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ABSTRACT

Introduction: More than 30% of peripherally inserted central catheters (PICCs) and midline catheters
experience complications. Most complications are related to thrombotic cellular adherence to catheter
materials.

Areas covered: This manuscript outlines PICC and midline catheter complications, the need to reduce
complications and how hydrogel catheters may provide a solution to address these unmet needs based
on available evidence.

Expert opinion: Patients commonly require PICC or midline catheters for treatment to establish a reliable
form of intravenous access. Catheters, while reliable in most cases, are not without complications, including
occlusion, thrombosis and infection, each related to cellular adherence to the catheter material. Hydrophilic
catheter coatings and composites have been developed to mitigate these thrombotic complications,
reduce adherence of blood and bacterial cells to catheters and provide greater patient safety with these
devices. Hydrogel materials are highly biocompatible and have been effective in reducing cellular adher-
ence and the formation of biofilms on surfaces. Smooth hydrophilic catheter surfaces are potentially more
comfortable for the patient, with reduced friction during insertion and removal. A catheter constructed of
hydrophilic biomaterial, a hydrogel composite material, may minimize thrombotic complications in PICC

ARTICLE HISTORY
Received 24 October 2023
Accepted 26 February 2024

KEYWORDS
Complications; cost savings;
infection; intravenous
catheter; peripherally
Inserted central catheter
(PICC); midline catheter;
venous thrombosis;
thrombotic occlusion

and midline catheters, improving catheter performance and outcomes for patients.

1. Overview of the market

An estimated 80% of patients admitted into acute care for
treatment require some form of intravenous (IV) access.
Intravenous catheters are a crucial component in the medical
field as they are used for administering medication, fluids, and
nutrients directly into the bloodstream, but they are not without
risk. The primary goal of IV management is to maintain catheter
function while preventing catheter-related complications. When
an IV device fails, becomes occluded, or develops thrombotic or
infectious complications, medical treatment is hampered, and
the patient requires more invasive procedures, such as re-
insertion of the device.

Peripherally inserted central catheters (PICC) and midline
catheters are often used instead of peripheral catheters to pro-
vide longer-term, more reliable, functional IV access. According
to iData Vascular Access Research Report 2023, more than
2.5 million (M) PICCs and 1.1 M midline catheters are purchased
in the United States (U.S.A.) each year [1]. These PICC and midline
catheters are inserted into a peripheral vein, usually in the upper
arm, and are used for various medical procedures, including
chemotherapy, antibiotics, blood transfusions, and hydration.
Midline catheters terminate in the peripheral veins at or below
the shoulder. PICC catheters are peripherally inserted but termi-
nate in the larger vessels of the superior or inferior vena cava.
Complications associated with PICC and midline catheters are
venous thrombosis, catheter occlusion, and infection [2-5].
Preventing complications is a priority and essential to the safety

of the patient, the completion of intravenous therapy, and the
efficient use of healthcare dollars. This manuscript outlines the
impact of PICC and midline catheter complications and available
evidence supporting the use of novel hydrogel composite cathe-
ter materials as a potential solution.

1.1. Basic materials and design

The material of the PICC or midline catheter plays a crucial role in
determining performance, safety, and ease of use. There are
several different types of materials used for intravenous cathe-
ters, each with its own unique properties and benefits (Table 1).
Two primary types of catheter materials dominate the PICC and
midline market, silicone and polyurethane. Polyurethane is most
commonly used for PICC and midline catheters related to dur-
ability, flexibility and power injectability. Polyurethane is
a synthetic polymer that is made from the reaction of polyiso-
cyanate and polyalcohol [6]. This reaction creates a material that
is both strong and flexible, making it an ideal choice for catheter
materials. Polyurethane catheters perform well and are known
for their high kink resistance, which is a common problem with
other types of catheter materials [6]. This resistance to kinking
allows for a stable and consistent flow of fluids and medication
through the catheter [6].

Two of the main benefits of using polyurethane catheters are
their biocompatibility and long-term durability. These catheters
are safely left in place for extended periods of time, which is
beneficial for patients who require long-term treatment. These
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Article highlights

e Complications associated with PICC and midline catheters occur
frequently.

o Hydrogel materials are highly biocompatible and have been effective
in reducing thrombus accumulation, preventing cellular adherence
and the formation of biofilms on surfaces.

o Hydrophilic super-hydrated catheter surfaces make insertions
smoother and potentially more comfortable for the patient and
may reduce the risk of vessel injury and inflammation.

e Reducing cellular adherence and thrombotic catheter complications
leading to occlusions in PICC and midline catheters would represent
significant cost savings for all healthcare facilities by promoting
longer catheter function without complications.

characteristics make polyurethane an ideal material for catheter
construction, as it can withstand the rigors of insertion into the
bloodstream and prolonged dwell time.

Modifications and improvements in polyurethane composi-
tion for catheters have occurred over time with first, second
and now third-generation materials that are more biocompa-
tible [7,8]. Polyurethane catheter surfaces are inherently
hydrophobic in nature and highly susceptible to protein
adsorption however, modifications in the form of surface coat-
ings and composite chemical material changes improve poly-
urethane catheter performance, providing anti-thrombotic
and anti-microbial benefits [6,8,9]

Hydrophilic biomaterial (HBM) is a type of hydrogel com-
posite polymer that absorbs water, making the material very
biocompatible while creating a highly lubricious catheter sur-
face that, among other things, allows for ease of insertion and
minimal vessel inflammatory impact [10]. One of the biggest
challenges with using hydrogels for the construction of intra-
venous catheters is the lack of mechanical strength. This
hydrogel composite material is unique because it possesses
the strength that provides many of the same beneficial prop-
erties of polyurethane catheters while maintaining the hydro-
gel-related benefits [11]. The bulk-material hydrophilicity
makes it inherently non-thrombogenic and reduces friction
on the catheter surface, making insertion smoother and less
likely to cause irritation or damage while lessening the impact
of the foreign material on the vein [6,12]. The hydrophilic
surface is described as the smoothest surface for a catheter,
with smoothness attributed to the water-absorbing gel-like

layer of the material [13-15]. This smooth layer reduces fric-
tion for insertion and removal of the catheter, making the
process much easier and less painful for the patient, and
resists thrombus formation, potentially reducing thromboph-
lebitis and other clotting and inflammatory processes related
to the body’s response to foreign materials.

Normal clotting processes related to a foreign material are
reduced with HBM catheters. The hydrated super lubricious
surface resists the sticking of proteins and blood cells, redu-
cing the risk of thrombotic-related complications of venous
thrombosis and catheter occlusion. Reduced cellular adher-
ence on the inner and outer surfaces of the catheter also
discourages bacterial attachment and biofilm growth, thus
minimizing catheter-related infections [16-19]. These material
characteristics have the potential to reduce the common
catheter complications of thrombosis, occlusion and infection
that limit the catheter function and contribute to patient
morbidity and mortality.

1.2. Catheter technologies and unresolved problems

Despite improvements in polyurethane catheter materials, cur-
rent PICC and midline catheters made of thermoplastic polyur-
ethane continue to have complications contributing to catheter
failure within a range of 1-30% [20]. Studies comparing tradi-
tional PICCs with anti-microbial and anti-thrombotic catheter
materials demonstrated no association for reductions of cathe-
ter-related infection or with reduced incidence of thrombosis
and occlusion [20]. Significant and serious complications with
PICC and midline catheters impact the patient’s health, the ability
of clinical staff to manage and the healthcare system’s cost with
delayed or added treatment and extended hospital stays.
Improvements in catheter materials are necessary to mitigate
complications, and protect the patient, saving time and cost for
the healthcare staff and facility.

The aim of this review is to provide a synopsis and clinical
profile of a new type of catheter material, the current evi-
dence, and the suggested benefits of clinical use with applica-
tion in PICCs and midline catheters.

2. Introduction to HBM

A novel hydrogel composite material PICC and midline cathe-
ter was created, comprised of a porous poly-vinyl alcohol

Table 1. Comparison of common catheter material properties and their performance.

Catheter Material Advantages

Disadvantages

Polyurethane [6] e Durable; suitable for prolonged dwell times

o Flexible, yet kink-resistant .
e Provides stable, consistent flow of fluids and medi- e
cations
HBM * Highly biocompatible [10] .

o Hydrophilic, highly lubricious surface [10-12,21]
reduces friction on the catheter surface [13-15]

o Discourages cellular adherence and biofilm forma-
tion [4,11,15,24]

o Requires 9X less force when inserting the catheter,
compared to polyurethane catheters [12]

o Long-lasting surface functionality (> 5 months) [11]

o Enhances patient comfort [50,51]

Hydrophobic surfaces promote inflammatory responses within the blood vessel
High susceptibility to protein adsorption

Requires modifications (e.g. surface coating and/or composite material changes) to
improve resistance to cellular adhesion and biofilm formation [8,9]

Limited data from large-scale clinical trials




(PVA) integrated with poly-acrylic acid (PAA), heat treated to
establish a physically cross-linked high-strength hydrogel
material. In a hydrated state, HBM establishes a hydrophilic
steric barrier surface to repel protein adsorption [11,21]. This
new type of catheter material was developed into
HydroPICC™ and HydroMID™ (Access Vascular, Inc. Billerica,
MA, U.S.A.) with indications for intravenous access with short
or long-term peripheral and central venous access for the
administration of solutions, medications, parenteral nutrition,
laboratory blood sampling, power injection of contrast media,
and central venous pressure monitoring [22]. The HydroPICC
and HydroMID catheters consist of an HBM shaft combined
with a luer-locking hub, resulting catheter surface designed to
reduce the accumulation of blood and bacterial cells. The
radiopaque polyol catheters have a polyurethane extension
tube and suture wing without radiopaque additive. These
unique catheters combine the mechanical properties and
advantages of polyurethane with the antithrombotic features
of hydrogels into a single catheter material [22].

2.1. How the HBM catheter performs

In the clinical setting, the hydrophilic nature of the composite
material establishes a saturated surface that is composed of
35% water with a negligible contact angle [11,21]. The super
lubricious, slippery surface makes the catheter easier to insert,
with recent data indicating up to 9X less force when inserting
a hydrophilic catheter [12]. These hydrophilic properties are
created from the hydrogel component’s high affinity for water,
allowing the catheter to absorb and maintain surface moisture
and prevent bacterial and blood adherence [23]. The HBM
features are attributed to the three-dimensional cross-linking
network structure of synthetic and/or natural hydrophilic poly-
mers and the composite mixture of PVA cross-linked with
hydrophilic heat-treated chains that provide durability and
added strength.

The slippery, hydrated surface of the catheter allows it to
mimic the body’s natural chemistry and avoid the common
foreign body response of cellular attachment and fibrin for-
mation designed to engulf and isolate the foreign material. By
avoiding this normal body reaction, this catheter is engineered
to bypass those catheter complications associated with this
foreign body response. Most catheters with coatings have only
short-term reductions, but the HBM catheter lumen is entirely
composed of the hydrogel composite, which allows it to con-
tinue to perform in the same non-reactive manner for months.
The durability and surface features are long-lasting, with test-
ing of surface functionality for over 162 days [11]. The smooth
and hydrated surface limits the body’'s host response and
resists cellular adherence for the long term [11,15,24].

The hydrophilic properties of the material provide the main
value to the patient and the catheter long life of thrombore-
sistance. Catheter material research supports that the PVA/
PAA hydrogel composite effectively resists platelet adhesion
by 97%, validated through blood loop testing in comparison
to thermoplastic polyurethane catheters (PowerPICC™, Becton
Dickinson, Franklin Lakes, NJ, U.S.A.). The HydroPICC has been
evaluated using in vitro and in vivo model testing, demon-
strating the reduction in thrombus blood cellular

EXPERT REVIEW OF MEDICAL DEVICES . 3

accumulation. Pre-clinical in vitro and in vivo evaluations,
while predictive of performance outcomes, cannot verify clin-
ical performance with respect to thrombus formation.
HydroPICC and HydroMID catheters exhibit enhanced resis-
tance to blood components (platelet and thrombus) accumu-
lation with reduced cellular adherence [11]. With reduced
platelet adhesion to the catheter surface, catheter-related
occlusion would be reduced or eliminated.

In 1994, Maki noted that central venous catheter blood-
stream infections, at rates of 3-5%, posed a greater risk to
patients than any other indwelling medical device [25].
Cellular adherence to all intravenous catheters begins imme-
diately upon insertion with a coating of platelets, plasma and
tissue proteins [26], trapping any bacteria that originate from
the skin insertion site, the hub, or from touch contamination
of healthcare providers inserting or performing catheter man-
agement [27,28]. Biofilm-producing bacteria have previously
been confirmed on the surfaces of all central venous catheters
associated with this cellular adherence [28]. Catheters with
hydrogel and hydrophilic materials reduce cellular adherence
and attachment of bacteria. Through its ability to discourage
biofilm formation, HBM catheters mitigate the risk of life-
threatening complications in patients who require treatment
via intravenous access.

The research by Maikranz and associates delves into the
subject of bacterial attachment in relation to hydrophobic and
hydrophilic catheter surfaces [29]. Hydrophilic catheter sur-
faces tend to have low adhesion forces resulting in few bac-
terial molecules attaching, approximately four times lower
than with hydrophobic surfaces, like those present on tradi-
tional polyurethane and silicone catheters. It is hypothesized
that the smooth, negatively charged and well-hydrated sur-
face of the hydrophilic hydrogel catheter further minimizes
the adhesion of bacterial cells [6,11,30-32]. Mehall and associ-
ates in vivo research found that bacteria bind to cellular for-
mation and fibrin, and without a conditioning layer of blood
cells and fibrin on the surface of a catheter, the opportunity
for bacterial attachment and biofilm growth was greatly
reduced [33]. The performance of this hydrogel composite
material creates a potential for this catheter to significantly
reduce complications and replacement of traditional polyur-
ethane and silicone PICC and midline catheters.

2.2. Cost effectiveness

Catheter complications and failure contribute significantly to
the higher cost of care in hospitals. With estimates in the
billions, catheter complications interrupt treatment, often
require catheter replacement due to failure, and contribute
to patient morbidity and mortality [34]. Results compiled
within an integrative review benchmarked the incidence of
catheter complications for PICC thrombosis, deep vein throm-
bosis, thrombotic occlusion, and infection with a pooled total
complication rate of 5.6% [13]. The breakdown of cost per
complication based on the Centers for Medicare and
Medicaid Services (CMS) using 2022 ICD-10 codes per incident
is $17,000 per PICC-related thrombosis, $26,000 per PICC-
related deep vein thrombosis, and $1,100,000 for lost revenue
related to central line-associated bloodstream infections
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(CLABSI). The cost projections for all complications at this
incidence rate were $4.5 billion US.A. per annum for PICCs
alone and $4.9 billion projected for both PICCs and midlines.
Given even a conservative percentage reduction, this novel
catheter material would reap significant savings for hospitals
able to avoid complications. Greater confidence achieved with
lower infection rates and catheter failures would allow PICC
and midline catheters to be used without fear of catheter-
related bloodstream infection or associated reimbursement-
related concerns.

2.3. Evidence

A systematic review of studies and gray publications from
1980-2023 was performed with keywords of hydrogel and
hydrophilic catheter materials, hydrophobic, biomaterial,
HydroPICC/HydroMID, within MEDLINE/PubMed, Cumulative
Index of Nursing and Allied Health Literature (CINAHL),
Scopus, EmBASE, and Cochrane review online sources [13].
A total of 28 publications were selected, with one clinical
study reporting outcomes of the HydroMID. Unpublished stu-
dies with in vitro laboratory and clinical results were included
[34-36].

The literature review identified publications outlining the
properties of hydrophilic coatings, catheters, and hydrogel
characteristics [13]. Five identified publications were focused
on hydrogel hydrophilic biomaterial (HBM) composite cathe-
ters (Figure 1) [12,22,35,37,38]. Clinical publications evaluated
HBM in comparison with thermoplastic polyurethane catheters
for complications or specific occlusion rates [35,37]. The first
study of 205 subjects with midline catheters reported one
complication in the HBM group and 24 in the thermoplastic
polyurethane group, a 6X reduction in complications [33].
The second 2023 retrospective study of PICCs evaluated 121
subjects with an equal distributive comparison of HBM and
thermoplastic catheters [36]. There were no occlusions in the
HBM group and 13 in the thermoplastic group. With the
occlusion incidence of 7-35% reported in the literature, the

HBM performance is atypical and warrants further study
[38-40].

Bacterial adherence leading to infection is the most serious
complication facing PICC and midline catheters in the clinical
setting. A catheter material that resists bacterial attachment is
beneficial in two ways: avoidance of the initial attachment
leading to colonization and reduction of the development of
biofilm produced by the bacteria after attachment.
Microorganisms, and their by-products of biofilm, are the
main cause of catheter-associated bloodstream infections.
Biofilm growth on a catheter allows the bacteria to gain
strength and virulence. Once biofilm-enabled bacterial colo-
nies are released into the bloodstream, an infection develops,
and higher dosages of antibiotics are needed to control the
spread. The lubricity and anti-fouling features of the hydrogel
catheter are inherently anti-microbial and, thus, biofilm-
limiting [41-43]. This novel catheter material with a surface
hydration layer serves as protection against bacterial attach-
ment and biofilm production.

Catheter surface modifications with hydrophilic hydrogel
provide positive features that reduce catheter colonization
and infectious complications [44-47]. Two clinical studies
have demonstrated outcomes for the HBM catheters [35,37].
The first retrospective study compared 4 French single-lumen
PICCs, 60 HBM catheters and 61 thermoplastic polyurethane
catheters [35]. The results were measured for occlusion inci-
dence. No occlusions were detected in the HBM group and 13
in the thermoplastic polyurethane group for a probability
value of p < 0.0001 for total occlusions. In the second retro-
spective study, 4 French single-lumen midline catheters were
evaluated [37]. The study included 205 subjects with midline
catheters, 104 in the HBM group and 101 in the thermoplastic
polyurethane group. There was one occlusive event and four
replacements in the HBM group and 17 occlusions and 22
replacements in the polyurethane group. Replacement report-
ing reflected catheter failure from any cause for 4.5% in the
HBM group and 28.1% in the polyurethane group. Thrombotic
complications with upper-extremity thrombosis were none in
the HBM group and 7 in the polyurethane group. Therapy was
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Figure 1. Hydrophilic biomaterial evidence. Used with permission of Access Vascular, Inc.



completed in 98% of the HBM group and 69% of the polyur-
ethane group. Each of these studies, while low-level evidence,
supports the hydrogel hydrophilic catheters and this HBM
PICC and midline catheter advantages of super-lubricious sur-
faces promoting thromboresistance, vessel protection and
prevention of catheter occlusion. More robust, high-quality
research is needed to validate the clinical outcomes and
results of these HBM catheters. Small sample quasi-
experimental studies without controls are not conclusive but
rather suggestive, serving as pilot studies to guide future
research of larger scale, prospective trials with randomization
and controls.

2.4. Alternative devices

Silicone catheter materials have been available for central
venous catheters since the 1960s, polyurethane since 1975
and surface modifications for PICCs and midlines since the
1980s. Medical-grade polyurethane and silicone catheters
include differing chemical compositions with aliphatic poly-
ether, aromatic polyether, aliphatic polycarbonate, and poly-
dimethylsioxane [6]. The hydrophobicity of silastic silicones
and thermoplastic polyurethanes causes higher levels of
adsorbing proteins with resultant thrombosis formation lead-
ing to catheter complications and functional device failure
[41]. The hydrophobic surface of polyurethane catheters sug-
gests that they are more susceptible to catheter-related infec-
tions and thrombogenicity than other silicone-based
catheters, thus emphasizing the need for new materials with
antibacterial and antithrombotic features [48,49].

Surface modifications of antiseptics, antibiotics, anticoagu-
lants, and anti-thrombogenic substances have had limited
results [20]. PICCs with modified surfaces and composition
are antiseptic catheters of chlorhexidine silver sulfadiazine,
antibiotic catheters with minocycline-rifampin, anticoagulant
heparin coatings, and anti-thrombogenic catheters of fluoro-
oligomer modified polyurethane. The weight of the clinical
human evidence supporting the impact of outcome improve-
ment of these surface compositions on complication reduction
is minimal.

Anti-thrombogenic hydrophobic PICCs and hydrophilic
HBM catheters were compared to the control of the thermo-
plastic polyurethane PICC in a study using in-vitro loop testing
[11]. Thrombotic accumulation on the HBM catheter’s inner
and outer surface was reduced by 97%, and in the antithrom-
botic hydrophobic catheter by 64%, in comparison to the
thermoplastic polyurethane PICC. The features of hydrogel,
those most likely to reduce complications, center around the
hydrated nature of the material, promoting greater biocom-
patibility with a low-level body response to the foreign body
and a 35% hydrophilic hydrated slippery catheter surface. In
comparison, thermoplastic polyurethane catheters are hydro-
phobic, with 2% hydrated surface repelling water and a higher
cellular attachment rate than hydrogel catheters making them
less favorable, in comparison to the HBM composite material
catheters.

Cellular and protein adsorption conditioning of catheter
surfaces is a normal response to the insertion of a foreign
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material into the body [34]. The host produces a cellular and
thrombotic response designed to attach to, engulf and
destroy the invading agent. A qualitatively large amount of
thrombus was observed on the tip of every conventional
thermoplastic polyurethane catheter device, while only
a minimal amount of thrombus accumulation was observed
on the anti-thrombogenic catheter and the HBM composite
hydrogel tips (Figure 2) [11]. PICC and midline complications
of infection, thrombosis and occlusion are related to the
buildup of blood cells, fibrin and bacteria adhering to the
surface of the catheter. Hydrogel biocompatible catheters
minimize or eliminate the foreign body cellular response by
preventing the functions of attachment and cellular engulf-
ment, such as with fibrin sleeves and cellular chemicals
designed to dissolve the catheter. Thermoplastic polyurethane
catheters can resist the chemical response but cannot resist
the protein and cellular attachment and engulfment that leads
to catheter complications.

Catheter materials that resist or repel bacteria and blood
adherence have beneficial properties that, when applied to
medical applications of Foley catheters, guidewire coatings,
and endovascular devices, result in complication avoidance
and longer catheter function [44,50]. Foley catheter hydrogel
coatings promote smoother insertions and enhance patient
comfort [50,51]. When considering the ideal characteristics of
a PICC or midline catheter material, the HBM catheters display
a low-level host response, have low friction and surface resis-
tance, and are able to maintain the highly lubricious hydrated
surface that reduces the normal cellular buildup on catheters
(Figure 3). The highly lubricious surface of the hydrogel cathe-
ter is a strong feature making the catheter low impact on the
vessel during insertion and removal. The slippery nature of the
catheter promotes a smooth and atraumatic insertion [12].
These smooth surfaces are likely kinder to vessels upon inser-
tion, with reduced injury/inflammation to the vein walls.
Unlike catheters with hydrogel or hydrophilic coatings, the
composite material features and lubricity demonstrated dur-
ability in-vitro for over 162 days [11]. The low insertion force
needed for trackability results in minimal friction and vessel
irritation. Compared to thermoplastic polyurethane, the

Hydrophilic
Biomaterial

g BT
Standard 4
Polyurethane

Fluorinated-oligomer qg

Polyurethane

Figure 2. Representative images from in vitro blood loop model studies demon-
strating differences in bacterial adhesion on HBM vs. polyurethane catheters.
Presented at vascular access conference in 2023. Used with permission from
Access Vascular, Inc.
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Figure 3. Hydrophilic hydrogel lubricious material surface. Used with permission
of Access Vascular, Inc.

slippery high-strength HBM exhibited an 84% + 25% reduction
in average insertion force. All these features work together to
provide ease of insertion without vessel irritation, biocompa-
tible dwell, and slippery hydrophilic surfaces that continue to
repel cellular attachment and minimize or prevent complica-
tions [52].

2.5. Regulatory and contraindications

Table 2 compares the features of the two currently available
HBM catheters. US FDA-cleared HydroPICC and HydroMid are
available according to these specifications (Figure 4) [22,36]:
Device Description: The HydroPICC peripherally inserted cen-
tral catheters (PICC) are 4 French and 5 French, single and dual
lumen catheters comprised of a radiopaque hydrophilic catheter
material with a suture wing, Luer lock hubs, and extension tubes
made from materials commonly used in the manufacture of
catheters. Catheters are provided packaged in kit configurations
with the appropriate accessories for placement in the appropri-
ate clinical environments. The maximum power injection flow
rate for each lumen is indicated on each extension tube clamp.
The HydroPICC is indicated for intravenous access with
short or long-term peripheral and central venous access for

Table 2. Comparison of available HBM catheters.

the administration of solutions, medications, parenteral nutri-
tion, laboratory blood sampling, power injection of contrast
media (maximum power injection flow rate is 3.5 mL/sec), and
for central venous pressure monitoring. The HydroPICC
Catheter magnetic resonance (MR) rating for non-clinical test-
ing was conditional such that patients may be safely scanned
in an MR system with a static magnetic field of 3.0 Tesla or less
and a maximum spatial field gradient of 3,000 Gauss/cm or
less with whole-body specific absorption rate averaging 4.0 W/
kg for scan of 15 minutes.

Trade Name: HydroPICC

Manufacturer: Access Vascular, Inc.

510(k) Reference: K193015

Common Name: Intravascular Catheter

Regulation Number: 21CFR§880.5970

Regulation Name: Percutaneous, Implanted, Long-Term
Intravascular Catheter Regulatory Class: Class Il

Trade/Device Name: HydroPICC 5F Dual Lumen Catheter

Manufacturer: Access Vascular, Inc.

510(k) Reference K213550

Regulation Number: 21 CFR 880.5970

Regulation Name: Percutaneous, Implanted, Long-Term
Intravascular Catheter Regulatory Class: Class Il

Device Description: The HydroMID is a radiopaque, hydrophilic
midline catheter used for short-term (< 30 days) intravenous
access as a peripheral venous access device. The HydroMID is
available with a suture wing and Luer lock hub in a single 4F
outer diameter lumen, 20 cm in length. Placement of midline
catheters may be in any peripheral vein, most commonly in
the upper arm veins of the basilic, brachial, or cephalic. The
terminal tip of the catheter is at the level of the axillary line for
upper arm placement. The longer midline catheter provides an
alternative to short peripheral IVs and avoids the use of central
PICCs when no indication for central catheterization is present.
Maximum power injection for the HydroMID is at a flow rate of
6mL/sec. Indications for the HydroMID midline catheter are for
the intravenous infusion of solutions and medications

Device

Name Description

Indication

HydroPICC™  Peripherally inserted central catheter (PICC) with 4 French and 5 French,
single and dual lumen catheters comprised of a radiopaque hydrophilic

Intravenous access with short or long-term peripheral and central
venous access for:

catheter material with a suture wing, Luer lock hubs, and extension tubes

HydroMID™  Radiopaque, hydrophilic midline catheter available with a suture wing and
Luer lock hub in a single 4F outer diameter lumen, 20 cm in length

o the administration of solutions, medications, parenteral nutrition,

¢ laboratory blood sampling

e power injection of contrast media (maximum power injection
flow rate is 3.5 mL/sec)

e central venous pressure monitoring

Short-term (< 30 days) intravenous access in any peripheral vein
(commonly the basilic, brachial, or cephalic veins of the upper arm):

o for the infusion of solutions and medications considered isotonic
and not irritating (pH between 5 and 9; osmolarity less than
600mOsm/L)

« for power injection (maximum power injection flow rate is 6mL/
sec)

e as an alternative to short peripheral IVs and central PICCs (when
no indication for central catheterization is present)

Continuous vesicant infusions or parenteral nutrition hyperosmolar solutions are not appropriate for Midline catheters.



Figure 4. Hydrophilic biomaterial used in the HydroPICC and HydroMID. Used
with permission of Access Vascular, Inc.

considered isotonic and not irritating (pH between 5 and 9;
osmolarity less than 600mOsm/L). Continuous vesicant infu-
sions or parenteral nutrition hyperosmolar solutions are not
appropriate for a midline catheter.

HydroMID catheter has demonstrated the same reduction
of thrombus accumulation as specified in the device descrip-
tion for the HydroPICC.

Trade Name: HydroMID

Common Name: Intravascular Catheter

Regulation Number: 21CFR§880.5200

Regulation Name: Catheter, Intravascular, Therapeutic,
Short-Term Less Than 30 days Regulatory Class: Class Il

Both the HydroPICC and HydroMID catheters have demon-

strated a reduction in catheter thrombus accumulation with

in vitro and in vivo models, however, pre-clinical evaluations

are not necessarily predictive of actual clinical performance.
No contraindications were listed for either device.

2.6. Catheter material conclusion

In conclusion, both polyurethane and hydrophilic hydrogel
catheter materials have their own unique properties and
advantages that make them suitable for use in the production
of intravenous catheters. Both types of catheter materials are
considered biocompatible, making them safe for long-term
use. Polyurethane catheters are known for their durability
and resistance to kinking, while hydrophilic hydrogel catheter
materials are known for their ability to reduce friction and the
risk of thrombosis. Composite hydrophilic hydrogel catheter
materials are lubricious, less likely to cause irritation or
damage, and more resistant to protein adsorption that leads
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to thrombotic complications and catheter occlusion.
Performance demonstrated within pre-clinical in vitro and
in vivo studies of thrombus formation evaluation may not
reflect actual clinical performance [22].

3. Expert opinion

This expert report investigates a catheter material type as
a potential solution for reducing intravascular catheter com-
plications. As stated by Ullman et al. in an expert commentary
on anti-thrombogenic PICCs, ‘With around 30% of PICCs devel-
oping serious complications, there is little doubt that improve-
ments in technologies are needed ... ' [20]. Hydrogel and
hydrophilic intravascular catheter characteristics have the
potential for significant improvement and reduction in com-
plications. This researcher suggests that the level of biocom-
patibility, protein adsorption resistance and reduced bacterial
attachment positively impact the reduction of thrombotic-
related complications common to intravenous catheters and
specific to PICCs and midlines. With complications of thermo-
plastic polyurethane PICC and midline catheters reported at
rates up to 33%, the impact of any level of reduction is
beneficial to patients.

PICCs are the most common central venous catheters
used with patients to establish a reliable form of intravenous
access for the delivery of medical treatment. With more than
3 million PICCs purchased each year, any level of risk is
significant. PICC and midline catheters, while reliable forms
of access, do have frequent complications, including occlu-
sion, thrombosis and infection, each related to cellular adher-
ence to the catheter material. Biofouling or anti-biofouling
are terms that apply to the body’s foreign material response
with surface contamination, conditioning and adherence of
cells. Thrombotic formation on the surface of a catheter is
responsible for reduced catheter function through partial and
complete catheter occlusion. Catheter occlusion is a frequent
occurrence that hinders a patient’s ability to receive treat-
ment, requires additional staff time for management, and
escalates costs due to the necessity for thrombolytics to
dissolve clots [13,39]. Hydrophilic catheter coatings and com-
posites have been developed to mitigate these thrombotic
complications, reduce adherence of blood and bacterial cells
to catheters and provide greater patient safety in using these
devices.

A catheter material that reduces catheter occlusion not
only enhances patient outcomes but has the potential to
revolutionize the catheter product market, prompting custo-
mers to expect similar advancements from all catheter manu-
facturers. Barriers to the uptake and use of newer catheters
exist with customers familiar with and committed to one
catheter and brand. PICCs and midlines are typically inserted
by specially trained clinicians, with nurses being the primary
users. In many cases, nursing vascular access teams have
traditionally utilized the same catheter brand for an extended
period. These experienced nurses may exhibit resistance to
change, often pointing to discrepancies in catheter kits, com-
ponents, and minor insertion variations as reasons for their
hesitance.
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Moreover, the adoption of newer materials and catheters
introduces additional costs that can deter both users and
healthcare facilities from embracing these innovations.
Nevertheless, it's essential to recognize that the upfront
increase in cost is offset by the long-term benefits of reduced
complications, extended catheter dwell times, and a reduction
in the frequency of failed catheters necessitating replacement.
This results in overall cost savings, making the transition to
new catheter technology a wise investment in the long run.
The clinical significance of hydrogel hydrophilic catheters
extends to the realm of healthcare by significantly diminishing
complications and lowering costs. This reduction in complica-
tions related to PICC and midline catheters has wide-reaching
effects, benefiting both patients and medical staff, as it leads
to decreased risks and less time spent by healthcare profes-
sionals in managing catheter-related issues.

The real-world impact and advantages of hydrogel materi-
als for clinical applications are readily discernible through their
exceptional lubricity, biocompatibility, and anti-biofouling
properties. The smooth and hydrophilic surfaces of catheters
made from hydrogel composite materials offer the potential
for enhanced comfort for patients, reducing friction during
insertion and removal procedures.

Additionally, reduced blood cell attachment has implications
for infection prevention; bacteria that produce biofilm have
reduced protection and fewer sources of nutrition when blood
cells are not available. Hydrogel materials exhibit remarkable
biocompatibility, effectively mitigating cellular adhesion and
inhibiting biofilm formation on surfaces. Their highly slippery
and hydrated surfaces actively deter bacterial attachment, caus-
ing bacterial cells to remain suspended in the bloodstream,
rendering them more vulnerable to the body’s natural immune
response and preempting bacterial biofilm production. When
bacteria cannot adhere, biofilm formation is prevented.

A catheter constructed from hydrophilic biomaterial, such as
a hydrogel composite, will significantly decrease thrombotic
complications in PICC and midline catheters, thereby enhancing
catheter performance and improving patient outcomes. The
ultimate outcome is a reduced risk of various thrombotic and
infectious complications associated with PICC and midline cathe-
ters when employing hydrophilic hydrogel catheter materials.

Drawing from the substantial body of research showcasing
the favorable outcomes associated with hydrophilic hydrogel
catheters and the evolving clinical evidence surrounding HBM
catheters, the future appears promising in terms of reducing
complications for patients requiring PICC or midline catheters.
As more research findings come to light, the next five to ten
years hold great potential for substantial advancements in
traditional polyurethane catheters. This progress aligns with
the vision set forth by the Alliance for Vascular Access
Teaching and Research (AVATAR) of ‘Making Catheter
Complications History.” The long-standing aspiration of elim-
inating complications can potentially become a reality
through the inherent benefits of the hydrated surfaces offered
by hydrophilic hydrogel catheters.

The future of intravenous catheter research aimed at com-
plication reduction hinges on a thorough exploration of mate-
rial science and its clinical impact, particularly in terms of the
newer materials’ ability to mitigate the foreign body response.

Research on catheter materials predominantly centers on
in vitro studies that identify crucial material attributes and
positive characteristics essential for promoting biocompatibil-
ity. The ultimate goal of catheter material research is to illus-
trate the tangible outcomes of complication prevention,
thereby establishing a direct correlation between material
advancements and clinical results. To achieve this, high-level
in vivo studies become imperative, serving to validate the
in vitro findings and measure their real-world impact on
patient populations.

This author concluded that well-hydrated, biocompatible
catheters with anti-biofouling anti-bacterial properties known
to be beneficial in medical applications are better for patients.
These catheters play a pivotal role in reducing the foreign
body response by preventing cellular attachment, thereby
enhancing patient well-being. It is noteworthy that while the
literature generally reports a 2% reduction in infections with
the use of antimicrobial catheters, the potential for
a remarkable 50% or greater reduction in complications with
HBM hydrogel catheters holds great promise. The resultant
cost savings from reduced complications are expected to
more than compensate for any increase in catheter costs,
thus incentivizing their widespread adoption. The overarching
goal to ‘Make Complications History’ is a shared aspiration
where all stakeholders, including patients, stand to benefit,
with an unwavering commitment to prioritizing patient safety
and delivering high-quality healthcare. While additional clin-
ical research is required to substantiate these findings and
draw more robust conclusions regarding the performance
outcomes associated with this material, the hydrogel hydro-
philic HBM catheter exhibits significant potential.

4. Limitations

This is an expert opinion review of catheter materials with
a specific evaluation of hydrogel material improvements as
they apply to PICC and Midline catheters. This focus of intra-
venous catheter materials on a novel hydrophilic biomaterial
was limited to available in vitro and in vivo research without
the benefit of higher-grade studies or randomized controlled
trials. The quality of the research was a primary limitation for
conclusions. While the information was suggestive of improve-
ment and the potential impact on patient outcomes, these
findings require continued investigation.

5. Plain summary

With over 80% of patients admitted to acute care necessitat-
ing intravenous access, PICC and Midline catheters become
indispensable for therapies extending beyond a few days. The
spectrum of complications linked to catheter failure can
range from 30-69%. In contrast, hydrogel hydrophilic cathe-
ter materials exhibit exceptional biocompatibility, effectively
thwarting cellular and bacterial adherence and subsequent
formation of biofilms. These slippery, hydrophilic catheter
surfaces not only facilitate smoother and potentially more
comfortable insertions for patients but also reduce the risk
of vessel injury and thrombotic complications, enhancing
catheter performance, and reducing interruptions in therapy



while ensuring a more seamless patient experience. By pre-
venting complications associated with PICC and midline
catheters, patient risk is diminished, and substantial cost sav-
ings may be realized across all healthcare facilities.
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