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Biomarkers to Predict Outcome 



‘In recent decades, biomarkers have become 
essential in diagnosing disease and assessing 
response to therapy.  The increasing quantitative 
rigor and efficiency of these tests have led to the 
possibility of ‘personalized medicine’.  Despite 
such progress, the way in which a physician uses 
biomarkers recapitulates an enduring practice of 
medicine:  measure the patient, think about the 
result and make a decision’ 

NEJM 2012 



•  Indicator of either  

–a normal or pathogenic processes 

–a response to therapeutic interventions 

•  Objectively measured and evaluated 

•  Generally a substance or molecule 

•   

•   
National Institute of Health 

BIOMARKER 







 
What is an Advanced Physiological Biomarker? 



ADVANCED PHYSIOLOGICAL BIOMARKER 

•  Indicator of either  

–a normal or pathogenic processes 

–a response to therapeutic interventions 

•  Objectively measured and evaluated 

•  Generally a substance or molecule 

•   

•   
National Institute of Health 



• Diagnostic marker 

• Marker of disease severity 

• Marker of disease progression 

• Marker of treatment effect 
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failure 

ADVANCED PHYSIOLOGICAL BIOMARKER 



ACUTE MYOTRACE PROGRAMME: 
Developing Advanced Respiratory Physiological 
Biomarkers to Risk Stratify AECOPD Patients to 
Enhance Safe Discharge and Prevent Admission 



MYOTRACE PROGRAMME: 
Advanced Respiratory Physiological Monitoring 

• Breathlessness is a subjective condition 
reported by the patient (SYMPTOM) 

• Dyspnoea is an objective condition reported by 
the clinician (SIGN) 



MYOTRACE PROGRAMME 

• Breathlessness is a subjective condition 
reported by the patient (SYMPTOM) 

• Dyspnoea is an objective condition reported by 
the clinician (SIGN) 

How do we integrate these subjective and objective 
measurements? 

How do we translate these measurements into clinical 
practice? 

MYOTRACE PROGRAMME: 
Advanced Respiratory Physiological Monitoring 



Financial Cost of Acute 
Exacerbations of COPD 



• US data has shown that AECOPD account for 

– 1.5 million ED attendances 

– 726,000 hospitalisations 

– 119,000 deaths 

• Direct costs have been estimated at $29.5 billion with 
indirect costs of $20.4 billion 

• UK data has shown that AECOPD has 20% hospital 
readmission rate within 28 days and up to a third of 
patients readmitted within 3 months 

• UK & US incentivised performance by the introduction 
of financial penalties for patients who are readmitted 
to acute hospitals within 28 days 
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Westert GP et al: An international study of hospital readmissions and related utilization in Europe and the 
USA. Health Policy 2002, 61(3):269-278 



Human Cost of Acute 
Exacerbations of COPD 



• An acute exacerbation of COPD has detrimental 
effects on lung function, HRQL and exercise 
capacity  

• Patients with >3 exacerbations per year have a 
5-year survival rate of only 30% 

• Exacerbation-free patients have a 5-year 
survival rate of 80% 
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Treatment Success 

AECOPD 

AECOPD represent an acute shift in the load-capacity-drive relationship 



Myotrace - A Non-Invasive Technique 

• 2nd Intercostal 
Parasternal muscles 

– Obligate muscles of 
inspiration 

– Amenable to surface 
EMG  

 

Hudson AL, Butler JE, Gandevia SC, et al. J 
Neurophysiol 2010; 103:1622-1629 



EMGpara 

 
Flow 

(L/s) 

EMGpara 

(μV) 

Rectified 

EMGpara 

(μV) 

Inspiration 

Peak of 

rectified 

EMGpara 

Parasternal EMG (EMGpara) 



Sniff Manoeuvre 

EMGpara%max.RR = NRDI 





 Limitations 

 Small selected cohort 

 Readmission endpoint was not a priori 

 Subjective assessment of clinical change 

 Small number of data pairs for comparison 
(37 pairs among 30 patients) 

 



Neural respiratory drive predicts early readmission 
following hospitalisation for acute exacerbation of COPD 

 
 



Thorax. 2015 Dec;70(12):1123-30 

 120 patients 
completed admission-
to-discharge EMG 
studies, daily IC, 
spirometry 

 
 >600 individual studies 

in 122 patients 



Age (years) 70 (9) 

Male (%) 58 (48·3) 

BMI (kg/m2) 25·3 (7·2) 

Current smokers (%) 47 (39·2) 

Exacerbation frequency (/12 months) 3 (1-5) 

Hospital admission frequency (/12 months) 1 (0-2) 

Duration of symptoms (days) 4 (2-7) 

Systemic steroids prior to admission (%) 26 (21·7) 

Antibiotics prior to admission (%) 30 (25·0) 
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GOLD stage 2 (%)* 4 (4) 

GOLD stage 3 (%)* 36 (36) 

GOLD stage 4 (%)* 60 (60) 

MRC dyspnoea grade 4 (4-5) 

Length of hospital stay (days) 3 (2-6) 

Deaths within 28 days (%) 1 (0·8) 

Readmission at 28 days (%) 26 (21·7) 

Deaths within 14 days (%) 1 (0·8) 

Readmission at 14 days (%) 15 (12·5) 
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Readmission Prediction 
 

28 Day Readmission 
ΔEMGpara%max 

Under 
85 years 

Whole group 
ΔEMGpara%max : OR 1·127, 95% CI 1·034 to 1·228, p=0·007 
 
 



‘The failure of ΔEMGpara%max to fall by 
more than 3·1% between admission 
and discharge had a sensitivity of 
93·8% and a specificity of 41·3% to 
detect 14-day readmission or death.  
The positive predictive value (PPV) was 
19·7% with a negative predictive value 
(NPV) of 97·7%’ 

Suh et al Thorax 2015 

ΔEMGpara%max  
OR 1·127, 95% CI 1·034 to 1·228, p=0·007 



Under Review 
Thorax R1 



Increase Mortality 
• NRD (HR 2.14 95% CI 1.29 – 3.54; p =0.003) 
• Age  (HR 2.03 95% CI 1.23 – 3.34; p =0.006) 
• PaCO2 at admission (HR 1.83 95% CI 1.06 – 3.06; p =0.02) 
• LTOT use (HR 2.98 95% CI 1.47 – 6.03; p =0.002) 
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MODIFIABLE FACTOR 

Under Review 
Thorax R1 



 



 

TIME CONSUMING 



 

TIME CONSUMING 

LIMITED CLINICAL  
APPLICABILITY 
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Signal processing algorithm 

ECG contamination 
removal 

RMS EMGpara 
calculation 

Inhalation phase 
detection 

Artefact segmentation 

NRD calculation 

Respiratory Rate 

Quality indicator for 
respiratory signal  

NRD 
series 

Spot-check NRD 
calculation 

Input signals Output time 
series 

NRD 

Continuous NRD 
calculation 

NRDs 

The index of NRD we compute is the peak 
RMS EMGpara activity for each inspiration 
averaged over 1 minute of tidal breathing 

EMGpara 

Nasal 
pressure 



 In collaboration with 
Philips Research 

 Automated 
algorithm 

▪ Remove ECG 

▪ Artefact detection 

 



WHAT HAVE WE LEARNT? 

• Advanced respiratory physiological biomarker to 
risk stratify AECOPD patients to enhance safe 
discharge 

• Neural respiratory drive is a clinical useful, 
biomarker that can predict safe discharge in 
patients following an admission with AECOPD 

• Reduction in neural respiratory drive could be 
used as a therapeutic target 

• Translational physiological science is required to 
design future clinical trials 

 



WHAT HAVE WE LEARNT? 

• TARGET POPULATION 
– AECOPD patients who do not have a fall in neural respiratory 

drive of 3.1% between admission and discharge are the high 
risk group 

• INTERVENTION 
– New molecules and targeted drug delivery directed to reduce 

neural respiratory drive to prevent readmission to hospital 

• CORE OUTCOME MEASURES 
– Mechanistic e.g. Neural respiratory drive  

– Patient-Centred e.g. quality of life, functional capacity, 
physical activity 

– Healthcare utilisation e.g. cost utility, cost effectiveness 
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PROMOTING SAFE DISCHARGE & PREVENTING  
READMISSION IN SEVERE COPD PATIENTS 



WHAT HAVE WE LEARNT? 

• TARGET POPULATION 
– AECOPD patients who do not have a fall in neural respiratory 

drive of 3.1% between admission and discharge are the high 
risk group 

• INTERVENTION 
– New molecules and targeted drug delivery directed to reduce 

neural respiratory drive to prevent readmission to hospital 

• CORE OUTCOME MEASURES 
– Mechanistic e.g. Neural respiratory drive  

– Patient-Centred e.g. quality of life, functional capacity, 
physical activity 

– Healthcare utilisation e.g. cost utility, cost effectiveness 

 

THERAPEUTIC TARGET 
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CORE OUTCOME SET 
e.g. admission free survival, cost effectiveness 
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e.g. pharmacological & non-pharmacological 
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e.g. severe COPD Patients 

THERAPEUTIC TARGET 
e.g. NRD 

CORE OUTCOME SET 
e.g. admission free survival, cost effectiveness 

THERAPEUTIC INTERVENTION 
e.g. pharmacological & non-pharmacological 

COST & CLINICAL 
EFFECTIVENESS 
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READMISSION IN SEVERE COPD PATIENTS 



CONCLUSION 

• Make the measurements 

• Interpret the data  

• Use the measurements to design the 
future clinical trials 

– TARGET POPULATION 

– INTERVENTION 

– CORE OUTCOME 



Unstable Post AECOPD Patients 



Does home NIV improve outcome in 
hypercapnic COPD patients post exacerbation? 

P I C O 



867 

American Thoracic Society 2017 
JAMA & NEJM Session: Discussions on the Edge 
Dr Jeff Drazen and Dr George O’Connor 
22nd May 2017 

49 Citations WOS 

High Attention Score compared to outputs of the same age (99th percentile) 
High Attention Score compared to outputs of the same age and source (97th percentile) 
Top 5% of all research outputs scored by Altmetric 

41,965 manuscript views 



BEST CLINICAL PRACTICE:  
NIV in acute hypercapnic respiratory failure is best practice 

• Acute NIV Clinical Evidence 
– Reduced mortality (NNT 8) 

– Reduced intubation rate 
(NNT 5) 

– Reduced hospital stay 

– >45% mortality at 12m 

• Post AECOPD 
– Persistent hypercapnia 

associated with poor 
outcome 

– Transient hypercapnia 
associated with similar 
outcome to eucapnia 

 

 

 

 

Brochard et al 1995; Kramer et al 1995; Martin et al 2000; Bott et al 1993; Plant et al, 2000; 
Lightowler et al 2003; Murray  et al 2011: Connors et al 1996; Costello et al 1997 

12 months Post Discharge 
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HYPOTHESIS 

NIV titrated to treat nocturnal hypoventilation and improve 
admission free survival following an acute life threatening 

exacerbation of COPD in patients with persisting hypercapnia 



Trial Design 



P 
PaCO2>52mmHg 2-4 weeks post acute  
hypercapnic exacerbation of  COPD  
requiring acute NIV 

Murphy et al 2017 



HOT HMV 
(N=57) 

HOT 
(N=59) 

Total 
(N=116) 

Age (years) 
 

66.4 (10.2) 67.1 (9.0) 66.7 (9.6) 

Median BMI (kg/m2) 21.5 (18.8 to 24.5) 22.2 (17.9 to 26.9) 21.6 (18.2 to 26.1) 

Prior use of LTOT (n (%)) 
 

40 (70%) 40 (68%) 80 

≥3 COPD related admissions in last year 30 (53%) 31 (53%) 61 

Gender (female) (n (%)) 
 

29 (51%) 32 (54%) 61 

Median smoking pack year history 42.0 (30.5 to 60.0) 45.0 (31.0 to 55.0) 44.0 (31.0 to 60.0) 

FEV1 

 
0.6 (0.2) 0.6 (0.2) 0.6 (0.2) 

FEV1 (%) 
 

24.0 (8.6) 22.9 (8.6) 23.4 (8.6) 

FVC 
 

1.8 (0.8) 1.5 (0.6) 1.7 (0.7) 

FVC (%) 
 

57.4 (19.7) 49.3 (20.4) 53.2 (20.4) 

FEV1/FVC 
 

0.3 (0.1) 0.4 (0.1) 0.4 (0.1) 

PaO2 on room air (kPa) 
 

6.4 (1.2) 6.4 (1.1) 6.4 (1.1) 

PaCO2 on room air (kPa) 
 

7.9 (0.9) 7.9 (0.9) 7.9 (0.9) 

pH 7.30-7.35 n (%) 
 

5 (9%) 2 (3%) 7 (6%) 

Median SGRQ summary 74.7 (63.7 to 81.7) 71.0 (62.6 to 78.6) 73.8 (63.3 to 80.3) 

SRI summary 
 

45.8 (15.0) 46.9 (15.6) 46.4 (15.2) 

Median MRC dyspnoea score 5.0 (4.0 to 5.0) 5.0 (4.0 to 5.0) 5.0 (4.0 to 5.0) 
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• Severe COPD 

• Following a life threatening exacerbation of COPD requiring acute NIV 

• Chronic hypercapnic respiratory failure (PaCO2 > 52mmHg) 2-4 weeks post AECOPD 

• Without other significant cause of sleep disordered breathing / respiratory failure 

• Intervention administered in the recovery phase 



P 
PaCO2>52mmHg 2-4 weeks post acute  
hypercapnic exacerbation of  COPD  
requiring acute NIV 

I 

Standard COPD 
Treatment & home NIV 
& HOT  
n=59 

Murphy et al 2017 



12 months: 11mmHg difference between HOT-HMV and HOT treatment (17% reduction) 
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Adjusted hazard ratio of 0.49 
(95% CI, 0.31-0.77; p = 0.002)  

4.3 months (IQR 1.3-13.8) 

1.4 months (IQR 0.5-3.9) 
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Unadj HR 0.54 (0.34 to 0.84); P=0.007
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Number admitted 
33 

 (58%) 
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Number of deaths 
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 (9%) 
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 (7%) 

Total number meeting 

primary endpoint 

38 

 (67%) 
42 (71%) 

Median admission free 

survival time (m) 
4.3 1.4 

Unadjusted HR 

(95% CI) 

0.54 (0.34 to 0.84); 

P=0.007 

Adjusted HR 

 (95% CI) 

0.49 (0.31 to 0.77); 

P=0.002 

Number needed to treat 6 

HOT-HMV reduced 
the likelihood of  
readmission or 

death by over 50% 

HOT-HMV 
increased time  to 

readmission or 
death by 90 days 

Adjusted for Age, BMI, 
Current LTOT use, Frequency 
of COPD admission  

12-month risk of readmission or death 
HOT-HMV Group 63.4%  
HOT Group 80.4% 
Absolute risk reduction of 17.0% (95%CI, 0.1%-34.0%) 
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Is HOT-HMV treatment cost effective?  
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Patient-Level Medical Resource Utilization 
• Equipment (oxygen concentrators and home NIV devices, 

including maintenance and support) 

• Physician contacts and hospital admissions due to 
exacerbations 

• Patient reported medications 

• Additional primary and secondary care contacts   

• Costs calculated at the patient level by multiplying observed 
MRU by standard unit costs (£2017) from a National Health 
Service 

OUTCOME  
• Quality adjusted life years (QALYs) estimated based on 

EuroQOL-5D data 



12-month Costs by Treatment  
Intervention Group (n=57) Control Group (n=59) Difference 

Total device costs £6,679 £2,684 £3,995 

NIV device £4,814 £1,412 £3,402 

Diagnostic tests £467 £467 £0 

Titration £531 £156 £375 

Oxygen supply £868 £649 £218 

Total exacerbation costs £4,679 £5,821 -£1,141 

Admission £4,624 £5,791 -£1,167 

Physician treatment £51 £28 £23 

Self treatment £4 £1 £2 

Total patient reported costs £6,044 £8,381 -£2,337 

Increased steroid inhaler usage £1 £5 -£5 

Increased reliever inhaler usage £43 £67 -£24 

Steroid tablets £10 £8 £2 

Antibiotics treatment £43 £25 £18 

Additional primary/secondary care 
visits 

£5,947 £8,275 -£2,328 

Total costs £17,403 £16,885 £518 

Total QALYs 0.3600 0.3100 0.0500 
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FAVOURABLE: Exacerbation Costs 
FAVOURABLE: Patient Reported Costs 

ADVERSE: Device Costs 
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Cost Effectiveness Planes 

Abbreviation: QALY=quality adjusted life year 

Figure 1a Cost-effectiveness plane for home non-invasive ventilation with home oxygen therapy 
vs. home oxygen therapy alone (UK intention to treat analysis) 
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Intervention Group (n=57) Control Group (n=59) Δ 

Total device costs $4,298 $1,582 $2,715 

NIV device $2,867 $673 $2,194 

Diagnostic tests $172 $172 $0.00 

Titration $463 $136 $327 

Oxygen supply $795 $602 $194 

Total exacerbation costs $8,598 $10,683 -$2,086 

Admission $8,495 $10,638 -$2,144 

Physician treatment $36 $19 $16 

Self treatment $67 $26 $42 

Total patient reported costs $11,563 $16,121 -$4,558 

Increased steroid inhaler 
usage 

$56 $438 $947 

Increased reliever inhaler 
usage 

$88 $137 $208 

Steroid tablets $558 $465 $692 

Antibiotics treatment $56 $47 $77 

Additional primary/secondary 
care visits 

$10,805 $15,033 $18,389 

Total costs $24,458 $28,386 -$3,928 

Total QALYs 0.49 0.41 0.08 

US 12-month Costs by Treatment  
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Intervention Group (n=57) Control Group (n=59) Δ 

Total device costs $11,863 $3,358 $8,505 

NIV device $10,433 $2,449 $7,984 

Diagnostic tests $172 $172 $0.00 

Titration $463 $136 $327 

Oxygen supply $795 $602 $194 

Total exacerbation costs $8,598 $10,683 -$2,086 

Admission $8,495 $10,638 -$2,144 

Physician treatment $36 $19 $16 

Self treatment $67 $26 $42 

Total patient reported costs $11,563 $16,121 -$4,558 

Increased steroid inhaler 
usage 

$56 $438 $947 

Increased reliever inhaler 
usage 

$88 $137 $208 

Steroid tablets $558 $465 $692 

Antibiotics treatment $56 $47 $77 

Additional primary/secondary 
care visits 

$10,805 $15,033 $18,389 

Total costs $32,024 $30,162 $1,861 

Total QALYs 0.4874 0.4101 0.0772 

Figure 3b Cost-effectiveness plane for home non-invasive ventilation with home oxygen therapy 
vs. home oxygen therapy alone (US intention to treat analysis) 
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Does home NIV improve outcome in 
hypercapnic COPD patients post exacerbation? 



• HOT-HMV data supports the initiation of NIV in COPD patients who 
remain persistently hypercapnic 2-4 weeks after cessation of acute 
NIV 

• If the PaCO2 is > 52 mmHg and the PaO2 < 55 mmHg at 2-4 weeks 
after cessation of acute NIV this should prompt the clinician to 
consider initiating HMV in addition to HOT 

• HOT-HMV is a cost-effective treatment in the UK and more effective 
and less costly compared to oxygen therapy alone in the US 
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CONCLUSION 



• Detailed PICO evaluation ensures the right patient 
receives right treatment at the right time in the right 
environment 

• HOT-HMV treatment has been shown to be clinically 
effective to improve outcome and cost effective in COPD 
patients with persistent hypercapnia post life-
threatening exacerbation 

• GOLD 2018 and NICE 2018 has systematically and 
comprehensively graded providing support for the use of 
HOT-HMV post life-threatening acute exacerbation of 
COPD 

 



COPD Post Acute 
NIV pathway 

Acute exacerbation of COPD1 

 requiring NIV 
 (pH<7.35, PaCO2>6kPa) 

Patient able to tolerate NIV 
with clinical improvement 

(pH>7.35) 

Suspected chronic 
hypercapnia2 with no 

evidence of obesity or OSA3 

e-Referral for HOT 
review within 2-4 

weeks 

 

1. Diagnosis of COPD 
a. Established diagnosis of COPD (FEV1/FVC <0.7) OR 
b. Suspected clinical diagnosis of COPD (>10 pack year history, 

progressive dyspnoea, cough, sputum, recurrent LRTI) 
2. Features of chronic  persistent hypercapnia 

a. Admission cBE >2 / cHCO3 >28 mmol/L 
b. PaCO2 > 7kPa 2 weeks post resolution of respiratory acidosis 

 

For consideration of 
NIV setup pre-

discharge 

Clinical stability off NIV 

Unable to wean from or 
clinical instability off NIV 
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CONCLUSION 

• Admission prevention in COPD is a priority for patients, clinicians and 
healthcare 

• Measuring neural respiratory drive may be useful to risk stratify 
COPD in terms of promoting safe discharge and reducing readmission 

• If the PaCO2 is > 52 mmHg and the PaO2 < 55 mmHg at 2-4 weeks 
after cessation of acute NIV this should prompt the clinician to 
consider initiating HMV in addition to HOT 

• HOT-HMV is a cost-effective treatment in the UK and more effective 
and less costly compared to oxygen therapy alone in the US 
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RIGHT PATIENT 
RIGHT TIME 
RIGHT TREATMENT 
RIGHT ENVIRONMENT 
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