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Abstract
This study examined the frequency and types of complications with PICCs placed in
immunocompetent pediatric patients for parenteral antimicrobial therapy. It also sought to
determine risk factors associated with those complications. Complications occurred at a frequency
of 19.3/1000 PICC days, and greater than 30% of PICCs developed at least one complication. Risk
factors for complication include double lumen PICCs, PICCs placed in the femoral vein, younger
age, and greater number of daily doses.

Keywords
PICC; antibiotics; pediatric; catheter-related infections; anti-bacterial agents; parenteral infusions;
child

Introduction
Prolonged antimicrobial therapy is often indicated for children with severe infections (e.g.
endocarditis, osteomyelitis, and complicated pneumonia), and the decision to administer
parenteral versus oral therapy is often complex. However, because of concerns regarding
antimicrobial resistance among orally administered antibiotics for certain pathogens, the
perception of superior efficacy for parenteral therapy, and the increased availability of
outpatient-based administration, prolonged parenteral therapy is increasingly common.
Peripherally inserted central venous catheters (PICCs) account for the majority of central
catheters used in otherwise healthy children for this purpose. In some populations, PICC
complication rates of 20–50% have been observed1,2; however, complication rates for
PICCs used primarily for antimicrobial therapy in otherwise healthy children have not been
fully established.

In this study, we sought to determine the frequency and types of PICC complications
occurring among immunocompetent pediatric patients receiving parenteral antimicrobials in
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both the inpatient and outpatient settings. We also sought to determine risk factors
associated with the occurrence of PICC complications.

Materials and Methods
Medical records of all hospitalized individuals < 21 years of age with PICCs placed between
January 1, 2008 and December 31, 2008 at our institution were reviewed. Billing codes for
PICC placement were used to identify potential children. Patients whose primary indication
for PICC placement was antimicrobial administration were considered for inclusion.
Catheters placed in children in the neonatal intensive care unit, those with congenital or
acquired immunodeficiency syndromes, and children with PICCs placed for indications
other than antimicrobial administration (e.g., parenteral nutrition or frequent blood
sampling) were excluded. Patients with cystic fibrosis were included in the study if no
underlying primary/secondary immunodeficiencies were identified.

Vanderbilt University Medical Center employs a fully integrated electronic medical records
system (StarPanel) that includes all inpatient and outpatient encounters; emergency
department visits; clinical communications made by telephone, fax, or letter to patients,
families, and providers; laboratory data, including microbiologic cultures; and procedural
notes. All Vanderbilt University Medical Center providers use StarPanel exclusively for
medical documentation. Data extracted included demographic information (gender, race,
age, weight), indication for PICC placement, PICC characteristics (size, location, duration of
therapy), and all medically attended PICC complications. We defined a medically attended
PICC complication as any event that prompted an unscheduled assessment by a healthcare
provider in the outpatient, emergency department, or inpatient settings and was determined
to be related to the PICC. Catheter complications included central line-associated
bloodstream infections (CLABSI), line displacement, line occlusion (defined as a PICC
failing to draw and/or flush), line fracture or leakage, localized infection, and localized pain
or swelling at the site of the PICC. All data were entered into the Vanderbilt Research
Electronic Data capture (REDCap) system to preserve data integrity3.

Poisson regression was used to estimate incidence rate ratios (accounting for total PICC
days) and identify characteristics associated with PICC complications. Factors with a p<0.2
in univariate analyses were considered for inclusion in the multivariable model. To reduce
potential model overfitting, we removed covariates with a p<0.2 from the full model if, after
removal, effect estimates were essentially unchanged. We also repeated the final model after
restricting to those with severe complications, which was defined as any PICC-related
complication requiring PICC removal, replacement, or change in antibiotic therapy. Finally,
a multivariable Cox regression model (using the same covariates from the primary analysis)
was constructed to estimate hazard ratios for time to first complication. Analyses were
conducted using Stata 10.1 (StataCorp LP, College Station, TX). This study was approved
by the Vanderbilt Institutional Review Board.

Results
Of 1,280 PICCs placed, 610 (48%) met study criteria and were included. The most common
reasons for exclusion included PICCs placed for chemotherapy, total parenteral nutrition, or
for frequent blood draws. Among the included children, median age at PICC placement was
3.2 years; 73.8% were Caucasian, 14.9% were African-American, and 7.4% were Hispanic.
The most common indications for PICC placement were cystic fibrosis-related pneumonia
(18.9%), skin and soft tissue infection (14.6%), osteoarticular infections (13.6%),
bacteremia/fungemia (11.4%), and CNS infection (8.7%). Overall, there were 207 PICC
complications during 10,712 total PICC days (19.3 complications per 1000 PICC days). One

BARRIER et al. Page 2

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



hundred seventy-one PICCs were associated with at least one complication; 22 PICCs were
associated with 2 complications, and 7 experienced 3 complications. The median day of first
complication was 7 days (IQR 3–15 days); subjects with PICC-associated infections
experienced complications later than did those with mechanical/thrombotic complications
(19 days vs. 6 days, p<0.001). Overall, 77/207 (38%) complications occurred following
discharge from the hospital. The most common complication was occlusion (n=71, 34.3%),
with 52.1% of patients requiring TPA, 4.2% replacement, and 5.6% removal; no repair was
necessary in 27 patients (38%). More importantly, 19 children with PICC-related
complications experienced a catheter-associated infection that required modification of
antibiotic therapy or PICC removal (9.1% of those experiencing a complication, 3% of the
total). Overall, 64/207 children (31.0%) experienced a complication that required PICC
replacement or removal. Thus, a total of 83 children experienced a severe complication,
defined as infection, removal, or replacement of the catheter.

Univariate analyses to assess factors associated with a PICC complication are displayed in
Table 1. In comparison to infants <1 year of age (30.7 complications/1000 PICC days) and
children 1–4 years of age (27.3/1000 PICC days), older children were less likely to
experience a complication (5–10 years, 11.6/1000 PICC days; >10 years, 8.5/1000 PICC
days). Double lumen PICCs had higher rates of complication (30.8/1000) than single lumen
PICCs (17.2/1000), as did those with smaller gauge. Patients with PICCs in place for <14
days and those receiving greater than 4 daily doses of antimicrobials also experienced higher
complication rates (Table 1). In multivariate analysis, increased age, presence of a double
lumen catheter, more than four daily antimicrobial doses, and PICC duration of more than
14 days remained statistically significant (see Table, Supplemental Digital Content 1).
Results were similar when restricting the analysis to those with severe complications (see
Table, Supplemental Digital Content 2), and when analyzing the time to first complication
using Cox regression (see Table, Supplemental Digital Content 3).

Discussion
In this study, greater than 30% of all PICCs placed for antimicrobial administration were
associated with a medically attended complication. Complications included thrombosis,
leakage, PICC fracture, and infection, which required manipulation of the line, PICC
replacement, or line removal. Double lumen PICCs, younger children, PICCs in place for a
shorter period, and those receiving a greater number of daily doses had the highest rates of
complications in both univariate and multivariate models.

Our data are consistent with those from other investigators, with complication rates ranging
from 29–41% depending on the type of catheter, the population, and the indication for
use 4–6. The rate of complication in this cohort, 16.1/1000 PICC days, is similar to that of
Levy et al, who describe a rate of 11.9/1000 PICC days12. Our study adds to the previous
literature by determining additional risk factors for complications, including the type of line
(double lumen vs. single lumen) and the number of daily antibiotic doses. The latter finding
may be a function of increased line access events, leading to an increased risk of secondary
infection when line care is suboptimal. Others have demonstrated that PICCs in place for
greater than 21 days in the general pediatric population7 and greater than 35 days in
neonates 8,9 were more likely to experience infection and greater duration of lines was
associated with increased breakage or leakage 1,10. Paradoxically, our study found that
PICCs in place for shorter durations were more likely, overall, to experience a complication
in our study; however, PICC-related infections occurred much later, consistent with previous
data. Therefore, careful attention must be paid to the overall duration of PICC access, the
number of antibiotics prescribed, and the location of the PICC, with early transition to oral
antimicrobial therapy when clinically feasible.
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We also found that younger patients were more likely to experience higher rates of PICC-
related complications, a finding that remained highly significant in multivariate models
adjusting for potential confounders. Higher complication rates in younger patients have also
been documented in previous studies 5,7,8, though one study has shown higher rates of
complications in older populations12. This creates a clinical challenge since younger
children often receive prolonged parenteral antibiotics for invasive bacterial infections due
to erratic absorption of oral antimicrobials (neonates) or noncompliance (toddlers).
However, given the complication rates observed in this study and others, the superiority of
parenteral therapy should be systematically evaluated. This has occurred for some
infections, such as urinary tract infections in young children, where Hoberman et al clearly
demonstrated the non-inferiority of oral cefixime to parenteral ceftriaxone in children <2
years of age 11.

While our study provides important data regarding pediatric PICCs, there are limitations that
should be discussed. Our data represent only one institution during the course of one year;
therefore, we cannot over-generalize these findings to the rest of the US. However, as a
tertiary, academic medical center, many similarities exist between our institution and other
children's hospitals, including case mix, demographics, and indications for PICC placement.
As a result, these data are likely to be applicable for all PICC lines, and not merely those
placed for outpatient parenteral antimicrobial therapy. Also, data were collected in a
retrospective manner; therefore, it is possible that not all complications were captured. Our
role as the primary children's hospital for the area makes this unlikely since pediatric PICC
care is exclusively performed by our institution and our home health partners. Our study did
not control for certain confounding risk factors such as severity of illness or indication for
double lumen catheters. It is possible that sicker children received double lumen catheters
and thus were at higher risk for complications; however, our multivariate model included
adjustment for overall indication by disease. Studies with differing results for risk factors
indicate that there may be more confounding factors contributing to these risks that need to
be explored further12.

PICC utilization in children continues to increase, thus it is critically important to recognize
both the overall risk of complications and the risk factors contributing to these adverse
events. Our data, taken with the contributions of others to the field, reinforce that best
practice guidelines are urgently needed for pediatrics PICCs. These guidelines should
recognize the independent roles that age, PICC type (single vs. double lumen), and number
of daily doses play in modifying risk of PICC complications. These guidelines should also
incorporate elements known to be important in central venous catheter care, such as CVL
bundles, limiting access, and line care technique.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Acknowledgments
Grant Support: This work was supported through funding provided by 1 UL1 RR024975 from NCRR/NIH

Christopher Eldridge (Vanderbilt), for providing billing data and medical records information

References
1. Matsuzaki A, Suminoe A, Koga Y, Hatano M, Hattori S, Hara T. Long-term use of peripherally

inserted central venous catheters for cancer chemotherapy in children. Support Care Cancer. 2006;
14:153–60. [PubMed: 15999262]

BARRIER et al. Page 4

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



2. Tolomeo C, Mackey W. Peripherally inserted central catheters (PICCs) in the CF population: one
center's experience. Pediatr Nurs. 2003; 29:355–9. [PubMed: 14651306]

3. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture
(REDCap)--a metadata-driven methodology and workflow process for providing translational
research informatics support. J Biomed Inform. 2009; 42:377–81. [PubMed: 18929686]

4. Ruebner R, Keren R, Coffin S, Chu J, Horn D, Zaoutis TE. Complications of central venous
catheters used for the treatment of acute hematogenous osteomyelitis. Pediatrics. 2006; 117:1210–5.
[PubMed: 16585317]

5. Hussain S, Gomez MM, Wludyka P, Chiu T, Rathore MH. Survival times and complications of
catheters used for outpatient parenteral antibiotic therapy in children. Clin Pediatr (Phila). 2007;
46:247–51. [PubMed: 17416881]

6. Van Winkle P, Whiffen T, Liu IL. Experience using peripherally inserted central venous catheters
for outpatient parenteral antibiotic therapy in children at a community hospital. Pediatr Infect Dis J.
2008; 27:1069–72. [PubMed: 18946365]

7. Advani S, Reich NG, Sengupta A, Gosey L, Milstone AM. Central line-associated bloodstream
infection in hospitalized children with peripherally inserted central venous catheters: extending risk
analyses outside the intensive care unit. Clin Infect Dis. 2011; 52:1108–15. [PubMed: 21454298]

8. Milstone AM, Sengupta A. Do prolonged peripherally inserted central venous catheter dwell times
increase the risk of bloodstream infection? Infect Control Hosp Epidemiol. 2010; 31:1184–7.
[PubMed: 20887217]

9. Sengupta A, Lehmann C, Diener-West M, Perl TM, Milstone AM. Catheter duration and risk of
CLA-BSI in neonates with PICCs. Pediatrics. 2010; 125:648–53. [PubMed: 20231192]

10. Chow LM, Friedman JN, Macarthur C, et al. Peripherally inserted central catheter (PICC) fracture
and embolization in the pediatric population. J Pediatr. 2003; 142:141–4. [PubMed: 12584534]

11. Hoberman A, Wald ER, Hickey RW, et al. Oral versus initial intravenous therapy for urinary tract
infections in young febrile children. Pediatrics. 1999; 104:79–86. [PubMed: 10390264]

12. Levy I, Bendet M, Samra Z, Shalit I, Katz J. Infectious Complications of Peripherally Inserted
Central Venous Catheters in Children. Pediatric Infectious Disease Journal. 2010 May; 29(5):426–
9. [PubMed: 20016395]

BARRIER et al. Page 5

Pediatr Infect Dis J. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

BARRIER et al. Page 6

Table 1

Unadjusted Rates and Risk Factors for PICC Complication

Covariate No. of Patients No. of Complications Complication rate (per 1000
PICC days)

Incidence rate ratio (95% CI)

Race

 White 450 153 19.1 Reference

 Black 91 30 16.4 0.85 (0.58–1.27)

 Hispanic 45 8 15.3 0.80 (0.39–1.62)

 Other/Unknown 24 16 39.2 2.04 (1.22–3.41)

Sex

 Male 273 92 21.7 Reference

 Female 337 115 17.7 0.82 (0.62–1.07)

Age at PICC Placement

 <1 year 223 99 30.7 Reference

 1-4 years 114 53 27.3 0.89 (0.64–1.25)

 5–10 years 103 27 11.6 0.38 (0.25–0.58)

 >10 years 170 28 8.5 0.28 (0.18–0.43)

Reason for PICC

 Osteoarticular Infection 83 39 16.1 Reference

 CNS device infection 27 15 28.7 1.78 (0.98–3.23)

 Bacteremia/Fungemia 69 37 32.2 2.00 (1.27–3.14)

 Meningitis 53 15 18.4 1.14 (0.63–2.07)

 Endocarditis 14 13 31.1 1.93 (1.03–3.62)

 Complicated Pneumonia 46 9 16.3 1.01 (0.49–2.09)

 Skin/Soft Tissue Infection 89 20 15.9 0.99 (0.58–1.70)

 Cystic Fibrosis 115 19 10.2 0.63 (0.37–1.10)

 GI Disease 37 17 27.6 1.72 (0.97–3.03)

 Urinary Tract Disease 33 7 23.7 1.47 (0.66–3.29)

 Other 44 16 20.1 1.25 (0.70–2.24)

Previous PICC

 No 356 108 19.4 Reference

 Yes 254 99 19.1 0.98 (0.75–1.29)

Type of PICC

 Single Lumen 527 157 17.2 Reference

 Double Lumen 83 50 30.8 1.84 (1.34–2.53)

Location of PICC

 Non-femoral 603 199 18.6 Reference

 Femoral 7 8 37.9 2.00 (0.99–4.06)

Gauge of PICC

 >18 gauge 316 74 11.7 Reference
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Covariate No. of Patients No. of Complications Complication rate (per 1000
PICC days)

Incidence rate ratio (95% CI)

 ≤18 gauge 294 133 30.0 2.55 (1.92–3.39)

No. of Daily Doses

  ≤4 370 104 16.2 Reference

 > 4 240 103 23.6 1.45 (1.10–1.90)

PICC Duration

  ≤14 days 300 80 30.2 Reference

 > 14 days 310 127 15.6 0.52 (0.39–0.68)

Complication rates calculated by dividing the total number of complications by the total PICC duration (days) for each row. Incidence rate ratios
estimated using Poisson regression.
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