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Overview: 
This study is a continuation and advancement of the Chronic Renal Insufficiency Standards Implementations Study (CRISIS, REC Nos: 02/ST/162, 05/Q1404/187, 05/Q1404/188, 06/1404/8). CRISIS is one of the longest standing and largest longitudinal epidemiological studies investigating disease progression and cardiovascular outcome associated with chronic kidney disease (CKD). CRISIS has been a great success and  has enrolled more than 3000 patients with a mean follow up of 5 years, and as a result has contributed significantly to our understanding of this field, with more than 15 publications in peer reviewed medical journals having been produced from CRISIS data. The Salford Kidney Study will also incorporate all other historical locally held renal research databases such as the ‘Epidemiological study examining phenotypical characteristics and management of patients with atherosclerotic renovascular disease (ARVD: REC No. 07/Q1404/44)
study so as to allow for a single comprehensive epidemiological database of kidney disease across the region.  




Lay summary:
Epidemiologic studies in kidney disease patients increase our knowledge of the risk factors contributing to loss of kidney function and of other serious events such as heart attack, stroke and death. The Salford Kidney Study builds on the success of CRISIS, a large epidemiologic study of patients with chronic kidney disease.  In Salford we have historically maintained databases and undertaken sub-studies in other kidney disease groups, and in the Salford Kidney Study we are amalgamating these to provide one comprehensive epidemiologic resource spanning all kidney disease sub-groups. Our research group has a particular interest in cardiovascular disease in kidney patients.

Adult patients with kidney disease who are referred to the renal services at Salford Royal Hospital are sent a PIS ahead of their first appointment, or at the earliest opportunity thereafter if they are already known to us. If written informed consent is obtained, patients are reviewed annually at routine visits until death, discharge, or withdrawal from the study. They will undergo sets of observations, clinical history taking, quality of life questionnaires and cardiovascular investigations. They will also have extra vials of blood taken during their usual outpatient phlebotomy, and part of their routine urine samples will be separated, and these samples will be stored in the Salford Biorepository for use in laboratory biomarker, genomic, and epigenetic studies. Patients will also be assigned to one or more clinical sub-groups depending on factors such as their specific kidney disease type and whether or not they are receiving dialysis. This will determine the exact overall study protocol at each visit, and whether the patient is approached for inclusion in the Heart (echocardiogram and ECG) sub-study. Patients may naturally move from one sub-group to another as their clinical status changes (for example if a dialysis patient undergoes transplantation) and so separate consent to the sub-study may occur after their initial enrolment. Apart from this cardiovascular sub-study, the only differences in study protocol will be in the data collected for different kidney disease or treatment modality groups (e.g. the results of renal angiography for patients with renovascular disease, or bioimpedance for dialysis patients) and this will not affect the duration or nature of study visits for different patients. 

Supporting health and care data such as GP records, other hospital records, and cause of death data from the Medical Research Information Service at the Health and Social Care Information Centre, will be sought to provide co-morbidity information and end point events such as major cardiovascular events and death. If patients are discharged from the renal services, they will no longer undergo annual assessment but, provided that the patient consents to this, outcome data will continue to be collected. 

The main study database will incorporate the patient phenotype data historically collected in the CRISIS study and ARVD study such that the vast amount of epidemiological data already amassed can continue to be used in conjunction with this updated study. All surviving CRISIS and ARVD study patients will be approached for re-consent into the Salford Kidney Study. The database will not include any patient-specific identifiers, and likewise, blood, plasma, serum and urine samples will be stored in anonymised fashion, identifiable by study number only. 

Cause of death data for deceased patients from the CRISIS study will be requested from NHS Digital, in order to complete the dataset for these patients. 


Synopsis

Background:
We know that kidney patients are at a very much higher risk of cardiovascular disease than most other people. We also know that the reason they are at risk is different. For example, for most of us, heart disease is caused by narrowing of the arteries in the heart associated with things such as high cholesterol. However, this is not the usual cause of heart problems in patients with advanced kidney disease. This means that the tests and treatments for cardiovascular disease that can be used in the general population do not always apply to kidney patients. 
Therefore, we need to identify a specific set of investigations to help understand the unique risk to which they are exposed. This will provide us with information about the size of the problem, the disease processes that lead to the problems, the tests and investigations that will best identify the problems, and ultimately, how to treat the cardiovascular problems. 

Research questions:
Why do patients with kidney problems suffer so many complications, particularly cardiovascular?
What factors contribute to this high cardiovascular risk?
How can we identify those patients who are at highest risk?
How common is the risk in different types of kidney patient?
What are the factors that contribute to faster loss of kidney function in patients with diabetes, polycystic kidney disease and other types of kidney disease?

Population and design:
A prospectively collected observational epidemiological study of outcomes in renal diseases including pre-dialysis CKD, haemodialysis, and peritoneal dialysis patients, transplant recipients and those with acute kidney injury.  Adult patients with CKD stage 3 to 5 who are referred to the renal services at Salford Royal Foundation Trust (including as inpatient), existing non-selected CKD patients attending the clinics (including the dialysis unit), and in-patient ward referrals to the renal services are approached for inclusion in the study and are provided with patient information sheet (PIS).  They are enrolled if written informed consent is obtained. 



Recruitment:
First approach will be by a PIS via the post for outpatients,  hand delivery on the dialysis unit for haemodialysis patients, or hand delivery to the ward at the time of discharge for patients approached whilst an in-patient. The PIS will be delivered by members of the usual care team who are also members of the research team. There is a telephone number on the PIS for patients to contact us with any questions relating to the study. Patients may be telephoned between receipt of the PIS and their attendance at the renal department, especially if an appointment is missed and re-booked, as a reminder to them that we would like to approach them for consent.  First face to face approach will then be by a member of the research team, either a doctor or nurse, at the patient’s next clinic visit or at a suitably timed haemodialysis session in order to gain written consent. 

Inclusion criteria: 
· Age ≥ 18 years at the time of consent 
· Referred to or under the care of the Renal services at Salford Royal Hospital
· eGFR <60mL/min/1.73m2 recorded in the preceding 12 months
· Able to give written informed consent for participation

Exclusion criteria:
· Age ≤ 18 years at the time of consent 
· Not known to have CKD nor to have had an episode of AKI with eGFR <60mL/min/1.73m2 
· Unable to give written informed consent for participation

Population sub-groups:
CKD, Advanced Kidney Care, HD, PD, transplant, ARVD, AKI, cardio-renal

Sample size: 
We have no cap on the number of patients to be recruited. Based on study activity, the current expected recruitment is approximately 300 patients per year. The current potential target population under the care of Salford Royal Hospital Renal Services includes approximately 500 transplant patients, 400 haemodialysis patients, 100 peritoneal dialysis patients, 15,000 outpatients, 150 hospital transfers / emergency presentations per year, and approximately 300 annual in-patient acute admission referrals from other specialities. 


Methods: Annual data collection and cardiovascular investigation for
· Demographics
· Co-morbidity
· Medication
· Socio-economic status
· Questionnaires : quality of life; functional assessment; cognitive (optional)
· Pulse wave velocity, central BP, and PWA
· Echocardiography including 3D imaging : sub-study 
· ECG: 12 lead standard in xml format, protocoled ambulatory monitor : sub-study
· Biobanking of: plasma, citrate plasma, serum, whole blood & extracted DNA, urine
· Use of surplus tissue from clinical renal biopsy

Recruitment and Sample Collection
At recruitment and annually thereafter, patient demographic details are obtained and they undergo a detailed questionnaire, which collects data on co-morbidities, functional assessment, quality of life, previous hospitalizations and concurrent medications. This involves a face-to-face interview with dedicated trained research nurses , assistants or clinical research fellows immediately after their routine clinic appointments so patients do not have to make any additional visits to the hospital. 
Blood samples are taken at each visit, including for standard laboratory markers: full blood count (FBC), urea and electrolytes (U&E), liver function test (LFT), calcium, phosphate, cholesterol, PTH. The routine urine sample is assessed for protein creatinine ratio. The biochemical parameters are analysed at the Salford Royal Foundation Trust laboratories. All biochemical samples are analysed using Roche modular analyser and creatinine is measured using the compensated kinetic Jaffe method.  The intact PTH was measured using the Diagnostic Products Corporation Immulite 2000.
[bookmark: _Toc289159254]Further EDTA whole blood, serum, plasma, and citrate plasma as well as urine samples are processed and stored at -750C.  


Definitions of cardiovascular Comorbidities 
· Coronary artery disease (CAD) is defined as previous myocardial infarction or revascularization (including bypass graft) or a history of medically managed angina. 
· Cerebrovascular disease is defined as previous cerebrovascular accident (CVD) or transient ischemic attack (TIA).  
· Peripheral vascular disease (PVD) is defined as patients with symptoms of claudication, presence of distal ischemic ulcers or had undergone a revascularization procedure. 
· Congestive cardiac failure (CCF) is defined as a clinical diagnosis of heart failure with no other alternative explanation for the patient’s symptoms of breathlessness or an echocardiogram showing evidence of either left ventricular ejection fraction (LVEF) <50% or diastolic dysfunction.

[bookmark: _Toc289159258]Pulse Wave Velocity measurement using the Vicorder
The Vicorder system (Skidmore Medical, Bristol, UK) is an instrument used for measurement of PWV/PWA.  The Vicorder generates highly reproducible PWV measurements, which are comparable to those generated by the SphygmCor® (AtCor Medical) device.  In order to perform the Vicorder (Skidmore Medical) measurements the patient is settled into a quiet room for approximately 10 minutes to ensure that he/she is relaxed and calm.  The patient is asked to lay semi recumbent on their back with the head supported and arms by their side.  By using the appropriate size cuff and Korotkov method two brachial blood pressure readings are obtained manually using (Timesco Sapphire sphygmomanometer).  A third blood pressure reading was obtained after a 5-minute interval if there was a discrepancy of more than 5 mmHg in the initial two blood pressure recordings.  The data are entered into the Vicorder (Skidmore Medical) device. A 100 mm wide blood pressure cuff (Hokanson Inc. Bellevue, WA, USA) is placed around the upper thigh to measure the femoral pulse and a 30mm partial cuff (Hokanson Inc. Bellevue, WA, USA), which is equipped with a photoplethysmographic sensor at the level of the carotid artery, is placed around the neck to be able to record the carotid pressure.  The cuffs are inflated to 90 mmHg and high-quality waveforms are recorded simultaneously for 3 seconds with the subject in the supine position. 
Path length is the length obtained following the subtraction of proximal from distal measurements.  In order to determine the path length, using a tape measure, the distance from the sternal notch to the site of the probe on the carotid artery is recorded in millimeters.  This is labeled as the proximal measurement.  Then the distance from the sternal notch to the groin crease at the point where the femoral artery is studied is measured and recorded in millimeters.  This is the distal measurement.  These measurements are entered into the software and the path length is automatically calculated by subtracting the proximal from the distal measurement.  The Vicorder measurements are repeated twice for each patient.  
The software produces the pulse waveforms and calculates measurements such as PWV and are automatically saved in an excel sheet format, that data can easily be extracted for analysis purpose. 
 


Follow up and outcomes: 
Patient involvement is until death, loss to follow up, unable to give ongoing consent, unable to participate, or withdrawal of consent. The cause of death for the patients is obtained via NHS Digital.   Information on cause of death for patients from the CRISIS study who died prior to the amalgamation into the Salford Kidney Study will be requested via an application to the Confidentiality Advisory Group. Any information or samples collected before participation is withdrawn will remain within the study and end-point data continues to be collected. 
End-points are disease progression, renal replacement therapy, all-cause mortality, Major atherosclerotic cardiovascular events, sudden cardiac death, change in cardiac morphology, new arrhythmia.

Analysis:
The nature of the data collection necessitates state of the art repeated measures analysis. A multi-faceted epidemiological study such as this also means that specific analytical details depend on the specific hypotheses to be tested. Statistical methods will be tailored to the individual settings and patient sub-groups and determined by the investigators and collaborators as listed below which includes senior statisticians and clinical epidemiologists including the current President of the Royal Statistical Society. 

Data Management:
The main study dataset will have study number and NHS number included in order to be able to achieve the study aims and to be able to access patient records annually. Data to be analysed will have patients identified only by study number. Name, contact details etc are only accessed from Trust electronic patient records when correspondence or contact is necessary. NHS number, hospital number, and study number are stored on the same file on the secure servers. Other identifiers are accessible via the Trust electronic patient records and not stored on study files. 
The study data files are stored on a secure server within the Trust behind the N3 firewall, with the same security arrangements as for the Trust electronic patient records. A back up copy is stored on a different secure server, and a physical back up copy is stored on an encrypted portable hard drive in a locked, fireproof safe in a locked filing cabinet in a locked office. Consent forms and study site files are kept in a locked filing cabinet in a different office. 
Although the vast majority of the data analysis will take place on the computers where data files are stored at the Trust, our experience of CRISIS is that external statistical expertise has greatly enhanced data reporting. Analysis of data is therefore expected to take place across a number of sites, which will include overseas centres, some of which may be outside of the EEC. This also applies to analysis of samples (eg plasma/serum and genomic material) stored within the Salford Biorepository. Previous external analyses have taken place in the University of Manchester, University of Lancaster, USRDS (Minnesota), and the Karolinska Institute (Stockholm). Samples and files for transfer will be anonymised, will contain only study number and will not include NHS number, hospital number, date of birth, name or first part postcode, and are transferred by direct upload to an institute’s secure server from ours. 

Patient and Public Involvement (PPI): 
The Salford Renal Research team have very strong ties to the Hope Kidney Patient Association (KPA), which includes a patient research focus group with whom we meet regularly. There is a research section in the KPA newsletter detailing ongoing studies and disseminating previous results. The GMANN (Greater Manchester Academic Nephrology Network) hold regular public engagement days, advertised at the hospital, via the KPA, and on the GMANN website. A recent development has been the Greater Manchester Kidney Information Network (GMKIN) which is run by kidney patients and includes news features and blogs relevant to kidney patients. Research features also appear on the site. This strong patient involvement in research has meant a significant patient input in to this study in all of the areas listed above. In particular the study design described in this application has been carefully reviewed by patients and carers, and adjusted according to their suggestions.
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