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Introduction 
Reduced functional capacity can be determined by measurement of peak oxygen consumption, anaerobic threshold (AT) or ventilation-perfusion (V/Q) mismatching through CPET (Cardiopulmonary Exercise Testing). Patients with ventilation perfusion mismatch require a higher minute volume to excrete the same amount of CO2 produced compared to those that do not, and this is measured as the ratio of minute ventilation to CO2 production, termed ventilatory efficiency (VE/VCO2). Increasing values indicate higher degrees of V/Q mismatch and a value of VE/VCO2 measured at AT of >34 has shown to be predictive of mortality in surgical and heart failure populations.

A series of guidelines have been issued for the evaluation of cardiac disease and surgical risk by both European and US authorities over the years.  Most of these guidelines have recognized the importance of assessing functional capacity, but there has been an inconsistency in defining which patients should have further testing based on functional capacity estimates, and minimal guidance on what treatments to consider for the at-risk patient. 

Of interest, is increasing evidence that patients with no known cardiac risk factors actually have worse outcomes than those with known risk factors if functional reserve is poor on exercise testing. We first described this in the literature using our 2010 dataset, and this is confirmed by our more recent ongoing analysis, where the relative risk of in-hospital mortality is 6.5% for those patients with a VE/VCO2 > 36 and no cardiac risk factors, compared with 3.1% for those with a VE/VCO2  > 36 and known cardiac risk factors. Intuitively, this is likely to be due to those with known risk factors being on the correct treatment with a consequent degree of protection, whilst our exercise testing program is uncovering patients who are at risk because of poor functional reserve, but with underlying cardiac patho-physiology uncorrected.

Cardio-selective beta-blockers (BB) (bisoprolol, carvedilol, nebivolol) are licensed for the treatment of heart failure and recommended by the National Institute of Clinical Excellence (NICE) as first-line treatment along with angiotensin converting enzyme inhibitors (ACEI). As a raised VEV/VCO2 can be indicative of heart failure, which is associated with increased mortality following major surgery, we hypothesised that this group may potentially benefit from heart failure treatment in the form of beta blockade

In this proof of concept study, we aim to investigate whether administering bisoprolol to patients with objective evidence of impaired VE/CO2 (value 36 or greater) on CPET improves cardiac function, and hence has the potential to reduce surgical risk for patients.

Methods
Approvals and trial design 
[bookmark: _Toc42120859]This is an MRHA approved single centre study conducted at York Teaching Hospital NHS Foundation Trust.  The study sponsor is York Teaching Hospital NHS Foundation Trust and gained ethical approval (REC 17/YH/0222. IRAS number 2264 32YNP. Eudract: 2017-002443-15).

Patient Inclusion and exclusion Criteria
Subjects aged 55 years or over who were scheduled for major intra-abdominal surgery and presenting for routine CPET as part of pre-assessment were included if VE/V̇CO2 was n34 or greater on CPET (either the value measured at V̇O2 at AT, or the lowest measured value) plus at least one of the following: 
1. The presence of a known history of a clinical risk factor for major adverse cardiac events (MACE) after surgery (ischaemic heart disease, Cerebrovascular disease, renal insufficiency (creatinine > 170 mmol.L-1 ), and chronic heart failure
2. Evidence of abnormal myocardial response on exercise testing defined as a flattened or inflecting oxygen uptake to heart  rate response (oxygen pulse response, V̇O2/HR, panel 2) or a flattened or inflecting oxygen uptake to work rate response (V̇O2/Watt, panel 3) 
3. Anaerobic threshold <11mls/kg/min

Subjects were excluded if they refused or were unable to give informed consent, had fewer than 10 days before scheduled surgery at pre-assessment appointment surgery, or were receiving current beta-blocker medication or having taken any beta-blocker within 1 month prior to the CPET. Subjects were excluded if they had contra-indications to beta blocker medications [including bronchial asthma, reversible airways disease, decompensated heart failure (NYHA class IV), fluid overloaded, hypotensive, severe liver impairment, second or third degree A-V block (unless pacemaker fitted), SA block, sick sinus syndrome (unless pacemaker inserted), cardiogenic shock, bradycardia (heart rate less than 60 bpm), Prinzmetal's angina, untreated phaeochromocytoma, metabolic acidosis , poor blood circulation in the hands and feet, severe peripheral arterial insufficiency, known hypersensitivity to bisoprolol or its ingredients (lactose monohydrate, silica colloidal anhydrous, crospovidone (Type A), crospovidone (Type B), povidone 30, sucrose, magnesium stearate), co-prescription with negative chronotropic agents such as digoxin, diltiazem, verapamil, amiodarone, co-prescription with medications that affect the plasma concentrations of bisoprolol, such as rifampin, cimetidine, quinidine, fluoxetine, paroxetine, propafenone, digoxin, reserpine, monoamine oxidase inhibitors, clonidine.



Cardiopulmonary exercise test
CPET was performed on a standard cycle ergometer, with test protocol controlled by Cardioperfect software (WelchAllyn  Inc., Skaneateles  Falls,  NY,  USA),  which  in  addition recorded a 12-lead exercise ECG during the test,  and was linked into the BreezeSuite software   package   (MedicalGraphics   Corporation,   Parkway,   St   Paul,   MN,   USA). This allows recording of breath-by-breath measurements of oxygen uptake, carbon dioxide production, and respiratory flow and volume parameters. These measurements were obtained by the patient applying a sealed mouthpiece and nose-clip before the test, which was then connected to a MedGraphics preVentTM pneumotachdevice (Medical Graphics   Corporation) to measure both   respiratory flow and inspired and expired oxygen and carbon dioxide levels. A CPX Ultima metabolic monitor (Medical Graphics Corporation) was used to perform breath-by-breath respiratory gas exchange analysis. Arterial   pressure measurements were measured using a SunTech Tango device, specifically designed for exercise testing (SunTech Medical, Eynsham, Oxfordshire, UK). While baseline data were noted, the test was explained to the patient, and an initial arterial pressure measurement recorded. The patient then commenced cycling at a rate of 60 – 70 rpm. During the first 3 min of exercise, no resistance was added to the cycle, to allow time for gas exchange to settle into a consistent pattern, and the patient to become used to the exercise. After 3 min, the exercise phase of the protocol commenced, with resistance added to the cycle fly-wheel in a linear fashion, hence increasing the patient’s work rate in a smooth pattern. The exercise protocol was determined by the age and general fitness of the patient and varied from 5 to 20W/min increase in work rate, with the majority of patients requiring a work rate of 10W min to complete the test within a 10 min period. The test was terminated when a consistently rising value of the respiratory exchange ratio (the ratio of carbon dioxide production to oxygen uptake) 1.0 indicated that the AT had been passed. A sustained increase in respiratory exchange ratio >1.0 indicated that lactate production had commenced, due to the additional carbon dioxide production relative to oxygen consumption that occurs when lactate is buffered by bicarbonate.  After the test was finished, the value of AT was obtained using the V-slope method.



Study Intervention 
Patients who met the inclusion criteria were consented to enroll in the study. Patients were prescribed bisoprolol 2.5 mgs once daily for a minimum of ten days.  Treatment was commenced on the day of pre-assessment wherever possible, or the following day if that was not possible.  An NT proBNP assay (N-terminal pro-brain natriuretic peptide) was added to pre-exercise bloods.
Baseline echocardiography was performed to investigate heart function and markers of heart failure using the BHF echocardiography: guidelines for Chamber Qualification which is adapted from the American Society of Echocardiography’s Guidelines and Standards Committee and the Chamber Quantification Writing Group, Developed in Conjunction with the European Association of Echocardiography.
The echocardiogram variables of measured were ECG rate (BPM), ECG rhythm (Sinus rhythm, Atrial fibrillation, LBBB, RBBB, or other ECG abnormality abnormal), LV dimensions (ml), LV volumes (ml), LA volume (ml), Ejection fraction (%) right size (ml), LVOT velocity (mls-1), AV velocity (mls-1), A and E Velocity (mls-1 ), TDI septal and lateral E/E, TR Velocity (mls-1), estimated PA Pressure (mmHg).
A repeat NT pro BNP, echocardiogram and CPET were performed a minimum of 10 days after commencement of the study dose of bisoprolol. 
The trial flow chart is shown in Figure 1.
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Patient ineligible at any stage then no longer considered for study and normal clinical procedures will follow
If initial screening favourable then an additional blood sample is collected prior to CPET testing
 
Initial screening through normal pre-assessment clinic procedures:
Medical history
Cardiac review

Patient information Sheet (PIS) and covering letter sent by post to patients due to attend CPET clinic who are:
55 years old or over
Scheduled to have major intra-abdominal surgery
The research team will retain a screening log of all those patients who have received information by post
On arrival at clinic, patient asked whether they have received the study information and whether they have any questions.  
Patients will be asked to provide written consent for the additional blood sample to be collected
If a patient declines they will not be considered for the study and normal pre assessment clinic procedures will follow
CPET testing
Patient review by CI or delegated other clinician and eligibility to enter the study confirmed 
Patient consents to enter the study
BNP laboratory test requested

Patient ineligible at any stage during the screening procedures then no longer considered for study and normal clinical procedures will follow
Prescribed 2.5mgs bisoprolol daily for a minimum of 10 days
Patient withdrawn if:

· Surgery takes place before 7days 

· medication not tolerated or stopped

· admitted for surgery without a repeat CPET being performed

After a minimum of 10 days repeat CPET, BNP and Echo
Where a repeat echo and/or BNP cannot be organised at the same time then this may be performed on admission for surgery to limit the number of extra clinic visits that patients need to make


Continue medication as agreed with cardiologist and proceed to planned surgery
Echocardiogram
Blood sample sent to Laboratory










































Figure 1: Trial Flow Chart 

Primary outcome measure 
The effect on the ventilatory equivalent for CO2 (VE/VCO2), as measured at anaerobic threshold or nadir, after introduction of beta-blockade.

Secondary outcome measures   
· Beta-natriuretic peptide measurements pre- and post-bisoprolol.
· Echocardiographic measures of systolic and diastolic function pre- and post-bisoprolol.
· Anaerobic threshold pre- and post-bisoprolol.
· Evidence of myocardial abnormality on CPET (VO2/HR response, VO2/Watt response) pre- and post-bisoprolol.

Sample size and Recruitment rate
Pilot data from nine patients with VE/VCO2 >36 who had CPET before and after beta-blockade with bisoprolol, for varying reasons showed the mean reduction in VE/VCO2 was 5 which can be considered clinically significant as four out of the nine patients experienced reductions in VE/VCO2 to below 37, thus placing them in a lower risk group for post-operative mortality. 
The standard deviations for VE/VCO2 pre and post beta-blockade were 9.1 and 6.1 respectively: 30 patients will give a 80% power of rejecting the null hypothesis, 40 patients will give 90% power (DSS Statistical Power Calculator). Allowing for a 10% dropout we aimed to recruit 44 patients.

Statistical analysis
Due to early termination of the study and small sample size, the distribution of the data could not be inspected for normality nor symmetry, and therefore the planned formal hypothesis testing was not carried out. Further details are given in the results section and data is descriptive presenting the mean (SD) and median (IQR).


Results
The trial was terminated early as it was deemed unfeasible to recruit participants who met the inclusion criteria. A total of 425 patients were screened and 27 (6%) were recruited into the study. Of these 1 was recruited in error and 3 participants were withdrawn before the second set of investigations. The patient flow diagram is shown in Figure 2, and reasons for not being recruited into the study in Table 1.


	Reason for not being recruited (multiple reasons possible), n (%)
	Not recruited to the study  (n=425)

	    Less than 55 years old
	20 (4.7)

	    Not having surgery
	23 (5.4)

	    Scheduled for surgery that is not major intra-abdominal surgery
	5 (1.2)

	    Did not take CPET
	4 (0.9)

	    Currently taking BB medication
	70 (16.5)

	    VE/VCO2 less than or equal to 34
	89 (20.9)

	    No clinical risk factors for major cardiac adverse events
	24 (5.6)

	    Did not complete CPET
	29 (6.8)

	    Patient has dementia
	1 (0.2)

	    Contraindications (further details not given)
	3 (0.7)

	    Contraindication-asthma
	5 (1.2)

	    Contraindication-reversible airways disease
	1 (0.2)

	    Contraindication-bradycardia
	2 (0.5)

	    Contraindication-allergic to BB
	3 (0.7)

	    Contraindication-did not previously tolerate BB
	3 (0.7)

	    Contraindication-currently prescribed negative   chronotropic agent
	7 (1.6)

	    Contraindication-cystic fibrosis
	11 (2.6)

	    Contraindication-COPD
	3 (0.7)

	    AT more than or equal to VE
	3 (0.7)

	    Patient has deep vein thrombosis
	1 (0.2)

	    Patient failed to reach AT
	3 (0.7)

	    Surgery to take place elsewhere
	40 (9.4)

	    Patient had claudication
	2 (0.5)

	    Patient did not attend pre-assessment appointment
	2 (0.5)

	    Did not consent
	7 (1.6)

	    Missed by study team
	29 (6.8)

	    Patient previously screened and/or recruited
	4 (0.9)

	    Unknown
	3 (0.7)


Table 1: Reasons subjects were not recruited into the study.
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Figure 2: Patient flow diagram.


Baseline data 
Baseline characteristics presented by whether the patient was recruited to the study are shown in Table 2. Of the 452 screened patients, 27 (6.0%) patients were recruited to the study. No formal hypothesis testing was carried out as the data could not be inspected for normality or symmetry. On inspection there appears to be a higher percentage of females in the recruited cohort compared to the non-recruited cohort. 

	
	Not recruited 
(n=425)
	Recruited 
(n=27)

	Age
	
	

	    n (%)
	423 (99.5)
	27 (100)

	    Mean (SD)
	69.2 (14.3)
	72.2 (7.6)

	    Median (IQR)
	71.8 (63.0, 78.6)
	71.7 (67.1, 80.0)

	    Min, Max
	17.0, 95.7
	56.7, 84.3

	Sex
	
	

	    Female
	154 (36.2)
	16 (59.3)

	    Male
	271 (63.8)
	11 (40.7)


Table 2: Baseline characteristics presented by whether the patient was recruited to the study.


Baseline data for those recruited is shown in Table 3 below.
	

	Recruited   (n=26)

	BMI, kg/m2
	

	    n (%)
	25 (96.2)

	    Mean (SD)
	27.6 (6.0)

	    Median (IQR)
	27.3 (23.1, 31.0)

	    Min, Max
	18.9, 42.7

	Resting heart rate
	

	    n (%)
	26 (100)

	    Mean (SD)
	84.0 (16.1)

	    Median (IQR)
	82.5 (76, 87)

	    Min, Max
	60, 135

	Sitting systolic blood pressure, mmHg
	

	    n (%)
	26 (100)

	    Mean (SD)
	140.5 (20.0)

	    Median (IQR)
	140.5 (124, 154)

	    Min, Max
	95, 186

	Sitting diastolic blood pressure, mmHg
	

	    n (%)
	26 (100)

	    Mean (SD)
	80.7 (10.4)

	    Median (IQR)
	81.5 (74, 87)

	    Min, Max
	57, 101

	Taking concomitant medication, n (%)
	

	    Yes
	25 (96.2)

	    No
	1 (3.8)

	Ever taken BB medication, n (%)
	

	    Yes
	1 (3.8)

	    No
	25 (96.2)


Table 3: Baseline Data (Visit 1)
[Further baseline data recorded at Visit 1 is included in the appendices in Table 11 and Table 12]
IMP delivery

In total, 24 participants were successfully contacted at the telephone follow-up for IMP delivery data to be obtained. Table 4 gives information on IMP delivery.

	
	Completed telephone follow-up 
(N=24)

	Days on treatment
	

	    n (%)
	24 (100)

	    Mean (SD)
	4.3 (1.3)

	    Median (IQR)
	4 (3, 4.5)

	    Min, Max
	3, 8

	Regularly took IMP, n (%)
	

	    Yes
	22 (91.7)

	    No
	2 (8.3)

	Doses missed, n (%)
	

	    Yes
	2 (8.3)

	    No
	22 (91.7)



Table 4: Information on treatment delivery.


Follow-up appointments
26 patients were recruited to the study and attended for follow-up appointments. 
[Follow-up appointment data is included in the appendices in Table 13, Table 14 and Table 15]



Primary outcome
The primary outcome was change in VE/VCO2 at AT following treatment with bisoprolol, of which 23 patients had data at both time points. 
Due to the small sample size, the distribution of the data could not be inspected for normality nor symmetry, and therefore formal hypothesis testing was not carried out. The data is summarised descriptively in Table 5.

	Outcome
	Pre-treatment
	Post-treatment
	Difference

	VE/VCO2 at AT
	 
	 
	 

	    N
	23
	23
	23

	    Mean (SD)
	39.1 (6.2)
	37.1 (7.2)
	-2.0 (3.8)

	    Median (IQR)
	37 (35, 41)
	34 (32, 40)
	-3.0 (-4.0, -1.0)

	    Min, Max
	35, 60
	29, 57
	-8.0, 11.0)



Table 5: Primary analysis table.

The mean VE/VCO2 was 39.1 (6.2) pre-treatment and 37.1 (7.2) post-treatment with a mean difference of -2.0 (3.8). 
The median VE/VCO2 was 37 (35-41) pre-treatment and 34 (32-40) post-treatment with a median difference of -8.0 (-8.0 to 11). 


Secondary outcomes
Changes in CPET parameters are shown in Table 6 and Table 7 before and after treatment with bisoprolol.  Data is summarised descriptively due to the small sample size. 
The following outcomes were not summarised:
· LV dimension (systolic): not summarised due to small sample size
· LV volume (Systolic): not summarised due to small sample size
· LV volume (diastolic): not summarised due to small sample size
· TDI (septal): not included in dataset
· TDI (lateral): not included in dataset
· TR velocity: not included in dataset
· Estimated PA pressure: not included in dataset

	Outcome
	Pre-treatment
	Post-treatment
	Difference

	VE/VCO2 at rest
	
	
	

	    N
	23
	23
	23

	    Mean (SD)
	46.6 (7.8)
	43.9 (7.8)
	-2.7 (4.2)

	    Median (IQR)
	44 (42, 51)
	42 (40, 48)
	-2 (-6, 0)

	    Min, Max
	37, 74
	33, 68
	-11, 5

	VE/VCO2 at peak
	
	
	

	    N
	23
	23
	23

	    Mean (SD)
	39.6 (5.5)
	37.9 (6.3)
	-1.7 (3.2)

	    Median (IQR)
	38 (36, 41)
	36 (34, 42)
	-2 (-3, 0)

	    Min, Max
	33, 56
	29, 56
	-9, 7

	Anaerobic threshold, ml/kg/min 
	
	
	

	    N
	22
	22
	22

	    Mean (SD)
	9.75 (1.79)
	9.91 (1.52)
	0.16 (1.48)

	    Median (IQR)
	9.7 (8.6, 10.6)
	9.75 (8.8, 11.0)
	0.6 (-0.7, 1.2)

	    Min, Max
	7.0, 14.6
	7.4, 12.5
	-3.2, 2.1


Table 6: Changes in measured CPET parameters before and after treatment with bisoprolol



	
Outcome
	Pre-treatment
	Post-treatment

	Panel 2 (oxygen pulse), n (%)
	
	

	    Normal
	5 (22.7)
	7 (31.8)

	    Normal shape low values
	16 (72.7)
	2 (9.1)

	    Flat curve low values
	1 (4.5)
	13 (59.1)

	Panel 3 (VO2 work rate), n (%)
	
	

	    Normal
	17 (81.0)
	20 (95.2)

	    Reduced gradient/inflection
	4 (19.0)
	0 (0)

	    Normal shape low values
	0 (0)
	1 (4.8)


Table 7: Changes in measured CPET parameters before and after treatment with bisoprolol



Changes in echocardiogram parameters are shown in Table 8 and Table 9 before and after treatment with bisoprolol.  
	Outcome
	Pre-treatment
	Post-treatment
	Difference

	ECG rate, BPM
	
	
	

	    N
	14
	14
	14

	    Mean (SD)
	76.6 (13.0)
	63.7 (10.9)
	-12.9 (12.3)

	    Median (IQR)
	79 (69, 83)
	66 (55, 70)
	-12 (-24, -6)

	    Min, Max
	58, 100
	43, 80
	-30, 10

	LV dimensions-diastole
	
	
	

	    N
	16
	16
	16

	    Mean (SD)
	44.0 (5.0)
	42.9 (5.0)
	-1.1 (3.9)

	    Median (IQR)
	45 (39.5, 46.5)
	44 (38.5, 46.5)
	-1 (-3.5, 1)

	    Min, Max
	37, 54
	35, 50
	-10, 5

	Ejection fraction, %
	
	
	

	    N
	13
	13
	13

	    Mean (SD)
	59.9 (3.9)
	57.8 (4.1)
	-0.1 (0.5)

	    Median (IQR)
	60 (56, 60)
	60 (56, 60)
	0 (0, 0)

	    Min, Max
	49, 61
	49, 62
	-1, 1

	LVOT velocity, m/s
	
	
	

	    N
	15
	15
	15

	    Mean (SD)
	0.95 (0.18)
	0.90 (0.15)
	-0.05 (0.21)

	    Median (IQR)
	1.0 (0.8, 1.0)
	0.9 (0.8, 1.0)
	0 (-0.1, 0)

	    Min, Max
	0.7, 1.4
	0.7, 1.2
	-0.6, 0.4

	AV velocity, m/s
	
	
	

	    N
	16
	16
	16

	    Mean (SD)
	1.24 (0.35)
	1.36 (0.31)
	0.13 (0.19)

	    Median (IQR)
	1.15 (1.05, 1.45)
	1.3 (1.15, 1.55)
	0.1 (0, .2)

	    Min, Max
	0.8, 2.2
	0.9, 2.1
	-0.1, 0.7

	EA wave velocity, m/s
	
	
	

	    N
	16
	16
	16

	    Mean (SD)
	0.86 (0.18)
	0.95 (0.19)
	0.09 (0.17)

	    Median (IQR)
	0.8 (0.8, 0.9)
	0.9 (0.8, 1.15)
	0.1 (0, 0.2)

	    Min, Max
	0.6, 1.2
	0.7, 1.3
	-0.3, 0.4


Table 8: Changes in echocardiogram parameters before and after treatment with bisoprolol




	Outcome
	Pre-treatment
	Post-treatment

	ECG rhythm, n (%)
	
	

	    Sinus rhythm
	20 (100
	19 (95.0)

	    Other
	0 (0)
	1 (5.0)

	LV dimensions, n (%)
	
	

	    Normal
	15 (78.9)
	15 (78.9)

	    Lower
	3 (15.8)
	4 (21.1)

	    Higher
	1 (5.3)
	0 (0)

	Right heart size, n (%)
	
	

	    Normal
	20 (100)
	20 (100)


Table 9: Changes in echocardiogram parameters before and after treatment with bisoprolol


BNP data

	Outcome
	Pre-treatment
	Post-treatment
	Difference

	BNP, ng/L
	
	
	

	    N
	9
	9
	9

	    Mean (SD)
	317.3 (600.0)
	415.1 (597.2)
	97.8 (123.0)

	    Median (IQR)
	106 (55, 181)
	207 (101, 276)
	44 (26, 165)

	    Min, Max
	50, 1901
	84, 1927
	-6, 380


Table 10: Changes in BNP before and after treatment with bisoprolol
Nine pairs of BNP measurements were available for description. The mean BNP was 317.3 (600.0) pre-treatment and 415.1 (597.2) post-treatment with a mean difference of 97.8 (123.0). The median BNP was 106 (55-181) pre-treatment and 207 (101-276) post-treatment with a median difference of 44 (26 to 165). 


Adverse events
In total, there were 12 adverse events, of which one was serious and eleven were non-serious. One patient had two adverse events (both non-serious), while ten patients had one adverse event each. Table 16 and Table 17 in the appendix give information on adverse events.

Withdrawal data 
In total, there were 3 withdrawals from the study due to adverse events. Refer to Table 18 in appendix.

Conclusion
The trial was terminated early due to poor recruitment. 425 patients were screened as potentially eligible for the study, however recruitment was less than expected due to many patients already being on beta blocker medication.
Due to the small sample size hypothesis testing cannot be performed and hence no clinically meaningful conclusions can be made.


APPENDIX
Table 11 gives full information on CPET data recorded at Visit 1.
	
	Recruited (n=26)

	Anaerobic threshold, ml/kg/min
	

	    n (%)
	26 (100)

	    Mean (SD)
	9.9 (1.7)

	    Median (IQR)
	10.05 (8.7, 10.7)

	    Min, Max
	7.0, 14.6

	Peak oxygen consumption, ml/kg/min
	

	    n (%)
	26 (100)

	    Mean (SD)
	14.68 (2.83)

	    Median (IQR)
	15.35 (11.9, 16.1)

	    Min, Max
	10.3, 20.3

	VE/VCO2 at rest
	

	    n (%)
	26 (100)

	    Mean (SD)
	46.8 (7.6)

	    Median (IQR)
	44.5 (42, 51)

	    Min, Max
	37, 74

	VE/VCO2 at AT
	

	    n (%)
	26 (100)

	    Mean (SD)
	39.4 (6.0)

	    Median (IQR)
	37 (36, 41)

	    Min, Max
	35, 60

	VE/VCO2 at peak VO2
	

	    n (%)
	26 (100)

	    Mean (SD)
	40.0 (5.5)

	    Median (IQR)
	38.5 (37, 41)

	    Min, Max
	33, 56

	Maximum workload, watts
	

	    n (%)
	26 (100)

	    Mean (SD)
	70.2 (23.4)

	    Median (IQR)
	71 (49, 84)

	    Min, Max
	32, 121

	Oxygen pulse at rest, ml/beat
	

	    n (%)
	26 (100)

	    Mean (SD)
	3.6 (0.9)

	    Median (IQR)
	3.5 (3, 4)

	    Min, Max
	2, 6

	Oxygen pulse at AT, ml/beat
	

	    n (%)
	26 (100)

	    Mean (SD)
	7.1 (2.6)

	    Median (IQR)
	7 (5, 8)

	    Min, Max
	4, 16

	Oxygen pulse at peak VO2, ml/beat
	

	    n (%)
	26 (100)

	    Mean (SD)
	8.7 (3.4)

	    Median (IQR)
	8 (7, 10)

	    Min, Max
	4, 19

	Heart rate at rest, bpm
	

	    n (%)
	26 (100)

	    Mean (SD)
	83.2 (13.0)

	    Median (IQR)
	83.5 (73, 90)

	    Min, Max
	61, 109

	Heart rate at AT, bpm
	

	    n (%)
	26 (100)

	    Mean (SD)
	110.5 (15.9)

	    Median (IQR)
	110.5 (103, 119)

	    Min, Max
	79, 142

	Heart rate at peak VO2, bpm
	

	    n (%)
	26 (100)

	    Mean (SD)
	132.5 (18.6) 

	    Median (IQR)
	128.5 (122, 145)

	    Min, Max
	94, 171

	Panel 2 (oxygen pulse)
	

	    Normal
	6 (23.1)

	    Normal shape low values
	1 (3.8)

	    Flat curve low values
	17 (65.4)

	    Descending
	2 (7.7)

	Panel 3 (VO2 work rate)
	

	    Normal
	21 (80.8)

	    Reduced gradient/inflection
	5 (19.2)

	Exercise time, minutes
	

	    n (%)
	26 (100)

	    Mean (SD)
	9.042 (2.097)

	    Median (IQR)
	9.25 (7.58, 10.31)

	    Min, Max
	4.59, 14.08


[bookmark: _Ref64975594]Table 11: CPET data recorded at Visit 1.

Table 12 gives information on blood test and echocardiogram data recorded at Visit 1.

	
	Recruited 
(n=26)

	BNP, ng/L
	

	    n (%)
	16 (61.5)

	    Mean (SD)
	331.4 (503.8)

	    Median (IQR)
	117 (65, 252)

	    Min, Max
	50, 1901

	ECG rate, bpm
	

	    n (%)
	19 (73.1)

	    Mean (SD)
	77.5 (11.9)

	    Median (IQR)
	80 (70, 88)

	    Min, Max
	58, 100

	ECG rhythm, n (%)
	

	    Sinus rhythm
	23 (88.5)

	    Atrial fibrillation
	1 (3.8)

	    Missing
	2 (7.7)

	LV dimensions, n (%)
	

	    Normal
	19 (73.1)

	    Lower
	4 (15.4)

	    Higher
	1 (3.8)

	    Missing
	2 (7.7)

	LV dimensions-systole
	

	    n (%)
	5 (19.2)

	    Mean (SD)
	27.0 (3.1)

	    Median (IQR)
	25 (25, 28)

	    Min, Max
	25, 32

	LV dimensions-diastole
	

	    n (%)
	21 (80.8)

	    Mean (SD)
	43.5 (4.9)

	    Median (IQR)
	45 (40, 46)

	    Min, Max
	37, 54

	LV volume-systole1, ml
	

	    n (%)
	2 (7.7)

	    Mean (SD)
	NA

	    Median (IQR)
	NA

	    Min, Max
	NA



	LV volume-diastole1, ml
	

	    n (%)
	2 (7.7)

	    Mean (SD)
	NA

	    Median (IQR)
	NA

	    Min, Max
	NA

	Ejection fraction, %
	

	    n (%)
	16 (61.5)

	    Mean (SD)
	59.1 (4.7)

	    Median (IQR)
	60 (58, 60)

	    Min, Max
	49, 70

	LA volume
	

	    n (%)
	12 (46.2)

	    Mean (SD)
	50.6 (14.9)

	    Median (IQR)
	49.5 (40.5, 59)

	    Min, Max
	30, 79

	Right heart size, n (%)
	

	    Normal
	24 (92.3)

	    Missing
	2 (7.7)

	LVOT velocity, m/s
	

	    n (%)
	18 (69.2)

	    Mean (SD)
	0.96 (0.21)

	    Median (IQR)
	1.0 (0.8, 1.0)

	    Min, Max
	0.7, 1.4

	Peak AV velocity, m/s
	

	    n (%)
	19 (73.1)

	    Mean (SD)
	1.24 (0.33)

	    Median (IQR)
	1.1 (1.0, 1.5)

	    Min, Max
	0.8, 2.2

	EA wave velocity, m/s
	

	    n (%)
	19 (73.1)

	    Mean (SD)
	0.87 (0.19)

	    Median (IQR)
	0.8 (0.8, 0.9)

	    Min, Max
	0.6, 1.2

	1Data not summarised due to insufficient number of data points.


[bookmark: _Ref65591313]
Table 12: Blood test and echocardiogram results recorded at Visit 1.


Table 13 gives information on heart and blood pressure data recorded at Visit 2.

	
	Recruited 
(n=26)

	Resting heart rate, bpm
	

	    n (%)
	22 (84.6)

	    Mean (SD)
	69.1 (12.7)

	    Median (IQR)
	69 (59, 80)

	    Min, Max
	45, 90

	Sitting systolic blood pressure, mmHg
	

	    n (%)
	18 (69.2)

	    Mean (SD)
	128.9 (18.1)

	    Median (IQR)
	128.5 (120, 140)

	    Min, Max
	88, 160

	Sitting diastolic blood pressure, mmHg
	

	    n (%)
	18 (69.2)

	    Mean (SD)
	80.2 (17.3)

	    Median (IQR)
	77.5 (71, 89)

	    Min, Max
	54, 128


[bookmark: _Ref65591366]
Table 13: Heart and blood pressure data recorded at Visit 2



[bookmark: _Ref65591428]Table 14 gives information on CPET data recorded at Visit 2.

	
	Recruited (n=26)

	Anaerobic threshold, ml/kg/min
	

	    n (%)
	22 (84.6)

	    Mean (SD)
	9.91 (1.52)

	    Median (IQR)
	9.75 (8.8, 11.0)

	    Min, Max
	7.4, 12.5

	Peak oxygen consumption, ml/kg/min
	

	    n (%)
	22 (84.6)

	    Mean (SD)
	14.32 (3.32)

	    Median (IQR)
	13.7 (11.9, 17.0)

	    Min, Max
	9.7, 20.8

	VE/VCO2 at rest
	

	    n (%)
	23 (88.5)

	    Mean (SD)
	43.9 (7.8)

	    Median (IQR)
	42 (40, 48)

	    Min, Max
	33, 68

	VE/VCO2 at AT
	

	    n (%)
	23 (88.5)

	    Mean (SD)
	37.1 (7.2)

	    Median (IQR)
	34 (32, 40)

	    Min, Max
	29, 57

	VE/VCO2 at peak VO2
	

	    n (%)
	23 (88.5)

	    Mean (SD)
	37.9 (6.3)

	    Median (IQR)
	36 (34, 42)

	    Min, Max
	29, 56

	Maximum workload, watts
	

	    n (%)
	23 (88.5)

	    Mean (SD)
	71.6 (24.7)

	    Median (IQR)
	66 (56, 96)

	    Min, Max
	22, 114

	Oxygen pulse at rest, ml/beat
	

	    n (%)
	23 (88.5)

	    Mean (SD)
	4.8 (1.3)

	    Median (IQR)
	5 (4, 6)

	    Min, Max
	3, 7



	Oxygen pulse at AT, ml/beat
	

	    n (%)
	22 (84.6)

	    Mean (SD)
	8.6 (2.8)

	    Median (IQR)
	8 (7, 10)

	    Min, Max
	5, 16

	Oxygen pulse at peak VO2, ml/beat
	

	    n (%)
	23 (88.5)

	    Mean (SD)
	10.7 (3.8)

	    Median (IQR)
	10 (8, 13)

	    Min, Max
	6, 19

	Heart rate at rest, bpm
	

	    n (%)
	23 (88.5)

	    Mean (SD)
	68.9 (13.1)

	    Median (IQR)
	69 (57, 80)

	    Min, Max
	44, 90

	Heart rate at AT, bpm
	

	    n (%)
	22 (88.5)

	    Mean (SD)
	88.0 (14.0)

	    Median (IQR)
	92.5 (79, 98)

	    Min, Max
	54, 107

	Heart rate at peak VO2, bpm
	

	    n (%)
	23 (88.5)

	    Mean (SD)
	104.7 (18.9)

	    Median (IQR)
	100 (94, 118)

	    Min, Max
	68, 141

	Panel 2 (oxygen pulse)
	

	    Normal
	7 (26.9)

	    Normal shape low values
	2 (7.7)

	    Flat curve low values
	13 (50.0)

	    Missing
	4 (15.4)

	Panel 3 (VO2 work rate)
	

	    Normal
	20 (76.9)

	    Reduced gradient/inflection
	1 (3.8)

	    Missing
	5 (19.2)

	Exercise time, minutes
	

	    n (%)
	23 (88.5)

	    Mean (SD)
	9.157 (2.552)

	    Median (IQR)
	9.39 (6.57, 11.26)

	    Min, Max
	4.56, 14.29


Table 14: CPET data recorded at Visit 2.


Table 15 gives information on blood test and echocardiogram data recorded at Visit 2.

	
	Recruited (n=26)

	BNP, ng/L
	

	    n (%)
	16 (61.5)

	    Mean (SD)
	339.9 (454.9)

	    Median (IQR)
	198.5 (127.5, 272.5)

	    Min, Max
	84, 1927

	ECG rate, bpm
	

	    n (%)
	17 (65.4)

	    Mean (SD)
	63.4 (10.2)

	    Median (IQR)
	66 (55, 70)

	    Min, Max
	43, 80

	ECG rhythm, n (%)
	

	    Sinus rhythm
	19 (73.1)

	    Other
	1 (3.8)

	    Missing
	6 (23.1)

	LV dimensions, n (%)
	

	    Normal
	15 (57.7)

	    Lower
	4 (15.4)

	    Missing
	7 (26.9)

	LV dimensions-systole1
	

	    n (%)
	2 (7.7)

	    Mean (SD)
	NA

	    Median (IQR)
	NA

	    Min, Max
	NA

	LV dimensions-diastole
	

	    n (%)
	17 (65.4)

	    Mean (SD)
	42.6 (5.0)

	    Median (IQR)
	44 (38, 46)

	    Min, Max
	35, 50

	LV volume-systole, ml
	

	    n (%)
	0 (0)

	    Mean (SD)
	NA

	    Median (IQR)
	NA

	    Min, Max
	NA

	LV volume-diastole1, ml
	

	    n (%)
	2 (7.7)

	    Mean (SD)
	NA

	    Median (IQR)
	NA

	    Min, Max
	NA

	Ejection fraction, %
	

	    n (%)
	17 (65.4)

	    Mean (SD)
	58.5 (3.8)

	    Median (IQR)
	60 (60, 60)

	    Min, Max
	49, 62

	LA volume
	

	    n (%)
	9 (34.6)

	    Mean (SD)
	46.0 (10.5)

	    Median (IQR)
	47 (37, 50)

	    Min, Max
	35, 65

	Right heart size, n (%)
	

	    Normal
	20 (76.9)

	    Missing
	6 (23.1)

	LVOT velocity, m/s
	

	    n (%)
	16 (61.5)

	    Mean (SD)
	0.90 (0.14)

	    Median (IQR)
	0.9 (0.8, 1.0)

	    Min, Max
	0.7, 1.2

	Peak AV velocity, m/s
	

	    n (%)
	17 (65.4)

	    Mean (SD)
	1.35 (0.31)

	    Median (IQR)
	1.3 (1.2, 1.5)

	    Min, Max
	0.9, 2.1

	EA wave velocity, m/s
	

	    n (%)
	18 (69.2)

	    Mean (SD)
	0.92 (0.20)

	    Median (IQR)
	0.9 (0.8, 1.1)

	    Min, Max
	0.6, 1.3

	1Data not summarised due to insufficient number of data points.


[bookmark: _Ref65591592]Table 15: Blood test and echocardiogram results recorded at Visit 2.
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Table 16: Gives information on adverse events

	Patient ID
	Onset date
	Resolved date
	Description
	Intensity
	Causality
	Expectedness
	Seriousness

	BIS001
	15/03/2018
	15/03/2018
	Worsening of pre-existing depression. Patient happy to continue IMP. To be reviewed by cardiology re continuation of IMP.
	Mild
	Possibly related
	Expected
	Not serious

	BIS003
	20/03/2018
	22/03/2018
	Diarrhoea.
	Mild
	Possibly related
	Expected
	Not serious

	BIS004
	29/03/2018
	29/03/2018
	Stopped amlodipine and started IMP. Patient complained of dizziness, likely hypotension. Stopped IMP and withdrew from trial.
	Moderate
	Probably related
	Expected
	Not serious

	BIS010
	07/09/2018
	01/02/2019
	Tiredness, not excessive. Tiredness is a known adverse drug reaction. 
	Mild
	Probably related
	Expected
	Not serious

	BIS013
	06/11/2018
	06/11/2018
	Hypoglycaemia. Hypoglycaemic home reading of 2mmol/L. Usually patient would have shown symptoms before getting that low.
	Moderate
	Possibly related
	Unexpected
	Is/was life threatening

	BIS016
	22/01/2019
	23/01/2019
	New constipation. Having bowel surgery in the morning therefore no intervention, to be reviewed by ward.
	Mild
	Possibly related
	Expected
	Not serious

	BIS016
	17/01/2019
	17/01/2019
	One episode of nausea and vomiting on the evening of 17th Jan 2019.
	Mild
	Possibly related
	Expected
	Not serious

	BIS017
	04/02/2019
	04/02/2019
	Symptomatic postural hypotension.
	Moderate
	Definitely related
	Expected
	Not serious

	BIS021
	20/03/2019
	20/03/2019
	One episode of dizziness, which settled on its own.
	Mild
	Probably related
	Expected
	Not serious

	BIS024
	13/05/2019
	16/05/2019
	Adverse drug reaction. Heavy legs and generally unwell. Blood pressure raised as checked by GP. Self-terminated IMP. Patient withdrawn.
	Moderate
	Probably related
	Expected
	Not serious

	BIS025
	14/06/2019
	14/06/2019
	Patient noticed tiredness, dizziness and headache after 1st dose of IMP. Continued medication and happy to continue in study as symptoms are mild and possibly easing.
	Mild
	Probably related
	Expected
	Not serious

	BIS026
	10/12/2019
	23/12/2019
	Patient complaining of dizziness - advised to discontinue IMP.
	Mild
	Probably related
	Expected
	Not serious



[bookmark: _Ref65575003]Table 16: Adverse events

Table 17 Summarises the adverse events

	
	Adverse events 
(n=12)

	Intensity
	

	    Mild
	8 (66.7)

	    Moderate
	4 (33.3)

	Causality
	

	    Possibly related
	5 (41.7)

	    Probably related
	6 (50.0)

	    Definitely related
	1 (8.3)

	Expectedness
	

	    Expected
	11 (91.7)

	    Unexpected
	1 (8.3)

	Seriousness
	

	    Not serious
	11 (91.7)

	    Is/was life threatening
	1 (8.3)


Table 17: Adverse Event summaries



Table 18 gives reasons for patient withdrawal
	Patient ID
	Reason for withdrawal

	BIS004
	Withdrew after experiencing adverse event

	BIS013
	Withdrew after experiencing adverse event

	BIS024
	Withdrew after experiencing adverse event


Table 18: Reasons for withdrawal
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