1L ILLINOIS

URBANA-CHAMPAIGN

Establishing the Transfer Validity of a VR
Umbilical Venous Catheter Simulation

Harris Nisar?, Dr. Nicole Rau?, Dr. Taylor Gohman?,
Dr. Avinash Gupta3, and Dr. M. Jawad Javed?

1. Research Engineer, Health Care Engineering Systems Center (HCESC), UIUC; 2. University of lllinois College of Medicine at Peoria,
Division of Neonatology; 3. Teaching Assistant Professor Industrial and Enterprise Systems Engineering Department, University of lllinois
Urbana Champaign, IL, USA



1. Background: Provide some motivation and introduce the UVC placement
2. Methods: How we developed the VR simulator for the UVC placement

3. Results: Realism and usability study & Transfer validity study

4. Ongoing and Future Work



Teaching of Neonatal Procedures

Traditionally Challenges

1. See One q > Do One Sedtictmn in trainee exposure to procedures
ue to:

* Duty hour restrictions
* Increased advanced practice providers
 Fewer months in the NICU

generated
with Al




Current State of Education for Neonatal Procedures

Low occurrence High risk Performed by
events procedures generalists

Rapid skill
atrophy 12

IFisher J, et al. Clinical skills temporal degradation assessment in undergraduate medical education. PMID: 29344523; PMCID: PMC5757151.
2Smith KK, et al. doi: 10.1016/j.resuscitation.2008.02.007.



Enter Virtual Reality (VR) i

Proven effective Gaining traction
N N Wilig
domains ’ current hardware

1Andersen SA, et al. doi: 10.1001/jamaoto.2015.1563. PMID: 26334610.
2Andersen SA, et al. doi: 10.1001/jamaoto.2016.0454. PMID: 27124506.



Project Objectives i

To to walk through the
umbilical venous catheter (UVC) placement

of the simulation

To
VR UVC module




Objectives for the Design

The simulator steps
should match the
steps of the real

procedure.

The user should be
able to reset the
entire procedure.

The user should be
able to transition
between steps.




Simulation Design — Procedure Steps

7. Catheterization



Simulation Design — Virtual Interactions

Hit Triangle



Simulation Design — Virtual Interactions

Attach the syringe to the Stopcock

Flush the catheter with syringe

lnsg_rs th.e qa_thether into the

Nearest Point on
Bezier Curve fron
Scalpel Blade




Simulation Design — Virtual Interactions

Snap Zone Placed
Snap Zone Preview Clamp
Visualization
User Manipulating Clamp, User Manipulating Clamp, User Release Clamp in Snap Zone,

Clamp Not in Snap Zone Clamp In Snap Zone Clamped




Simulation Design — Software Architecture

Step
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' : P Loop Task for Task for Step




Simulation Design — Software Architecture
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Interface

Step 7/9

Attach the syringe to the stopcock.

Cut the umpilcal cora witn the
scalpel

Dispose of the scalpel in the
hazards bin

Attach the catheter to the stopcock

Attach the syringe to the stopcock

Flush the catheter with syringe

Insert the cathether into the
umbilical vein

Put down the stopcock and catheter and pick it up with
your left hand. Pick up the syringe with your right hand
and bring it to the end of the stopcock that is highlighted
and wait until it snaps securely in place.

For this demonstration, the syringe has been pre-filled
with saline solution.

o=

Click - Mext Ste
Click - Previous Step P
Hold Down - Main Menu Hold Down -Restart Simulation



Implementation Details

Software

unity

Hardware
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Participatory Design Approach
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Expert Evaluation — Study Design

Experts (7) VR Tutorial UVC Module Questionnaires




Expert Evaluation — Demographics

Group 1 Group 2 Total
Gender
Female 7 6 13
Male 0 1 1
Age in years, mean [range] 48 [35-65] | 42 [33-67] | 45 [33-67]
Years of experience, mean [range] | 13 [3-28] 12 [2-37] 12 [2-37]
UVC Performance (self reported counts)
Novice 0 0
Beginner 0 0
Proficient 0 0
Expert 7 7 14
VR Proficiency (self reported counts)
Novice 6 6 12
Beginner 1 1
Proficient 0 0
Expert 0 0




Expert Evaluation — Face and Content Validity Results

The simulation was effective in teaching patient preparation

The simulation was effective in simulating the environment

4, [3-5]

4, [3-5]

Group 1 Group 2

Statement Median, Median,

[Range] [Range]

The baby model is realistic 5, [4-5] 4, [4-5]
The patient preparation for UVC is realistic 4, [2-5] 4, [2-5]
The instructions are very clear 4, [4-5] 4, [4-5]
The environment is realistic 4, [3-5] 4, [3-5]

4, [3-5]

5, [3-5]

Overall teaching utility

4, [3-5]

4, [3-4]




Expert Evaluation — SIM-TLX & SUS

20

10

Group |SUS (mean + std)
1 67.14 +7.8

6
| ‘l ‘ 2 71+14.1
Im I- O I- im II I

Physi cal Temporal Frustration Task Situational Distractions Perceptual Task Control
Demands Demands Complexity Stress Strain

Median Score

EGroup1 WGroup2



Expert Evaluation — Conclusion i

All 14 NNPs felt the simulation was a safe place to make mistakes
10/14 would recommend the simulation for new trainees

After optimizing the simulation, each item addressing the face and content on
the simulation was rated a 4 or 5/5

SIM-TLX demonstrated low mental, physical, and cognitive load

SUS showed above average usability



Transfer Validation — Study Design

Video (9)

Pre- Post-

Assessment Assessment

18 Residents Manikin Test



Transfer Validation - Demographics

Demographic Total N=18(%) Video N=10(%) VR N=8(%) P Value

Residency Program 0.216 ¢+
Med/Peds 3 (16.7) 3 (30.0) 0(0.0)
Peds 15 (83.3) 7 (70.0) 8 (100.0)

Year of Training 0.832¢+
1 4 (22.2) 3 (30.0) 1(12.5)
2 7 (38.9) 4 (40.0) 3 (37.5)
3 7 (38.9) 3 (30.0) 4 (50.0)

Gender 0.321¢+
Female 12 (66.7) 8 (80.0) 4 (50.0)
Male 6 (33.3) 2 (20.0) 4 (50.0)

Previous VR experience 1.000 © *
No 12 (66.7) 7 (70.0) 5(62.5)
Yes 6 (33.3) 3 (30.0) 3 (37.5)

Number of NICU Rotations 0.251 W+
Mean £ SD 1.7+.71 1.5+ 87 1.9+ 44
Missing 1 1 0

Number of UVCs observed 0.189¢C~
0 5(27.8) 4 (40.0) 1(12.5)
1-2 10 (55.5) 6 (60.0) 4 (50)
3-4 3(16.7) 0 (0.0) 3 (37.5)

Number of UVCs assisted 0476 C~
0 9 (50.0) 6 (60.0) 3(37.5)
1-2 8 (44.4) 4 (40.0) 4 (50.0)
3-4 1(5.6) 0 (0.0) 1(12.5)

Number of UVCs performed independently 1.000 €+
0 16 (88.9) 9 (90.0) 7 (87.5)
1-2 2(11.1) 1(10.0) 1(12.5)

*Exact test; ?t-taai; “Chi-square test; WWilcoxon rank-sum test




Transfer Validation - Comfort

Steps of UVC
inserfion, mean * S0

(range)
q1. Attach stopcock
to catheter and

attach saline flush to
stopcock

g2. Flush the
catheter and side
port with the saline
flush

g3. Place the clamp
on the umbilical cord

g4. Clean the
umbilical cord and
surrounding area

q5. Place an
umbilical tie at the
basae of the umbilical
cord

g6. Cut the umbilical
cord with a scalpal

q7. ldentify the
umbilical wain

g8. Introduce the
cathater into the
umbilical wain

q9. Pull back on the
saline flush to check
for blood return

Pre
MN=10
3.2+1.32
(1-3)

3.3+1.42
(1-5)

31£1.1
(1-4)

31£1.37
(1-5)

27+1.16
(1-4)

3.3+1.06
(2-5)

3.1+0.99
(2-5)

22+0.79
(1-3)

3+1.05
(1-4)

Video

Posf
N=T0
4.6+ 097
(25)

4.6 + 097
(25)

48042
(4-5)
4.9 +0.32
(45)

48+042
(@-5)

4.6+ 0.52
(-5)
4.9 +0.32
(4-5)
4.9+ 032
(-5)

43+1.06
(2:5)

P Value
0.0156 5°

0.037135¢

003g s+

o.0oFgs*

0.0020 %+

0.0185 5+

0.0078 5"

0.00205*

0.0234 5

‘Exact test; "t-test; “Chi-sguars test, "Wilcoxon signed rank test

Virtual Reality
Fra Post
MN=8 =8
288 +083 413 +0.64
(24} (3-3)
288+083 413+£1.13
(24} (23]
3+£083 425+x0.71
(24} (3-3)
3.38+052 475+046
(24} (4-3)
1.88+0.899 413 +0.64
(14} (3<3)
238+ 106 4.38 +0.52
(1-4) (4-3)
3.25+0.88 463 +0.52
(24) (4-5)
2B8+113 45+053
(1-4) (4-3)
3+083 463+0.52
(2-4) (4-5)

F Value
001565+

o156 5 ¢

00371357

00078 5 ¢

00078 5+

00078 5+

00078 5+

0.00785*

00078 5+

P Value

0.909 W+

0.952 W+

0.534 W~

0.626 W

0.746 W=

0.231 W=

0.250 W=

0.02 W+

0443 W=




Transfer Validation — Manikin Performance

Total Video VR
Variables N=18(%) N=10(%) N=8(%) P Value
Total time 0.029 W+
N 14 8 6
Mean + SD 191.6 £ 75.2 225.3 +80.9 146.6 £ 35.9
Percent score 0.259 W+
N 18 10 8
Mean = SD 88 +£ 10.69 90.1 £11.58 85.375 + 9.55

*Exact test

Tt-test; CChi-square test; WWilcoxon rank-sum test




Transfer Validation — Conclusion

. Both the VR module and video increased users comfort to
independently perform the steps of UVC insertion

. Users of the VR module were able to correctly perform the steps on a
manikin
- Established transfer validity
. Participants in the VR group performed the procedure faster than the
video group
- May not be clinically significant



Ongoing and Future Work

Machine Learning and Computer Vision Algorithm

= O]
—_— —_—

: =)
Object
Detection

Longitudinal study for UVC simulator
Validating a virtual reality assessment mode for UVC

Data

1
2
3. Developing a guided mixed reality simulator
4

Collecting egocentric video data from experts

Operation Room

==

HL 2 ML CV Screen

Class: Emergency evacuation
Operation: Puncture the skin

Step number: 1
Step correctness: YES
Tool: Vascular cannula

Body part: Pleura

HL 2 ML CV Screen

Class: Emergency evacuation
Operation: Enter the pleura

Step number: 2
Step correctness: YES

Tool: Vascular cannula
Body part: Pleura
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