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Background: Ultrasound-guided vascular access has been increasingly used in clinical practice with studies supporting improved
insertion success and reduced complications. To meet the needs of various vascular access applications, ultrasound systems have been
evolving with specific features. This study evaluated the safety and performance of a recently developed portable ultrasound system
with needle tracking technology for peripheral intravenous catheterization.

Methods: The prospective observational clinical study was conducted at one US medical center between November 2025 and
January 2026. Eligible participants requiring peripheral intravenous access underwent ultrasound-guided insertion for peripheral
intravenous catheterization. Primary endpoints included successful visualization of target vasculature and successful intravenous
access. Safety was assessed by the incidence of device-related adverse events. Descriptive statistics and exact binomial confidence
intervals were calculated.

Results: A total of 149 subjects were enrolled, including 17 pediatric (1-17 years) and 132 adult (>18 years) patients. Ninety-six of
these patients presented with at least one DIVA risk factor, including no visible veins, no palpable veins, a history of difficult IV
access, IV drug use, or a BMI > 30 kg/m?. With ultrasound guidance, visualization of vasculature was achieved in all participants
(100%; 95% CI: 97.6%, 100.0%), and the overall catheter insertion success rate was 100% (95% CI: 97.6%, 100.0%). The mean
number of attempts to achieve successful vascular access was 1.05+0.25. While the overall first-attempt success rate was 95.3%, a rate
of 100% was observed in pediatric patients and 94.7% in adult patients. For the adults with any DIVA risk factor, the first-attempt
success rate was 92.0%. There were no device-related adverse events observed in the study.

Conclusion: The portable ultrasound system was associated with high first-attempt insertion success and high vascular visualization
for peripheral intravenous access with no adverse events. The portable ultrasound system can be successfully used for bedside vascular
access in a real-world environment.
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Introduction

Peripheral venous access is one of the most frequently performed procedures in healthcare settings worldwide. Although
peripheral intravenous catheters (PIVCs) are generally considered safe, failure rates remain high, with estimates ranging
from 20-80%."'> A proportion of these failures has been linked not only to complications but also to inappropriate
vascular access device (VAD) selection that does not align with patient needs.* Failed peripheral catheterization often
necessitates catheter replacement or escalation to alternative access options such as peripherally inserted central catheters
(PICC) or central venous catheterization, which may increase patient discomfort, the development of complications, and
healthcare costs.” Further, challenges in establishing peripheral venous access are commonly reported in pediatric
patients, critically ill patients, or patients with difficult intravenous access (DIVA).*” Ultrasound guidance has been
reported to prevent the need for escalation to central lines in 85% of patients which is notable given two reports found
that 13.1-15% of DIVA patients required a PICC or central venous catheter following failed ultrasound guided PIVC
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insertion.® To address the above challenges, increasing adoption of ultrasound guidance has been utilized to improve
insertion success, enhance patient satisfaction, and reduce procedure related risks.''%'?

When compared with the traditional landmark technique for peripheral venous catheterization, growing evidence
supports that ultrasound guidance significantly improves first attempt success and overall success rates, particularly in
DIVA and pediatric patients.'*'* In patients with DIVA, the overall catheterization success with the landmark technique
was reported within the range from as low as 1.9% to 64%,'*'>'® while the success rate was 70% to 96.5% in these
patients following ultrasound guidance.>”'®!'> The mean number of attempts has also been reported to be lower with
ultrasound guidance versus landmark technique.'®'” Additional outcomes including improved patient comfort, higher
patient satisfaction, and reduced pain have also been observed following use of ultrasound guidance in these studies.'®"”
In addition, based on sufficient evidence, clinical practice guidelines recommend ultrasound guidance for peripheral
venous catheterization in adults and pediatric patients with moderate to difficult venous access, in both emergency and
elective situations.'® °

Despite these recommendations, implementation of ultrasound guided vascular access remains inconsistent due to
several identified barriers, including the lack of standardized training, equipment availability and cost, workflow and time
restrictions, cultural resistance, and lack of institutional policy.?'** These limitations have driven the development of
ultrasound platforms that reduce technical and workflows barriers.! Ultrasound systems are now being developed to
include built in training, simplified user interfaces, integrated all in one designs, and vessel detection and assessment
tools.

However, variability in first-attempt success persists, particularly in patients with DIVA, and multiple attempts are
still required in some cases.'” These challenges relate to needle—ultrasound alignment and variability in training and
workflow integration and have led to the development of newer ultrasound systems with needle tracking, integrated
training, and a portable design.?'** The BD SiteRite 9 Ultrasound System is an example of a recently developed portable
ultrasound device designed to address many of these challenges. The ultrasound system has built-in training to provide
standardized training on screen and is equipped with a needle tracking technology to address the technical challenge of
misalignment with the ultrasound beam and access needle during catheterization.”® In addition, the portable design
supports workflow efficiency and timely bedside use. Given the recent advancements in ultrasound technology, this study
aimed to investigate the safety and performance of this portable ultrasound device for peripheral catheter insertion in
a real-world clinical setting.

Methods and Procedures

Study Design

The prospective, observational clinical study was designed to evaluate the safety and performance of the BD SiteRite 9
Ultrasound System (Becton, Dickinson and Company, Franklin Lakes, New Jersey, USA). The study was conducted at
the Brookdale University Hospital & Medical Center (1 Brookdale Plaza, Brooklyn, NY, USA) between November 2025
and January 2026. The study adhered to the ethical principles of the Declaration of Helsinki and ISO 14155:2020 (Good
Clinical Practice). Institutional Review Board (IRB) approval was obtained through an external IRB, Advarra, as
authorized by the Brookdale University Hospital and Medical Center IRB (Ref. no. Pro00088014), which approved
the study. The study was registered with ClinicalTrials.gov (Identifier: NCT06632509) prior to recruitment. In com-
pliance with U.S. regulations, a summary of this clinical trial is publicly available on ClinicalTrials.gov. This summary
excludes any information that could be used to identify individual participants.

Study Devices

The SiteRite 9 Ultrasound System is a portable ultrasound device designed specifically for vascular imaging and
guidance during vascular access device placement. The system includes integrated visualization tools such as the
Cue™ Needle Tracking System to provide clinicians with continuous and real-time needle tracking, and the Sherlock
3CG+™ Tip Confirmation System to ensure proper catheter tip navigation and location. The device provides real-time
2D imaging with on-screen guidance for clinicians, color doppler technology, vessel measurement tools including an
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integrated catheter-to-vein ratio calculator, and optional integration with hospital systems for documentation and
analytics. Additionally, the device features a large 15.6-inch touch screen with built-in training aimed to provide
consistent instruction and ease the learning curve. Catheters used in the study were PIVCs and midline catheters.

Patient Population
Eligible participants included pediatric and adult patients aged > 1 year who required placement of a peripheral
intravenous catheter or midline catheter by a clinician. The consent form was discussed with every patient or their
legal representatives in depth prior to participation. Patients were required to verbally confirm their voluntary agreement
to participate; however, patient signatures were not required. The user explaining the consent would then check off that
the patient understood. This approach was approved by the IRB/Ethics Committee given the non-interventional nature of
the study and that the procedures were planned as part of routine care. The Principal Investigator or designated
representative documented the consent process by signing and dating the IRB/EC-approved informed consent form.
Exclusion criteria included conditions in which ultrasound-guided procedures could interfere with standard medical care
or impose undue hardship; known or suspected allergies to materials in the SiteRite 9 device or its accessories; and prior
medical history or localized anatomical factors that could impede completion of the ultrasound-guided procedure.
Patient subgroups were categorized by DIVA risk factors, defined as no visible veins, no palpable veins, a history of
difficult IV access, IV drug use, and/or a BMI > 30 kg/m?. Participants could present with one or multiple DIVA risk
factors and were categorized as having 0, 1, 2, 3, 4, or 5 DIVA risk factors (Table 1).

Study Procedures

Demographic and baseline clinical data including age, sex, height, weight, and vascular access history were collected for
all the study participants. Following enrollment, professional clinicians initiated the ultrasound-guided vascular access
using the SiteRite 9 Ultrasound System. Use of needle tracking was at the discretion of the clinician and was not required
for all procedures. The procedure involved visualizing the patient’s vasculature, identifying a suitable vein, and
attempting vascular access. Successful access was defined by either confirmation of blood return or successful catheter
cannulation. Procedural data were collected from the initiation of ultrasound imaging through completion of the vascular
access attempt. Study participation for each participant was considered complete 15 minutes following the procedure,
allowing for observation and documentation of any immediate post-procedural adverse events and device deficiencies.
The end of the study was defined as the completion date of the final study assessment for the last enrolled participant.

Study Endpoints
The primary performance endpoints were the rate of visualization of target vasculature, and the rate of successful
vascular access with confirmation of blood return. The primary safety endpoint was the incidence of adverse events
experienced by either the patient or the user due to the use of the SiteRite 9 Ultrasound System.

Successful first-attempt access was also assessed, and exploratory subgroup analyses were performed to evaluate the
association between first-attempt success rate and DIVA risk factors.

Table | Successful First-Attempt Vascular Access by DIVA Risk Factors

Group Number of DIVA Risk Factors

0 | 2 3 4 5

Success Rate (%)

Adults | 45/45 (100.0%) | 26/28 (92.9%) | 11/11 (100.0%) | 19/21 (90.5%) | 23/26 (88.5%) | 1/1 (100.0%)

Pediatric | 8/8 (100.0%) | 1/1 (100.0%) | 6/6 (100.0%) | 2/2 (100.0%) N/A* N/A*

Notes: *Not applicable as there were no subjects with DIVA risk factors = 4 or 5.
Abbreviation: NA, Not Applicable.
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Data Collection

Patient baseline data and procedural data were recorded by device users. Procedural data included visualization of subject
vasculature; identification of a suitable vein or, if no vein was identified, the reason; confirmation of blood return or
successful catheter cannulation. Additional data collected included name of vein, laterality, and location, number of
insertion attempts and the reason for failure when first attempt success was not achieved.

Statistical Analysis

Procedural success and device performance were documented in written forms and subsequently transcribed into electronic
case report forms. Summary descriptive statistics were calculated for all endpoints, with proportions presented alongside 95%
confidence intervals using the exact binomial method. No interim analysis was planned, and missing data were excluded from
analysis. Normality of continuous variables was assessed using the Kolmogorov—Smirnov test. As only a few variables
deviated from normality; data are presented as mean =+ standard deviation (SD) and median with interquartile range (IQR).
Analyses were performed using SAS® software, Version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

Patient Demographics and Baseline Characteristics

A total of 149 participants, including 17 pediatric participants (1-17 years) and 132 adults (> 18 years), were enrolled in
the study. All participants met the inclusion criteria with no screening failures reported. The majority of the participants
(n=144) were < 89 years, with a mean age of 47.0 + 21.7 years, median 48.0 (1-87) years. There were 84 (56.4%) female
and 65 (43.6%) male participants. Ninety-six participants (64.4%) have had at least one DIVA factor. Detailed demo-
graphics and baseline characteristics are provided (Table 2).

Procedure Overview
Ultrasound successfully visualized vasculature in all 149 participants, with an appropriate target vein identified success-
fully in each case. The Cue Needle Tracking technology was used in 29 (19.5%) of the cases. All catheters, including 140

Table 2 Demography and Baseline Characteristics

Parameter Adults (N=132) Pediatric Patients (N=17)
Age*
N 127 17
Mean (SD) 523 (17.0) 7.3 (5.3)
Median (QI, Q3) 51.0 (38.0, 66.0) 8.0 (3.0, 10.0)
Min-Max 19 - 87 I -17

Age Category

Pediatric (1-17 years) NA 17/17 (100.0%)
Adults (18-64 years) 95/132 (72.0%) NA
Older adults (265 years) 37/132 (28.0%) NA
Sex
Male 56/132 (42.4%) 9/17 (52.9%)
Female 76/132 (57.6%) 8/17 (47.1%)
(Continued)
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Table 2 (Continued).

Parameter Adults (N=132) Pediatric Patients (N=17)
Race

American Indian or Alaska Native 1/132 (0.8%) 0 (0.0%)

Asian 1/132 (0.8%) 0 (0.0%)

Black or African American

917132 (68.9%)

16/17 (94.1%)

White 12/132 (9.1%) 0 (0.0%)

Not Reported 23/132 (17.4%) 0 (0.0%)

Unknown 4/132 (3.0%) 1/17 (5.9%)
Weight (Kg)

N 132 17

Mean (SD) 82.06 (22.30) 38.25 (25.94)

Median (QI, Q3)

77.1 (65.90, 96.55)

30.8 (15.40, 61.70)

Min-Max 26.8-142.9 9.9-86.2
Height (cm)

N 132 17

Mean (SD) 167.82 (11.38) 122.95 (33.27)

Median (QI, Q3)

167.6 (160.00, 175.30)

122.0 (93.00, 157.50)

Min-Max 121.9-193.0 73.7-170.0
BMI (kg/m?)

N 132 17

Mean (SD) 29.31 (8.34) 21.83 (5.26)

Median (QI, Q3)

27.4 (23.00, 34.50)

20.7 (17.60, 26.10)

Min-Max

14.5-51.1

14.2-33.7

Notes: *Subjects of age >89 years are excluded as their age is not reported.

Abbreviations: N, number of patients; SD, standard deviation; QI, first quartile; Q3, third quartile; Min,

minimum; Max, maximum; NA, not applicable.

PIVCs and nine midline catheters, were successfully cannulated with blood return observed (100%). There were no

procedural adverse effects or complications reported (Table 3).

Performance Results

The primary performance results revealed that the ultrasound device successfully visualized the target vasculature in all
149 participants (100%; 95% CI: 97.7%, 100.0%). Vascular access with a catheter as confirmed by blood return was
achieved in all enrolled participants (100%; 95% CI: 97.6%, 100%). Vascular access at first attempt was successful in
142 (95.3%) participants, with 100% success in the 17 pediatric participants (Table 4).

The results of first attempt success rates stratified by the number of DIVA risk factors for both adult and pediatric
participants are represented in Table 1. The first attempt was successful in 125/132 (94.7%) adults and in 17/17 (100%)
pediatric participants. Within the adult group, first attempt success was 100% with the 45 participants without DIVA
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risks. For the 87 adults with DIVA risk factors, the first-attempt success rate was 80/87 (92.0%). The total number of

Table 3 Procedural Details

Patient Total (N=149)

Able to visualize the patient’s vasculature using ultrasound

Yes

149/149 (100.0%)

Was cue needle tracking technology used during the procedure

Yes

29/149 (19.5%)

No

120/149 (80.5%)

Appropriate candidate vein for access located

Yes

149/149 (100.0%)

Catheter used

Peripheral IV Catheter

120/149 (80.5%)

Peripheral IV Catheter With Integrated Guidewire

20/149 (13.4%)

Midline Catheter With Integrated Guidewire

9/149 (6.0%)

Vein name
Cephalic 23/149 (15.4%)
Brachial 117149 (7.4%)
Basilic 19/149 (12.8%)
Radial 3/149 (2.0%)
Ulnar 3/149 (2.0%)
Cubital 90/149 (60.4%)

Catheter insertion arm

Right Arm

83/149 (55.7%)

Left Arm

66/149 (44.3%)

Catheter insertion arm location

Forearm

114/149 (76.5%)

Upper Arm

35/149 (23.5%)

attempts were demonstrated to be a mean 1.05 + 0.25.

Safety Results

The primary safety results showed that no adverse events occurred during the study, and no deaths were reported during
the study. One device deficiency was observed with a Linear 25 mm probe at system power-on, where a probe assessment
error indicated failure of at least one transducer element. Although the probe remained functional, image artifacts were
noted. The clinician assessed the image quality and confirmed that it remained acceptable for clinical use. The affected
probe was used in 11 (7.4%) participants before being replaced. This deficiency was resolved by replacing the probe and

did not result in any adverse events or serious health threat to any of the participants.
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Table 4 Performance Results

Endpoint (Success Rate) Total (N=149)

Primary Performance Endpoint

Successful vascular visualization (95% CI) | 149/149 (100.0%) [97.6%, 100.0%]

Successful vascular access (95% Cl) 149/149 (100.0%) [97.6%, 100.0%]

Number of attempts to accomplish successful vascular access

I st-attempt success Overall 142/149 (95.3%)
Adults 125/132 (94.7%)
Pediatrics 17/17,100%
2nd-attempt success 6/149 (4.0%)
3rd-attempt 17149 (0.7%)

Discussions

This study demonstrated high success across both primary performance endpoints: visualization of target vasculature and
successful vascular access at a rate of 100%. In comparison, other studies have reported overall success rates for
ultrasound-guided techniques ranging from 80% to over 90%.”'%'%2* Multiple meta-analyses corroborate these findings
in both adults and pediatric patients in achieving higher overall success rates with ultrasound guidance.?>® The present
study findings align with existing evidence supporting ultrasound-guided vascular access.”' %4262

The overall first-attempt success rate observed was 95.3% for the study population, with 100% success in pediatric
patients and 94.7% in adult patients. As needle tracking was used in a subset of cases, the overall performance outcomes
observed in this study reflect use of the ultrasound system as a whole rather than the isolated effect of this feature. The
results suggest the portable ultrasound device can be successfully used for peripheral catheterization. When investigating
the effectiveness in adult DIVA patients, first attempt success was 92.0% (80/87) in patients with at least one DIVA risk
factor and 100% (45/45) in patients without DIVA risks. The first attempt success data are similar to rates reported in
recent systematic reviews. In a recent meta-analysis of RCTs, the first attempt success rates were observed to be between
78.9% and 85.4% for ultrasound guided PIVC insertion in patients with DIVA risks.'® In an RCT with a pediatric patient
population (0—18 years), the first attempt success rate for ultrasound guided PIVC insertion was 85.7%."'* The observed
first-attempt success rates were higher than those reported in previous studies; however, differences in study design and
population should be considered when interpreting these findings. The mean number of insertion attempts was 1.05+0.25
in this study and is on the lower end of the range reported among other studies between 1 to 2.37 insertion
attempts.'®'>'> This is noteworthy and the performance data aligns with available literature indicating that the use of
the portable ultrasound device achieves high first attempt insertion success and a reasonable mean number of insertion
attempts in DIVA patients.>""'

No adverse events were observed in this study. While one (0.67%) device deficiency occurred with the 25mm probe,
it was resolved without clinical impact. Ultrasound-guided vascular access has been associated with reduced complica-
tion rates compared with traditional insertion techniques.'*?%?°3° A meta-analysis comparing ultrasound guided and
landmark venipuncture found that the use of ultrasound guidance reduced the incidence of vascular injury (p<0.00001)
and the probability of hematoma formation and pneumothorax formation during puncture (p=0.008).*® Another study
found reduced self-reported pain during insertion in pediatric patients eight years or older when using ultrasound guided
insertion compared with landmark insertion.'* Although, it should be noted that some research identified no difference
between ultrasound guidance and landmark techniques for extravasation, pain, bleeding, local inflammation or accidental
catheter removal (p>0.05).>’

This study has several limitations including the use of a single urban medical center which limits generalizability of
the results to other clinical settings, including rural hospitals or different geographic locations. The observational, non-
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interventional design limits causal inference between device performance and clinical outcomes. Key procedural
variables (eg., catheter gauge, vessel size, insertion time, operator experience) were not collected, which limits inter-
pretation of performance outcomes, including success rates. The short study duration and small sample size limit the
ability to assess long-term clinical outcomes and economic impact. Another limitation was that clinician training
background and user feedback data were not collected which may have introduced operator-related variability. These
limitations should be considered when interpreting the results of the study.

The findings of this study suggest several potential clinical benefits associated with the use of this device. Successful
vascular access may reduce the need for escalation to more invasive approaches, such as central venous catheter
placement. In addition, the overall first-attempt success rates may contribute to improved patient satisfaction by reducing
repeated attempts. From an operational perspective, the use of this technology may also support workflow efficiency by
shortening procedure times and optimizing resource utilization in busy clinical settings. However, these implications are
inferred from the observed outcomes and were not directly evaluated in this study. Future randomized controlled studies,
with targeted patient populations and clinician user groups across broader clinical settings, should be conducted to further
investigate the effectiveness and utility of this portable ultrasound device.

Conclusions

This single-center, prospective, observational study suggests that a portable ultrasound device with needle tracking is safe
and can be successfully used for peripheral intravenous access. The device was associated with high first-attempt success
rates in this study, with 100% observed success in non-DIVA patients, and no device related adverse events were
reported. Future randomized comparative studies with larger sample sizes are warranted to further investigate its use.
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