Noninvasive Monitoring of Vascular Access Health
Aims
Vascular access failure in hemodialysis patients is a major cause of morbidity and increased hospitalization. One of the leading causes of vascular access failure is undetected stenosis of the access. If a significant stenosis is detected early enough, an access that is at risk for failure can be salvaged using minimally invasive intervention.  This carries the benefit of allowing a patient to continue to receive hemodialysis without the need for creation of a new access. This study aimed to determine if the use of a non-invasive monitoring system for hemodialysis patients could monitor the health of a patient's arteriovenous (AV) access and differentiate non-stenotic AV accesses from those with a significant stenosis.

Methods
[bookmark: _GoBack]The non-invasive monitoring system was comprised of a wearable sensor patch, a bedside relay device, cloud-based data storage & analytics, and a clinician web portal to view patient data.  The wearable patch automatically transmitted data to the cloud-based system for storage and algorithmic analysis. Data was analyzed to determine the status of a patient's AV access, which was then reported to the clinician portal.  
Data was collected from 101 patients in two separate cohorts – the angioplasty cohort and an in-office cohort.  For the angioplasty cohort, 76 hemodialysis patients indicated for AV access angioplasty were enrolled in the study.  Prior to the angioplasty, the patch was placed on the arterial anastomotic site and the patch’s mechanical, acoustic and optical sensors enabled data collection. Next, an angiogram was taken to verify size and location of stenosis and an angioplasty was conducted to treat the stenotic AV access. After angioplasty, the patch readings were repeated. For the in-office cohort, a patch reading was collected on 25 hemodialysis patients and compared to HemoCue (hematocrit) and Transonic (blood flow) measurements. 
Results
The monitoring system was able to successfully measure and transmit data across all patients.  Data was not lost across these measurements, and the system demonstrated secure, reliable data storage and transmission from patient to clinician.  In the angioplasty cohort, 65 of 76 patients presented with a significant lesion (>50%) and the system was able to detect 100% of these. The system also could differentiate the general location of the stenotic lesion (in-flow vs. venous outflow).  In the in-clinic study, the patch was able to detect hematocrit values within 15% error of the HemoCue. The patch was able to accurately detect blood flow thresholds (<1000 mL/min and >2000 mL/min) in 16 of 25 patients as compared to Transonic values. 

Conclusions
The non-invasive monitoring system shows promise for management of hemodialysis patients' AV accesses.  The ability of this system to identify significant stenosis, hematocrit and blood flow, while also reliably transmitting this data from patient to clinicians highlights the potential value of such a system being used as a remote AV access monitoring tool. In subsequent research, this technology will be studied to determine its utility in reducing the clinical and economic burden of vascular access failure on the healthcare system.
