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Increasing the flow of 100% Nitrogen to improve the accuracy of the Venturi Hypoxic 
Challenge Test.   
Mr Harry Griffin1,  

1Hampshire Hospitals NHS Foundation Trust, Winchester, United Kingdom 

 
Introduction: Hypoxic Challenge Tests (HCT) are used to assess the requirement for in flight supplemental O2. In the UK 
a 40% O2 venturi valve, driven by N2 rather than O2 is the most commonly used technique to simulate the lower 
inspired O2 pressure (Griffin & Purcell ARTP, 2018). However, the fraction of inspired O2 (FiO2) provided by this type of 
HCT may not always be the anticipated 15%. Indeed, the total flow of the venturi jet when driven by the recommended 
10 l/min of N2 is ~40 l/min which can be exceeded by tidal inspiratory flows. Room air is subsequently drawn through 
the expiratory ports (holes) to satisfy the deficit, increasing the FiO2 above 15%. However, it has previously been 
shown that the total flow of the venturi jet can be increased by elevating the driving flow of O2 above the 
recommended 10 l/min without effecting the FiO2 (Vohra & Klocke, AARD 1993). We hypothesised this would also be 
true when N2 was used despite the difference in density from O2.  
Methods: The FiO2 and the total flow of the venturi jet were measured using an Ultima CardiO2/PFX analyser (MGC). 
The O2 analyser was calibrated with room air and 12% O2. The analyser was placed ~50 cm downstream of the venturi 
jet, centrally within 11 mm diameter tubing and recordings made after > 30 s of continuous flow to ensure complete 
gas mixing. 
Results: Increasing the flow of N2 from 10 to 15 l/min greatly increased the overall flow of the venturi jet without a 
meaningful change in the FiO2 (Table 1). One of the three models of venturi valves tested produced an FiO2 of 0.5% 
higher than the expected 15%. 
 

Model of 
venturi valve  

Total flow when 
driven with  
10 l/min N2  

FiO2 (%) Total flow when 
driven with  
15 l/min N2  

FiO2 (%) Difference in 
total flow 

Difference 
in FiO2 (%) 

Flexicare 40 % 
venturi LOT 
191200097, 
REF 034-10-
029C 

49.2 l/min 15.5  73.2 l/min 15.6  24 l/min 0.10  

Intersurgical 
LOT 
32103328. 
REF 0040000 

42.6 l/min 14.88  68.4 l/min 15.18  25.8 l/min 0.30  

Lifecare. LOT 
M2011092. 
Ref L-
4002/40% 

44.4 l/min 14.97  64.8 l/min 15.08  20.4 l/min 0.11  

Mean and SD 45.4 ± 2.78 l/min 15.12 ± 0.27 68.8 ± 3.44 l/min 15.29 ± 0.23  23.4 ± 2.24 l/min 0.17 ± 0.09 

 

Table 1: FiO 2 and total flow from three different venturi valves when driven with 10 and 15 L/min N2 . 
 
Conclusions: Increasing the flow of N2 from 10 to 15 l/min through the venturi valve is likely to increase the accuracy of 
the venturi HCT. However, further studies are required to examine whether the higher flow of the venturi jet causes a 
pressure build up within the mask. Theoretically, this could alter the ratio of room air entrainment into the venturi jet 
effecting the FiO2. 
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residual lung abnormalities 
Miss Demi Jakymelen1, Mr  Ian Smith2, Dr Laura  Saunders1, Dr  Laurie Smith1, Dr  Roger Thompson2, Proffessor  Jim 
Wild1 

1University Of Sheffield, Sheffield , United Kingdom, 2Sheffield Teaching Hospitals, Sheffield ,  

 
Introduction: Impaired lung function and residual lung abnormalities (RLA) on structural imaging have been observed in 
previously hospitalised COVID-19 patients (Stewart et al. AJRCCM 2022; in press). Longitudinal lung function changes in 
patients with and without COVID-19 related RLA remains unclear. 
 
Methods: Patients hospitalised with COVID-19 pneumonia performed spirometry and gas transfer at 24 and 52 weeks 
post-admission and were assessed for RLA using CT or MRI at 12-weeks post-discharge. 
Wilcoxon and Mann-Whitney tests assessed longitudinal and group comparisons respectively. Data are presented as 
median (IQR). 
 
Results: 30 patients were assessed in total (M=25,F=5), age=63.6 (14.7) years, BMI=30.8 (4.1). 15 patients (9 with RLA) 
were assessed at both time-points. At 24 vs 52 weeks, 14 RLA and 7 non-RLA patients were tested vs 17 RLA and 7 non-
RLA respectively. 
At 24 weeks, 52.4% and 23.8% of all patients had an abnormal TLco and FVC respectively (Zscore<-1.64), all of whom 
had RLA. Of these, 80% and 18.2% had FVC and/or TLco increase to >-1.64 Z at 52 weeks. 
At 24 weeks, patients with RLA had a lower FVC (Z=-1.47 vs 0.27, p=0.007), TLco (Z=-2.18 vs -0.47, p<0.001) and Va (Z=-
2.73 vs -0.29, p<0.001) compared to those without. There were no significant differences for FEV1, FEV1/FVC or Kco at 
24 weeks. At 52 weeks patients with RLA had significantly lower (p<0.02) TLco, Va and Kco (Z=-2.48 vs -0.31, -2.22 vs -
0.49 and -1.17 vs, -0.03), than those without. There were no significant differences for FEV1, FVC or FEV1/FVC at 52 
weeks. 
No longitudinal changes were observed in non-RLA patients, however in RLA patients there was an increase in FVC (Z=-
1.66 to -1.32, p=0.012) and a decrease in FEV1/FVC (Z=0.61 to -0.09, p=0.004). 
 
Conclusions: Patients previously hospitalised with COVID-19 and resulting RLA on structural imaging, had significantly 
impaired gas transfer compared to those without, which persisted 1 year post-discharge, despite an improvement in 
lung compliance. 
 
 



 
 
 
 
Figure 1. Between-group (A & B) and longitudinal (C & D) plots of TLco and FVC for patients with and without COVID-19 related RLA  
Plots A and B show TLco (A) and FVC (B) Z-scores of patients with and without post-COVID-19 RLA at 24-and 52-weeks post-hospital admission. Patients 
with RLA had a reduced TLco at both 24- and 52-weeks compared to the non-RLA group and a reduced FVC at 24 weeks only. Plots C and D demonstrate 
the change in TLco (C) and FVC (D) Z-scores for those patients with post-COVID-19 RLA followed up at both 24- and 52-weeks post-hospital admission. 
At 52 weeks, compared to 24 weeks, patients with RLA had on average a significant increase in FVC, but did not have a significant increase in TLco. The 
dotted horizonal line on each plot indicates the lower limit of normal at a Z-score of -1.64. The solid horizontal lines on plots A and B indicate the group 
median for the surrounding data set.  
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Longitudinal lung function trajectories in adults with severe asthma.  
Mr Samuel Wallbanks1, Mr Max Thomas1, Mr David McNulty1, Professor Brendan Cooper1, Professor Adel Mansur1 

1University Hospitals Birmingham, , United Kingdom 

 
Introduction: There is a paucity of research on longitudinal lung function in severe asthma. This study retrospectively 
evaluates lung function trajectories in the Birmingham Regional Severe Asthma Service.  
 
Methods: 140 severe asthmatics (107F, 33M) had spirometry values plotted longitudinally using SPIROLA. Differences 
between males and females were assessed using Mann-U-Whitney or t-tests (Chi squared or Fisher’s exact test for 
frequencies and proportions). Statistical significance was accepted at an α-level of p<0.05. Reference values for lung 
function were based on Global Lung Initiative prediction equations. Slopes for longitudinal lung function were assessed 
using linear regression. Values are presented as median (IQR).  

 
Fig 1. Distribution of FEV1 slopes in the cohort.  
Results: Median follow-up duration was 92 months (83-118), with a median of 10 spirometry measurements per person (3-36). Sixty-
one patients (43.6%) showed an increase in FEV1 and 79 (56.4%) showed a decline in their regression slope. Median FEV1 decline for 
males was -30 mL·y-1 (-55 to +24) and -0.22% predicted·y-1 (-0.99 to +1.16). Median decline for females was -6 mL·y-1 (-44.5 to +28.5) 
and -0.16% predicted·y-1 (-1.16 to +1.61). For FVC, median change for males was +10 mL·y-1 for males (-58 to +102) and -3 mL·y-1 for 
females (-42.5 to +41.5). Whilst no significant differences in FEV1 or FVC slope were identified between males and females, a 
significantly higher proportion of males showed a ≥50 mL·y-1 decline in FEV1 (p=0.03). During follow-up, females experienced 
significantly higher numbers of self-reported exacerbations versus males (2.4 (1.28-3.52) vs 1.89 (0.86-3.71) per year, p=0.002) and 
were on significantly higher doses of inhaled corticosteroids at baseline (2088 (1600-2000) vs 1600 (1000-2000) µg, p = 0.037).  
 

Conclusions: Despite females having significantly higher numbers of exacerbations, levels of lung function decline were 
similar between males and females.  
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The effect of breathing pattern on airway resistance and reactance using forced 
oscillation technique (FOT)  
Mr Mark Howlett-Foster1, Miss Ella O'neill1, Dr Karl Sylvester1 

1Cambridge University Hospitals NHS Foundation Trust, Cambridge, United Kingdom 

 
Introduction: FOT measures the passive mechanical properties of the respiratory system during tidal breathing by 
measuring the forcing signal at the mouth. Changes between oscillatory pressure and flow are used to calculate the 
total mechanical properties of the respiratory system (Shirai and Kurosawa, INT MED 2016; 55: 559-556).   
 
FOT is a useful assessment tool in asthma and it has been suggested that responses to bronchodilators and 
bronchoconstriction could be assessed using FOT (King et al., ERJ 2020; 55: 1900753). However, approximately 30% of 
patients with asthma may also have a breathing pattern disorder (Tay et al., RESP 2016; 21: 1384-1390). It is unclear 
whether an abnormal breathing pattern affects FOT measurements that may impact accuracy of reversibility and 
challenge assessments.  
 
This study aims to examine the effect of breathing frequency (BF) on measures of airway resistance and reactance 
obtained from FOT.  
 
Method: Following a within-subject randomized study design participants (n=7; male: 5; age: 31±8yr; height: 
1.77±0.1m; weight: 78±14kg; with normal spirometry: FEV1 SR: –0.2±0.68) performed FOT (Resmon Pro, Restech Srl). 
Four BF were chosen (15, 20, 30, 40 breaths per minute), with measurements at each BF performed in triplicate. Data 
analyses were performed to assess differences between BF for measures of total airway resistance (R5, R11 & R19) and 
total airway reactance (X5, X11 & X19).  
 
Results: No significant differences were found between BF for all measures. Although on average there was a trend for 
higher BF to result in marginal reduction in airway resistance (table 1).  
 

Table 1. Mean airway resistance BF15 vs BF40 and % difference. Mean ± SD.  
   BF15  BF40  % Difference  

R5tot  2.79 ± 0.68  2.6 ± 0.52  -7%  

R11tot  2.69 ± 0.7  2.45 ± 0.48  -10%  

R19tot  2.87 ± 0.62  2.70 ±0.47  -6%  
  

 
Conclusion: BF does not significantly impact measures of airway resistance and reactance using FOT. Although higher 
BF may slightly influence results, this study suggests this is not at the level of the expected positive response to either a 
bronchodilator or bronchoconstriction agent via FOT (King et al., ERJ 2020; 55: 1900753). Further investigations into 
the effect BF may have on the results obtained using FOT should include measurements taken from a clinical 
population, to determine if there are greater implications of changes in BF of patients with obstructive lung disease.  
  
Does this study use human subjects, human biopsy or genetic material? Yes / No  

1. Please note participants were employees of the department and not patients receiving care within the 
service.  
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Predictors of response to anti-IL-5 biologics in the Birmingham Regional Severe 
Asthma Service (BRSAS). 
Mr Samuel Wallbanks1, Mr Maximillian Thomas1, Professor Brendan Cooper1, Mr David McNulty1, Professor  Adel 
Mansur1 
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Introduction: Sources of variation in response to anti-IL-5 therapies in severe asthma are not fully understood. This study 
retrospectively evaluates the effects and predictors of response to anti-IL-5 biologics in the Birmingham Regional Severe Asthma 
Service.   
 
Methods: Patients were classified into no response, positive response and super-responders to therapy based on the outcomes of a 
recent Delphi process (1). The minimum criteria to define a positive response was a 75% reduction in exacerbations from baseline 
across the 12-month follow-up period. Super-responders were classified based on complete cessation of exacerbations and oral 
corticosteroids. Predictors of response to therapy were assessed using logistical regression analysis, with presentation of Odds Ratios 
and 95% confidence intervals for each variable. Following normality testing, tests of difference were also performed to measure 
differences in baseline characteristics in responders and non-responders. Statistical significance was accepted at an α-level of p < 0.05.    
 
Results: Of 146 severe asthmatics, 128 (87.7%), 17 (11.6%) and 1 (0.7%) were taking Mepolizumab, Benralizumab and Reslizumab, 
respectively. Fifty-eight severe asthmatics had no response (39.7%), 52 showed a positive response (35.6%) and 36 were super-
responders (24.7%) to anti-IL-5 therapies.  
 

Figure 1. Predictors of response to 
anti-IL-5 biologics.  
Compared with non-responders, 
responders to anti-IL-5 therapy had 
significantly older age of onset (30.0 
(11.3-46.8) vs 10.5 (0.75-22.0) 
years, p<0.001) and shorter disease 
duration (19.2 (5.1-30.1) vs 29.3 
(15.5-39.4) years, p=0.007). 
Responders also had significantly 
higher peak levels of blood 
eosinophils at baseline compared to 
non-responders (0.84 (0.51-1.23) vs 
0.6 (0.41-0.91) ×109 L-1, p=0.012).  
 
 
 
 
 
 
 
 

Conclusions: Raised blood eosinophils, adult-onset disease and shorter disease duration may contribute to preferential response to 
anti-IL-5 biologics.   
 
References 

1. Rupani & Hew, JACI, 2021. 
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How sensitive are reversibility criteria in paediatric and adult asthma? 
Mr Samuel  Wallbanks1, Mr Paul Burns2, Mr Max Thomas1 

1Birmingham Heartlands Hospital, Birmingham, United Kingdom, 2NHS Greater Glasgow and Clyde, Glasgow, United Kingdom 
 

Introduction: The level of change in lung function to define a clinically meaningful reversibility test is the source of much 
debate. Evidence underpinning previous guidance has lacked application to children and the full array of airway disease 
(1). This study aims to improve understanding of the sensitivity of reversibility thresholds in child and adult patients with 
severe asthma.     
 
Methods: Data from reversibility assessments (2.5 mg nebulised salbutamol) were retrospectively analysed from severe 
asthmatics being treated at the Royal Hospital for Children and Birmingham Severe Asthma Services. The sensitivity of 6 
commonly used reversibility criteria were assessed by measuring the proportion of patients meeting each criterion. 
Changes in FEV1 (mL, % change from baseline, % from predicted and z score) after bronchodilation were presented as 
median and interquartile range. Differences between children and adults were assessed with Chi-squared or Fisher’s 
exact test. Statistical significance was accepted at a α-level of p<0.05. Reference values for FEV1 were calculated using 
current Global Lung Initiative reference equations.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Results: In adults with severe asthma, median improvement in FEV1 was 290 mL (160-497), 15.9% from baseline (7.8-
30.7), 10.0 % from predicted (5.3-15.9) and 0.7 in Z score (0.4-1.1). In children, median improvement in FEV1 was 150 mL 
(40-340), 8.7 % (2.1-19.2), 17.5% from predicted (4.5-38.5) and 0.6 in Z score (0.2-1.3). Within the whole cohort, 86.4% 
(223 of 258) of patients with a positive reversibility (200 mL and 12%) had obstructive spirometry at baseline. 
 
Conclusions: 8% and 10% change from predicted criteria are most sensitive to asthma in children. In adults, a lower 
threshold of ≥160 mL change in FEV1 offers much higher sensitivity; however, the implications for ruling out asthma 
diagnoses (i.e. specificity) are unclear.    
 
References 

1. Stanojevic et al, 2022, ERS technical standard on interpretation of lung function tests, ERJ. 
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Introduction 
The Inspired Sinewave Test (IST) is a novel and simple-to-perform method to assess cardiorespiratory. It allows the 
measurement of lung volume (functional residual capacity, FRC), pulmonary blood flow, and indices of ventilation 
heterogeneity (VH). In the initial stages of its development we aim to assess the agreement between its measurement 
of lung volume with multi-breath nitrogen washout (MBNW) and whole body plethysmography (pleth). We also aim to 
assess the relationship between IST indices of VH with that of MBNW lung clearance index (LCI). Finally, as ageing is 
known to impact FRC and VH, we aim to assess IST performance in those of different ages. 
 
Methods 
Forty healthy never-smoker volunteers free of respiratory disease were assigned to an age-dependent group: 20-40 yrs 
(n=20) or 60-80 yrs (n=20). During one testing session, each participant completed spirometry, gas transfer, whole 
body plethysmography and the MBNW test. The IST test was then completed 4 times, each constituting 4 min tidal 
breathing whilst inhaling varying [N2O], oscillated in sinewave patterns over a set period of 180 or 90 s. Infrared gas 
sensors monitor N2O in expired gas, and mathematical lung models use the inspiratory and expiratory N2O sinewaves 
to estimate cardiorespiratory parameters. 
 
Results  
In the young group, Bland-Altman analysis revealed that the agreement in FRC was closer between FRCIST vs. FRCMBNW 
(Mean Bias: -0.31L, Limits of agreement: ±0.9) in comparison to FRCIST vs. FRCpleth  (-0.72L±1.2). This agreement became 
wider in older participants (FRCIST vs. FRCpleth  = -1.4L±1.9). Both LCI and IST measures were similarly able to detect 
increases in VH with age.  
 
Conclusions 
The agreement in FRC between the IST and other established methods (MBNW, whole body plethysmography) 
become poorer in older participants. This is likely because the IST method is more sensitive to increasing VH with age, 
which therefore offers a novel method to quantify VH. 
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Implementation of a new asthma diagnostic pathway in an acute hospital trust 
Mrs Carla Thomson1, Mr Mark Hardyman1, Miss Tasmin Sharley1 
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Introduction Asthma is a condition which affects approximately 12% of the UK population. It is defined as a chronic 
inflammatory condition of the airways. The airways are hyper-responsive to a range of stimuli, resulting in airway 
narrowing which can cause cough, wheeze, chest tightness and shortness of breath.  Currently there is no single 
diagnostic test for asthma however tests that can help support an asthma diagnosis include; fractional exhaled nitric 
oxide (FeNO), spirometry, bronchodilator reversibility (BDR), peak expiratory flow readings and bronchial challenge 
testing. It was noted that different approaches were being taken by referrers to determine if a patient could be given a 
diagnosis of asthma. As a result an asthma diagnostic pathway (ADP) was designed to ensure patients were diagnosed 
efficiently on a standardised care plan. The aim was to evaluate the implementation of an ADP within a Respiratory 
Department at an acute hospital trust. 
 
Method Patients were referred to the lung function service by requesting an ADP appointment. At the first appointment 
the patient underwent FeNO and BDR (2.5 mg Salbutamol via a nebuliser). A senior Respiratory Physiologist reviewed 
the results and if the patient had a FeNO ≥40 ppb and/or an increase in FEV1 ≥12% and ≥200 ml this was classed as a 
positive test and the patient was booked into a Consultant appointment. If they did not meet these criteria, a Mannitol 
Challenge Test (MCT) was requested. After the MCT they were booked into a Consultant appointment to discuss the 
results (Figure 1). 
 
Results Since August 2021; 227 patients entered the ADP, 82 of which completed the pathway (49 female and 33 male;  
mean age 49.3 years). 28 tested positive at Stage 1 and 7 tested positive at Stage 2. 
 
Conclusion 54 consultant appointments have been saved. There are 19 patients who should have been referred for 
Mannitol but have not had an appointment booked, therefore the robustness of the pathway needs to be investigated.  
 

 
Figure 1 Flow diagram of the asthma diagnostic pathway
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1The Medicines Evaluation Unit, , United Kingdom, 2The University of Manchester, , United Kingdom 

 
Background  
The current ATS/ERS guidelines (Graham et al. Am J Respir Crit Care Med 2019; 200: 963- 971) state that a spirometry 
manoeuvre is unacceptable if the forced inspiratory vital capacity (FIVC) is >105% of the forced vital capacity (FVC), 
signifying submaximal inhalation prior to the FVC. In COPD patients, this criterion may be more difficult to achieve, as 
this group tend to have impaired respiratory mechanics and muscle function (De Troyer. Eur Respir J 1997; 10: 708-
713). This study assesses the incidence of failed spirometry manoeuvres in relation to severity of COPD.  
 
Methods  
Retrospective data from 30 mild (FEV1>80%) and 26 severe (FEV1<50%) COPD patients was analysed. Manoeuvres 
where FIVC was less than 90% of FVC were excluded from analysis (n=100), as FIVC was assumed to be incomplete. 
This resulted in 53 and 42 manoeuvres available for analysis in the mild and severe groups, respectively. Manoeuvres 
where FIVC was between 90% and 105% of FVC were considered ‘acceptable’, and those above 105% were considered 
to have failed the FIVC criterion (‘failed’). Ethics committee approval was obtained for all data collection. Fisher’s exact 
test with Baptista-Pike test was performed using Prism, and a p value of <0.05 was considered significant.  
 
Results  
The incidence of failed tests are shown in figure 1. In the severe group, 12 manoeuvres (29%) were labelled ‘failed’, 
compared to 1 manoeuvre (2%) in the mild group (p=0.0002). The odds ratio showed failed manoeuvres were 20.8 
times more likely in severe patients compared to mild patients (95% CI: 3.3 – 226.6). 

 

 
 

 
Figure 1. Incidence of failed FIVC criterion in Mild and Severe COPD patients. Failed manoeuvres were classified with a FIVC 

>105% of FVC (black), and acceptable manoeuvres were classified with a FIVC between 90-105% of FVC (grey). 

 
Conclusion  
It is more common for severe COPD patients to fail the ATS/ERS FIVC criterion, compared to mild COPD patients. While 
we did not investigate the mechanisms involved, the role of impaired respiratory mechanics, muscle weakness and 
poor technique should be considered. 
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Is heart rate recovery an accurate predictor of postoperative mortality? 
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Introduction  
Cardio-pulmonary exercise tests (CPET) are widely used to predict surgical outcomes for major surgery.  In current 
practice, absolute V̇O2 peak, peak V̇O2/kg, anaerobic threshold (AT) and O2 pulse are used to determine these risks. 
However, little is done to analysis post CPET recovery data in order to determine a patients risk for surgery. The time it 
takes for a person’s heart rate (HR) to recovery have been used as a measure of their overall cardiovascular health. 
Therefore, analysing the speed of the patient heart rate recovery (HRR) theoretically could be used to help determine 
post-surgery mortality risk.  
 
Method  
94 subjects were identified from retrospective data between 01/01/2019-31/12/2020, with subjects required to have 
completed a CPET on a treadmill ergometer, achieved >90% of their predicted HR maximum and had surgery 
performed within 6 months of testing. HRR was calculated using the slopes of the HR decline over a minute from the 
initial fall seen shortly after exercise termination. Receiver operator characteristic (ROC) curve were produced for 90, 
180 and 365-days post-surgery. The area under the curve (AUC) were analysed and cut off values were used to identify 
the level of discrimination 
 
Results 
Primary analysis found that ROC curves produced for 90, 180 and 365-days post-surgery showed no level of 
discrimination (AUC <0.5), wide confidence intervals and results were insignificant (P>0.05).  Other commonly used 
indices to predict surgical outcomes such as peak VO2/kg, VO2@AT, O2 Pulse and minute ventilation/carbon dioxide 
production (VE/VCO2 slope) slope found similar results (Figure 1).  These were all found to be insignificant and no level 
of discrimination apart from VE/VCO2 slope which was classified as poo (0.5 – 0.7). 
 
 

 
Figure 1. ROC curve showing 365-day postoperative mortality for multiple CPET indices. 

 
Conclusion 
This study suggests that HRR poorly predict 90, 180 and 365 day mortality. Further research should investigation a 
larger sample size in order to identify more robust postoperative predictors.  
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Introduction: At least 10% of those infected with Coronavirus-2019 (COVID-19) suffer from long-COVID, where 
symptoms can persist for >12-weeks. This study aimed to investigate the long-term effects of COVID-19 on 
breathlessness and sleep quality which were under researched in the long-COVID literature.   
 
Method: An online survey (Qualtrics) was designed and contained 70 questions, across 7 sections, including: 
participant characteristics, COVID-19 symptoms, sleep quality, breathlessness, physical activity, and mental wellbeing.  
Statistical analyses were performed using SPSS using mixed-ANOVA and Kruskal-Wallis H for comparisons between >2 
groups (breathlessness, physical activity), Pearson’s correlation coefficient for relationships between groups (sleep 
duration and quality), and Mann-Whitney U for difference between two groups (pre- and post-COVID general health).  
 
Results: Three hundred and eighty-one participants completed the survey (83% female; age, 42 ± 12 years; body mass 
index, 29.1 ± 8.4 kg.m2). Eighty-eight percent (n = 337) of participants experienced one or more COVID-19 symptoms, 
and reported general health significantly reduced from ‘good to excellent’, to ‘fair to poor’ following COVID-19 
infection (p < 0.001). Fifty-eight percent (n = 221) reported being unable to complete activities of daily living due to 
breathlessness. Significant correlations were found between the number, severity, and duration of initial symptoms, 
and breathlessness severity (Table 1). Eighty-three percent (n = 318) reported a decline in sleep quality. Moderate 
correlations were found between sleep quality and the number of initial symptoms (r = 0.35), and general health (r = 
0.42). 
 
Table 1: Pearson's coefficient correlations showing the associations between post-COVID-19 breathlessness and 4 predictor variables (df = 358).  

 1 2 3 4 

(1) Breathlessness severity     

(2) Number of initial symptoms .457**    

(3) Severity of initial symptoms .131* .110*   

(4) Duration of symptoms .268** .281** .190**  

     Post-COVID general health .556** .429** .156** .513** 

Correlations bootstrapped (x1000) unless otherwise stated. 
* Correlation is significant at the 0.025 level (2-tailed) 
** Correlation is significant at the 0.01 level (2-tailed) 

 
 
Conclusion: COVID-19 induced negative long-term effects on sleep and breathlessness which have a direct effect of 
quality of life, and ability to carry out activities of daily living. More research is required to understand the underlying 
mechanisms, and for prescription of rehabilitation techniques.  
 
This study used human participants 
Ethical approval was gained from both Anglia Ruskin University (SREP code: SES20-10). 
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Home spirometry to titrate and monitor treatment in a patient with sarcoidosis   
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Introduction  
Home spirometry has been shown to be a feasible and valid measure of lung function in patients with lung disease and 
has received heighted interest due to the Covid-19 pandemic. At North Bristol NHS Trust a small cohort of patients 
with interstitial lung disease are monitored using home spirometry for disease monitoring, including steroid weaning.  
 
Case Presentation  
A 30-year man with sarcoidosis, started home spirometry in May 2022 to monitor the effect of steroid weaning on his 
lung function. He considered the side effects of corticosteroids to be unacceptable and a fine balance was necessary to 
allow medication titration without disease deterioration. 
He was asked to perform spirometry twice weekly to enable early identification of deterioration. Spirometry was 
performed independently with good technique. Compliance with home spirometry was good and results were received 
via email at least once a week. Results were reviewed and compared to previous, to assess for deterioration which may 
require alteration to his steroid weaning. 
In August he contracted Covid-19 and stopped performing spirometry for one month. On resuming home spirometry, a 
drop of 10% and 6% in FEV1 and FVC respectively was observed. Results were reviewed to eliminate poor technique as 
a reason for the decline and then highlighted to his consultant. This triggered a clinic review and chest x-ray, and his 
prednisolone was increased to 10mg, and azathioprine introduced. Regular home spirometry was resumed, and his 
results gradually improved to pre Covid-19 infection values.  
 
Discussion  
This case study highlights the usefulness of home spirometry in the early identification of deterioration in lung function 
and consequently early treatment intervention in a patient with sarcoidosis. In this case the decline was due to Covid-
19 infection, but the same principles could be applied to other reasons for deterioration to enable prompt intervention 
and prevent further declines in lung function.  
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Lung function improvement in a patient with cystic fibrosis and advanced lung 
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Background: 
Cystic fibrosis (CF) results from mutations in the cystic fibrosis transmembrane regulator (CFTR) genes. CFTR 
modulators treat CF at the molecular level, transforming care traditionally focussed on aggressive symptom 
management [1]. Elexacaftor-Tezacaftor-Ivacaftor (ETI) proved effective in patients heterozygous for Phe508del and a 
minimal function mutation, with a percentage of predicted forced expiratory volume in 1 second (ppFEV1) of 40%-90% 
at screening for a phase 3 trial ETI [2]. 
 
Case Presentation: 
31-year-old, heterozygous for Phe508del and minimal function mutation. Worsening lung disease had resulted in 6 
admissions in 6 months, treated with intravenous (IV) antibiotics due to pulmonary exacerbations (PEx). Referral for 
lung transplant (LTx) assessment deemed an increased risk due to chronic kidney disease and poor diabetic control, 
advising extra input from Nephrology. 
ETI was initiated via a compassionate use program when ppFEV1 was 34%. The absolute change in ppFEV1 (  ppFEV1) 
increased 50% at 3 weeks (Table 1) and was sustained through week 87 (  ppFEV1 48%), with 1 PEx requiring IV 
antibiotics (week 84). 
The patient currently exceeds clinical severity criteria required for LTx consideration. 
 
Table 1. Main spirometry results following initiation of ETI over the treatment period. 
 

 
 
Conclusions: 
This case shows ETI can increase lung function considerably when baseline ppFEV1 <40%, a subgroup 
underrepresented (8.4%) in phase 3 trials [2]. The  ppFEV1 can remain elevated for 87 weeks, and decrease PEx 
frequency, reducing IV antibiotics requirement from 6 in 24 weeks to 1 in 87 weeks.  
To our knowledge, data specific to this subgroup (ppFEV1 <40%) remains unreported in the UK CF cohort and absolute 

 ppFEV1 has not been reported at >24 weeks. This case supports a study that reported 73% of patients were taken off 
LTx wait list after starting ETI [3]. Larger cohort studies are required to assess the long-term impacts on morbidity and 
mortality, and the impact reduced PEx burden and reduced need for LTx could have on service provision. 
 
References: 
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Introduction 
Remote home spirometry can inform and confirm respiratory diagnosis, capture symptomatic data and address the 
capacity and demand mismatch within secondary care. However, limited data exists regarding the quality of and 
adherence to home spirometry in an adult asthma population. Previous research has found wide variation in adherence 
to 1 or 2 home spirometry sessions a week from 19-91% (Lechtzin et al. AJRCCM 2017; 196(9): 1144-51; Althobiani et al. 
ERJ 2022; 60(66): 1756). This study investigated the adherence to a 4 times per week home spirometry regime and 
measured the quality of spirometric data in a physiologist-led home assessment service. 
  
Methods 
A group of 35 patients (6 male, 29 female) mean(±SD) age 47.5(±14.7) years, height 164(±8.7)cm were referred from 
Arrowe Park's severe asthma service to NuvoAir's asthma assessment service. Patients had a 12 week home lung function 
assessment period, performing spirometry 4 times per week and anytime they were symptomatic using the NuvoAir 
AirNext Bluetooth enabled spirometer and mobile app. Patients were onboarded to the service over video and phone 
calls with physiologists and were coached to perform independent quality assured spirometry. 
  
Results 
Spirometry data was taken from a total of 1554 sessions performed by the patients during the assessment period. The 
median (IQR) engagement was 97% (68-116%). Spirometry data quality was graded A-F using ATS/ERS 2005 guidelines; 
77% of spirometry tests achieved acceptable grade A-C spirometry (Fig.), 23% were graded from D-F. 
  
Conclusions 
For this population of adults, grade A-C spirometry 4 times a week for 12 weeks was feasible. Unlike other home 
spirometry studies, this cohort received remote physiologist support which enhanced both engagement and data quality. 
High quality longitudinal data has the potential to provide a more detailed assessment of asthma control resulting in 
more informed or accelerated clinical decision making. 
  

 

 
 
Figure: Bar chart showing ATS/ERS 2005 quality grading of 1554 recorded spirometry sessions.  
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Introduction 
Pectus Excavatum (PE) is a depression of the sternum and anterior chest wall that affects 1:300-400 births 
with a male predominance. Symptoms include shortness of breath (SOB), decreased stamina and chest pain 
with associated reduced self-esteem.  
We present a case that demonstrates that surgical correction, offers relief of exercise dysfunction. However, 
surgical treatment is currently not endorsed by NHS England.  
 
Case study 
A 19-year-old male had developed sternal depression consistent with the diagnosis of PE in early 
adolescence. Psychological symptoms included difficulty in forming personal relationships and 
compromised exercise tolerance, which coincided with increasing severity of PE during his growth spurt. He 
was able to climb two flights of stairs but needed to stop after this due to overt SOB. Moreover, he 
described fatigue towards the end of the day, but did not attribute this to the PE. Examination 
demonstrated an obvious symmetrical pectus defect, and a CT scan confirmed a severe PE causing 
depression of the whole sternum.  
It was apparent he was keen to pursue corrective surgery, and therefore underwent pre-operative 
protocolised physiological assessment; a Cardiopulmonary Exercise Test (CPET) and respiratory function 
tests. 
 
Results 
The results showed compromised exercise function associated with reduced oxygen consumption, reduced 
stroke volume and compromised ventilation (Table 1). After surgical correction he reported marked 
improvement in symptoms and improved physiological responses to exercise.  
 
 

Parameter Pre –surgical (%PD) Post-surgical (% PD) % Change 

Peak VO2 28.8 (66%) 34.3 (80%) 16% 

AT 16.6 (37%) 18.2 (42%) 9% 

VE 56 (34%) 92 (33%) 40% 

O2 pulse 13 (75%) 16 (89%) 19% 

VO2/work slope 9.2 12.6 27% 

Table 1: CPET result pre and post PE correction 

 
Outcome  
The results confirm that symptoms of exercise dysfunction arise secondary to the development of PE in 
adolescence caused by compromised exercise physiology. The results also demonstrate that surgical 
treatment both improved the patient’s symptoms and corrected the physiological anomalies and provides 
evidence that supports the need for surgical treatment for patients with PE. 
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Introduction: A home spirometry service was rolled out to over 400 paediatric patients at the start of the COVID-19 
pandemic as part of a rapid shift to home monitoring (Richardson et al, Paediatr Respir Rev. 2022 Jun;42:43-48). The 
physiology led service has continued despite face to face services resuming, therefore what is the role of home 
spirometry going forward and is the service still being utilised by patients.  
 
Methods: For an 8-week period the following data was audited for all patients with a home spirometer seen in an 
outpatient clinic: spirometry done prior to face to face appointment and by cohort, corrections made prior to uploading 
and number of repeated tests.   For a 12-week period also audited usage of home spirometer outside of clinic 
appointments across different cohorts.  
 
Results: Out of 144 patients who were sent reminders (via text) 77 (53%) performed spirometry prior to their clinic 
appointment over an 8-week period. Over a 12-week period how many patients performed at least one test session, 191 
(61%) Cystic Fibrosis (CF), Primary Ciliary Dyskinesia (PCD) and Chronic Suppurative Lung Disease (CSLD) patients and 42 
(58%) asthma patients.  
 

  Yes No  

Spirometry done prior to face 
to face appointment  
n=144 

CF 
PCD 
Asthma  
CSLD 

50% 
41% 
37.5% 
50% 

50% 
59% 
62.5% 
50% 

Corrections made prior to 
uploading to patient’s 
electronic record  

CF 
PCD 
Asthma  
CSLD 

13% 
69% 
25% 
0% 

87% 
31% 
75% 
100% 

Spirometry repeated at clinic 
visit 

CF 
PCD 
Asthma  
CSLD 

19% 
53.4% 
33.3% 
50% 

81% 
46.6% 
66.6% 
50% 

Spirometry done prior to clinic 
with no corrections or repeated  

CF 
PCD 
Asthma  
CSLD 

36.5% 
12.5% 
10% 
50% 

63.5% 
87.5% 
90% 
50% 

 
Table 1 – Percent predicted breakdown of spirometry done prior to clinic, corrections needed and if spirometry needed 
to be repeated by patient cohort. 
Conclusions: Going forward home spirometry has a role as part of the clinical monitoring of paediatric patients.  It must 
be acknowledged that the service has mixed success.  On one hand for certain patients, home spirometry offers an 
innovative and time-saving alternative to clinic spirometry, which can empower patients to take ownership of their care. 
On the other hand, it is time consuming for staff, with corrections needed to be made to reports due to incorrect 
demographics and/or technique and repeat spirometry testing required for some when seen at clinic appointments. A 
targeted approach is needed as the service works well for some patients and patient cohorts but not all. 
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Introduction 
Excessive dynamic upper airway collapse can cause noisy breathing and dyspnoea. It has multiple aetiologies which 
result in an inward force of the tracheobronchial or cartilaginous membrane. Diagnosis is challenging with many tests, 
including spirometry, being normal. Upper airway collapse is often misdiagnosed thus left untreated. Dynamic CT scans 
and dynamic visualisation can be used to aid its diagnosis. 
 
Case Presentation  
A 68-year-old male elite cyclist presented with increasing exertional dyspnoea following surgery. His symptoms 
included tightness and wheezing in his upper chest and throat, causing him distress. 
Results from lung function tests, echocardiogram, ECG and cardiopulmonary exercise test were normal (Table 1). 
During the exercise test upper airway symptoms occurred and noises were heard, and a diagnosis of inducible 
laryngeal obstruction was considered. He attended the multidisciplinary upper airway assessment clinic and 
underwent continuous laryngoscopy during exercise. Symptoms occurred with increasing work rate with no evidence 
of inducible laryngeal obstruction. Excessive dynamic upper airway collapse was however observed beyond the larynx 
on expiration. 
He underwent speech and language therapy, learning techniques to splint open his airways. Since this intervention, 
there were no further episodes of airway difficulty; he continues to use the techniques when cycling to good effect.  
 
Discussion 
This case illustrates that, despite normal preliminary results, upper airway diagnoses should be considered, especially 
when symptoms are persistent and burdensome. It highlights the usefulness of continuous laryngoscopy in the 
assessment of upper airway symptoms and identification of dynamic upper airway collapse. It shows that not all upper 
airway noise is due to inducible laryngeal obstruction and other diagnoses should be considered. The multidisciplinary 
approach to this case resulted in the correct diagnosis and effective treatment. 
 
 

Parameter Predicted Measured 

FEV1 (l) 2.83 2.92 

FVC (l) 3.68 3.79 

FEV1/FVC (%) 76.87 77.02 

PEF (l/min) 446 499 

TLco  7.63 6.94 

Kco 1.40 1.30 

VA (l) 5.45 5.36 

VO2 peak ml/min 1801 2578 

VO2 at AT (%)  76 

Peak VE (l/min) 102 112 

Peak HR (bpm) 151 160 
Table 2 - Results from lung function tests and Cardiopulmonary Exercise Test 
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Introduction: There is inter observer variability in requesting of pulmonary function (PFT) in ILD. This study explores 
the pattern of referral and testing using Z-Score to classify severity, which guides management and treatment.  
 
Method: Diagnosed ILD patients were classified as per National institute for Clinical Excellence (NICE) Z-score limits (n-
120) as mild, moderate, and severe, respectively. Consultant referral patterns and testing intervals (both by severity 
and sub-class of ILD (UIP, Sarcoidosis, CTD, Chemical Exposure, NSIP, Other IP) were assessed for statistical 
significance. All required local hospital ethics approvals were completed, respectively.  
 
Results: There was no significant difference between the median interval for consultant referrals (40.8±31.2 weeks) 
and pulmonary function tests (45.5±28.2 weeks) interval in weeks. (1.48 and 1.52 mean rank respectively, Chi-squared: 
0.133, p= 0.715). There was no significant difference between median lung function testing intervals when severity 
(mild 4527.2; moderate 4621.4; severe 4235.4) was considered (p= 0.90). However, there was a significant difference 
(p= 0.033; mild vs moderate p=0.05; mild vs severe p=0.21) between consultant requests for mild patients compared 
to moderate and severe. When median interval for pulmonary function testing was compared by ILD sub-class (UIP 
43.125.2; Sarcoidosis 47.722.6; Other ILs 44.932.3; CTD 60.744.7; Chemical Exposure 3417.6; NSIP 40.515.9) there was 
no significant difference (p=0.34).  
 
Conclusion: Overall, intervals between referrals and lung function tests were similar in the ILD cohort. Severity was not 
a determining factor for the frequency of lung function testing. Although, referrals from consultants for mild patients 
were less frequent as compared with moderate and severe patients. Although median lung function testing intervals 
were varied when sub-classes of ILD were compared, there was not a significant difference across the groups. 
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Summary 
A 61 year old female with a past medical history of HIV infection and previous pulmonary tuberculosis (TB) was admitted to a 
university hospital through the Accident and Emergency department with hypercapnic respiratory failure. She was a never smoker, 
her HIV was well controlled (currently taking antiretroviral therapy), and the TB was successfully treated in 2004. Following recent 
review at another hospital she had been prescribed furosemide. Despite this, she described a7 day history of increasing 
breathlessness and her initial blood gas showed a compensated hypercapnic respiratory failure; ABG: pH 7.435, pCO2 8.31, pO2 
6.10, HCO3 38.2, BE 17.6, sO2 80%, FiO2 21%. Despite management of a preliminary diagnosis of pulmonary oedema, over the 
following days there was no improvement in her gas exchange. Lung function tests demonstrated obstructive lung function, but on 
decompensation into a respiratory acidosis, NIV caused an increase in PaCO2 despite achieving adequate minute ventilation.  
  
Background 
Our patient attended A&E with a 7 day history of deteriorating breathlessness on a background of several years of stable 
breathlessness, which had not been investigated.  She presented with bilateral leg swelling, initial chest radiograph demonstrated 
cardiomegaly and an NT-proBNP was significantly elevated (2700pg/ml). An ECHO demonstrated significantly dilated right ventricle 
with impaired overall RV function, tricuspid regurgitation and significantly raised pulmonary pressures. An atrial septal defect (ASD) 
was present with suggestion of left to right flow. A CTPA was conducted due to a raised D-dimer; there was no pulmonary embolus, 
but a small right sided pleural effusion was identified with widespread patchy ground glass opacities. A preliminary diagnosis of 
pulmonary oedema secondary to heart failure caused by ASD was made.  
 
Diuresis was initiated, with subsequent improvement in pleural effusion and peripheral oedema.  However, her hypercapnia did not 
significantly improve and she remained breathless despite normalisation of her PaO2 and peripheral oxygen saturations.  A referral 
to the Respiratory Ventilation team was made.  
 
Respiratory assessment  
On review, it was noted that her oxygenation was variable, though without clinical correlate. Specifically, there was no relation with 
body position, nor evidence of platypneoa/ orthopnoea. It was also recognised that when hypoxic, supplemental oxygen 
significantly improved PaO2 (FiO2 0.21: pO2 5.38, FiO2 0.24, pO2 7.74) making the likelihood of an explanatory cardiac shunt unlikely. 
Review of the CT thorax images showed significant mosaicism. Though this was initially thought secondary to pulmonary oedema, 
the lack of improvement with diuresis raised the possibility that this represented either pulmonary hypertension or bronchiolitis. 
We proceeded to pulmonary function testing.  
 
Testing revealed significant airflow obstruction (FEV1 0.47, Z score -4.48, FVC 1.28 z score -23.68 FEV1/FVC 34.68, MEF 50 Z score -
3.46,  MEF25 Z score -3.11) and VC > FVC. Lung volumes demonstrated gas trapping (Va/TLC 0.48, RV Z score 4.48) and gas transfer 
demonstrated markedly reduced alveolar volume (score 35 -6. and preserved kCO (0.77). It was considered that the predominant 
pathology demonstrated was small airways disease.    
She was initiated on inhaled ICS/LABA and cardiology opinion regarding ASD management was sought.  
 
However, within 48 hours, she clinically decompensated and developed an acidotic hypercapnic respiratory failure. An NIV trial was 
commenced though due to the known ASD it was considered that this risked reversing the shunt causing right to left flow, and 
worsening the hypercarbia. We therefore performed ECHO during NIV initiation whilst monitoring peripheral oxygen saturations 
(SpO2) and transcutaneous pCO2 (TcCO2). With the introduction of NIV (ST mode, IPAP 10 cmH2O, EPAP 4cmH2O, rise time 300ms, 
inspiratory time 1.2 seconds, back up rate 12bpm) tidal volumes of 6ml/kg (IBW) were achieved (appropriate given her reduced 
FEV1 at spirometry). However, echocardiography revealed that on introduction of NIV the cardiac shunt reversed, with a 
deterioration in SpO2 (FiO2 0.24, pre NIV SpO2 93%, during NIV SpO2 80%) and increase in TcCO2 (pre NIV 9.5kPa, during NIV 
9.95kPa).  NIV was therefore discontinued.  
 
A new ECHO with bubble contrast was completed which demonstrated a patent foramen ovale (PFO) with bidirectional flow.   
 
It was considered that NIV caused reversal of shunt due to increasing right ventricular afterload by way of applied positive pressure 
on a background of high intrinsic PEEP secondary to small airways disease. This therefore ruled NIV as inappropriate treatment 
when this patient was acutely compromised. Her case was discussed with a tertiary cardiology centre but it was considered that 
operation was precluded given the progression to pulmonary hypertension.  



 
A treatment plan targeting the pulmonary hypertension was made with the introduction of Sildenafil, and renal filtration to manage 
acidosis. Sildenafil was chosen due to antiretroviral medication interaction with other options. 
 
Further echocardiograms were completed to observe the changes following introduction of Sildenafil which showed a mild to 
moderate improvement in tricuspid regurgitation. The right to left shunt was no longer easily visible and left and right ventricle 
outflow tract velocity time integral were seen to have improved, improving the overall cardiac output. Her blood gas indices 
subsequently improved; FiO2 0.24, pH 7.399, pO2 7.64, pO2 8.42, HCO3 35.5. 
 
Once stable, she was studied to assess her oxygen requirement when mobilising and any associated changes in pCO2. She was 
assessed on a defined walking circuit, whilst attached to a transcutaneous CO2 monitor on mobile plinth. She was noted to 
desaturate significantly on exertion, corrected with 1L/min oxygen via nasal cannula. At this flow rate there was no discernible rise 
in TcCO2.   
 
We proceeded to assess her nocturnal oxygen requirement. Oximetry studies were conducted on 1L oxygen due to daytime 
requirement) Mean SpO2 was 97% with a total of 5% of the study time spent below 90% SpO2 from a 7 hours study. An early 
morning CBG returned the following values: pH 7.382, pCO2 9.92, pO2 7.70, HCO3 39.8, BE 19.1, sO2 91%. 
 
An LTOT prescription was made for Oxygen at 1L/min flow rate.  
 
She was discharged from hospital with a prescription for bumetanide alongside inhaled ICS/LABA.  
 
After a one month period, an outpatient review was made was completed. It was noted her peripheral oedema had improved. . She 
has been using her oxygen as prescribed and felt symptomatically better with little changes to her blood gases; SpO2 of 92%. ABG: 
pH, 7.410, pCO2 8.74, pO2 6.68, HCO3 37.3, BE 16.9, FiO2 21%. 
 
Currently remains on Sildenafil for pulmonary hypertension awaiting cardiac review.  
 
Discussion 
This complex case highlights the importance of understanding underlying physiology in cases of respiratory failure. We used a 
combination of radiology, lung function testing, ECHO and transcutaneous gas monitoring to understand the interplay of multiple 
physiological derangements before appropriate treatment could be instituted.  
 
We identified a significant ASD with bidirectional flow in the setting of severe airflow obstruction owing to small airways disease. 
We considered it likely that the small airways disease contributed significantly to the pulmonary hypertension and variable 
oxygenation, rather than the latter being caused by right to left shunt alone. This is supported by the significant improvement in 
oxygenation demonstrated with small increments in FiO2. 
 
This pathological picture does not constitute Eisenmenger’s syndrome due to the airways component, and lack of significant 
persistent hypoxia (or associated polycythaemia) which would be expected in Eisenmenger’s where shunt direction reverses after a 
threshold of pulmonary pressure is passed due to chronic right ventricular volume overload).  
 
The aetiology of her small airways disease was not elucidated. Though bronchiolitis is recognised in HIV, this is usually in the setting 
of high viral load, which we do not believe our patient to have suffered following diagnosis. It is conceivable that she developed 
bronchiolitis before diagnosis, but persistence with good control of viral loads is unusual. Given her complex cardiopulmonary 
pathophysiology lung biopsy was considered too high risk.  
 
This case serves as a useful reminder of the potential impact of NIV on cardiac function in all settings, and the importance of 
recognising potential deleterious effects. Whilst we had the benefit of understanding the potential risk of NIV in this setting and 
could therefore proactively assess its impact, the case demonstrates the importance of monitoring responses to NIV and 
considering cardio-pulmonary responses, rather than pulmonary alone. 
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The establishment of a website for lung function laboratory document management  
 
Introduction  
Management of laboratory documentation e.g. standard operating procedures (SOPs), policies, checklists, feedback 
and audit forms, becomes problematic with increased numbers of documents. Daily lung function laboratory duties 
rely on ready availability of such documentation but can be subject to multiple versions by different authors across 
different network locations.  
 
Aims  
To develop a user-friendly system allowing easy viewing and retrieval of lung function laboratory documentation.  
 
Methods  
A hypertext markup language (HTML)/Cascading Style Sheet (CSS) website was developed using a freeware text editor. 
The website displayed the following categories: 
 
  
• ‘The Tests’; SOPs, reporting policy, patient leaflets and reference literature (Figure 1)  

• ‘Quality & Safety’; Calibration/BioQC, Operational Quality and website links to Hospital-wide policies  

• • ‘Audit & Monitoring’; Daily checklists and audit forms  

• • ‘Patient’; Friends & Family, patient surveys  

• • ‘Administration’; laboratory meetings, staff training, annual report  

• • ‘Societies’; links to external websites e.g. ARTP, ERS  
 

 
Results  
Since implementation (2021), the website is used 
routinely to easily access audit, monitoring and 
patient forms. It also serves as a teaching aid for 
new staff, who are shown the site during 
induction. Establishment of the website, in 
association with an IQIPS accreditation bid, helped 
establish procedures for standardising and naming 
documents, version control and retention of legacy 
files. Laboratory processes are streamlined, 
allowing fast access to documents in one location, 
quick review of SOPs during clinical practice and 
avoidance of use of legacy document versions.  
 
Discussion  
The website depends on hyperlinks remaining 
current. Consistent document naming helps 

maintain this for laboratory-based documents, facilitating minimal website maintenance. External links e.g., hospital-
wide policies are subject to change, although links tend to remain consistent, other than in site-wide change. The 
website is not a full document management system, but when used in conjunction with electronic calendar reminders 
can be used as one in a smaller department. 
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Introduction: Reference equations are used in spirometry to produce a predicted value for an individual, based on 
their age, height, sex and ethnicity. This provides context to spirometry results by allowing the comparison of the 
achieved result against the predicted result. There are numerous reference equations available, such as the European 
Community for Coal and Steel (ECCS) equations which were used at Glenfield Hospital prior to April 2021, and the 
Global Lung function Initiative (GLI) equations which are currently used. Spirometry is a useful tool in monitoring 
disease progression of Interstitial Lung Diseases (ILD’s), a group of lung disorders that cause fibrosis of the 
parenchyma. A subtype of ILD, Idiopathic Pulmonary Fibrosis (IPF), can be treated with antifibrotics of which eligibility 
includes having a Forced Vital Capacity (FVC) of between 50% and 80% of predicted when performing spirometry 
(NICE, 2018). The aim of this study was to investigate whether the change from the ECCS to GLI predicted equations 
had significantly altered the predicted spirometry values for a group of ILD patients at Glenfield Hospital 
 
Methods: Data was collected retrospectively from the spirometry database stored on the Medical Graphics Breeze 
Suite software at Glenfield Hospital. A total of 3143 tests were available and an inclusion criteria was applied which 
included: a formal ILD diagnosis, accurate and reproduceable spirometry performed on both the Breeze Suit software 
using GLI values and the ExpAir equipment using ECCS equations. This resulted in a study population of 56 patients. 
Due to the relatively small population and lack of representation of certain ethnicities, it was not possible to take a 
sample. 
 
Results: The difference in mean FVC% between the two reference equations of 4.6% was significantly different. 
Caucasian females were affected the most when converting to GLI, with an average FVC% decrease of 10.97% 
(figure1). The only group to experience an average increase were non-Caucasian males with an average FVC% 
improvement of 1.49%. The proportion of patients eligible for antifibrotics was significantly different when using the 
two different reference values, with 24 patients eligible using ECCS which increased to 30 patients when using GLI. 

 
Figure 1:  The mean difference in FVC% when changing from using ECCS to GLI predicted values. In both of the female groups, there was an average 
drop in FVC% of 10.97% and 5.34% for Caucasians and non-Caucasians. There was also an average decrease of 3.95% for Caucasian males. The non-

Caucasian males on average had a higher FVC% using GLI compared to using ECCS reference values. 
 
 
Conclusion: The mean FVC% for this study population was found to be significantly less (-4.6%) when using GLI 
predicted equations compared to ECCS. Caucasian females were affected the most by the change in predicted 
equations, whereas non-Caucasian males experienced the least change. When investigating potential effects on 
treatment, 6 (11%) patients became eligible for antifibrotic treatment who would not have been if ECCS was still being 
used, due to their decrease in FVC%.
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Diagnostic utility of Cardiopulmonary Exercise Test (CPET) in patients with 
unexplained breathlessness. 
Mr Christopher Harding1 

1Cambridge University Hospitals NHS Trust, St Neots, United Kingdom 

 
Introduction: Cardiopulmonary exercise testing (CPET) is a diagnostic tool widely used in the investigation of 
unexplained breathlessness. This study investigated the outcomes of all CPETs performed within our department in 
patients referred with unexplained breathlessness and/or those with increased levels of breathlessness out of keeping 
with baseline investigations. We aimed to determine the proportion of patients in which CPET identified a breathing 
pattern disorder and whether this impacted their functional capacity. 
 
Methods: 332 CPETs were performed in 2021-2022 to ARTP 2021 standards following their referral for unexplained 
breathlessness. Outcomes were categorised by their subsequent diagnosis, then further categorised by whether the 
tests were maximal or sub-maximal and then finally categorised as to whether the patient achieved a normal peak 
oxygen consumption (VO2peak) or not. 
 
Results: From the 332 CPETs performed, 166 (50%) reassuringly demonstrated no abnormalities, 126 (38%) 
demonstrated breathing pattern disorders (BPD) and 40 (12%) demonstrated pathophysiology. Cases that 
demonstrated BPD were further sub-classified into those demonstrating hyperventilation (52 (41%)) and those that did 
not (74 (59%)). 74% BPD cases without hyperventilation demonstrated normal VO2peak compared to only 27% of 
patients who had accompanying hyperventilation in tests that were performed to a maximal level. Occurrence of a 
reduced VO2 peak was significantly more likely in patients with DPB accompanied with hyperventilation (P < 0.01).  
 
 

  
 
 
 
 
 
 
 
 
 

 
 
Conclusions: CPETs provide definitive assurance of the presence of BPD in patients already on a referral pathway for 
unexplained breathlessness with normal baseline investigations. CPET not only distinguishes between BPD phenotypes 
to aid clinicians in treatment but provides evidence of aerobic limitation that will impact an individual’s exercise 
capacity.  Patients who demonstrate BPD accompanied with hyperventilation are more likely to have a reduced aerobic 
capacity. 

BPD 

N = 126 

BPD – Hyperventilation BPD + Hyperventilation 

N = 74 N = 52 

Maximal Sub-maximal Maximal  Sub-maximal 

N = 42 N = 32 N = 37 N = 15 

Normal 
VO2 peak 

Reduced 
VO2 peak 

Normal 
VO2 peak 

Reduced 
VO2 peak 

Normal 
VO2 peak 

Reduced 
VO2 peak 

Normal 
VO2 peak 

Reduced 
VO2 peak 

N = 31 N = 11 N = 15 N = 17 N = 10 N = 27 N = 6 N = 9 
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Cardiopulmonary exercise testing (CPET) and N-terminal pro-brain natriuretic 
peptide (NTproBNP) testing in the assessment of heart failure. 
Mr Adam Rathbone1, Mr Nigel Clayton1, Prof. Sonia Correa-Muller2 

1Manchester Foundation Trust, Wythenshawe, United Kingdom, 2Manchester Metropolitan University, Manchester, United Kingdom 

 
Background: Cardiopulmonary Exercise Testing (CPET) is used to identify heart failure (HF) patients with poor functional 
capacity that have the greatest clinical need and potential to benefit from heart transplant (Mehra et al. JHLT 2016; 35: 
1-23). Another test used to guide HF management is the blood plasma concentration NTproBNP, a hormonal marker of 
cardiac wall stress. Previous studies have identified significant relationships between CPET variables and NTproBNP, with 
some suggesting that NTproBNP may be used to predict CPET performance (Krüger et al. JACC 2002; 40: 718-722). 
Wythenshawe HF service performs prognostic assessments in selected patients, which includes both CPET and 
NTproBNP testing. 
 
Aims:  

1. To assess the proportion of patients referred for HF assessment that meet established CPET criteria for 
transplant eligibility. 

2. To investigate the relationship between CPET variables and NTproBNP, including whether NTproBNP can be 
used to predict CPET performance in relation to transplant eligibility criteria. 

 
Method: 123 consecutive HF assessments between 01.01.2019 – 01.09.2021 were retrospectively analysed against well-
established transplant eligibility criteria from CPET. Univariate correlations were performed between CPET variables and 
NTproBNP using Spearman’s rank test. Receiver Operating Characteristic (ROC) curves were calculated to assess whether 
NTproBNP could be used to predict CPET performance in relation to transplant listing criteria. 
 
Results: Transplant listing recommendations based on CPET consist of multiple criteria. The number of patients that met 
these criteria were as follows: 

1. Peak VO2 ≤12ml/kg/min in beta blocker tolerant patients from a maximal test = 4/69 
2. Peak VO2 <50% pred. in young (<50) or female patients from a maximal test = 4/33 
3. VE/VCO2 >35 = 19/68 
Significant correlations were observed between the CPET variable in each of these groups and NTproBNP. (Group 1:  r 
= -.45, p<0.01, n= 69. Group 2: r = -.43, p<0.05, n = 33. Group 3: r = .36, p<0.01, n = 68). 
NTproBNP was able to predict CPET performance in relation to transplant eligibility criteria, with excellent (group 1) to 
fair (group 3) discriminatory power (Group 1: AUC = 0.87, 95% CL 0.74 - 1.0. Group 2: AUC = 0.80, 95% CL 0.76 – 0.99. 
Group 3: AUC = 0.70, 95% CL 0.55 – 0.85). 
 

Conclusion: Few patients referred for prognostic HF assessment were eligible for transplant based on CPET. There is a 
clear association between CPET performance and NTproBNP in patients with HF. Furthermore, in carefully selected 
patients, NTproBNP may be used to predict whether CPET results are likely meet transplant eligibility criteria.
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Assessment of Obstructive Sleep Apnoea with Peripheral Arterial Tone (PAT) 
Technology 
Miss Ketanya Mckoy1, Dr James Stockley1, Prof Brendan Cooper1 

1University Hospitals Birmingham, Birmingham, United Kingdom 

 
Introduction: Obstructive sleep apnoea/hypopnoea (OSAH) can be diagnosed using with variety of technologies. 
Oximetry alone can yield a false negative and a more robust polygraphy study is often then recommended before the 
decision to treat with CPAP is made. We sought to determine if oximetry data plus detailed clinical history is sufficient 
for the decision to treat. 
 
Methods: Patients who undertook oximetry and subsequent WatchPAT over 12 months were screened. 58 patients were 
included and 17 proceeded to CPAP after the WatchPAT study. Oxygen desaturation index (ODI), mean SpO2 and the 
Apnoea/Hypopnoea Index (AHI) data were compared using Spearman-Rank (for correlation), Wilcoxon signed-rank (for 
average difference) and Bland-Altman (for agreement). The decision to trial CPAP was made independently by a Clinical 
Scientist based on oximetry plus clinical data (Epworth, reported sleepiness, snoring, witnessed apnoeas, morning 
headache, total sleep time) and compared to a previous decision by a Clinician who had additional WatchPAT data. 
 
Results: Oximetry ODI and WatchPAT AHI did not correlate. There was a moderate correlation for mean SpO2 between 
oximetry and WatchPAT (r2 = 0.6879, p < 0.001). A strong correlation was observed between WatchPAT ODI and 
WatchPAT AHI (r2 = 0.9975, p < 0.0001). There were no significant differences on average between any parameters 
compared. However, Bland-Altman plots demonstrated that WatchPAT yields a higher value for AHI compared to 
Oximetry ODI (mean difference 5.5). The decision to treat with CPAP based on oximetry plus clinical data versus an 
additional WatchPAT yielded the same number of patients (17 total), although there was only 71.9% agreement between 
the two methods. 
 
Conclusions: Oximetry plus clinical data alone is not sufficient for the decision to treat OSAH patients with CPAP in all 
cases. Indeed, WatchPAT devices have been so successful, they have now replaced oximetry as our first-line diagnostic 
study. 
 

 
Figure 1: A Bland-Altman plot comparing the primary diagnostic parameters from Oximetry (ODI) and WatchPAT (AHI). 
On average (red dotted line), WatchPAT AHI was 5.5 events/hr higher than Oximetry ODI and this difference became 
larger as OSAH severity worsened. There was a significant correlation (r2 = 0.638, p <0.0001), indicating proportional bias 
and, hence, no agreement between the two parameters (n = 58).
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Introduction: Obstructive sleep apnoea (OSA) is a condition where the upper airway is compromised whilst 
asleep, with continuous positive airway pressure (CPAP) as the gold standard treatment. For CPAP to be 
effective, an adequate mask seal is essential which is determined during initialisation by fitting a mask and 
trialling CPAP. During the COVID-19 pandemic, as CPAP was classified as an aerosol-generating procedure 
(AGP), patients were unable to trial CPAP in clinic. 
 
Methods: A retrospective search identified patients initiated on CPAP in May-September 2019 (pre-COVID-
19) and May-September 2020 (post COVID-19). Values of average daily CPAP usage (minutes) and excessive 
or non-excessive mask leak (≥24 or <24 litres/minutes respectively) at 30 days post CPAP initiation were 
collected for the first 100 patients in a consecutive series in both groups. 
 
Results: An independent T-test was carried out on CPAP usage and found a non-significant decrease in 
average CPAP usage in 2020 (mean 314 ± 121 minutes) compared to 2019 (mean 327 ± 129 minutes), p=0.487. 
The chi-square test of homogeneity was conducted on mask leak and showed a non-significant increase in 
the proportion of patients with excessive mask leak in 2020 (28%) compared to 2019 (20%), p value=0.185. 
Multiple regression analysis of age, sex, AHI, ESS and mask leak, showed that these factors collectively did not 
statistically significantly predict CPAP compliance F(5,194)=2.031, p=0.076. As an individual factor, sex was 
statistically significant and predicted CPAP usage of 44 minutes less in males compared to females (table 1). 
 
Table 1: Multiple regression model for 2019 and 2020 collectively  

CPAP usage 2019 
and 2020 

B 95% CI for B 
LL              UL 

Sig SE B β R2 ΔR2 

Model       .050 .025 

Constant 349.515 246.052 452.978 .000 52.459    

Sex -44.437 -83.209 -5.666 .025 19.658 -.169   

Age .169 -1.219 1.556 .811 .703 .018   

AHI .392 -.377 1.161 .316 .390 .072   

ESS -1.453 -4.706 1.801 .380 1.650 -.065   

Mask leak -29.715 -72.481 13.051 .172 21.684 -.102   

Model = “Enter” method in SPSS statistics; B = unstandardised regression coefficient; CI = confidence interval; LL = lower 
limit; UL = upper limit; Sig = coefficient significance; SE B = standardised error of the coefficient; β = standardised 
coefficient; R2 = coefficient of determination, ΔR2 = adjusted R2  
 
Conclusions: In our patient cohort there was no significant impact on mask leak or short-term CPAP 
compliance since the procedure change in CPAP initialisation which contrasts with Turnbull et al., Thorax 
2022;77:839-841 who found a significant decrease in CPAP usage. Whilst the regression model was not 
statistically significant, male sex was associated with decreased predicted CPAP usage.
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Change in lung clearance index (LCI2.5) following initiation of 
Elexacaftor/Tezacaftor/Ivacaftor (ETI) in children with Cystic Fibrosis (CF) aged 6-11 
years 
Mrs Jody Jolly1 

1Nhs Lothian, , United Kingdom 
 
OBJECTIVES  
LCI2.5 has been extensively used in research trials for CF therapies, although use in routine clinical practice is limited. 
Elexacaftor/Tezacaftor/Ivacaftor (ETI) was licensed for UK use in January 2022 for children aged between 6-11 years 
with CF and any FDA approved mutation combination. This single-centre, cohort study aimed to analyse the effects of 
ETI on lung health (LCI2.5) as well as spirometry and growth measures.  
 
METHODS  
Baseline data prior to commencing ETI were collected for children with CF including anthropometric data, spirometry 
data (Vyntus One, Carefusion) and LCI2.5 by nitrogen multiple breath washout (Exhalyser-D, EcoMedics).  These 
measurements were then repeated after 3 months of ETI treatment at the next clinic visit.  
 
RESULTS  
Data are available for 11 children (8 male), of whom 4 were modulator naïve and 7 had transitioned from prior 
modulator treatment (3 from Ivacaftor and 4 from Symkevi). At baseline, the mean age was 10.2 years (7-12), LCI2.5 

was 6.9 (5.8-8.9), FEV1% predicted was 97% (74-122) and BMI was 19.1 (16.1-26). 
   
Differences in clinical parameters before and after starting ETI are displayed in Table 1.  
  
Table 1 Mean (SD) differences in clinical parameters before and after ETI therapy  

  Pre-ETI  Post-ETI  Mean (SD) change  p-value*  

LCI2.5  6.9 (1)  6.4 (0.3)  -0.52 (0.9)  0.09  

LCI z score  +1.4 (2.9)  +0.2 (0.9)  -1.3 (2.7)  0.15  

FEV1 (% predicted)  96.9 (14.1)  101 (12.3)  +4.2 (9)  0.18  

FEV1 (z score)  -0.3 (1.2)  +0.1 (1.1)  +0.35 (0.8)  0.22  

FVC (% predicted)  102 (14)  103 (12)  0  0.98  

FVC (z score)  0.2 (1.2)  0.2 (1.0)  0  0.85  

BMI  19.1 (3.6)  19.9 (3.9)  +0.8 (1.1)  0.04  

*Student’s paired t-test  
  
 CONCLUSIONS:  
A trend towards improvement in LCI2.5 and FEV1 following commencing ETI therapy.  There was a statistically 
significant improvement in BMI. Potential reasons for not demonstrating statistically significant improvements in LCI2.5 
and FEV1 including small sample size and pre treatment values close to normal indicating good baseline lung 
health.  Recording LCI2.5 in the clinical setting appears a useful outcome for assessing changes in lung health in CF. LCI2.5 

is a good tool in tracking lung health over time. 
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Objectives:  
Children with Cystic Fibrosis (CF) undergo annual cardiopulmonary exercise testing (CPET) at our centre as part of their 
routine assessment. It had been noticed that several were showing an abnormal Oxygen pulse response (O2pulse) with a 
flattening or fall at higher intensity exercise. Oxygen pulse has been demonstrated to be a good marker for stroke 
volume.  Our aim was to evaluate the CPET results from our CF subjects to check for the incidence of an abnormal 
O2pulse response. 
 
Methods: 
This was a retrospective analysis of clinical data obtained during CF patient’s annual reviews. They underwent 
spirometry, static lung volume measurements (Vyntus body – Vyaire Medical) and a  CPET using an incremental 
maximal ramp protocol performed on a cycle ergometer (Vyntus ONE CPET – Vyaire Medical). 
 
Results:  
Data was analysed over an 18 month period. There were 63 patients tested. The demographics, pulmonary function 
and CPET results are shown in the table below. 32% (20 patients) exhibited an abnormal O2pulse response. Of these, 40% 
had a reduced aerobic capacity (VO2peak < 85% predicted). Overall, only 21% had airflow obstruction, all of which were 
in the mild category.  
  
Table 1 - Demographics  PFT & CPET data      

Parameter Mean 95% CI 

Sex (M/F) 42/21 - 

Age 12.8 12.2, 13.3 

Height z 0.07 0.24, -0.10 

Weight z 0.12 0.35, -0.12 

BMI z 0.07 0.37, -0.22 

FEV1 z -0.31 -0.01, -0.62 

FEV1/FVC z 0.04 0.33, -0.25 

VO2peak % Predicted 84 89, 80 

VO2peak ml/kg 34.8 32.9, 36.7 

O2 pulse % Predicted 89 100, 78 

Peak HR 182 185, 179 

Ventilatory Threshold 
(% predicted VO2peak) 

47 50, 44 

       
Conclusions: 
A high proportion (32%) of our CF patients showed an abnormal O2pulse response as shown by a plateau or fall during 
CPET.  All patients with this response had a normal baseline and stress ECG during CPET. 9 underwent a follow up 
echocardiogram which all showed a structurally normal heart. Further research is required to investigate the cause and 
clinical significance of the abnormal O2pulse response in a proportion of children with CF. 
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Introduction 
Congenital central hypoventilation syndrome (CCHS) is a rare genetic condition involving impaired physiological 
responses to rising carbon dioxide (CO2) and falling oxygen saturation (SpO2) levels, and requires assisted ventilatory 
support at least during sleep. A recent study showed that CCHS patients with normal awake SpO2 and end-tidal CO2 
(ETCO2) levels can become hypoxic and hypercapnic during a 6-minute walk (6MWT), a submaximal exercise test 
reflective of daily activity (Ghosh R.N. et al. 2022, Paed Pulm, 57(7), 1660-1667). Based on this study, we started to 
perform 6MWT routinely in patients with CCHS from July 2022, to identify those that may hypoventilate during the 
daytime and/or could be prioritised for phrenic nerve pacing in the future. 
 
Method 
The 6MWT was performed in successive patients with CCHS following their sleep study. We monitored ETCO2 on a 
Masimo Rad-97 with Capnography via either nasal cannula or tracheostomy using NomoLine airway adapter sets. SpO2 
and heart rate (HR) were monitored as per standard protocol. ETCO2, SpO2 and HR were recorded at baseline, 3 and 6 
minutes. Measurements were assessed for change in SpO2 and ETCO2 from baseline to 6 minutes to look for 
hypoxaemia and hypoventilation during exercise.  
 
Results 
Seven patients, median age 9.5yrs (IQR 7.9-10.9), completed the 6MWT, with ETCO2 measured via tracheostomy for 3 
patients. Median 6MWD was 360m (285-405). Median change in SpO2 during the walk was -2% (-4- -0.5) and median 
change in ETCO2 was 6mmHg (1.5-9.5). Five out of seven patients had no decrease in SpO2 (below 90%) or increase in 
ETCO2 (>10mmHg from baseline) during the walk. However, one patient developed hypoxaemia with a fall in SpO2 of 
16% from baseline (nadir 83%) and two showed evidence of hypoventilation on exercise with an increase in ETCO2.  
 

 
Figure 1. Comparison of baseline and 6-minute readings of SpO2 and ETCO2 for all patients 
 
Conclusions 
Some individuals with CCHS may not increase their ventilation sufficiently to avoid becoming hypoxic and hypercapnic 
during a submaximal exercise test. This indicates a need to monitor CCHS patients during walking and specifically 
exercise. The 6MWT can be adapted to include monitoring of ETCO2 and is an important test in the clinical care of 
children with CCHS managed at GOSH.  
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Introduction: Cardiopulmonary exercise tests (CPET) are a well-recognised risk-assessment tool within the preoperative 
setting, but the usefulness of parameters derived remains inconclusive. This study compared a novel approach, the 
Larsen method, against the current Ostiguy approach, to determine which method was most sensitive at detecting 365-
day postoperative mortality. 
 
Methods: Ethical approval was granted by MMU and UHBW.  36 thoracic and 102 upper gastrointestinal (GI) patients 
performed a treadmill CPET prior to surgery. Risk for surgery was calculated: (1) Larsen calculation: ln(R/(1-R)) = 7.911 – 
0.052 V̇O2peak -1.365 FEV1 produced an isopleth score which was used to produce a receiver operator characteristic (ROC) 
curve. (2) Predefined Ostiguy thresholds were used to assign surgery risk. Date of surgery and death were recorded to 
calculate mortality.  
 
Results:  
Larsen: 35 / 138 patients died by 365-days post-surgery. Isopleth value 0.6 is the most useful with a sensitivity of 66% 
and specificity of 53%, however, the Larsen method is poor at predicting 365-day postoperative mortality (area under 
ROC curve 0.629).  
Ostiguy: The 95% confidence for both sensitivity and specificity are wide, showing limited effectiveness of the current 
Ostiguy approach.   
 
Table 1. Summary of the findings showing the Ostiguy and Larsen 365-day postoperative mortality.  

  Ostiguy 365-day 
mortality 

  
Larsen 365-day 

mortality 

 

95% CI Sensitivity  18.71 – 81.29 
 
95% CI 0.523 – 0.735 

(P = 0.023) 
  

95% CI Specificity  33.37 – 73.41 
 
Area under  
the curve 

0.629   

 
Conclusions: Neither the Larsen nor Ostiguy method are accurate at predicting 365-day postoperative mortality, 
meaning neither method supersedes the other in clinical utility. This suggests the more simplistic Larsen method may be 
implemented to derive surgery risk, but a larger sample is needed to examine this relationship further. 
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Inpatient lung function; timeliness and use in acute neuromuscular respiratory 
insufficiency 
Mrs Vicky Moore1, Mrs Elizabeth Green, Mr Samuel Wallbanks, Dr Rahul Mukherjee 
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Introduction: There are several patients admitted each year with respiratory, surgical and other acute problems. We 
have audited the time taken to complete lung function in these patients, with a particular focus on acute 
neuromuscular admissions. This latter group include Guillain Barre  Syndrome (GBS), Myasthenia Gravis (MG) and 
Motor Neurone Disease (MND) where regular lung function has been important for determining escalation to ITU. New 
local guidance was written for this group which involves completing a baseline spirometry then the ward team 
performing a breath hold test (BHT)1 to determine any deterioration requiring further spirometry and possibly ITU 
admission. 
 

Methods: All inpatient requests for lung function between 1st April and 30th November 2022 were examined for 
request reason and the number of working days taken to complete tests. For the acute neuromuscular group, time to 
breath hold test was also analysed alongside the number of spirometries and BHTs performed throughout the patient’s 
crisis period and whether ITU escalation was required. Comparisons between BHT and forced vital capacity (FVC) were 
made and compared to expectation 1. All information was taken from the PICS system which holds inpatient records.  
 

Results: Overall, 67% of patients had spirometry completed with 1 day of the request. The mean number of days for 
completion was 1.3. Out of all requests, 3 patients were not tested (1 GBS, 1 respiratory and 1 other).  Table 1 shows 
the acute neuromuscular request information. There was one outlier for the BHT, where it took 11 days to complete. 
For the neuromuscular patients, 1 died, 1 was escalated to ITU, but returned to the ward and the rest were discharged. 
Table 2 shows the comparisons between FVC and BHT and whether they correlated according to the literature1,2.  
 

Conclusion:  Dedicated slots for inpatients would likely further improve the number of patients that can be tested 
within 1 working day of request. More information needs to be disseminated for the acute neuromuscular pathway to 
ensure BHT is regularly completed and instigated in a timely fashion, with further spirometry requests submitted as 
appropriate. BHT and FVC were comparable in 67% which may be further improved by changing to breath hold count. 
This can be assessed in a future evaluation. 
 

References 
1. Snider TH. Simple Bedside Test of Respiratory Function. J. Am. Med. Assoc. 170:1631, 1959.  
1. Sprigings D, Chambers J. Acute Medicine: A Practical Guide to the management of Medical Emergencies. Oxford 1990. Blackwell Scientific 

Publications, ISBN: 0-632-02169-1  
 

Table 1. Acute neuromuscular inpatient monitoring 

Request reason: 
GBS/MG/MND 

BHT 
performed? 
(%) 

Median 
days from 
patient in 
crisis to 
first BHT 
(range) 

Median no of 
spirometries 
performed 
over hospital 
stay (range) 

Median no 
of BHT 
performed 
over acute 
episode 
(range) 

Median 
days in 
crisis 

Escalated 
to ITU 

4/5/2 9 (82) 1 (0-11) 1 (1-5) 3 (0-12) 4 (2-25) 1 
 

Table 2. BHT versus FVC 

BHT (s) FVC (L) expectation (L) Agree within boundary? 

26 2.81 3.5 no 

9 0.9 1.5-2 no 

5 1.43 1.5-2 yes 

51 4.68 >3.5 yes 

8 1.65 1.5-2 yes 

6 1.74 1.5-2 yes 

20 2.8 2.5-3 yes 

10 2.02 2.0-2.5 yes 

11 2.58 2.0-2.5 Almost! 
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Introduction: The use of home spirometry has recently increased due to advancements in technology and the impact of 
COVID-19. There have been uncertainties regarding the validity of handheld spirometers, and conflicting literature exists 
surrounding the agreement of handheld spirometers with laboratory-based spirometers (Barr et al., 2008; Degryse et 
al., 2012). This analysis was performed as the primary aim of a home spirometry service evaluation to ascertain 
agreement of results obtained using the MIR ‘Spirobank Smart’ handheld spirometer with the ‘Vyntus SPIRO’ laboratory 
spirometer.  
 

Methods: An analysis of spirometry results was completed to compare FEV1, FVC and PEF from tests using the ‘Spirobank 
Smart’ with the ‘Vyntus SPIRO’ spirometer. These tests were carried out in paediatric CF patients on both spirometers 
during the same lab visit according to ATS/ERS guidelines (n=28). To prevent the influence of a learning effect or fatigue, 
the order in which device was used first was alternated. Statistical analysis involved a paired-samples sign test and Bland-
Altman analysis. 
 

Results: There were no significant differences between either the FEV1 or the FVC measurements obtained using the 
‘Vyntus SPIRO’ spirometer compared with the ‘Spirobank Smart’ spirometer (p>0.05). There was a statistically significant 
difference between PEF measurements (p=0.014). Bland-Altman plots indicated agreement in FEV1, FVC and PEF 
measurements obtained from these two spirometers (refer to fig. 1). 
  

 
Figure 1. Bland-Altman plots representing differences in measurements obtained with the Vyntus SPIRO and Spirobank Smart 
spirometers expressed as a percentage of the mean difference, versus the mean of the two measurements for a) FEV1 b) FVC c) PEF 
 

Conclusion: This service evaluation suggests the ‘Spirobank Smart’ spirometer produces valid results compared with a 
laboratory spirometer, when performed under the supervision of a Respiratory Physiologist, with no statistically 
significant differences found between either the FEV1 or FVC measurements obtained. If PEF is to be considered using 
the ‘Spirobank Smart’ spirometer, caution should be taken in its interpretation due to one statistical test indicating 
that PEF may be overestimated.  
 
References 
Barr, R.G., Stempie, K.J., Mesia-Vela, S., Basner, R.C., Derk, S., Henneberger, P., Milton, D. & Taveras, B. (2008). Reproducibility and Validity of a 
Handheld Spirometer. Respiratory Care. 53, 433-441. 
Degryse, J., Buffels, J., Van Dijck, Y., Decramer, M. & Nemery, B. (2012). Accuracy of Office Spirometry Performed by Trained Primary-Care Physicians 
Using the MIR Spirobank Hand-Held Spirometer. Respiration. 83, 543-552.
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Introduction: 
A workforce planning initiative which was set in motion to allow transition to a physiologist led CPET service due to a 
number of factors. 
 

Aims: 
To determine if a physiologist led CPET service can provide safe testing and interpretation. 
 

Methods: 
Prior to initiation of the physiologist led CPET service the following steps needed to be performed. 
 

 
 
 

One year data was collated and consultants that had requested a CPET from 28/09/2020 to 28/09/2021 were 
contacted for feedback, along with physiologists performing the tests (questionnaire).  
 

Results: 
All staff received additional CPET training and ECG training. Between 28/09/2020 and 28/09/2021 188 patients were 
tested by the new physiologist led service. There were 7 relevant physiologist comments identified, none of which 
required medical attention. Approximately 282 hours of consultant time were saved. Consultants and physiologists 
rated the service as very satisfied. The majority of physiologists stated they felt safe performing CPETs autonomously. 
 
Conclusion: 
Physiologists can safely perform CPETs autonomously and report to a high standard whilst saving 282 hours of 
consultant time. 

•Physiologist practical training

•CPET Course (European Respiratory Society as Association 
for Respiratory Technology & Physiology not available at 
that time)

Practical Testing 
And Background 

Knowledge Of CPET

•Society for Cardiological Science & Technology course in 
Essential ECG interpretation and exam

•M and K update The ECG Workshop online course

•Additional training with cardiac physiologists

Electrocardiogram 
(ECG)

•CPET interpretation and standarised report guide 
created 

•Additional CPET interpretation training delivered

•All reports peer reviewed

•Consultants contacted for report feedback

Interpretation Of 
Results

•Ensure all staff have attended an up to date basic life 
support course

•Ensure all staff are aware of what to do if a patient 
becomes unwell during testing 

Patient

Safety
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Background: Historically, spirometry has been used in many clinical trials to obtain FEV1 for use as a well-established 
outcome measure. However, FEV1 is not able to detect early disease changes which occur in the smaller, peripheral 
airways. The multiple breath washout test (MBW), with lung clearance index (LCI) as its primary outcome, can provide 
an overall indication of ventilation inhomogeneity and is now used in cystic fibrosis clinical trials as a key outcome 
measure. The LCI Core Facility was created in 2014 to assist with standardisation of testing by certifying operators 
across Europe and providing an overreading service for clinical trials.  
 
Methods: Our team at the Royal Brompton/Imperial College have aided the standardisation of testing by working with 
other specialist centres to create a standard operating procedure. Training is provided to sites using a combination of 
online and face-to-face sessions. Operators can then submit traces for analysis whereby a well-defined set of quality 
criteria is applied to determine whether they pass or fail the certification. In collaboration with the cystic fibrosis 
clinical trials network, a log of all certified sites and operators is maintained. This allows sponsors to access a pool of 
suitable sites for clinical trials.  
Results: To date, we have certified 206 operators; on average 78% of operators pass certification first time. We 
provide further training and support to those who need to re-submit. Since the core facility was established, we have 
overread more than 6000 MBW traces for clinical trials; this ensures high quality testing data is used in CF research.  
 

Summary of operator pass rate 

 

 
Conclusion: The LCI Core Facility has helped to enable standardisation of MBW testing, resulting in a higher quality 
outcome measure for CF research. Following our success, we have been approached by other disease group networks 
for which LCI could be a useful outcome measure. 

Year Number of operators 
certified 

First time pass rate 
(%) 

Total number of traces 
submitted 

2014 12 75 38 

2015 45 73 270 

2016 21 67 123 

2017 18 83 95 

2018 23 83 140 

2019 15 73 85 

2020 19 74 111 

2021 15 87 88 

2022 15 80 83 
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Introduction 
Peak oxygen consumption (VO2peak) expressed as % predicted, is used to risk stratify patients with heart failure (Mehra 
et al., 2016). There are various reference values available, however the Association for Respiratory Technology and 
Physiology recommend the Study of Health in Pomerania (SHIP) (Gläser et al., 2013) reference equations (Pritchard et 
al., 2021). It is unknown how the SHIP values compare to other commonly used reference values in patients with heart 
failure referred for heart transplantation. 
 
Methods 
A retrospective analysis of patients with heart failure that underwent a cardiopulmonary exercise test (CPET) via cycle 
ergometry as part of a heart transplant assessment between March 2017 and November 2021 was performed. Patients 
were included if the CPET incremental phase duration was >6-minutes, peak respiratory exchange ratio (RER) was >1.15 
and the CPET was terminated by the patient. VO2peak % predicted was calculated using SHIP, Wasserman, Jones, and 
the Fitness Registry and the Importance of Exercise National Database (FRIEND) reference values and compared using a 
Bland-Altman analysis. 
 
Results 
CPET was performed in 288 patients, of which 107 met the inclusion criteria. The mean  standard deviation VO2peak % 
predicted was 54.3  14.7%, 54.6  15.2%, 53.1  15.6% and 47.1  13.5% for SHIP, Wasserman, Jones, and FRIEND 
reference values, respectively. Table 1 shows the mean bias, upper limit of agreement and lower limit of agreement for 
VO2peak % predicted between each of the reference values. 

 
Table 1. Bland Altman analysis of mean bias, upper limit of agreement and lower limit of agreement.  

 Mean Bias Upper Limit of 
Agreement 

Lower Limit of 
Agreement 

SHIP-Wasserman 0.2% 4.4% -4.0% 

SHIP-Jones -1.2% 8.8% -11.2% 

SHIP-FRIEND 7.2% 12.5% 1.8% 

Wasserman-Jones 1.4% 10.1% -7.2% 

Wasserman-FRIEND 7.4% 12.2% 2.6% 

Jones-FRIEND 6.0% 15.4% -3.4% 

 
Conclusions 
Mean VO2peak % predicted and bias were similar between SHIP, Wasserman, and Jones predictive values, however the 
limits of agreement were large. The FRIEND predictive values yielded a lower VO2peak % predicted and greater bias 
compared to other predictive values. The large limits of agreement amongst predictive values, further highlights the 
need for a coherent set of CPET reference values, to facilitate consistent interpretation of results.
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Introduction  
Quality assurance and standardisation are essential to the utility of spirometry. The primary aim of this audit was to 
determine the compliance of spirometry tests within the outpatient department between April 2019 and June 2019. A 
secondary aim was to compare the relative compliance of two staff cohorts during the same period: internally trained 
staff (YTS) and externally trained staff (XTS). 
 
Methods  
The American Thoracic Society/European Respiratory Society (ATS/ERS, 2005) guidelines were the standards used to 
assess technical acceptability. The Association for Respiratory Technology and Physiology (ARTP, 2000) guidelines were 
used to assess reproducibility compliance. A sample of 324 spirometry reports was randomly selected for analysis, based 
on a 95% confidence interval with a 5% margin for error. The analysis was conducted using an original data collection 
tool (SP1) which distilled the ATS/ERS and ARTP criteria into a series of binary appraisals, the summation of which 
generated a spirometry compliance classification. Each sampled report was evaluated for quality by two experienced 
spirometry technicians who recorded their judgements on SP1 independently of each other. The two datasets were 
analysed to determine the degree of inter-rater reliability, with discrepancies resolved via consensus to produce a final 
dataset for statistical analysis. 
 
Results 
There was a high degree of inter-rater reliability. The overall departmental compliance rate with both the ATS/ERS and 
ARTP guidelines was 57%. The cohort analysis revealed that YTS compliance = 42% and XTS compliance = 71%, revealing 
a significant compliance gap of 29%. This gap widened when only technical acceptability was considered; YTS = 50%, XTS 
= 95%. 
 
Conclusions 
The audit was presented to senior managers and respiratory consultants in the Trust. The results have been the catalyst 
for change within the department, with XTS (physiologists) now supporting the delivery of spirometry in YTS clinics. 
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Introduction  
Primary care spirometry ceased during the COVID pandemic. The reintroduction remains difficult due to concerns 
around workforce, commissioning and training requirements. Leeds Teaching Hospitals Trust (LTHT) does not have the 
capacity to offer GP direct access spirometry referrals. 
A collaborative spirometry working group was created involving primary care and physiology. Funding was secured to 
pilot new modes of spirometry delivery by a hub model based on primary network locations.  
LTHT have contributed to the operational delivery. Central to the models was the choice of equipment which allows 
interoperability between primary care and LTHT.  
 
Aims 
The aim of this service audit was to assess whether there was any difference in quality between both models and the 
impact of the physiology team supporting model 1.  
 
Table1. Models of spirometry. 

Model 1- Hybrid (7 GP practices with PCN) Model 2- LTHT only (11 GP practices within PCN)  

Performance of spirometry by primary care 
practitioner- ARTP accredited 

QA delivered by LTHT staff  

Quality assurance, troubleshooting, technical 
comments and interpretation provided by LTHT 

Performance and interpretation provided by LTHT.  

 
Methods 
40 patient’s results were randomly selected and an eight-point discrimination technique was applied to determine the 
overall quality of spirometry. Operator comments and interpretation from LTHT was included to explain deviation from 
ARTP 2020 guidelines [1] .  
Primary outcomes were determined using spirometry results having been assigned an overall dichotomous value to 
reflect acceptable or not. Statistical analysis was performed using Chi squared tests with a significance level of 0.05.  
 
Results 
Overall, 22 out of 40 spirometry tests met technical acceptability guidelines (15- Model 2, 7-Model 1). The addition of 
technical comments improved this to 35 out of 40 (18-Model 1, 17-Model 2).  
There was a significant difference between spirometry performed by LTHT and primary care staff (p<0.05). This 
difference was obviated by technical comments and input from Clinical Scientists using technology (p=0.23). 
 
Conclusion  
Both models have successfully reintroduced spirometry within primary care and with the support from the physiology 
team the quality of spirometry increases from 35% to 85% in model 1. 
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Introduction: 
Home cardiorespiratory sleep studies (hCRSS) are becoming increasingly utilised in the diagnosis of sleep disordered 
breathing (SDB). Waiting list pressures have compounded the need for alternative solutions to reduce the number of 
inpatient studies. The financial cost of performing home studies is significantly less than those carried out in hospital. 
Furthermore, patient sleep quality can be suboptimal in a hospital environment. We hypothesise that hCRSS can be used 
as a successful screening tool in the diagnosis of SDB in children.   
 
Methods:  
A single device (SOMNOtouchTM RESP, SOMNOmedics) was utilised in a domiciliary setting within a paediatric cohort. A 
successful study was defined as ≥6 hrs duration and technically adequate signals. Available channels: SpO2, pulse rate, 
effort bands (thorax & abdomen), flow and snore (nasal cannula) and movement. Studies where SpO2, and/or effort 
bands were not available were classed as a failed study. SUMRIP was used as a surrogate for flow when nasal flow was 
unavailable. Parents attended the department on the day of the study for a demonstration of equipment application, 
and were given written instructions including a link to an instruction video. Physiologists were available by telephone if 
the family required assistance overnight.   
 
Results: 
59 patients (mean ± SD age: 8.0 ± 4.8 years with a maximum of 15.8 and a minimum of 1.0, male: 34, female: 25). Total 
success rate was 46/59 (78%). Flow and snore achieved in 25/59 (42%), SpO2 in 50/59 (85%) and effort bands in 52/59 
(88%). 13 failed studies – 38% of failed studies had no SpO2, 23% had poor compliance, 15% were short in duration. 1 
patient became unwell and 1 parent forgot to put equipment on.  
 
Fig 1 & Fig 2: 
 

 
 
Conclusion: 
Due to the high success rate, hCRSS can be used as an alternative to inpatient studies in paediatric patients undergoing 
investigation for SDB. The lower airflow channel success rate is due to poor patient compliance, which is also seen in 
supervised inpatient studies. Future work should introduce patient and parent feedback questionnaires. 
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Introduction 
NICE IPF guidelines (2017) state patients should be followed up initially every 6 months if they have stable disease by a 
specialised consultant. Follow-up timeframes requested by the consultant was measured against actual follow-up time, 
and PFTs completion to give an indication whether clinical requirements are being met. The IPF service was audited to 
establish if the guideline was being met. 
 
Method 
Retrospective data for a 6 month period (May-October) in 2019, (pre-pandemic) and 2021 (post-pandemic) 
demonstrating how service provision has altered and its current level.  
Once all data was complete, a series of calculation fields were added to tables to enable additional analysis of 
information collected through ICE. These were: outcome target date, outcome achieved, if no; days exceeded, actual 
days to appointment, tolerance 5%, tolerance date, achieved tolerance, tolerance days exceeded, difference apt to 
outcome, difference apt to tolerance outcome, days PFT conducted before follow-up, PFT follow-up achieved.  
 
Results 
A total of 118 patient records were reviewed, 30 patients met their consultant outcome and 56 people met NICE 
guidelines of 6 monthly. Meeting targets improved overall in the 2021 cohort which could be explained due to more 
virtual clinics however this led to poorer alignment of PFT appointments and consultant review.   
 
Conclusion 
Analysis of sample data indicates current booking processes for patients do not meet consultant requirements, 
highlighting current appointment booking processes in place are less than efficient and could be improved upon. 
This review investigated clinical care follow-up of IPF patients, with data indicating those outcomes, and therefore 
patients’ clinical needs are not being met as per guidance. This has clinical repercussions, with potential for condition 
mismanagement, delayed diagnosis and treatment intervention, and poorer patient outcomes.
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Introduction: A large number of pulmonary function tests (PFT) are performed in our respiratory physiology department; 
however, we have never previously appraised how many of our tests meet ARTP quality standards.  
 
Methods:  Data was randomly selected from our local data systems between June 2021 and November 2022. We 
compared the outcomes of each pulmonary function test to the reproducibility standards recommended by the ARTP1, 

2. Each staff member had a minimum of 5 spirometry and gas transfer tests analysed in the study period. Data is 
presented as frequencies and proportions.  
 
Results: Eighty-one spirometry and gas transfer tests were included in our analysis (and 11 isolated spirometry tests). 
Individual criteria were all above 70% concordance with 3 parameters of gas transfer ≥90%.  When combining all 
reproducibility criteria for spirometry, forty-nine out of 91 (53.85%) met them fully. Of the non-conformists, 15/42 had 
comments made as to why they weren’t achieved or had maximum attempts made. Forty-one of 80 (51.3%) gas transfer 
tests fully met reproducibility standards (not including TLCO repeatability due to low numbers of available data), with 
14/39 non-conformists having comments made. Table 1 shows the results broken down by each criterion. The most 
common reason for non-concordance of spirometry was not gaining a reproducible PEF; for gas transfer it was non-
reproducible alveolar volume. 
 
Table 1. The frequency and proportion of PFTs meeting reproducibility criteria 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Conclusion: Overall, our performance against many of the individual quality standards was positive, however, there are 
areas for quality improvement. Further teaching on guidelines is being implemented and a follow up audit planned.  
 
References 

1. Sylvester et al. ARTP statement on pulmonary function testing. BMJ Open Respiratory Research 2020; 7:e000575. 
doi:10.1136 

1. BTS/ARTP. Guidelines for the measurement of respiratory function recommendations of the British thoracic Society and the 
association of respiratory technicians and Physiologists. Respir Med 1994;88:165–94

Test Criteria Met reproducibility 
criteria (n, %) 

Spirometry 
(n = 91) 

Reproducible FEV1(within 5% or 
150 mL (100 mL if < 1 L)) 

72 (79.1) 

Reproducible FVC (within 5% or 
150 mL (100 mL if < 1 L) 

68 (74.7) 

Peak expiratory flow within 0.67 L 65 (71.4) 

Back extrapolated volume < 0.1L 
or 5% FVC 

81 (89.0) 

Expiratory time > 6sec or plateau 
achieved 

75 (82.4) 

Gas transfer 
(n = 80) 

Alveolar volume within 5% (or 
10%) 

56 (70.0) 

TLCO within 0.67mmol/min/kPa 
(or 10%) 

29/35 (82.9) 

KCO within 0.1 mmol  64 (80.0) 

Volume inspired ≥ 90% of VC 73 (91.3) 

Mouth pressures < 3kPa 78 (97.5) 

BHT 8-12s 72 (90.0) 

Volume inspired < 2 s (or 4 s when 
FEV1<50% predicted) 

78 (97.5) 
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Introduction: Obstructive sleep apnoea-hypopnea syndrome (OSAHS) is a significant public health burden. The latest 
published guidelines (NICE, 2021) recommend fixed Continuous Positive Airway Pressure (CPAP) as the first-line 
treatment for moderate to severe OSAS, however if the patient is unable to tolerate this, they may be transferred to 
Auto-titrating Positive Airway Pressure (APAP). The basis of this decision is cost, as APAP devices are more expensive to 
purchase than CPAP. As identified by the NICE (2021) guidelines as a key recommendation for research, this audit 
compares both the clinical effectiveness and cost efficacy for both CPAP and APAP trials in terms of clinical 
intervention instead of initial purchase cost. 
 
Methods: 130 patients split evenly between APAP and CPAP treatment groups (n=65 each group) were retrospectively 
studied over the first 8 weeks of commencing therapy within two NHS hospitals. The male to female ratio was similarly 
distributed between groups (APAP 71% males:29% females, CPAP 77% males:33% females). Overnight pulse oximetry 
was used in both patient groups to screen for OSA/OSAHS. Participants with a >4% Oxygen Desaturation Index (ODI) 
greater than 5 per hour were included in the study, and all participants were newly referred adult patients (>18 years) 
who were set up on CPAP and APAP between the same 3-month period (June - August 2019) to avoid seasonal 
variation in compliance. Patients having already tried CPAP or APAP previously were excluded. APAP was prescribed at 
4.5-20 cmH20 and CPAP pressure was fixed using a pressure prediction equation developed via departmental audit. 
Participant demographics, follow up cost, treatment adherence (overall percentage usage over 8 weeks and average 
nightly usage), mask leak and the Apnoea Hypopnea Index (AHI) were compared between groups using Mann-Whitney 
analysis. Optimal treatment was defined using an AHI scale <5/hr based on NICE discussion (NICE, 2021). Cost analysis 
for both groups were based on the NHS Agenda for Change pay scale (2019/2020) mid-point increment salary for Band 
3 staff for 30 minutes with each clinical intervention required. Variability between treatment group demographics was 
assessed further using logistic regression analysis to exclude any correlation with treatment efficacy (AHI >5/hr on 
treatment) and therefore bias in results. Receiving Operator Characteristic (ROC) analysis tested the sensitivity and 
specificity of predicting a correlation between demographic variables in participants irrespective of whether the AHI 
was >5/hr or <5/hr on treatment. 
 
Results: No statistical difference was observed between groups for AHI [p = 0.4386], nightly usage [p = 0.1193] or 
overall compliance [p = 0.4839]. Average mask leak was 255% greater [P= <0.0001] in the CPAP group when compared 
to APAP. A 57% increase in clinician intervention was observed in the CPAP group (table 1) with more interaction 
needed to optimise pressure in the CPAP group (n =13) compared to the APAP group (n = 6). Based on a 95% 
Confidence interval, demographic variability between groups for baseline ODI [P = 0.0238] and ESS [P = <0.0001] was 
evaluated against the likelihood of participants having an AHI >5/hr on treatment. No significant predictor of 
suboptimal treatment (AHI >5/hr) was observed for ESS using both APAP (β1= 1.019, p= 0.7186) and CPAP (β1= 1.022, 
p=0.6669) with similar outcomes for ODI against an AHI >5/hr on APAP (β1= 0.01070, p= 0.3585) and CPAP (β1= 
0.008138, p= 0.3660). Treatment was optimised in both groups (APAP median AHI = 3.7/hr [2.0-6.2], CPAP median AHI 
= 3.9/hr [1.95-7.40]). Further ROC analysis confirmed both ESS and ODI as unreliable values in predicting the likelihood 
of patients having an AHI >5/hr on both APAP (ESS R2= 0.002002, p=0.7158, ODI R2= 0.01293, p=0.1649) and CPAP 
(ESS R2= 0.002850, p= 0.4559, ODI R2= 0.01281, p= 0.3947) concluding demographic variation as irrelevant to the 
study outcome. 
 
 



 
 
 
 
 
 
 
 
 
 
 
 

Conclusion: Results suggest overall agreement with NICE guidelines that APAP and CPAP are equally clinically effective 
in treatment of OSAHS, however demonstrate higher costs incurred with CPAP trials with regards to clinical 
commitments. There is further scope of analysis in terms of cost efficacy with the implementation of telemonitoring to 
facilitate treatment monitoring and providing similar levels of support in both modes of treatment for greater accuracy 
in conclusions. Further recommendations for research in this area would include evaluating cost beyond 8-week trials 
to assess the financial impact on services depending on the mode of PAP therapy used. 
Does this study use human subjects, human biopsy specimens or genetic material?* YES / NO  
– Ethics committee approval was not required for this audit as all data was retrospective and anonymised. This audit 
did not require changing treatment/patient care from accepted standard for any participants involved. Approval was 
granted by both trusts’ local research and development teams. 
References: 
National Institute for Health and Care Excellence (NICE) (2021). Obstructive sleep apnoea/ hypopnoea syndrome and 
obesity hypoventilation syndrome in over 16s NICE Guideline NG202. Accessed online [28th December 2022] from: 
https://www.nice.org.uk/guidance/ng202  
National Institute for Health and Care Excellence NICE (2021).. Obstructive sleep apnoea/ hypopnoea syndrome and 
obesity hypoventilation syndrome in over 16s. Evidence review M: Demonstration of efficacy NICE guideline 
Intervention evidence review March 2021. Accessed online [5th January 2023] from: 

https://www.nice.org.uk/guidance/ng202/documents/evidence-review-13 

Table 1: Reported treatment interventions/ overall calculated cost per treatment mode. Greater intervention was 
reported overall for the CPAP group with over twice the amount of pressure amendments needed for CPAP than APAP 
during the 8-week trial. The CPAP group therefore generated a higher cost in terms of clinician time during the trial 
than the APAP group. 

https://www.nice.org.uk/guidance/ng202
https://www.nice.org.uk/guidance/ng202/documents/evidence-review-13
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Introduction 
Vagus Nerve Stimulation (VNS) therapy is an effective and well tolerated treatment for refractory epilepsy in children 
(NICE, 2004). Reported side effects include recurrent hoarseness of voice and occasional dyspnoea, coughing and 
pharyngeal paraesthesia. However, studies in children have identified Sleep Disordered Breathing (SDB) in 86-89% of 
patients post VNS insertion (Hsieh et al., 2008; Dye et al., 2021). This study aimed to investigate presence of SDB in 
patients receiving VNS treatment who were referred to our paediatric sleep service. 
 
Methods 
Retrospective review of medical records conducted on patients who underwent diagnostic Respiratory Polygraphy (RP) 
between April 2019 and December 2022 following VNS. RP was performed in accordance with the most recent 
American Academy of Sleep Medicine guidelines at time of recording. The presence of SDB was defined as obstructive 
apnoea-hypopnoea index (OAHI) ≥ 1ev/hr, and/or an unclassified AHI (UAHI) ≥ 1ev/hr, and/or a central AHI (CnAHI) ≥ 
5ev/hr. 
 
Results 
Five patients met inclusion criteria and were referred to the sleep service to investigate symptoms consistent with 
SDB. Median age at RP was 10 years (range, 6-17years). Four patients were diagnosed with SDB (mean AHI: 13.1ev/hr, 
range: 2.7-24.3ev/hr). Inspection of the RP demonstrated respiratory events and associated oxygen desaturations 
presenting concurrently with VNS on-off times and independent of sleep stage (Figure 1). Three of the patients with 
SDB were recommended for VNS settings adjustment. 
 

 
Figure 2: Entire night and 60-minute view of RP in a VNS patient demonstrating the rhythmicity of SDB and associated oxygen desaturations presenting 
concurrently with VNS on-off times (30s to 1.1minutes, interval=100s) and independent of sleep stage. 

 
Conclusion 
SDB is common in paediatric patients with VNS. It has a characteristic pattern presenting rhythmically, in conjunction 
with VNS discharges and independent of sleep stage. This study highlights the importance of assessing patients with 
VNS and developing management strategies such as adjustment of VNS settings or initiation of non-invasive 
ventilation. 
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Introduction 
High-risk medical equipment requires planned preventative maintenance (PPM) as detailed by the manufacturer and 
local guidance. University Hospitals of Leicester NHS Trust face long-standing issues with high-risk PPM compliance 
across the 3 sites. In this area, the trust has never reached key performance indicator (KPI) of 90% adherence set by 
medical physics and the trust board. This has been highlighted as requiring improvement by CQC under regulation 12 
and sits on the risk register due to increased probability of adverse events associated with device negligence.  
Non-invasive ventilators, provided to patients for long-term domiciliary use, fall into this category of high-risk devices. 
The ventilation team at one site were encouraged to increase PPM adherence of non-invasive ventilators to contribute 
towards the trusts’ improvement efforts.  
 
Aims 
To reduce the number of non-invasive ventilators from the GH site with outstanding PPM from 21% to <10% by April 
2022. 
To develop a viable, long-term approach to limit devices with outstanding PPM to <10% of those in circulation.  
 
Methods  
A small focus group was formed to address this issue of safety, comprising: 

1. A medical engineering representative 

• A respiratory physiologist specialising in ventilation 

• The department’s equipment room team leader (assistant physiologist) 

• A colleague with an interest in quality improvement methodology.  
Previous attempts to reduce the number of devices outstanding (visible in graph 1) were reviewed. This involved staff 
unable to take part in full clinical duties (due to shielding etc.) organising ad hoc maintenance appointments and 
device swaps. This was found to be unsustainable on their return to normal clinical duties and was felt to not address 
the underlying issues.  
A plan-do-study-act (PDSA) approach was agreed upon. Behaviour change theory was used to match barriers to 
suitable interventions based on the behaviour change wheel (Michie et al. IS 2011; 6:42). This theory splits problems 
into areas of: 

1. Knowledge 
2. Motivation 
3. Opportunity. 

QI tools identified knowledge and as the primary obstacle. Clinical staff were not fully aware of the requirements for 
ventilator maintenance, nor the regulations involved. 
In PDSA cycle 1, a bundle of associated changes targeting knowledge was implemented, including:  

• Education for staff 

• Visual reminders 

• Engagement with the medical engineering team 

• Alert system on clinic interactions. 
Despite raised awareness, opportunity for staff to swap devices to enable PPM to occur remained limited. Therefore, 
in PDSA cycle 2, a dedicated team member was tasked with organising PPM as part of their role. Organisation included: 

• Telephoning patients who had routine clinical review pending ensure attendance  

• Booking ventilator maintenance appointments for all other relevant patients (appointments now 
factored into the standard working week).  
 
 

 



Results 
 

 
 
 
Graph 1: Run chart of monthly number of ventilators from the GH site with outstanding PPM from Feb 2020-November 
2022.  
Educating staff around the importance and relevance of device maintenance in PDSA 1 appeared to prompt a 
downward trend in overdue devices. However, this was not felt to be significant enough to achieve our target in a 
timely manner. It was found that despite heightened awareness, standard patient contacts were not frequent enough 
in non-complex patients to offer timely maintenance.  
PDSA cycle 2 saw an improvement ‘shift’ according to Institute for Healthcare Improvement run chart rules. This 
appears stable in recent months. The changes made in PDSA 2, namely embedding this task into a job role and 
regularly rostered ventilator maintenance appointments, have been fixed into normal practice. Increasing staff 
awareness of maintenance requirements still forms part of our training process.    
 
Conclusions 

1. Quality improvement methodology, incorporating behaviour change theory, contributed towards addressing 
this issue of PPM non-compliance within our department.  

2. Early data suggests that the current approach, now factored into our standard working week, may be 
sustainable. This model may demonstrate for others the time required for organising PPM within a ventilation 
service: locally 14 hours/month for a service of 750 adult patients (1042 devices at time of writing). 

3. Work in conjunction with medical physics is required to refine data collection to allow for direct evaluation of 
% of devices outstanding, permitting control charting. Currently this figure is deduced (although number of 
devices is relatively stable). 

4. Sustainability appears to require strategies embedded into job roles and standard practice. Methods reliant 
on individuals’ solo efforts were not only unmaintainable, but also unquantifiable and unrecorded.  

5. Patient voice is required to understand the acceptability of additional appointments for PPM.  
6. Lack of appreciation of all processes involved before commencing dampened QI efforts.  
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Introduction: Numerous guidelines advocate the use of cardiopulmonary exercise testing (CPET) prior to major surgery 
however it remains unclear which indices best predict surgical outcomes. A combination of absolute V̇O2 peak, V̇O2 
peak.kg, anaerobic threshold (AT) and O2 pulse are commonly used to determine “overall” risk for surgery. 
 
Methods: 109 patients were retrospectively identified via an electronic patient information system. Hospital length of 
stay (LOS) and survival time (if deceased) were calculated. Pairwise comparisons of Kaplan Meier curves and Mantel Cox 
log-rank tests were performed to determine if hospital LOS, 30-day, 90-day, 1-year, and 2-year mortality were 
significantly different (P<0.05).  
 
Results: Primary analysis indicated the “overall” risk classification had no effect on hospital LOS, 30-day, 90-day, 1-year 
and/or 2-year mortality (P≥0.05). Secondary analysis revealed neither the absolute V̇O2 peak, AT or O2 pulse risk 
classification impacted hospital LOS 30-day, 90-day, 1-year and/or 2-year mortality (P≥0.05). As for the V̇O2 peak.kg risk 
classification groups; no significant difference was observed at 30-days, 1-year and/or 2-years (P≥0.05). Analysis of 
hospital LOS suggested very high risk individuals had a significantly shorter LOS than low and intermediate risk individuals 
(P<0.05). Conversely, analysis of 90-day mortality suggested a survival advantage for lower risk patients; with low risk 
individuals surviving longer than intermediate/high risk individuals and intermediate risk patients surviving longer than 
intermediate/high and high risk patients (P<0.05). 
 
Conclusion: This study suggests that the “overall” risk classification and the four primary parameters used to determine 
it poorly predict hospital LOS, 30-day, 90-day, 1-year and 2-year mortality. Further research should aim to identify which 
CPET indices and thresholds best predict surgical outcomes and if these are consistent across all types of surgery 
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Introduction: Many Artificial Intelligence (AI) validation studies often compare AI against a reference standard, typically 
a human expert. However, few studies have investigated the collaborative potential between AI and the reference 
standard. In this study, we investigated whether explainable AI software could improve the diagnostic performance of 
respiratory physicians in the interpretation of pulmonary function tests (PFTs). 

Methods: We recruited 62 experienced respiratory physicians from across Europe. Each physician was provided with  24 
PFT reports and asked to provide a preferential and up to 4 differential diagnoses based on PFT data alone. Physicians 
were blinded to the established gold-standard respiratory diagnosis established by an expert panel with access to all 
medical notes and investigation results. Each PFT was interpreted first without and then with explainable AI suggestions 
(ArtiQ.PFT). The primary endpoints were preferential and differential diagnostic accuracy. Secondary endpoints were 
the number of differential diagnoses, the diagnostic confidence, and the inter-rater agreement.  

Results: Physician + AI had significantly higher preferential (18.12±2.22 vs 15.62±2.02 improvement) and differential 
(20.5±2.2 vs 22.83±1.34 improvement) diagnostic accuracy compared with physicians alone (Figure 1). All secondary 
endpoints showed improvements. Respiratory physician reduced their number of differential diagnostic choices slightly. 
They updated their decision roughly 50% of the time. Finally, we observed that respiratory physicians were unlikely to 
follow the AI’s incorrect suggestion, which indicates low automation bias. 

Conclusion: In conclusion, a collaboration between respiratory physicians and AI (ArtiQ.PFT) is superior at interpreting 
PFTs when compared to individual respiratory physicians. 

 

Fig. 1. Primary endpoints (preferential diagnosis accuracy, left) and secondary endpoints (differential diagnosis accuracy, right)  for AI software 
(with artificial high proportion of mistakes), pulmonologists and teamwork (pulmonologists supported by the AI software).
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Introduction 
Numerical spirometry measurements have been used to define abnormality for some time.  Analysis of the flow 
volume loop allows unique patterns to be identified but is less established outside of respiratory medicine.  The 
purpose of this pilot study was to assess the performance of a graphical data model. 
 
Method 
A Flow volume Analysis Model (FAM) was constructed including a 100 point model of analysis, area under the flow 
volume curve and pattern of flow decline after peak flow.  The FAM was run on 50 examples.  Cases compatible with 
various abnormalities (detailed in Table 1) were also scored by a Human Panel (HP).  The HP was made of various roles 
including consultant physicians, registrars, junior doctors, physiologists, physiotherapists, and physician associates 
(n=22, experience: 8 years, range: 2-31 years).  For the purposes of creating a predicted curve, normal limits were 
taken from GLI dataset for Volume (FVC) and from ECSC for maximal flows.  Ease of scoring and perception of 
automated spirometry analysis was assessed with a questionnaire using a 0-10 score. 

 
Results 
Table 1.  Percentage of cases correctly classified by human and model flow volume loop scoring 

  
 Abnormality evident on Flow Volume Loop (FVL) 

 ‘Normal’     ‘Restriction’             ‘Obstruction’ 

                 

 A B C D E F G H I J 

           
Human: 96 96 82 77 77 96 68 82 68 91 

           
Model: 100 100 100 100 80 100 100 80 80 60 

           
 
Key:  A: Preserved FVL with normal FVC.  B: Preserved FVL with supra-normal FVC.  C: Preserved FVL with reduced FVC. 
D: Mild obstruction on FVL with reduced FVC. E: Severe obstruction on FVL with reduced FVC. F: Mild obstruction on FVL 
with normal FVC. G: Moderate obstruction on FVL with normal FVC. H: Severe obstruction on FVL with normal FVC. I: 
Moderate obstruction on FVL with supra-normal FVC. J: Upper Airway Obstruction (UAO). 
The most prevalent mistake in the HP cases involved classification of mild and moderate obstruction.  The most 
common error in the FAM was scoring UAO as severe obstruction. 
 
Perceived ease of scoring task was inversely related to experience with a wide range.  Support of automatic FVL 
analysis implementation in primary care and secondary care was neutral.  The use of automated analysis to assist 
human interpretation was positively supported.   
 
Conclusion 
Both FAM and HP were relatively successful at identifying examples of normal shaped FVL.  The FAM outscored the HP 
in most cases.  More modelling data is required to improve automatic scoring of UAO and severe obstruction.  
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Introduction 
The NICE guideline for obstructive sleep apnoea (OSA) has moved away from use of screening oximetry to home 
respiratory polygraphy on cost effectiveness grounds, but does not comment on single vs multi-night studies. Our 
centre perform multiple night oximetry on the basis that OSA may be missed on the first night due to equipment 
acclimatisation, and we could postulate this may be a bigger problem for multichannel studies. We looked at how 
many treatment decisions would be altered if only the first night data is used to make clinical decisions. 
 
Method 
206 patients who attended for overnight oximetry were included in the analysis. The study was performed over two 
nights in their own home, measuring oxygen desaturation index (ODI) and mean pulse rate. 
 
Results 
27.6% of patients saw a change in category between the two nights. Of the 71 patients with a normal ODI from the 
recordings taken over both nights, 5 of these were offered multi-channel sleep studies. Of these 5 patients, 4 had a 
normal ODI (<5) and one had moderate OSA (ODI 15.43).Table 1 provides a breakdown of the results, including 
whether CPAP was trialled. 
 

Night 1  Night 2  Number  CPAP trial offered 

Normal (ODI <5)  Normal  71 (34.5%)  1 (1.4%) 

Normal  Mild (ODI 5-<15)  19 (9.2%)  5 (26.3%) 

Normal  Moderate/severe (ODI 15->15)  0  0 

Mild  Normal  13 (6.3%)  3 (23.1%) 

Mild  Mild  29 (14.1%)  16 (55.2%) 

Mild  Moderate/severe  11 (5.3%)  10 (90.9%) 

Moderate/severe  Normal  1 (0.5%)  1 (100%) 

Moderate/severe  Mild  13 (6.3%)  11 (84.6%) 

Moderate/severe  Moderate/severe  50 (24.3%)  47 (94.0%) 

N=206 Figure 1 -Pulse oximetry results including CPAP trials 

Conclusion 
The use of multi-night oximetry highlights variability over two nights, with an increase (14.5%) and decrease (13.1%) in 
severity. This variability has also been demonstrated in multichannel studies (Lebon et al1). The additional information 
from the second night influences whether patients undergo a CPAP trial or are managed conservatively. We would 
advocate the use of multiple night sleep studies as providing additional diagnostic information guiding treatment in a 
significant proportion of patients. 
 
Character count (not including table ) – 1657 
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Introduction: Patients are referred to the paediatric CPET service for evaluation of “shortness of breath on 
exertion”. The causes of exercise induced dyspnoea are several fold and identifying the cause is important to 
facilitate correct treatment pathways and reduce the need for inappropriate treatment escalation (Goddard 
and Sonnappa. PRR 2021; Vol 38. Page 24-32). Breathing pattern disorders (BPD) are increasingly recognised 
as a cause for exertional dyspnoea. Altered breathing patterns can significantly affect a patient’s exercise 
tolerance, ability, and their overall quality of life. (Barker et al. 2020; Front. Paediatrics. 8:379). 
 
Objective: To ascertain the prevalence and pattern of BPD’s, in our paediatric cohort.  
 
Methods: We retrospectively analysed CPET data since inception of our paediatric CPET service in June 2022. 
To better distinguish the relationship between breathing frequency and tidal volume, we use the graph as 
displayed in the figure. 
 
Results: Data from 40 patients was analysed, (18 male; median age 13yrs, range 9-16yrs), (22 female; median 
age 14yrs, range 8-17). 32 (80%) were noted to have a BPD and referred for specialist respiratory 
physiotherapy for assessment and breathing retraining. The outcomes for the remaining 8 patients were 
varied, but included exercise induced bronchoconstriction, physical deconditioning, and symptom 
monitoring. Three predominant altered breathing patterns were identified in our patients (Fig 1b, c, d). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
These examples are indicative of dysfunctional breathing, and their sub-optimal breathing patterns may be 
significantly impacting their exercise performance.  
 
Conclusion 
The prevalence of BPD is high in the children and young people referred for CPET for exertional dyspnoea. 
Plotting of tidal volume and breathing frequency against time helps in identifying altered breathing patterns. 
 


