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Objective: Modifying the PIVC tip to direct infusates toward areas of highest hemodilution may reduce vein wall damage. This study
compared flow patterns between a traditional PIVC with a central opening and one with an off-axis aperture.

Methods: This was an exploratory observational analysis conducted at a tertiary care emergency department (ED) comparing flow
patterns of two intravenous catheters: PIVC 1 (2.95 cm 20 gauge [Autoguard, Becton Dickinson]) and PIVC 2 (3.68 cm 20 gauge
[Osprey, SkyDance Vascular]). Adult ED patients with PIVCs placed via traditional palpation/visualization method and with
ultrasound capturing the flushing were eligible participants. Ultrasounds were reviewed to determine vein, catheter, and flow
characteristics. The primary outcome was angle of the infusate leaving the catheter. Secondary outcomes included direction of catheter
tip against vein wall, distance away from vein wall, vasospasm, and laminar/turbulent flow.

Results: Data from December 2023 included 28 catheters (10 PIVC 1, 18 PIVC 2). The average patient age was 53.7 years; 53.6%
were female. Vein diameter/depth were similar: 0.35 cm/0.41 cm for PIVC 1 and 0.37 ¢cm/0.47 cm for PIVC 2. The catheter tip pointed
posteriorly towards the vein wall in 60% of PIVC 1 vs 11.1% in PIVC 2 (P=0.018). The angle of infusate flow away from the vein wall
was 0.20° (SD 0.63) for PIVC 1 and 7.61° (SD 5.71) for PIVC 2 (P<0.001). Flow at 0° occurred in 90% of PIVC 1 vs 16.7% in PIVC
2 (P<0.001).

Conclusion: In this exploratory investigation, a peripheral vascular access device with an off-axis tip aperture of demonstrated
a sharper infusate flow angle away from the vein wall compared to a traditional central opening device. This redirection may reduce
vein wall trauma and complications, though further research is needed to pair clinical outcomes with this technology.
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Introduction

Peripheral intravenous catheters (PIVC) are ubiquitous and essential to delivery of patient care.! With nearly 140 million
emergency room visits and over 33 million hospital admissions per year,” 70-90% of the patients will need a PIVC.?
With over half of PIVCs failing,” it is bewildering why the patients, hospitals and healthcare workers accept such poor
performance. Common complications including phlebitis, infiltration, and thrombus formation lead to failure.* In order to
make meaningful improvements in outcomes, it is necessary to explore the mechanisms that cause failure and develop
solutions that target these causes.

One vulnerable structure that is prone to mechanical and chemical injury during and after the insertion of a PIVC is
the fragile intimal venous wall. The wall is coated by the glycocalyx, a layer of complex carbohydrates that covers the
luminal surface of endothelial cells.” This gel-like meshwork extends into the bloodstream from the endothelial cell
membrane and functions as an insulator to protect the endothelium cells from damage.® The delicate and highly dynamic
tissue can be damaged by the mechanical rubbing and flushing shear stress causing an inflammatory response where
phlebitis and thrombosis begin.” Subsequent harm is compounded by the delivery of harsh infusates, some of which may
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be inappropriate for peripheral veins, flowing against the exposed endothelial cells that are no longer insulated by the
glycocalyx resulting in the progression of complications and early PIVC failure.® '

Typically, infusates exit the catheter parallel to the axis of the catheter shaft. The direction of the infusates flow is
determined by the orientation of the catheter within the vein. If the catheter tip is directed towards the vein wall, the
suboptimal direction can accelerate damage. Conversely, if the catheter tip is angled towards the vein lumen, the infusates
will be channeled toward regions with heightened flow and more hemodilution will occur.”!' With any type of catheter,
proper catheter placement and positioning are critical to ensure optimal infusion and minimize the risk of
complications.'?

Modification to the PIVC tip, such as an off-axis aperture, holds promise in redirecting infusions away from the
susceptible intimal wall, channeling them toward regions with heightened flow and hemodilution. Therefore, it is the aim
of this investigation to determine the flow pattern of infusates, comparing a traditional PIVC with a central opening and
a PIVC with an off-axis aperture.

Methods
Study Design, Settings, Participants

This was an exploratory observational investigation conducted at a suburban, tertiary care center with 1100 hospital beds
and 120,000 emergency department (ED) visits. Data were obtained as part of a quality improvement project and later
retrospectively analyzed for research purposes. In December 2023, a convenience sample of adult patients who required
a PIVC in the ED for diagnostics/treatment with a vascular access score (VAS) of 1 or 2 were eligible participants.'?
Patients with a VAS of 1 or 2 had palpable and visible veins appropriate for traditional visualization/palpation method of
cannulation. The local institutional review board (IRB) approved the study. A waiver of informed consent was granted by
the IRB as the study meets exemption based on design and objectives. Patient data was handled with the highest level of
confidentiality and in full compliance with institutional and ethical guidelines.

Objectives
The primary objective was to compare the angle of flow of the flush as it left the catheter tip between PIVC 1 and PIVC 2.
Secondary objectives included assessing for differences in flow pattern, flow type, retrograde direction, and evidence of

vasospasm.

Sonography Definitions

Flow pattern was defined as parallel, posterior, or anterior based on the visible direction of the flush leaving the PIVC tip.
Flow was considered laminar if the flush was traveling smoothly in a steady state with the greatest echogenicity of the
fluid jet near the center of the vein. Flow was considered turbulent if it the flush was disturbed and heterogenous with
echogenicity of the fluid jet spread across the vein. Retrograde flow was defined as majority flow tracking backwards
towards the PIVC immediately after flush. Tip vasospasm was defined as narrowing of the vein after PIVC insertion at
the level of the PIVC tip.

Procedures

Patients received either PIVC 1 (2.95 cm 20 gauge [Autoguard, Becton Dickinson]) or PIVC 2 (3.68 cm 20 gauge
[Osprey, SkyDance Vascular]). Figure 1 illustrates the PIVC tip apertures. Placements were executed using the traditional
visualization/palpation technique. Prior to insertion, ultrasound was used to assess the venous site. Ultrasound images
were captured by clinical staff with extensive experience in vascular ultrasound imaging for procedural guidance. Vein
diameter and vein depth were measured in short axis prior to insertion. After PIVC placement, functionality was
confirmed by blood return and flushing without resistance. Still and video ultrasound images were obtained to obtain
PIVC tip angle against nearest vein wall, distance of tip to closest wall, vein wall contact, and tip position. Next PIVCs
were flushed with 10 cc of normal saline over 5 seconds with simultaneous ultrasound video imaging in long axis to
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Figure | Peripheral Intravenous Catheter tip openings. (A) Modified tip with off-axis opening. (B) Traditional central opening.

capture flow quality and direction of the flush at the PIVC tip. All imaging was saved locally and later reviewed and
analyzed by an ultrasound-fellowship trained emergency physician who was blinded to catheter type.

Data Source/Variables

Data sources included the electronic health record and the PIVC site ultrasound imaging. Demographic data included
age, sex, race, and body mass index. PIVC data included vascular access score, laterality, location, number of attempts,
gauge, length, and type. Ultrasound imaging included vein parameters of depth and diameter. Ultrasound PIVC variables
included PIVC tip angle against nearest vein wall, distance of tip to closest wall, vein wall contact, and tip position.
Dynamic flow imaging was reviewed to determine angle of infusate flow, flow quality and direction, and presence of
vasospasm of the PIVC tip.

Statistical Analysis

Descriptive analysis was employed to summarize patient characteristics. Numerical variables were reported as means
with standard deviations. Categorical variables were expressed as counts and frequencies (percentages). The Fisher’s
exact test was used for categorical variables and the Kruskal-Wallis (exact) test was used for numerical values. Analysis
was performed using R-4.1.2 (R Foundation for Statistical Computing) and Excel (Microsoft).

Results

In December 2023, data from 28 catheters (10 PIVC 1 and 18 PIVC 2) were collected. Demographic data was similar
between groups (P>0.05). Overall, average patient age was 53.7 years, 53.6% were female, 60.7% were White, and
average BMI was 28.51.

All PIVCs were placed via traditional palpation/visualization method but certain vein parameters were assessed with
ultrasound prior to insertion. (Figure 2) Vein diameter and vein depth were similar between groups: 0.35 cm and 0.41 cm
for PIVC 1 and 0.37 cm and 0.47 cm for PIVC 2, respectively. All catheters were 20 gauge in diameter. Length was
different between PIVC 1 (2.95 cm) and PIVC 2 (3.68 cm). The catheter tip direction was posterior towards the vein wall
in 60.0% in PIVC 1 compared to just 11.1% in PIVC 2 (P=0.018) (Table 1).

The main outcome was angle of infusates flow. The angle of infusates flow away from the vein wall was 0.20 degrees
(SD 0.63) in PIVC 1 and 7.61 degrees (SD 5.71) in PIVC 2 (P<0.001). The angle of infusates flow was 0 degrees in 90%
of PIVC 1 compared to just 16.7% in PIVC 2 (P<0.001). Directional flow patterns were also different between groups.
For PIVC 1 40% had posterior flow pattern while no PIVC 2 had posterior flow (P=0.000). The quality of flow was also
different with 40% of PIVC 1 demonstrating retrograde flow compared to 16.7% of PIVC 2 (P=0.041) (Table 2).
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Figure 2 Example ultrasound images from study. (A) Short axis image demonstrating vein depth, measuring from top of image to middle of vein. (B) Short axis image
demonstrating vein diameter. (C) Long axis image demonstrating angle of infusate. (D) Example image in long axis of catheter angled towards anterior wall. (E) Example
image in long axis of catheter parallel in vein. (F) Example image in long axis of catheter angled towards posterior wall.

Discussion
This study found that the modified-tip PIVC redirects infusates away from the glycocalyx and intimal wall, contrasting

with the standard-tip PIVC. In most cases (83.3%), flow patterns angled away from the vein wall with the modified tip,
compared to only 10% with the standard tip. This redirection, facilitated by the off-axis catheter design, channels

Table 1 Demographics, PIVC Insertion-Related Characteristics, and PIVC Ultrasound
Characteristics for PIVC #| and PIVC #2
Variables* All PIVC #1 PIVC #2 P value
n 28 10 (35.7%) 18 (64.3%)
Demographics
Age, years
Mean (SD) 53.71 (22.65) | 52.60 (27.58) | 54.33 (20.28) | 0.701F
Sex
Female 15 (53.6%) | 5 (50.0%) 10 (55.5%) | 1.000%
Race
White 17 (60.7%) | 7 (70.0%) 10 (55.5%) | 0.479*
Black 9 (32.1%) 2 (20.0%) 7 (38.9%)
Other 2 (7.1%) I (10.0%) 1 (5.6%)
Body mass index, kg/m2
Mean (SD) 2851 (7.10) | 27.12 (7.58) | 29.28 (6.92) | 0.388'

(Continued)
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Table | (Continued).

Variables* All PIVC #1 PIVC #2 P value
PIVC Insertion-Related Characteristics
Vascular access score
[ 11 (39.3%) 4 (40.0%) 7 (38.9%) 1.000*
2 17 (60.7%) 6 (60.0%) 11 (61.1%)
Laterality
Right 19 (67.9%) 6 (60.0%) 13 (72.2%) 0.678*
Location
Antecubital 11 (39.3%) 5 (50.0%) 6 (33.3%) 0.444*
Forearm 17 (60.7%) 5 (50.0%) 12 (66.7%)
Number of attempts
| 25 (89.3%) 8 (80.0%) 17 (94.4%) 0.284*
2 3 (10.7%) 2 (20.0%) 1 (5.6%)
Gauge
20 28 (100.0%) 10 (100.0%) 18 (100.0%)
Length, cm
295 10 (35.7%) 10 (100.0%) 0 (0.0%) N/A
3.68 18 (64.3%) 0 (0.0%) 18 (100.0%)
PIVC Ultrasound Characteristics
Vein diameter, cm
Mean (SD) 0.37 (0.06) 0.35 (0.07) 0.37 (0.06) 0.3491
Vein depth, cm
Mean (SD) 0.45 (0.14) 0.41 (0.15) 0.47 (0.13) 0.113f
Tip angle against nearest wall, degrees
Mean (SD) 3.46 (4.99) 7.00 (3.31) 1.50 (3.31) 0.012f
Vein wall contact
Yes 23 (82.1%) 10 (100.0%) 13 (72.2%) 0.128*
Catheter tip direction
Parallel 17 (60.7%) 4 (40.0%) 13 (72.2%) 0.018*
Posterior 8 (28.6%) 6 (60.0%) 2 (11.1%)
Anterior 3 (10.7%) 0 (0.0%) 3 (16.7%)
Distance from catheter tip to nearest wall, cm
Mean (SD) 0.02 (0.04) 0.00 (0.00) 0.03 (0.05) 0.045%

Notes: *Continuous variables represented by mean (standard deviation). TKruskal-Wallis rank sum test. *Fisher’s Exact Test.
Abbreviations: PIVC, peripheral intravenous catheter; SD, standard deviation.

infusions centrally toward the faster-flowing blood, reducing chemical insult and ensuing endothelial damage and
thrombus formation.” Even when the modified tip angled posteriorly towards the wall, flow shifted towards areas of
higher hemodilution, potentially reducing shear stress. Unexpectedly, significant retrograde flow was sonographically
apparent in the standard-tip PIVC, likely due to its inherent disruption of flow dynamics. Studies show a 93% reduction
in flow rates with peripherally inserted central catheters,'* indicating the importance of solutions that counter the natural
tendencies of catheters to reduce flow and induce vein wall injury.

Optimizing the flow of infusates involves refining the position of the PIVC tip. In this study, the modified-tip catheter had
a less acute tip angle compared to the traditional catheter, allowing for more central distribution within the vessel. This
positioning promotes greater hemodilution and reduces shear stress. Tip angle and proximity to the vein wall significantly
influence wall shear stress, with higher angles and closer proximity increasing complication risk.” Studies have shown a 37%
increase in phlebitis with a tip angle exceeding 5.8 degrees and a 4.39 times higher risk of thrombosis with a tip angle surpassing
5 degrees.”"!” Controlling the position of the PIVC tip is crucial due to its common movement in clinical settings. Recent

research utilizing ultrasound to evaluate PIVCs shows that external forces universally induce PIVC movement, often leading to
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Table 2 Outcomes for PIVC #| and PIVC #2

Variables* All PIVC #1 PIVC #2 P value

Primary Outcome

Angle of infusate flow, degrees

Mean (SD) 496 (5.81) | 0.20 (0.63) | 7.6l (5.71) | <0.001"
Angle of infusate flow

0 degrees 12 (42.9%) | 9 (90.0%) 3 (16.7%) <0.001%

>0 degrees 16 (57.1%) | (10.0%) 15 (83.3%)

Secondary Outcomes

Flow pattern

Parallel 9 (32.1%) 5 (50.0%) 4 (22.2%) 0.000*
Posterior 4 (14.3%) 4 (40.0%) 0 (0.0%)
Anterior 15 (53.6%) I (10.0%) 14 (77.8%)
Majority flow type
Laminar 24 (85.7%) | 8 (80.0%) 16 (88.9%) | 0.602%
Turbulent 4 (14.3%) 2 (20.0%) 2 (11.1%)
Majority retrograde flow
Yes 5 (17.9%) 4 (40.0%) | (16.7%) 0.041%
Vasospasm at tip
Yes 6 (21.4%) 3 (30.0%) 3 (10.7%) 0.635%

Notes: *Continuous variables represented by mean (standard deviation). TKruskal-Wallis rank sum test.
*Fisher’s Exact Test.
Abbreviation: PIVC, peripheral intravenous catheter; SD, standard deviation.

significant contact with the vein wall and failure.'"®'® As this movement contributes to mechanical vein wall injury, precise
control of the PIVC tip position is essential for enhancing outcomes.

Enhancing the PIVC tip angle and tip position is achieved by selecting a longer catheter length. Longer catheters enable
a more parallel alignment of the PIVC with the vessel, promoting smooth gliding along the vein wall compared to acute
angling, which can cause the catheter to push into the vein wall. Studies by Bahl et al recommend that for ultrasound-guided
insertions in deeper veins, a minimum of 2.75 centimeters of catheter should reside in the vein to reduce failure rates, adding an

average of 44 hours of dwell time.*

This principle likely extends to traditionally placed PIVCs, especially considering that in
this study, the average vein depth was 0.45 cm. Consequently, approximately 60% of shorter, standard 2.95 cm PIVCs had tips
projecting into the posterior wall due to inadequate length for parallel alignment, potentially increasing wall shear stress.
Conversely, longer 3.68 cm modified-tip catheters offer better vein purchase, allowing for a lower tip angle and reducing the

risk of catheter and chemical induced vein wall injury.

Limitations

This study has some limitations. First, it is an exploratory retrospective analysis that was conducted as part of a quality
improvement project. While PIVCs were evaluated using a standard sonographic approach, there was no randomization
or blinding and a small number of cases. Second, while there are theoretical advantages of an off-axis aperture, the
downstream complications of catheters were not assessed for admitted patients so the clinical significance of the results
needs further inquiry. Third, while this study focuses on modification of the PIVC tip to reduce vein wall injury, other
strategies such as tissue adhesives, integrated catheters, or other changes to catheter composition may provide similar
results.”' % Finally, the sonographic flow patterns assessed during flushing might not directly translate to the adminis-
tration of other infusates, especially those administered at slower rates. A computational fluid dynamics study revealed
increased wall shear stress with higher infusion rates.’” Nevertheless, since flushing is a routine part of PIVC maintenance
conducted multiple times daily, these findings hold relevance for everyday care.
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Conclusions

In this exploratory investigation, a peripheral vascular access device with an off-axis aperture of the tip demonstrated
a more acute angle of infusates flow away from the vein wall than a traditional device with a central opening. Shifting
flow away from the vein wall may reduce mechanical insults to the vein and reduce complications. Further research is
needed to pair clinical outcomes with this technology.
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