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Abstract

Objective: Central-line-associated bloodstream infections (CLABSI) cause morbidity and mortality in critically ill children. We examined
novel and/or modifiable risk factors for CLABSI to identify new potential targets for infection prevention strategies.

Methods: This single-center retrospective matched case-control study of pediatric intensive care unit (PICU) patients was conducted in a
60-bed PICU from April 1, 2013, to December 31, 2017. Case patients were in the PICU, had a central venous catheter (CVC), and developed
a CLABSI. Control patients were in the PICU for >2 days, had a CVC for >3 days, and did not develop a CLABSI. Cases and controls were
matched 1:4 on age, number of complex chronic conditions, and hospital length of stay.

Results: Overall, 72 CLABSIs were matched to 281 controls. Univariate analysis revealed 14 risk factors, and 4 remained significant in
multivariable analysis: total number of central line accesses in the 3 days preceding CLABSI (80+ accesses: OR, 4.8; P = .01), acute behavioral
health needs (OR, 3.2; P = .02), CVC duration >7 days (8-14 days: OR, 4.2; P = .01; 15-29 days: OR, 9.8; P < .01; 30-59 days: OR, 17.3; P < .01;
60-89 days: OR, 39.8; P <.01; 90+ days: OR, 4.9; P=.01), and hematologic/immunologic disease (OR, 1.5; P =.05).

Conclusions: Novel risk factors for CLABSI in PICU patients include acute behavioral health needs and >80 CVC accesses in the 3 days before

CLABSI. Interventions focused on these factors may reduce CLABSIs in this high-risk population.

(Received 19 May 2019; accepted 7 October 2019; electronically published 5 November 2019)

Central-line-associated bloodstream infections (CLABSIs) are one
of the most common healthcare-associated infections in children,
and they are associated with increased morbidity, mortality, length
of stay, and cost.!~> CLABSISs are particularly harmful for patients
in the pediatric intensive care unit (PICU).*-®

An evidence-based, best-practice “bundle” of care practices
around central venous catheter (CVC) insertion and maintenance
has been developed to prevent CLABSL’~ Compliance with the
prevention bundle is associated with significantly lower infection
rates.!®!! A significant amount of effort has been expended nation-
ally to disseminate the CLABSI bundle across pediatric hospitals,
but CLABSI rates persist above target thresholds across the
country.'?!3 Locally, our PICU has maintained average bundle
compliance rates of ~88% or greater for the study time period,
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and our CLABSI rate remains above our goal level, suggesting that
risk factors beyond bundle compliance are contributing to these
infections.

Previous investigations have identified several risk factors for
CLABSI in the PICU population, such as duration of catheter
use, nonoperable cardiac disease, presence of a gastrostomy tube,
blood transfusions, and total parenteral nutrition.”'*!> However,
many of the risk factors highlighted in previous studies are
minimally or not at all modifiable, making it difficult to design
risk-factor targeted strategies to further reduce CLABSI rates.
In addition, the provision of critical care medicine has evolved
(eg, higher hemoglobin thresholds for transfusion, more use of
enteral vs parenteral nutrition, and new therapies for nonoperative
cardiovascular diseases like pulmonary hypertension), and
the level of risk conferred by certain factors may also have
shifted.!6-18

Considering the persistent morbidity and mortality associated
with CLABSI in critically ill children, an updated examination of
risk factors and exploration for new and modifiable risk factors is
urgently needed. Our objective was to identify novel and modifi-
able risk factors for CLABSI in PICU patients to inform new and
effective strategies to reduce CLABSI rates.
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Methods
Study design and population

We performed a retrospective matched case-control study. This
study utilized existing data, reviewed for quality improvement
purposes, and was deemed exempt from institutional review board
(IRB) oversight at the Children’s Hospital of Philadelphia (CHOP).
The CLABSI cases were identified through routine active surveil-
lance performed by the CHOP Department of Infection Prevention
and Control using National Healthcare Safety Network (NHSN)
definitions.!” Case patients were patients admitted to the CHOP
medical-surgical PICU from April 1, 2013 through December
31, 2017, who had a CVC and who developed a CLABSI attribut-
able to the PICU (>2 days of PICU admission). CVCs included
percutaneous temporary CVCs, peripherally inserted central
catheters, apheresis/hemodialysis catheters, tunneled CVCs,
port-a-caths (ports), and umbilical venous catheters per NHSN
criteria. Control patients were selected from those admitted to
the PICU for at least 2 days and had a CVC in place for at least
3 days and who did not develop a CLABSI. The episode end date
for cases was defined as the date of the positive blood culture that
was deemed to be a CLABSI. The episode end date for controls was
selected as a random date between line insertion and line removal
when the patient was in the PICU. We did not select line removal
date or discharge date for the controls in order to reduce bias
inherent in such a date. Control patients ready to have their line
removed or be discharged from the ICU are likely in a fundamen-
tally different state of illness than case patients who have just
developed a bloodstream infection.

Each case (CLABSI) was matched to 4 control patients (line
without a CLABSI) where possible. Cases were matched to controls
based on age of patient at line insertion, number of complex
chronic conditions (CCCs, categorized as 0, 1, 2, or >2); and hos-
pital length of stay (LOS, using LOS from admission to CLABSI
date for case patients, and from admission to randomly selected
end date for control patients). A patient could not act as his/her
own control, and 2 control lines could not come from the same
patient. A patient could be included more than once if they had
2 separate lines and each had a CLABSI, but each line was used
only once.

Pediatric CCCs were defined in 2000 by Feudtner et al*® as “any
medical condition that can be reasonably expected to last at least
12 months (unless death intervenes) and to involve either several
different organ systems or 1 organ system severely enough to
require specialty pediatric care and probably some period of
hospitalization in a tertiary care center.”?® The CCC system has
been applied in a variety of research investigations including topics
such as pediatric mortality, end-of-life care, risk adjustment,
prediction of adverse health outcomes, and identification of pop-
ulations with high health care utilization.?!** Matching patients
based on number of CCCs was performed to account for illness
complexity and the burden of comorbidities of both the case
and control patients, while still allowing the individual diagnosis
categories to remain as variables of interest in the model.

A list of potential risk factors for CLABSI was developed via
literature review and clinical expertise (Supplements 1 and 2
online).'#?>2% One novel risk factor we included was “acute
behavioral health needs,” defined as need for inpatient consult
to psychiatry/psychology/behavioral health or orders for
as-needed antipsychotic medications that in our unit are typically
used for short-term management of agitation or delirium
(Supplement 2 online). Case and control patients were screened
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for these risk factors via computer-driven query of the electronic
medical records and were verified by manual retrospective chart
review of the medical records. A dedicated data analyst developed
code for each risk factor and performed the computer query of the
electronic medical record. Subsequently, groups of 15-20 charts
were randomly assigned to each study team member for the
verification process, for each risk factor of interest. Discrepancies
or inaccuracies identified during the chart review process led to
corrections in the computer code or query process, until repeat chart
review confirmed accuracy. Operational definitions of these risk
factors are included in Supplement 2 online.

Statistical analysis

Descriptive summary statistics and comparison of patient demo-
graphics and hospital outcomes were performed for both the cases
and controls using mean, median, standard deviations, and ranges
for continuous variables and counts or percentages for categorical
variables. Two-sample ¢ tests and the y? test were used to compare
characteristics of cases versus controls. Univariate conditional
logistic regression models were used to evaluate the association
between individual risk factors and the occurrence of CLABSL
Risk factors significant at the P = .10 level were then used to con-
struct a multivariable model via backward stepwise regression. Risk
factors significant at the .05 level were included in our final model.
Additionally, we included risk factors just over the .05 threshold
that reflected a disparity among different language groups warrant-
ing continued exploration.

Statistical analyses were performed using R version 3.3.2
software (R Foundation, Vienna, Austria).

Results

Between April 2013 and December 2017, 72 CLABSIs were
identified in the PICU and were matched to 281 PICU controls
(Table 1). CLABSI case patients were sicker than controls by multi-
ple metrics, including higher admission severity of illness scores,
PICU length of stay, and mortality than the control patients.
There was no difference in admission weight, gender, or age
between cases and controls. For case patients, median time from
central venous catheter placement to development of CLABSI
was 28 days (IQR, 13-52 days). The most common type of CVC
in both cases and control patients was a PICC line (50% of cases
and 47% of controls), and the least common type of CVCs were
apheresis/hemodialysis catheters and umbilical venous catheters
(2.8% and 4.3%). CVC type, location, and month/year of CVC
placement were not significant in our analysis. During the 5-year
study period, the overall PICU CLABSI rates per 1,000 central
venous line days were 1.44 for year 1, 1.28 for year 2, 1.92 for year
3,2.51 for year 4, and 1.95 for year 5, with no statistically significant
difference between the year 1 and year 5 rates. Median line days
per month were 817 for year 1, 716 for year 2, 701 for year 3,
745 for year 4, and 902 for year 5.

Univariate analysis revealed 14 risk factors that were significant
at the 0.10 level (Table 2). This analysis produced many of the same
variables previously identified in earlier studies, as well as novel
variables, such as acute behavioral health needs and non-English
as a primary patient language. Risk factors that remained signifi-
cant after adjustment in the multivariable analysis included: total
number of central line accesses in the 3 days preceding CLABSI,
acute behavioral health needs, central line duration exceeding
7 days, and the presence of hematologic/immunologic disease
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Table 1. Demographic and clinical characteristics of patients with and without
central-line associated bloodstream infection (CLABSI) in a pediatric intensive
care unit, April 1, 2013-December 31, 2017

Demographic Controls (N=281) Cases (N=72) P-value

Age at admission in 1.20 (0.43, 5.87) 1.80 (0.67, 6.45) 0.18°
years (Median, IQR)

Age at end date/CLABSI 1.33 (0.80, 5.87) 1.97 (1.11, 6.50) 0.042
date in years
(Median, IQR)

Gender (n, % Female) 119 (42.3%) 38 (52.8%) 0.38°

Weight at admission 9.6 (6.3, 18.4) 10.0 (8.0, 20.0) 0.122
in kilograms
(Median, IQR)

PICU length of stay in 11 (5, 24) 25 (14.8, 55.5)  <0.012
days (Median, IQR)

Died in PICU 40 (14.3%) 25 (34.7%) <0.01P
(n, % died) yes

PRISM€ score on 6.0 (2.0, 12.5) 9.5 (4.0, 15.0) 0.01°
admission
(Median, IQR)

IQR =interquartile range

a = p-value attained via wilcoxon mann-whitney non-parametric t-test
b = p-value attained via two-sample proportion test

¢ = Pediatric risk of mortality score, model 3

(Table 3). Notably, non-English as a primary patient language also
approached statistical significance (Table 3).

Discussion

We report our examination of CLABSI risk factors among a
population of PICU patients to explore new or modifiable risk
factors. We identified acute behavioral health needs, total number
of CVC accesses, catheter dwell time, and the presence of
hematologic/immunologic disease as independent risk factors
for CLABSI in our cohort. Our study has quantified the number
of CVC accesses associated with CLABSI risk in critically ill
children in a manner not previously reported. In addition, to
our knowledge, this is the first study showing an association
between acute behavioral health needs and development of
CLABSI in this patient population.

The association between acute behavioral health needs and risk
of CLABSI is a notable finding and warrants further investigation.
Previous reports have made a case for special consideration of
CLABSI risk in these patients.”” Behavioral health needs are
an important issue for pediatric patients, with nearly 500,000
pediatric admissions annually including behavioral disorders.?®
Accounting for 3%-10% of pediatric admissions, pediatric in-
patient mental health is emerging as a priority topic for quality
improvement and measurement on a national scale.”® Pediatric
patients admitted with a non-behavioral health diagnosis but
who have a behavioral health comorbidity have significantly
increased length of stay and cost of care.”” An increased risk of
healthcare-associated conditions such as CLABSI may be contrib-
uting to this increased resource utilization. The reason for this
association is unknown, but we speculate that conditions leading
to the need for inpatient behavioral health team involvement
or antipsychotic medications could compromise catheter care
(ie, frequent catheter dressing dislodgement or inadvertent con-
tamination of catheter connections) and could occur more easily
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in agitated patients. Patients with behavioral issues may lack capac-
ity to understand or comply with CLABSI preventative strategies
such as daily chlorhexidine treatments. Furthermore, behavioral
issues could potentially impact staff behaviors, such that priority
may be given to overall patient safety over accomplishing
CLABSI preventative tasks. A partnership with behavioral health
clinicians is now underway at our institution to better understand
and mitigate this risk factor.

Although not statistically significant, we may have revealed an
emerging signal that having a primary language other than English
confers increased risk of CLABSI. There is some precedent for an
association between patient language and patient harm: Patients
with limited English proficiency may experience more severe
adverse events than patients whose primary language is English,
and the errors experienced by non-English speaking patients are
more likely to be attributed to communication failure.’*?*! We
speculate that non-English-language-speaking patients may expe-
rience challenges related to catheter maintenance practices that
English-speaking patients (and their families) do not experience.
For example, nursing discussions with patients and families about
the importance of daily chlorhexidine bathing, or the need to keep
soft limb restraints in place to ensure a patient does not inadvert-
ently dislodge or disconnect a catheter, may be more difficult if
the team is having to wait on the arrival of an interpreter or
may be truncated if conducted via interpreter telephone service.
Considering the wealth of evidence that racial disparities contrib-
ute to worse outcomes in sepsis, additional exploration of this
variable is warranted despite the P value just above .05.3%%

We also noted a clear association between the number of
accesses into a CVC in the 3 days preceding infection date and
the development of CLABSI, with a suggestion of risk increasing
with 31-79 accesses, and then reaching statistical significance with
80 or more accesses. Intraluminal contamination (contaminated
infusates or contaminated catheter hubs) is a known major source
of CLABSI.** Each access into a patient’s CVC provides an oppor-
tunity for intraluminal contamination with bacteria. Protocols for
cleaning the catheter hub prior to access are integrated into
CLABSI prevention bundles, although these can vary across insti-
tutions. Data regarding the ability of intermittent catheter hub
cleaning to adequately remove bacteria before CVC use are mixed,
and continuous passive disinfection with 70% alcohol cap may
offer additional benefit, but that technique is not standard in
PICUs across the nation.>>® In addition, in practice, ensuring that
every access is accompanied by a fully compliant “hub scrub” of an
appropriate length of time is challenging; it relies on bedside
clinicians to remember to perform this step numerous times per
day. Determining compliance to this practice is difficult, as it
either relies on self-reported data susceptible to bias, or requires
time-intensive direct observation, but data suggest that it may
be fairly low.?” As providers access a patient’s catheter more
frequently, the chance of inadequate decontamination before
medication administration or a blood draw may increase as well.
Evidence of a specific threshold for line access at which the odds of
infection in a PICU patient significantly increase have been limited
thus far, but this finding is particularly important as it is a poten-
tially modifiable risk factor for CLABSI. Providers may be able to
transition medications from an intravenous to enteral route,
administer nonvesicant medications via peripheral intravenous
catheter, and adjust laboratory draw frequency to mitigate excess
central venous catheter use and reduce CLABSI risk.

Duration of catheter placement was also an independent risk
factor for infection in our cohort, consistent with prior published
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Table 2. Risk factors for central-line associated bloodstream infection in pediatric intensive care unit patients, univariate model

Control patients

Case patients

Risk factor n (%) n (%) 0dds ratio, 95% ClI P-value
Acute behavioral health needs 18 (6.4) 15 (21) 3.7 (1.8-7.7) <.01
Hematologic/immunologic conditions 50 (17.8) 28 (38.9) 3.1 (1.7-5.5) <.01
Malignancy 51 (18.1) 23 (31.9) 2.3(1.2-4.2) <.01
Graft-vs-host disease 4 (1.4) 4 (5.6) 4.0 (1-16) .05
History of CLABSI 34 (12.1) 20 (27.8) 3.2 (1.6-6.5) <.01
Transfusion of any blood products 80 (28.5) 35 (48.6) 2.4 (1.4-4) <.01
Transfusion of packed red blood cells 67 (23.8) 30 (41.7) 2.3(1.3-4.1) <.01
International medicine patients 20 (7.1) 11 (15.3) 2.3 (1.1-5) .03
Duration of central venous catheter > 7 days 147 (52.3) 65 (90.3) 4.8-27.9 (1.8-106.5) <.01
Presence of Broviac central venous catheter 31 (11) 16 (22.2) 1.8 (0.9-3.8) .09
Presence of multiple central venous catheters 133 (47.3) 47 (65.3) 2.3 (1.3-4.1) <.01
Presence of an ostomy 9 (3.2) 7(9.7) 3.0 (1.1-8.4) .04
Non-English as primary patient language 44 (15.7) 8 (25) 2.0 (1-3.8) .08
Total number of central venous catheter access in 31-79 accesses: 171 (60.9) 31-79 access: 40 (55.6) 1.8 (0.8-4.2) <.01*
3\days before CLABS||{30/as reference) 80+ accesses: 50 (17.8) 80+ accesses: 24 (33.3) 3.8 (1.5-9.5)
*Wald test statistic for this variable, non-stratified
Table 3. Independent risk factors for central-line associated bloodstream infection in the pediatric intensive care unit
Risk Factor Controls (n, %) Cases (n, %) 0dds ratio, 95% Cl P-value
T ey T — 31-79 accesses: 171 (60.9) 31-79 access: 40 (55.6) 31-79 accesses: OR=2.6 (1-6.9) 0.06
3 days preceding CLABSI 80+ accesses: 50 (17.8) 80+ accesses: 24 (33.3) 80+ accesses: OR = 4.8 (1.4-15.7) 0.01
Acute behavioral health needs 18 (6.4) 15 (21) OR=3.2 (1.2-8.3) 0.02
Duration of central venous catheter 8-14 days: 59 (21) 8-14 days: 15 (20.8) 8-14 days: OR=4.2 (1.4-12) 0.01
AR LRV 15-29 days: 38 (13.5) 15-29 days: 22 (30.6) 15-29 days: OR=9.8 (3.7-26) <.01
30-59 days: 21 (7.5) 30-59 days: 12 (16.7) 30-59 days: OR =17.3 (4.9-62) <.01
60-89 days: 8 (2.8) 60-89 days: 8 (11.1) 60-89 days: OR = 39.8 (9-176.3) <.01
90+ days: 21 (7.5) 90+ days: 8 (11.1) 90+ days: OR=4.9 (1.4-16.7) 0.01
Presence of hematologic/immunologic disease 50 (17.8) 28 (38.9) OR=1.5 (1-4.5) 0.05
Non-English as primary patient language 44 (15.7) 18 (25) OR=2.3 (1-5.6) 0.06

literature.'*!>38 However, the receipt of blood transfusions or TPN
was not significant, unlike previous investigations. The reason for
this is uncertain, but we offer several possible explanations. First,
prior studies have suggested a dose-response relationship between
volume of blood products received and risk of CLABSL.*® In the last
decade, there has been a clear paradigm shift in the approach to
blood product use in the pediatric critical care population, with
growing evidence of lack of benefit and possible harm from
“liberal” transfusion thresholds (goal hemoglobin, 10-12 g/dL)
versus conservative thresholds (goal hemoglobin, 7-8 g/dL).!¢
The lack of association we find here between transfusions and
CLABSI risk may reflect a general decreased use of blood products
owing to new practice patterns to something below the potential
dose-response threshold for CLABSI after transfusion.
Alternatively, multiple studies have speculated that the associ-
ation between interventions like blood transfusions and TPN and
the development of CLABSI may be reflective of an increased
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severity of illness. '* In previous studies, data on central line access
frequency as a critical step on the causal pathway between
transfusion and/or TPN administration and CLABSI was unavail-
able or limited. In our cohort, frequent CVC access was an
independent risk factor for CLABSI, which may suggest that the
repeated entry into the CVC, rather than blood or TPN itself,
confers risk.

Patients in our cohort who developed CLABSI had higher
PRISM (pediatric risk of mortality) scores and mortality than
our controls, consistent with prior literature. We did not include
PRISM scores in our model for 2 reasons: (1) PRISM reflects illness
severity at admission, which is not modifiable and (2) this illness
severity is unlikely to be reflective of illness acuity at the time of
CLABSI occurrence (considering median length of time for
CLABSI occurrence was 28 days after line placement). We did
include other more discrete metrics related to severity of illness
in the 3-day window before CLABSI (such as need for vasoactive
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infusions and invasive or noninvasive ventilation), which were not
significant in the multivariable model.

Finally, the presence of hematologic/immunologic disease
was also an independent risk factor for development of CLABSI
in our cohort. This is consistent with prior literature that compro-
mised immune status is associated with both the development
of and worse outcomes from CLABSL*~* In our study, the
hematologic/immunologic disease indicator is a data element
inclusive of many diagnoses: sickle cell anemia, thalassemia,
aplastic anemia, myelodysplastic syndromes, rheumatoid arthritis,
systemic lupus erythematosus, vasculitis, congenital immune
deficiencies, HIV, sarcoidosis, and a variety of other conditions.
Additional work is needed to understand this indicator in greater
detail and to determine whether the risk for CLABSI varies among
different subpopulations of patients with specific hematologic/
immunologic diseases.

Our study has several limitations. The single-center nature of the
work may limit generalizability, and the case-control methodology
limits the degree of causal inference that can be established between
risk factors and occurrence of CLABSI. Although the core components
of the CVC insertion and maintenance bundles did not change during
the study period, and date of CVC placement was not a significant risk
factor in our analysis, it remains possible that minor changes in CVC
line care practices (eg, changing type of catheter claves after a product
recall) could have impacted the development of CLABSISs. Inability to
obtain accurate data about blood transfusion frequency for a historical
control period before our study window prevented full analysis of
the impact of transfusion practice changes on CLABSI occur-
rence. Separating the number of CVC accesses from overall
severity of illness remains challenging, and surrogate markers
of acuity in the 3-day window before CLABSI were not signifi-
cant in our analysis. Finally, we also acknowledge that the behav-
ioral health risk factor does not have a standardized case
definition that could be readily used in multicenter studies to val-
idate our single-center findings, and it is challenging to reliably
capture all patients with this risk factor using a computer-driven
query of the electronic medical record.

In conclusion, CLABSI remains an important cause of morbid-
ity and mortality among PICU patients, despite continuous efforts
to ensure optimal bundle compliance. Novel risk factors include
acute behavioral health needs and >80 total CVC accesses in the
3 days before CLABSI, with >30 total accesses and non-English
as a primary patient language also emerging as new potential
factors of interest in our cohort. These risk factors represent modi-
fiable targets for innovative improvement interventions that may
prevent or reduce the occurrence of CLABSI in the high-risk PICU
patient population.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ice.2019.302
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