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Venipuncture | Cornerstone of Modern Medicine

Most common medical routine performed in the world

9/10 patients admitted to the hospital require venipuncturel’
1.2B venipunctures per year in the U.S. %]

Fluid Delivery —> 6 —> Blood Sampling

Critical to the diagnosing, monitoring, and treatment of diseases
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Medical Robots | Diagnostic Testing Integration
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#1 Cause of Patient Injury®! #1 Cause of Clinician Injury® $5B/Yrin Costs due to
- 1B failed sticks per year - 1M sharps injuries per year Difficult Venipuncturel
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Blood Draw & Analysis Device | Rapid Diagnostic Testing

Manual Sample Laboratory
phlebotomy transport analysis

Robotic hours/days
Fluid handling venipuncture v
e ‘/ Diagnostic
Point-of-care , : } minutes

assays
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Venipuncture Robot | The VenousPro™

A portable, image-guided medical robot that improves the quality, safety,
and cost-effectiveness of venous access in a fully automated fashion

3 DOF Manipulator

Stereo NIR
Cameras
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Graphical User Interface | Clinical Protocol

This venipuncture is for
Sam’s check-up.

. Track needle tip in ultrasound image:
Two samples will be drawn

for Hct and WBC.

. e

‘ Distance from vein center: 0.5 mm
Collect samples
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Bimodal Imaging | Near-infrared & Ultrasound

3D Near IR
Doppler (Coarse imaging)
Ultrasound Vein Segmentation
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Ultrasound
(Localized imaging)
Vessel Wall Tracking
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Robotic System | Gantry & Manipulator
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Robotic System | Motion Testing

4.5x Speed-up
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Venipuncture Device | Imaging Experiments

Human NIR-Imaging Study - compare NIR vs. visible light vein imaging

Number of major peripheral Visible Light NIR Light Processed
100% forearm veins detected: $ ‘ ‘

80% Device
60% B 7 B
40% 1 2 3
20% Clinical evaluation
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1 2 3

n=101

Chen et al, Technology 01(01), 2013

Human US-Imaging Study - evaluate the sensitivity/specificity of vein segmentation

Balter et al, Medical Image Analysis (in prep)
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Venipuncture Device | Cannulation Testing

In vitro Studies - evaluate the cannulation accuracy and precision of the robot
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Experimental Protocol:

* Scan surrogate veins under 3D NIR

* Selectinsertion site

* Lower US probe and track vein center
* Introduce cannula at 15° angle

. N

\
Needle
Vein Walls

Results:
* 16 trials; 100% first-stick success

mesocones N } 3.2mm
Needle
e RMS errors:

» 0.320.2 mm - 23.2 mm vein
» 04£0.2 mm - ¢1.8 mm veins 213G S — Ammmhonns ““]—1.8 mm

Needle 1 2 3 4 5 6 7 8

Balter et al, IEEEE Transactions on Robotics 31(4), 2015
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Future Directions | Extend Clinical Functionality

IV Catheter Insertions

1) Home ay 2) Insert % 3) Retract
—E— Sra. »43:%\\1
—-—1‘ - \'.\: \§ "‘

US PCT Number: PCT/US2009/062550
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