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Abstract

Background: Midline catheters are increasingly used for ultrasound-guided peripheral vascular access. Although All-In-One (AIO) 
midline catheters are intended to simplify insertion, adverse events continue to occur. Variability in ultrasound needle-tip tracking 
proficiency and device design, particularly guidewire use, may contribute. This study aimed to identify which insertion steps, if any, 
were associated with adverse events, and to compare Guidewire-Assisted and Non-Guidewire AIO midline catheters. Methods: This 
in vitro simulation study used a tissue-mimicking model allowing real-time ultrasound visualization of intravascular and extravascular 
events, defined as posterior vessel wall puncture or needle/catheter displacement causing extravascular placement. Novice nurses 
(Group 1, n=8) performed five Guidewire-Assisted AIO midline insertions, with events recorded at each of three procedural steps. 
Expert vascular access specialists (Group 2, n=12) performed five insertions each of Guidewire-Assisted and Non-Guidewire AIO 
midlines. Events were recorded throughout insertion, and results were compared to assess if the presence or absence of a guidewire 
might influence the occurrence of events. Results: Group 1 performed 40 insertions. Adverse events occurred in 70% of the insertions, 
with 35% resulting in final extravascular placement. Most events occurred during needle insertion. Group 2 performed 120 insertions. 
Events occurred in 22% of Guidewire-Assisted insertions and 10% of non-guidewire insertions. Conclusions: Unrecognized tip 
deviation and posterior wall puncture drive placement failure and can cause downstream complications. The Guidewire-Assisted 
devices require an additional step which may lead to micro movements during insertion. These observations may suggest that device 
design could influence procedural performance. However, findings should be considered hypothesis-generating and warrant further 
investigation.

Keywords: Vascular access devices; Ultrasound-guided insertion; 
Needle tip tracking; Guidewire; Double wall puncture 

Introduction

Peripheral intravenous catheters are among the most frequently 

used invasive medical devices in healthcare [1,20,26]. These 
devices are generally classified into short peripheral (short term), 
and midline catheters (medium to long term). The current use of 
midline catheters has demonstrated the most rapid growth rate in 
global vascular access devices [2,10]. Reports of vessel injury 
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related to peripheral intravenous catheter placement may lead to 
complications such as phlebitis and extravasation [4]. Peripheral 
intravenous catheter failures also impose a considerable burden 
on patient care and satisfaction due to repeated venipuncture 
attempts, and a substantial economic burden on hospital facility 
resources [3]. 

Ultrasound-guided (USG) peripherally-inserted catheters have 
been shown to significantly increase placement success [5-
9,14-15,17-18]. Mastery of this technique includes the ability 
to interpret images of the tissue, identify and track the needle, 
and assess for catheter terminal tip position [11-12]. Ultrasound 
guided peripheral access to superficial forearm veins requires 
less needle tracking skill than midline catheter placement, which 
targets deeper upper arm vasculature and demands more advanced 
ultrasound proficiency [16]. Levels of ultrasound proficiency 
vary greatly between registered nurses and specialized registered 
nurses on vascular access teams. The literature supports mastery 
learning programs for procedural training which include deliberate 
practice, repetition through high-fidelity simulation and immersive 
reality training, improve both skill and confidence [15,17,19,22]. 

Given the technical demands of USG midline catheter placement, 
device manufacturers have introduced simplified and enhanced 
designs to improve procedural success [13,21]. In the United 
States, midlines which had traditionally been placed using the 
modified Seldinger technique were developed into an All-In-One 
(AIO) catheter design. AIO catheters have been designed both 
with and without an integrated guidewire. The most widely used 
midline catheter in the U.S. is a 3-step procedure incorporating 
a guidewire; needle to vein, guidewire deployment, and catheter 
deployed over the guidewire [23]. 

AIO midline catheters are considered user-friendly although 
medical incidents including extravascular catheter placement, 
catheter and guidewire breakage have been reported to the 
Manufacturer and User Facility Device Experience (MAUDE) 
database [24]. We hypothesized that these incidents suggest that, 
with the rapid expansion of AIO midline use and the variation 
in USG needle tip tracking skill between registered nurses and 
registered nurses on a vascular access team has led to unexpected 
and unrecognized extravascular and intravascular events during 
the insertion process. Our aim was to identify which aspects or 
steps in the insertion process could contribute to the occurrence of 

adverse events for both groups, and in Group 2, those using both 
AIO midline types, AIO midline catheters both with and without 
a guidewire. 

Methods

Study Design

This study was conducted with two groups of inserters. The first 
group consisted of “novice level” registered nurses and nurse 
practitioners who were familiar with USG Peripheral IV insertion 
(UGPIV) techniques and had used AIO Guidewire Assisted 3-step 
midline catheters within the past year. 

In the first group, we aimed to identify the steps during which 
adverse events occurred defined as, “extravascular or intravascular, 
with placement of USG AIO Guidewire Assisted midline 
catheters”.

The second group was comprised of “expert level” registered 
nurses who work as vascular access specialists, routinely 
performing UGPIV and AIO guidewire 3-step midline catheters 
daily. The study with this group focused on how modifications in 
the AIO midline catheter insertion process (2-step vs 3-step AIO 
insertions) may influence the presence or absence of events. 

For this study, we used a tissue mimicking training model that 
allows real time USG visualization of intraprocedural events to 
standardize conditions and minimize patient-related variability. 
The training model featured an inner tube diameter of 5mm at 
10mm depth (Boxonly silicone tube, CP-TK2060C), simulating an 
adult upper-basilic vein. The insertion site was indicated by a green 
marker (Laser Level Self Leveling, RONGPRO), and the base 
was constructed from opaque gel (UGP-GEL AGL999, alfa-bio) 
to prevent participants from visually locating the tube. The tube 
was filled with red-colored water maintained at a pressure of 80 
mmHg to simulate blood pressure when a tourniquet was applied 
[25]. All insertions were video-recorded from two angles with 4K 
cameras (C100-3.2MM, MOKOSE): a side view positioned 150 
mm from the base, and a top view positioned 1,000 mm above the 
base (for steps visualization). Additionally, internal (intravascular) 
visualization of the tube was captured with the bore-scope camera 
(BBA200-3W, SHODENSHA). USG was performed using the 
wireless hand-held ultrasound system (Portasound EVERY, 
Terumo) Figure 1.
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Figure1: Experimental setup for observation of the insertion process

The study of the first group of registered nurses from acute care 
hospitals in New York City who were not specialists in vascular 
access was conducted in May, 2025. 

Participants were required to have worked at least two years in their 
current roles and have prior experience inserting USG Guidewire-
Assisted AIO midline catheters. The study sponsor was not 
disclosed. During the study, nurses reviewed blinded Instructions 
for Use (IFUs) for the Guidewire-Assisted AIO midline catheter, 
PowerGlide Pro™ (SKU: 4251628-02), selected because it is one 
of the most widely sold AIO midline products in the United States 
[23]. Each participant inserted the 3-step AIO midline catheter 5 
times in accordance with the IFU.

The second group of vascular access specialists from acute 
care hospitals in New York City, who routinely perform USG 
Guidewire-Assisted AIO midline catheters, was conducted in 
September and November, 2025. Eligible participants were 
required to have a minimum of two years’ experience in their 
current roles. The study sponsor was not disclosed. During the 
study, participants reviewed blinded IFUs for two types of AIO 
midline catheters evaluated: Guidewire-Assisted PowerGlide Pro™ 
(3-step AIO midline catheter) and Non-Guidewire AIO midline 
SURFLO MIDELA™ (2-step AIO midline catheter), both currently 

available on the market. Each nurse inserted both catheter types 5 
times each.

Data Collection and Analysis

Recorded videos of the procedures performed by participants 
under USG were reviewed and assessed to determine whether 
an extravascular or intravascular event occurred according to the 
predefined “event criteria” during any of the two or three steps 
in the insertion process (3-step Guidewire Assisted and 2-step 
Non-Guidewire AIO midline). An event was considered to have 
occurred if the needle tip and catheter deployment was performed 
extravascular, and if the needle reached the posterior wall or a 
needle had entered through the anterior wall and was retracted 
back out of the anterior wall, resulting in the catheter placement 
outside of the vessel. No event was considered to have occurred 
if the catheter was completely placed in the vessel without 
any occurrences consistent with the predefined event criteria. 
Furthermore, the final position of the catheter was assessed to 
determine whether it was placed in the vessel or out of vessel. 
In addition, the cumulative number of events occurring across the 
placement attempts and time to complete the steps were further 
assessed to determine during which step of the procedure they 
occurred.
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Given the exploratory nature of this study, statistical hypothesis testing was not performed. Results were evaluated descriptively to 
identify potential patterns and trends Figure 2.

Figure 2: Comparing two types of AIO midlines during the insertion steps.
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Results

Group 1: Identifying the steps during which adverse events occurred

A total of eight nurses participated in the study as shown in Table1 below. During screening, all but one reported being very familiar 
with USGPIV Table 1.

Table 1 Profile of Group1 participants.

The Figure 3 below shows that the catheter was placed outside the vein in 35% of insertions and in the vein in 65%. In total, 28 events 
occurred. Events occurred both when the catheter was placed in the vein and when the catheter was outside the vein. No event occurred 
in 12 insertions. 

Figure 3: Catheter final position and events occurred.

As shown in the Figure 4 below, when examining each step in which these events occurred, 27 were observed during needle insertion 
under USG while visualizing the needle tip. 15 events occurred during guidewire placement, and 1 event occurred during catheter 
placement, when the needle slipped out of the vessel.
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Figure 4: The cumulative number of events occurring across insertion steps

Figure 5 presents the box and whisker plots illustrating the time required for each procedural step. For the needle insertion step, the 25th 
percentile was 11 seconds, the median was 21 seconds, and the 75th percentile was 35 seconds. In contrast, the interquartile range (the 
middle 50% of the data) for the subsequent steps—Guidewire Placement and Catheter Placement-was shorter than that of the needle 
insertion step.

Figure 5: The duration of each step.
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Figure 6: Representative of event occurred in the process of guidewire advancement and placed outside of the vessel.

Group 2: Comparing AIO midline catheter insertion process (2-step vs 3-step)
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A total of twelve nurses participated in the study as shown in Table 2. During screening, all reported being very familiar with UGPIV. 

Table 2: Profile of Group 2 participants

As shown in Table 3 below, an analysis of each step in which these events occurred revealed that during needle insertion under USG while visualizing the needle tip, 6 events 
were observed in the Non-Guidewire group and 13 in the Guidewire-Assisted group. In the Guidewire-Assisted group, 5 events occurred during guidewire placement, whereas 
none were observed in the Non-Guidewire group. Furthermore, one event occurred during catheter placement in the Guidewire-Assisted group, while no such events were noted 
in the Non-Guidewire group. 

Table 3: Guidewire-Assisted vs Non-Guidewire.
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Figure 7: Result of Guidewire-Assisted vs Non-Guidewire
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Figure 8: Representative of event occurred in the process of guidewire advancement.

Discussion

The three critical components for successful intravenous catheter 
placement are ultrasound assessment and needle tracking 
proficiency, hand stabilization and movement during catheter 
advancement, and manufacturer device ingenuity. 

Ultrasound manufacturers have improved image clarity and 
reduction in real time image delay to assist clinicians with needle 
tracking. Vascular access device placement variation can occur due 
to clinician ultrasound interpretation. The user may identify the 
needle in an extravascular location but interpret it as intravascular 
or the user may identify the needle in the posterior wall of the 
vessel but interpret it as intravascular. 

Vascular access device placement variation can occur due to hand 
stabilization even following successful USG needle placement 
into the vein. When a catheter is placed outside the vein it can 
typically go unnoticed until blood return is checked prior to 
infusion, potentially delaying treatment [3-4]. In this scenario the 
needle is properly placed within the vessel and confirmed, but as 
the ultrasound probe is placed down, and the hand moves to deploy 
the guidewire or catheter, the needle can be retracted outside of 
the vessel wall resulting in a proximal extravascular catheter 
placement or the needle pushed forward creating a posterior 
wall puncture extravascular placement. Posterior wall puncture 
is associated with hematoma formation and pain, which could 
also delay therapy. Furthermore, when posterior wall puncture 
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occurred and the catheter was still successfully placed, the risk 
of complications such as hematoma, infiltration, or extravasation 
may increase [3-4,27].

Midline catheters have evolved significantly in both design 
and insertion technique [13,21]. Early approaches utilized a 
modified Seldinger technique—separate needle access, followed 
by guidewire placement, then sheath introduction, and finally 
catheter advancement. This progressed to catheter-over-needle 
systems, which simplified the process but required advanced 
ultrasound skill to successfully “walk” the catheter through the 
vessel. More recently, innovations have led to catheter-over-needle 
devices with integrated guidewires. These designs enhance control 
during advancement, help reduce the risk of posterior vessel wall 
puncture, and improve overall success with catheter deployment.

The challenge with a Guidewire-Assisted device is that the tip of 
the needle may puncture the vessel and provide blood return, but 
until you “walk” the needle and catheter through the vessel wall 
the catheter will not be able to puncture the vessel wall despite 
the guidewire being thread. In addition, to deploy the guidewire 
requires hand movement that can affect catheter device stabilization 
and maintaining the needle in the intravascular space. It is in these 
transitions where the procedure variation is encountered.

In events in the first group (Figure 3), events occurred in 70% 
of cases among nurses who reported being “very familiar” with 
USG insertion, and in 35% of cases the catheter was ultimately 
placed outside the vein. USG insertion requires real time tracking 
of the needle tip, using the Probe-Needle technique (PN-T). Video 
analysis of the nurses’ tracking techniques demonstrated that 
almost all participants confirmed the vessel location and using 
the 3 stations of the needle approach, verified that the needle was 
approaching the vessel at the correct angle. However, once the 
needle entered the vessel, nurse participants no longer tracked the 
needle tip. The operators relied on tactile sensation after the needle 
entered the vessel and continued the subsequent steps accordingly. 
As a result, they did not recognize when the needle perforated the 
posterior wall or slipped out of the vessel, and advanced the catheter 
regardless, ultimately placing it extravascularly. Furthermore, 
because the needle tip was not visualized under ultrasound even 
after it had entered the vessel, events such as posterior wall 
puncture or needle withdrawal occurred repeatedly during all steps 
in the 3-step Guidewire-assisted processes—needle insertion, 
guidewire advancement, and catheter placement (Figure 4). 

Although events still occurred among nurses proficient in USG 
insertion in Group 2, their frequency was markedly lower than 
Group1. When the insertion process was analyzed step by step, 
Guidewire-Assisted had 7 events and Non-Guidewire had 6 
events during the needle insertion step in which the needle tip was 

visualized under ultrasound, yet, still punctured the posterior wall 
or exited the vein. 

Although needle insertion was performed under ultrasound 
guidance to confirm intravascular needle tip position, maintaining 
this confirmation is not possible when the ultrasound probe is 
removed and the clinicians’ second hand is moved to the device 
to either deploy the catheter or deploy the guidewire. It was found 
that during this “maneuver” the needle tip can deviate leading 
to procedural failure. In the Guidewire-Assisted maneuver, the 
operator must place the ultrasound probe down and slide the 
guidewire forward which can inadvertently place a forward motion 
on the needle leading to the puncture of the posterior wall of the 
vessel, or a backward motion on the device leading to the needle 
migrating out of the vein. Finally, with the Guidewire-Assisted 
device, if the clinician is not using the PN-T and the catheter is 
not advanced beyond the vein wall, the needle can cannulate, the 
guidewire can be threaded, but the catheter not pass through the 
vein wall.

In contrast, the Non-Guidewire AIO catheter over the needle 
technique requires only one hand movement from the ultrasound 
probe to the catheter for deployment. This forward motion can 
cause the needle to puncture the back wall of the vessel, and the 
hand movement can cause the needle to migrate outside of the 
vessel prior to deployment. Yet, this forward or backward motion 
may be avoided by using the PN-T which allows the catheter to 
be walked in through the vein wall significantly prior to catheter 
deployment.

The needle insertion step may represent an important component 
of ultrasound-guided catheter placement, as variability observed 
during this phase appeared to be more operator dependent than 
subsequent procedural steps. In this exploratory study, devices 
with fewer procedural steps appeared to be associated with shorter 
procedure times and fewer observed variation among experienced 
ultrasound users. These findings are hypothesis-generating only 
and may suggest that Non-Guidewire AIO midline catheters may 
have the potential to support first-stick success. 

Limitations

These exploratory findings from in-vitro investigation should be 
considered hypothesis-generating only and may warrant further 
investigation in appropriately powered studies.

Conclusions

Continuous ultrasound needle tip tracking is essential for safe 
midline insertion. The exploratory study shows that unrecognized 
tip deviation and posterior wall puncture drive placement failure and 
downstream complications. While AIO midline catheters resemble 
the traditional over the needle catheter placement, Guidewire-
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Assisted devices require an additional step which may contribute 
to micro movements during insertion. These observations may 
suggest that device design could influence procedural performance. 
However, the findings should be considered hypothesis-generating 
and warrant further investigation.
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