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GLOSSARY OF ABBREVIATION

AV Delay 	Atrioventricular delay 
ECG                Electrocardiogram
Echo               Echocardiogram
HCM               Hypertrophic Cardiomyopathy
HOCM            Hypertrophic Obstructive Cardiomyopathy
LVEF		Left ventricular ejection fraction
RVP                Right Ventricular Pacing
UHF-ECG	Ultra-high frequency electrocardiography










STUDY SUMMARY

	     TITLE
	Mechanisms and Innovations in Right Ventricular Pacing For Hypertrophic Cardiomyopathy 

	DESIGN
	An acute haemodynamic study which will lead to a double blinded randomised crossover trial 

	    AIMS
	1. To test the impact of changing the pacing site and how it affects intra-ventricular delay and the amount of dyssynchrony. To further assess the relationship between level of dyssynchrony and blood pressure and LVOT gradient change. 

2. To show that RVP induced changes in non-invasively measured beat-by-beat finometer blood pressure are consistent with invasively measured changes in aortic flow.

3. To use high-precision techniques to assess the impact of adjusting the atrioventricular delay and how it affects blood pressure and LVOT gradient change. To identify what the optimum atrioventricular delay is to optimise the way the patient’s pacemaker functions. 

4. To follow patients over a period of 6 months in a double blinded randomised crossover trial and assess their symptoms, exercise capacity and cardiac function when they are optimally paced on and paced off.
4. To fly paced on and off.

	
OUTCOME MEASURES
	
. 
Primary Outcomes: 
1. Patient symptoms via patient questionnaire (Kansas City Cardiomyopathy Questionnaire +/- EQ5D Questionnaire) and symptoms app.
2. Patient preference - patients will be asked at the end of the study which 3 month period they preferred (they will not be told during which 3 month period they were paced and not paced when they answer this question

Secondary Outcomes:
1. Exercise capacity (by 6 minute walk test) & Cardiopulmonary Exercise Testing (MVOT)
2. BNP - Brain Natriuretic Peptide (as a marker of heart failure (by a blood test)
3. LV Ejection Fraction, resting and peak exertion LVOT gradients (measured by Echo)
4. Device patient activity levels


	POPULATION
	Patients with a clinical diagnosis of Hypertrophic Obstructive Cardiomyopathy with an LVOT gradient of at least 30 mmHg, at rest or provoked. Patients should be symptomatic. Patients with co-existing mid-cavity obstruction will not be excluded. 

	ELIGIBILITY
	Inclusion criteria: 
-All patients will have a clinical diagnosis of HOCM with an LVOT gradient of at least 30 mmHg, at rest or provoked. 
-Patients should be symptomatic. 
-Patients with co-existing mid-cavity obstruction.
-HOCM patients referred for Dual Chamber Pacemaker / ICD Implantation. 
-Adults willing to take part (ages 18 - 100 years old) 
-Able to give consent.

Exclusion criteria: 
1. Unable to give consent
2. Children age < 18 years or adults > 100 years old
3. Pregnant patients
4. Patients with persistent Atrial Fibrillation or high grade Atrio-Ventricular Block



	DURATION
	October 2021 to October 2024 (3 years)










































[bookmark: _Toc142973612]1.	INTRODUCTION 

1.1 [bookmark: _Toc142973613]BACKGROUND

Hypertrophic cardiomyopathy (HCM) is the commonest inherited cardiomyopathy with a prevalence of 0.2%. 70% of patients with HCM have left ventricular outflow tract obstruction (LVOTO) i.e. hypertrophic obstructive cardiomyopathy (HOCM) (1). This causes debilitating symptoms such as chest pain, exercise intolerance, dizziness and syncope and may drive disease progression and risk of fatal arrhythmias.

Existing treatments for LVOTO are imperfect. Beta-blockers, calcium channel blockers and disopyramide do not achieve gradient reduction in all patients, and may cause unpleasant side-effects. Invasive approaches, such as surgical myectomy and alcohol septal ablation, carry a risk of severe complications. Patients often prefer a less invasive approach if possible (2). Due to these treatment limitations, HOCM still carries a high morbidity. Standard dual-chamber pacing, to induce ventricular dyssynchrony by Right Ventricular Pacing (RVP), has been proposed to reduce the degree of obstruction (3). Whether this is worthwhile is important to discover, because many HOCM patients will receive an Implantable Cardioverter-Defibrillator (ICD). 

A key reason why RVP has not been used as a mainstream clinical treatment is that the actual mechanism, by which RVP might bring about improvements in LVOT gradient and subsequently stroke volume, has not been elucidated. The mechanism is likely to be an interplay between three factors: LV dyssynchrony induced LVOT alteration, LV dyssynchrony induced myocardial pump impairment and Atrio-Ventricular delay (AV Delay) related changes in LV filling status (4) 

Our group’s meta-analysis (5) showed that in RCTs of RVP for HOCM, there is a puzzling disparity: large LVOT gradient reduction, but little or no symptomatic response. We suspect that this is because the trials did not use high precision (i.e., reproducible) haemodynamic methods to select patients, choose RV lead position, and select AV delay. The protocols typically used small numbers of measurements with no assessment of whether the variation in measurements at different sites or AV delay could have been chance findings rather than persistent long-term differences. The bigger problem, however, was a common use of LVOT gradient as the optimisation endpoint. Unfortunately, LVOT gradient reduction can mean either Cardiac Output (CO) increase or CO reduction. Our pilot data (Figure 1) highlights both problems. First, the AV delay (★1) that produces the lowest LVOT gradient is not the AV delay (★) that maximises effective cardiac function measured systemically. Second, if only a few measurements are made, attempts to identify the AV delay giving the lowest LVOT gradient, will identify even that incorrectly (★4). Other commonly used techniques for AV delay selection (★3 ultra-short AV delay, ★2 longest AV delay that captures) also fail to maximise cardiac output. 
	[image: ]

	Figure 1: Immediate effect of DDD pacing (relative to AAI) on systolic BP (orange, a surrogate for effect on cardiac output) and on LVOT gradient (blue) in a patient with HOCM.  The largest BP increment (i.e., cardiac output increment), ★, is not at any of the AV delays suggestive by the classical AV delay selection protocols: minimum LVOT gradient ★1, ultra short AV delay ★3, and longest AV delay that captures ★2. The optimum AV delay and the extent of discrepancy with the classical protocols can vary with heart rate, shown here at 70bpm (left panel) and 100bpm (right panel). 


Hypotheses
I propose that the effects of RVP in HOCM are an interplay between electrical dyssynchrony, LV pumping and AV delay. I hypothesise that patient selection, RV pacing site selection and AV delay selection can be guided by high-precision, reliable assessment of instantaneous cardiac output improvement. This overall hypothesis is supported by the following powered hypotheses.
1. The three commonly used strategies of setting AV delay fail to maximise cardiac output:

(a) LVOT gradient minimisation (b) ultra-short AV delay (c) longest capturing AV delay

2. The RVP-induced increment in intraventricular delay controls the immediate increment in:  

(a) LVOT volume-flow rate (by Ultra-Fast Echo) and
(b) Cardiac output (by non-invasive haemodynamics)

3. RVP induced changes in non-invasively measured beat-by-beat finometer blood pressure are consistent with invasively measured changes in aortic flow.


2. STUDY OBJECTIVES:


Primary Objective: The principal research question is to test whether pacing the heart in a particular sequence (optimum pacing site and optimum AV delay) improves patients' symptoms in the medium term.

Secondary Objective: The secondary research question is to test whether pacing the heart in a particular sequence at rest and during exercise (identified as a result of our study) improves patients exercise capacity and heart function. 


[bookmark: _Toc142973615]
3.STUDY DESIGN

3a. Recruitment:
All patients will have a clinical diagnosis of Hypertrophic Obstructive Cardiomyopathy with an LVOT gradient of at least 30 mmHg, at rest or provoked. Patients should be symptomatic. Patients with co-existing mid-cavity obstruction will not be excluded. There will be two groups. The ‘Invasive’ group will be patients scheduled for transvenous right ventricular pacing device implantation (pacemaker and ICD) at Hammersmith Hospital. This is a clinically indicated procedure that they require as determined by the cardiologist who is responsible for their care. The ‘Non-Invasive’ group will be patients who already have such a device. Patients will be recruited from other referral centers as well.

We are also aiming to recruit patients from other databases of patients such as ‘The Heart Hive’. The Heart Hive is a direct to participant recruitment web portal for people with cardiomyopathy and myocarditis, set up and run by a team at Imperial College London. Participants registered in the heart hive decide which available tasks are of interest and opt-in to provide their data to take part in research studies/take part in patien tsurveys / express their interest in offline research studies. Eligibility surveys can be conducted online to determine participant suitability for research, provide some pre-screening and collect participant details if they agree for their information to be passed along to the research team. Patient information is held confidentially and in line with GDPR guidelines. Patients themselves are the drivers as to whether they wish to take part in a research study and if they wish their details to be passed onto the study team.

In addition to the 'Invasive' group we will also be recruiting a sub group of patients who have a diagnosis of Hypertrophic Obstructive Cardiomyopathy with an LVOT gradient of at least 30 mmHg, but who do not have a clinical indication for a device at present. However, we will be bringing them to the cardiac catheter lab to undergo an electrophysiology study. 

3b. Specific Techniques Used In Study:

Ultra High Frequency ECG: Our centre is a pioneer in using Ultra-High Frequency ECG (UHF-ECG) to detect, isolate and amplify high frequency components that are filtered out in conventional ECGs. These frequencies (1-2kHz) do not travel far: each chest lead measures only activation of its nearest ventricular wall. This allows assessment of ventricular dyssynchrony at a given pacing site during RVP. RVP patients may produce different amounts of electrical dyssynchrony which can be assessed using UHF-ECG and the amount of dyssynchrony produced can be compared with the amount of BP improvement and LVOT gradient reduction. 

Ultra-Fast Echo: Previously MRI has been required to measure flow velocities in the ventricle because the frame rate of Echo (e.g., 50-90 per second) is not high enough to track particle movements. However, MRI is difficult while repeatedly changing pacing configurations in an implanted device. Imperial College London has developed Ultra-Fast Echo at 1000-6000 frames per second which is more than fast enough to perform particle tracking in the left ventricle even during systole. The system uses plane wave ultrasound and very high-capacity state-of-the-art parallel processing hardware to track flow and time wall motion precisely. We will use both flow patterns and wall timings to understand how ventricular activation patterns translate to cardiac output changes.


3c. Methodology:
There will be two broad groups of patients who will be recruited into this study - the 'Invasive' group and the 'Non-Invasive' group.  

INVASIVE GROUP

Patients in this group will attend the cardiac catheter lab and undergo the same procedure that they would have for a device implant however the procedure will be modified to allow for us to take detailed measurements as part of the study. The right ventricular lead is normally deployed in the right ventricular apex as it's standard position. However during the study the RV lead will temporarily be positioned in 4 other positions (high septum, low septum, right ventricular free wall and coronary sinus). At each lead position a set of measurements (outlined below) will be taken for a range of Atrioventricular Delays (AV Delay).

There will be a subgroup of patients who are also recruited to the study but who do not meet the indication for a device implant will undergo an electrophysiologycal study. This will involve placing a standard set of catheters and wires used in electrophysiology studies (via the groin) in the right atria and right ventricles and then undertaking the full protocol of measurements (mentioned below). This is routinely done for patients who do not currently meet the standard clinical indications for a device. This procedure is commonly done to better understand the risk of developing dangerous heart rhythm later on. However for the purposes of our study it will help us to understand if by pacing even these patients, they would gain benefit in improving their haemodynamic parameters and LVOT gradient reduction. They will not go on to be part of the 6 month follow up study as they do not have a device implanted. 
Before the procedure 
Patients will have the following 
· A clinical assessment with a senior doctor with expertise in heart failure and pacemakers.
· A discussion about the research study and sign a consent form 
· A heart tracing (electrocardiogram).


During the procedure 

Patients will be admitted for a day case procedure in the cardiac catheter laboratory at Imperial College Healthcare NHS Trust where we usually perform our pacemaker implantations. 

Once inside the procedure room they will have the following as part of normal standard care:

· The doctor performing the procedure will place local anaesthetic in their shoulder area, usually on the left side. They will then make a small cut in the skin and make a small puncture in a vein. Two wires will be passed through the vein to the heart, one will be placed in the right atrium and one in the right ventricle. The leads will then be implanted into the heart and the device will be connected to the leads and placed into the chest. The pocket will be closed with stiches. 
· After the procedure is completed, patients will have a routine check of their pacemaker and once all the checks are completed you will return to the ward. 


Research Protocol:

The lead which is to be placed into the right ventricle will be temporarily placed in 4 other pacing positions also within the right ventricle and measurements will be taken at each lead position before it is eventually implanted in its final position. 

At each position the following measurements will be undertaken whilst patients are lying on the procedure table:
1. A recording of the electrical signals of the heart using a standard heart tracing (electrocardiogram / ECG). We will also perform Ultra-High Frequency ECG recordings which will essentially involve more leads being placed on the chest to do some extra electrical recordings. 
2. Multiple blood pressure measurements will be taken during the procedure. This will be done using a Finometer machine as part of our study - this is a small blood pressure cuff that wraps around your finger and inflates with every heartbeat. 
We will also aim to measure the blood pressure and pressure gradients as blood exits the heart. This will be done by placing a tube in the artery in the wrist (radial artery) under local anaesthetic and through this placing a catheter (Combo Wire) in the main artery that takes blood from the heart to the rest of the body (the aorta). Placing a tube in the radial artery and the catheter into the aorta is a routine procedure in the cardiac catheter laboratory and will be carried out by a skilled doctor. If patients prefer not to have the additional tube and catheter, then we will only measure the blood pressure using a Finometer machine as part of our study anyway.  
3. Two different Echo machines (standard Echo and Ultra-Fast Echo) will be used to measure the flow and pressure gradients of the blood as it leaves you’re the heart. 

We will apply strict time constraints to this part of the study. We will ensure that at each extra lead position all the measurements are completed within 15 mins. As such we envisage that the extra measurements will take up to 1 hour in total longer to complete than a normal device implant on the procedure table. If the standard procedure is prolonged or complicated, for any reason, we will not proceed to carrying out all the measurements. 

After the procedure

Once the device implant is completed in the cardiac catheterisation laboratory, the pacemaker will be checked by our cardiac physiology team and patients will come back to the cardiac day ward to recover. They will also undergo a chest x-ray which is also a standard part of the device implant process.   

While they are waiting for the chest x-ray on the cardiac day ward, we will take some further measurements using the same equipment mentioned above. This may take a further 1 hour to complete. Patients should be able to go home the same day assuming the actual implant procedure itself was uneventful. 





Six Weeks Later After Device Implant

Patients will be asked to return to Hammersmith Hospital 6 weeks after the device implant which is a routine process. This will be to check the pacemaker is working well and there are no issues with the healing of the wound.

However, as part of the study, after they have had their pacemaker check done, we will bring patients to our clinical research rooms at The Peart Rose Research Unit at Hammersmith Hospital to carry out extra assessments and measurements to further improve/optimise how your pacemaker device functions. This may take a further 2-3 hours to complete as follows:

Research Protocol:  

Patients will undergo high-precision, haemodynamic and Echocardiographic assessment of RVP including AV delay optimisation. This will allow for the optimum AV delay to be identified by assessing four baseline conditions: 
a) atrial sensing
b) low-rate atrial pacing
c) high-rate atrial pacing 
d) exercise

These 4 conditions will be studied as they will allow for us to assess a spectrum of daily cardiac activity and identify what the optimum AV delay may be under these varied conditions. 

The high-precision protocol occurs for each condition is as follows:
-ECG for continuous monitoring, non-invasive beat-by-beat blood pressure via finometry, and continuous wave LVOT doppler will be continuously recorded using Echo (this will be done using standard Echo and also ultra-fast Echo)
-10 transitions will be performed between the reference intrinsic rhythm state (i.e. AAI pacing) and paced state (DDD). 
-This will be performed for each AV delay in a range from 40ms, in 40ms increments, until conduction is entirely intrinsic. For example, 40ms, 80ms, 120ms, 160ms, 200ms (fusion), 240ms (pseudocapture with entirely intrinsic conduction). 

BP and LVOT gradient data will undergo automated, ECG-phased, peak detection using custom in-house developed software already created for this purpose. The average of eight beats immediately prior to a transition between pacing states is compared to the average of eight beats immediately after transition to calculate a single data point for each AV delay. Calculating this for each transition produces 10 transition data points for each AV delay. Plotting this for each AV delay produces a graph of change in LVOT and change in BP against AV delay (e.g. Figure 1 above). From this curve, the AV delay that maximises the cardiac output will be identified.

We will also use a Ultra-High Frequency ECG machine to measure the level of dyssynchrony at different AV delays under these 4 conditions.

Patients will then go on to have baseline measurements of their symptoms and exercise with the following: 

· A questionnaire (Kansas City Questionnaire +/-EQ5D Questionnaire) to assess their symptoms and how they impact their lifestyle
· A blood test for BNP
· A 6 minute walk test (how far patients can walk in 6 minutes) & Cardiopulmonary Exercise test (MVOT)
· An Echo scan
· 24 hr Holter Monitor
· Device check to gather information about their activity levels and device parameters

Once we have completed the baseline measurements we will then randomise and single blind patients to be in one of two groups. We will use a randomisation platform called 'Redcap'.  For the next 3 months we will either turn their pacemaker to being pacing on at the optimal AV delay setting (that we have identified following our protocol above) or pacing off (i.e. so that it does not pace). The patient and the member of the research group conducting the measurements will be double blinded and the patient will be randomised to being pacing on or off. A separate member of the research team will be unblinded and do the actual randomisation and make the pacing setting changes. This is done purposely as we want to be able to objectively assess their symptoms and how their heart function changes over the next 3 months without them knowing if they are pacing on or pacing off. Patients will then go home later that day and continue you daily lifestyle as normal.
 
Before patients go home they will be invited to download a symptom application on their smartphones on which they can record their symptoms on a daily basis (or however frequently as they can). If they do not wish to do this then this is also fine. 

After a further 3 months

Patient will be asked to return to Hammersmith Hospital after a further 3 months where we will then review them again. They will undergo the AV Optimisation protocol again to ensure that their optimum AV delay has not changed in the last 3 months. They will also then  undergo:

· A questionnaire (Kansas City Questionnaire +/-EQ5D Questionnaire) to assess their symptoms and how they impact their lifestyle
· A review of their symptom app results (if their decided to use this) 
· An interrogation of their pacemaker device to gather patient activity level data
· A blood test
· A 6 minute walk test (how far they can walk in 6 minutes) & Cardiopulmonary Exercise test (MVOT)
· An Echo scan
· 24hr Holter Monitor

If their device was previously turned to be on the ‘optimum pacing on’ setting, then we will now cross the patients over to the other group so it is pacing off. If they were previously set to be pacing off then we will now set it to be pacing on at the optimum settings. Again, the patient and the member of the research group conducting the measurements will be double blinded. A separate member of the research team will be unblinded and make the pacing setting changes. Patients will then go home and continue to lead your normal lifestyle as you would do for the next 3 months.

After a further 3 months (i.e. after a total of 6 months follow up)

Patients will be asked to return to Hammersmith Hospital after a further 3 months where we will then review them again and they will undergo:

· A questionnaire (Kansas City Questionnaire +/-EQ5D Questionnaire) to assess their symptoms and how they impact their lifestyle
· A review if their symptom app results (if they decided to use this) 
· An interrogation of their pacemaker device to gather patient activity levels data
· A blood test
· A 6 minute walk test (how far they can walk in 6 minutes) & Cardiopulmonary Exercise test (MVOT)
· An Echo scan


Patients transport in the form of a taxi will be provided as well as refreshments during the appointments. We have costed £50 for transport and refreshments per visit. Individual researchers will not receive any personal payment over and above normal salary, or any other benefits or incentives, for taking part in this research.


NON-INVASIVE GROUP

Patients in this group will already have a device in situ however in this phase of the study we will be optimising the function of the device by adjusting the atrio-ventricular (AV delay) of their pacemaker settings. 

We will bring patients to our clinical research rooms at The Peart Rose Research Unit at Hammersmith Hospital to carry out assessments and measurements to further improve/optimise how their pacemaker device functions. This may take around 2-3 hours to complete as follows:

Research Protocol:  

Patients will undergo high-precision, haemodynamic and Echocardiographic assessment of RVP including AV delay optimisation. This will allow for the optimum AV delay to be identified by assessing four baseline conditions: 
a) atrial sensing
b) low-rate atrial pacing
c) high-rate atrial pacing 
d) exercise

These 4 conditions will be studied as they will allow for us to assess a spectrum of daily cardiac activity and identify what the optimum AV delay may be under these varied conditions. 

The high-precision protocol occurs for each condition is as follows:
-ECG for continuous monitoring, non-invasive beat-by-beat blood pressure via finometry, and continuous wave LVOT doppler will be continuously recorded using Echo (this will be done using standard Echo and also ultra-fast Echo)
-10 transitions will be performed between the reference intrinsic rhythm state (i.e. AAI pacing) and paced state (DDD). 
-This will be performed for each AV delay in a range from 40ms, in 40ms increments, until conduction is entirely intrinsic. For example, 40ms, 80ms, 120ms, 160ms, 200ms (fusion), 240ms (pseudocapture with entirely intrinsic conduction). 

BP and LVOT gradient data will undergo automated, ECG-phased, peak detection using custom in-house developed software already created for this purpose. The average of eight beats immediately prior to a transition between pacing states is compared to the average of eight beats immediately after transition to calculate a single data point for each AV delay. Calculating this for each transition produces 10 transition data points for each AV delay. Plotting this for each AV delay produces a graph of change in LVOT and change in BP against AV delay (e.g. Figure 1 above). From this curve, the AV delay that maximises the cardiac output will be identified.

We will also use a Ultra-High Frequency ECG machine to measure the level of dyssynchrony at different AV delays under these 4 conditions.

Patients will then go on to have baseline measurements of their symptoms and exercise with the following: 

· A questionnaire (Kansas City Questionnaire +/-EQ5D Questionnaire) to assess their symptoms and how they impact their lifestyle
· A blood test for BNP
· An interrogation of their pacemaker device to gather patient activity levels data
· A 6 minute walk test (how far patients can walk in 6 minutes) & Cardiopulmonary Exercise test (MVOT)
· An Echo scan
· 24hr Holter Monitor

Once we have completed the baseline measurements we will then randomise and single blind patients to be in one of two groups. We will use a randomisation platform called 'Redcap'. For the next 3 months we will either turn their pacemaker to being pacing on at the optimal AV delay setting (that we have identified following our protocol above) or pacing off (i.e. so that it does not pace). The patient and the member of the research group conducting the measurements will be double blinded and the patient will be randomised to being pacing on or off. A separate member of the research team will be unblinded and do the actual randomisation and make the pacing setting changes. This is done purposely as we want to be able to objectively assess their symptoms and how their heart function changes over the next 3 months without them knowing if they are pacing on or pacing off. Patients will then go home later that day and continue you daily lifestyle as normal.
 
Before patients go home they will be invited to download a symptom application on their smartphones on which they can record their symptoms on a daily basis (or however frequently as they can). If they do not wish to do this then this is also fine. 

After a further 3 months

Patient will be asked to return to Hammersmith Hospital after a further 3 months where we will then review them again. They will undergo the AV Optimisation protocol again to ensure that their optimum AV delay has not changed in the last 3 months. They will also then undergo:

· A questionnaire (Kansas City Questionnaire +/-EQ5D Questionnaire)  to assess their symptoms and how they impact their lifestyle
· A review of their symptom app results (if they decided to use this) 
· An interrogation of their pacemaker device to gather patient activity data
· A blood test
· A 6 minute walk test (how far they can walk in 6 minutes) & Cardiopulmonary Exercise test (MVOT)
· An Echo scan
· 24hr Holter Monitor

If their device was previously turned to be on the ‘optimum pacing on’ setting, then we will now cross the patients over to the other group so it is pacing off. If they were previously set to be pacing off then we will now set it to be pacing on at the optimum settings. Again, the patient and the member of the research group conducting the measurements will be double blinded. A separate member of the research team will be unblinded and make the pacing setting changes. Patients will then go home and continue to lead your normal lifestyle as you would do for the next 3 months.

After a further 3 months (i.e. after a total of 6 months follow up)

Patients will be asked to return to Hammersmith Hospital after a further 3 months where we will then review them again and they will undergo:

· A questionnaire (Kansas City Questionnaire +/-EQ5D Questionnaire)  to assess their symptoms and how they impact their lifestyle
· A review of their symptom app results (if they decided to use this) 
· An interrogation of their pacemaker device to gather patient activity levels data
· A blood test
· A 6 minute walk test (how far they can walk in 6 minutes) & Cardiopulmonary Exercise test (MVOT)
· An Echo scan

Patients transport in the form of a taxi will be provided as well as refreshments during the appointments. We have costed £50 for transport and refreshments per visit. Individual researchers will not receive any personal payment over and above normal salary, or any other benefits or incentives, for taking part in this research.

Burdens/Risks: 

The main burdens for the patient are twofold:
1) The extra time taken to perform the experiments and experimental procedures during their scheduled clinical procedure due to pacing lead position manoeuvres. This will take up to 10 minutes extra per pacing site. 
2) The extra hospital visits to come back for the AV delay optimisation protocol, 3 month and 6 month follow up measurements.  

The main risks for the patient are threefold: 
1) Radiation: Observing the position of the pacing leads during the invasive study will require a small dose of extra ionising radiation (we estimate a total of 2 minutes extra for those in the invasive group and 1 minute for those in the electrophysiology group). We estimate that for those patients who agree to undergo a Combo wire insertion they will have an extra 30 seconds of radiation whilst the Combo wire is positioned in the Aorta. Appropriate radiation regulations will be followed. 

Ionising radiation can cause cancer which manifests itself after many years or decades. The risk of developing cancer is estimated as 0.006% (Risk coefficient for adult population is 5x10-5 per mSv, HPA-CRCE-028) and the risk of the additional radiation to routine care is about:
- 0.0003% (or 1 in 335,000),for patients in the invasive group
- 0.00015% for patients in the electrophysiology group
- 0.00003% for patients consenting to combo wire
which are all is very low. For comparison, the natural lifetime cancer incidence in the general population is about 50%.

An experienced electrophysiologist with extensive experience in device implant and who has already carried out the electrical, echo and blood pressure measurements will be performing the device implant in order to minimise the procedure and radiation time.  The dose administered will be the minimum possible dose required for the experiments and this dose is small. This radiation can increase the risk of cancers later in life.
2) The Electrophysiology Study: For those patients who consent to undergo this commonly performed extra procedure on top of their routine care, the risk of this procedure include a < 1% risk of bleeding / vascular injury, bleeding around the heart, heart attack and death. 
3) Arterial Access for the Combo Wire: For those patients who consent to a Combo wire, inserting sheaths in the wrist could lead to bleeding or perforation the artery but the risk is small and will be minimised by using standard, safe, clinical techniques for inserting and removing the sheaths.

Consent:
Patients will be identified by members of their direct care team. They may be identified when they attend clinic appointments. Patient records will be reviewed to assess suitability and this will be performed by members of the direct care team. Identifiable personable information will only be reviewed by members of the direct care team. Participation in the study will be discussed with the patients by their direct care team and information will only be passed on to the research team with the patients consent. The direct care team who discussed the study will make patients aware that participation is voluntary and that if they do not want to participate it will not affect their usual care.

Consent for the study will be obtained by a member of the research team, this will be a physician who is experienced in performing electrophysiological studies. Patients will have details of the study discussed with them and any family members or friends the patients wish to be present. They will also be provided with written information (patient information sheets). Patients will be given as much time as they wish to decide whether they wish to participate in the study and will be offered additional visits to further discuss the study if they wish. Of course they are able to withdraw their consent from the study at any time. Patients will be made aware that their participation is voluntary and that if they do not want to take part it will not affect their usual care. All identifiable information will be securely held in NHS Trust computers and there will be held in strict compliance to NHS Data Protection and Confidentiality regulation.

Confidentiality of Records:

Identifiable patient data will only be stored at Imperial College Healthcare NHS Trust computers. Only non-identifiable data will be stored at Imperial College London computer. Participants will be assigned a unique number to further ensure anonymization of patient identity. The Chief Investigator will preserve the confidentiality of participants taking part in the study and is registered under the Data Protection Act. All data will be analysed pseudoanonymously. 

Conflicts of Interest:
There are no conflicts of interest to report

Dissemination of Results:
The results will be disseminated to the scientific community through peer reviewed journal publications, internal reporting, publication on website and conference presentations. Identifiable information will not be included in the publication. Depending on patients preference we will either write, telephone or arrange to meet participants after the analysis has been completed. We will summarise the findings and details of how the results are relevant to them.

Duration: 3 years 
Number of subjects: 30 in Invasive Group. 30 patients in Non-Invasive Group.
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3.1	STUDY OUTCOME MEASURES

Primary Outcome Measures
Patient symptoms via patient questionnaire (Kansa City Cardiomyopathy Questionnaire & E5QD Questionnaire) and symptoms app.
Patient preference - patients will be asked at the end of the study which 3 month period they preferred (they will not be told during which 3 month period they were paced and not paced when they answer this question).


Secondary Outcome Measures
Exercise capacity (by 6 minute walk test & Cardiopulmonary Exercise Testing - MVOT)
BNP - Brain Natriuretic Peptide (as a marker of heart failure (by a blood test)
LV Ejection Fraction, resting and peak exertion LVOT gradients (measured by Echo)

Our primary analysis population will be the patients who have positive haemodynamics at their randomisation visit.

Our secondary analysis populations will be the whole randomised cohort and the patients who have neutral or negative haemodynamics to pacing at their randomisation visit.



4. [bookmark: _Toc142973617]PARTICIPANT ENTRY 

4.1 Pre-registration Evaluations
Patients will be recruited from Imperial College Healthcare NHS Trust.  

[bookmark: _Toc142973619]4.2	INCLUSION CRITERIA

[bookmark: _Toc142973620]-All patients will have a clinical diagnosis of HOCM with an LVOT gradient of at least 30 mmHg, at rest or provoked.
-Patients should be symptomatic.
-Patients with co-existing mid-cavity obstruction
- HOCM patients referred for Dual Chamber Pacemaker / ICD Implantation.
-Adults willing to take part (ages 18 – 100 years old)  
-Able to give consent.


4.3	EXCLUSION CRITERIA
[bookmark: _Toc142973621]
-Unable to give consent
-Children age < 18 years and adults > 100 years old
-Pregnant patients
-Patients with persistent Atrial Fibrillation or high grade Atrio-Ventricular Block

4.4	WITHDRAWAL CRITERIA

If patients lose their capacity to consent or become clinically unstable the research protocol will be terminated early. 


Consent 

Patients will be identified by members of their direct care team when they attend clinic appointments. Patient records may be reviewed to assess suitability and this will be performed by members of the direct care team. Identifiable personable information will only be reviewed by members of the direct care team. Participation in the study will be discussed with the patients by their direct care team and information will only be passed on to the research team with the patients consent. 
The direct care team will make patients aware that participation is voluntary and that if they do not wish to participate it will not affect their usual care. 

Consent for the study will be obtained by a member of the research team, this will be a physician who is experienced in performing electrophysiological studies. Patients will have details of the study discussed with them and any family members or friends the patients wish to be present. They will also be provided with written information (patient information sheets). Patients will be given as much time as they wish to decide whether they wish to participate in the study and will be offered additional visits to further discuss the study if they wish. Patients are able to withdraw their consent from the study at any time. Patients will be made aware that their participation is voluntary and that if they do not want to take part it will not affect their usual care. Patients who agree to take part in the study will sign a consent form, a copy of the form will be given to the patients and a second copy will be kept in their study record file. 

All identifiable information will be securely held in NHS Trust computers and there will be held in strict compliance to NHS Data Protection and Confidentiality regulation.
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5.	ADVERSE EVENTS

[bookmark: _Toc142973623]5.1	DEFINITIONS  

Adverse Event (AE): any untoward medical occurrence in a patient or clinical study subject.  

Serious Adverse Event (SAE): any untoward and unexpected medical occurrence or effect that:
· Results in death
· Is life-threatening – refers to an event in which the subject was at risk of death at the time of the event; it does not refer to an event which hypothetically might have caused death if it were more severe
· Requires hospitalisation, or prolongation of existing inpatients’ hospitalisation
· Results in persistent or significant disability or incapacity
· Is a congenital anomaly or birth defect

Medical judgement should be exercised in deciding whether an AE is serious in other situations.  Important AEs that are not immediately life-threatening or do not result in death or hospitalisation but may jeopardise the subject or may require intervention to prevent one of the other outcomes listed in the definition above, should also be considered serious.

[bookmark: _Toc142973624]5.2	REPORTING PROCEDURES

All adverse events should be reported.  Depending on the nature of the event the reporting procedures below should be followed.  Any questions concerning adverse event reporting should be directed to the Chief Investigator in the first instance.  

5.2.1 Non serious AEs

All such events, whether expected or not, should be recorded.  

5.2.2 Serious AEs

An SAE form should be completed and faxed to the Chief Investigator within 24 hours.  However, hospitalisations for elective treatment of a pre-existing condition do not need reporting as SAEs.

All SAEs should be reported to the West of Scotland (REC 5) where in the opinion of the Chief Investigator, the event was:
· ‘related’, ie resulted from the administration of any of the research procedures; and
· ‘unexpected’, ie an event that is not listed in the protocol as an expected occurrence

Reports of related and unexpected SAEs should be submitted within 15 days of the Chief Investigator becoming aware of the event, using the NRES SAE form for non-IMP studies.  The Chief Investigator must also notify the Sponsor of all related and unexpected SAEs.

Local investigators should report any SAEs as required by their Local Research Ethics Committee, Sponsor and/or Research & Development Office. 


Contact details for reporting SAEs
RGIT@imperial.ac.uk
Dr Zachary Whinnett email: z.whinnett@imperial.ac.uk
Please send SAE forms to: Hammersmith Hospital, Du Cane road, London W12 0HS.
Tel: 020 8383 4967 (Mon to Fri 09.00 – 17.00)
		
6. ASSESSMENT & FOLLOW UP 

Patients will be followed up over a 6 month period as per the study design in section 3. At the completion of the study we will inform their normal cardiology team and a join decision will be made with the patient and their normal cardiologist as to whether they should remain RV pacing on or pacing off. Any incidental findings that we identify during the study will be reviewed by the research team and reported to the GP and also the cardiology team normally looking after the patient. 
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7.	STATISTICS AND DATA ANALYSIS

Sample size calculation:

Cardiac output is greater when AV delay is selected by the parabola than when selected by the 3 other methods: Assuming a standard deviation of replicates at a specific AV delay of 10mmHg and performing 8 replicates, 60 patients would provide 93% power at the 5% significance level for detecting a mean difference of 3.5 mmHg (with SD 10mmHg) between the SBP at the optimal AV delay against the tested condition (simulation, linear model). Across the three tested configurations this would provide overall 80% power.

The delta in intra-ventricular delay correlates with the delta in LVOT gradient, across patients: The relationship between the change in intraventricular delay and outflow gradient reduction in the newly implanted patients will be quantified by a correlation coefficient. 26 patients would provide >80% power at the 5% significance level for detecting a correlation coefficient of at least 0.5. I will recruit 30 patients to account for dropouts.

Systolic BP is a useful proxy for cardiac output (assessed invasively or by ultrafast ultrasound through-plane aortic flow). The 26 newly implanted patients would provide >80% power at the 5% significance level for detecting a correlation coefficient of at least 0.5 between BP and invasive cardiac output, and similarly for BP and non-invasive cardiac output by ultrafast ultrasound through-plane flow.

For the randomised controlled trial I will recruit 60 patients. This will consist of the 30 patients recruited for the acute invasive haemodynamic study and 30 for the non-invasive acute haemodynamic study. The primary outcome of the study is the patients reported symptoms on the Kansas City Cardiomyopathy Questionnaire. Based on previous trials, the SD of repeated assessments is 14. We would wish to detect a 7.5 unit change on the scale (with the 'EXPLORER-HCM' randomised, double-blind, placebo-controlled phase 3 trial it was 9). Through simulation of a mixed-effects model to analyse the cross-over design, 60 patients would provide approximately 83% power.

The primary outcome of the cross-over randomised clinical trial is the patient reported symptoms on the Kansas City Cardiomyopathy Questionnaire. It will be analysed using a mixed-effect model to calculate the differences between the paced and un-paced periods.

For the invasive and non-invasive acute haemodynamic studies we will assess the change in blood pressure and outflow gradient. This will be reported as a mean and standard error, and we will calculate a correlation coefficient between them.

We will also test for an interaction between haemodynamics randomisation and the primary and secondary outcome measures.

All eligible patients that undergo AV optimisation will be recruited into the trial. The trial management group will monitor the percentage of people who have a positive haemodynamic response. From our pilot work we estimated and based our sample size calculations expecting that 2/3 of those who we recruit would show positive haemodynamics at randomisation. If it falls below this, we will be able to extend recruitment targeting a total of at least 45 people with positive haemodynamic response and the rest will be whose who don’t have a positive haemodynamic response. 

Data and all appropriate documentation will be stored for a minimum of 10 years after the completion of the study, including the follow-up period.  


[bookmark: _Toc142973627]8.	REGULATORY ISSUES

[bookmark: _Toc142973628]8.1	ETHICS APPROVAL

The Study Coordination Centre has obtained approval from the West of Scotland Research Ethics Committee (REC 5) and Health Regulator Authority (HRA). The study must also receive confirmation of capacity and capability from each participating NHS Trust before accepting participants into the study or any research activity is carried out. The study will be conducted in accordance with the recommendations for physicians involved in research on human subjects adopted by the 18th World Medical Assembly, Helsinki 1964 and later revisions.

[bookmark: _Toc142973629]8.2	CONSENT 

Consent to enter the study must be sought from each participant only after a full explanation has been given, an information leaflet offered and time allowed for consideration.  Signed participant consent should be obtained.  The right of the participant to refuse to participate without giving reasons must be respected.  After the participant has entered the study the clinician remains free to give alternative treatment to that specified in the protocol at any stage if he/she feels it is in the participant’s best interest, but the reasons for doing so should be recorded.  In these cases the participants remain within the study for the purposes of follow-up and data analysis.  All participants are free to withdraw at any time from the protocol treatment without giving reasons and without prejudicing further treatment.
[bookmark: _Toc142973630]8.3	CONFIDENTIALITY

The Chief Investigator will preserve the confidentiality of participants taking part in the study and is registered under the Data Protection Act. All identifiable data will be stored at Imperial College Healthcare NHS Trust computers and only pseudoanonymised data will be stored at Imperial College London Computer for analysis. Participants will be assigned a unique number to further ensure pseudoanonymization of patient identity.


[bookmark: _Toc142973631]8.4	INDEMNITY

Imperial College London hold negligent harm and non-negligent harm insurance policies which apply to this study.

[bookmark: _Toc142973632]8.5	SPONSOR

Imperial College London will act as the main Sponsor for this study.  Delegated responsibilities will be assigned to the NHS trusts taking part in this study.  

[bookmark: _Toc142973633]8.6	FUNDING

The British Heart Foundation and the Imperial Biomedical Research Centre are funding this study.
[bookmark: _Toc142973634]
8.7	AUDITS 

The study may be subject to inspection and audit by Imperial College London under their remit as sponsor and other regulatory bodies to ensure adherence to GCP and the UK Policy Frame Work for Health and Social Care Research


[bookmark: _Toc142973635]9.	STUDY MANAGEMENT

The day-to-day management of the study will be co-ordinated by Dr Jagdeep Mohal.



[bookmark: _Toc142973636]
10.	PUBLICATION POLICY

Our aim to publish in a major international cardiology journal and present at international cardiology conferences.
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