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Background: Hydrocephalus and CSF Shunt Surgery

Condition

Primary
Treatment

» Hydrocephalus is a condition of

excess fluid buildup in the cavities
(ventricles) of the brain.

Hydrocephalus affects over 1
million people in the United States.

Cerebrospinal (CSF) Shunt
Surgery is a surgical procedure to
implant a shunt to drain the fluid
out of the brain to another site.

Shunts fail regularly — Imaging (CT
Scan/MRI and Shunt Series)
currently used to determine shunt
functionality.
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New Procedure Description

«  The new procedure assesses flow of
CSF through an existing implanted CSF
shunt non-invasively using a new
device.

« Existing ICD-10-PCS codes do not
describe the application of the new
sensor, the acquisition of flow data, the
wireless transmission of the data, or
interpretation of the results.

«  The procedure gives important spot
check information on the presence of
flow in the CSF shunt to a physician in
order to assist in the determination of

Source: Hurley Dan. Skin-Worn Sensor Shows Promise for Noninvasive

S h u nt fu N Ctlo N or ma |fu N Ctlo n. Detection of Shunt Malfunction in Patients with Hydrocephalus. Neurology Today

2018, 18(24): 13.



Procedural Steps

1. The CSF shunt tube is localized in a skin
region where the tube is superficial
(typically on or near the clavicle) via visual
inspection and palpation by a physician.

2. The wireless electronic device, about the
size of an adhesive bandage, is adhered to
the skin overlying the shunt tubing.

3. The device is paired wirelessly to a receiver
(e.g., a mobile phone or tablet via Bluetooth
communication).

4 . Measurement IS Inltlated In m I nutes . Source: Krishnan SR, Ray TR, Ayer AB, et al. Epidermal electronics for noninvasive,

wireless, quantitative assessment of ventricular shunt function in patients with
hydrocephalus. Science Translational Medicine 2018, 10(465): eaat8437.

5. Results of flow data are displayed on the
receiver.

6. Physician reviews and interprets the result
to aid with clinical decision making.



Care Settings

« Post-Operative after shunt placement surgery (to confirm
functionality of newly-implanted shunt).

* Pre-Operative for patients undergoing CSF shunt revision
surgery (to validate shunt malfunction).

 Emergency Department for patients showing symptoms of
shunt malfunction.



New Device Overview

« Adhesive bandage with soft, flexible
skin-like electronics.

 Noninvasive wireless wearable
composed of thermal actuators and
sensors to detect flow.

« Disposable/single-use device.

 Determines flow in shunts in minutes.

Source: Courtesy of the John Rogers Laboratory, Northwestern University
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Source: Krishnan SR, Ray TR, Ayer AB, et al. Epidermal electronics for
noninvasive, wireless, quantitative assessment of ventricular shunt function
in patients with hydrocephalus. Science Translational Medicine 2018,
10(465): eaat8437.



Clinical Data

* New procedure and technology published
in Science Translational Medicine and
Nature Digital Medicine journals.

« Used on 20+ patients to date.

« Expected to be used in 100+ patients by
the end of 2021.

» Potential skin irritation from device
adhesive may occur. No complications or
adverse events reported to date.
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Procedure Details

* The new procedure is used for the detection of flow in implanted
cerebrospinal fluid (CSF) shunts by a qualified physician on patients with
hydrocephalus.

» The procedure can be performed multiple times per inpatient admission.

A description of the procedure performed will be recorded in the
physician’s notes and is part of the patient’s medical record.

 Existing ICD-10-PCS codes do not describe the application of the new
sensor, the acquisition of flow data, the wireless transmission of the data,
or interpretation of the results.
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