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2.0 [bookmark: _k2wkn6bxk0ew]Lay summary of the Research Project

Australia is following the global trend of increasing demands for Renal Replacement Therapy (RRT), with over 12,000 Australians on haemodialysis.1 2 This introduces a large economic burden onto the Australian healthcare system and a burden to patients due to increased morbidity and mortality. 3 Haemodialysis requires a vascular access port site and of the forms available arteriovenous fistulas (AVFs) are recommended due to being associated with: lower mortality, lower morbidity and best longevity. 4 However, this form of vascular access suffers from complications which lead to inability to dialyse patients. The most common cause of complication is stenosis which has been described as a gradual process. 4 The physical manifestations of AVF dysfunction (namely vibration) give rise to a thrill which can be palpated and a bruit which can be auscultated which enables clinical examination to predict stenosis. 5 6 Surveillance techniques for AVFs rely on the premise that the stenotic changes occur gradually so that it is possible to detect early and introduce an intervention to prolong AVF access. To our knowledge, this research project is the first pilot study which will evaluate the viability of measuring the vibrations and bruit from turbulent flow in AVFs with an: accelerometer and microphone (phonoangiography) respectively, in a pilot study to objectify physical examination of AVF monitoring for stenosis. The potential to use an accelerometer to detect vibrations from AVFs has been made possible due to recent advancements in smartwatch technology. The sensitivity and specificity of this novel technique of surveillance of AVFs will be compared to physical examination and to the current gold-standard: Doppler ultrasound. If viable, larger studies may be indicated to enable the development of a novel surveillance technique for AVFs which is easier, faster and more cost-effective to utilize than the current gold standard.






3.0 [bookmark: _2et92p0]Background Information
More than 12,000 Australians require renal replacement therapy (RRT). Currently, the main form of such therapy is haemodialysis (HD). 1 Home (haemodialysis or peritoneal dialysis), satellite and hospital dialysis accounts for approximately 28%, 49% and 23% respectively with the associated average annual cost per person projected to be between $49,000 and $79,000 by 2020.7 The demand for RRT is distributed unequally amongst Australia, such that Indigenous populations suffer the most; which has been related to increased rates of diabetic nephropathy. 7
Haemodialysis involves routine needling of a surgically created connection between an artery and vein, called an arteriovenous fistula (AVF) which is the access of choice. 8 The other types of vascular access are either a prosthetic graft (AVG) or a central venous catheter (CVC). The 'Kidney Health Australia – Caring for Australasians with Renal Impairment’ (KHA-CARI) guidelines stipulates that an AVF is the vascular access of choice for haemodialysis due to the significantly lower risk of infection and death mainly. 9
Creating an AVF involves connecting an artery to a vein during an operation and following maturation where there is extensive vascular remodelling which includes venous distension and arterialisation, the fistula can be used as an access point for haemodialysis. 10 Maturation of an AVF generally takes one to three months and therefore there is a latency before it can be used and additionally this process commonly fails. 4 Additionally, with patients requiring haemodialysis three to four times per week for the rest of their life, the repeated and frequent puncturing of the AVF tends to lead to access occlusion (stenosis) and failures resulting from inadequate arterial inflow or venous outflow. 11 The cascading effect linked to this is an increased risk of aneurysm and limb ischemia. 11 Failure of AVF is a major cause of morbidity and mortality in haemodialysis patients with approximately 20-30% of annual hospital admissions.12 Failure can happen both at an early stage (during maturation) and at a late stage (any time after maturation). 13 The most common causes of AVF dysfunction are AVF stenosis and thrombosis, generally within the initial few centimetres of the anastomosis. 5 14
A functioning AVF is associated with a vibration (otherwise known as thrill) and a constant audible hum (otherwise known as bruit) subsequent to turbulent blood flow at the connection site of the artery to the vein. 6 15 Changes in the type of thrill and bruit associated with an AVF are routinely checked by patients and dialysis nurses on clinical signs (by palpation and auscultation) but are not regularly quantified. An AVF stenosis can be either an inflow stenosis, which is characterised by a weak pulse and thrill with a high-pitched discontinuous bruit or an outflow stenosis, which has a normal strong pulse, but without any vein collapse on arm elevation test. 16
Measurement of access blood flow (Qa), is considered the best means of surveillance of an AVF and currently recommended by international guidelines. 17 Doppler ultrasound is the method most widely used for this purpose. However, current techniques (including Doppler ultrasound) for assessing AVF anatomy and flow have major limitations. The insufficient provision of anatomical information is one of them. A significant reliance on expertise and as a result both intra and inter-operator variability often makes follow-up of access by other operators difficult. Doppler ultrasound also requires the patient to attend the hospital and therefore mobilises a significant amount of resources. 18 19
It is important to be able to detect failure of AVFs as complications can be corrected by endovascular or surgical procedures to maintain dialysis in patients. 4
Phonoangiography, which can be thought of as an objective auscultation technique, is a completely non-invasive technique that could potentially provide a simple solution to monitoring vascular access in a cost-effective, objective and continuous way.20 It is based on the principle of sound waves being generated when a vessel vibrates or moves causing a momentary deformation due to the motion of its molecules. 21 These deformations travel through the vessel as waves of different pressure and can subsequently be detected at the surface of the skin with a simple pressure transducer or an accelerometer such as those found in smartwatches.
This pilot study looks at the feasibility of using phonoangiography via an accelerometer and a microphone placed on the skin of the forearm to investigate changes in thrills and bruits caused by AVF issues such as stenosis and thrombosis. Figure 1a and 1b below illustrate the differences observed between a stenotic lesion and a normal AVF in a study carried by Sandler et al in 2002 when phonoangiography was first tested in this setup. 21
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Figure 1a. Time-dependent spectral characteristics observed in a stenotic and normal condition. 
Figure 1b. Both time and frequency dependent characteristics observed in a stenotic and normal condition.
 
The cohort of patients in our study will be assessed using: Doppler ultrasound, physical examination and phonoangiography. The results obtained with phonoangiography are expected to cast new light as to the feasibility of using phonoangiography in diagnosing AVF issues. Additionally, it will also inform future larger multicentre trials that need to be carried out to ascertain the validity of phonoangiography in providing results with similar or superior superior accuracy compared to physical examination and the gold standard. 


4.0 [bookmark: _tyjcwt]Aims
[bookmark: _3dy6vkm]In this pilot study, we primarily aim to assess:
1. the efficacy of vibration and sound analysis and trending in identifying failing AVF compared to physical examination and Doppler ultrasound;
Our secondary aims are to assess:
2. the efficacy of vibration and sound analysis and trending in predicting subsequent AVF failure;
3. the ability of vibration and sound analysis and trending in differentiating between the causes of AVF failure, including proximal stenosis, distal stenosis and steal syndrome; 
4. whether positioning of the measurement system on the wrist influences the results obtained;
5.0 [bookmark: _1t3h5sf]Hypotheses
We hypothesise that
1. Changes in vibration and sound amplitude and frequency will identify failing or inadequate arteriovenous fistulas (AVF)
2. Sensitivity and specificity of phonoangiography seen in this still will be superior with that observed with physical examination
3. Sensitivity and specificity of phonoangiography seen in this study will be on par with that observed when using Doppler ultrasound
4. Phonoangiography will achieve earlier detection of an inadequate AVF compared to Doppler ultrasound
6.0 [bookmark: _4d34og8]Primary and secondary endpoints/outcomes
The primary endpoint of this study is to determine the feasibility of using phonoangiography to assess potential issues such as stenosis or thrombosis of arteriovenous fistula (both inflow and outflow obstruction) as well as other pathologies like non-maturing AVF due to a number of reasons. Vibration waveform patterns will be compared both within and between groups of patients with well-functioning and poorly functioning AVFs in an attempt to discover identifiable characteristics, and also trended prospectively over follow-up in the individual subject to discover how these characteristics alter with changes in AVF function.
The secondary endpoint will be the availability of data that can be used to inform the design of future multicenter trials and thus determine a more adequate sample size.
7.0 [bookmark: _2s8eyo1]Methods
· Trial design
This is a single-centre, explorative pilot study during which a new technique of assessing AVF patency and possible risk of stenosis and/or thrombosis will be trialled.
· Study population
There is currently no data in the literature about the feasibility of using phonoangiography as a monitoring tool for AVFs. Considering the pilot nature of this study and based on the experience of the principle investigators, we estimate a same size of 60 participants will allow us to assess our primary aim. This cohort will consist of two groups of 30 participants each with AVFs that are known to be functioning properly and poorly respectively. 
The sample size includes a dropout rate of 10% where either participants will withdraw or data collection will not be completed or the data collected will not be usable due to its poor quality.













8.0 [bookmark: _17dp8vu]Inclusion/exclusion criteria
	Inclusion
	Exclusion

	· Patient has an AVF located anywhere on the forearm or upper arm
· Male or female
· Presenting for dialysis
	· Specific pre-existing comorbidities
· HTN
· Tobacco use
· Uncontrolled blood sugar levels
· Intravenous drug use
· Obesity (BMI > 30)
· Pre-existing vascular conditions
· Medications
· Prosthetic conduits
· Those with:
· Previous procedures in the same limb
· Infection
· Pseudoaneurysms
· Movement in the arm i.e. Parkinson’s
· Cuts/rashes or other skin abnormalities



9.0 [bookmark: _3rdcrjn] Withdrawal criteria
Participation in this study is voluntary. Once recruited, participants can still withdraw their consent and participation at any point simply by requesting withdrawal to any member of the research team. Participants who withdraw will not be replaced as they have been accounted for in the predicted sample size of the pilot study. 
10.0 [bookmark: _26in1rg]Study protocol
Potential participants will be screened and identified based on the inclusion and exclusion criteria prior to them attending their dialysis appointment. The nephrologist in charge of the patient will then be consulted to determine if he or she is agreeable to the person participating in this pilot study.
On the day of their dialysis, the identified potential participants will be approached by one of the research team members. They will then explain the details of the study along with the requirements from the participants. Following sufficient time to consider their involvement in the study, written informed consent will occur.
· [bookmark: _lnxbz9]Intervention
Following consent, each participant will be provided the same care and level of care as in routine practice.
Routine practice includes: a clinical assessment by dialysis nurses, dynamic pressure measurement during dialysis, blood flow through the access, and in cases with suspected pathology identified by using the above-mentioned method, angiography and CT angiography will be used.
Patency of the AVFs will then be assessed using: physical examination as well as Doppler ultrasound as per clinical guidelines. Following this assessment, each participant will be fitted with our in-house built phonoangiography system for measurement of thrill and bruit. This will involve placing the system onto the wrist with surgical tape. 
· Measurement of thrill and bruit
Thrill and bruit will be measured with an accelerometer and microphone placed on the skin of the forearm (arm) adjacent to an area close to the anastomosis of the AVF and secured with surgical tape. The system will be positioned at different successive locations (proximal and distal) with respect to the AVF. Measurements will be digitised and transmitted to the data acquisition system via a cable connected to a laptop.
Measurements will be performed as follows:
· At three different time points: before, during and after dialysis. 
· Each measurement will be carried out over a period of 20 seconds.
· Patients will wear the device for the same amount of time
· The participant’s arm will be required to remain still during measurements to avoid introducing artefacts of movements which could potentially distort the actual signal being measured. Since each measurement is expected to last only 20 seconds, the operator will observe the participant’s arm. Any movement will be recorded and the associated measurement tagged. However, as any arm movement is expected to last only a brief period compared to the measurement timespan, we expect to have enough artefact-free remaining data for analysis.
· Pressure of device: Does it need to be standardised or can we calibrate for a pressure/flow once attached? 
The sampling rate of the device is 1000 Hz, which will enable analysis of frequencies ranging from 0-500 Hz, which is deemed suitable as a previous study by Sandler et al found that frequency varied most from 100-300Hz.

11.0 [bookmark: _35nkun2]Statistics
· [bookmark: _1ksv4uv]Statistical analysis
Feasibility will be based on several parameters amongst which:
· The correlation of frequencies of measured thrills and bruits with stenosis and thrombosis, which will be assessed using linear regression. It is expected that there will be an upwards shift in the frequency spectrum representing stenosis and thrombosis (i.e. poorly functioning AVFs) compared to normally functioning AVFs. The correlation between the different positions and the results obtained will also be assessed in a similar manner. 
· Initially amplitude over time will be obtained from the data. This will be converted to amplitude over frequency (Y and X axis respectively) which will be accomplished via a fast Fourier transform (FFT). 
· A spectrogram is evident in Figure 1b above which indicate a temporal aspect to the frequencies; therefore it appears to be indicated.
· Similar to what is available in the literature, amplitudes of signals from failing AVFs are significantly different to those of normally functioning AVFs. Our study will include an amplitude-based analysis in an attempt to demonstrate this phenomenon. 
· Receiver operating characteristic curve will be used to characterise the sensitivity and specificity of the technique. This will in turn be compared to the sensitivity and specificity of the Doppler ultrasound, which is the current clinical gold standard for AVF surveillance. 
The coefficient of variation will be used to assess the intra-measurement reliability of our technique.

12.0 [bookmark: _44sinio]Sample size calculation
As mentioned before, this is a pilot study and we are not aware of any current data available with respect to our primary aim. The sample size proposed is therefore based on testing the feasibility of a new system and the expertise of the principal investigators who have more than ten years of experience in this matter. We have also factored in the possibility of acquiring enough data to inform future larger multicentre trials. As such, we have deemed a sample size of 60 participants being sufficient for this study which is of pilot nature. 

13.0 Limitations
While the technique used in this study is expected to correlate well with AVF patency, it will not be able to determine the anatomical location of any complications. Furthermore it does not possess the ability to participate in preoperative mapping. 
However, the overarching aim of this technique is to ultimately be incorporated into devices such as smartwatches or make use of sensors within smartwatches directly to provide patients on dialysis with a continuous monitoring tool. 
Phonoangiography is more likely to be affected by the environment than accelerometer measurements.

14.0 [bookmark: _xtn5u6gqu7vi]Data management and record keeping
[bookmark: _z337ya][bookmark: _3j2qqm3]Appropriate study documentation will be maintained in the site folders on a secure and access restricted (password-protected) computer dedicated to this study. Paperwork (consent form etc.) will be secured in a locked drawer while data entered will be done on a secured database with restricted access. Study data will be stored on specially created folder for this research team on the network drive of Royal Perth Hospital.

15.0 Study Team
· Principal investigators
· Professor Patrik Tosenovsky
· Professor Mark Thomas
· Professor Johan Rosman

· Associate investigators
· Mr Michael Thomas
· Ms Monique Sandford

· Medical students
· Mr Aaron Rusnak
· Dr Anoop Ramgolam

16.0 [bookmark: _2bn6wsx]Timing
We expect to complete data acquisition within 12 months after ethics approval. A further six months will be required to perform data analysis and manuscript preparation. Therefore, a total of 18 months is expected to provide sufficient time to complete this pilot study.
17.0 [bookmark: _3as4poj]Risks and Benefits
· [bookmark: _1pxezwc]Adverse Events
It is the responsibility of the Principal investigators to ensure that all adverse events are documented and accurately reported. Any serious adverse events that occur will be reported to the ethics committee as per regulations. Since this is a purely observational study, no such adverse events are expected.
· [bookmark: _49x2ik5]Safety aspects
In the unlikely development of an adverse event, both the treating consultant and if possible the chief Investigator will be contacted directly and the ethics committee made aware of such an occurrence. 
· [bookmark: _2p2csry]Source of Funding
The Chief investigators and the associative investigators will be performing this study in their non-clinical time as well as their spare time. 
· [bookmark: _147n2zr]Insurance
Each of the group members are covered under various workplace insurances: North Metropolitan Health services, University of Western Australia
· [bookmark: _3o7alnk]Publication
The results of this study will be published and/or presented at scientific meetings. The anonymity and privacy of the subjects will be kept confidential by de-identifying them and giving them a unique ID. 
[bookmark: _23ckvvd]
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