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ABSTRACT

Aims: To analyze the relationship between the type of epicutaneous catheter installed and the time until the
occurrence of complications that motivate early removal of the device. Method: Prospective cohort study
conducted in a neonatal intensive care unit of a private hospital in the city of Sdo Paulo, in the period July
15t 2010 to June 30% 2011. The cohort consisted of neonates undergoing the installation of polyurethane
double-lumen or silicone single-lumen epicutaneous catheter. Results and discussion: We analyzed 270
catheters. There was no association between the type of epicutaneous catheter and time until the occurrence
of complications (p=0,45). The polyurethane double-lumen catheter presented higher average time of
catheter permanence (p<0,01). Conclusion: Both types of epicutaneous catheters have enabled intravenous
infusion over 10 days and showed no major complications.

Descriptors: Newborn, Central Venous Catheterization, Neonatal Nursing.
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INTRODUCTION

In recent decades, technological advances
in intravenous therapy in neonatology have
been intensified, benefiting newborns (NB) at
high risk that demand prolonged drug treat-
ments intravenously infused, requiring a secure
central venous access for it™".

In this context, the peripherally inserted
central catheter (PICC) or epicutaneous catheter
was created to meet the therapeutic demands
of critically ill neonates™. This device provides
a route for central venous access by means of
the puncture of a peripheral vein of the upper
or lower limb®™.

Since itis an invasive procedure, the use of
PICCis not free of risk. Mechanical complications,
including occlusion, extravasation, migration
and thrombosis, occur in 15% to 48% of PICCs
inserted®.

For the population of newborns, catheters
made of biocompatible materials such as silico-
ne and polyurethane are available on the market.
The catheters manufactured with silicone are
those of a single lumen, with a diameter of 1.9
Fr and 3F. The polyurethane catheters may be
single lumen with calibers of one or two French
(Fr) and dual lumen with 2Fr®,

The choice of the device should be based
on the newborn’s clinical condition evaluation
and also the infusion therapy. It is ideal that there
should be no need for the nurse to an exchange
the type of catheter during the patient's treatment
time. In this context, the polyurethane double
lumen PICC allows to infuse, simultaneously,
incompatible drugs, avoiding multiple venous ac-
cesses and reducing the frequency of venipuncture
infusions of these solutions. On the other hand, the
single lumen catheter is indicated for the infusion
of only one type of intravenous solution®.

The literature suggests that the number of
catheter lumens may be related to increased ra-

tes of catheter-related complications®. Once the
polyurethane catheter displays a greater number
of lumens, there is a chance that complications,
particularly those related to the manipulation of
the catheter such as bloodstream infection and
accidental traction, occur at a higher incidence
when compared to silicone epicutaneous cathe-
ter of a unique lumen.

The nurse plays a central role in the inser-
tion, maintenance, detection and treatment of
epicutaneous-catheter-related complications.
Whereas the double-lumen polyurethane ca-
theter is a recent technology in neonatal units,
the need to analyze the advantages and disad-
vantages of this type of catheter compared to
the single-lumen silicone catheter is justified.
Therefore, this study aims to examine the rela-
tionship between the type of epicutaneous ca-
theter installed and the time until the occurrence
of complications that motivate early removal of
the device.

METHOD

This is a cohort study with prospective data
collection.The cohort consisted of neonates who
received silicone single-lumen PICC devices or
polyurethane double lumen for prolonged in-
travenous therapy. The study was conducted in
a NICU of a large hospital in the private network
of the city of Sdo Paulo, in the period from July
112010 to June 30 2011. All catheters that were
introduced during that period were evaluated to
be inserted into the study.

The NICU has 60 beds and the professio-
nal staff of the nursing team consists of 24
nurses and 124 nursing assistants and tech-
nicians. Of the total number of nurses, 22 are
certified by a PICC installation qualification
course. The monthly number of births in this
institution is approximately 800 and approxi-
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mately 30 PICCs are installed per month in the
neonatal unit.

We considered eligible the neonates who
were born in the maternity department and
received one of two types of catheters studied,
without a diagnosis of coagulopathies and
congenital anomalies with loss of skin integrity.

The exposure variable was the type of epi-
cutaneous catheter installed, silicone single-lu-
men or polyurethane double lumen.The silicone
single lumen catheter had a caliber of 1.9 Fr (BD
First PICC 26G / 1.9 Fr, 50cm - Beckton Dickin-
son, Utah, USA) and the two-way polyurethane
catheter had a caliber of 2Fr, 1FR on each track
and a single distal opening (Nutriline TwinFlo
24G/2Fr, 30cm - Vygon, Aachen, Germany). The
choice of the type of catheter was in accordance
with the assessment of the health team, respec-
ting the clinical status and drug treatment of
the newborn. The NB received a single lumen
catheter when the drug therapy was composed
of only one intravenous solution; and was given
the double lumen catheter when intravenous
therapy was composed of more than one type
of intravenous solution, for example, parenteral
nutrition and antibiotics.

The outcome variable was the need for
removal of the device due to the occurrence of
a complication that motivated the unplanned
removal of the catheter. It was considered as
unplanned removal when it was caused by
complications such as obstruction, rupture, sus-
picion of catheter-related infection, thrombosis,
traction or accidental drop, migration of the tip,
edema, infiltration or hypoperfusion.

An obstruction was considered as the im-
possibility of permeabilizing the catheter with
one ml of saline solution using a 10 ml syringe
and absence of blood reflux through its lumen.
Catheter rupture is the occurrence of a breach
or hole in it. Tip migration is the displacement
of the tip of the PICC confirmed by radiological

images. Accidental traction is the total or partial
inadvertent removal of the catheter. The presen-
ce of bacteremia or fungal infection in a patient
with a vascular device, and one or more positive
results for peripheral blood culture or clinical
manifestations of infection (fever, chills or hypo-
tension), with no other apparent focus of bloo-
dstream infection, was considered suspicious
for infection of catheter-related bloodstream®.

Edema of the extremities is the identifi-
cation of mild to intense swelling around the
site of the catheter insertion or the ends of the
catheterized member during the stay of the de-
vice. Infiltration is the invasion of non-vesicant
solution or drug in the extravascular space.
Phlebitis is vein inflammation of a mechanical,
chemical or bacterial source.

In compliance with Resolution No.466/2012
of the National Health Council (NHC), which re-
gulates the realization of research with human
beings®, the research project was approved by
the Research Ethics Committee of the hospital,
studied field (Protocol 219/10).

To record the data we used a specific form
containing the variables of interest in the study:
clinical diagnosis, weight and gestational age
at the time of catheter insertion, classification
of weight in relation to gestational age at birth,
gender, postnatal age, type of the catheter ins-
talled, date of insertion, removal date and reason
for removal. The newborns with a catheter were
followed from insertion to removal of the device.

The collected data were stored in a Micro-
soft Office Excel 2007 spreadsheet and analyzed
by means of the R software, version 3.0.1.
The continuous variables were analyzed with
descriptive statistics and categorical variables,
by means of absolute and relative frequency.
For the categorical variables, the existence of
differences between groups and silicone single-
-lumen and polyurethane double lumen was
determined by the chi-square test or Fisher’s
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exact test. For continuous variables Student t
test was used. The level of statistical significance
was p<0.05 with 95% confidence interval. We
calculated the number needed to cause harm
(NNH), which case is an epidemiological measu-
re that indicates how many people need to be
exposed to a risk factor over a specified period
of time to cause damage to a patient who would
not otherwise have had damage. We estimated
the survival functions by the product-limit me-
thod of Kaplan-Meier for the comparison of the
time until the occurrence of catheter removal
due to complications between the two groups.
To compare the cumulative survival curves
between the groups we used the log-rank test.
Survival analysis is used in cohort studies and
refers to the study of data related to the time
until the occurrence of a particular event of
interest, from a start time to an end time of a
pre-defined study”.

RESULTS

In the period studied, 308 PICC insertion
procedures were evaluated, of which 10 pro-
cedures (3.2%) resulted in an unsuccessful ins-
tallation. Among the 298 catheters successfully
installed, we excluded 28 (9.4%) for the following
reasons: silicone single lumen catheter 3.0 Fr
and polyurethane single lumen 1.0 Fr, 6 (2.0%);
absence of records in the institutional print-out
for PICC catheter monitoring, 9 (3.0%); and death
during catheter use, 13 (4.7%). Next the follow-
-up flowchart® of the installed PICC is presented
(Figure 1).

The 270 PICC devices that met the eli-
gibility criteria of the study were included in
213 neonates, 189 (70%) silicone single lumen
catheters and 81 (30%) polyurethane double
lumen catheters.

Table 1 - Demographic, anthropometric and clinical variables of newborns in the insertion of the
device, according to the type of PICC catheter. Sao Paulo, 2010-2011

Type of catheter
Characterization variables Silicone Single lumen Polyurethane Double lumen
P-value
N | % N | %
Sex (n=189) (n=81)
Male 121 64 44 54,3 0,134
Female 68 36 37 45,7
NB Classification (n=189) (n=81)
AGA 160 84,7 64 79 0,523
SGA 27 14,3 16 19,8
LGA 2 11 1 1,2
Weight (g) (n=181) (n=78)
A\{erage 2276 2040 0,132
Minimum 550 600
Maximum 3860 3700
Corrected IG (weeks) (n=181) (n=81)
A\{erage 34,4 34 0,473
Minimum 22,6 23,6
Maximum 46,3 43
Chronological age (days) (n=189) (n=81)
A\{e'rage 11,3 8,5 0,126
Minimum 0 0
Maximum 116 84

Source: Authors elaboration, 2011
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Table 2 - Clinical diagnoses presented by neonates, depending on the type of PICC catheter. Sdo

Paulo, 2010-2011

Diagnosis Type of catheter P-value
Silicone Single-lumen Polyurethane Double lumen
(n=189) (n=81)
N % N %

Prematurity 152 80,4 59 72,8 0,167
Respiratory disorders’ 128 67,7 53 65,4 0,713
Gemellarity 54 28,6 29 35,8 0,238
Septicaemia 40 21,2 28 34,6 0,021
Cardiac malformations? 28 14,8 15 18,5 0,446
Disorders of the Gastrointestinal Tract® 28 14,8 12 14,8 1
Jaundice 25 13,2 11 13,6 0,938
Infection 24 12,7 4 4,9 0,055
Syndromes/Congenital Malformations 18 9,5 9 11,1 0,690
Pulmonary Diagnostics* 16 8,5 9 11 0,512
Anaemia 12 6,3 3 3,7 0,385
Metabolism Disorders 12 6,3 10 12,3 0,099
Intracranial Hemorrhage 10 53 2 2,5 0,303
Shock 9 4,8 3 3,7 0,699
Convulsion 6 3,2 3 3,7 0,824
Asphyxia 4 2,1 0 0 0,2378(%)
Others® 14 74 12 14,6 0,062

" Early Respiratory Distress, Respiratory Distress Syndrome, Hyaline Membrane Disease, Persistent Pulmonary Hypertension,
Transient Tachypnea of the Newborn, Meconium Aspiration Syndrome, Sleep Apnea

2 Persistence of the Arterial Channel, Patent Foramen Ovale

3 Vomiting, Abdominal Distension, Gastric Bleeding, Rectal Bleeding, Bowel Dysfunction, Melena

#Bronco Pulmonary Dysplasia, Pulmonary Hemorrhage, Pneumothorax, Pneumoperitoneum, Pneumonia

® Birth Trauma, Hypotony/Hypoactivity, Hypotension, Hemorrhagic Disease of the Newborn

(*) Fisher’s Exact Test
Source: Authors elaboration, 2011

Figure 1 - Flowchart of the newborns with
a PICC catheter who met the study eligibility
criteria. Sao Paulo, 2010-2011

[ PEX weemsrd irthe indeson criteda in=mg. |
. l.lmu:l:usﬁlllacmthl

Eghile P [n—29u) |

Exchuied

Death =113

y Typeof' n=ﬁn=t
PICC anahye vl (u—270) I

Source: Authors elaboration, 2011

The neonates who composed the two
groups of catheters were compared as to their

characteristics in order to verify whether the
populations had homogeneous clinical features.
The variables characterizing the two groups of
neonates are shown in Table 1.

Table 2 shows neonates’diagnoses. Prema-
turity and respiratory diseases were the most
common diagnoses in both groups of catheters.
There was a statistically significant difference
between the newborns only regarding the diag-
nosis for septicemia.

Regarding the average length of use
of catheter, the data show that there were
statistically significant differences between
the groups. The neonates with polyurethane
double lumen PICC had a higher average of
catheter permanence.
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Table 3 - Descriptive statistics of the perma-
nence time of the device, according to the
type of PICC catheter. Sdo Paulo, 2010-2011

Type of catheter
. Silicone | Polyuretha-
Residence .
. Single- ne Double | P-value
time
-lumen lumen
(n=189) (n=81)
Average 10 14 0,001
Minimum 1 3 -
Maximum 70 39 -

Source: Authors elaboration, 2011

The incidence of complications between
the polyurethane PICC was 45.6%, and betwe-
en the silicon catheters was 35.4%, with no
statistical significance between the groups
(p=.11). The relative risk found was 1.28 [CI,
0.95 to 1.751.

Table 4 presents data on the incidence rates
of complications that occurred in the two groups
of catheters studied.

Once the incidence rate of complications
in the silicone catheter group was 34.8/1000
catheter-day and 32.8/1000 catheter-day
for the group of polyurethane catheter, the
value of the attributable risk was 0,00196.
Consequently, NNH was 51.02 in this study.

This means that if 51 infants are exposed to
the silicone catheter, only one will develop
complications.

Figure 2 - Complications survival curve per
PICC catheter type. Sdo Paulo, 2010-2011

Sarvival corve lor pon-elerthee
rermrval per type of cathetey
14
LN
I“'
mwAa-
|u__
Iu- 1 1 1 1 T 1 1
a 0 2 30 40 = & X

Days

Source: Authors elaboration, 2011

Despite the fact of the IT complications, the
survival curve, was higher in the group of double
lumen catheters for complications between the
two types of catheters, it did not present a statis-
tically significant difference (p=0.45). However, it
is observed that up to approximately 20 days of
catheter permanence, the group with double lumen
PICC seems to provide a slightly higher cumulative
survival rate when compared with the silicone
single-lumen PICC.

Table 4 - complications incidence rate (IR), according to the type of PICC catheter. Sdo Paulo, 2010-2011

Type of catheter
Complications related to Silicone Single-lumen Polyurethane Double lumen
use of PICC n=189 | 1923 catheter-day n=81 | 1125 cateteres-dia
N IT per 1000 catheter-day N Tl por 1000 catheter-day

Rupture 20 10,4 4 3,5
Obstruction 18 9,4 6 53
Suspected infection 12 6,2 15 13,3
Acidental drop 8 4,2 5 44
Edema 4 2 2 1,8
Infiltration 3 1,6 3 2,7
Thrombosis 1 0,5 - -

Hypoperfusion 1 0,5 - -

Tip migration - - 1 0,9
Medical request - - 1 0,9
Total 67 34,8 37 32,8

Source: Authors elaboration, 2011
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DISCUSSION

The incidence of complications among the
polyurethane PICC was 45.6%, and among the
silicon catheters was 35.4%, with no statistical
significance between the groups (p=0.11). The
relative risk found was 1.28 [Cl, 0.95 to 1.75]. Ho-
wever, as the confidence interval crosses the line
of the no effect, the results suggests that there
is no significant difference between the groups
regarding the risk of complications regarding the
use of the epicutaneous catheter in newborns.

It is essential for nurses to know the cha-
racteristics of vascular devices and learn how
to adapt them to the needs of the patients, es-
pecially when it comes to premature neonates.

The ideal catheter should be one of small
caliber and length, with the largest possible in-
ternal diameter (lumen), besides being flexible
and biocompatible. Currently there is no mate-
rial with ideal insertion and permanence pro-
perties, and therefore it is necessary to evaluate
the advantages and disadvantages of each type
of catheter before choosing which one to use.

Since the 2.0Fr polyurethane double lumen
PICC s an intravenous device introduced in the
Brazilian market in recent years, reports in the
literature are scarce regarding the use of this
catheter in the neonatal population. Since it
has a less invasive character when compared to
phlebotomy and has two independent pathways
for the administration of intravenous therapy, we
suggest that its use may benefit the neonatal
population.

The epicutaneous catheter material can
contribute to the intravenous therapy with some
advantages and disadvantages. The polyure-
thane catheters have higher stiffness, increased
chemical resistance, moldability, biostability
and also low thrombogenicity®. By presenting
thinner walls and greater luminal diameter, the
catheter provides greater speed in infusion

solutions and increased length of stay in the
patient®?,

In this study, the removal of the catheter for
suspected infection is the most frequent com-
plication between the double lumen catheters
(13.3/1000 catheter-day). Slightly higher inci-
dence rates were observed in a prospective stu-
dy with 226 neonates who underwent insertion
of 302 PICCs for venous access and infusion of
parenteral nutrition in a tertiary NICU in London
(England).The results of the study point out that
the infection incidence rate of catheter-related
bloodstream was 17 per 1,000 catheter-days"".

Although there was no difference between
the two types of epicutaneous catheter as to
the time until the occurrence of non-elective
removal, there was a higher incidence rate of
this complication among double lumen cathe-
ters. One of the explanatory hypotheses would
be the greater number of lumens, which may
represent an additional input port for infection.
However, the double lumen catheters also had
a higher average dwell time compared to the
single lumen ones.Thisis a retrospective cohort
study, conducted with 683 infants with PICC, ai-
ming to verify whether the risk of bloodstream
infection related to the catheter stays constant
over time, and therefore we suggest that the
time of catheter permanence is an important
risk factor for infection in the NICU. There was a
significant increase in risk after 35 days of PICC
insertion2,

The bloodstream infection related to the
use of PICC is a risk inherent in the use of a vas-
cular access device®. Many infections related to
PICC are not diagnosed or become recognizable
only when the patient presents severe sepsis.
The manifestations can be both local and syste-
mic. The signs of local infection include redness
at the site of insertion, pain and exudation, and
the systemic signs include fever and clinical
deterioration?.
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The prevention of infections related to
PICCincludes practices such as hand hygiene,
maximal barrier precautions during inser-
tion, antisepsis with chlorhexidine, proper
selection of the catheter insertion site, daily
review of the need of catheter permanence
with removal, weekly changing of the PICC
sterile occlusive dressing or when it loses its
adhesion®.

There is controversy over the form of tre-
ating catheter-related bloodstream infection
among neonates who require vascular access
for their survival. However, literature recom-
mends some alternatives to be analyzed case
by case. One option is to treat infections with
antimicrobial agents by means of a catheter
and to repeat the blood culture after 48 hours. If
there is persistent infection, considering the re-
moval of the catheter is one of the indications.
There are cases in which the use of the catheter
without a treatment attempt is discontinued,
especially fungal infections. A new catheter
may be introduced 24 to 48 hours after the
onset of systemic treatment. Treatment with
antibiotic lock showed decreased infection,
but still needs more scientific evidence for its
recommendation®.

Another study evaluating epicutaneous
double lumen catheters, but with 3.0Fr, aimed
to report the experience of inserting the PICC
in 61 neonates and to analyze the technical
characteristics of the procedure and its compli-
cations. The results showed that elective removal
occurred in 45.9% of the catheters. The reasons
for non-elective removal were: phlebitis and
edemain 21.3% of catheters inserted, suspected
infection in 3.2%, accidental traction in 3.2% of
the catheters and distal end rupture of 3.2% of
the epicutaneous catheters",

Regarding complications, in the group
of silicone single-lumen catheters, the most
frequent ones were rupture and obstruction.

These findings corroborate with the results of
a prospective cohort study conducted in the
NICU of the state of Sdo Paulo, which evaluated
237 epicutaneous polyurethane and silicone
catheters, demonstrating an incidence rate of
6.2/1000 catheter-day. Another survey con-
ducted in Taiwan evaluated 412 silicone PICC
in 267 neonates weighing <1500g and found
an incidence rate of obstruction of 4.0/1,000
catheter-day"".

Possibly, the characteristics of flexibility
and manageability of the silicone makes it
more vulnerable to these types of complica-
tions. The resistance of the catheter is directly
related to the size and type of device material
of the PICCU9,

The catheter made from silicone has higher
flexibility compared to polyurethane, offers less
irritation to the vascular wall and less drug inte-
raction®. Itis also heat stable, has high resistance
to bending, low thrombogenicity and bacterial
adherence®. It features a smaller inner diameter
compared to the polyurethane catheter of the
same external diameter, a characteristic that
complicates and delays the time of infusion of
blood components and intralipids due to its hi-
gher viscosity. Even saline solutions may present
difficulties in the flow®.

The catheter obstruction can be caused
by several factors, including the position of
the PICC, thrombus formation, precipitation of
drugs, and the presence of colonies of microor-
ganisms on its tip"7:'®,

The care that the professional involved in
the maintenance of PICC should dispense to
patients with a PICC device is extremely impor-
tant, in order to prevent complications related
to its use. The main obstruction prevention
strategy is the meticulous permeabilization
of the catheter. The administration of a saline
solution before and after the administration of
the drugis a routine in the maintenance of the
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PICC care.This is to prevent drug incompatibi-
lity that can generate intraluminal obstruction
and rupture of the catheter“'),

It is worth noting that obstruction and
rupture are preventable complications. Pre-
vention strategies include proper adhesion of
the PICC dressing, keeping the site of insertion
of the device clean and dry, keeping catheters
well connected, avoiding forced pressure on
the syringe connected to the catheter, avoiding
performing flush maneuver if resistance to the
infusion is observed, removing the catheter
gently and holding it near the insertion site, but
not its cannon™.

However, the professionals responsible for
intravenous therapy need to decide, according
to their care practice and the material availability
at their institution, what kind of device meets
the needs of the service and patients, aiming
mainly for increased safety, durability, resistance
to pressure and reliability.

It is necessary to point out the limi-
tations of this study: unicentric character
and data collection through records of the
health care team in medical records, which
may allow the occurrence of data loss due to
the non-recording of information of interest
to the study. Furthermore, there was a grea-
ter proportion of polyurethane dual lumen
catheters. However, despite the limitations,
the findings deserve to be better explored
in subsequent studies, given the scarcity of
studies related to the safety and efficacy of
the use of different types of PICCs in neona-
tes and in other populations.

CONCLUSION

The results of the study indicate that the
time until the occurrence of non-elective re-
moval did not differ between the two types of
epicutaneous catheters. However, there was

statistically significant difference in the average
time of permanence between the two types of
catheters, indicating that possibly the polyu-
rethane double lumen device contributes for
a longer period of time to vascular access for
the intravenous infusion of solutions needed
by newborns.

There is a variety of catheters available in
the market, and a lack of studies that comparati-
vely evaluate their safety and cost-effectiveness,
thus preventing the establishment of scientific
evidence to support the best choice of the type
of device for each patient. However, both types
of epicutaneous catheter allowed intravenous
infusion for more than 10 days and no serious
complications have occurred.

However, the polyurethane epicuta-
neous double-lumen catheter seems to be
a good option for central vascular access for
neonates requiring the infusion of multiple
concomitant drugs. Since most of the com-
plications are preventable and not serious,
such as obstruction, external rupture, suspi-
cion of infection and accidental traction, itis
necessary for the nursing staff to prevent and
monitor this vascular device as to the early
signs of these complications as, for example,
increased resistance for infusion, loss of dres-
sing adhesion, connection disinfection, use
of gloves, hand washing, use of appropriate
caliber syringes (10 mL).

It is extremely important for nurses to
know the devices available in the institution
where they work, evaluating the patient and
the drug treatment prescribed, so that they
can choose the most appropriate type of
PICC. It is recommended that health services
have nurse specialists in intravenous therapy
and care of vascular devices, in addition to
evidence-based protocols that support the
practice of professionals.
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