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THROMBOSIS AND HEMOSTASIS
Peripherally inserted central catheters lead to a high risk of

venous thromboembolism in children
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Venous thromboembolism (VTE) incidence in children has sharply increased with the

majority of cases secondary to central venous catheters (CVCs). Among CVCs, the number
® PICCs have an

increased rate of VTE
over TLs in children. multicenter, prospective, observational cohort study, we enrolled patients aged 6 months

to 18 years with newly placed PICCs or tunneled lines (TLs). We evaluated the incidence of

of peripherally inserted central catheters (PICCs) placed has risen significantly. In this

o Child ith a hist . . . . .
of 'th::;:;si: istory VTE, central line-associated bloodstream infections (CLABSIs), and catheter malfunctions

leukemia, or a in PICCs and TLs, and risk factors of CVC-related VTE. A total of 1967 CVCs were included in
multilumen CVC have the analysis. The incidence of CVC-related VTE was 5.9% = 0.63%. The majority of the
:: \';'.Ifsased risk cases, 80%, were in subjects with PICCs, which had a significantly higher risk of catheter-
_/ related VTE than subjects with TLs (hazard ratio [HR] = 8.5; 95% confidence interval [CI],
3.1-23; P <.001). PICCs were significantly more likely to have a CLABSI (HR = 1.6; 95%Cl,
1.2-2.2; P = .002) and CVC malfunction (HR = 2.0; 95% CI, 1.6-2.4; P < .001). Increased risk of CVC-related VTE
was found in patients with a prior history of VTE (HR = 23; 95% Cl, 4-127; P <.001), multilumen CVC (HR = 3.9; 95%Cl,
1.8-8.9; P = .003), and leukemia (HR = 3.5; 95% Cl, 1.3-9.0; P = .031). Children with PICCs had a significantly
higher incidence of catheter-related VTE, CLABSI, and CVC malfunction over TLs. The results suggest that pause be
taken prior to placing CVCs, especially PICCs, due to the serious complications they have been shown to cause. (Blood.
2020;135(3):220-226)
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Learning objectives
Upon completion of this activity, participants will be able to:

observational cohort study

1. Compare venous thromboembolism (VTE) incidence between children with newly placed peripherally inserted central catheters (PICCs)
and tunneled lines (TLs), according to a multicenter, prospective observational cohort study in patients ages 6 months to 18 years

2. Describe risk factors for central venous catheter (CVC)-related VTE, central line—associated bloodstream infections and catheter
malfunctions in children with newly placed CVCs, according to this multicenter, prospective observational cohort study

3. Identify clinical implications of VTE incidence in children with newly placed PICCs or TLs, according to this multicenter, prospective
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Introduction

Central venous catheters (CVCs) are necessary and important de-
vices often required in the care of medically complex and acutely
ill children.' They provide access to the venous system for
infusions of medications, blood products, and fluids as well
as painless withdrawal of blood for laboratory testing. Unfor-
tunately, these devices can lead to serious complications such
as venous thromboembolism (VTE) and central line—associated
bloodstream infections (CLABSIs).Z# Historically, VTE, consisting
of deep venous thrombosis and pulmonary embolism, has been
rare in children, but recent data demonstrate that the incidence
of VTE has increased by 70% to 200% in the last 2 decades with
~80% of cases in children caused by CVCs.>”

The most commonly placed CVCs in children, aimed at pro-
viding intermediate to long-term vascular access, are periph-
erally inserted central catheters (PICCs) and tunneled lines (TLs).
The main variance between these CVCs is their insertion site,
which leads to differences in several relevant factors when
considering the risk of thrombosis. PICCs are placed into vessels
of smaller caliber and their intravascular course traverses from
the mid-arm or antecubital fossa to the superior vena cava (SVC)
or SVC/right-atrial (RA) junction. In contrast, TLs are inserted into
large central veins and their intravascular course has a compar-
atively shorter distance. Physiologically, PICCs occupy a greater
portion of the vessel lumen than TLs and thus there is a theoretical
increased VTE risk.?2 Due to the ability to place and remove
PICCs at bedside with little or no sedation, compared with TLs,
PICC insertion rates have increased significantly in recent years.”

The reported incidence of CVC-related VTE has been highly vari-
able, ranging from 2% to 81%.4'° Previous studies focused on
limited patient populations, such as infants, those in the intensive
care setting, or patients with a malignancy.”'* Studies have also
been predominantly retrospective, single institution, or have eval-
uated a single CVC type.*'214 Prospective studies included pre-
dominantly asymptomatic VTE cases, which may not be clinically
significant.”> With this in mind, we set out to definitively evaluate
the incidence rate of imaging confirmed, symptomatic, catheter-
related VTE in subjects with newly placed PICCs compared with
TLs in this multicenter Clot Incidence Rates in Central Lines (CIRCLE)
study. Due to the longer intravascular course within smaller vessels,
we hypothesized that PICCs would have a higher VTE rate than TLs.

Methods
Study design

The CIRCLE study was a multicenter, prospective, observational
cohort study conducted at 4 tertiary care centers throughout
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the United States from October 2013 to June 2018. The study
included subjects from Children’s Hospital Los Angeles, Child-
ren’s Hospital of Philadelphia, Nationwide Children’s Hospital,
and Texas Children’s Hospital. The study was approved by
the institutional review board and the ethics committee at each
institution and a waiver of consent was granted. Data quality
was internally audited for accuracy and completeness at each
institution.

Study objectives

Our primary objective was to compare the incidence rate and risk
factors of CVC-related VTE in PICCs and TLs in children. Sec-
ondary objectives were to compare the incidence of CLABSIs
and catheter malfunctions between PICCs and TLs. For subjects
diagnosed with a VTE, rates of CLABSI and malfunction were
compared prior to the diagnosis of VTE.

Study population

Eligible subjects were children aged é months to less than
18 years with a newly placed PICC or TL. TLs included fully im-
planted Port-a-cath as well as external cuffed devices such as a
Broviac, Hickman, Medcomp, and Powerline. Subjects who had
>1 CVC placed during the 5-year study period were eligible to
be reenrolled if they were not diagnosed with a VTE during their
first enrollment. Subjects younger than 6 months of age were
excluded from the study due to differences in developmental
coagulation that may have effects on study outcomes, as well as
typically being too small to have TLs placed; thus, the main
outcome of the study could not be compared in this group.
Subjects were also excluded if they were currently being treated
for a VTE.

Study procedures

Subjects were randomly selected and enrolled in the study
through daily or weekly reports of patients with newly placed
CVCs at each institution. After an interim analysis identified
enrollment of subjects heavily weighted toward PICCs (due to
the high volume of PICC placement), TLs and PICCs were en-
rolled in a 1:1 fashion after March 2017. During the random
subject selection, differences in demographics, medical history,
or reason for CVC placement between subject populations were
not taken into account. The subjects’ primary medical team
determined the type of CVC placed, and placement was per-
formed according to the standard of care at each institution.
From the day of CVC placement, subjects were monitored
prospectively via electronic medical record review for the de-
velopment of a VTE, CLABSI, or CVC malfunction. All diagnoses
of VTE required radiological confirmation, and no screening
imaging was performed for the study. Symptomatic VTE was
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2006 Subjects initially enrolled

8 Excluded due to incomplete data

\4
1996 Subjects available for analysis

related VTE

Y
1967 Subjects included in the final analysis

2 Excluded due to being enrolled retrospectively

26 Excluded due to previous enrollment on

study and diagnosed with CVC-related VTE
—>» 1 Excluded due to inability to verify eligibility

2 Excluded due to current treatment for CVC-

Figure 1. Reasons for exclusion of subjects from the final analysis.
The majority of exclusions were due to subjects being diagnosed
with a CVC-related VTE and then reenrolled on the study a second
time with a new CVC placement.

defined as subjects having pain, swelling, numbness, erythema,
unexplained fever, transaminitis or thrombocytopenia, and dis-
coloration or change in temperature in their limb with a CVC in
place. Subjects were defined as having a CLABSI if an organism
was cultured from the blood from a CVC that was in place for
>2 days without having an infection at another site. A CVC
malfunction was defined as a blockage in the CVC requiring
treatment with an instillation of tissue plasminogen activator.

Data characteristics

Subject data were collected using standardized case report
forms through Research Electronic Data Capture (REDCap), a
free, secure, web-based application. Data collected included
subject demographics, medical history, CVC characteristics
(catheter size, number of lumens, catheter material, and brand)
and CVC placement procedure details (vein accessed and at-
tempts). For any subject diagnosed with a catheter-related VTE,
symptoms, initial diagnostic imaging, treatment, follow-up im-
aging, and adverse event data were collected. All decisions
regarding management of catheter-related complications were
made by the medical team.

Statistical methods

The rate of catheter-related VTE, CLABSI, CVC malfunction,
and line removal was estimated and compared between PICCs
and TLs. AVTE was considered to be associated with the CVC if
the VTE occurred before or within 30 days of line removal. For the
analysis of CLABSI or malfunction, events that occurred after
the date of line removal were not included with this analysis.

With a goal sample size of 2000 CVC placements, including
6 months of additional follow-up, 10% censoring per year, and
an overall VTE rate of ~5%, this study was calculated to have a
power of at least 0.80 to detect a relative failure rate of 3.6 if
PICCs were associated with higher VTE rates, or a relative failure
rate of 2.7 if TLs were associated with higher VTE rates with
2-sided type | error of 0.05.

The association between subject and CVC characteristics and
the risk of having a catheter-associated VTE were examined
using parametric survival models assuming a Weibull survival
distribution.’® These analyses used each CVC insertion and its
follow-up data rather than subjects as the primary analytic unit,
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so each subject could contribute data on 1 or more CVCs. This
intrapatient correlation was handled with shared frailty in the
survival analyses.'®'” When assessing the association between
CLABSI or CVC malfunction and the risk of having a catheter-
related VTE, CLABSI or CVC malfunction was analyzed as a time-
dependent covariate in the survival analyses. When there were
multiple CLABSIs or malfunctions associated with 1 CVC, only
the first occurrence events were considered in the analyses.

The association between occurrence of catheter-related VTE
and subject/CVC characteristic was first assessed in univariate
analyses and then assessed by a minimal multivariable model. The
variables that were associated with catheter-related VTE diagnosis
at P=< .35in the univariate analyses were included in a base model,
and the backward selection procedure was used to eliminate any
variable that was not significant at P =< .10."® All P values are 2
sided. Statistical analyses were performed using STATA software
(version 11.0; StataCorp LP, College Station, TX)."

Results

Characteristics of subjects

From October 2013 to June 2018, a total of 2006 CVC placements
were enrolled. Thirty-nine subjects were excluded from the analysis
leaving 1967 CVCs placed in 1742 unique subjects (Figure 1).

One hundred eighty-three subjects had 2 or more CVCs placed
during the study period. The median subject age at CVC in-
sertion was 6.4 years (range, 0.6-17.9 years) and included 1047
male patients (53%) and 920 female patients (47%). Cancer was
the predominate diagnosis of subjects enrolled in the study (802;
41%). Complete demographic information for the study pop-
ulation is provided in Table 1.

CVC characteristics

Ofthe 1967 CVCsincluded, 1257 (64%) were PICCs and 710 (36%)
were TLs. The most common type of TL placed was a Port-a-cath
(n = 484, 70%). The majority of PICCs were inserted into the
basilic vein (n = 694; 56%), with most of the remainder inserted
into the brachial vein (n = 326; 26%). TLs were most commonly
placed in the internal jugular vein (n = 385; 55%) and the
subclavian vein (n = 288; 41%). The tip of the CVC was located in
the SVC/RA junction in 1097 subjects (56%), SVC in 566 subjects
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Table 1. Comparison of demographic information on
subjects with either a PICC or TL at the time of catheter
placement

PICC group, TL group,
n = 1257 n =710
Median (range) Median (range)
Variables or n (%) or n (%)
Age at CVC insertion, y 7 (0.5-17.9) 5.3 (0.5-17.9)
Age group, y
0.5-1 101 (8) 36 (5)
>1-5 398 (32) 312 (44)
>5-10 300 (24) 148 (21)
>10-18 458 (36) 214 (30)
Sex
Female 603 (48) 317 (45)
Male 654 (52) 393 (55)
Ethnicity
Hispanic/Latino 429 (34) 231 (33)
Non-Hispanic 508 (40) 302 (42)
Not listed 320 (26) 177 (25)
Race
White 585 (47) 375 (53)
Asian 71 (6) 54 (8)
Black or African 157 (12) 70 (10)
American
Native Hawaiian/Pacific 6 (<1) 16 (2)
Islander, American
Indian, or Native
Alaskan
Unknown 438 (35) 195 (27)
Medical history*
Current infection 423 (34) 95 (13)
Previous CVC 375 (30) 291 (41)
Recent surgery 287 (23) 145 (20)
Cancer 268 (21) 534 (75)
Parental nutrition 207 (16) 101 (14)
dependence
Congenital heart 118 (9) 11 (2)
disease
History of thrombosis 93 (7) 49 (7)
Cystic fibrosis 84 (7) 8 (<1)
Metabolic/ 69 (5) 24 (3)
mitochondrial
disorder
Inflammatory bowel 34 (3) 5(<1)
disease
Nephrotic syndrome 11 (<1) 4 (<1)
Lupus/juvenile 8 (<1) 2(<1)
rheumatoid arthritis
None/other 230 (18) 41 (6)

(29%), and RA in 167 subjects (8%). The majority of the CVCs,
1228 (62%), were single lumen.

VTE events

Ninety-four of the 1967 CVCs placed had a diagnosis of a VTE
within 6 months of CVC insertion. Doppler ultrasonography
was used to diagnose 84 cases (94%), and 41 cases (44%)
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Table 1. (continued)

PICC group, TL group,
n = 1257 n =710
Median (range) Median (range)
Variables or n (%) or n (%)
Type of TL
Port-a-cath T 484 (68)
Broviac T 125 (18)
Hickman T 62 (9)
Medcomp t 18 (3)
Powerline T 3(<1)
Unknown/other T 18 (3)

*Some subjects had >1 medical history.

tSample size represents CVCs not subjects because some subjects were reenrolled when a
new CVC was placed.

had completely occluded vessels. The overall incidence rate of
catheter-related VTE was 5.9% = 0.63%. Seventy-five (80%) of
the catheter-related VTE events were in PICCs, with an incidence
rate of 9.0% = 1.4% (Figure 2). TLs had a catheter-related VTE
incidence rate of 2.9% *+ 0.64% and subjects with PICCs had a
significantly higher risk of catheter-related VTE than subjects
with TLs (hazard ratio [HR] = 8.5; 95% confidence interval [Cl],
3.1, 23; P < .001).

The median time from CVC insertion (all CVC types) to VTE
diagnosis was 15.5 days (range, 1-162 days). In PICCs, the
median time to VTE diagnosis was 14 days (range, 1-160 days)
compared with 42 days (range, 1-162 days) in TLs.

Central line-related blood stream infection and
malfunction events

One hundred seventy-three CLABSI events were identified from
158 unique subjects within 6 months of CVC insertion. The in-
cidence rate of CLABSI in all CVC types was 17% * 1.3%, in
which 81 events (incidence, 22% *+ 2.8%) were in PICCs and 92
events (incidence, 15% = 1.4%) were in TLs. PICCs were sig-
nificantly more likely to have a CLABSI (HR = 1.6; 95% Cl, 1.2-
2.2; P = .002) than TLs (Figure 3). For lines with a CLABSI, the
median time from CVC insertion to a CLABSI was 1.4 months.

A malfunction occurred in 444 CVCs from 402 unique subjects
within 6 months of insertion with an overall incidence rate of
35% *+ 1.5%. PICCs were significantly more likely to have a mal-
function than TLs (HR = 2.0; 95% ClI, 1.6-2.4; P < .001), and
the incidence rate was 41% = 2.7% for PICCs compared with
29% = 1.8% for TLs.

VTE risk factors

Multivariable analyses revealed a significantly increased risk of
CVC-related VTE in subjects with PICCs (HR = 8.5; 95% Cl, 3.1-
23; P < .001), a prior history of VTE (HR = 23; 95% Cl, 4-127;
P < .001), amultilumen CVC (HR = 3.9; 95% Cl, 1.8-8.9; P = .003),
and a diagnosis of leukemia (HR = 3.5; 95% Cl, 1.3-9.0; P = .031)
(Table 2). CLABSI and CVC malfunction were found to be in-
dependently associated with a subject’s risk of developing a
VTE (Table 2). Other CVC characteristics, such as CVC tip location,
catheter brand, access location, catheter material, French size, CVC
length, and number of insertion attempts, were not identified as
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Figure 2. Comparison of CVC-related VTE events in PICCs vs TLs within
6 months after CVC insertion.

an increased risk of CVC-related VTE. Patient characteristics such
as sex, body mass index, body surface area, race, or ethnicity
were also not shown to predict CVC-related VTE risk.

Discussion

Due to their ease of placement and removal at bedside, and
decreased insertion complications, PICCs have become the pre-
ferred CVC choice when children require central venous access.?0?'
Insertion of PICCs in children has increased over the last 2 de-
cades,” and 1 study recommends placing PICCs in children when
>4 days of peripheral IV access is required due to improved patient
and family satisfaction rates.?’ The previous decade has seen both
increased PICC insertion rates and increased incidence of VTE in
children. Although the overall increased VTE incidence relates, in
part, to more effective and intense treatments for children, the
primary driver of this surge of VTE is due to CVCs.?22* Importantly,
children who develop a VTE not only require anticoagulation
therapy with its inherent risk and inconvenience, but also experi-
ence prolonged hospitalizations, increased cost, and increased
likelihood of death, which are also associated with VTE.®2* Thus,
the results of the CIRCLE study should give pause to the community
of pediatricians and pediatric specialists who care for children who
require IV treatments, especially when central venous access is not
obviously necessary, as a VTE rate of 9% from an iatrogenic cause
(PICCs) is, in our view, too high to justify the current approach.

In this multi-institutional, prospective cohort study, children with
PICCs had a significantly increased risk of developing a catheter-
related VTE compared with TLs. PICCs were also more likely to
have a CLABSI and malfunction as compared with TLs. Although
there are prior studies assessing risk factors for thrombosis in
children, the CIRCLE studly is by far the largest prospective study
of its kind. Furthermore, the CIRCLE study is uniquely addressing
an important and clinically relevant clinical issue in pediatrics: the need
to fully appreciate the potential negative consequences of PICCs.

In both PICCs and TLs, this study identified multilumen catheters
as having an increased risk of thrombosis (HR = 3.9; 95% Cl,
1.8-8.9; P = .003), which has been noted in previous studies.'?
Multilumen CVCs tend to be larger in caliber, and thus occupy
more area within the vessel lumen and cause blockage of normal
blood flow within the vein, which can lead to a higher likelihood
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of thrombosis.?> This study also highlights that children with
leukemia and a history of VTE are more likely to develop a catheter-
related VTE, which is consistent with previous studies.’®2¢27
Children with leukemia have muiltiple risk factors for VTE de-
velopment including the prothrombotic nature of cancer itself
and the presence of hypercoagulable blast cells, as well as
treatment with L-asparaginase chemotherapy and steroids.

We did not find an associated catheter-related VTE risk between
various CVC insertion characteristics, such as CVC tip location,
insertion attempts, vein accessed, French size, CVC length,
access side, catheter brand, or material. Although our study
was designed to have sufficient statistical power to compare
catheter-related VTE risks between PICCs and TLs, there was
limited variation in line-tip placement and number of insertion
attempts. For example, the majority, 86%, of CVC tips were
placed in the SVC or SVC/RA junction and 96% of the CVCs were
inserted within =2 attempts; hence, we were unable to statis-
tically compare other tip locations and >2 access attempts.

CLABSIs remain a serious complication with any CVC. Results
from this study show that children with PICCs have an increased
risk of infection over TLs, and those diagnosed with a CLABSI
have an increased risk of developing a catheter-related VTE.
However, because we did not perform screening imaging in our
study, we cannot rule out the possibility that a VTE was present
prior to some of the cases of CLABSI. Previous studies have
found that external, cuffed CVCs have an increased rate of in-
fection over implanted CVCs, but this it the first pediatric study
showing that PICCs have an increased infection rate over both
devices.?® The increased infection rate may be due to the hub of
the PICC being in the antecubital fossa, which is difficult to keep
dry and clean vs TLs in which a portion of the catheter is threaded
into a subcutaneous “tunnel” in the chest.

Besides implementing modifiable risk factors, such as inserting
single-lumen CVCs when possible and using sterile technique
when accessing lines to prevent CLABSIs, future efforts need to
focus on VTE prevention. Unfortunately, the effectiveness of
pharmacological prophylaxis to prevent CVC-related VTE in
children has not been successful.2?2° Focus should also be aimed
at increased evaluation for VTE in patients requiring multiple
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Figure 3. Comparison of CLABSI events in PICCs vs TLs within 6 months after
CVC insertion.
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Table 2. Variables found to have increased risk of
developing a CVC-related VTE

Multivariable
Variables HR (95% Cl) P
CVC type <.001
TLs 710 19 1.0
PICCs 1257 75 8.5 (3.1, 23)
History of VTE <.001
No 1825 75 1.0
Yes 142 19 23 (4.0, 127)
No. of lumens .003
1 1228 41 1.0
2o0r3 625 50 3.9 (1.8, 8.9
Unknown 114 3
Cancer .031
No cancer 1165 49 1.0
Leukemia/lymphoma 456 33 3.5(1.3,9.0)
Other cancer 346 12 1.3(0.39, 4.5)
CLABSI .002
No 1794 82 1.0
Yes 173 12 5.6 (1.9, 16)
CVC malfunction <.001
No 1523 64 1.0
Yes 444 30 5.8 (2.5, 13)

CLABSI and CVC malfunction were diagnosed prior to the VTE event.

Cl, confidence interval; HR, hazard ratio.

doses of tissue plasminogen activator due to CVC malfunction.
The incidence of CVC-related VTE may have been even higherin
this study if subjects with CVC malfunction were regularly eval-
uated with Doppler ultrasonography.

A potential limitation of the study is the exclusion of temporary,
nontunneled CVCs commonly used in critically ill children. These
lines are not intended for long-term vascular access and thus
were not included in the scope of this study. Another limita-
tion was the exclusion of surveillance imaging to evaluate for
thrombosis in asymptomatic subjects, especially those with TLs.
Subjects with PICCs are potentially more readily diagnosed with
a symptomatic VTE due to the PICCs being placed in smaller
vessels and the PICC journey through the arm or leg causing limb
pain and swelling vs a TLwhich lies in the chest. We felt, as stated
herein, that the clinical relevance of asymptomatic VTE is un-
known; thus, we chose to focus on known, clinically significant
VTE cases. The predominant use of Doppler ultrasonography to
diagnose upper extremity VTE may have also been a limitation
due to potential missed cases, although guidelines from the
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American Society of Hematology recommend this imaging
modality, which is far less invasive and expensive than alternative
choices.®' PICCs may have also been placed in more acutely ill
patients compared with TLs. We attempted to avoid this con-
founding variable by comparing a validated pediatric illness
severity score or pediatric early wamning score in those with
PICCs vs TLs,*? but <40% of subjects had a pediatric early
warning score performed on the day of CVC placement.

In conclusion, CVCs are an essential part of medical care for
many children, but the increasing rates of CVC-related VTE must
be addressed. To lower the CVC-related VTE rate, we must focus
on modifiable risk factors, such as limiting multilumen CVCs,
preventing CLABSIs, or placing a TL over a PICC if possible. Most
importantly, pediatricians and pediatric subspecialists need to
reconsider how quickly and easily decisions to place CVCs,
especially PICCs, are being placed. Inserting a PICC is tempting
to avoid repeat venipuncture or surgical intervention with TL
placement, but results from the CIRCLE study showing increased
risks of VTE, CLABSI, and malfunction with PICCs should give
practitioners pause.
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