Auscultation: .......ccccevevvccevcveneee. - Palpation: e,
COUBN .t Peak Cough Flow:......cccceeevvrierinennene. >360L/min = monitor
SPULUM: e FEVI......cvenes FVC..orreeeeeeeeee <270L/min = Teach cough augmentation techniques

<160L/min = Establish airway clearance device
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Arterial Blood Gases (with Max and discharge CO, at time of deciding
home NIV):

Reported symptoms: Date: Date:
Time: Time:
e Excessive daytime somnolence [ ] pH: pH:
e Headache ] pCO,: pCo,:
e Confusion ] pO,: pO,:
e Increased shortness of breath [ ] HCO;: HCO;:
e Resting Tremor ] Sp0;: SpO0,:
Fi02: Fi02:
Non- Invasive Ventilation physician Review:
NBIMIE oo ese s e eeeeee Suitability: Yes [] No [

Yes [ ] Further discharge planning for increased care needs

Domiciliary NIV Settings:

Machine Domiciliary NIV regime:

Serial Number Daytime....coceveve e

Headgear Overnight......ccocnvnniinccccn,
Interface and Size S M L

IPAP (cmH20) Ambulatory Oxygen: Yes [] No []

PS min/max If YES, prescription........ccoveeeenenncvnneeenne

EPAP (cmH20)

Mode

Back up rate If YES, prescription.......cccceeeeeeeeceniesesieennes
Trigger

ABG on LTOT
Rise / Fall o.n ;

FESCHIPLION. ..o ettt e

Ti Min prescrip
Ti Max

CCGiiteietecee ettt s ebae e

Oxygen On NIV

CHC Funded Yes No PHB Yes No

Oxygen Off NIV

Print
name: Signed: Date: / /
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NIV AGREEMENT

Affix Patient ID Label

Contact Telephone number: ...,

I, the above named, have received treatment with NIV. My treatment centre is the
Lung Function & Sleep Department at Good Hope Hospital and | agree to bring my
machine for servicing on an annual basis. | understand that it is my responsibility to
arrange a mutually convenient date and time for this through the Lung Function &
Sleep Department on 0121 424 7229.

| also acknowledge that the CCG funds the machine, masks and equipment, and
that only a certain amount of masks and equipment can be provided. | agree that if |
exceed what the CCG have funded to provide, that it is my responsibility to
purchase further masks and equipment independently.

| understand that failure to comply with this agreement will result in my service and
maintenance contract with my Primary Care Trust being cancelled. The Lung
Function & Sleep Department will then no longer be able to service my machine or
provide me with consumables.
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Competency / Teaching

Before Discharge Date &
Initialled

1. | Provided with patient information booklet

2. | Indications and benefits explained

3. | Minimal frequency of use for clinical effectiveness and advised on increasing
frequency and other action if the patient is unwell

4. | Seek assistance via GP/ Lung Function & Sleep if they suffer side effects

Bring the machine with them for any overnight stay in hospital

6. | Taught on/off buttons, visual screen explanation and an instruction manual
given

7. Practical demonstration how to attach the circuit and detach it from the
machine

Taught how to clean the circuit and mask, and how to reassemble them

It is not the responsibility of HEFT to train carers or care agencies

10. | NIV machine is hospital property and should be returned if not used.
Insurance is required if the machine is taken abroad.

11. | Servicing should be arranged annually by the patient with the Lung Function
& Sleep Department

12. | Lung Function & Sleep Department details provided for any problems with
machine/mask

Once patient Discharged home

13. | Follow up appointment arranged in clinic to assess the efficacy of the
machine and daily routine/usage will be discussed.
If the machine is not in regular use, the continuing issue of the machine may

be ceased.
Issuing HCP Signed e Date  .oovrveeinne
Print e
Patient or Family Signed i Date  .ovrveeiene
Print o,
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APPENDIX 5: Domiciliary NIV Service Proposal Consultant Feedback

The aim of this survey was to assess the Respiratory Consultants perception of the service

proposal to develop a local domiciliary NIV Service.

Initially, it had been planned to conduct 1:1 meetings with each consultant using a semi-
structured interview format. However, given the pressures on their time and following several
cancellations of interview sessions, a simple questionnaire consisting of three questions was used

and their responses are summarised below:

Q1 Do you feel that an elective outpatient domiciliary NIV Service would be beneficial to the

patient population served by Good Hope Hospital?

The responses are displayed in Table 1

1 | Significant patient benefit 4
2 | Some patient benefit 0
3 | About the same 0
4 | No perceived patient benefit 0
5 | Negative effect on patient care 0

All of the Respiratory Consultants indicated that they felt that the proposed service would have a

significant beneficial effect on patients living close to Good Hope Hospital.
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Q2 Do you feel that an elective outpatient domiciliary set up NIV Service will impact on your

existing patient workload?

The responses are displayed in Table 2

1 | No significant effect on workload 3
2 | Some effect on workload 1*
3 | Significant increase in workload 0

* The consultant that responded that there would be some effect on their workload has agreed to

take the role of site Clinical Lead for the proposed domiciliary NIV Service.

Q3 Do you feel confident that non-complex patients can be safely managed by a local

domiciliary NIV Service?

The responses are displayed in Table 3

1 | Very confident 4
2 | Somewhat confident 0
3 | Uncertain 0
4 | Not confident at all 0

The consultants were provided with a ‘free text’ section to highlight if there were any further

concerns or queries about the proposal. There were 2 responses recorded to this section:
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‘My only concern about this proposal is whether the scientific staff will be able to absorb this in to
the current workload, given the conflicting pressures they are under. | would not like other areas of

service, such as lung function testing, to suffer at the expense of NIV.’

‘This service should offer a real benefit to patients living locally and is a much needed addition the

Respiratory Medicine Service at Good Hope site. ’

It was reassuring that the Consultants were considering the impact of an additional service. This
additional work has been factored in to the recent respiratory physiology staffing review, and staff
roles have been adjusted to allow for this. It is clear than there is strong Consultant support for
this service in terms of the perceived benefits it will provide for patients living geographically

closer to Good Hope hospital.
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APPENDIX 6: GHH HOME NIV SERVICE ENGAGEMENT MEETING AGENDA

GHH Home NIV Service Engagement Meeting Agenda

29/09/2017 13:50 — 15:00,

Venue: Outpatients seminar room — 1* Floor

Attended: Dr lyad Ismail (Consultant Physician), Julie Lloyd (Service Lead), Richard Glover (Senior
Clinical Physiologist), Dr R Rajput (GP/SES Clinical Lead), Anna Redpath (Community Matron, SES),

Tim Owen (Sutton Coldfield Breath Easy Group), lona Belgrove (PALS)

1. Minutes from previous meeting 08/07/2015
2. Local Outpatient Domiciliary NIV Proposal

2.1. The outline proposal had previously been circulated and a short PowerPoint presentation
was given to expand on the service proposal. The floor was opened to questions about the
proposed NIV service.

2.2. Anna Redpath (AR) raised some concerns about how much involvement would be
expected from Community Matrons in terms of management; Dr Rajput (RR) echoed this
concern about community support. Julie Lloyd (JL) and Dr Ismail (Il) reassured them that
there was no expectation that the community teams would take on the management of
newly established NIV patients. The clinical responsibility for managing the NIV would
remain with the GHH NIV Team and the community teams would continue to provide
their current level of support.

2.2.1. JLoutlined the education and training that would be provided for the patients
receiving NIV and for the community teams supporting this group of patients.

2.3. lona Belgrove (IB) asked if the proposed NIV service at GHH would be the same as patients

would receive at a Tertiary Centre. |l stated that the GHH service would only take on
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patients that met the ‘non-specialist’ NIV criteria and he described which patients would
be suitable for the GHH service. Patients requiring more complex ventilation would
continue to be referred on to the Tertiary Centres based at Birmingham Heartlands
hospital or North Staffs Hospital. The pathway and agreed standards of care were in line
with those established at the Tertiary Centre and equivalent across all sites.

IB asked how it was planned to monitor that the care that the patients received would be
‘equivalent’ to the current care received. JL described that we planned to undertake a
service review over a 12-month period, comparing the current model of in-patient
initiation with the new model of outpatient initiation. The service review would compare
outcomes in terms of physiological measures and also quality of life; IB asked if it was
planned to share this data and JL advised that publication was planned.

Tim Owen (TO) stated that he was pleased that this new service was being brought closer
for local patients. He reported that following review and discussion within the Breathe
Easy group, members of the local group were pleased that they would potentially have to
travel less for their care.

2.5.1. TO asked if carers would receive education and support with NIV. JL advised that
this formed part of the service proposal.

2.5.2. TO asked how patients would be involved with the service. JL advised that it was
planed to conduct individual patient interviews to gain a deeper understanding of
patients perceptions and feelings around home NIV in addition to measuring quality
of life outcomes. TO thanked JL for this information.

No further questions were raised and all participants were asked if they felt that they

would support the service proposal. The proposal was accepted unanimously and all
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participants in the meeting were advised that if they had any further questions or queries,
they could contact JL by email or telephone (details provided)
3. AOB
3.1. NIV Polices and guidelines: the service pathway documents were distributed to the
attendees and queries could be directed as above.
3.2. The research proposal was also circulated to the group for dissemination and comments;

no comments received to date.

The meeting was closed and the attendees thanked for their helpful participation. The minutes

of the meeting will be distributed to all attendees; no further meetings were planned at this

time.
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APPENDIX 7: SIGNED SPONSORSHIP LETTER

NHS

University Hospitals Birmingham
NHS Foundation Trust

18/04/2019

Dear Julie Lloyd,
Confirmation of University Hospitals Birmingham NHS Foundation Trust Sponsorship:

“The impact of domiciliary NIV on physiological and QoL parameters in a cohort. of
patients.” (2019005STU)

Thank you for submitting your project for consideration of UHB Sponsorship. Your proposal
was reviewed by the R&D Management Team and | am writing to confirm that the decision
was made that University Hospitals Birmingham NHS Foundation Trust, of Birmingham
Heartlands Hospital, is able to take on the duty and responsibility of Sponsor for the above
named study from the date of this letter.

University Hospitals Birmingham NHS Foundation Trust, of Birmingham Heartlands Hospital
will fulfil its Sponsorship duties in accordance with the legislative requirements as detailed in
the UHB Sponsorship of a Research Study standard operating procedure (SOP), which is
available from the Trust policies and procedures intranet site:
http://sharepoint/policies/Procedures/Forms/

As part of our processes, Nick Denyer (Project & Sponsorship Co-ordinator) will work directly
with you as the Trust's Sponsor representative for the duration of your project. Please refer
to the “UHB Sponsorship of a Research Study” SOP for further details on the role of the link
person and the support they will provide you during the study.

We would like to wish you all the best for your project and we look forward to hearing of your
progress in the near future.

Yours sincerely
Ch—

Dr. Sarah Pountain
Interim Head of Research

V3.0, 01/02/2019

Chair: Rt Hon Jacqui Smith . . Chief Executive: Dr David Rosser
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APPENDIX 8: NIV ReEviEw (LUNG FUNCTION AND SLEEP, GOOD HOPE HOSPITAL)

CONTROLLED DOCUMENT

NHS

University Hospitals
Birmingham
NHS Foundation Trust

NIV Review (Lung Function and Sleep, Good
Hope Hospital)

CATEGORY: Clinical Guidelines

CLASSIFICATION: Clinical

Controlled Document

Number:

Version Number:

Controlled Document
Sponsor:

Controlled Document
Lead (Author):

Richard Glover

Clinical Scientist

Approved By:

Julie LLOYD, Service
Lead/Clinical Scientist

On:

Review Date:
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STATEMENT OF NEED/ INTRODUCTION

Non-invasive Ventilation (NIV) is ventilatory support delivered to the upper airway via a
facial interface (mask). Mechanically it is similar to invasive ventilation delivered in the
ITU, the main difference is the state of the patient, with NIV patients alert, awake and

cooperative whereas those on ITU are usually sedated and totally dependent upon others.

There are many instances where domiciliary NIV has uses. The principle use of NIV is to
improve oxygenation and reduce inspiratory muscle load in patients who have a history of
type Il respiratory failure. Patients treated with domiciliary NIV have met certain criterion
that demonstrated that the treatment would be beneficial, in terms of reducing the
likelihood and frequency of admission and exacerbation (COPD), improve and control
symptoms, and effectively treat sleep disordered breathing (obesity related

hypoventilation)

This SOP refers only to NIV reviews performed in the Good Hope Hospital Respiratory
Physiology department, and covers patients previously established on domiciliary term

non-invasive ventilation.

EQUIPMENT PREPARATION

The following equipment is required:

e Calibrated Blood Gas Analyser,
e ResScan (software)
e Back up NIV devices, to include:
o Lumis ST-A 150
o Stellar 150
Consumables:

e An appropriate range of NIV/CPAP masks.
e Circuit tubing,
e Ventilator filters,

¢ Blood gas sampling equipment.

INDICATIONS

Patients attending the Good Hope Hospital Lung Function and Sleep NIV review service

and previously established on home NIV.
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CONTRAINDICATIONS

The Good Hope Hospital service is appropriate for patients who require non-complex NIV.

A concise definition for non-complex NIV is not formally defined but in relation to the local

service, patient groups excluded include:

e Motor Neurone Disease,

e Muscular Dystrophy,

e Other rapidly progressive neuromuscular conditions,
¢ NIV dependant (NIV usage >14 hours)

Patients presenting to the service with these conditions should be referred to a specialist

centre for home NIV.

PROCEDURE

Health and Safety

e Patient-operator and patient-patient cross-contamination can occur if the use of gloves,
hand washing, and equipment-decontamination procedures are not adhered to
correctly.

e Operators routinely use Standard Precautions (see Infection Control chapter) as a
protective precaution when caring for all patients if there is any possibility of direct

contact with blood, body fluid, mucous membrane, non-intact skin or secretions.

Patient Preparation and Pre-test considerations
Prior to the appointment, the subject should be asked to avoid:

e Smoking for 24 hours prior to the test

e Consuming alcohol for at least 4 hours

¢ Vigorous exercise for at least 30 minutes prior to the test

e Wearing clothes or surgical appliances that restrict chest movement

Process:

The NIV review service offers a combined approach to long-term oxygen therapy and
domiciliary NIV management. There is no capacity or funding for home visitations and all
instances of NIV reviews are performed in the Treatment Centre at Good Hope Hospital.
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Patient education:

Patients should be provided with appropriate education with respect to their NIV therapy

and respiratory condition, which includes:

e Contacting their community team in the event of deterioration,

e Contacting the emergency services in the event of significant deterioration,

e Contacting the Lung function and Sleep department (GHH) if they have issues with

their current therapy, including oxygen or NIV.

e Provided with the ‘Long-term NIV’ patient information booklet.

e Provided with oxygen alert cards

Oxygen therapy:

Oxygen therapy is managed in line with BTS guidelines and is formally outlined in a

separate operating procedure (Please see: LTOT assessment)

NIV therapy:

The management of NIV in the local service includes the following aspects:

Issuing and recording the SRI (Severe Respiratory Insufficiency) quality of life
guestionnaire.
Download data from NIV device (Stellar 100/150, Lumis 100/150)
o Insert USB stick/ SD card into the machine
o On the machine choose:
=  Write set/log
» Detailed and summary data
» Select relevant dates
=  Write
= Qverwrite existing data
= (Note no patient information is transferred onto the memory sticks
only compliance data from the device.)
o Run Rescan software
o Remove the USB stick/ SD card from the NIV and insert into the PC
o On the PC choose:
= Select new patient and insert details or open patient details if existing
patient

» Download data selecting all available data
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o Review data
» Choose all available data report ensuring the correct dates are
selected
e Obtain a Ilimited clinical history to identify acute/chronic deterioration and
recommend medical input where appropriate.
e Assessing and improving the effectiveness of NIV settings and interface, to include
o Control of hypercapnic respiratory failure in relation to previous blood gases
and expected blood gases.
= **Decompensated hypercapnic respiratory failure**:

e Patients presenting with decompensated hypercapnic
respiratory failure should be escalated for acute medical input
with either a review in the respiratory medical clinic, or
attendance at the Acute Medical Assessment unit if
recommended by a respiratory physician or registrar.

o Adequacy of tidal volumes and minute ventilation in relation to the individual
patient.
o Mask fit in terms of air leakage.
o Making appropriate changes to NIV settings to provide effective ventilation.
e Assessing and improving synchrony and comfort with current NIV settings,
¢ |dentify any side effects of NIV and take appropriate action, which includes:
o Aerophagia and associated risk of abdominal distension (bloating)
o Facial skin trauma,
o Pain/ discomfort
e Performing or requesting sleep studies (Overnight oximetry and Limited
polysomnography) as necessary and as indicated by the patient’s clinical
presentation or reported symptoms (tests should be performed in line with the
relevant standard operating procedure for each test (Please see Overnight oximetry
/ Overnight limited channel sleep study).
e Making recommendations to attend Pulmonary Rehab (and arranging a referral)
where appropriate and where consent is obtained.
e Referring the patient for medical input on the day, or as a follow up as clinically
indicated
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Spirometry:

Patients attending for a NIV review should undergo spirometry 1-2 times per year.
Spirometry should be performed in line with the relevant standing operating procedure
(Please see: Spirometry SOP).

Machine servicing
NIV devices require an annual service. The process to facilitate this is as follows:

e The NIV device service month should be pre-registered on the appointments
system (NIV service OPA type) and booked to coincide with the patients NIV
physiology review

e The day preceding the service date, a job to service the device should be
logged with EBME (electrical and biomedical engineering).

e When the patient attends for the test, and following any machine related
activities, EBME should be called and notified that the machine is ready for
service.

¢ Following the OPA, the NIV device should be pre-registered for a repeat service
in 12 months’ time when the process repeats.

Follow up procedure

Following the attendance the physiologist reviewing the patient should make a
recommendation for the patient’s next review. Patients undergoing changes to their
ventilator may need to be reviewed again within 4-8 weeks to re-assess the success of the
change. Patients with controlled blood gases and who are clinically stable without frequent
admissions should be considered for once yearly reviews. All other patients should be

reviewed biannually.

CRITERIA FOR COMPETENCE

Physiology staff undertaking routine NIV reviews should be trained to Band 6 level. The

following competencies and skills are required:

o Ability to competently obtain and interpret blood gases using arterial and/or
capillary blood gas measurements.
e Trained (in house) and competent in the assessment and prescription of long-term

oxygen therapy.
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e Trained (in house) in the use and application of NIV
e Trained (n house) in the issuing and interpretation of overnight oximetry studies.
e Attendance at recognised lectures, conferences and courses; ARTP/BTS NIV

course.

REPORTING OF RESULTS/ PREPARATION OF REPORT

Following the attendance a clinical letter should be prepared describing the action taken
and discussions had during the review. This should be attached to clinical letters and
copied to the G.P and the patients referring clinician.

Any changes to oxygen prescriptions should be made via OxyShop and recorded on the

clinical letter.

Any changes to ventilator settings and/or interface should be recorded on the clinical

letter.

In the event where the NIV device is changed this should be noted on the NIV database

by changing the model and serial number where appropriate.

PROTOCOL SUBMISSION DETAILS

Protocol Prepared by:  Richard Glover Date: 06/08/2018

Protocol submitted to and approved by:

Clinical Service Lead: Julie Lloyd Protocol review date: August 2020
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