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ABSTRACT
Background: Establishing vascular access is a common neonatal intensive care unit procedure. The extended dwell
peripheral intravenous (EPIV) catheter is a 6-cm and 8-cm silicone catheter for peripheral vein insertion, which is a newer
vascular access device than peripherally inserted central catheters (PICCs) and peripheral intravenous (PIV) catheter.
Extended dwell peripheral intravenous catheters have been widely used in adults but evidence in neonates is lacking.
Purpose: To explore indwell time, success rate, catheter-associated complications, and cost among EPIV catheters,
PICCs, and PIV catheters in neonates.
Methods: We retrospectively compare patient demographics, indwell time, success rate, and catheter-associated com-
plications, and analyze the rate of hyaluronidase-treated intravenous (IV) fluid extravasation on neonates who had an EPIV
catheter, a PICC, or a PIV catheter in a level lll neonatal intensive care unit. We also estimate the insertion cost of these
3 vascular access devices on the basis of our hospital charges.
Results: Extended dwell peripheral intravenous catheters were inserted in 432 neonates with an indwell time of 4.0 =
2.3 (mean = SD) days. Peripherally inserted central catheters were inserted in 202 neonates with an average indwell time
of 7.3 = 4.4 (mean = SD) days, which was longer than EPIV catheters (P < .001). Peripherally inserted central catheters
had a higher success rate of 83.6% than 71.7% of EPIV catheters, meaning succeeded in lasting through the completion
of therapy (P = .001). Peripherally inserted central catheters were associated with 4 cases of life-threatening complica-
tions; none was seen in the EPIV catheter group. The incidence of hyaluronidase-treated IV fluid extravasation was less
in EPIV catheter recipients (1.2%) than in the PIV catheter recipients (3.9%) (P = .004); none was in the PICC group. Cost
savings were noted with using an EPIV catheter.
Implications for Practice: Extended dwell peripheral intravenous catheter is a feasible option for neonatal vascular
access.
Implications for Research: These data provide a baseline for future studies to explore the efficacy and effectiveness of
EPIV catheter in the neonates.
Key Words: catheter-associated complications, cost, extended dwell peripheral intravenous catheter, indwell time,
midline intravenous catheter, neonates, peripheral venous catheter, peripherally inserted central catheter, placement
Quccess rate, vascular access

BACKGROUND/SIGNIFICANCE Establishing vascular access is challenging in NICU
neonates due to their small and extremely fragile
veins.! The 2 most commonly used neonatal vascular
access devices are peripheral intravenous (PIV) cath-
eter and peripherally inserted central catheter
(PICC). However, both devices have well-known
limitations and risks.> The neonatal extended dwell
peripheral intravenous (EPIV) catheter is a new
device that became available in recent years and
seems to have advantages over the PIV catheter and
PICC, but comparative effectiveness studies have

Vascular access is often needed in neonatal intensive
care unit (NICU) neonates. The majority of NICU
neonates require vascular access during their stay for
prolonged nutritional support and medications.
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not been reported from the NICU population.?

A PICC is an intravenous catheter that is inserted
peripherally and threads into the central venous cir-
culation and is made of silicone, polyurethane, or
polyethylene.* To be considered centrally placed, the
tip of the PICC should be in the superior or inferior
vena cava’ (Figure 1). It is intended for long-term
nutrition and medication therapies as it can remain
in place for months at a time. Peripherally inserted
central catheter requires additionally trained nurses
for insertion and radiographs to confirm correct
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FIGURE 1

AN

Chest radiograph of a neonate with a peripherally
inserted central catheter (PICC) placed in the right
arm. Arrow indicates the PICC is in the superior
vena cava.

placement.’ Peripherally inserted central catheter
can be associated with complications including
central line-associated bloodstream infection
(CLABSI), phlebitis, infiltration, occlusion, catheter
leakage leading to pleural effusion and peritonitis,
cardiac arrhythmia, pericardial effusion, and cardiac
tamponade.® Peripherally inserted central catheter-
related cases of CLABSI and pericardial effusion had
been directly linked to neonatal death.®*

The most widely used vascular access device in the
NICU is a PIV catheter, which is commonly a 22- or
24-gauge Teflon radiopaque over the needle
catheter.” A PIV catheter is easier to place than a
central catheter, but it does not last as long and can
often take multiple attempts to be successfully
placed."1912 Most NICU nurses are competent at
inserting a PIV catheter, which is usually placed in
the extremities or the scalp.® Despite the high rate of
use and long history, PIV catheter still has a poor
track record. One study (n = 72) among the neona-
tal population showed that the average length of
time a PIV catheter was in place before complica-
tions required removal was 30 hours,'? while another
larger study (n = 250) among the neonatal popula-
tion showed 37 hours to be the average length of
time.'* This is an extremely short period compared
with the length of nutritional supplementation and
medication needed in most NICU neonates. Approx-
imately 95% of PIV catheters are removed before
the completion of therapy generally due to compli-
cations such as infiltration, infection, clotting, or
other problems.’ Infiltration rate among neonates is
57% to 70% and tissue damage from extravasation
occurs in 11% to 25%.'5 Extravasation can lead to

What This Study Adds I

e A retrospective analysis of the pros and cons of EPIV
catheters, PIV catheters, and PICCs within the neona-
tal population, which is a step toward a larger, random-
ized control trial of neonatal vascular access.

e |Information that allows the NICU clinician to make a
more informed decision regarding the use of vascular

K access devices.

tissue necrosis, infection, limb disfigurement, and
functional loss.'¢ Treatments vary among each unit
protocol including immediate line removal, limb
elevation, saline washout, and thermal compress.¢
Subcutaneous injection of hyaluronidase is one of
the pharmaceutical treatments of IV extravasation.
Hyaluronidase is an enzyme that helps absorb and
dispense extravasated irritants, which has shown to
reduce the severity of tissue damage.'”

Extended dwell peripheral intravenous catheter,
which is also known as a midline catheter, has been
widely used in adults since the 1950s, but there is
very limited information available regarding its use
in the NICU population.’ In adults, EPIV catheter
has been showed to reduce cannulation attempts and
improve patient satisfaction and hospital efficiency;
however, it is associated with complications such as
phlebitis and thrombosis.'®'” Neonatal EPIV cathe-
ter was first introduced in 199229 its design has been
evolving and improving since then. The latest genera-
tion of neonatal EPIV catheter is a short single lumen
silicon catheter, manufactured as either a 6 cm or an
8 cm length for neonates (length used on the basis of
neonate’s size or unit preference), which is designed
to remain intravenously for up to 29 days.?! Typi-
cally, the catheter is inserted into a peripheral vein on
the forearm or leg, with the catheter tip located
below the axilla of the arm (Figures 2A and B) or
below the groin of the leg.® Extended dwell periph-
eral intravenous catheter placement does not require
x-ray film confirmation unless there is difficulty in
insertion, advancement, or flushing.?2 According to
the Infusion Nurses Society’s standards of practice,
EPIV catheter is used as a peripheral vascular access
which should not be used for “continuous vesicant
therapy, parenteral nutrition, or infusates with an
osmolality greater than 900 mOsm/L”?? including
dextrose greater than 12.5% IV fluid, total paren-
teral nutrition greater than 900 mOsm/L, vasopres-
sors, chemotherapy, sodium chloride greater than
3%, and sodium bicarbonate.??

Limited research points to the benefit of EPIV
catheter over conventional PIV catheter for neonates
because of the higher percentage of EPIV catheter
staying in until the end of treatment and its com-
parative longer dwell time. Lesser et al'2 reported the
use of EPIV catheters on 9 very low birth-weight
(VLBW) infants, in which EPIV catheters had a lon-
ger indwell time than PIV catheters (9 vs 3 days).
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FIGURE 2

% : 14;

(A) Chest radiograph of a neonate with an extended dwell peripheral intravenous (EPIV) catheter placed in
the left arm. Arrow indicates the tip of the EPIV catheter in the left brachial vein below the left shoulder. (B)
Chest radiograph of a neonate with an EPIV catheter placed in the right arm. Arrow indicates the tip of the
EPIV catheter in the right cephalic vein below the right shoulder.

Similarly, Wyckoff (n = 143 EPIV catheters)' and
Dawson'? had separately suggested that EPIV cath-
eter was associated with longer indwell time and
fewer cannulation attempts than PIV catheter in
neonates. Leick-Rude and Haney!' conducted a non-
randomized prospective study of 1130 EPIV cathe-
ters used in 858 neonates, who were ranging from
360 to 800 g in weights and 23 to 42 weeks of ges-
tational age at birth. It has shown that the average
indwell time for EPIV catheters was 8.7 days, with a
success rate of 57% meaning the catheters staying in
until the end of treatment.!!

In 2012, we devised and implemented the EPTV
catheter protocol in our level III NICU. Along the
process, we compiled detailed data regarding our
EPIV catheter experience. As a step toward building
an evidence-based EPIV catheter NICU practice, the
purpose of this study was to explore indwell time,
success rate, catheter-associated complications, and
insertion cost among EPIV catheter, PICC, and PIV
catheter in our NICU. This information may allow
NICU clinicians to make a more informed decision
regarding the choices of vascular access devices in
neonates.

METHODS

This retrospective study was conducted to compare
patient demographics, indwell time, placement suc-
cess rate, and catheter-associated complications
among neonates who had an EPIV catheter, a PICC,
or a PIV catheter in a level Il NICU. Data regarding
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IV fluid extravasation rate were collected on neo-
nates with EPIV catheter, PICC, and PIV catheter.
Insertion cost of these 3 vascular access options was
estimated on the basis of our unit charges.

Settings

This study was conducted at a level III NICU in the
Intermountain Medical Center at Salt Lake City,
Utah, which is a 48-bed unit that provided care for
more than 3000 admitted complex term and pre-
term neonates during the time frame of the study.

Sample

Between August 2012 and December 2016, 3526
neonates were admitted to the Intermountain Medi-
cal Center NICU. A retrospective review was
performed on all neonates who were 32 weeks of
gestation or older and weighed 1500 g or more at
birth with EPIV catheter, PICC, and/or PIV catheter
placements. In this study period, there were 2828
neonates who met the gestational age (GA) and birth
weight (BW) inclusion criteria; all of them had PIV
catheters inserted during their hospitalization. In
addition to PIV catheters, 202 of these neonates
required PICC placement and 432 of these neonates
required EPIV catheter placement.

Measures

In our NICU, data sheets were created for all neo-
nates, with each EPIV catheter and PICC insertion
containing patient demographics and catheter-
related data. The data collected for this study
included GA at birth, BW, the reason for insertion,
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numbers of insertion attempts, indwell time, the rea-
son for removal due to completion of treatment, and
complications in neonates with EPIV catheter and
PICC. Data on PIV catheter insertion were not sepa-
rately documented in the same extensive details as
EPIV catheter or PICC insertion in our unit. With
the retrospective nature of this study, we were unable
to practically perform chart reviews on more than
2800 neonates who had PIV catheters during their
hospitalization and to compare their demographics,
indwell time, and success rate with EPIV catheter
and PICC groups.-

Hyaluronidase is the treatment of choice in our
unit for neonates with significant IV fluid extravasa-
tion. Based on our pharmacy database, we studied
the number of hyaluronidase doses used in neonates,
which was used to compute the incidence of hyal-
uronidase-treated IV fluid extravasation associated
with each type of catheter. Insertion cost of EPIV
catheter, PICC, and PIV catheter was calculated on
the basis of 3 categories: (1) direct supply costs, (2)
labor costs, and (3) radiographic charges in Utah.

Statistics

Descriptive statistics was used to summarize and
describe the numeric data such as GA and BW. The
Mann-Whitney U test was used to assess differences
in BW, GA, and indwell time between groups (eg,
EPIV catheter, PICC); for easier understanding, we
presented mean and standard deviation to describe
the variables and the P values based on the Mann-
Whitney U tests in Tables 1 and 2. The x? test was
used to assess differences in success rate and inci-
dence of hyaluronidase-treated IV extravasation. All
the descriptive and statistical analyses were made
using the SPSS 24 for Windows and using a signifi-
cance level of .050.

Procedure

Extended dwell peripheral intravenous catheter is a
relatively new innovation having been available for
neonates. With the knowledge gained through the
literature review, our NICU RN vascular access
team introduced the EPIV catheter product and
developed the EPIV catheter protocol in 2012. The
EPIV catheter used was a 1.9 Fr X 6-cm and a 1.9
Fr X 8-cm silicone-based catheter?! (Figure 3). Can-
didates for EPIV catheter insertion are selected by

the healthcare team on the basis of the need for
multiple days of IV antibiotics and/or IV nutrition.
Inclusion criteria for EPIV catheter insertion include
neonates who are 32 weeks of gestation or more and
weighing 1500 or more at birth with difficult or lim-
ited venous access that is likely to be required up to
4 weeks. Neonates requiring fluid greater than dex-
trose 12.5% concentration, total parenteral nutri-
tion osmolarity greater than 900 mOsm/L, and/or
medications that are administrated via central cath-
eters are excluded from receiving an EPIV catheter.
Peripherally inserted central catheter or umbilical
venous catheter is inserted in neonates who require
central vascular access. Peripheral intravenous cath-
eter is routinely the first vascular access placed on
critically ill neonates admitted to NICU.

The data collection occurred after the privacy
board of the Intermountain Healthcare Institutional
Review Board and The University of Utah Institu-
tional Review Board approved the study protocol.
The privacy board granted a waiver from individual
parental consent because this was a deidentified
data-only retrospective study with appropriate pri-
vacy protection.

RESULTS

Between August 2012 and December 2016, 3526
neonates were admitted to the Intermountain Medi-
cal Center NICU. During this time, EPIV catheters
were inserted in 432 neonates who were born at 32
to 41 weeks of GA (35 = 3 weeks, mean * SD), with
BW 1500 to 4400 g (2700 = 700 g, mean * SD)
(Table 1). Total EPIV catheter days were 1735, with
a mean indwell time of 4.0 = 2.3 days (ranging 1-29
days). A portion of EPIV catheters (13.3%) was
inserted less than 2 days prior to the completion of
therapy. In neonates with an EPIV catheter, 71.7%
of catheters succeeded in lasting through the com-
pletion of therapy (Table 2). The others (28.3%)
were removed before the completion of therapy
because the catheters had failed. The reasons for fail-
ures were leaking (n = 37, 8.6%), infiltration (n =
29, 6.7%), palpable venous cord or hardening (n =
18, 4.2%), clotting (n = 15, 3.5%), accidental dis-
lodgement (n = 14, 3.2%), or other reasons (n = 8§,
1.8%) including sluggish when flushing, redness,
swelling, phlebitis, broken catheter, or used more

TABLE 1. Demographic Features of EPIV Catheter, PICC, and PIV Catheter Groups?

EPIV Catheter

(n = 432)
35.8 (2.6)
2687 (731.7)

Gestational age at birth, mean (SD), wk
Weight at birth, mean (SD), g

PIV Catheter
PICC (n = 202) (n = 2828)
36.5 (2.7) .002
2820 (756.7) .200

Abbreviations: EPIV, extended dwell peripheral intravenous; PICC, peripherally inserted central catheter; PIV, peripheral intravenous.

aThe statistical outcome of Mann-Whitney U test.
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TABLE 2. Placement Success, Complications, and Cost of EPIV Catheter, PICC, and PIV
Catheter Groups

EPIV Catheter
(n = 432)

Abbreviations: CLABSI, central line-associated bloodstream infection; EPIV, extended dwell peripheral intravenous; IV, intravenous; PICC,

Placement success
Indwell time, mean (SD), d 4.0 (2.3)
Success rate, % 71.7
Complications
Life-threatening complication
(cases per 1000 catheter
days)
Incidence of hyaluronidase- 1.2
treated IV fluid
extravasation, %
Insertion cost (for 1-wk use)°
Supplies $43.15
Labor $30.00
Radiography $0
Total $73.15
peripherally inserted central catheter; PIV, peripheral intravenous; PVC, Premature ventricular contraction.
aThe statistical outcome of Mann-Whitney U test.
bThe statistical outcome of x? test.
¢Cost is based on Intermountain Medical Center charges in Utah.

PIV
Catheter
(n = 2828)
7.31 (4.4) <.001a
83.6 .001®
CLABSI (0.68/1000)
Premature ventricular
contraction (0.68/1000)
Superior vena cava
obstruction (0.68/1000)
Peritonitis (0.68/1000)
3.9 .004°

$120.38 $32.67
$60.00 $67.50
$410.00 $0

$590.38 $100.17

than 29 days as recommended by the manufacturer.
We found no statistical significance in BW or GA
(P = .17) comparing neonates with EPIV catheters
that lasted with those that failed early.

During this time, PICCs were inserted in 202 neo-
nates who were 32 weeks of GA or more (36 = 3
weeks, mean = SD) at birth and weighing 1500 g
BW or more (2800 = 800 g, mean = SD) (Table 1).

FIGURE 3

&

1.9 Fr X 8-cm extended dwell peripheral intravenous
catheter with stylet from NeoMedical, Inc.
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Peripherally inserted central catheter group was 1
week older in GA at birth than the EPIV catheter
group (P = .002). Total PICC catheter days were
1476, with a mean indwell time of 7.3 * 4.4 days,
which was longer than EPIV catheter indwell days
(P < .001). The success rate of PICC was 83.6%,
which was a higher success rate than EPIV catheter
(71.7%) (P = .001) (Table 2).

Catheter-associated life-threatening complica-
tions are shown in Table 2. Peripherally inserted cen-
tral catheters were associated with 1 case of each of
the following: CLABSI (0.68/1000 catheter days),
premature ventricular contractions (0.68/1000 cath-
eter days), superior vena cava obstruction (0.68/1000
catheter days), and peritonitis (0.68/1000 catheter
days). No life-threatening complications were seen
in 1735 EPIV catheter days.

In the EPIV catheter group of 432 neonates, we
identified 29 cases of IV infiltration and 5 of those
significant cases were treated with hyaluronidase
(5/432, 1.2%) (Table 2). During the same period,
2828 neonates who were born at 32 weeks of GA or
more and weighing 1500 g or more BW were admit-
ted to the NICU and had a PIV catheter inserted.
Among those, 110 neonates were treated with hyal-
uronidase for PIV catheter-associated IV fluid
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extravasation injury. A higher rate of significant
extravasation (110/2828, 3.9%) requiring treatment
was observed in the PIV catheter group than in the
EPIV catheter group (P = .004) (Table 2). No hyal-
uronidase was used in neonates with PICCs.

Insertion cost of 1-week use of EPIV catheter,
PICC, and PIV catheter was estimated on the basis
of the Intermountain Medical Center supply charge,
hourly nursing wages, and x-ray film charges
(Table 2). Peripheral intravenous catheter, EPIV
catheter, and PICC supplies cost $7.26, $43.15, and
$120.38 each, respectively. As an average, PIV cath-
eter is replaced every 1.5 days, or 4.5 PIV catheters
in 7 days," 1-week PIV catheter supply costs a total
of ($7.26 X 4.5) $32.67. Inserting PICCs is more
labor-intensive and time-consuming than inserting
EPIV catheters, as they require precise catheter tip
location with x-ray films confirmation. Labor cost is
calculated on the basis of average nursing wages of
$30 per hour. Two nurses are typically needed to
insert EPIV catheter and PICC, requiring 30 minutes
and 60 minutes each, with an estimated labor cost of
$30 and $60, respectively. Each PIV catheter place-
ment with 2 nurses assisting typically takes less than
15 minutes; however, labor cost accumulates up to
$67.5 for placing 4.5 PIV catheters over 1 week. An
average of 2 radiographs ($410 each) is needed to
confirm appropriate placement of PICC; none is
necessary for EPIV catheter and PIV catheter. As a
result, 1-week costs of EPIV catheter were $517 and
$27 less than PICC and PIV catheter.

DISCUSSION

Extended dwell peripheral intravenous catheter has
been available for more than a decade and has
proven valuable for certain circumstances in adult
patients.?* However, a rigorous assessment of its
indwell time, placement success rate, safety, and cost
in a NICU setting has not previously been published.
This study is an early step toward such an analysis.
We found that EPIV catheter indwell time aver-
aged 4 days, with a 72% success rate. Previous
reports of EPIV catheter use in neonates claimed an
indwell time of 6 to 10 days, with less than 50% of
the catheters remaining in place until they were no
longer needed."-191225 Earlier data, as well as our
own, support the conclusion that EPIV catheter use
in neonates is more effective than a PIV catheter.
We reported a shorter average EPIV catheter
indwell time than previous reports.’-'%12 Our experi-
ence suggests that we sometimes missed opportuni-
ties in maximizing EPIV catheter usage. Dawson!®
suggested inserting EPIV catheter at the time of
admission in all neonates who are expected to need
at least 3 days of vascular access; our EPIV catheters
were commonly inserted at the end of the treatment
course after exhausting multiple PIV catheters, as

13% of our EPIV catheters were used for only 2 days
or less. We speculated that, in some cases, EPIV
catheter can be placed at the beginning of fluid or
antibiotic treatment course, which maximizes EPIV
catheter’s indwell days to the entire time intravenous
access is needed. In addition, prior studies included
VLBW neonates (<1500 g), a group that typically
requires more time to reach IV nutrition indepen-
dence than do larger neonates, and thus need longer
catheter indwell times.

We reported a much higher success rate than oth-
ers. At the beginning of our EPIV catheter imple-
mentation, placement was not limited on the basis of
BW or GA at birth. A high EPIV catheter failure rate
(59%,n = 22) was found in VLBW neonates, which
is comparable with the previously published failure
rate in similar population.!" Thus, neonates with
BW of less than 1500 g or GA of less than 32 weeks
are excluded from our current EPIV catheter proto-
col. Also, some VLBW neonates require a parenteral
nutrition composition and osmolality that is best
provided using a PICC. Therefore, our unit consid-
ers using PICCs rather than EPIV catheters for
VLBW neonates.

We observed a good safety profile of EPIV cathe-
ter. Neonates with EPIV catheter had a lower inci-
dence of hyaluronidase-treated IV fluid extravasa-
tion than did those with PIV catheters. In addition,
we detected no life-threatening complications or
catheter infections associated with EPIV catheter.
Four cases of PICC-associated life-threatening com-
plications including CLABSI, arrhythmia, superior
vena cava obstruction, and peritonitis were noted in
this study group.

We recognize weaknesses in our study. First, our
EPIV catheter experience involves a single center and
is a retrospective analysis and thus lacks the rigor of
a prospective randomized device trial. Since EPIV
catheter tip is located in a peripheral vessel, its usage
is not appropriate for neonates requiring high dex-
trose concentration, high total parenteral nutrition
osmolarity, or medications that should be given only
through a central catheter. Neonates who have those
needs would be considered for PICC placement
instead. Therefore, our EPIV catheter recipients may
have been, as a group, somewhat less ill than those
in whom a PICC was used. We did not adjust the
illness severity as a confounding factor. Also, we lack
data on our PIV catheter indwell times and success
rates and on the number of attempts per vascular
access insertion. Finally, EPIV catheter seems to be
less costly than PICC or PIV catheter for 1-week use;
however, we recognize that our cost methods are
imprecise and incomplete and that the value of any
intravenous access varies substantially on a case-by-
case basis. In fact, our determination of the cost
advantages of EPIV catheter may be understated,
because we did not attempt to include expenses of
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Summary of Recommendations for Practice and Research

What we know:

What needs to be studied:

What can we do today:

neonates.

e The cost-effectiveness of EPIV catheter as compared with other vascular access
devices used in the same population.

e Vascular access is a challenge in the NICU.

e EPIV catheters are 6-cm and 8-cm silicone catheters inserted into neonatal
peripheral veins. Similar devices have been safely used in adults but have not
gained popularity in neonates due to a lack of evidence.

e Overall, neonatal PIV catheters do not remain in place for long periods of time
and multiple PIV catheters are replaced prior to the completion of therapy.

¢ PICCs have longer indwell times than PIV catheters and EPIV catheters but are
expensive and are associated with life-threatening complications.

e The efficacy of EPIV catheter within the neonatal population as compared with
other more widely accepted forms of vascular access.
e The safety of EPIV catheter compared with other vascular access devices used by

* Provide a wide variety of vascular access devices for neonates including newer

devices such as EPIV catheter.

e Make informed decisions on which vascular access device to use with each
neonate based on his or her individual needs.

e Aim to increase available literature regarding vascular access within the neonatal
population by gathering and publishing data.

treating PICC-associated complications or lessening
discomfort from repeated PIV catheter punctures.

We conclude that for selected NICU patients, EPIV

catheter may have advantages over PIV catheter and
PICC. A randomized prospective trial and additional
studies are needed to validate the potential value of
EPIV catheter usage for neonatal care.
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