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WHAT Is CEREBROSPINAL FLUID?

RBC and WBC
Analysis from
CSF

CSF is a clear fluid that
bathes the brain and the
spinal cord

It protects the brain against
impact, removes waste, and
provides nutrients to the
central nervous system




WHY IS CSF COLLECTED?

Every year, 700,000 diagnostic and therapeutic lumbar punctures are
performed to collect CSF for:

Viral Infections

Inflamed meninges Leading cause of
encephalitis

Intracranial
) Pressure
Subarachnoid

Hydrocephalus

bleeding




How IS CSF COLLECTED?

Lumbar Puncture

Lying Position Sitting Position

* CSF is located in the subarachnoid space of the spine
* Collected via Lumbar Puncture, navigation of a collection

needle to subarachnoid space

* Physicians must avoid blood vessels, nerves, and bone
without visibility

'- space

subarachnoid

@ Mayfield Clinic




WHY SHOULD LUMBAR PUNCTURES BE IMPROVED?

Historically Difficult Patients

<

Hematoma

Obesity

Nerve Damage

Pregnancy

Severe Pain and Discomfort
[ Missing initial ]
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placement

CSF Leak

Post Dural Puncture
Headache
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Delay of Treatment and
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CURRENT CLINICAL SOLUTIONS

Static: pre-procedure Dynamic: intra-procedure Fluoroscopic
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OUR SOLUTION

Device will provide:
* Improved image quality through sub-dermal imaging
* Dynamic guidance to allow the correct placement of the needle on the first attempt
* Reduced rate of iatrogenic complications




OUR SOLUTION

Disposable Needle-Embedded Ultrasound Probe

Fits within the standard 14G introducer needle




CURRENT PROTOTYPE

Top view Side view
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BACK PROJECTION BASED SYNTHETIC APERTURE FOCUSING
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REAL TIME BEAMFORMING

Phantom design

Scanning trajectory
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SCcAN CONVERSION
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OFF LINE PROCESSING RESULT

Video Credit: Mateo Paredes,
Kai Zhang




CURRENT LIMITATIONS

Beamforming/Scan conversion
are not real time

No guantitative depth tracking
Holster is very large and must
be fixed to patient

Speed is not ideal

No cross correlation of A-lines
to B-mode image

Moderate — inconvenient for
physician

High — Obese patients have
>8cm of adipose tissue
High — very bulky and
impractical for clinical use

Moderate — Slows imaging and
clinical results

Moderate — No way to orient
once sweeping stops

Implement real time algorithm
to link beamforming and scan
conversion

Implement depth tracking
capability

Miniaturize angle tracking
apparatus

Convert code to C++

Implement Cross correlation
algorithm




IDEAL MECHANICAL DESIGN




DELIVERABLES

C++ Translation and Speed Minimum Deliverable 3/24/17
Optimization

Beamform & Scan Conversion Expected Deliverable 3/24/17
Integration

Needle Depth Tracking Maximum Deliverable 4/30/17




MILESTONES

Beamform & Scan Conversion Expected Deliverable 3/24/17
Integration

Study Literature 2/25/17
Understanding the Code 3/1/17
Beamforming 2/27/17
Scan Conversion 3/1/17
Able to Implement Existing 3/6/17
Algorithm

Add real time scan conversion 3/17/17

visualization in Matlab

Backprojection Reconstruction 3/24/17




MILESTONES

Needle Depth Tracking

Acquire images of wire phantom

Attempt to use cross correlation to
measure depth

Fabricate needle with side shooting
element (or mechanical or optical
tracking)

Integrate side shooting signal into
algorithm

Maximum Deliverable

4/30/17

3/31/17

4/6/17

4/13/17

4/30/17




DEPENDENCIES

Cross Correlation Moderate (depending on Resort to mechanical or optical
anatomical effects) depth tracking. Implement side
shooting element.
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