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Abstract:

Introduction: Vascular access for central venous catheter (CVC) placement is technically challenging in
children. Ultrasound (US) guidance is recommended for pediatric CVC placement, yet many practitioners
rely on imprecise anatomic landmark techniques risking procedure failure due to difficulty mastering US
guidance. A novel navigation system provides a visual overlay on real-time US images to depict needle
trajectory and tip location during cannulation. We report the first pediatric study assessing feasibility and
preliminary safety of using a computer-assisted needle navigation system to aid in central venous access.

Methods: A prospective, IRB-approved feasibility study was performed. All participants provided written
informed consent. Ten patients (mean age 11.4 years, 5 males) underwent CVVC placement with US and
navigation system guidance. All procedures were performed by interventional radiologists expert in
vascular access. Feasibility was measured through binary (yes/no) responses from participating users
assessing device usability and feasibility. Number of needle passes and procedure time measures were also
recorded.

Results: Internal jugular veins (7 right, 3 left) were cannulated in all patients with no complications. Users
confirmed navigation system feasibility in all 10 participants. Mean vein diameter and depth was
13.3x9.8+3.4x2.1 and 7.0+1.7 mm, respectively. Successful cannulation occurred in all patients and
required only a single needle pass in 9/10 patients. Mean device set-up and vascular access times were
5:31+2:28 and 1:48+2:35 minutes, respectively.

Conclusion: This pilot study suggests that it is feasible to use a novel computer-assisted needle navigation
system to safely obtain central venous access under US guidance in pediatric patients.

Trial Registry: ClinicalTrials.gov (https://clinicaltrials.gov/ct2/show/NCT04031495)
Registration Number: NCT04031495
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Introduction:

Central venous catheter (CVC) placement in children is often more technically challenging than in adults
because the target veins are smaller, more mobile, and more anatomically variable!. Ultrasound (US)
guidance to assist with venous cannulation during CVC placement has long shown benefit in adults. More
recently, pediatric trials have also demonstrated that US visualization improves needle accuracy while
reducing procedure time and complication rates?®. Several organizations now recommend US guidance
during CVC placement in children®?,

Despite these recommendations, many clinicians, including those placing catheters in intensive care units
or emergency departments, rely on anatomic landmark techniques rather than image guidance®. Many
pediatric medical centers have purchased point-of-care US units to encourage use for CVC placement, but
adoption has been impeded by lack of experience and the steep learning curve necessary to master the real-
time US-guided technique. Therefore, a clinical need exists to facilitate US-guided central vein cannulation
for less experienced operators, so that CVCs can be successfully placed in even the smallest target veins.
Described here is the first report assessing the feasibility and safety of using a computer-assisted needle
navigation system to obtain central venous access in pediatric patients.

The SCENERGY navigation system (Clear Guide Medical, Baltimore, MD, USA) consists of an optical
camera head that attaches to a standard US transducer to track an access needle. A second screen, in addition
to a standard US display, provides guidance overlay on real-time US images to assist in needle placement.
By depicting the angle of needle trajectory and confirming needle orientation relative to the US beam, the
device may decrease vascular catheterization times in adults!. Prior to this study, this system’s feasibility,
safety, and efficacy has yet to be studied in children.

We hypothesized that it is feasible to use the SCENERGY navigation system to obtain vascular access for
CVC placement in pediatric patients. In the study reported here, vascular access experts determined the
feasibility of using the guidance system for venous cannulation in children, with plans to extend the user
profile to less experienced practitioners in subsequent studies. Secondary/exploratory objectives were to
evaluate needle placement efficiency and central venous cannulation time.

Methods:
Patient Population:

The prospective pilot study included patients age 5-17 years who underwent US-guided central venous
catheterization required for clinical care at our institution. This Health Insurance Portability and
Accountability Act (HIPAA)-compliant study was institutional review board (IRB) approved
(PR00011099) and registered with ClinicalTrials.gov (NCT04031495). Written informed consent was
obtained for each participant. Patients were enrolled from April to July 20109.

Description of Technology:

The SCENERGY navigation system (Clear Guide Medical, Baltimore, MD, USA) was designed to attach
to an existing US machine and probe (Figure 1A). A Philips iu22 ultrasound and L15-7io0 “hockey-stick”
probe routinely used for vascular access were utilized for this study. As illustrated in Figure 1B, the
navigation system consisted of a small dual-head optical camera that attached to the probe using a mounting
bracket. This camera tracked the vascular access needle using the two sterile TipTAG markers attached to
the needle shaft near the hub as shown in Figure 1D. The system determined needle orientation and tip
location relative to the TipTAG markers through a simple image calibration process. Additionally, a



proprietary display was connected to the iu22 using a video output connection and frame grabber card. The
optical camera tracked the needle using image processing techniques and overlaid the projected path of the
needle and the needle tip location on live US, as indicated in Figure 1C. Both a standard US orientation and
top-down view of the probe face was shown on the user interface. A green dashed line denoted the projected
needle trajectory and became highlighted when the trajectory was in-plane with the US beam. The green
line turned purple to highlight the actual needle depth and tip location in tissue.

[Insert Figure 1]
Central Venous Cannulation Procedure:

All central venous cannulations were performed under real-time US guidance by experienced (>10 years)
pediatric interventional radiologists. The iu22 ultrasound machine was coupled to the SCENERGY
navigation system. US was used to evaluate the vein of interest (internal jugular vs. common femoral),
ensuring the vessel was patent and compressible. Skin overlying the vein was prepped and draped in a
sterile fashion, and lidocaine was used for local anesthesia. A custom, sterilized US probe cover named the
SteriMASK was placed over the US probe and attached optical head (Figure 2A). Sterile TipTAGs were
applied to a 21-gauge needle and held up to the optical camera so the system could locate the needle and
calibrate its length. Using short axis in-plane US guidance and the SCENERGY system, the 21-gauge
needle was directed from the skin to the target vein using the system’s live display with needle overlay to
guide cannulation. The operator had the option to refer to adjacent US images without the overlay if
necessary. A short axis in-plane ultrasound and needle orientation was used to allow for visualization of
both the internal jugular vein and common carotid artery, visualization of the needle advancement, and
decreased risk of catheter kinking. Furthermore, an in-plane approach with an approximate 30 degree range
from normal must be used to allow the camera head to visualize the TipTags to determine needle tip and
trajectory.

Qualitative Analysis:

The primary objective of this study was to determine feasibility of using the SCENERGY system for venous
cannulation in pediatric patients undergoing central venous catheterization. For each patient, feasibility was
measured through binary (yes/no) responses from the participating interventional radiologist to three
specific statements. The statements were 1) attachment of the optical camera on the US probe compromises
the ability to position the probe on the skin as needed for vascular access, 2) attachment of the optical
camera on the probe compromises US image quality, and 3) the needle trajectory planned by the navigation
system follows the actual user-planned trajectory with freehand guidance. Only the answers 1) no, 2) no,
and 3) yes signified that it was feasible to use the guidance system in this population. Subjective feedback
regarding system performance were also gathered from the users following each case.

Quantitative Analysis:

The secondary/exploratory objectives were to determine needle placement efficiency and central venous
cannulation time. Needle placement efficiency to obtain central venous cannulation was measured by the
number of needle passes, number of needle adjustments, and number of vascular punctures. The number of
needle passes was defined as the amount of times the skin was entered with a needle. If the needle was
retracted and then redirected to change trajectory, this was defined as needle adjustment. The number of
vascular punctures was the number of times the vein itself was punctured.

Total time for central venous cannulation was measured by the equipment set-up time and needle alignment
and cannulation time. Equipment set-up time was defined as the time elapsed from the beginning of probe



cover placement to the end of TipTAG calibration. Needle alignment and cannulation time was the time
required to optimize needle trajectory till the final image capture displaying the intravascular needle.

Results:

Ten patients (5 males, 5 females) underwent CVC placement with ultrasound guidance coupled to the
navigation system. Patient demographics are shown in Table 1. Mean patient age was 11.4 years (Range: 5
— 17 years). Mean patient weight and standard deviation was 41 + 24.2 kg (Range: 11.9 - 78.9 kg). There
were no complications.

[Insert Table 1]
Qualitative Analysis:

All ten patients underwent successful CVC placement. Table 2 describes the procedure, accessed veins, and
feasibility results. The internal jugular vein was cannulated in all patients (7 right-sided, 3 left-sided). The
mean vein diameter and standard deviation was 13.3 x 9.8 + 3.4 x 2.1 mm and mean vein depth was 7.0 £
1.7 mm. For all 10 patients, the operator confirmed that it was feasible to use the needle-guidance system.
The camera did not compromise probe or needle positioning or ultrasound image quality while accurately
portraying needle trajectory compared to user-planned trajectory (Figure 2B and 2C).

[Insert Table 2]
[Insert Figure 2]
Quantitative Analysis:

Using real-time US guidance coupled with the navigation system, successful central vein cannulation
occurred on the first pass without needle readjustments in 90% of the patients (Table 3). Patient 1 required
two needle passes. The mean equipment set-up time and needle alignment and cannulation time was 5:31
+2:28 and 1:41 + 2:17 (min), respectively.

[Insert Table 3]
Discussion:

All patients underwent successful central vein cannulation without complication using the SCENERGY
navigation system coupled with real-time US-guidance. Additionally, venous cannulation was achieved on
the first pass in nine of ten patients and on the second pass in the remaining patient. These results
demonstrate feasibility and safety of using a computer-assisted needle navigation system to obtain real-time
US-guided central venous access in pediatric patients.

CVC placement failure rates in pediatric patients range from 5% to 19% and complications are encountered
between 2.5% and 22% of cases®®. Several organizations recommend the use of US guidance during CVC
placement in children to improve these outcomes®®, Compared to the landmark technique, utilization of US
during venous cannulation for children and infants may be of benefit due to their small vein diameter?. One
study with 95 patients reported a significantly higher success rate, decreased number of attempts, and
decreased cannulation time when US guidance was used®. A meta-analysis suggested the time-savings



benefit may be more pronounced in inexperienced users®. Real-time US guidance allows for visualization
of the target vein and surrounding anatomy as well as the needle trajectory and tip during advancement. It
also allows for confirmation of puncture and possible complications. Carotid artery puncture is a potential
complication during internal jugular vein cannulation, in which US was shown to reduce arterial injury
(26.7% vs. 3.1%, P < 0.025)°; however, US guidance helps avoid other complications such as hematoma
formation and pneumothorax as well.

Despite evidence favoring US guidance for CVC placement, a recent survey of pediatric anesthesiologists
found that 85% of respondents had access to US to assist with CVC placement but only 39% used it
routinely®. This is common for practitioners who do not receive formal training in US and also for
practitioners who do not routinely perform US-guided vascular access as part of daily clinical practice.
Although low cost and good quality point-of-care US units are often widely available throughout many
pediatric hospitals, including ours, they are not frequently used during CVC placement. Lack of formal
training and the learning curve necessary to master the US-guided free-hand technique is believed to impede
adoption. In response, needle navigation systems were created for providers performing point-of-care
central venous cannulation to improve outcomes.

Clinical experience with computer-assisted needle navigation systems is limited in adult patients, and
essentially non-existent in children. The majority of studies involving these devices and others, including
the SonixGPS (UltraSonix, Richmond, BC, Canada) and Venue 50 (GE Healthcare, Chicago, IL, USA),
have been pre-clinical in nature®8, Two randomized studies using the SCENERGY and eZono 4000
(eZono, Jena, Germany) devices demonstrated 100% successful cannulation and no complications in use
with adult patients; however, only the former showed a time-savings benefit'* 12, Prior to this report, no
such device has been studied in specifically the pediatric population. Multiple near-infrared technologies
designed to improve vein visualization have been studied in children but failed to improve peripheral
venous cannulation®® 20,

The present study has limitations. The primary limitation is that the measures of feasibility were subjective
and relied on the perspectives of three experienced interventional radiologists who routinely perform real-
time US-guided vascular access. Although these experts were ideal for initial determination of feasibility
and provided useful subjective feedback regarding potential improvements for the system, it is currently
unknown whether less experienced providers, the main intended operators of this technology, can utilize
the device at bedside. This question will be addressed through our next planned clinical trial. The second
limitation is that the accessed veins in our patients were larger (13.3 x 9.8 + 3.4 x 2.1 mm mean diameter)
than are frequently encountered in smaller pediatric patients including neonates, infants, and toddlers. These
smaller children were excluded from this initial pilot study due to safety considerations, but our findings
did provide confidence that the results are likely to be relevant in patients with smaller veins. This will be
evaluated in the next planned trial which allows for inclusion of neonates and infants. Lastly, the
guantitative results were intended to be exploratory and are not statistically powered.

Further system development and clinical investigation are warranted to evaluate the technology’s impact
on central venous cannulation safety and efficiency. Optimizing the navigation system for smaller pediatric
patients and for use by less experienced users are critical for clinical translation. Designs for a smaller
optical head, more transparent needle overlay with a simpler and more intuitive user interface, as well as a
more practical and form-fitting L15-7io probe cover are underway to improve the system for use in
pediatrics.

Conclusion:



This initial pilot study demonstrates the feasibility and preliminary safety of using a novel computer-
assisted needle navigation system to obtain central venous access under real-time US guidance in pediatric
patients. These findings support further investigation to determine if the system can benefit less experienced
operators placing CVC at the bedside with point-of-care US machines that are now widely available in most
pediatric hospitals.
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Figures:

Figure 1: A) The SCENERGY navigation system consisted of a B) small dual-head optical camera that
attached to the probe using a mounting bracket. C) A proprietary display was connected to the iu22 US
machine to track the cannulation needle and overlay the projected path of the needle on live US. D) The
camera tracked the needle using TipTAGs, two sterile markers that enabled the system to determine the
needle orientation and tip location.
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Table 1: Patient demographics



Subject
Number:

1
2
3

QW

o 0 2

Age (yrs):

10
6
11

14
14
11

5
13
17
13

Sex: Race: Weight (kg): Height (cm):
M Caucasian 25.6 140.0
M Caucasian 11.9 90.0
F Black/African 28.3 138.5

American
M Hispanic/Latino 77.0 170.0
F Hispanic/Latino 66.4 151.5
F Black/African 25.3 139.0
American
M Caucasian 113 114.5
F Caucasian 36.4 154.0
M Hispanic/Latino 78.9 174.0
F Hispanic/Latino 39.0 139.0

M = male, F = female

Table 2: Central veins accessed and binary results of feasibility criteria

Subject

Number: Procedure

1 Port Placement

2 Port Placement

3 Port Placement

4 Port Placement

5} Port Placement

6 Port Placement

7/ Port Placement

8 Port Placement

9 Port Placement

10 Tunneled Line
Placement

Vein

Accessed:

I

)

i

)

I

)

)

I

i

)

Side:
R

L

R

Ultrasound and
Needle Orientation
Short Axis In Plane

Short Axis In Plane

Short Axis In Plane

Short Axis In Plane

Short Axis In Plane

Short Axis In Plane

Short Axis In Plane

Short Axis In Plane

Short Axis In Plane

Short Axis In Plane

Catheter Type

6.6 French
Single Lumen
5 French
Single Lumen
6.6 French
Single Lumen
6.6 French
Single Lumen
6.6 French
Single Lumen
6.6 French
Single Lumen
6 French
Single Lumen
6.6 French
Single Lumen
6.6 French
Dual Lumen
5 French
Dual Lumen

Vein Diameter
(W x H in mm):

1J = Internal Jugular Vein, R = Right, L = Left, W = Width, H = Height, N =No, Y = Yes

11.0x 8.5

11.3x 8.0

10.6x9.2

15.0X9.6

16.4x12.6

10.0x 8.7

9.7x6.7

13.6x11.0

20.0x 134

155X 10.4

Vein Depth
(mm):

6.0

7.0

5.8

8.9

9.7

4.8

59,

6.1

9.6

59

Body Mass Index (kg/m?):

12.7
14.7
14.8
26.6
28.9
13.1
16.3
15.2
26.1
20.2
Feasibility
Criterium 1:

N

N

N

N

N

N

N

N

N

N

Feasibility
Criterium 2:
N

N

Z| ZEezZ ZEZ ZEZ

Z

Figure 2: A) After covering the L15-7io US probe and optical head with a sterilized SteriMASK probe

cover, a 21-gauge needle was directed towards the vein of interest using US guidance and the navigation

system. B) The camera accurately portrayed needle trajectory and position compared to C) the user-

planned approach.

Feasibility
Criterium 3:
Y

Y
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Table 3: Needle placement efficiency and central vein cannulation time results

Subject
Number:

o N R W

[
=]

#of
Needle
Passes:

2

— et e ek ek

# of Needle
Adjustments:

o © O O O O O O O =

# of Vascular
Punctures:

e e T e e T e e T e e D e T 2 |

Equipment Set-Up
Time (MM:SS):

10:38
05:17
04:05
09:07
03:04
03:16
05:42
04:40
04:46
04:36

Needle Alignment
and Cannulation
Time (MM:SS):

03:40
01:19
01:04
07:29
00:58
00:27
01:15
00:19
00:07
00:12



