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A silver–alginate-coated dressing to reduce peripherally inserted
central catheter (PICC) infections in NICU patients: a pilot
randomized controlled trial
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Objective: Our aim was to evaluate the safety of a silver–alginate-

containing dressing to reduce peripherally inserted central catheter (PICC)

infections in neonatal intensive care unit (NICU) patients.

Study Design: Patients were randomized 3:1 to receive a patch

containing silver, alginate and maltodextrin or standard of care. Patches

were placed under the regular transparent retention dressing at the PICC

exit site at insertion and were replaced with every dressing change at least

every 2 weeks until PICC discontinuation. All study infants were

monitored for adverse skin reactions.

Result: A total of 100 infants were followed up for 1922 person-days,

including 75 subjects with 89 PICCs who received the patch. The median

birth weight (1330 g) and median gestational age (30 weeks) was lower

in the patch group when compared with the controls (P¼ 0.001 and

0.005, respectively). Study patients received the patch with their PICC at a

median age of 5 days; the patch stayed in place for a median of 13 days.

We noted no adverse skin reactions and found no evidence that the patch

alters the microbiology of PICC-associated infections.

Conclusion: This pilot trial suggests that silver–alginate-coated

dressings are skin safe and their inclusion in future trials aimed at

reduction of PICC-associated bloodstream infections in the NICU should

be considered.
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Introduction

Peripherally inserted central catheters (PICCs) are broadly used for
vascular access in the neonatal intensive care unit (NICU) for
nutrition and administration of medications. At least 46% of
very low birth weight (VLBW) infants receive a PICC at some
point in their hospital stay.1 Central lines, such as a PICC, disrupt
the skin’s integrity, making infection with bacteria and fungi
possible. It is estimated that 42% of VLBW infants with a PICC in
place for X22 days will have one or more events of late-onset
sepsis.1 The consequences of infection include increased days of
hospitalization and mechanical ventilation, increased risk of
mortality and a higher incidence of poor neurodevelopmental
outcome.1,2

Antiseptic- or antimicrobial-impregnated patches or dressings
have been developed to reduce central venous catheter infections.
Chlorhexidine-impregnated sponges reduced the risk of infection in
adult ICU patients,3 and their inclusion in central venous catheter
maintenance bundles was successful and cost effective in pediatric
ICUs.4,5 Unfortunately, chlorhexidine-impregnated sponges were
not effective in NICU patients and caused pressure necrosis,
scarring or severe sponge-associated contact dermatitis in >15% of
VLBW infants.6

Ionic silver has broad antimicrobial activity and is being used in
catheters and cuffs to prevent central line infections in adult ICU
patients. Development of these products for use in premature
infants has been hindered, because silver-containing products can
cause permanent skin color change in this population. We
designed a pilot randomized controlled trial to test the skin safety
of a sterile patch of polyurethane foam coated with ionic silver,
alginate and maltodextrin matrix in NICU patients. The patch
combines the absorptive and hemostatic properties of alginates with
the phagocyte-attracting attributes of maltodextrin and the
bactericidal effects of silver ions. The patch does not interfere with
imaging modalities, including magnetic resonance imaging, and is
approved by the Food and Drug Administration for prevention of
catheter-related infections. However, there are no published studies
to support its safety or effectiveness in NICU patients.
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Methods
Study design
We conducted a single-center, prospective, randomized controlled
trial to assess the skin safety of patches containing silver, alginate
and maltodextrin (Algidex DeRoyal, Inc., Powell, TN, USA) that
were placed on PICC exit sites in NICU patients. The Vanderbilt
institutional review board approved the study and written parental
informed consent was obtained before infants were enrolled. The
patch is approved by the Food and Drug Administration as a
bacterial barrier to help prevent catheter-related infections. The
product calls for replacement of the patch with weekly dressing
changes. The delicate skin of premature infants and the risk for
PICC displacement and/or infection has led some to recommend
that the initial dressing should not be replaced unless the exit site
is soiled or shows compromised integrity.7 For this study, we placed
the patch under the standard transparent retention dressing at the
PICC exit site at the time of PICC insertion and replaced it with
every dressing change at least every 2 weeks until the PICC was
discontinued. The patch was only used for peripherally inserted
PICCs, and not for umbilical or surgical central lines.

Study patients
From June 2008 to February 2009, we recruited patients at the
Monroe Carell Jr Children’s Hospital at Vanderbilt NICU who were
scheduled to have a PICC placed. Infants were considered eligible if
they were admitted for a minimum of 72 h and a guardian was
available to give informed consent. Infants were declared ineligible
if they already had a central line in place (including umbilical
lines), if there was a pre-existing skin condition or discoloration or
if written informed consent could not be obtained. In case a second
central vascular access catheter (PICC or surgical line) was placed
during the study, data collection was ended the day the second line
was inserted. The study participants were randomly assigned in a
ratio of 3:1 to a study or control group. A statistician assigned a
status to each study number and envelopes containing the status
were assembled unknown to the principal investigator and study
nurse. After each patient was enrolled, the envelope with the
number corresponding to order of enrollment was opened and the
patient was placed in their assigned group.

Intervention
PICC placement. A separate informed consent was obtained for
PICC placement and a specialized proceduralist inserted 95% of the
study PICCs and performed all dressing changes. Neonatal nurse
practitioners placed the remaining six PICCs, all of which were in
the patch group. All PICCs were inserted under maximum sterile
barrier precautions (cap, mask, sterile gown, sterile gloves and
large sterile drape). Right-sided and basilic veins were preferred for
access. The infant was appropriately restrained and received non-
pharmacologic comfort measures, pain medication or sedation as
needed. The clean skin was disinfected initially with three swab

sticks saturated with 10% povidone–iodine (Aplicare Inc., Meriden,
CT, USA), which was allowed to dry before it was washed off
through application of 2% alcoholic-based chlorhexidine gluconate
(ChloraPrep One-Step, Cardinal Health Inc., Leawood, KS, USA)
over 30 s using side-to-side motion. The catheter used was a
2-French 24-Gauge Neonatal Silicone PICC (Vygon Inc.,
Norristown, PA, USA), which requires an intact cannula insertion
technique. The tip of the catheter was positioned at the superior
vena cava/right atrial junction or the inferior vena cava at the
level of the diaphragm. Catheter tip placement was verified
radiographically after injection of water-soluble contrast medium.
To prevent migration, the catheter was secured with Steri-Strip
(3M Health Care, St Paul, MN, USA) a few millimeters from the
insertion site.

Dressing. If the patient was assigned to the study group, an
Algidex Ag I.V. PATCH Silver Alginate Catheter Dressing (3

4 inch disc
with 2 mm opening, DeRoyal Inc.) was placed on the skin exit site
of the catheter and secured with a single Steri-Strip (3M Health
Care, Figure 1). The patch, the extraluminal catheter and the
catheter exit site were covered by a sterile transparent polyurethane
insertion site dressing (Tegaderm Film, 3M Health Care). If the
patient was assigned to the control group, the same dressing was
applied, but without the patch.

Dressing change. In both groups, the dressing was changed
every 14 days. Used patches were replaced with new patches in the

Figure 1 Photograph illustrating application of the ionic silver, alginate and
maltodextrin matrix patch (Algidex, DeRoyal Inc.) over the peripherally inserted
central catheter (PICC) insertion site, before placement of the transparent
dressing.

Silver–alginate-coated dressings to reduce PICC infections
ML Hill et al

470

Journal of Perinatology



study group only. If a patient was considered clinically unstable,
the dressing change was moved to the next day. In case the PICC
exit site was soiled with blood or concerns for compromised
integrity of the dressing were raised, dressings were changed before
the 14 days had passed. If a PICC had to be replaced in a study
group patient, a new patch was used in the same way as at the
time of initial PICC placement. Patients randomized to the control
group received the standard dressing without the patch. Before
dressing change, the exterior surface of the dressing and adjacent
skin were cleaned with 2% alcoholic-based chlorhexidine gluconate
(ChloraPrep One-Step) over 30 s using side-to-side motion. The
disinfectant was allowed to dry while maximum barrier precautions
were prepared. The transparent dressing and old patch were
removed, followed by placement of a new patch and dressing as
described above.

Skin evaluation
To assess skin safety, the bedside nurse evaluated the skin under
the transparent dressing at least twice daily and documented any
signs of redness, swelling or discoloration.

In addition, the skin underneath the patch was thoroughly
examined at every dressing change for signs of redness, swelling or
discoloration.

Statistical analysis
We used an unbalanced design in which 75 subjects were randomly
assigned to the treated patch group and 25 subjects to the control
group. Allocating more subjects to receive the treatment allowed us
to estimate safety in the study group, which was our primary
outcome, with more precision. Because we were only able to enroll
a total of 100 subjects, our power to detect a clinically important
difference between treatment and control (secondary endpoint) was
low, regardless of the allocation proportions. We used survival
analysis methods to compare the percentage of subjects who were
infection free over time in the treatment and control groups.
Infants were considered at risk starting from the time that the PICC
was inserted and contributed information until they either had an
infection or were censored due to having their PICC removed.
Some infants received multiple patches during the study, but for
purposes of all presented analyses, these repeated measures were
treated as independent observations.

Results
Patients and catheters
During the study period, 329 patients in the Vanderbilt NICU
received a PICC for vascular access. Of these, 223 patients were
excluded, either because they already had a central line or for lack
of written parental consent (Figure 2). After enrollment, we
excluded six patients before randomization because either their
PICC was discontinued or they left the NICU within <72 h of PICC

placement. Two patients received a second central line after
enrollment and data collection was stopped the day the second line
was inserted. Of 100 infants who completed the study, 16 received
two and two patients received three PICCs. The reasons for multiple
PICC placements were infection or suspected infection (n¼ 7),
PICC malfunction (n¼ 6) or renewed central line requirement
(n¼ 5). The study population characteristics are shown in
Table 1. Despite computerized randomization, subjects in the study
group had a significantly lower gestational age (P¼ 0.005) and

329 patients evaluated

223 excluded 106 enrolled

6 left NICU <72 hours

75 study group 25 control group

100 randomized

29 PICC89 PICC

Figure 2 Flowchart of patients through the study.

Table 1 Characteristics of the study population

Study group

(n¼ 89)

Control group

(n¼ 29)

P-

value

Patients 75 25 NA

Male 54% 76% 0.04a

Gestational age (weeks) 28 30 34
b

29 36 38 0.003c

Birth weight (g) 980 1330 2040 1260 2450 3190 0.001c

Weight at PICC placement (g) 1150 1540 2457 1520 2490 3540 0.005c

Age when PICC placed (days) 3 5 18 2 4 10 0.38c

Age when PICC was removed

(days)
14 22 45 9 18 35 0.10c

PICC days 8 13 22 5 10 18 0.11c

Number of PICC placed 0.85a

1 74% 79%

2 21% 17%

3 4% 3%

Number of dressing changes 0.87a

0 55% 62%

1 28% 21%

2 9% 10%

>2 8% 7%

Abbreviations: NA, not applicable; PICC, peripherally inserted central catheter.
aPearson’s test.
bLower quartile, median and upper quartile.
cWilcoxon’s test.
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birth weight (P¼ 0.001) than subjects assigned to the control
group. Among the study cohort, there were a total of 21 infants of
<28 weeks of gestational age; 18 in the patch group and 3 in the
control group. Nineteen patients in the patch group were extremely
LBW (<1000 g) infants. In all, 2, 10 and 18 infants in the patch
group had birth weights of <500, <750 and <1,000 g,
respectively. The median number of PICC days, number of PICCs
placed and number of dressing changes were similar between
groups (Table 1).

A total of three patients died during the study; two were in the
study group and one was in the control group. One patient in each
group was withdrawn from life support because of fatal multiorgan
failure associated with necrotizing enterocolitis; blood cultures were
negative within 48 h of death. One extremely LBW infant in the
study group with severe chronic lung disease and pulmonary
hypertension died as a result of Pseudomonas aeruginosa
pneumonia and sepsis. No death was considered an adverse event
associated with the silver–alginate patch. We did not observe any
adverse skin changes or any other adverse events associated with
the patch in the treatment group.

We collected pilot data on the effectiveness of the patch in
reducing PICC-associated bloodstream infections. Although subjects
who received the patch had lower birth weight and gestational age
compared with the control group, we did not detect a statistically
significant difference in infection rates between groups. The
predominant organism was coagulase-negative Staphylocccus in
both groups (Table 2), indicating that the patch did not alter the
microbiology of PICC-associated bloodstream infections.7

Discussion

Antiseptic- or antimicrobial-impregnated patches or dressings
have been successfully implemented in adult ICUs to reduce central

line-associated infections.3 In NICU patients, similar efforts have
been hampered by adverse skin reactions to these devices,
predominantly in infants of <28 weeks of gestation. One
randomized, controlled study involving 705 neonates using
a chlorhexidine-impregnated sponge at the skin exit site reported
no difference in the rates of PICC infections but an association
with pressure necrosis, scarring or severe localized contact
dermatitis, particularly in VLBW infants.6

A newer generation of antiseptic dressings contains
antimicrobial silver compounds. The most common side effect of
silver-containing products is skin color change, which can be
permanent. Notably, we did not observe any noticeable skin
changes with the patches containing silver, alginate and
maltodextrin in infants as small as 340 g birth weight. This
confirms preliminary data previously reported from a smaller trial
(50 patients) using the same patch at a different institution.8 In
that study, central line dressings were changed weekly and no
adverse skin reactions were noted. We found weekly dressing
changes as impractical, given the large number of patients with
PICCs. In addition, unnecessary dressing changes increase the risk
for catheter migration and may introduce infection. On the other
hand, in view of the historic experience with previous devices and
concern about skin safety, we opted to inspect the skin underneath
the patch after every 2 weeks. In addition, a dressing change on an
‘as needed’ basis alone would have resulted in a more
heterogeneous study design. Now that the skin safety of the patch
has been established, dressing changes on an ‘as needed’ basis only
can be incorporated in the design of future trials.

One limitation of this study is that we did not measure silver
levels in the study group. Although silver can be absorbed from the
skin, there is very little information about health effects after skin
contact with silver compounds.9 Preliminary data from a pilot trial
at a different institution found mildly elevated but not concerning
silver levels in VLBW infants who received the Algidex patch.8 Given
the theoretically higher tendency for premature skin to absorb
silver, future trials using silver-containing products in VLBW
infants should include measurement of silver levels and correlation
with long-term neurodevelopmental outcomes.

We chose the 3:1 randomization design to detect adverse event
rates with more precision in the study group.10 With 89 subjects
randomized to the patch, we can conclude with 95% confidence
that the true adverse event rate is <3.3% for the study group. We
did not expect the unintentional randomization of more premature
infants to the study group. Gestational age and birth weight both
correlated inversely with risk for late-onset sepsis.1 Despite the
presumed increased risk, infection rates were lower in the study
group, although the numbers did not reach statistical significance.
On the basis of the results of this pilot study, a future randomized
controlled efficacy trial will require approximately 132 subjects in
each group to have sufficient power to detect statistical differences
between study and control groups.

Table 2 Microbiology of PICC-associated bloodstream infections

Pathogen Patch group

(n¼ 89)a

Control group

(n¼ 29)b

Coagulase-negative Staphylococci 10 (11.2%) 3 (10.3%)

Klebsiella pneumoniae 1 (1.1%) 1 (3.4%)

Pseudomonas aeruginosa 1 (1.1%) 0

Enterococcus spp. 1 (1.1%) 0

Escherichia coli 0 1 (3.4%)

Candida parapsilosis 0 1 (3.4%)

Total PICC-associated blood stream

infectionsc

11 (12.4%) 5 (17.2%)

Abbreviation: PICC, peripherally inserted central catheter.
aSeventy-five patients received 89 PICCs.
bTwenty-five patients received 29 PICCs.
cTwo patients in the patch group and one patient in the control group grew two
microbacterial organisms in blood culture during a single PICC-associated infection
episode.
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Bloodstream infections associated with PICC are thought to have
multiple etiologies, including hub colonization, catheter adherence
and biofilm development, lack of enteral nutrition, maternal
separation and early life stress.11–14 It is therefore unlikely that
addressing extraluminal migration from colonized skin alone will
eradicate PICC-associated infections. Rather, a comprehensive
approach that includes evidence-based care bundles is likely
required to achieve this goal.15–19 Given the observed skin safety
and trend toward reduced infection rate, future trials and quality
improvement programs that are aimed at reduction of central line
infections in the NICU should consider inclusion of this
intervention.
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