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Recently we published a Short extension the MBW (MBWShX) which acquires signal from previously 
overlooked under/unventilated lung units (UVLU) (Short et al, JCF 2022; 21(1):146-154). We sought to 
compare MBWShX parameters with Spirometry controlled (SC)-CT. 
16 CF subjects performed MBWShX, spirometry and SC-CT on the same day as part of a real-world study of 
elexacaftor-tezacaftor-ivacaftor. This study was approved by the London City & East Research Ethics 
Committee. MBWShX provides a marker of global lung health termed LCIShX as well as a specific marker 
termed UVLU. SC-CT images were acquired at both inspiratory capacity and residual volume with images 
scored according to the CF-CT system. All parameters apart from age were normally distributed. T-test was 
used to assess the difference between LCI2.5 and LCIShX, with linear regression used to determine the 
relationship between lung function and SC-CT parameters.  
CF subjects had a median age of 20 (Range 12-57), mean LCI2.5 14.1 (SD±4.4), LCIShX 17.9 (5.5), ppFEV1 81.2% 
(14.5) and ppFVC 92.0% (14.3). Whilst LCIShX was significantly different to LCI2.5 (P<0.001) the extent of UVLU 
was variable 3.9 (SD± 1.9, range 0.7-7.3) and was not predictable based on LCI2.5 (R2

 0.24; P> 0.05). Both 
LCI2.5 and LCIShX had good agreement with CT total lung score (R 0.78, R2 0.61, P<0.001; R 0.80, R2 0.64, 
P<0.001), hyperinflation score (R2 0.53, P<0.05; R2 0.62, P<0.001) and all other scores apart from 
parenchymal score. The extent of UVLU also had a significant relationship with CT total lung score (R2 0.30, 
P=0.03), hyperinflation score (R2 0.38, P=0.01) and peribronchial thickening score (R2 0.28, P=0.03). 
This data suggests that MBWShX and SC-CT are complementary markers of CF lung disease and that MBWShX 
can be a radiation-free assessment of UVLU. The heterogeneity of UVLU between CF subjects may suggest 
MBWShX provides clinically relevant and phenotypical information. 
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The impact of airway dysanapsis in patients with asthma and/or COPD on 129Xe ventilation MRI 

Introduction: Airways dysanapsis is a spirometric pattern of debated clinical significance, where there is 
airflow obstruction (forced expiratory volume in 1 second (FEV1)/forced vital capacity (FVC) < the lower limit 
of normal (LLN)), but FEV1 within the normal range. 129Xe ventilation magnetic resonance imaging (V-MRI) 
provides a functional assessment of ventilation abnormalities that may provide context to dysanapsis. 
Methods: Patients (pts) with a physician-assigned diagnosis of asthma and/or chronic obstructive 
pulmonary disease (COPD) in the NOVELTY study (NCT02760329) were assessed with post-bronchodilator V-
MRI and spirometry on the same day. Ventilation defect percentage (VDP), the proportion of non-ventilated 
lung, and heterogeneity index (VHI), ventilation heterogeneity within ventilated lung, were calculated from 
V-MRI. Airways dysanapsis was defined as FEV1/FVC<LLN (z score -1.64) and FEV1>LLN. Data were described 
as median (IQR). Mann-Whitney tests compared pts with airways dysanapsis and pts with normal 
spirometry. 
Results: Of 164 pts, 44 had dysanapsis (39% female, age 62.6 years [16.6]), comprising 14 with asthma, 21 
with asthma+COPD, and 9 with COPD. 83 pts had normal spirometry (55% female, age 57.2 years [23.3]). 
Despite both groups having a FEV1>LLN, the dysanapsis group had lower FEV1 (p<0.001). VDP and VHI were 
raised/worse (p<0.001) in pts with dysanapsis (VDP, 6.5% [9.6]; VHI, 12.4% [7.0]) compared with those 
without (VDP, 2.2% [2.6]; VHI, 9.1% [3.0]) (Figure). Ventilation abnormalities were prevalent in both groups; 
86% of the dysanapsis group had elevated VDP (>2%) vs 52% of the normal spirometry group (Figure). 
Conclusion: V-MRI demonstrated ventilation abnormalities in most pts with physician-assigned asthma 
and/or COPD despite normal FEV1. Pts with airways dysanapsis had more marked ventilatory defects and 
heterogeneity and may represent a population with significant pathology, rather than just a physiological 
variant. 
Sponsor: AstraZeneca.  



Figure. Comparison of patients with normal FEV1, between those with airways dysanapsis and those with 

normal FEV1/FVC 

 
Box-and-whisker plots (a) and (b) show the group difference in 129Xe MRI VDP and VHI and that patients 

with airways dysanapsis had significantly worse VDP and VHI than those without. Scatter plots (c) and (d) 

highlight the relationship between FEV1 and VDP in patients with normal spirometry (c) and those with 

airways dysanapsis (d). Dashed lines indicate the lower limit of normal for FEV1 and the upper limit of 

normal for VDP
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Impact of adopting Global Lung Initiative (GLI) regression equations on the interpretation of lung volume 
measurements. 
 
Background. Interpretation of Pulmonary Function Tests (PFT’s) can only be clinically valid if reliable predicted 
values are used to provide an estimate of normality1. The Global Lung Initiative (GLI) equations for spirometry 
and gas transfer have been widely adopted, replacing the European Community for Coal and Steel (ECCS)2 
values which had significant limitations. GLI equations for lung volumes were published in 2021 enabling 
departments to have a complete GLI reference data set. Aims. To assess the impact of adopting the GLI 
equations for lung volume measurements on our local population.  
Methods. Retrospective data from 200 patients (94M) attending the Respiratory Physiology Department 
between January 2020 and January 2022 were analysed. Predicted values and standardised residuals (SR) for 
identified patients were calculated for both ECCS and GLI equations for Functional Residual Capacity (FRC), 
Residual Volume (RV) and Total Lung Capacity (TLC). Wilcoxon signed-rank test was used to identify differences 
between predicted values.  
Results. There was a statistically significant difference between the predicted values for RV and TLC (Table 1).  
Clinically 24/200 (12%) patients changed severity status for TLC and 34/200 (17%) for FRC when moving from 
ECCS to GLI. RV predicted demonstrated the greatest impact on clinical interpretation with 78/200 (39%) 
changing severity status.  
Conclusion. The impact of changing to GLI predicted values for lung volumes measurements has statistical 
and clinical significance. GLI predicted values result in more patients being classified as either normal or less 
severely impaired than ECCS. This may be due to the use of a more representative population. Clinicians 
interpreting for clinical decision making should be aware of the predicted values being utilised and how a 
change can affect serial monitoring. 
Table 1 

N=200 ECCS Predicted GLI Predicted p ECCS SR GLI SR p 

TLC L 5.57 
(4.88 – 6.80) 

5.76 
(4.98 – 6.87) 

*** -0.63 
(-2.05 – 0.57) 

-0.78 
(-2.12 – 0.30) 

* 

FRC L 2.90 
(2.68 – 3.53) 

2.99  
(2.65 – 3.47) 

ns -0.66 
(-1.68 – 0.57) 

-0.57  
(-1.49 – 0.57) 

ns 

RV L 2.01 
(1.87 – 2.39) 

1.80 
(1.64 – 2.09) 

*** -0.42 
(-1.44 – 1.29) 

0.27 
(-0.54 – 1.28) 

** 

Data expressed as median and interquartile range (IQR); L = litres;  *** = p <0.0001; ** = p <0.001;   * = p 
<0.05;   ns = Nonsignificant 

  
References 

1. Cooper et al. Breathe 2017; 13: 56-64 
2. Degens and Merget. European Respiratory Journal 2008; 31: 687-688 
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Methods: We studied differences between patients trialling continuous positive airway pressure (CPAP) for 
obstructive sleep apnoea before and during the Covid-19 pandemic. 1,221 subjects (780 male; mean age 
52yrs, standard deviation 13.5) trialled CPAP after a face-to-face initiation (F2F) in April-November 2019 
(N=656) or by post in 2020 (N=565) and were reviewed by phone every 4 weeks until trial completion. 
Variables collected from a clinical database included: body mass index; diagnostic sleep disordered 
breathing (SDB) and Epworth Sleepiness Score (ESS) [1]; treatment apnoea-hypopnoea index (AHI) and ESS; 
average nightly use, percentage of nights used, how patients felt on CPAP, and if they continued with CPAP. 
T-tests and Mann-Whitney U assessed differences between F2F and postal groups. Logistic regression 
identified predictors of continuing therapy. Ethics approval was obtained from RI department.  
 
Results: There was no significant difference in the number of patients continuing with CPAP for the F2F 
(66%) and postal (64%) trials (p=0.71). Average hourly use was less for the postal group (median 4:54hrs, 
interquartile range (IQR) 2:30-6:18) than F2F (median 5:12hrs, IQR 3:00-6:24, p=0.04). There was less 
improvement in AHI on CPAP for postal (median 22.4/Hr, IQR 13-39.8) than F2F (25.1/Hr, IQR 12.7-47, 
p=0.04). There were no other significant differences. In a logistic regression of diagnostic variables, patients 
less likely to continue with CPAP were young (17-29yrs, odds ratio (OR): 0.42, 95% confidence interval (CI): 
0.20-0.87) and old (>69yrs, OR: 0.49, 95% CI: 0.29-0.85). This was not significant in the full model and 
predictors of continuing CPAP are shown below.  
 
Conclusion: Postal trials are effective for initiating therapy though may reduce patients’ compliance. 
Patients with high diagnostic SDB and who gained symptomatic benefit were more likely to continue with 
CPAP. Further research is needed to assess long-term differences between the groups.  
 

Summary of Significant Predictors of Continuing with CPAP Therapy 
 

Variable 
(reference) 

Odds Ratio  
(95% Confidence Interval) 

Postal Trial 
(F2F) 

1.72 (0.92-3.29) 

Moderate diagnostic SDB  
(mild) 

2.65 (1.22-6.44) * 

Severe diagnostic SDB  
(mild) 

5.03 (2.22-11.78) ** 

Moderate-severe treatment AHI 
(normal) 

0.06 (0.02-0.17) ** 

Missing treatment AHI (normal) 0.08 (0.02-0.34) ** 

Lower treatment ESS 
(same/higher) 

2.80 (1.25-6.24) * 

Missing treatment ESS 
(same/higher) 

0.06 (0.02-0.16) ** 

Felt Better on CPAP  
(same/worse) 

35.00 (16.70-77.72) ** 

SDB = Sleep Disordered Breathing; AHI = Apnoea-Hypopnoea Index;  
ESS = Epworth Sleepiness Score; *  p<0.05; ** p<0.01 

 
 
 
1. Johns, M.W., Sleep 1991; 14(6), pp.540-545. 
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Is there significant correlation between gas transfer and ventilatory equivalent measurements in a West 

Midlands hospital cohort? 

Methods: Correlation between gas transfer measurements examined that included transfer factor for 
carbon monoxide  (TLCO) and carbon monoxide transfer coefficient (KCO) and ventilatory equivalent (VEq) 
measurements that included VEq for O2 and CO2 at rest, anaerobic threshold, peak and minute ventilation 
over carbon dioxide output slope (VE/VCO2 slope). This study was approved by Manchester Metropolitan 
University research ethics and governance team and Worcester Acute Hospital research and development 
team. Data was collected retrospectively from 1st January 2014 to 31st December 2017 with subjects 
required to have their cardiopulmonary exercise test (CPET) and Pulmonary function test (PFT) performed 
within 3 months of each other and comply with international guidelines. Non-parametric data was 
transformed in order for parametric tests to be performed, such as Pearson’s correlation coefficient and 
multiple regressions. 
 
Results: Baseline characteristics of the 73 patients (25 females and 48 males) identified that 75.34% of 
these patients were classified as having an unhealthy body mass index (<18.5 and >25). 49 out of the 73 
subjects had diagnosed comorbidities, most common were chronic obstructive pulmonary disease (30.14%) 
and cardiovascular disease (26.03). KCO had a larger correlation with all VEq variables apart from VE/VCO2 
slope and its intercept when compared to TLCO. The largest linear correlation was found between VEq of CO2 
at anaerobic threshold (VE/VCO2 @AT) and KCO (r=-0.69, p<0.001). Multiple regression found that Log10 TLCO 
= 0.028(√86-Age) – 0.015(VE/VCO2 @AT) + 1.045 (Height) -0.657 (r= 0.833, p<0.001) and 69.4% of variance in 
TLCO was predicted from this equation. 
 Table 1 – Pearson’s correlation between gas transfer and VEq 

 
   *  = P Value < 0.05 
  † = P < 0.05 when Bonferroni correction is performed for multiple comparisons 
 
Conclusion: The significant correlation between these two sets of parameters clearly identifies the overlap 
between gas transfer and VEq measurements. This could mean that gas transfer results are estimated from 
VEq measurements or vice versa, if a subject can’t perform the relevant tests. The use of retrospective data 
has caused limitations regarding investigation protocol, composition of participants and equipment 
consistency. However, this study should be used as a benchmark for future research to further validate and 
expand these findings. 
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Patient background 

A male patient with bilateral lower lobe bronchiectasis and emphysema regularly attended for spirometry 
testing. The patient had a background of hypertension, Type 2 diabetes, an abdominal aortic aneurysm, 
chronic kidney disease, peripheral vascular disease and previous Bell's palsy with residual deficit. 
Breathlessness and cough were the main ongoing symptoms. 

Results: 

Over a four year period spirometry results varied: FEV1=2.18-4.51L, FVC=3.18-4.10L, VC=3.40-4.58L, 
PEF=218-451L/min. 
Ventilatory capacity was noted to be very variable between visits and a number of reasons were 
hypothesised. Did the patient have any pharmaceutical or surgical intervention? Was the patient compliant 
with his medication? Was there any other reason for the variability? 
It was noted that the results were lower during visits where the patient attended the department as part of 
a clinic visit with the consultant, whilst higher when attending for further in-depth testing. 
Due to the patients known previous Bells palsy it was hypothesised that the patient may be experiencing 
leaks whilst undergoing spirometry using the fluted mouthpiece. The patient agreed to perform spirometry 
using a fluted mouthpiece then a flanged mouthpiece.  
Comparision of spirometry result using a fluted verses a flanged mouthpiece 

 Month 47 
(fluted) 

SR Month 47 
(flange) 

SR Variation 
noted (%) 

Age (years) 78  78   

Height (M) 1.73  1.73   

Weight (Kg) 87  87   

BMI (Kg/m2) 29.1  29.1   

FEV1 (L) 2.28 -0.76 2.84 0.33 19.7 

FVC (L) 2.70 -1.46 4.03 0.72 55.1 

VC (L) 3.07 -0.85 4.41 1.34 30.4 

Ratio 74.3 0.17 64.4 -1.21  

PEF (L/min) 235 -2.88 406 -0.52 42.1 

SpO2 97  97   

 
There would be inherent built in errors within each piece of equipment used (Vitalograph Alpha compared 
to Medical Graphics plethysmograph) which may partly explain the change in values. 

Conclusion: 

Throughout testing via the fluted mouthpiece there was likely a leak that was unnoticed. This 
underestimated the patients ventilatory capacity and made longditudinal trends difficult to compare. New 
guidance stating that spirometers should have the capacity to perform tidal breathing first may have meant 
that the physiologist assistant would have noticed this easier by identifying drift from baseline in the tidal 
breathing traces 1 . Patent will now always be tested on the plethysmograph with a flange mouthpiece. 

Reference: 

1. Graham BL, Steenbruggen I, Miller MR, et al. Standardization of spirometry 2019 update. An official 
American thoracic society and European respiratory society technical statement. Am J Respir Crit 
Care Med. 2019 Oct 15;200(8):e70–e88. PMID: 31613151; PMCID: PMC6794117. 
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ABSTRACT 

Introduction 

Whilst traditional ERS guidelines recommend ≥12% and ≥200 mL change in FEV1 to constitute a ‘significant’ 

reversibility post-bronchodilator (1), recent ARTP guidance suggests a lower threshold of ≥6% may be more 

appropriate, in the context of a compatible clinical history (2). This study evaluates the diagnostic implications 

of using these thresholds.  

 

Methods 

Three months of reversibility assessments were analysed.  Spirometry was performed pre- and post-2.5 mg 

nebulised salbutamol. Exclusion criteria: 1) non-diagnostic referral and 2) poor baseline spirometry technique. 

Analysis of change in FEV1 was performed for 6%, 12% and 20% cut-offs, with sub-analysis for obstructive 

(FEV1/FVC < LLN) and non-obstructive groups. All data were tested for normality. Tests of difference between 

groups were performed using independent samples t-tests (continuous data) and chi-squared (categorical 

data). Correlations between variables were tested using Pearson’s r.  

 

Results 

63 reversibility assessments were included. The number of positive reversibility cases doubled when the ≥6% 

cut-off was used instead of ≥12% change in FEV1. In patients with obstructive baseline spirometry, small effect 

sizes were identified showing increased numbers of positive tests at the level of ≥12% and ≥20% change in 

FEV1 (d=0.235 and 0.247, respectively), but not at the ≥6% cut-off level where the frequency of positive cases 

was similar between obstructive and non-obstructive groups. There was a small positive correlation between 

FeNO and %change in FEV1 post-bronchodilator (r=0.34, p =0.04).  

 

Table 1. Descriptive characteristics and pulmonary function results of patients in this study. 

Measures Whole 

cohort (n = 

63) 

Baseline FEV1: FVC p-values  Effect size 

Obstructive (n = 

30) 

Non-obstructive (n = 

33) 

Males, n (%) 26.0 (41.3) 16 (53) 10 (30.3) 0.064 0.234 φ 

Age, years (SD) 53.9 (16.9) 60.0 (15.2) 48.4 (16.8) 0.006* 0.724 d 

Oral steroids, n (%) 7 (11.1) 5 (16.7) 2 (6.1) 0.176 

 

0.169 φ 

FeNO (ppb) 37.5 (49.3) 51.8 (63.9) 24.7 (26.9) 0.101 0.552 d 



  

*Denotes statistical significance at an alpha level of p < 0.05. Effect sizes determined using phi (φ) for chi-

squared and Cohen’s d for t-tests. Cohens d = 0.2, 0.5 and 0.8 indicate small, medium, and large effect sizes, 

respectively. φ = 0.1, 0.3 and 0.5 indicate small, medium, and large effect sizes, respectively.  

 

Discussion 

Reversibility cut-off thresholds of ≥12% and ≥20% change in FEV1 appear to be more closely linked with 

elevated FeNO and obstructive baseline spirometry when compared to the lower ≥6% change criteria. Further 

research is needed to explore whether the increased number of positive cases identified at ≥6% change in 

FEV1 correspond with increasing clinical benefit. 

 

References 

1. Pellegrino et al. ERJ, 2005. 

1. Sylvester et al. BMJ, 2020. 
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Baseline FEV1/FVC, % 

(± SD) 

66.8 (15.2) 54.5 (11.9) 78.1 (6.7) < 0.001* 2.443 d 

Baseline FEV1, L (SD) 2.1 (0.9) 1.9 (0.9) 2.3 (0.9) 0.034* 0.444 d 

Baseline FVC, L (SD) 3.1 (1.1) 3.3 (1.2) 3.0 (1.0) 0.292 0.271 d 

Post FEV1, L (SD) 2.3 (1.0) 2.1 (1.0) 2.5 (0.8) 0.081 0.441 d 

Post FVC, L (SD) 3.3 (1.2) 3.6 (1.3) 3.1 (1.0) 0.134 0.431 d 

∆ FEV1, % (SD) 11.3 (15.1) 13.3 (12.3) 9.5 (17.3) 0.318 0.253 d 

∆ FVC, % (SD) 8.0 (13.0) 9.6 (6.8) 6.7 (16.3) 0.408 0.232 d 

∆ FEV1 ≥ 6%, n (%) 40 (63.5) 21 (70.0) 19 (57.6) 0.306 0.129 φ 

∆ FEV1 ≥ 100 mL, n 

(%) 

43 (68.0) 21 (70.0) 22 (67.0) 0.777 0.036 φ 

∆ FEV1 ≥ 12%, n (%) 22 (34.9) 14 (46.7) 8 (24.2) 0.062 0.235 φ 

∆ FEV1 ≥ 200 mL, n 

(%) 

27 (43.0) 14 (46.7) 13 (39.0) 0.560 0.073 φ 

∆ FEV1 ≥ 20%, n (%) 9 (14.3) 7 (23.3) 2 (6.1) 0.046* 0.247 φ 

∆ FEV1 ≥ 400 mL, n 

(%) 

9 (14.3) 7 (23.3) 2 (6.1) 0.046* 0.247 φ 
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Differentiating COPD and asthma using 129Xe ventilation MRI, lung clearance index, and spirometry 

Background: Spirometry in asthma and/or chronic obstructive pulmonary disease (COPD) is nonspecific and 
insensitive to mild/early lung disease. 129Xe ventilation MRI (V-MRI) and lung clearance index (LCI) assess 
ventilation heterogeneity and may aid diagnostic specificity.  
Methods: Patients (pts) diagnosed with asthma, asthma+COPD, or COPD from primary care were assessed 
(NOVELTY study NCT02760329; ethics committee approved) with V-MRI, LCI, and spirometry on the same 
day and post bronchodilator. From V-MRI, ventilation defect percentage (VDP; amount of non-ventilated 
lung), defect count and median coefficient of variation of signal intensity (CV; ventilation heterogeneity) 
were calculated. Physician-assigned diagnosis groups were compared using Kruskal-Wallis analysis with 
Dunn’s multiple comparison. Spearman’s correlations were performed between metrics. A sub-analysis 
assessed pts with FEV1 z score >-1.64. Data are expressed as median (IQR).  
Results: Pts (n=160) with asthma+COPD and COPD had worse (P<0.05) forced expiratory volume in 1 second 
(FEV1), FEV1/forced vital capacity (FVC) z score, VDP, CV, and LCI than pts with asthma (Table). There was no 
difference between asthma+COPD and COPD, except in VDP (P=0.02). The asthma group had significantly 
more ventilation defects than the other groups, but they were smaller in volume. VDP, CV, and LCI 
correlated with both FEV1/FVC and FEV1 z-score.  
78 pts with asthma, 37 with asthma+COPD, and 10 with COPD had FEV1 z score >-1.64. In these pts, VDP, CV, 
and LCI were significantly worse in the asthma+COPD (VDP, 6.5% [8.1]; CV, 15.9% [5.1]; LCI, 11.5 [3.9]) and 
COPD groups (VDP, 8.0% [11.2]; CV, 17.5% [2.2]; LCI, 11.3 [1.1]) vs the asthma group (VDP, 2.2% [16.9]; CV, 
12.2% [6.0]; LCI, 9.5 [2.9]).  
Conclusion: Pts with asthma had better lung function than pts with asthma+COPD and COPD. In pts with 
normal FEV1, V-MRI and LCI were sensitive to mild/early disease and differentiated between disease groups.  
Sponsor: AstraZeneca  

Table. Patient demographics, lung function, and 129Xe ventilation MRI metrics for the three diagnostic 
groups 

 All patients Asthma Asthma+COPD COPD 

N 160 (83=F, 77=M) 82 (44=F, 38=M) 54 (22=F, 32=M) 24 (17=F, 7=M) 

Age (years)  60.3 (20.75) 53.9 (±13.8) 63.2 (±10.4) ^ 66.5 (±8.4)# 

Height (cm) 168.2 (±10.2) 168.8 (±9.5) 170.0 (±10.4) 162.0 (±10.4)*# 

Weight (kg) 80.7 (±17.4) 83.9 (±17.0) 81.4 (±17.4) 68.4 (±13.5)*# 

FEV1 z score -0.6 (1.6) -0.1 (1.4) -1.3 (±1.2)^ -1.9 (±1.6)# 

FVC z score 0.3 (0.76) 0.5 (±0.8) 0.05 (1.2) 0.1 (±1.3) 

FEV1/FVC z score -1.5 (1.9) -1.0 (1.4) -2.3 (±1.3)^ -3.0 (±1.2)# 



VDP (%) 4.4 (9.0) 2.2 (2.9) 8.1 (9.5)^ 17.8 (±9.7)*# 

Median CV (%) 14.8 (6.1) 12.3 (4.2) 17.3 (±4.0)^ 20.5 (±4.1)# 

Defect count 14.0 (10.0) 16 (7.0) 11.7 (±6.1)^ 5.5 (8.5)# 

LCI 10.7 (3.64) 9.5 (3.1) 12.3 (±2.8)^ 12.5 (5.0)# 

Data are given as mean (±SD) and median (IQR) unless otherwise specified.  

COPD, chronic obstructive pulmonary disorder; CV, coefficient of variation of signal intensity; F, female; 

FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; IQR, interquartile range; LCI, lung 

clearance index; M, male; SD, standard deviation; VDP, ventilation defect percentage.  

#indicates significant difference (P<0.05) between asthma and COPD.  

^indicates significant difference between asthma+COPD and asthma.  

*indicates significant difference between asthma+COPD and COPD.
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Rheumatoid Arthritis and associated risk of developing Idiopathic Interstitial lung disease- the progressive 

combination: A case report 

Abstract 
Background  
Rheumatoid arthritis (RA) is a systemic inflammatory disorder of the joints which is associated with 
significant lifetime risk of interstitial lung disease (ILD) development. There is a 10% prevalence of ILD in 
patients with RA, and the combination of these two morbidities escalates mortality rate. Ra-ILD is 
uncurable, with only preventative medication available to slow the progression of symptoms. There are 
some concerns over treatment such as TNFα antagonist drugs which is given to RA patients which may 
accelerate the pulmonary disease pathway. 
Case presentation  
A 71-year-old woman was transferred from another hospital to the trust. She has RA-ILD with a history of 
smoking over 20 years ago. Previous chest x-rays marked background changes in keeping with her diagnosis 
of ILD, which was known to be stable. Pulmonary function tests showed a restrictive pattern with TLco 
severely reduced, loss of gas exchange efficiency and alveolar volume. Medication prescribed for RA 
included 40mg Humira every 2 weeks for the past 2 years for her ankle pain. Doctors reviewing the patient 
clearly wrote she should not be using Humira but due to stable ILD continued with the treatment. A year on 
she had progressive symptoms of pain and inflammation linked to RA. Two years later she was admitted to 
hospital and had a CT pulmonary angiogram (CTPA) which demonstrated evidence of ILD progression. Lung 
function had declined further and results suggested an usual interstitial pneumonia (UIP) pattern. A 
bronchoscopy showed no fungal/atypical infections. Her C-reactive protein (CRP) and Erythrocyte 
sedimentation rate (ESR) were very high at 10 mg/l and 55 mm/hr respectively. O2 therapy was prescribed 
and then revised after progressive breathlessness and saturation levels between 88-92% on 1 l/min O2.  
Conclusion 
RA patients need to monitor regularly, due to the associated risk of developing ILD. Once the patient is 
suspected to have RA-ILD, the NICE guidelines should be followed to diagnose the patient and a medication 
review should be conducted. Follow up lung function tests should be every 6 months to map progression. A 
review of treatment options should take place promptly if their condition starts to deteriorate.  
Key words: Rheumatoid arthritis, Interstitial lung disease, TNFα antagonist 
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Rationale 
Because diagnosing interstitial lung disease (ILD) is challenging, patients are often lately diagnosed. As current 
treatment options slow down the disease progression without curing it, earlier treatment may result in 
improved survival and quality of life. We investigate how an Artificial Intelligence (AI) algorithm can help 
practitioners to early diagnose ILD based on a spirometry measurement to allow patients having access to the 
best treatment.  
  
Methods 
From the UK Biobank dataset, 109 subjects were selected satisfying those inclusion criteria: 1- ILD as a cause 
of death, 2- acceptable spirometry seven years prior to death, 3- no ILD diagnosis prior to the spirometry. The 
AI computer-aided diagnosis software (ArtiQ.PFT v1.3) takes spirometry data and demographic information 
(gender, age, height, weight, race, smoking status) as inputs to give a probability for several diagnosis (normal 
lung function, asthma, COPD, ILD, other obstructive disease, or unidentifiable respiratory disease (Topalovic, 
2019)).  
  
Results 
The AI has detected ILD for 27% of subjects (N=29). According to the standard interpretation guidelines 
(Pellegrino, 2005), 66% (N=19) of these subjects have a normal lung function. Three spirometry parameters 
are significantly different (>5%) in the group where AI identified ILD (Figure 1: FVC % pred 76±12 vs. 87±17 
(p=0.003), PEF % pred 103±25 vs. 87±29 (p<0.0001) and FEV1/FVC 0.82±0.05 vs. 0.75±0.09 (p=0.007)). 
Mortality and survival time are similar for both groups (4.1 years, range: 0.2–6.8 years).   
  
Conclusion 
AI software detected possible ILD up to 6.8 years prior to diagnosis by a clinician through standard care in 
27% of patients who died because of ILD in the UK Biobank. Most of these subjects also exhibited normal lung 
function, suggesting that the AI software may detect ILD prior to standard spirometry interpretation. These 
results show that incorporating spirometry in primary care with AI-supported interpretation could lead to 
improving the diagnostic pathway for ILD.  
  
Figure 1  
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A NATIONAL SURVEY OF THE UTILITY AND USEFULNESS OF PULSE OXIMETRY SPOT-CHECKS 
 
 
Introduction 
Within our department pulse oximetry spot-checks are routinely performed for GP referrals and Pre-operative 
assessments.  This abstract is to assess the clinical usefulness of this practice and understand how other 
departments perform these checks. If oxygen saturation (SpO2) is ≤92%, capillary gas analysis is performed.  
We sought to review this practice within our own department and perform a survey within the ARTP 
community to compare practices and gather opinions on the utility of SpO2 spot-checks. 
 
Methods 
All GP/Pre-operative referrals within our department over a 6 month period were screened. A total of 100 
patients had SpO2 data. Patients were between 22 and 90 years of age with a range of diagnoses. 
A short survey was distributed by email within the ARTP community. The hospital Trust, job role, and Band of 
each responder was noted. The survey included questions relating to the use of spot-checks, performance of 
capillary gases in relation to an SpO2 threshold, and the responder’s general opinion on the usefulness of 
oximetry spot-checks. 
 
Results 
Out of the 100 patients included in our analysis, only one patient required a blood gas.  This patient 
subsequently proceeded to a formal long-term oxygen therapy assessment. 
Form our survey, a total of 88 responses were received from 64 different trusts. 5 of these were removed 
from final report due to incomplete data.  Nearly all responders (93%) were Band 6 or above. The results of 
our survey are summarised in Figure 1. 
 
Conclusion: 
Oximetry spot-checks are widely used and the majority of Trusts perform them in every patient despite being 
considered only somewhat useful by most. General screening may help identify hypoxemic patients but our 
data suggest these may be very few. This may be important to consider if departments are planning to 
purchase pulse oximeters for this purpose. 



 
Figure 1: A summary of the findings from our pulse oximetry spot-check survey. The practice is widely used, 
although the majority of Trusts do not perform capillary gas analysis if pulse oximetry is suggestive of 
hypoxaemia. Spot-checks are generally considered somewhat useful, although a significant proportion 
consider them very useful. Results are displayed as a percentage of the total number of answers for each 
question. 
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Retrospective review of home oxygen provision and outcomes for patients with COVID-19 requiring 

supplementary oxygen at hospital discharge 

Introduction: COVID-19 infection can cause acute hypoxaemia. Hospitalised patients may continue to require 

supplementary oxygen at discharge generating a new cohort of patients for home oxygen services to manage. 

We reviewed the initial and ongoing requirement for home oxygen in patients discharged from a large tertiary 

hospital following COVID-19 infection. 

Methods: Patients discharged with home oxygen following COVID-19 infection April 2020-June 2021 were 

included. Type (ambulatory, long-term, palliative) and flow rate of oxygen was reviewed. Home oxygen 

provision at six, 12 and 24 weeks post-discharge was recorded. Characteristics of patients discharged with 

oxygen were compared with total population discharged following COVID-19 in the study period. 

Results: Home oxygen was prescribed for 27 inpatients (1.2% of the cohort of COVID-19 inpatients, described 

in the table below): 10 long term oxygen therapy (LTOT; 0.5-4 L/min); 8 palliative oxygen therapy (1-15 L/min); 

6 ambulatory oxygen (AOT; 1-4 L/min) 3 LTOT and AOT. After 24 weeks oxygen had been removed from 6 

patients (22%) and 9 patients (33%) had died. Mean length of hospital stay (LOS) was greater in patients 

requiring oxygen at discharge compared to those who didn’t and a higher proportion of patients requiring 

home oxygen had been admitted to Critical Care.  

Conclusion: A relatively small proportion (1.2%) of hospitalised patients with COVID-19 required home oxygen 

at discharge. Ongoing oxygen requirement was associated with increased LOS and higher rates of admission 

to Critical Care. Home oxygen remained in place for the majority of surviving patients 24 weeks post-

discharge. While COVID-19 infection rates may rise as restrictions are eased, new variants and vaccination 

have led to milder disease symptoms. Demand for home oxygen as a result of COVID-19 was relatively small 

at hospital discharge and we might reasonably expect there to be little increase in demand going forward. 

 Patients discharged with home 

oxygen post COVID-19 

All patients discharged post-

COVID-19 

 N = 27 N = 2283 

Mean age (years) 71 (SD 12) 63 (SD 20) 

Male sex  16 (59%) 1155 (51%) 

Mean length of hospital stay 

(days) 

34 (SD 19) 12 (SD 16) 



Number requiring admission to 

Critical Care 

10 (37%) 179 (8%) 

Mean length of stay in Critical 

Care (days) 

13 (SD 9) 11 (SD 12) 

Table 1. Demographic, length of stay and critical care admissions of patients discharged from hospital 

following COVID-19 infection April 2020-June 2021. SD = standard deviation. 
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Background: Commercial aircraft have a cabin pressure equivalent to an altitude of up to 8000 feet [1], 
reducing the partial pressure of inspired oxygen. Factors influencing altitude PaO₂ remain unknown, 
resulting in the potential requirement for hypoxic challenge testing (HCT) before flying. 

Methods: This retrospective study assessed the correlation of demographical and physiological parameters 
to altitude PaO₂, measured via HCT. University of the West of England ethical approval and North Bristol 
NHS Trust approval was obtained for this study. Data of 97 adult patients with Interstitial Lung Disease (ILD) 
(41 females, 56 males) was analysed. Multiple regression analysis assessed the correlation of each 
parameter to altitude PaO₂. Forward selection and backward elimination analysis determined the most 
correlated parameters to altitude PaO₂. 
Results: Multiple regression analysis demonstrated that bound oxygen and total oxygen content were most 
correlated to altitude PaO₂ (p ≤0.001). However, multicollinearity was observed for these parameters (VIF > 
5), which is explained by their physiological relationship. Forward selection analysis demonstrated the 
desaturation-distance ratio (DDR) index from a six minute walk test and sex were significantly correlated to 
altitude PaO₂ (p <0.05). The DDR index is stated to be a better predictor of functional capacity [2] thus, 
would be of clinical significance when assessing in-flight supplemental oxygen requirements. Backward 
elimination analysis demonstrated bound oxygen content, total oxygen content and sex were significantly 
correlated to altitude PaO₂ (p <0.05).  

Table 1: Table of key results from all analyses completed. Bound oxygen content, total oxygen content, 
the DDR index and sex parameters all showed significant correlation to altitude PaO₂ with p-values below 

a significance level of 0.05. 

Conclusions: Total oxygen content, bound oxygen content, the DDR index and sex have potential roles in 
predicting altitude PaO₂ for patients with ILD. However, due to a small patient cohort and poor model fit for 
all analyses completed, HCT remains the gold standard. 
1. Ahmedzai et al. Thorax 2011; 66: 1-30.  
2. Baldi et al. Clinical Science 2010; 65(9): 841-846. 

 

 

Parameter Coefficient Standard error 
coefficient 

T-value P-value Variance inflation 
factor (VIF) 

Bound oxygen content -12.94 2.33 -5.55 ≤0.001 2770.02 

Total oxygen content 12.91 2.33 5.54 ≤0.001 2764.50 

DDR index -2.55 1.03 -2.47 0.02 1.07 

Sex 0.51 0.18 2.90 0.01 1.07 
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Abstract – Supported by GOSH Charity grant (grant number 551139). 
 
 
 
In children at risk of hypoventilation, supplementary ventilation (SV) during air travel may be better 
physiologically and logistically than use of supplemental oxygen (O2). This study (supported by Great 
Ormond Street Hospital charity grant) assessed the feasibility of using modified hypoxic challenge 
testing (HCT) with this group, including SV and O2 response. Participants were interviewed about their 
experience. 
A body plethysmograph (Figure 1) was used in which ambient oxygen was decreased to simulate aircraft 
cabin cruising level (“in-flight”). Arterial oxygen saturation (SpO2) and transcutaneous carbon dioxide 
(TcCO2) were monitored during two stages, ‘conventional’, where O2 was titrated for SpO2, and 
‘modified’, where SV was used, with O2 introduced if required. Families were interviewed immediately 
post-test and by telephone 3-4 months later. Interviews were recorded and analysed thematically. 
Twenty children on nocturnal ventilation (mean age/years= 8.7; range 1.6-18.0) were studied, 10 with 
neuromuscular weakness and 10 central hypoventilation. In the conventional stage, 13 participants 
demonstrated desaturation below threshold (90%), indicating need for in-flight O2. During the modified 
stage, 11 of these 13 participants maintained SpO2>90%, with a lower TcCO2 (p<0.05) by using their 
ventilator. Interview data revealed potential test difficulties including limited space for wheelchair 
users. Participants suggested improved pre-test information regarding temperature and duration, wider 
choice of seating and a computer tablet for distraction. Eight of the 20 had no experience of flying and 
the test increased confidence about flying. Those with prior air travel experience indicated it as 
challenging, particularly arranging aircraft O2, although felt the inconvenience was outweighed by the 
benefits of travel experienced as a family.  
Children with complex health needs can provide valuable information to respiratory function studies. 
Use of ventilatory support may improve travel opportunities for this population.  
 

Figure 1. Wheelchair accessible plethysmograph 
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Acute hypercapnic respiratory failure is caused by an imbalance between respiratory capacity, load and 
drive. The most common cause is COPD exacerbation, with other indications including obesity, 
neuromuscular disease, chest wall disease, pneumonia and cardiogenic pulmonary oedema.  
A 75yr lady with significant kyphosis and on long term TPN due to short gut syndrome was referred to the 
Acute Respiratory Care Unit by the Intestinal Failure team with AHRF. NIV was initiated within 60 minutes 
on a CWD protocol, and acidosis resolved within 6 hours, with NIV weaned with 48 hours. The lack of 
chronic bicarbonate retention was explained by a renal tubular acidosis, and was treated with 
supplementary intravenous HCO3. However, thereafter she suffered repeated episodes of AHRF each 
associated with a decrease in GCS, and similarly managed with NIV.  
Transcutaneous CO2 monitoring was instituted and established that changes in GCS preceded the rise in 
TcCO2 by > 2 minutes. Subsequently D-lactataemic encephalopathy was diagnosed.  
D-lactic acidosis is a rare metabolic complication in humans. D-lactate is produced by bacteria in the colon if 
exposed to a high carbohydrate load. Humans lack D-lactate dehydrogenase and so it accumulates 
systemically. When production exceeds renal clearance, acidosis can occur. TPN feeding allowed for the 
delivery of this carbohydrate load – bypassing its usual area site of metabolism in the proximally GI tract. 
Serum D-lactate concentration can not be measured in most biochemistry laboratories. 
In this case, empiric treatment was enacted; TPN was withheld and rifaximin treatment commenced, with 
subsequent clinical improvement and discontinuation of NIV. 
Here, physiological monitoring facilitated the diagnosis of a treatable cause of respiratory failure. This case 
demonstrates the need for understanding of the load-capacity-drive paradigm, and the interplay of 
metabolic and ventilatory pathologies which may contribute to a clinical picture. 

Date 26/01/22 
11.30 

26/01/22 
15.50 

29/01/22 
09.00 

03/02/22 
15.20 

04/02/22 
23.00 

pH 7.233 7.456 7.281 7.449 7.33 

pCO2 8.07 4.43 7.27 6.27 7.09 

pO2 6.85 8.35 9.01 7.80 7.13 

HCO3 22.3 24.2 23.4 31.1 30.5 

Lactate 0.3 0.7 0.2 0.8 0.6 

 

NIV Late deterioration  GCS drop 5/15 IV HCO3 



 
P12 

Audit of GP practices utilising a community ‘drive through’ adult spirometry service during the COVID19 
pandemic 

Mrs Marie Belcher1 

1Countess Of Chester Nhs Trust, Chester, United Kingdom 

 
Aim: Audit of GP practices utilising a community ‘drive through’ adult spirometry service during the 
COVID19 pandemic 
Background: Following an Audit of GP surgeries performing spirometry in 2018, it was estimated that the 
area provided approx. 2000 spirometry tests per year. A pilot was commissioned by the CCG for the trust to 
provide community based spirometry service. The pilot started in one GP practice in July 2019, increased by 
January 2020 to 4 GP practices with the intention of rolling out to the reaming practice’s in April 2020. 
Unfortunately COVID 19 suspended all community based spirometry services in March 2020. In July 2020 we 
looked at an alternative service and in Jan 2021, following many unforeseeable delays the ‘Drive through’ 
service was launched 
Method: Approval was obtained from the trust and CCG to commission the drive through spirometry 
service as a temporary option during the COVID19 pandemic. Portable spirometers were purchased and a 
porter cabin with a canopy rented. The service was spirometry only and did not offer any reversibility 
testing.  Appointment letters were generated with pre-test information and directions 
Results: The CCG has 33 GP practices divided into 7 PCN’s (Primary Care Networks). All practices were 
commissioned to use the service. However 40 surgeries referred into the service with 7 being out of the 
CCG area accounting for 119 additional patients, this was likely due to the changeover to ICP’s. 1251 
appointment slots were booked in total, 897 (72%) attended, 143 (11%) failed to attend without notice and 
212 (17%) cancelled. 
 
Figure 1: Overview of spirometry results 
 
The range of results from the spirometry can be seen in figure 1, they showed that 53% were within the 
normal range; however 19% were classed as restrictive which does appear to be on the high side; however 
these were performed pre bronchodilator and therefore further testing required. 
Conclusion: The service provided a quick baseline spirometry service, however in many cases further 
investigations are required to confirm a diagnosis. The service has moved to within the hospital for an 
interim period until the community diagnostic hubs is opened, when it will revert back to testing with 
reversibility 
Is this a pilot Study?          No 
Does this study use human subjects, human biopsy specimens or genetic material?  No
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Diagnostic Pathway and Management of Exercise-Induced Laryngeal Obstruction in a Children’s Hospital 
 
Background 
Exercise induced laryngeal obstruction (EILO) is a condition thought to affect 6-8% of the adolescent 
population. EILO has a higher prevalence in high-performance athletes. It can be wrongly diagnosed as 
Exercise-induced bronchospasm. It may be a more common and underreported cause of dyspnoea during 
exercise than currently thought.  
Aims/Objectives 
Our aim was to evaluate and present results from our diagnostic pathway when there is a query of EILO in 
children and adolescents. 
Methods 
Patients were referred from Ear Nose & Throat (ENT) or Respiratory clinics for investigation by our team, 
consisting of Respiratory Physiologists and ENT Surgeons. They underwent pulmonary function tests and 
cardiopulmonary exercise testing using an incremental protocol on a cycle ergometer. Subsequent to this, 
suitable patients underwent Continuous Laryngoscopy during high intensity Exercise. EILO was confirmed if 
there was collapse of the supraglottic structures during exercise. 
Results 
17 patients (8 female) with a mean age of 12.7 years have been investigated to date. 15 were performed 
successfully with two unable to tolerate the scope. Seven were found to have evidence of EILO and four 
have been offered surgical management. 15 of the patients referred were on treatment for asthma due to 
their reported symptoms. Only one of these had evidence of reversible airflow obstruction on baseline 
PFT’s. One patient has had a supraglottoplasty so far and reported an improvement in her athletic 
performance. 
Conclusion 
Two of the main issues affecting the Paediatric population are mental health and obesity. Exercise has been 
shown to improve quality of life for patients suffering from either condition. EILO is an underreported cause 
for exercise induced dyspnoea which is reversible. We have shown this is often misdiagnosed and treated as 
asthma. In patients where asthma therapy does not improve symptoms, there should be a referral to a 
specialist centre for investigation of EILO. 
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Background: Antisynthetase syndrome (ASS) is a rare idiopathic autoimmune disease commonly featuring 
skeletal muscle degradation and interstitial lung disease (ILD) (Witt et al., 2016). ASS is frequently 
misdiagnosed, with cases of secondary ILD advancing rapidly before detection leading to poor prognosis. 
There is a paucity of evidence-based guidance for the diagnosis and management of patients with ASS-driven 
ILD.  
Case Presentation: A 52-year-old Caucasian female non-smoker with no comorbidities was hospitalised with 
severe fatigue, myalgia and dyspnoea two weeks post initial presentation with mild symptoms. Spirometry 
identified a significant restrictive defect and nonspecific interstitial pneumonia (NSIP) was confirmed with 
high-resolution computed tomography (HRCT). Serum creatine kinase (CK) levels were significantly elevated 
with anti-Jo1 positivity confirmed by myositis immunology panel. Electromyography, magnetic resonance 
imaging and muscle histology confirmed inflammatory myositis with necrotising components, forming an 
overall diagnosis of ASS with secondary NSIP and myositis. After stabilisation with intravenous 
methylprednisolone, pulmonary function tests revealed progressive loss of lung volumes and diffusion 
capacity (Table 1) indicating that the initial immunosuppressive regime of oral prednisolone and 
mycophenolate mofetil was insufficient despite several dose elevations. Rescue therapy of intravenous 
cyclophosphamide and methylprednisolone restabilised CK and C-reactive protein levels with improvements 
to alveolar perfusion and reduced ground-glass opacity but persistent basal fibrosis. 
 
 
 
 
Table 1 – Pulmonary function test results over time. Severity of impairment to spirometry and lung volume 
parameters were graded based on z-score (<-1.645 = mild impairment; <-2 = moderate impairment; <-2.5 = 
moderately severe impairment; <-3 = severe impairment; <-4 = very severe impairment) according to The 
Association for Respiratory Technology and Physiology (ARTP) guidelines (Sylvester et al., 2020). Severity of 
diffusion impairment was determined based on percentage of predicted value (80-120% = normal; 60–79% = 
mild impairment; 40–59% = moderate impairment; <40% = severe impairment) according to American 
Thoracic Society (ATS)/European Respiratory Society (ERS) task force guidelines  (Pellegrino et al., 2005). 
Reference values were derived from the Global Lung Initiative Network (Cooper et al., 2017; Hall et al., 2021).  
FEV1 = forced expiratory volume in the first second; FRC = functional residual capacity; FVC = forced vital 
capacity; Kco = carbon monoxide transfer coefficient; PEF = peak expiratory flow; RV = residual volume; SpO2 
= oxygen saturation; SVC = slow vital capacity; TLC = total lung capacity; TLco = transfer capacity of carbon 
monoxide; VA = alveolar volume. Dashes indicate data unavailability. 

 21 days post 
discharge 
Value (% 

predicted/z 
score) 

84 days post 
discharge 
Value (% 

predicted/z 
score) 

136 days post 
discharge 
Value (% 

predicted/z 
score) 

259 days post 
discharge (post 
rescue therapy) 

Value (% 
predicted/z 

score) 

Resting SpO2 (%) - 95 96 96 



SPIROMETRY 

PEF (L/sec) 4.79 (74/-1.66) 6.23 (105/0.33) 5.66 (95/-0.30) 5.40 (90/-0.63) 

FEV1 (L) 1.41 (56/-3.15) 1.47 (58/-2.95) 1.35 (54/-3.26) 1.26 (50/-3.52) 

FVC (L) 1.62 (51/-3.69) 1.67 (53/-3.50) 1.50 (48/-3.95) 1.45 (46/-4.11) 

FEV1/FVC 0.87 (108/+1) 0.88(109/+1.09) 0.90 (112/+2) 0.87 (108/+1) 

DIFFUSION 

TLco 
(mM/min/kPa) 

- 4.00 (61/-3.07) 3.29 (50/-4.43) 3.91 (60/-3.28) 

Kco 
(mM/min/kPa/L) 

- 1.39 (68/-1.30) 1.33 (65/-1.43) 1.53 (75/-1.02) 

VA (L) - 2.88 (64/-3.33) 2.48 (55/-4.46) 2.56 (57/-4.29) 

LUNG VOLUMES 

SVC (L) - - - 1.49 (47/-4.01) 

FRC (L) - - - 1.46 (56/-2.23) 

RV (L) - - - 1.40 (82/-0.86) 

TLC (L) - - - 2.88 (62/-2.87) 

RV/TLC - - - 0.48 (131/+2) 

 
Conclusion: This case provides valuable evidence for the management of aggressive ILD secondary to ASS. 
Chest imaging and pulmonary function monitoring is critical as front-line corticosteroid and 
immunosuppressant maintenance regimes may be insufficient. Early diagnosis and collaboration between 
pulmonologists and rheumatologists is of critical importance.  
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Respiratory muscle weakness in a patient with Guillain-Barre Syndrome and a significant cardiovascular 
history – a single case report 
Background: Guillain-Barre Syndrome (GBS) is an autoimmune disease1 that can lead to significant 
respiratory muscle weakness and subsequent lung function impairment in a subset of patients2. 
Case presentation: A male in his 70s with a prior history of hypertension, left ventricular hypertrophy and 
hospital admissions with PEs. Initially, the patient was admitted to hospital with multiple PEs and 
pneumonia following hip surgery; requiring three weeks on a high-dependency unit with ventilatory 
support.  
The patient reported continued shortness of breath on exertion (SOBOE) following discharge but 
subsequent pulmonary function tests (PFTs) did not identify any significant abnormalities. Computed 
Tomography Pulmonary Angiogram (CTPA) also showed no evidence of chronic thromboembolic disease or 
significant ECG findings. 
The patient was again admitted to A&E in April 2019 with SOB and upon investigation showed rapidly 
declining vital capacity (VC) on consecutive days (1.86L; 1.56L; 1.03L respectively) and was treated with a 
course of intravenous immunoglobulins for suspected GBS. PFTs in November 2020 (delayed due to COVID-
19) revealed restrictive spirometry with gas transfer approaching the lower limit of normal (VC 2.86; TLCO 
6.9). PFTs were repeated in February and March 2021: despite variable technique, there was a consistent 
reduction in maximal inspiratory and expiratory pressures suggesting respiratory muscle weakness (Table 
1). Of note, peak expiratory flow (PEF) was still normal in contrast to other muscle weakness studies3 and 
only reduced upon repeat testing 6 months later. Despite significant symptomatic burden, chest 
investigations remained relatively stable over time. A subsequent home polygraphy sleep study indicated 
severe obstructive sleep apnoea (AHI of 47) and nocturnal hypoventilation as suggested by low SpO2 
throughout the study and evidence of mild T2RF on a morning blood gas (pO2 8.56kPa; pCO2 6.42kPa). 
Decision not to treat with NIV or CPAP due to lack of efficacy. 
Conclusions: This case highlights the potential increased risk of poor long-term outcomes for patients 
diagnosed with GBS, especially those with a significant cardiovascular history. It also suggests the potential 
impact of pulmonary embolisms exacerbating respiratory symptoms in these patients. 
1. Pritchard, J. & Hughes, R. A. C. Guillain-Barré syndrome. Lancet 363, 2186–2188 (2004). 
2. Fokke, C. et al. Diagnosis of Guillain-Barré syndrome and validation of Brighton criteria. Brain 137, 

33–43 (2014). 
3. Suárez, A. A. et al. Peak flow and peak cough flow in the evaluation of expiratory muscle weakness 

and bulbar impairment in patients with neuromuscular disease. Am. J. Phys. Med. Rehabil. 81, 506–
511 (2002). 

 

Table 1: Results of maximal inspiratory and expiratory pressures 

Date MIP Peak (kPa) MEP Peak (kPa) 

Reference value 7.93 12.85 

February 2021 3.38 2.76 

March 2021 3.23 2.63 

Maximal Inspiratory Pressure (MIP) and Maximal Expiratory Pressure (MEP) results show the 
peak pressure reached during the test measured in kilopascals (kPa). 

 
Is this a pilot study?          YES / NO  
Does this study use human subjects, human biopsy specimens or genetic material?*  YES / NO  
*If YES, please provide evidence that ethics committee approval has been obtained, where necessary 
At present, the patient has given verbal consent (23/12/2021) to the writing up of this case report. Formal 
written consent will be sought prior to publication. 
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Abstract:  A comparison of C-Check fixed pressure and auto-titrating CPAP on OSA therapy management 
Introduction  
CPAP therapy has been a well-established treatment method for management of Obstructive Sleep Apnoea 
(OSA) since its first inception in the early 1980’s.  The relative merits and limitations of fixed pressure and 
auto-titrating CPAP (APAP) have been widely debated. The new NICE guidelines published in 2021 
recommend fixed pressure as the preferred CPAP option.  C-Check is a mode of CPAP available on Phillips 
devices which will allow the device to automatically adjust the fixed pressure by ± 3cmH20 dependent on 
the level of control. The aim of this study was to compare the effectiveness of the C-Check mode against 
APAP on AHI control, mask leak and patient compliance. 
Methods 
In this non-blind study, we compared 55 patients (Males= 39) on an average of 20-days APAP and 31-days C-
Check fixed pressure CPAP. The mean diagnostic AHI (31.91/hr ± 3.10) and ODI (29.01/hr ± 2.77), with a 
mean age (Age = 53 years, range 24-73). Patients were set up on an A-trial – a mode whereby patients 
complete a set time on APAP and the machine then flips to C-Check modes using the 90% pressure to set 
the C-Check pressure.  All patients were new to CPAP therapy and were followed up remotely with 
telephone reviews, as well as additional face to face appointments as required.  
Results 
The results are shown in Table 1. AHI was significantly lower with C-Check compared to APAP (P=0.007). No 
significant difference was seen in the other variable.  
Conclusion  
C-Check mode appears to provide better AHI control compared to APAP, with no difference in compliance, 
length of use or control of mask leak, suggesting, in these patients at least, that C-Check provides a 
sufficient control of OSA without compromising patient usage and compliance. This supports recent NICE 
guidelines for the use of fixed CPAP for treating OSA. However, patients with significant postural differences 
in AHI or very severe OSA were excluded from the study. 
 

 % Usage % 
Compliance 

Average 
hours used 

Average 
Leak 

Average 
AHI 

APAP 90% 
pressure 

C-check 
Pressure  

C-Check 89.61 ± 
2.18 

73.65 ± 3.63 349.90 ± 
13.59 mins 

5.76  ± 1.37 
mins 

2.97 ± 
0.32 /hr * 

NA 11.88 ± 
0.41 
cmH20 

APAP 93.98 ± 
1.72 % 

76.79 ± 3.23 
% 

351.28 ± 
16.38 mins 

7.66  ± 1.67 
mins 

4.98 ± 
0.64/hr * 

11.91±0.42 
cmH20 

NA 

Table 1. Mean ± SE  C-check v APAP  * P<0.05   
 
 
References 
Obstructive sleep apnoea/hypopnoea syndrome and obesity hypoventilation syndrome in over 16s. NICE 
guidelines (2021)
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How accurate are equations for calculating a fixed pressure prescription in CPAP therapy? 
 
The current supply shortage of CPAPs has had a significant impact on all respiratory sleep centres across the 
UK (BSS, 2022).  As such, sleep centres are currently being advised to employ the clinical risk stratification 
tool published by BTS (2021) when triaging patients requiring CPAP and BiPAP therapy.   
 
Prior to 2020, our service routinely used auto-adaptive CPAPs in the C-Check mode (+/- 3cmH20). The 
prescription could be manually changed by a qualified physiologist at the patients’ face-to-face follow up 
appointments depending on symptom control, AHI level, and comfort.  Due to the short supply and 
unpredictable delivery of auto-adapting CPAPs the service was required to use fixed pressure devices. This 
resulted in a change in the service protocol to determine the fixed pressure required to treat the patient.  
As we did not have the inpatient facilities to manually titrate the settings, the pressure prescription was 
determined using an algorithm derived from the patients’ neck circumference and OSA (obstructive sleep 
apnoea) severity (Stradling et al., 2004).  But how accurate is this method in achieving optimal treatment in 
CPAP therapy? 
 
Between mid-September 2021 and mid-January 2022, 96 CPAP devices were issued to patients with OSA.  
Using remote monitoring, follow-up appointments were conducted via telephone consultation.  Patients 
who met the anecdotal minimum compliance rate of 70%, averaging 4 hours usage per night (NICE, 2021), 
were included in the comparative analysis. The results are displayed in table 1. 
 
Table 1: Data displaying the success rate of achieving an AHI≤5 with auto-adapting and fixed CPAP devices.  

 Auto-Adaptive CPAP Fixed Pressure CPAP 

Total Number of Patients 30 27 

Male: Female 19:11 20:7 

Mean age (years) 52 41 

Mean pressure (cmH20) 10.6 8.7 

Number of patients with an AHI<5/hr at F/U 27 22 

Success rate (%) 90 81 

Mean AHI if AHI>5/hr 6.8 12.7 

 
The prescription of the fixed pressure devices ranged from 6.0cmH20 to 13.4cmH20.  The minimum 
pressure of the auto adaptive CPAPs ranged from 4.0cmH20 to 10.0cmH20, and the maximum pressure 
ranged from 13.0cmH20 to 20.0cmH20.   
 
The data demonstrates that auto-adaptive CPAPs are more reliable at normalising the AHI, however, with a 
success rate of 81%, the data also demonstrates that, when required, an equation can be used as a 
substitution for manual titration.  
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Introduction: Obstructive sleep apnoea (OSA) is a sleep breathing disorder that can carry a significant 
symptom burden and insidious consequences to life, productivity and society1. Success of the primary 
therapy, continuous positive airway pressure (CPAP), relies on regular usage2. However, CPAP can be onerous 
and entail lengthy acclimatisation, leading many to struggle with treatment adherence. Telemedicine (TM) 
may provide an avenue to improve and streamline CPAP adherence. This study assessed differences in CPAP 
treatment indices with the use of TM. 
Aim: To compare CPAP adherence, CPAP therapy efficacy and practitioner time between standard care (SC) 
and TM pathways for CPAP treatment. 
Method: Retrospective single-centre observational study examining CPAP treatment in two OSA groups: SC 
and TM. Measurements included adherence to CPAP therapy at several timepoints up to 1 year post CPAP 
set-up, contact time with CPAP practitioners and treatment efficacy. Mann Whitney U and Chi-square tests 
were used for groupwise comparisons. 
Result: 272 patients (30% female) were evenly split into SC and TM groups. Measures of CPAP adherence 
largely did not differ significantly between groups. Median contact time (cumulative over a 1-year period) 
was 140 minutes with TM and 130 minutes with SC, which was not statistically significantly different 
(p=0.431). There was no statistically significant difference in treatment efficacy between groups: median 
change in Epworth sleepiness score with CPAP treatment in TM was -5.0 and -5.5 in SC (p=0.944). 
Conclusion: TM achieved comparable CPAP adherence and management of excessive daytime sleepiness in 
OSA to SC in a similar amount of time. Isolated differences in CPAP adherence indices may suggest early 
potential for TM. Further work would be useful to improve the understanding of different TM protocols in 
more populations. 
References 
1: Gottlieb DJ & Punjabi NM. JAMA 2020; 323(14): 1389-1400. 
2: Weaver TE et al. Sleep 2007; 30(6): 711-

Figure 1: Average daily CPAP hours after CPAP initiation (mean ± standard deviation) 
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Abstract: Developing a virtual sleep pathway 
Category C 
 
Aim: To develop the current sleep service pathway from GP referral to outcome post diagnostics, therefore 
improving the patient experience 
 
Method: Due to increasing waitlists and pressures on diagnostic and consultant appointments following 
COVID 19 the sleep pathway was reviewed with the aim of reducing patient visits to the hospital and 
avoiding long delays in relaying the results back to the patient. Previously the patient would see a 
consultant prior to any diagnostics being requested. It was decided that this visit could be omitted and the 
patient sent straight for diagnostics following triage. Currently the first line diagnostics used for screening of 
obstructive sleep apnoea (OSA) is overnight oximetry (ONO). Alongside this appointment the patient is 
issued a sleep questionnaire comprised of 4 screening questionnaires (ESS, STOPBANG, Swiss Narcolepsy 
Score and RBD screening questionnaire) plus lifestyle questions, The questionnaire is used in conjunction 
with the ONO at the virtual clinic when deciding the next patient pathway, omitting the second consultant 
appointment, The 2021 NICE guidelines for OSA are used to review the results. The virtual clinics are held on 
a monthly basis and all ONO tests undertaken that month are reviewed by the lead physiologist and sleep 
consultant. Example pathways below, in figure 1. 
 
 
 
 
 
 
 
 
Figure 1: Example pathways for sleep service 
 
Results: During 2021, 408 ONO results were reviewed in the virtual sleep clinic, from these 111 (27%) were 
referred straight to CPAP, 155 (38%) required further investigation and sent for limited sleep study and 50 
(12%) discharged back the referrer. 33 of the tests were for review to check response to therapy or update 
following weight loss. The remainder of tests were for patients already under consultant care or not for 
assessment of OSA 
 
Conclusion: The new pathway has allowed the reduction of at least one and in some cases two patient 
hospital visits, without compromising care, this also feeds into the trusts green policy to reduce the carbon 
footprint. The new pathway has furthermore eliminated the potential for missed results when returned to 
different disciplines to review in clinic and reduced wait times. As all results are observed this omits any 
missed diagnosis and they are referred to the relevant pathway 
 
Is this a pilot Study?          No 
Does this study use human subjects, human biopsy specimens or genetic material?  No

Original pathway 
Referral       Consultant app     Diagnostics   consultant app  outcome:   further studies, CPAP  or DC 
New pathway 
Referral     Diagnostics   Virtual clinic   outcome:  further studies, CPAP or DC 
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The 2017 NCEPOD review of acute non-invasive ventilation (NIV) documented the poor quality of care 
provided to patients in acute hypercapnic respiratory failure. In the 2019 BTS audit our Trust performed 
poorly in quality domain ‘NIV within 60mins of blood gas’ (38%), and length of hospital stay was longer than 
the national average (11 days vs 9 days). We hypothesised that an on-call specialist practitioner highly 
skilled in NIV provision would decrease the delay in NIV initiation. Secondary aims included increased 
proportion of NIV prescription prior to initiation, and decreased length of hospital stay.   
Methods 
A care model was devised in which an ‘outreach’ acute ventilation team (AVT) would provide on-call urgent 
care assistance at the bedside within 15 minutes of referral, and support initial management of the patient 
and initiation of NIV prior to transfer to ARCU. The AVT was physiology led, comprising respiratory 
physiologists, clinical scientists and clinical nurse specialists. The team operated 8am-8pm weekdays and 
9am-4pm at weekends. A referral pathway was designed and NIV (device and theory) and capillary blood 
gas (CBG) training was provided to all senior ward nursing staff.  
The ARCU pathway was implemented for a fixed term; 24th January to 31st March 2022. 

 
Figure 1. Acute NIV referral pathway detailing the AVT role 
Results 
To date, 15 patients have passed through the pathway. The number of patients who received NIV within 60 
minutes of an appropriate blood gas was 13 (86%, median 49 mins). The number of patients that had NIV 
prescribed was 14 (93%). Median hospital length of stay was 7 days. 
Conclusion 
The establishment of an AVP role led to a decrease in the time from blood gas analysis to NIV initiation. The 
AVP was directly involved in implementing the quality standards outlined in the BTS statement(1) and likely 
contributed to a decreased length of stay.  
 
References 

1. Davies M, Allen M, Bentley A, et al. British Thoracic Society Quality Standards for acute non-invasive 
ventilation in adults. BMJ Open Resp Res 2018;5:e000283. doi:10.1136/ bmjresp-2018-000283 
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BACKGROUND 
Home Sleep Apnoea Testing (HSAT) for the diagnosis of Obstructive Sleep Apnoea (OSA) in children has 
recently gained momentum. Technical quality of HSAT is paramount to interpretability, with published data 
indicating wide variation in quality (46-87% [1,2]). This audit aimed to assess the technical quality of HSATs 
performed at our Paediatric Trust. 
STANDARDS 
HSAT was performed in line with published American Academy of Sleep Medicine (AASM) standards [3]. 
Referral criteria specify non- syndromic children (2-17yrs) with clinical suspicion of OSA. In-laboratory 
quality standards were implemented to assess interpretability of each study. Minimum requirements were: 
total sleep time (TST) ≥ 4hrs, artefact-free SpO2 recording for ≥ 4hrs of TST, and signals required to score 
respiratory events (nasal flow and/or respiratory effort bands) for ≥ 4hrs of TST. Target interpretability score 
is ≥ 75%. 
METHODS 
All consecutively recorded HSATs between 03/12/2019-01/03/2022 were retrospectively evaluated for 
meeting referral criteria and their interpretability. 
RESULTS 
97 HSATs were performed. Mean age 7.7 ± 4.3yrs (59% male). 80% of HSATs performed met referral criteria. 
Total interpretability was 76.3% with only a small difference identified between those performed on 
patients meeting referral criteria and those not (76.9% vs 73.7% respectively). Primary causes of 
uninterpretable studies were: intolerance of all sensors (26.1%), absence of SpO2 (26.1%), and insufficient 
signals required to score respiratory events (34.8%). 
CONCLUSION 
Interpretability score met our predefined target. Majority of HSATs were performed in patients meeting 
referral criteria. Recommendations to address uninterpretable HSATs include: improved parental teaching, 
modify SpO2 sensor attachment policy, and implement psychosocial support techniques. 
REFERENCES 

1. G.G. et al. 2019. Journal of sleep research 2019; 28(6), p.e12856 
1. M.M. et al. Sleep Medicine 2020; 68, pp.146-152 
2. R.B. et al. AASM 2020
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In September 2020 the Global Lung Function Initiative (GLI) recalculated their carbon monoxide (CO) 
transfer factor reference values because exceptionally low calculated z-scores were found in females with 
low TLco values using GLI 20171. GLI advised the difference in the recalculated values applied primarily to 
adult females1. Errors in reference values could lead to incorrect interpretation so corrective action was 
required, changes communicated and the impact on previously reported results assessed.  Our aim was to 
audit the difference in our paediatric population.  
Methods: All CO transfer factor results originally reported at our Trust using GLI 2017 (01/03/20-29/12/21) 
from patients (aged 5-18 years) were recalculated using GLI 2020.  Bland-Altman plots were used to 
quantify agreement between the two variables and mean differences calculated in Excel. 
Results: 443 results were recalculated, 58% female, mean (SD) age 12.8 (2.8) yrs. The difference between 
the calculated reference values (GLI 2020-2017) for TLco z-score was mean (SD) 0.00 (0.19)z and for TLco 
%predicted(%pred) -0.56 (2.23)%. For females only TLco z-score; mean (SD) 0.02 (0.24)z and TLco %pred -
0.65 (2.86)%. 12/443 patients (2.7%) were identified as having a change move them in or out of the normal 
range (-1.64 z-score). 10/12 were female, mean age 14.3 (range 10–17) yrs. 3/12 had an improvement in z-
score, all 12 had Kco in the normal range using both GLI 2017 and 2020. 
Conclusion: These paediatric setting results found mean %pred change in females similar to that reported 
for adult females1. Although mean TLco z-score was 0.02, Bland-Altman shows individual differences up to 
0.85z, highlighting the need to recalculate previous data for correct longitudinal tracking. This audit has 
been circulated to referring clinicians including flagging patients where classification in the normal range 
changed. 
1. Stanojevic, S et al. European Respiratory Journal 2020 56: 1750010; DOI: 10.1183/13993003.50010-

2017 
 

 
Figure 1 Bland Altman TLCO z-score, orange lines represent +/-2SD (7% outside, all female) 
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Supporting patients with COVID-19 in the home with 24hr access to pulse oximetry and symptom 
monitoring. The integration of a digital solution and a virtual ward to achieve safe patient care and protect 
hospital ca.pdf (could not be inserted) 
 
Title: Supporting patients with COVID-19 in the home with 24hr access to pulse oximetry and symptom 
monitoring. The integration of a digital solution and a virtual ward to achieve safe patient care and protect 
hospital capacity.  
 
Introduction: CoViD-19 is a disease caused by the novel coronavirus and it has had a significant impact on 
healthcare systems worldwide. It places a tremendous burden on hospital bed capacity. In certain countries 
it has overwhelmed the entire healthcare system, contributing to significant mortality rates from the 
disease. We developed an alternative digital pathway to support patients with COVID-19 in the home 
through 24hr access to pulse oximetry and symptom monitoring. Our new patient pathway achieved the 
integration of a digital solution (the HSE’s remote oximetry monitoring platform) with a consultant led 
virtual ward to achieve safe patient care and monitoring away from the hospital.  
 
Objectives: We set out to develop a new digital pathway to support patients with COVID-19 in the home. 
We developed a Standard Operating Procedure (SOP) to ensure we achieved this safely through the 
coupling of a smartphone based monitoring app with a virtual ward. Our objective was to safely and 
continuously monitor patients suitable for ‘early hospital discharge’. Additionally, patients or hospital staff 
where an admission could be avoided could be enrolled and those showing signs of deterioration readily 
identified for escalation of care.  
 
Implementation, Tactics and Strategy: To achieve our objectives, we rapidly assembled a large MDT group 
to develop and support our solution over several iterations. The MDT included Consultant leadership from 
Respiratory Medicine, Infection Medicine and Occupational Health. It was further supported by staff from 
Respiratory Physiology; Nursing; Management and IT including: Chief Clinical Information Office; Director of 
Informatics and the Engagement and Delivery Lead. The SOP was developed to ensure there was a 
standardised approach to the safe management of patients on the pathway. The SOP included the 
development of inclusion and exclusion criteria, and medium to high level written instructions to document 
how to achieve specific tasks such as: patient selection; a patient information leaflet; consent; monitoring 
and procedures for managing patient alerts (low oxygen levels) and the escalation of care. Roles and 
responsibilities were set out so that each member of the MDT were clearly identified to their specific 
responsibility.  
 
The Critical Success Factors underpin this pathway included:  
1. Innovation: The use of a new digital health solution. The ‘patientMpower’ COVID-19 phone app combined 
with a Bluetooth oximeter enabled patients with COVID-19 to be monitored away from the hospital.  
2. Stakeholder involvement: The assembly of a large MDT.  
3. Data and Information: St. James’s hospital was Ireland’s first to implement an electronic patient record 
(EPR). This facilitated a safer approach to the assessment of patients on a virtual ward as there was access 
to digital health data.  



4. Well-defined work streams: The SOP. The SOP provided for 24hr monitoring facilitated by Respiratory 
Physiology Staff. Physiology staff carried a phone to monitor scheduled check-ins, to receive patient alerts 
and, where indicated, to escalated care to the Consultant on call (24/7). 
5. Leadership: Hospital consultants, management, finance, nursing, allied health and IT.  
 
Outcomes: On March 9th the office of Digital Transformation and Open Innovation at the Health Service 
Executive (HSE) announced the new digital solution for the remote oxygen and symptom monitoring of 
patients with COVID-19. St. James’s Hospital immediately set out to implement this solution and assembled 
an MDT to work on the new pathway. The first patient consented and enrolled to the monitoring dashboard 
just 4 days later, on March 13, 2020 at 6:28 p.m. This demonstrates the rapid response and success of the 
implementation strategy deployed. By July 2021, 240 patients and staff with COVID-19 would be 
successfully registered and managed on the dashboard for an average of 14 days per patient. These patients 
were reviewed twice a day with scheduled check-ins at 10am and 4pm. They were also invited to check-in 
anytime outside of these hours if they were feeling unwell. During this period the system generated 415 
alerts/alarms (oxygen level <=92%). Those persistently hypoxic were sent to the consultant on call for an 
initial telephone review. The demand for the service tracked the prevalence of the disease in the 
community with the service furloughed when demand cessed in the period between May and August 2020. 
The surge of cases in January saw a peak in terms of users added to the dashboard and the largest volume 
of alerts processed than any other time in the pandemic. The MDT held more frequent meetings. Reflecting 
the iterative nature of the service a contingency for a physical triage area in the hospital was proposed. This 
was to receive patients for physical assessment by the Consultant on-call should it be needed and to do so 
away from the emergency department in a safe environment to protect other patients. As the wave abated, 
this pathway was stood down. A detailed analysis for the first 71 patients enrolled into the service was 
carried out1 . This analysis showed that the readmission rate to hospital was 4.2%. There were no deaths 
recorded in this patient group. The average initial length of stay in hospital was 1.9 days and the average 
number of consultant phone calls made to patients was 1.1 calls per patient.  
 
Summary: The rapid response of an MDT group achieved a robust new digital pathway for the monitoring 
and assessment of patients at home with COVID-19. As an early discharge pathway it is a safe discharge 
option that significantly reduces hospital length of stay, thus helping to protect the healthcare system 
during this pandemic. 1. Nadarajan et al. CoViD-19 at home: A Safety Study for the Remote Home 
Monitoring of Patients with Novel SARS-CoV-2. Irish Thoracic Society Annual Scientific Meeting 2020. 
(2021). Irish journal of medical science, 190 (Suppl 1), 1–60
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A retrospective audit to determine adherence to pulmonary function testing standards, pre and post-

COVID-19 
 
Background: Pulmonary function tests (PFTs) aid respiratory diagnosis and monitoring. Standard Operating 
Procedures (SOPs), guided by national/international guidelines (Sylvester et al., 2020), outline how PFTs 
should be performed. PFT technical reports include any SOP deviations and, with PFT data, can indicate PFT 
standards. It is currently unclear if testing standards have changed due to COVID-19.  
 
Aims: To establish adherence of the Lung Function & Sleep Department (Good Hope Hospital) to PFT SOPs 
based on achievement of key criteria and technical comments, and use this as an indicator of PFT standards. 
To determine if standards changed from pre- to post-COVID. 
 
Methods: A list of patients attending for full PFTs (spirometry, gas transfer, N2 washout) or reversibility studies 
between 01/03/19-28/02/20 (pre-COVID) and 01/07/20-30/06/21 (post-COVID) was obtained, and a sample 
drawn by random number generator (Urbaniak and Plous, 2013). PFTs were scored based on the achievement 
of key criteria outlined in SOPs, or whether an appropriate technical comment was made. Data were analysed 
using GraphPad Prism 7 (Version 7.00, GraphPad Software, Inc.). Statistical significance was determined by 
Mann-Whitney test. 
 
Results: Overall PFT quality increased significantly from pre to post-COVID (11.46  1.34 vs 12.2  1.05, 
P<0.0001), with significant increases observed in spirometry (5.14  0.91 vs 5.64  0.64, P<0.0001) and N2 
washout (2.54  0.65 vs 2.72  0.57, P=0.0005) tests. 6 criteria, whose achievements were ≤95% in both the 
pre and post-COVID groups, will be targets for improvement prior to re-audit. 
 
Conclusions: Pre and post-COVID PFT testing standards were established. Overall PFT standards significantly 
increased following COVID-19, suggesting that additional measures implemented due to COVID-19 are 
unlikely to have negatively impacted PFT standards. 6 criteria were identified as targets for improvement. Re-
audit will be performed following further staff training and education.
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Introduction: 
Coronavirus disease 2019 (COVID-19) and the ensuing pandemic caused suspension of most routine health 
services. Respiratory Physiology labs were particularly affected due to the theoretical risks of tests being 
aerosol generating procedures (AGPs). A four nations approach was adopted by the infection control 
governing bodies in the UK. They produced guidance in May 2020. This did not include pulmonary function 
tests (PFTs) or cardio-pulmonary exercise testing (CPET) on their list of AGP’s therefore only droplet 
precautions were advised. Despite this, the ARTP and ERS issued statements recommending that airborne 
precautions should be taken.  
Objectives: 
Our primary objective was to evaluate the precautions taken in Scottish respiratory labs, the number of 
patients tested during the pandemic and the rate of COVID infection in staff that was linked to performing 
tests. Our secondary aim was to look at the impact of COVID-19 on testing numbers. 
Methods: 
A questionnaire was emailed to the heads of service within each respiratory lab in Scotland to collate testing 
numbers prior to and during the pandemic, audit infection control procedures of each department during 
the pandemic and incidence of COVID-19 in staff which were traced to performing face to face tests. 
Results:  
10 hospitals replied to the questionnaire. Table 1 shows a summary of IPC precautions. A total of 77989 
PFTs and 1920 CPETs were performed from July 2020 to December 2021. There were no reports of staff 
acquiring COVID-19 related to testing. Of the labs that used only droplet precautions, 74866 PFT’s and 1914 
CPETs were performed. Overall, there has been a 35% reduction in testing numbers during the pandemic 
compared to the same period pre pandemic. 
Table 1 

Precaution % of Labs using  

FRSM 80 

FFP3 20 

Eye Protection 60 

Fallow times 40 
 
 
Conclusion: 
This audit shows there is minimal risk of staff acquiring COVID-19 during respiratory lab testing when basic 
PPE is combined with community testing, social distancing and face coverings. The pandemic has had a 
measurable detrimental effect on Scottish respiratory laboratory services testing capacity. 
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Evaluating the reliability and accuracy of NuvoAir home spirometry and its efficiency in reducing aerosol 
generating procedures (AGPs) during COVID-19 
 
Background: During the COVID-19 pandemic, reduction in face-to-face clinic visits limited opportunities for 
lung function testing (LFT) for cystic fibrosis (CF) patients, especially as it is an aerosol generating procedure 
(AGP). In response to this, The Royal London Children’s Respiratory Team introduced NuvoAir; an app-based 
home spirometry service, to ensure continuity of LFT at home by parents and children, to inform clinical 
care. 
 
A retrospective audit was conducted to evaluate the reliability and accuracy of NuvoAir and its efficiency in 
reducing the need for AGPs.  
 
Methods: All paediatric patients aged ≤16 years with CF diagnosis under the Royal London Hospital (RLH) 
(n= 38) and the Colchester General Hospital (CGH) (n=8) with NuvoAir spirometry data between September 
2020 to October 2021 were analysed and compared to the number of in-hospital spirometry testing.  In 
instances where spirometry was repeated in hospital within 1 week following a NuvoAir session, a sub-
analysis of the reasons was also conducted.   
 
Results:  For the cohort at RLH, the use of NuvoAir led to a reduction of hospital spirometry by 76 
spirometry sessions (14%) and a reduction of 41 spirometry sessions (36%) was observed at CGH.  Results 
demonstrating reasons for repeated hospital spirometry at both sites are demonstrated below (Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion: NuvoAir home spirometry ensured continuity of LFT for CF patients during the pandemic and 

reduced the need for AGPs in hospital and helpful in detecting deterioration. Several areas of improvement 

have been identified which require troubleshooting for improving reliability and increasing efficiency 

therefore further reducing the need for AGPs in hospital.
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Title: Cardiopulmonary Exercise Testing (CPET) Service Utilisation: Backlog to the Future 

Introduction: The pandemic has led to repeated laboratory closures and reduced testing capacity. As a 
result, diagnostic services are faced with large volumes of outstanding referrals. This backlog is 
disproportionately affecting services based on urgency or clinical need. Previous work has been aimed at 
improving the utilisation of the CPET service for diagnostic purposes. The proportion of referrals to evaluate 
cause of dyspnoea increased from 16% in 2017 to 28% in 2019. The total number of referrals in that period 
of time had also increased by >30%. This piece of work is aimed at evaluating the impact of the reduced 
access to diagnostic services over these past two years.  

Methods: We conducted a retrospective analysis of CPETs performed in 2019, 2020, and 2021. The source 
of the referral and clinical indication were recorded. Frequency distribution data for each year was assessed 
using chi-squared analysis. 

Results: Total CPETs performed in 2019 was 456. In 2020, 214 were performed and 207 were performed in 
2021 - a 53% and 55% reduction respectively (p = <0.001). Preoperative assessment constituted 71.5% of 
referrals in 2019 which was not significantly different to 2020 (68.2%) and 2021 (76.3%; p = 0.176). The 
specialities referring for CPET are shown in fig 1.  

 

Discussion: The decrease in the utilisation of the service comes as a result of change in laboratory protocols 
effectively reducing available appointments; redeployment of healthcare scientists to acute medical wards; 
and changes in guidelines for preoperative assessment when CPET services were inaccessible. Effort needs 
to be made to engage with cardiology and respiratory clinicians to improve diagnostic utilisation.  
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Introduction: 
Muscle function testing is an integral part of the physiological assessment for the diagnosis and monitoring 
of respiratory muscle weakness. Our current protocol involves the performance of maximal 
inspiratory/expiratory pressures, sniff nasal pressure (SNIP) and % change in vital capacity from seated to 
supine (∆VCSS). Both SNIP (when performed with a short, sharp manoeuvre) and ∆VCSS assess diaphragmatic 
strength. We sought to determine if ∆VCSS could be eliminated from the testing protocol, particularly if SNIP 
is within the normal range.  
 
Methods: 
Retrospective muscle function data was collected from all patients who attended for muscle function testing 
within a 12 month period. An initial sample of 83 patients was assessed but 11 were excluded due to missing 
SNIP and/or ∆VCSS data. A scatter plot was generated and potential correlation was assessed using a 
Spearman’s rank test. Data were divided using published thresholds of normality, which were -70cmH2O for 
SNIP and a 15% drop for ∆VCSS, which exclude any ranges that would be considered “suggestive” of 
abnormality. The number of patients in each group (normal SNIP/normal ∆VCSS, abnormal SNIP/normal 
∆VCSS, normal SNIP/abnormal ∆VCSS, and abnormal SNIP/abnormal ∆VCSS) were recorded. 
 
Results: 
There was no significant correlation between SNIP and ∆VCSS. However, there were no patients with a normal 
SNIP that had an abnormal ∆VCSS.  24 patients (33.3%) had a normal SNIP and normal ∆VCSS, 29 patients 
(40.3%) had an abnormal SNIP and a normal ∆VCSS, and 19 patients (26.4%) had an abnormal SNIP and an 
abnormal ∆VCSS. The data are displayed graphically in Figure 1. 
 
Conclusions: 
Our data suggest that, if a patient has a SNIP within normal limits (< -70cmH2O), then additional ∆VCSS 
assessment is not required, which would reduce testing time and patient exertion. However, it is still possible 
for ∆VCSS to be both abnormal and normal if SNIP shows evidence of diaphragmatic weakness. 
 
 
 
 
 
Figure 1: A scatter plot of SNIP versus ∆VCSS in 72 patients referred for respiratory muscle function. There 
was no correlation between the two indices. The red dotted lines indicate the thresholds of normality (-70 
cmH2O for SNIP and -15% for ∆VCSS). There were no patients with a normal SNIP that also had an abnormal 
∆VCSS (bottom right quadrant).
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Objectives: 
FeNO measurement is widely utilised in the diagnosis, and monitoring of asthma; by providing an objective 
marker of eosinophilic airway inflammation. The aim of this study was to assess whether 2 devices from 
different manufacturers provided clinically similar results and could therefore be used interchangeably. We 
compared FeNO results from two devices which use electrochemical analysers. 
Methods:  
Devices from 2 manufacturers were compared (NIOX VERO®, Circassia, & NObreath®, Bedfont Scientific Ltd) 
within a paediatric cohort. FeNO was measured pre spirometry and both devices sampled at a flow rate of 
0.05L/s ± 10%, in keeping with ATS/ERS guidelines. A sampling time of 10 seconds was used. 30 subjects, who 
had been referred for pulmonary function tests and FeNO, due to being current asthmatics or suspected 
asthmatics, performed one trial on each device as part of their visit. NIOX VERO® is used routinely in our 
clinical practice and was always performed first to ensure consistency of clinic results. A Bland-Altman plot 
was used to evaluate the agreement amongst the 2 devices. We also looked at the number of patients who 
had a normal result on one device and an abnormal result on the other. 
Results: 
The mean bias of the 2 devices was 22ppb. The upper and lower limits of agreement were 62 and -18 
respectively. See the Bland-Altman plot in Figure 1. The NObreath® measured lower in every subject when 
compared to the NIOX VERO®. 6 subjects who had an elevated FeNO (>35ppb) on the NIOX VERO®, had a 
normal FeNO on the NObreath®. The subjects mean age ± SD was 12.4 ± 2.9; with a maximum age of 16 and 
a minimum age of 6. Z-scores (mean ± SD) for FEV1 (-1.1 ± 1.5) & FEV1/FVC% (-1.5 ± 1.3) were calculated from 
spirometry performed after FeNO.  
Figure 1 
 
Conclusion: 
In children and adolescents, NIOX VERO® and NObreath® cannot be used interchangeably. They produce 
clinically significant differences with a large mean bias and wide 95% limits of agreement that are clinically 
unacceptable. All subjects but one reported that the NIOX VERO® was easier to perform the test on; meaning 
less patient data may be obtained from NObreath® due to the increased difficulty. Future work should look 
to determine how the devices are calibrated at factory level to help determine which one is giving the most 
accurate readings. 
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Introduction: Nasal Nitric Oxide (NNO) measurements are used to screen for Primary Ciliary Dyskinesia 
(PCD) at our hospital using the gold standard chemiluminescence analyser (1). In recent years, cheaper, 
portable electrochemical devices have become available for measuring NNO but are not currently 
recommended in PCD (1). We aimed to compare NNO measurements on two devices to assess whether the 
electrochemical device could be introduced as an alternative for measuring NNO. 
Methods: Staff members with no known lung conditions completed measurements of NNO on the 
Ecomedics CLD88 (chemiluminescence) and Niox Vero (electrochemical) devices. Measurements were taken 
on the same day for both devices and the test order randomised. For each device 4 reproducible 
measurements were taken, 2 from each nostril. Mean NNO for each device was calculated and Bland-
Altman analysis performed. 
Results: Results were obtained from 16 subjects, mean age 34.0 ±10.2 years (9 female; 12 Caucasian). Mean 
NNO on the Ecomedics CLD88 was 712.2 ± 229.3ppb and on the Niox Vero 1070.8 ± 408.5ppb. NNO 
measured with Niox Vero was higher for 15 subjects (94%). Bland-Altman analysis showed a large bias 
between the two devices, with wide limits of agreement outside of clinical reproducibility criteria. There is a 
trend towards larger differences in those with a higher average NNO. 

 
Figure 1. Bland-Altman plot of mean difference in NNO (CLD-Vero) vs average NNO 

Discussion: Findings indicate that NNO measurements differ on the two devices, suggesting they cannot be 
used interchangeably. However, all subjects have NNO above the threshold of normality (1) where greater 
variability in measurements may be less clinically relevant. Further investigation in subjects with NNO below 
the threshold of normality is required, as well as study in the paediatric population. 

1. Shapiro, A.J. et al. 2019. Annals of American Thoracic Society, 17 (2). 
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NEBULISER ASSESSMENT SERVICE POST COVID PANDEMIC - A COMPARSION STUDY  
 
Introduction 
Nebuliser therapy is recommended for patients who require a high dose of inhaled bronchodilators. 
Spirometry has traditionally been used to collect objective data as part of the nebuliser assessment. Due to 
restrictions during the COVID-19 pandemic, spirometry was omitted from the assessment. This study 
compares our nebuliser assessment service before and after this change with a focus on the need for 
spirometry. 
 

Methods 
For the old nebuliser assessment pathway, spirometry was performed on 3 separate visits planned over a 4 
week period. The patient also recorded peak flow (PEF) twice per day and rated their symptoms.  
Bronchodilator reversibility testing was undertaken using MDI and nebulised drugs on visits 2 and 3, 
respectively and education on bronchodilator technique was included to optimise drug delivery. Subjective 
improvement with nebulised bronchodilators was also noted. 
 
The new pathway for nebuliser assessment omitted spirometry, with visits 2 and 3 being undertaken as 
telephone consultations to reduce patient attendances. We collected retrospective nebuliser assessments 
data over 12 months both before and after the change in pathway.  
 
Results 
More trials were completed with better adherence to completing the nebuliser diary on the new pathway. 
Subjective improvement was reduced, which is reflected by an increase in negative trials and reduced number 
of nebulisers issued on the new pathway. Comparative outcomes on both pathways are summarised in Figure 
1. 
 
Conclusions 
Baseline spirometry can be used to grade the severity of the patient’s disease during a nebuliser assessment. 
However, repeat assessment on visits 2 and 3 adds little to other clinical information available. The evaluation 
of PEF, symptoms and the subjective response to inhaled nebulised bronchodilator therapy is sufficient to 
determine the clinical need for nebuliser issue, with the patient’s subjective improvement being the dominant 
factor. 
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How COVID-19 has impacted the Lung Function service at Royal Free Hospital between 2020-2021 

 
Background 
Lung function testing has become an integral tool in the diagnosis, management, assessment, and follow-up 
of patients with respiratory conditions. This audit was performed to examine the impact of COVID-19 on 
lung function testing frequency over the last two years. 
 
Method 
We analysed Respiratory physiology appointments scheduled using QlikView from the 1st of January 2020 
until the 31st of December 2021. From this we were able to compare the patient attended, DNA and 
cancellation (by hospital or patient) frequency.  
 
Table 1. Periods with lowest volumes of patient attendance and highest rates of patient DNA between 
January 2020-Decemeber 2021 

 
Graph 1 . Patients Seen and Patient DNA analysis between January 2020-Decemeber 2021 
 
 
 
Results 
Over these annual periods we tested 3,734 patients in 2020, and 5,237 in 2021 – totalling 8971 over two 
years. The average DNA% rates over the two years were between 12.9%. 
Prior to COVID the average number of patients seen monthly was 508. As you can see from the table there 
was a significant decline in patients seen, and significant increases in DNA rates during UK lockdown 
periods: 23/03/2020 – 23/06/2020, 05/11/2020-02/12/2020, 06/01/2021-22/02/2021.  
There were spikes of DNA rates in the two year period that correlated with COVID restrictions – two of the 
three highest were 24% in March 2020 and 17% in January 2021 – both lockdown periods. The third DNA 
spike of 19% occured in December 2021– when there was a surge in COVID cases (daily cases quadripled in 
one month, increased from 40,394 cases on the 1st of December to 160,276 cases on the 31st of December).   
Conclusion 
During the initial stages of the pandemic, our laboratory had to reduced testing to urgent and inpatient only 
to protect patients and staff. During the first lockdown we had record high cancellations reaching a peak of 
704 appointments in April 2020.  Over time we adapted with the pandemic and implemented infection 
control guidelines that allowed us to safely test patients – PCR Swabbing pathway, use of Personal 
Protective Equipment (PPE), Pre-screening questionnaire, temperature check patients on arrival and regular 
staff testing. The Royal Free laboratory is now testing near to pre pandemic levels – 94% similarity when 
comparing November 2021 to February 2020). 

2020 -2021 MARCH 
20 

APRIL 
20 

MAY 
20 

JUNE 
20 

NOV 
20 

DEC 
20 

JAN 
21 

FEB 
21 

DEC 
21 

TOTAL 
between 

2020-2021 

Patients Seen 338 96 112 182 470 342 281 318 309 8971 

DNA % 24.4 7.7 4.3 16.5 13 13.9 17.1 9.4 19.3 12.9% 

Total Cancellation 324 704 492 409 299 342 344 289 240 7498 
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Is quality assured spirometry achievable in a clinical cohort of patients with ACHD: retrospective analysis 
of a single centre experience. 
  
Category: A Poster presentation  
 
Introduction  

Congenital heart disease (CHD) is diagnosed at birth and often corrected in childhood through surgery. 

Dyspnoea is a common symptom in adult congenital heart disease (ACHD) related to abnormal cardiac 

aetiology and lung function. Chest wall surgery (CWS) may impact on chest wall mechanics and respiratory 

muscle function; this may affect the performance of forced inspiratory and expiratory manoeuvres. 

Spirometry is an important diagnostic tool in ACHD and used to investigate extrathoracic restriction and 

ventilatory limitations. If quality assured spirometry (QAS) is not achieved its diagnostic power is 

compromised.  

 

Aims 

The aim of this study was to identify if patients with ACHD who have had previous CWS are able to achieve 

QAS. 

 

Methods  

All patients who performed spirometry and CPET during the ACHD CPET clinic between 2015-22 were 

reviewed. Spirometry and CPET data was collected. QAS was determined using ARTP 2020 guidelines. Surgical 

history was recorded from cardiology clinic letters. Data analysis was performed using IBM SPSS.   

 

Results 

77 patient’s spirometry results were retrospectively analysed. 1 patient was excluded due to incomplete data. 

76 patients were included with a median age of 32 (IQR 23-48) years. 55 (73%) of patients had undergone 

previous CWS.  In total 47 patients (63%) achieved QA spirometry. 24 (51%) of spirometry results were normal 

and 12 (26%) showed a restrictive ventilatory pattern. 14 (50%) demonstrated early termination of forced 

vital capacity (FVC). Pearson’s chi square analysis demonstrated no association between CWS and QAS (x2 (1, 

n=76) = 1.773, p =.183). Fisher’s exact test also demonstrated no association between the two variables (p 

=.280). 



 

Conclusion  

QAS is achievable in ACHD. Previous CWS should not exclude patients from performing spirometry however 

poor-quality spirometry should be interpreted with caution. Emphasis should be placed on performing quality 

assured spirometry to aid clinical decision making in ACHD.

 Median (IQR) 

Age (years) 32 (23 - 48) 

BMI 27 (23 - 32) 

FEV1 (L) 2.73 (2.24 - 3.26) 

FEV1 % Predicted 85 (71 - 95) 

FVC (L) 3.33 (2.68 - 3.94) 

FVC % Predicted 84 (73 - 98) 

FEV1/FVC  82 (74 - 88) 
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Background: Small airways dysfunction (SAD) and airflow obstruction (AO) are prevalent in asthma and lung 

volumes are also affected due to gas trapping. This study assessed relationships between SAD and AO on 

lung volumes in patients with asthma. 

Methods: Adults with asthma who had a set of full lung function measurements between (January 2016 to 

April 2021) were included from a tertiary hospital in the West Midlands, United Kingdom (UK). Predicted 

values were calculated using the 2012 Global Lung Initiative equations. AO was defined as a z-score of <-

1.645 in FEV1/FVC. SAD was defined as a z-score of <-1.645 in MMEF. 

Results: 208 patients were included, of which 36 (17.3%) and 46 (22.1%) had physiological evidence of AO 

and SAD, respectively. Residual Volume (RV) % predicted was higher in asthma patients with AO (n=36) 

compared to patients without AO (n=172), (median[IQR]: 102 [95.8-108] Vs. 92.3 [84.6-101], (p-value 

<0.001). The Total Lung Capacity (TLC) was also higher in those with AO compared to without AO 

(median[IQR]: 102 [95.8-108] Vs. 92.3 [84.6-101], p-value <0.001).  

RV was higher in patients with SAD compared to those without SAD, (median[IQR]: 109 [88.6-125] Vs.  85.7 

[74.6-98.0], (p-value <0.001).  TLC was not different  between groups (SAD: 97.7 [87.8-103] Vs.  non-SAD 

93.9 [86.3-103] , p-value 0.35), see figure 1.  

In a univariate analysis of SAD on the total group (n=208), RV was associated with SAD (Odds ratio (OR) of 

1.05 (95% CI: 1.03-1.06, p-value: <0.001).   

Conclusion: In patients with asthma, SAD and AO are both associated with a higher RV and RV/TLC, which 

are suggestive of gas trapping. This may be contributing to the symptomatic burden in these patients and 

MMEF may be a useful parameter to measure. 

 

  

Figure 1. % predicted of the lung volumes in SAD and AO in 

the whole population. It shows that there was an increase 

of RV in those with SAD similar to those with AO, although 

TLC was maintained in the SAD group. 
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Introduction: Dyspnoea, cough, stridor and wheezing, exacerbated by exercise, represent a common 

symptom presentation, highly suggestive of asthma. However, rarer conditions such as subglottic stenosis 

also cause such symptoms [1]. The rarity, lack of clear cause, and significant symptom overlap with asthma, 

means idiopathic subglottic stenosis (ISS) can be misdiagnosed due to fixation errors, where clinicians focus 

on one element of a case but overlook other relevant aspects. This can have severe impact on treatment. 

Case Presentation: A previously healthy 34-year-old woman presented with 2-year history of progressive 

breathlessness, cough and stridor, exacerbated by exercise. She is a non-smoker, with no significant medical 

history or allergies. Salbutamol inhaler provided minimal short-term relief. MRI and bronchoscopy showed 

thickening of distal trachea causing stenosis. However, doctors suspected asthma as the main cause of 

symptoms. Spirometry showed FVC of 4.36 L (121% of predicted), FEV1 of 2.91 L (93%), PEF of 4.41 L/s (63%) 

and FEV1/FVC of 0.67. Fractional exhaled nitric oxide (FeNO) was 7ppb, not suggestive of eosinophilic airway 

inflammation. Truncated inspiratory and expiratory limbs of flow-volume loop (Fig. 1), and Empey index of 

11 confirmed fixed upper airway obstruction (UAO). Evidence of induced bronchoconstriction also noted, 

with reductions in FEV1, PEF, and FEV1/FVC with each attempt. Reversibility not performed. The patient 

was started on a combination inhaler of formoterol and beclomethasone and reversibility tests ordered to 

assess for comorbid asthma. Regular spirometry planned to monitor UAO. Onward referral for consideration 

of surgical intervention will be made if indicated. 

Conclusions: This case demonstrates how rarer conditions like ISS may be overlooked due to fixation errors 

and highlights the importance of detailed history taking, thoroughly investigating symptoms, and not 

assuming a common diagnosis based on similar presentations. 

 

 

 

 

 

 

 

 

 

 

 

 

References: 

1. Rossi, C. et al. Idiopathic tracheal stenosis: a report of four cases. Jornal Brasileiro de Pneumologia 
2007; 33: 101-104. 

Figure 2: Flow volume loop showing truncated inspiratory and expiratory limbs. 
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Abstract 

Introduction  

Chronic Obstructive Pulmonary Disease (COPD) and Hypersensitivity Pneumonitis (HP) are both associated 

with symptoms of dyspnoea, cough and weight loss, and they can both exacerbate or mask one another and 

lead to missed diagnosis. We report a case of suspected HP occurring in the presence of COPD and consider 

the diagnostic and treatment options. 

 

Case Presentation  

A 42-year-old lady with known COPD presented with severe breathlessness, cough and fatigue, after two 

recent hospital admissions with pneumonia, which were attributed to acute exacerbations and worsening of 

her COPD. Upon presentation the patient appeared very thin. A detailed history revealed she was a former 

smoker (30 pack years) and was the carer for her partner and young daughter and kept budgies in her 

home. CT scans showed patchy consolidation and severe emphysema. Pulmonary function tests were 

suggestive of severe airflow obstruction. Blood tests were positive for avian precipitins, suggesting an 

additional diagnosis of Bird Fancier’s Lung, a form of HP. The patient was referred for additional tests to 

confirm diagnosis and will be started on high dose steroids if these results support the diagnosis. 

 

Conclusion  

Lesser-known diseases, such as HP, may often be missed when occurring in the presence of a more 

established disease, such as COPD, leading to delayed treatment and increased chance of negative 

outcomes. When patients present with exacerbations of previously established respiratory conditions, a 

detailed history should be taken, including environmental and occupational, to establish any potential 

comorbidities that could be contributing to the worsening symptoms and treat these in a timely manner, 

rather than simply attributing symptoms to a worsening of the primary disease. 
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Background; Antisynthetase Syndrome is a rare autoimmune disorder with a broad clinical presentation, 
including but not limited to; Myositis, Raynaud’s phenomenon, Interstitial Lung Disease, muscle weakness 
and/or unexplained fevers. Two of the major diagnostic criteria, outside of identifying serum autoantibodies 
that target aminoacyl-transfer-RNA synthetases, are Polymyositis and pulmonary involvement, with the 
presence of the latter leading to worsened 5-year outcomes. 
 
Case Presentation; this case report describes an obese 27-year old Asian woman who originally presented 
to the accident and emergency department in December 2020 for a knee injury, but was subsequently 
discovered to be mildly tachycardic. In April 2021, she again presented with sinus tachycardia, chest-
tightness and exertional dyspnoea which progressively worsened over the course of 4-months, eventually 
being prescribed bisoprolol in August 2021. She was readmitted in September 2021 with oedema affecting 
her limbs, face and eyelids; originally believed to be an allergic reaction to bisoprolol. However, her creatine 
kinase levels were >23000u/L (normal = 22-198u/L), she was experiencing muscle weakness in all limbs and 
significant subcutaneous oedema was seen via magnetic resonance imaging, all presenting features of 
Polymyositis. She was initiated on prednisolone (60mg/d) in October 2021 and follow-up up high resolution 
computed tomography was requested, considering pulmonary involvement alters treatment options. 
Subsequent imaging in October 2021 confirmed signs of mild, bi-basilar fibrotic changes and pulmonary 
function tests indicated a restrictive lung defect with reduced gas transfers, consistent with underlying 
interstitial lung disease - but also highlighting an additional constrictive contribution which may in part be 
obesity related. This patient was submitted to autoimmune screening which highlighted anti Jo-1 antibodies 
and thus the diagnosis of ASS was confirmed. She is currently in the process of deciding initial treatment for 
this disorder, as well as undergoing treatment for her newly diagnosed mild obstructive sleep apnoea. 
Conclusions; Antisynthetase syndrome is a rare diagnosis which, aside from a diverse clinical presentation, 
also requires specific serological investigations for official diagnosis. The presence of pulmonary 
involvement often gives a worsened prognosis.  
 
Keywords; Interstitial lung disease, anti-Jo-1 antibodies, Polymyositis, Antisynthetase syndrome 
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Presentation: 

A female patient aged 72 presented with unexplained weight loss (>70kg) over 3 years in-conjunction with 
abdominal swelling, vomiting and abdominal pain. Patient was investigated by gastroenterology then 
referred to vascular surgery with suspected mesenteric ischaemia . She denied purposeful weight reduction. 
She was active attending gym regularly. Patient attended for pre-operative risk assessment. 

Investigations: 

Bloods, ECG, ECHO, pulmonary functions test, x-ray and CPET. CPET results showed that although a good 
workload was achieved (179% pred), VO2peak and AT appeared low. As patient was apparently fit for her 
age a technical issue during test was considered. A second CPET test was performed 9 days later and results 
compared. The first test used a 15W ramp whilst the second was a 10W ramp. 

CPET summary of results: 

Reduced VO2 peak, Shallow VO2/work rate slope and also shallow VCO2/work rate slope, flattening of O2 
pulse curve after AT, mild ST depression and hypertension was consistent with both peripheral vascular 
disease pattern and/or cardiac disease. 
Pre-operative risk evaluation: AT <10ml/min/kg on both tests places patient in increased surgical risk 
category. VO2 peak <15ml/min/kg and possible ischaemic changes also suggestive of increased risk. 

Technical issues and comments: 

Technical issues were suspected due to low VO2 peak at 179% pred peak work load. Repeat test results 
were similar with a slight learned effect and lower work rate ramp, allowing for a longer test. RER >1.1 on 
both tests indicated maximal effort. Pred load was 53W using Wasserman equations resulting in 179% pred 
and 164% pred. If Glaser (SHIP) equations (2013) were used pred load would be 108W, 87% predicted and 
80% predicted which is more in keeping with the test results. Wasserman maximal age range is up to 70 
years old while Glaser (SHIP) is up to 85 years. 

Patient journey to date: 

Patient underwent mesenteric re-vascularisation using the right iliac as a conduit to the superior mesenteric 
artery, which went well with good post-op recovery. At 5 months post-op her symptoms had improved and 
regained 25.5kg in weight. 2 years after surgery the patient died (not attributed to her surgical 
intervention). 

Learning point: 

Ensure correct predicted equations are used for the patient population that is being tested. 
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Background 
 
Exercise induced bronchoconstriction (EIB) refers to airway narrowing and inflammation occurring due to 
mast cell degranulation and release of mediators in the airway, such as histamine and leukotrienes, in 
response to exercise (1). This is seen in asthmatics and non-asthmatics, with associated physical and 
emotional burdens (1).  
 
 
Case History 
 
An 11-year-old female underwent exercise challenge testing (ECT) following history of dyspnoea and urticaria 
in response to exercise, resulting in exercise avoidance. A reduction in FEV1 of 24% was indicative of EIB. In 
response, patient’s salmeterol dosage was optimised to control underlying asthma and sodium cromoglycate 
(SCG) was prescribed to attenuate mast call degranulation and reduce bronchoconstriction during physical 
activity. Improvement in exercise related symptoms was reported in consequent follow-up consultations. 
Repeat ECT was performed after 4 months to assess presence of bronchoconstriction following medical 
optimisation. Heightened anxiety and panic were noted in response to exercise, with apparent absence of 
respiratory symptoms. A conditioned psychosomatic response is suspected with recommendations for 
patient to seek psychological support in decoupling process between exercise and asthma symptoms.  
 
 
Discussion and Conclusions 
 
Studies indicate that asthma patients can perceive asthma symptoms when expecting to experience them or 
by being in a context where symptoms have previously occurred (2). This patient’s heightened anxiety 
response to exercise suggests that physical activity is a trigger to perception of asthma symptoms, instead of 
bronchoconstriction. Identification of cues that spark perceived asthma symptoms can aid in changing 
response to triggers as well as repeated exposure to the cue (2). Psychological input could aid in decoupling 
the response between exercise and perceived asthma symptoms, with repeat ECT planned to assess if EIB is 
fully resolved from physiological standpoint.  
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Does the Borg Rate of Perceived Exertion (RPE) Scale Correlate with Physiological Markers Used to 

Rate Exertion in Respiratory Disease? 

 

Introduction: Despite evidence of a lack of validity of the Borg RPE scale in patients with respiratory disease, 
it is still regularly used within this population [1]. 
Methods: Patients who performed an Incremental Walk Test (IWT) (n=763) between June 2019 and June 2020 
were included. Ethics committee approval was obtained. Patients were organised into four groups – 1) all 
groups combined, 2) chronic obstructive pulmonary disease (COPD), 3) interstitial lung disease (ILD) and 4) 
Other Diseases. The IWT required patients to walk for a maximum of 10 minutes on a treadmill at a pre-
determined pace, which increased incrementally every 60 seconds. Measurements obtained during the IWT 
included; distance covered, O2 saturation and HR. Additionally, patients rated their level of dyspnoea at the 
end of the final incremental level. Statistical analysis included D’Agostino-Pearson normality test, Students 
paired t-test, Wilcoxon signed-rank test and one-way analysis of variance (ANOVA), with additional Tukey test 
analysis. P<0.05 was considered significant. 
Results: A poor correlation was identified between the Borg score estimated peak HR (BSEPHR) and measured 
peak HR in all patient groups. Furthermore, BSEPHR was found to be significantly higher compared to 
measured peak HR in all patient groups. Finally, results showed that the mean difference between BSPHR and 
measured peak HR is significantly greater in the COPD group compared to the ILD group. No significant 
difference found between any other groups. 
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Figure 1. Correlation plot of estimated peak heart rate (n=690) versus measured peak heart rate (n=690). Dark 
circles indicate individual data points, and the fitted regression line illustrates the relationship between the 
two measurements. Coefficient of determination (R2) value = -0.012, which confirms a poor correlation 
between the two measurements. 
 



Conclusion: Results suggest that validity of the Borg RPE scale is relatively poor when used as a tool to gauge 
physiological exertion in patients with respiratory disease during exercise. Other studies suggest that 
respiratory rate may have been a more appropriate physiological criterion to use when measuring the validity 
of the Borg RPE scale in patients with respiratory disease [2]. BSEPHR is significantly higher compared to 
measured peak HR in all patient groups, which suggests that patients with respiratory disease, regardless of 
phenotype, experience an increase in perceived exertion during physical activity compared to individuals 
without underlying health conditions. 
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A.F., Mahler, D.A. and Webb, K.A., 2007. Pathophysiology of dyspnea in chronic obstructive pulmonary 

disease: a roundtable. Proceedings of the American Thoracic Society, 4(2), pp.145-168. 

 

2. Robson, A., 2017. Dyspnoea, hyperventilation and functional cough: a guide to which tests help sort them 

out. Breathe, 13(1), pp.45-50.
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INTRODUCTION 
Following a cross-site review of our standard operating procedures, it was decided that a second baseline 6 
minute walk test (6MWT) is not required for patients who were naïve to the test. However, a second 6MWT 
was still recommended for ambulatory oxygen assessments, which are often time-consuming and can require 
multiple additional 6MWTs if oxygen titration is required. 
We sought to determine if a second baseline walk is necessary in determining the clinical need for ambulatory 
oxygen. 
 
METHODS 
All patients who performed two technically acceptable baseline walks during an ambulatory oxygen 
assessment between November 2021 and present were included in the study. 6MWT outcome measures 
(including peak SpO2 and heart rate, walk distance, number of rests and BORG dyspnoea scores) were 
compared between walks 1 and 2 using a Wilcoxon Signed-Rank test. The walk used to determine the need 
for ambulatory oxygen was noted and the final outcome based on just walk 1 or walks 1 and 2 was compared. 
 
RESULTS 
Data collection is ongoing but, at the time of submission, 18 patients were included. There were no significant 
differences in any outcome measures between walks 1 and 2 (Table 1). Walk 1 was selected for reporting in 
50% of patients. The clinical requirement for ambulatory oxygen was indicated in only 4 patients (22%) but 
the performance of a second baseline walk did not influence this decision in any patient. 
 
CONCLUSIONS 
The patient cohort is currently limited both in overall patient numbers and the number of patients requiring 
ambulatory oxygen. However, the results to date strongly suggest that a second baseline walk is not required. 
This could appreciably reduce testing time required for ambulatory assessments. 
 
 
 

Patients     

N = 18   

M : F 7 : 11   

Age (years) 70 (56 - 80)   

BMI (kg/m2) 25.6 (23.1 - 27.6)   

      

Capillary Gases     

   pO2 9.51 (8.94 - 10.51)   

   pCO2 5.05 (4.65 - 5.55)   

   pH 7.45 (7.41 - 7.46)   

      



6MWT Walk 1 Walk 2 

Peak SpO2 (%) 92 (90 - 95) 92 (90 - 95) 

Peak HR (%pred) 60.3 (57.8 - 62.7) 59.5 (56.0 - 61.8) 

Peak BORG Dyspnoea 4 (3 - 7) 4 (3 - 7) 

      

Distance Walked (m) 240 (185 - 313) 240 (203 - 310) 

Number  of Rests 0 (0 - 2) 0 (0 - 1) 

 
Table 1: A summary of the patients included in the study and a comparison of the outcome measures from 
baseline walk 1 and walk 2. There were no significant differences between walks 1 and 2 and the performance 
of a second 6MWT did not influence the decision to proceed to ambulatory oxygen in any patient.
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Introduction 
CPAP is the dominant therapeutic option for obstructive sleep apnoea (OSA). Modern devices allow 
for remote monitoring and more efficient clinical management. 
In a time of a global shortage of CPAP devices, we sought to utilise our remote database to identify 
CPAP non-compliers and contact them with the hope of reclaiming devices for reissue. 
 
Methods 
Patients in our database (ResMed, Oxford, UK) were screened sequentially. Those who had not been 
using CPAP for >1 month were included and characterised in terms of disease severity and clinical data 
(sex, age, BMI, snoring, daytime sleepiness, and witnessed apnoeas). Compliance before CPAP 
cessation was also noted. Data were compared using either a Kruskal-Wallis or Chi Square test. 
Patients were contacted and asked if they planned to recommence CPAP. For those who did, issues 
affecting compliance were noted and follow-up appointments were scheduled. Patients who did not 
were advised to return their CPAP. 
 
Results 
1025 patients from a total of 1650 on the database were screened. Of these, 107 (10.4%) had not 
been using CPAP for >1 month. Across disease severity, there was no difference in demographics, 
symptoms, or the % patients compliant with CPAP prior to stopping (Table 1). CPAP itself was different 
as patients are currently assigned a pressure depending on disease severity. 
From departmental records, it was clear in only 5 patients that CPAP had been returned. The 
telephoning of patients is ongoing but, at the time of submission, 27% did not answer, 50% wished to 
keep CPAP and try again if issues could be resolved, and 23% did not wish to try CPAP again. 
 
Conclusion 
CPAP non-compliers are easily identifiable on the remote database. Contacting them may allow for 
devices to be reclaimed, which could be useful in times of global CPAP shortage. However, there is a 
departmental issue with patients not being removed from this database after CPAP has been returned, 
which will be addressed moving forward. 
 



  All Mild OSA Moderate OSA Severe OSA 

N = 105 27 38 40 

M : F 71 : 24 14 : 13 27 : 11 31 : 9 

Age (yrs) 52 (20 - 87) 54 (38 -77) 48 (25 - 75) 54 (20 - 87) 

BMI (kg/m2) 35.2 (30.2 - 40.5) 33.8 (29.7 - 41.0) 35.2 (30.0 - 39.8) 36.0 (32.3 - 43.2) 

          

Epworth 12 (7 - 15) 12 (8 -15) 9 (6 - 13) 14 (9 - 18) 

Symptom data in  41 10 16 17 

   Daytime Sleepiness 38 (92%) 10 (100%) 13 (81%) 15 (88%) 

   Witnessed Apnoeas 33 (80%) 8 (80%) 13 (81%) 12 (71%) 

   Snoring 37 (90%) 9 (90%) 14 (88%) 14 (82%) 

          

CPAP (cmH2O) 12 (11 - 14) 11 (10 -12) 12 (11 - 12) 15 (14 - 15) 

Compliant before cessation? 23 (21%) 5 (19%) 8 (21%) 10 (25%) 
 
Table 1: Demographic, symptomatic and CPAP data for all patients and spilt by disease severity. Data are 
presented as Median (IQR) except Age which is Median (Min-Max). There were no differences in the patients 
or their symptoms and no difference in the proportion of patients compliant with CPAP before they stopped 
using the treatment.
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Case review: Trial of AutoCPAP in Paediatrics 
Introduction 
Gold standard treatment for Obstructive Sleep Apnoea (OSA) in paediatrics is adenotonsillectomy (AT). 
Continuous Positive Airway Pressure (CPAP) is frequently used if AT is not possible or OSA remains 
unresolved [1]. Tolerance of CPAP is challenging in paediatrics.  AutoCPAP is a recent ventilator technology 
enabling automatic adjustment of pressure within specified range in response to events.  
Case 
A 16-year-old boy with Crouzon’s syndrome attending for follow up sleep study, after using CPAP for >10 
years with good adherence. Prescribed study plan to start on current 9cmH2O CPAP and follow in-house 
titration protocol. During this study CPAP was reduced from 9cmH2O to 7cmH2O (Figure 1). Gas exchange 
was stable and normal across all pressures however signs of obstruction (boxing of respiratory effort and 
flow limitation) were observed while supine on 7cmH2O.  Obstructive respiratory events did not achieve 
AASM scoring criteria and therefore pressure was not up titrated. 

 
Figure 1: SpO2, Pulse rate, TcCO2 and CPAP (9-7cmH2O). 
AutoCPAP was trialled as treatment during a follow-up study four months later.  CPAP boundaries were 
prescribed from 5cmH2O to 12cmH2O (Figure 2). 

 
Figure 2: SpO2, Pulse rate, TcCO2 and CPAP Pressure (5-12cmH2O). 
Similarly in this study gas exchange was maintained within normal limits. Average pressure overnight was 
9cmH2O (7cmH2O in QS and 10cmH2O in AS).   Supine sleep was recorded and there were no underlying 
signs of obstruction observed.  
Conclusion 
These studies illustrate the utility of AutoCPAP in paediatrics for treating sub criteria obstructive events 
when compared with a predetermined manual titration protocol. Future plans are to trial AutoCPAP further 
in selected patient groups and ages.   
References 
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WatchPAT One vs NOX – An audit to compare the DNA rate, cost efficiency, staff time and patient time. 

 
Abstract 
The Covid-19 pandemic encouraged many NHS departments to think of new, innovative and remote ways to 
provide the same, if not better level of patient care. We carried out a trial and subsequently, an audit to 
compare two different methods of home sleep study. We took 300 NOX patients and 300 WatchPAT 
patients to compare 4 key variables that are often at the forefront when looking at the efficiency and 
convenience of patient care: DNA rate, cost efficiency, staff time and patient time. WatchPAT One 
appointments were done remotely via telephone, whilst NOX appointments remained face to face. We 
found that on average, a WatchPAT One home sleep study test when compared to a NOX home sleep study 
test resulted in a lower DNA rate (-11.7%), decreased amount of staff time (-18.48%), decreased amount of 
patient time (-94.62%), but at higher cost per appointment (+45.46%). We conclude that overall, WatchPAT 
One studies offer a good alternative to NOX studies where quick and convenient OSA screening is needed. 
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Assessing the communication needs of patients attending a NIV Multidisciplinary clinic. 
 
Introduction 
As part of standard NHS care we performed a communication review to assess the communication difficulties that 
may occur when patients, including those with NMD (Neuromuscular Disease), COPD (Chronic Obstructive 
Pulmonary Disease), OHS (Obesity Hypoventilation Syndrome), RCH (Restrictive Chest Wall) and non-specified 
causes of chronic hypercapnic respiratory failure, attend the multidisciplinary (MDT) NIV clinic. The results of this 
review will allow us to understand the communication requirements of our patients allowing us to make any 
reasonable changes to our clinical practices. 
 
Methods 
 
When patients attended the NIV clinic between the dates of September 2021 and October 2021, we reviewed 
their communication. Data was collected over the above period of time which showed all of the patients that 
attended clinic, including if they had communication issues and if they did what aids they brought into clinic.  
 

Conclusion 
Our review highlights the communication needs of patients who attend the NIV MDT clinic. It is well evidenced 
that patients with NMD specifically MND, are likely to develop communication difficulties associated with speech. 
The majority of patients who have communication difficulties regarding speech received support from a family 
member or friend. As health care professionals, our aim is to ensure that all patients have access to communication 
aids as part of equal and fair healthcare provision. The findings of our review will focus on implementing 
communication aids within our clinical practices to allow patients to partake in clinical care decision making. 
 
 
Results 
In total, data of 56 patients were collected for the patient experience evaluation. Patient disease groups are shown 
in a table below. A total of 10 (18%) patients presented to clinic with communication difficulties. The majority 
(80%) of patients presented with communication difficulties associated with speech. Of the patients with 
communication difficulties 5 patients were assisted with a family relative or friend, 1 patient had a technology aid 
and 4 patients had no aids to support communication with the clinical team.  
 
 

Disease/Condition Total number of patients (%) 

COPD 12 (21) 

RCWD 5 (9) 

OHS 10 (18) 

NMD 28 (50) 

Other 1 (2) 

 


