Open access Research

Outcomes associated with peripherally
inserted central catheters in hospitalised
children: a retrospective 7-year single-

BM)J Open

To cite: Badheka A, Bloxham J,
Schmitz A, et al. Outcomes
associated with peripherally
inserted central catheters

in hospitalised children: a
retrospective 7-year single-
centre experience. BMJ Open
2019;9:¢026031. doi:10.1136/
bmjopen-2018-026031

» Prepublication history and
additional material for this
paper are available online. To
view these files, please visit
the journal online (http://dx.doi.
org/10.1136/bmjopen-2018-
026031).

Limited results of this study
were presented at the 47th
Annual Congress, Society of
critical care medicine. Four
abstracts pertaining to this
study were presented. One of
the abstract was selected and
presented as the STAR Research
Award.

AB and JB are co-first authors.

Received 16 August 2018
Revised 24 June 2019
Accepted 11 July 2019

| '.) Check for updates

© Author(s) (or their
employer(s)) 2019. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

For numbered affiliations see
end of article.
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ABSTRACT

Objectives The use of peripherally inserted central
catheters (PICCs) are an integral part of caring for
hospitalised children. We sought to estimate the incidence
of and identify the risk factors for complications associated
with PICCs in an advanced registered nurse practitioners
(ARNP)-driven programme.

Design Retrospective cohort study.

Setting Single-centre, large quaternary children's
hospital.

Participants Hospitalised children who had PICC inserted
from 1 January 2010 to 31 December 2016.
Interventions None.

Measurement and main results A total of 2558 PICCs
were placed during the study period. Mean age at PICC
insertion was 8.7 years, mean dwell time was 17.7 days.
The majority of PICCs (97.8%) were placed by ARNP.

Most were placed in a single attempt (79.6%). Mean PICC
residual external length outside was 2.1+2.7 cm. The rate
of central line-associated bloodstream infection (CLABSI),
thrombosis and significant bleeding were 1.9%, 1% and
0.2%, respectively. The CLABSI rate in infants and early
childhood was higher than those aged >5 years (2.8%,
3.1%, respectively vs 1.3%). In a multivariate analysis after
adjustment of confounding effects of race and gender,
infants (OR= 2.24, Cl=1.14 to 4.39, p=0.02) and early
childhood cohort (OR=2.37, CI=1.12 to 5.01, p=0.02) were
associated with significantly higher odds of developing
CLABSI compared with >5 years old. In the early childhood
cohort, PICCs with longer residual external catheter length
(OR=1.30, 95% Cl=1.07 to 1.57, p=0.008) and those
placed in the operating room (OR=5.49, 95% CI=1.03 to
29.19, p=0.04), were associated with significantly greater
risk of developing CLABSI.

Conclusions The majority of PICCs were successfully placed
by ARNPs on the first attempt and had a low incidence of
complications. Infants required more attempts for successful
PICC placement than older children. The presence of residual
external catheter length and placement in the operating room
were independent predictors of CLABSI in younger children.

Strengths and limitations of this study

» This is a large study that included multiple (>70
variables) patient, provider and peripherally insert-
ed central catheter (PICC)-related variables in more
than 2500 PICCs.

» We minimised the impact of the provider, unit and
institutional variances by excluding PICCs that were
(1) placed in neonatal intensive care unit by their
providers, (2) placed at an outside institution prior
to transfer or (3) those that remained in place at dis-
charge from hospital.

» Formal, standardised central line catheter insertion
and maintenance bundles were in place throughout
the period of study and were strictly adhered to.

» This is a retrospective study that is based on avail-
ability of data elements and with no ability to adjust
for potential other confounding variables.

intravenous access to deliver nutrition, medi-
cations and fluids.! The utilisation of PICCs is
increasing in hospitalised children secondary
to the ease of bedside insertion, lower risk
of injury during placement (ie, pneumo-
thorax, haemothorax, vascular injury) and
perceived decreased complication profile
when compared with central venous catheters
(CVCs).?® While PICCs can remain in place
for prolonged periods of time, mechanical
and infectious complications, such as central
line-associated bloodstream infections
(CLABSIs), thrombosis and acute bleeding,
can occur during the placement or mainte-
nance of PICCs.'?

CLABSIs are the most common health-
care-associated infection and are associ-
ated with high likelihood of morbidity and
mortality in critically ill children.’ Interven-

BACKGROUND tions such as the introduction of insertion
Correspondence to Peripherally inserted central catheters L
Dr Aditya Badheka; bundles has reduced CLABSI rates signifi-
) g (PICCs) are frequently used as stable 56 . . .
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30000 cases of CLABSIs occur annually in the USA which
may indicate that CLABSIs primarily occur during cath-
eter maintenance.” Current literature suggests that the
risk of CLABSI increases with prolonged catheter dwell
time, potentially via catheter colonisation and biofilm
formation.® This suggests that modifiable risk factors for
CLABSIs may be present during the period of catheter
maintenance.' ** !

PICC-related thrombosis is a risk factor for catheter
malfunction, sepsis secondary to bacterial colonisation of
the clot, embolism, recurrent venous thrombosis and loss
of intravenous access.'" The incidence of PICC-related
symptomatic thrombosis ranges from 3% to 20%, while
reported asymptomatic thrombosis rate may be as high as
61%." 1 Several studies suggest an association between
larger PICC diameter and higher rate of thrombosis.'* '*
Other risk factors include procoagulant state secondary
to malignancy, sepsis and critically illness' '° as well as the
number of attempts to access the vessel. Fewer attempts
to place intravenous access result in lower risk of vessel
injury and subsequent thrombus formation.'” In addition,
fewer attempts required to successfully place intravenous
access have been shown to increase patient satisfac-
tion.'® Successful placement and maintenance of PICCs
depends on a variety of patient, provider and catheter-re-
lated factors. Understanding these can help augment the
success of paediatric vascular access programme.

Our overall goal was to identify outcomes associated
with PICC placement in hospitalised children by our
vascular access advanced registered nurse practitioner
(ARNP)-driven PICC programme. We sought to find
an association between complications and a combina-
tion of patient, provider and PICC-related factors. We
hypothesised that younger age would be an indepen-
dent predictor of CLABSI development in hospitalised
children with a PICC. Secondarily, we hypothesised that
younger age would be an independent predictor for
increase in number of sites attempted for successful PICC
placement in hospitalised children.

MATERIALS AND METHODS

Design, setting and timeframe

We performed a retrospective analysis of a large cohort
of hospitalised children who underwent PICC placement
at Stead Family Children’s Hospital (SFCH), University
of Towa Hospitals and Clinics from 1 January 2010 to 31
December 2016. SFCH is an urban, academic, paediatric,
quaternary referral centre with 190 inpatient beds. We
care for all cohorts that require admission irrespective
of indication—either primary medical or surgical. The
per cent of primary medical versus surgical indication
for admission has varied in our institute over time. The
surgical patients include all service lines such as cardiac,
neuro, orthopaedics, ear, nose and throat, ophthalmology,
urology and general surgical patients. Children aged less
than or equal to 21 years of age at the time of admission
and who had a PICC placed during their hospitalisation

were eligible for our study. Children who were primarily
admitted to the neonatal intensive care unit or newborn
nursery were excluded. Those children who were trans-
ferred to our hospital from an outside facility with a PICC
in place were likewise excluded. This study was approved
by the institutional review board of the University of Iowa.

In year 2010, the vascular access ARNP-driven PICC
programme was formalised. All requests for paediatric
PICC placement were initially evaluated by the designated
vascular access ARNP team. If PICC placement was unsuc-
cessful, it was then attempted by interventional radiology,
paediatric cardiac catheterisation laboratory or paediatric
surgery for alternative vascular access options. The ARNP
team has used ultrasound to facilitate PICC placement
since the inception of the formalised programme. PICC
insertion and maintenance practices were not changed
during the study period.

The data were curated from our electronic health
records (EPIC, Electronic Health Records) by three
authors (JB, AS, AB). All patient identifiers were removed
prior to analysis.

Predictor variables

Patient variables collected included demographics such
as age, race, ethnicity, gender, weight and height at the
time of PICC placement. The indication for PICC place-
ment and the primary diagnosis of the hospital admission
were also collected.

PICC-related characteristics included the number of
lumens, size, length of the catheter inside the patient
(internal length) and external length of residual cath-
eter outside the patient measured in centimetres. The
primary providers placing the PICCs were the ARNPs.
Other providers placing PICCs included paediatric crit-
ical care fellows, interventional radiologists, interven-
tional cardiologists, surgeons and paediatric critical
care intensivists. The location where the procedure was
performed included the paediatric intensive care unit
(PICU), operating room, inpatient general paediatric
floor, paediatric specialty clinic, cardiac catheterisation
laboratory, radiology suite and burn unit. PICC tip loca-
tion was confirmed by plain radiography and included
central (superior vena cava (SVC)/Right Atrial junction
or inferior vena cava (IVC)) and peripheral positioning.
The number of radiographs performed to confirm posi-
tioning was collected. The radiologist formal report was
considered the standard for central position determina-
tion. PICC insertion site such as scalp, extremity (upper or
lower), laterality (left or right) and use of ultrasound was
collected. The use of sedation, paralysis, and/or topical
anaesthetic during the procedure was also collected. We
also documented the presence of concomitant CVCs.

Outcome variables

The primary outcome variable was complication risk. For
the purpose of this study, complications were defined a
priori (author consensus and literature review) as three
distinct objective variables—CLABSI, bleeding and
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thrombosis. CLABSIs were diagnosed per The Centers
for Disease Control and Prevention (CDC) definition
and confirmed by the hospital epidemiology division.
Significant bleeding was defined by anaemia due to acute
blood loss with the need for a transfusion of packed red
blood cells or other blood products (fresh frozen plasma
or platelets) within 6 hours after placement of the PICC.
Extensive chart review pertaining to the blood transfu-
sion event was further assessed to ascertain if there was
preprocedural decision to transfuse the blood product.
Thrombosis secondary to PICC placement was defined
by the presence of thrombus in the vessel where a PICC
had been placed. A thrombus was confirmed by vascular
ultrasound that was obtained due to the bedside clini-
cian’s suspicion for a clot (limb swelling, discoloration,
loss of pulses and other concerns) and was confirmed
by a radiology attendant. We assessed for pre-existing
thrombus by review of any vascular ultrasounds obtained
up to 3 months prior to PICC placement. Other outcome
variables of interest included the number of attempts for
successful PICC placement.

Statistical analysis
Simple descriptive statistics were used to summarise the
data.

In the present study, the primary outcome of interest
was development of CLABSI. The primary hypothesis
examined was if age was associated with development of
CLABSI. Age was categorised into three groups: infancy
(up to 12 months), early childhood (13-59 months) and
>5 years. A multivariable logistic regression model was
used to examine the association between age and odds
of developing a CLABSI. The effects of sex and race were
adjusted in the logistic regression model. Several subset
analyses were also conducted to examine outcomes within
different age cohort. Bivariate logistic regression analyses
were conducted to examine the independent association
of each independent variable with the odds of developing
a CLABSI. Following this, a mix of patient/PICC line-re-
lated variables were included in the multivariable models
depending on best fit and availability of adequate number
of cases within each level of independent variable.

In the first subset analysis, we examined outcomes
within the infant cohort. In this cohort, we examined
a mix of patient and PICC line-related variables on the
odds of developing CLABSI. The independent variables
of included in this model were: age, sex, race, surgical
cohort, cardiac cohort, days (dwell time of PICC line),
concomitant CVC presence, size of lumen(s), type of
lumen, extremity/scalp site, number of times PICC line
was attempted, length of PICC line outside (residual
catheter external to skin) and length of PICC line inside
(internal to the skin). A multivariable logistic regression
model was used to examine the simultaneous association
between all independent variables and odds of devel-
oping a CLABSIL

In the second subset analysis, we examined the factors
associated with odds of developing CLABSI in the early

childhood cohort using a multivariable logistic regression
model. In this model, the independent variables included
were: age, sex, race, surgical cohort, cardiac cohort, days
(dwell time of PICC line), associated CVC presence, size
of lumen(s), use of ultrasound, number of attempts at
PICC placement, length of PICC line external to the skin
and internal length of PICC line.

The second hypothesis examined in the present study
was number of attempts made to obtain a successful
PICC line. The primary independent variable was age.
Age was divided into the following cohorts: infancy (0-12
months); early childhood (13-59 months); middle child-
hood (60-131 months); early adolescence (132-179
months); middle adolescence (180-215 months) and late
adolescence (216-251 months). The covariates adjusted
included: sex, race, place, CVC presence, use of Ultra-
sound (USG), use of topical, sedation, paralysis, surgical
cohort and cardiac cohort. A multivariable linear regres-
sion model was used to examine the association between
the above-mentioned variables and number of attempts
to obtain a successful PICC line.

All multivariable logistic regression models were fit
using the maximum likelihood methods. The multivari-
able linear regression model was fit using the ordinary
least squares estimation approach. All statistical analyses
were conducted using SPSS V.25.0 software (IBM Corp).

Patient and public involvement

In this retrospective study, we accessed patient’s elec-
tronic data from the health records at our institution.
All patient identifiers were removed before the analysis
was conducted. There was no direct patient and public
involvement.

RESULTS

Characteristics of children who received the PICCs

During the study period from 2010 to 2016, a total of 2558
PICCs were placed in children. PICC placement annually
ranged from 312 in the year 2016 to 393 in the year 2011.
The majority of PICCs were placed in Caucasians 80.2%,
and gender distribution was equal. (see online supple-
mentary table 1) We divided our cohortinto the following
subgroups based on age to better define the impact of
age on outcomes: infancy (birth <l year), early childhood
(1-5 years), middle childhood (5-11 years), early adoles-
cence (11-15 years), middle adolescence (15-18 years)
and late adolescence (18-21 years) (reference: Bright
Futures 3rd Edition, American Academy of Pediatrics."
Placed in infanys were 22.7% of PICCs, 15.3% in early
childhood, 16.2% in middle childhood, 23.3% in early
adolescents, 16.8% in middle adolescents and 5.6% in late
adolescents (see online supplementary table 1). At PICC
insertion, the mean age was 8.7 years (IQR 1.7-14.6),
weight was 33.5kg (IQR 10-52) and height was 118.7cm
(IQR 76-159). Average PICC dwell time was 17.7 days
(see online online supplementary table 2).
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The majority of PICCs (97.8%) were placed by the
ARNPs. Most were placed on a single attempt (79.6%).
PICC placements of 7.3% had >3 attempts. The ultrasound
guidance was used during 61.2% of PICC placement.
The patient site of placement was right arm (39.3%), left
arm (37.1%), right thigh (5%), left thigh (5.9%), right
leg (2.3%), left leg (2.6) and scalp (4.3%). The tip of
the PICC was confirmed to be in central circulation, as
measured by plain radiography, in 92.7% of placements,
with 77.9% in the SVC and 15% in the IVC. To confirm
placement, the majority received one plain radiograph
(87.3%), while 23 radiographs were obtained in 2.3% of
patients. PICCs were placed in PICU (56.9%), inpatient
floor (31.7%), paediatric specialty clinics (5.4%) and
operating room (4.5%) (see online supplementary table
1).

Single-lumen PICC lines were placed in 85.5% of
patients, while double-lumen PICC lines were placed in
11.5% of patients. The majority of the patients had 3
French (68.1%), 26 Gauge (14.3%) or 4 French (5.9%)
(see online supplementary table 1). Approximately 75%
of PICCs were placed for stable access, 9% for long-term
antibiotics and 9% for chemotherapy. The majority of
children (58.7%) who received a PICC had at least one
surgical procedure during their hospitalisation. Addition-
ally, 14.6% of children who received a PICC had some
underlying cardiac pathology. Overall, 11% of patients
who received a PICC had an associated CVC at the time
that the PICC was placed. Patients were sedated for PICC
placement in 84.1% of cases, while 8.5% received both
sedation and paralysis for PICC placement (see online
supplementary table 1). The mean internal length of the
PICC was 30.7+11.5 cm, while the residual external length
was 2.1+2.7 cm (see online supplementary table 2).

Outcomes
There were 49 CLABSIs (1.9%) identified in the 2558
PICGCs placed. The rate of CLABSI in infants and early
childhood was higher than in those who were aged =5
years (2.8% and 3.1%, respectively, vs 1.3%). In multivar-
iate analysis after adjusting for the confounding effects
of race and gender, infants (OR: 2.24, CI 1.14 to 4.39,
p=0.02) and those in early childhood (OR 2.37, CI 1.12 to
5.01, p=0.02) had significantly higher odds of developing
CLABSI compared with children 25 years old (table 1).
Further evaluation of the infant subgroup demon-
strated a 1.4% incidence of PICCrelated rate and a

Table 1
Age group OR
Infants 2.24

Early childhood 2.37

>5 years of age Reference

Effects of age on odds of developing CLABSI
95%Cl

1.14t04.39 0.02
1.12t05.01 0.02

P value

Effects of race and sex were adjusted in the multivariable logistic
regression model.
CLABSI, central line-associated blood stream infection.

CLABSI rate of 2.8%. One patient required blood trans-
fusion within 6 hours secondary to PICC-related bleeding.
Detailed characteristics of the infants who received PICC
in our study are described in the online supplementary
table 3. In the unadjusted regression models (bivariate
regression models), increase in number of days with
PICC (OR=1.02, 95% CI=1.01 to 1.03, p=0.03), those who
had an associated CVC at the time of PICC placement
(OR=3.14, 95% CI=1.16 to 8.54, p=0.02), those needing
a surgical procedure (surgical cohort) (OR=3.90, 95%
CI=1.10- to 3.83, p=0.03) and those with a cardiac condi-
tion (OR=3.95, 95% CI=1.26 to 12.41, p=0.02) were asso-
ciated with higher odds for developing CLABSI. However,
in the multivariable regression analysis, none of these
factors influenced the development of CLABSI in this age
group (table 2). Multivariate logistic regression model
was used to assess the impact of number of attempts to
several patient and PICC-related factors. Infant age and
topical analgesia use were associated with significantly
higher number of attempts to place PICC successfully
(table 3).

Incidence and risk factors for developing CLABSI

The rate of CLABSI was highest at 3.1% in early child-
hood cohort. There were 392 PICCs placed in this
subgroup with the majority being male (54.3%) and
Caucasian (77.3%). Most PICCs were placed in right
upper extremity (78.1%). Location of placement was
PICU (63.4%) and operating room (9%). Mean external
length of PICC was 2.2+2.6 cm. Detailed characteristics of
the infants who received PICC in our study are described
in the online supplementary table 4. Following adjust-
ment for all available patient, provider, location and PICC
confounders, the primary risk factor of CLABSI was the
external length of the PICC. Each centimetre increase in
length of PICC external (outside) to the skin was asso-
ciated with a significantly higher odds for developing
CLABSI (OR=1.30; 95% CI=1.07 to 1.57; p=0.008). Inter-
estingly, in this cohort, PICCs placed in the operating
room were associated with significantly higher odds for
developing CLABSI when compared with those that were
placed in the PICU (OR=5.49, 95% CI=1.03 to 29.19,
p=0.04) (table 4). The rate of thrombosis secondary to
PICC placement was very low (1%). Likewise, the rate of
PICC-related bleeding that received blood transfusion
within 6 hours was very low (0.2%) (table 5).

DISCUSSION

Overall outcomes of PICC placement in hospitalised children
Our retrospective review of a large cohort of hospitalised
children in whom PICCs were placed demonstrates that
(1) an ARNP-driven PICC programme provides organi-
sational efficiency as measured by success of PICC place-
ment and (2) PICC-related complication rates including
CLABSI, thrombosis and bleeding are low. Further, we
show that children <5 years of age are more likely to
require multiple attempts for successful PICC placement
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Table 2 Subset analysis of infant cohort (summary of
estimates from the multivariable logistic regression model).
risk of developing CLABSI

95% ClI P
Variables OR Lower Upper value
Age (in months) 0.77 0.57 1.04 0.08
Male 0.83 0.25 2.74 0.76
Upper extremity 0.79 0.18 SI85 0.74
Scalp 0.50 0.06 4.42 0.53
Lumen—double 0.63 0.05 7.60 0.72
Number of attempts 0.81 0.42 1.54 0.51
Surgical cohort 480 0.93 24.92 0.06
Cardiac cohort 1.23 0.27 5.69 0.79
Presence of CVC at 212 0.63 7.11 0.22
PICC insertion
Length external to skin 1.10  0.93 1.32 0.27
(length outside) in cm
Length internal (inside) 1.03  0.92 1.16 0.59
in cm
Caucasian 144 0.28 7.32 0.66
26 G 0.25 0.07 0.90 0.03*
PICC days 1.01  0.99 1.08 0.29

*statastically significant

CLABSI, central line-associated bloodstream infection; CVC,
central venous catheter; PICC, peripherally inserted central
catheter.

and are twice as likely to develop CLABSIs. Risk factors
associated with developing CLABSIs in this younger
population include the presence of residual catheter
length ‘outside (external)’ to the skin and the placement
of these PICCs in the operating room.

Impact of ARNP-directed vascular access/PICC programmes

Vascular access ARNP-driven PICC programmes are well
established in premature neonates and adults. A survey
of 187 neonatal intensive care unit (NICU) demonstrates
that ARNPs are primarily responsible for PICC placement
in 74.3% (139/187) of programme.* Similarly, a single-
centre study describes a nurse-led programme thatsuccess-
fully placed bedside PICCs in 74% of adult oncology
patients to allow 95% of those patients to complete
prescribed chemotherapy treatment.”' Similar literature
in paediatrics is limited largely to smaller, single-centre
studies. A prospective single-centre study has described
a nurse-led PICC programme that successfully placed
PICC in 71.1% (69/99) of children.*® However, this high
rate of success may have been exaggerated as only coop-
erative children>3year of age were included, and PICCs
were placed in the interventional radiology suites to
confirm placement by fluoroscopy.* Our vascular ARNP-
driven PICC programme was very effective and placed the
majority (97.8%) of 2558 PICCs in our institutions over
a 7-year period, with 79.6% of those on the first attempt.

In addition to team efficacy in line placement, a number
of studies have demonstrated lower complication rates
with nurse-lead PICC programme. McDiarmid et al have
reported successful implementation of an advanced prac-
tice nurse-led team in adults with low rates of PICC-related
complications.”” Our study also demonstrated low rates of
CLABSI, thrombosis and acute bleeding needing transfu-
sion. Our CLABSI rate of 2% during the study period is
consistent with current reported prevalence of CLABSI in
neonates and children (1.3%-2.6%).%* However, this inci-
dence is twofold higher in children <5 years. Given the
Joint Commission’s 2010 National Patient Safety Goal of
reducing CLABSI rates,' we further assessed this subgroup
of patients and were able to show that both the residual
external catheter length and the placement of PICCs in
the operating room were associated with increased risk of
developing CLABSI.

Higher risk on CLABSI in those who had their PICCs placed in
the operating room

In our study, less than 10% of all PICCs were placed in the
operating room. Children between 1 and 5 years of age,
who had a PICCs placed in the operating room were more
likely to develop CLABSI. While these data are surprising,
we believe there are several potential explanations. Our
ARNP team places PICCs using a formal, well-established
insertion bundle. The presence of insertion bundles
is known to decreases CLABSIs.” ° It is unclear whether
placement of PICCs in the operating room followed such
procedures, particularly since less than 10% of all PICCs
were placed in the operating room and, therefore, less
routine. Further, it is possible that those patients who had
PICCs placed in the operating room were more acutely
ill in comparison to those patients who had PICCs placed
in other locations. Unfortunately, given the retrospective
nature of this study, we were unable to assess severity of
illness for these patients. Further studies are needed to
confirm these findings.

Impact of catheter length and CLABSI

Our data that residual ‘external’ catheter length outside
the skin is associated with increased incidence of CLABSI
in children<b years is a new finding. Many institutional
protocols emphasise minimising dislodgement of the
catheter, which accounts in part for the rationale of
leaving some amount of catheter external to the skin.
However, the possibility of spontaneous catheter migra-
tion and micromovements during catheter maintenance
may explain the increase in infection. There are several
reports of PICCs migrating in younger children and
leading to complications,” ™’ such spontaneous cath-
eter migration is less frequently reported in older chil-
dren, adolescents or adults. PICC migration may occur
during catheter maintenance secondary to PICC-related
factors such as smaller diameter catheter or patient-re-
lated factors such as movement during dressing change
or change in patient condition (ie, oedema, skin integ-
rity). The increased risk of CLABSI with residual external
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Table 3 Summary of estimates from multivariable linear regression model to examine the number of attempts to obtain a

successful PICC

95% CI
Independent variables Parameter estimate Lower bound Upper bound P value
Age group
Infancy: 0-12months Reference group
Early childhood: 13-59 months -0.453 -0.555 -0.351 <0.0001*
Middle childhood: 60-131 months -0.546 -0.65 —-0.442 <0.0001*
Early adolescence: 132-179 months -0.602 -0.703 -0.502 <0.0001*
Middle adolescence: 180-215 months  -0.554 -0.662 -0.447 <0.0001*
Late adolescence: 216-251 months —-0.608 -0.755 -0.462 <0.0001*
Covariates
Male -0.002 -0.057 0.054 0.954
Caucasian 0.075 —-0.003 0.153 0.061
Place—general floor -0.06 -0.127 0.007 0.08
Place—operating room -0.116 -0.255 0.023 0.103
Place —specialty clinic —-0.086 -0.216 0.043 0.192
Place—burns unit 0.171 -0.271 0.614 0.448
Place —other 0.385 -0.013 0.783 0.058
Presence of CVC at PICC insertion -0.039 -0.134 0.056 0.425
USG—used —-0.021 —-0.081 0.039 0.499
Topical analgesia—used -0.117 -0.18 -0.053 <0.0001*
Sedation used —-0.004 -0.082 0.074 0.913
Paralysis used 0.097 -0.01 0.205 0.077
Surgical cohort 0.019 -0.04 0.078 0.526
Cardiac cohort 0.089 -0.004 0.182 0.06

*statastically significant

CVC, central venous catheter; PICC, peripherally inserted central catheter; USG, ultrasound.

catheter length in younger children may have practical
implications, including more specific determination of
catheter length at the time of insertion and more careful
attention to residual catheter length during catheter
maintenance. This is the first study to our knowledge
that demonstrates significantly higher odds of developing
CLABSI with increased length in centimetres of residual
external catheter length at insertion.

PICCs and risk of thrombosis

Another significant central venous access-related
morbidity is thrombosis."" The incidence of catheter-re-
lated thrombosis has increased significantly over the past
decade.'” This may be secondary to the improved care
of paediatric patients with serious disorders, prolonged
survival rates in children with chronic diseases and
advancement in diagnostic techniques.'”” The reported
prevalence of catheter-related thrombosis varies from 1%
t0 9% in critically ll children.'”®® One study demonstrated
the thrombosis prevalence is lower with PICCs and not
significantly different when comparing upper and lower
extremities.? In our study, PICC-related thrombosis rate
was low (1%) consistent with the published literature.

During the study period, diagnostic vascular ultrasound
was obtained at the discretion of treating physician indi-
cating that the PICC-related thrombosis was symptomatic.
Similarly, PICC-related bleeding rates were extremely
low suggestive of safety of the instruments and devices
used during placement and provider adherence to safety
protocols.

Number of attempts to successfully obtain a PICC and related
outcomes

Providers aim for successful PICC placement in the
least number of attempts. Greater than one attempt is
an independent predictor of PICC-related thrombosis
in adult oncology patients.”” Further, minimal access
attempts are associated with greater patient satisfac-
tion."® Multiple patientrelated variables including
small vein size, anatomic variations in vasculature and
suboptimal patient cooperation may result in diffi-
culty in achieving intravenous access. In this study,
the ARNPs successfully placed the majority of PICCs
(97.8%), and most of the PICCs were placed in a single
attempt (79.6%). Unsurprisingly, we found that infants
required significantly more attempts for successful
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Table 4 Subset analysis of early childhood cohort (summary of estimates from the multivariable logistic regression model).

risk of developing CLABSI

Variables Lower 95% Upper 95% P value
Age (each 1 month increase) 0.98 0.93 1.04 0.49
Male 0.57 0.14 2.30 0.43
Caucasian 0.49 0.11 2.18 0.35
Hospital location/place where PICC was placed:

PICU (reference Pediatric Intensive Care Unit)

Place —general floor 0.66 0.06 7.03 0.73
Place—operating room 5.49 1.03 29.19 0.04*
Place—specialty clinic 2.90 0.26 32.79 0.39
Place—burns unit DNC*

Place—other DNC*

Presence of CVC at PICC insertion 0.77 0.07 8.23 0.83
Ultrasound used 2.00 0.43 €28 0.38
Lumens 0.06 10.44 0.87
Length external to skin (length outside) in cm 1.30 1.07 1.57 0.008*
Length internal (inside) in cm 1.08 0.93 1.26 0.29
Surgical cohort 0.50 0.12 2.06 0.34
Cardiac cohort 5.33 0.46 62.00 0.18
Number of site attempts 0.61 3.75 0.38
PICC days 1.00 0.98 1.02 0.93

*DNC —Model did not converge since events are too low.

CLABSI, central line-associated bloodstream infection; PICC, peripherally inserted central catheter; PICU, paediatric intensive care unit.

PICC placement. Children who received topical anal-
gesia required fewer number of attempts for successful
PICC placement when compared with those who did
not receive topical analgesia. Use of real-time ultra-
sound guidance has become the standard of practice
for CVC placement and decreases overall number of
attempts with significantly lower complication rates.”
Use of ultrasound guidance for successful PICC place-
ment is well established in adulgs.?' *? However, there
are limited published data to support using vascular

ultrasound for PICC placement in children. In one
small, prospective randomised single-centre trial, the
use of ultrasound in 21 patients undergoing PICC place-
ment with median age of 2.3 years showed significant
success on first attempt when compared with the non-ul-
trasound control group (90.5% vs 47.6%, p=0.03). Ultra-
sound guidance enhances the provider’s ability to access
deeper, non-visible, non-palpable vessels such as basilic,
cephalic or femoral veins especially in younger ages.”
In our study, ultrasound was used for PICC placement in

Table 5 Overall PICC-related complications during the study period

Overall Early childhood

Variable Characteristic N (%) N (%)
CLABSI associated with the PICC* Yes 49 (1.9) 12 (3.1)

No 2453 (95.9) 371 (94.6)
Thrombosis associated with the PICCt Yes 25(1) 3(0.8)

No 2461 (96.2) 379 (96.7)
Significant bleeding associated with the PICC proceduref Yes 6 (0.2) -

No 2499 (97.7) 383 (97.7)

*As per institutional definition of CLABSI, based on CDC guidelines.

1Thrombosis diagnosed by vascular ultrasound and confirmed by radiologist at the site of PICC placement within 3 months of PICC

discontinuation.

FSignificant bleeding was defined as those that needed blood transfusion within 6 hours after placing the PICC.
CDC, Centers for Disease Control and Prevention; CLABSI, central line-associated bloodstream infection; PICC, peripherally inserted central

catheter.
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approximately two-thirds of PICC attempts, which likely
contributed to our overall success in placement.

In our cohort, the majority of PICCs were placed in
the upper extremities; however, the younger age group
had more PICCs placed in the lower extremities. After
adjusting for the potential confounders, there was no
significant difference noted in outcomes (CLABSI) with
various sites of insertion (laterality: right vs left side, upper
vs lower extremity) of PICC placement. This information
may help providers during informed consent process.

Limitations of our study

Several considerations should be made when interpreting
this study. This is a retrospective study that is based on
availability of data elements and inability to adjust for
unknown confounders. We excluded PICCs that were
primarily placed in NICU by their providers and those that
were placed at outside institutions to minimise the impact
of the provider, unit and institutional variances. Addition-
ally, we excluded those patients that were discharged with
a PICC in place as follow-up was limited after hospital
discharge. However, while paediatric patients were rarely
discharged to home with a PICC in place during the study
period, this may have excluded a subpopulation that had
a greater severity of illness, an increased length of stay
or were discharged on prolonged antibiotic therapy for
blood stream infection. Although our central line cath-
eter insertion and maintenance bundles were formally
standardised and adhered to, it is possible that such prac-
tices could have been breached during the study period.
In our institution, all CLABSIs were reviewed extensively
for any breach in such standards, and we were unable to
identify obvious deviation in practices. These institutional
catheter maintenance practices remained unchanged
throughout the study period. An additional important
limitation is that we were not able to adjust for severity of
illness in assessing CLABSI rates. In this study, we used the
number of CLABSI events rather than the incidence rate
(CLABSI per 1000 catheter days) due to the statistical
limitation of the analysing the low CLABSI rates overall.
Finally, despite the large cohort, this is a single-institution
study, and these findings may not be generalisable.

Implications for clinical practice and future directions

PICCs are an integral part of providing care for hospital-
ised paediatric patients. A well-organised vascular access
ARNP-driven PICC programme can successfully optimise
care in hospitalised paediatric patients. The majority of
PICCs were successfully placed by ARNPs, within the first
attempt. Infants required more attempts for successful
PICC placement. Overall, the success rate of PICC place-
ment is high and the complication rate is low. An increase
in complication rates with younger age, residual catheter
length in centimetres outside the skin, and placement
in the operating room requires further confirmation in
a multicentre study. No significant difference between
upper versus lower extremity versus scalp or laterality
(right vs left vs scalp) in PICC placement or its associated

complications was noted in our study. Further research
is needed to evaluate the impact of certain factors such
as measurement techniques on minimising residual
catheter length in centimetres outside the skin and
decreasing CLABSI rates, as well as other outcomes that
were evaluated.

CONCLUSIONS

Our findings suggested that younger children (<5 years of
age) are at an increased risk of developing PICC related
CLABSIs. Residual external catheter length in centimetres
outside the skin and PICC placement in the operating room
are independent predictors of CLABSI in those children
between 1 and 5 years of age. PICC-related thrombosis and
bleeding are infrequent complications. Our findings may
have clinical implications and can be used to tailor PICC
placement and the development of ARNP led vascular
access teams, though further prospective multicentre
studies are needed to confirm these findings.

Negative estimates imply fewer number of attempts.
Likewise, positive estimates imply higher number of
attempts. For example, in the regression table, the vari-
able ‘topical analgesia used’ has a negative estimate of
-0.117 (-0.18 to -0.053; 95% ClIs do not cross to positive)
with a p value that is significant (<0.0001). This means
that those patients who received topical analgesia had
fewer number of attempts at successful PICC placement
when compared with those who did not receive topical
analgesia. Similarly, early childhood, middle childhood,
early or middle or late adolescence children had fewer
number of attempts at successful placement of PICGCs
compared with infants (ie, infants had higher number of
attempts at successful placement of PICCs).
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