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ABSTRACT

Background: Peripherally inserted central catheters (PICC) in
children and adolescents are being used with increasing fre-
quency. We sought to determine the incidence and character-
ize risk factors of deep vein thrombosis associated with per-
ipherally inserted central catheters in a pediatric population.

Methods: We conducted a prospective study involving con-
secutive patients referred to the radiology department of a
tertiary care university-affiliated hospital for insertion of a
peripherally inserted central catheter. We included patients
aged 18 years or less who weighed more than 2.5 kg and had
a peripherally inserted central catheter successfully inserted
in his or her arm between June 2004 and November 2005.
The primary outcome was the occurrence of partial or com-
plete deep vein thrombosis evaluated by clinical examina-
tion, ultrasonography and venous angiography.

Results: A total of 214 patients (101 girls, 113 boys) were in-
cluded in the study. Partial or complete deep vein throm-
bosis occurred in 20 patients, for an incidence of 93.5 per
1000 patients and 3.85 per 1000 catheter-days. Only 1 of the
cases was symptomatic. In the univariable analyses, the only
variable significantly associated with deep vein thrombosis
was the presence of factor Il mutation G20210A (odds ratio
7.08, 95% confidence interval 1.11—45.15, p=0.04), a genetic
mutation that increases the risk of a blood clot and that was
present in 5 (2.3%) of the 214 patients.

Interpretation: The incidence of deep vein thrombosis related
to peripherally inserted central catheters in our study was
lower than the incidence related to centrally inserted venous
catheters described in the pediatric literature (11%—50%).
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ost data available in the adult and pediatric litera-
ture on the incidence of deep vein thrombosis
concern centrally inserted venous catheters,
which are inserted directly in a central vein (jugular,
subclavian or femoral). Typical symptoms of deep vein
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thrombosis are frequently absent in children and adoles-
cents. Although the diagnosis of deep vein thrombosis is
more reliable when based on Doppler ultrasonography or
venous angiography,’™° in most studies these diagnostic
tests were performed only when patients presented clinical
symptoms of deep vein thrombosis or catheter dysfunction.
In studies focused on the pediatric population, the fre-
quency of deep vein thrombosis related to centrally inserted
venous catheters has varied from 11% to 50%.%>*%**

In the past 10 years, peripherally inserted central catheters
(PICC) have been used with increasing frequency in children
and adolescents. The catheter is inserted percutaneously via a
peripheral vein, with its tip residing in the superior vena cava.
The main indications for this type of catheter insertion are
difficult venous access, home intravenous antibiotic therapy,
administration of chemotherapy or other hyperosmolar solu-
tion and long-term parenteral nutrition. The risk of deep vein
thrombosis related to peripherally inserted central catheters
could be greater among children and adolescents than
among adults, given the size of the veins. Several studies have
published complications related to peripherally inserted cen-
tral catheters,**™° but few focused on the pediatric popula-
tion."*** Furthermore, in all of these studies, screening for
deep vein thrombosis was not systematic. The real incidence
of deep vein thrombosis related to peripherally inserted cen-
tral catheters and their complications in the pediatric popula-
tion are therefore unknown. We conducted this study to de-
termine the incidence and characterize the risk factors of
deep vein thrombosis related to peripherally inserted central
catheters in children and adolescents in our institution.

Methods

Study population

We conducted this prospective study in a tertiary care
university-affiliated pediatric hospital. We considered all con-
secutive patients referred to the radiology department for in-
sertion of a peripherally inserted central catheter between
June 2004 and November 2005 to be eligible for the study.
The inclusion criteria were age 18 years or less, weight more
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than 2.5 kg and successful insertion of the catheter in the
arm. Initial exclusion criteria and exclusions after enrolment
are shown in Figure 1.

The Research Center Ethics and Scientific Committees of
the Centre hospitalier universitaire Sainte-Justine approved
this study. We obtained informed consent from the parents
before including patients in the study.

Catheter placement
One of 3 experienced radiologists (J.D., L.G. and F.R.) in-
serted all peripherally inserted central catheters, using the
same angiography room each time. We used 18-gauge (3.7
French) single-lumen catheters made of polyurethane. We in-
serted them under fluoroscopic guidance after angiographic
opacification of upper-limb veins with an iodine contrast
medium injected through a 25-gauge butterfly or Teflon nee-
dle inserted in a peripheral vein of the hand, as described pre-
viously** (a detailed description of the procedure is in Appen-
dix 1, available online at www.cmaj.ca/cgi/content/full/177/10
[1185/DC2). We used angiographic opacification instead of
ultrasonography because it provides better data on the per-
meability of vessels. We pushed the tip of the catheter under
fluoroscopic guidance up to the junction of the superior vena
cava and the right atrium.

We standardized management of the in-dwelling catheter in

Eligible patients

n=728

Excluded n =490

e Consent not obtained n = 191

e Catheter inserted outside normal working
hours n = 124

e Outpatient referred from another hospital
n=50

e Use of double-lumen catheter n = 38

e Patient previously included in this study n = 26

e Research assistant unavailable n = 25

e Less than 38 weeks after conception n = 16

e Catheter inserted in leg or jugular vein n = 12

e Patient enrolled in conflicting study n = 6

e Catheter insertion failed n = 2

Y
Patients included
n=238

Excluded n =24

e Noncompliance with protocol requirements
n=16

e No venous angiography at time of catheter
withdrawal (accidental removal) n=5

* No venous angiography at time of catheter
withdrawal (death) n =2

e Transfer to another hospital n =1

4

Patients retained
for analysis
n=214

Figure 1: Selection of patients for the study.
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hospital and during home care. Trained nurses flushed the
catheters daily and after each use with heparinized saline
(10 U/mL). The connectors were secured to the skin using Steri-
Strip closure strips and covered with nonocclusive dressings.

Risk factors

We assessed the following variables at inclusion: age, sex,
weight, history of deep vein thrombosis, underlying medical
condition, presence of bacteremia or septicemia, throm-
bophilia and hypercoagulability. We systematically tested for
2 hereditary thrombophilias, factor V Leiden and factor II mu-
tation G202104, in each participant. We defined hypercoagu-
lability as a platelet count greater than 440 X 10°/L, a fibrino-
gen level greater than 4.0 g/L or a D-dimer level greater than
2.0 ng/L. We recorded the following variables at the time of
catheter insertion: the number of punctures before successful
insertion, the punctured vein (cephalic, basilic or humeral
vein), the ratio between the diameter of the vein at the site of
insertion and the catheter diameter as measured by venous
angiography, and the length of fluoroscopic exposure. We as-
sessed additional variables in patients retained for analysis
throughout the study period: infection at the catheter site
(diagnosed by clinical assessment and cultures), catheter dys-
function or obstruction (the inability to infuse a solution or
the absence of reflux on aspiration), how long the catheter
was in place, infusion of hyperosmolar solutions (hyperali-
mentation or chemotherapy) and blood product transfusion
via the catheter. We considered all of these variables to be
possible risk factors for deep vein thrombosis.

Primary outcome

The primary outcome was the occurrence of complete or par-
tial deep vein thrombosis. We defined complete occlusion of
the lumen vein as complete deep vein thrombosis and vascular
filling defect with residual flow in the vein as partial deep vein
thrombosis. We systematically screened all patients to detect
the condition as soon as possible, using clinical assessment,
Doppler ultrasonography and venous angiography. We con-
sidered deep vein thrombosis to be present if it was detected
by either ultrasonography or venous angiography because they
are the best diagnostic tools to detect the condition.**™*

A nurse trained in clinical examination looked for signs or
symptoms of deep vein thrombosis at the time of referral to
the radiology department; on days 2, 4, 7, 14, 21 and 28 (give
or take 1 day) in the first month; once every subsequent
month; and upon withdrawal of the catheter. We clinically
suspected deep vein thrombosis when we observed at least 1
of the following symptoms: superficial collateral circulation,
jugular swelling, vena cava syndrome, edema, pain, inflam-
mation of the catheterized limb, fever or signs of a throm-
botic complication (e.g., pulmonary embolism).

We performed systematic ultrasound examinations at the
time of referral to the radiology department; on days 2, 4, 7,
14, 21 and 28 (give or take 1 day); and once every subsequent
month until removal of the catheter. The same 3 study radiol-
ogists (J.D., L.G. and F.R.) performed ultrasonographic ex-
aminations with a linear array or small pediatric transducer
using grey-scale imaging and Doppler waveform analysis.
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The criteria for deep vein thrombosis diagnosed by ultra-
sonography were direct visualization of the thrombus, non-
compressibility of the vessel, incomplete filling of the vein
and disappearance of respiratory variations on venous flow.*
The presence of any of these criteria confirmed the diagnosis
of partial or complete deep vein thrombosis. When one radi-
ologist was unclear or uncertain about the diagnosis, a sec-
ond radiologist independently performed another Doppler
ultrasound. When there was disagreement between the 2
radiologists, they sought the opinion of the third radiologist
to gain consensus. The nurse examination and the ultrasound
examination were performed independently.

We performed venous angiography under digital fluor-
oscopy before the insertion of the catheter at the time of refer-
ral to the radiology department. We also systematically per-
formed venous angiography when the catheter was removed.
Two of the 3 study radiologists independently reviewed the
angiograms. In cases of discordance, the third radiologist re-
viewed the angiograms. The final diagnosis was based on the
consensus of 2 of the 3 radiologists.

When we diagnosed deep vein thrombosis, we always re-
moved the peripherally inserted central catheters as soon as
possible. There were no specific guidelines for further man-
agement and follow-up of deep vein thrombosis within the
study; the attending physician assumed this responsibility
when the catheters were removed. We did not collect data
concerning management and follow-up of deep vein throm-
bosis for the study.

Statistical analysis

The incidence of deep vein thrombosis was described as rate
(number of deep vein thromboses per 1000 patients with a
peripherally inserted central catheter) and density (number of
deep vein thromboses per 1000 catheter-days). In comparing
characteristics of patients who developed deep vein throm-
bosis with patients who did not, we used a Wilcoxon rank
sum for age and weight, and a ’ statistic for sex, underlying
medical condition, presence of bacteremia or septicemia, his-
tory of deep vein thrombosis, thrombophilia and hypercoagu-
lability. Comparisons were reported as odds ratios (OR) with
their 95% confidence intervals (CI). Absolute p values were
also calculated and reported. The threshold for statistical sig-
nificance was p < 0.05 (2-tailed). No adjustment of the
p value was made for multiple univariable analyses. We used
Fisher’s exact test if more than 20% of expected cell counts
were less than 5. Concordance between experts was evaluated
using a kappa score.””

Results

Study population

From June 2004 to November 2005, 728 patients were eligible
for the study. Of these, 490 patients were excluded based on
enrolment criteria, and an additional 24 were excluded or lost
to follow-up after enrolment. No clinical deep vein throm-
bosis was reported in patients excluded after enrolment. The
study population retained for analysis included a total of 214
patients (Figure 1).
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Clinical characteristics of the 214 patients are shown in
Table 1. Twenty percent of the patients were less than 1 year
old. The most frequent underlying disease requiring catheter
insertion was infectious disease (53.3%), which included
mainly pneumonia, mastoiditis and osteomyelitis. We de-
tected congenital thrombophilia due to factor II mutation
G20210A in 5 patients (2.3%). We inserted most catheters
(72.0%) in the humeral or basilic vein rather than the cephalic
vein. Only one puncture was required in most patients
(79.4%). Fluoroscopic time was less than 1 minute in 45.0%
of the cases. The data we collected during the study showed
that catheter infection occurred in 7.5% of the patients and
catheter dysfunction in 7.9%. The mean dwell time was 24.3
(min—max 2.7—45.9) days (median 17.0 days, range 1-125).
We used hyperalimentation in 11.7% and blood products in
7.5% of patients respectively.

Incidence of deep vein thrombosis
The total number of catheter-days was 5190. Only 1 patient
presented clinical signs of deep vein thrombosis (edema of
upper limb); all other cases of deep vein thrombosis were
asymptomatic. Twenty patients had either a partial or com-
plete deep vein thrombosis, for an incidence rate of 93.5
per 1000 patients and an incidence density of 3.85 per 1000
catheter-days. We observed complete deep vein thrombosis
in 3 children, for an incidence rate of 14.0 per 1000 patients
and an incidence density of 0.58 per 1000 catheter-days. We
diagnosed complete deep vein thrombosis using both ve-
nous angiography and ultrasonography in 2 patients, and
venous angiography alone in 1 patient. We observed partial
deep vein thrombosis in 17 patients, for an incidence rate
of 79.4 per 1000 patients and an incidence density of 3.28
per 1000 catheter-days. We diagnosed partial deep vein
thrombosis using both venous angiography and ultra-
sonography in 8 patients, and venous angiography alone in
g patients. We did not detect deep vein thrombosis using
ultrasound alone.

Reproducibility between the 2 radiologists was almost per-
fect (kappa value 0.87). The opinion of the third radiologist
was needed on 1 occasion to gain consensus.

Risk factors

The results of the univariable analyses on possible risk factors
predicting the occurrence of deep vein thrombosis related to
peripherally inserted central catheters are shown in Table 1
and Figure 2. The only significant risk factor of deep vein
thrombosis was the presence of factor II mutation G20210A,
which was present in 2.3% of the study population (OR 7.08,
95% CI 1.11-45.15, p = 0.04).

Interpretation

Our results call into question the validity of previous findings
from studies on the incidence rate of deep vein thrombosis
related to peripherally inserted central catheters in a pediatric
population. The reported incidence rates varied from 0% to
5%;***>?>?> however, Doppler ultrasonography was per-
formed only in patients who were symptomatic. In our study,
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we found that symptoms and signs were not reliable diagnos-
tic markers; our use of Doppler ultrasonography in all pa-
tients (symptomatic and asymptomatic) revealed an incidence
rate of 9.3%. Only 1 of the 20 patients with deep vein throm-
bosis presented with clinical signs.

Our findings suggest that the risk of deep vein thrombosis
is lower with peripherally inserted central catheters than with
centrally inserted venous catheters. Two studies of centrally in-

serted venous catheters using serial screening for deep vein
thrombosis by Doppler ultrasonography are available in the
pediatric literature. In a prospective study of femoral catheter-
related deep vein thrombosis in children and adolescents,
Talbott and colleagues® reported the occurrence of deep vein
thrombosis in 7 of 20 patients, for an overall incidence rate of
35%. Beck and colleagues® reported the occurrence of deep
vein thrombosis in 17 of 93 children with a centrally inserted

Table 1: Characteristics of 214 patients with a peripherally inserted central catheter and univariable analysis of risk factors for

deep vein thrombosis

No. (%) of patients*

Univariable analysist

With deep vein

Without deep vein

All thrombosis thrombosis
Characteristic n=214 n=20 n=194 OR (95% ClI) p value
Age, yr 0.99 (0.55-1.79) 1.00
<1 43 (20.0) (20.0) 39 (20.1)
1-5 63 (29.4) (30.0) 57 (29.4)
>5-18 108 (50.5) 10 (50.0) 98 (50.5)
Male sex 113 (52.8) 9 (45.0) 104 (53.6) 1.41 (0.56-3.56) 0.46
Weight, kg 1.07 (0.78-1.47) 0.78
<5 10 (4.7) 1 (5.0) 9 (4.6)
5-<10 25 (11.7) 2 (10.0) 23 (11.8)
10-<20 68 (31.8) 7 (35.0) 61 (31.4)
20-<30 42 (19.6) 3 (15.0) 39 (20.1)
30-<40 27 (12.6) 1 (5.0) 26 (13.4)
>40 42 (19.6) 6 (30.0) 36 (18.6)
History of deep vein thrombosis 2 (0.9) - 2 (1.0) NE 1.00
Underlying disease
Infectious disease 114 (53.3) 13 (65.0) 101 (52.1) 1.71 (0.65-4.47) 0.27
Cancer 47 (22.0) 6 (30.0) 41 (21.1) 1.60 (0.58-4.42) 0.40
Cystic fibrosis 33 (15.4) (5.0) 32 (16.5) 0.27 (0.03-2.06) 0.33
Septicemia or bacteremia 20 (9.3) 1 (5.0) 19 (9.8) 0.47 (0.06-3.74) 0.22
Thrombophilia
Factor V Leiden 4 (1.9) - 4  (2.1) NE 1.00
Factor Il mutation G20210A 5 (2.3) 2 (10.0) (1.5) 7.08 (1.11-45.15) 0.04
Punctured cephalic vein 60 (28.0) 8 (40.0) 52 (26.8) 0.55 (0.21-1.42) 0.20
Hypercoagulability
Platelets > 440 x 10°/L 142 (66.4) 11 (55.0) 131 (67.5) 1.40 (0.49-3.99) 0.58
Fibrinogen > 4.0 g/L 99 (46.3) 5 (25.0) 94 (48.4) 2.42 (0.78-7.53) 0.12
D-dimer > 2.0 ng/L 62 (29.0) 8 (40.0) 54 (27.8) 1.73 (0.67-4.46) 0.25
Ratio of vein:catheter diameter, mean (SD) 2.3 (0.8) 2.5 (0.8) 2.2 (0.8) 1.49 (0.88-2.51) 0.13
Fluoroscopic time, min, mean (SD) 1.02 (0.8) 1.0 (0.8) 1.0 (0.8) 0.93 (0.49-1.78) 0.83
Catheter infection 16 (7.5) — 16 (8.2) 0.37
Catheter dysfunction 17 (7.9) 3 (15.0) 14 (7.2) 2.27 (0.59-8.69) 0.20
Catheter dwell time, mean (min-max) 24.3 (2.7-45.9) 26.4 (7.0-45.8) 20.0 (2.5-37.5) 1.05 (0.98-1.02) 0.64
Solution infused
Blood products 16 (7.5) — 16 (8.2) NE 0.38
Hyperalimentation 25 (11.7) 1 (5.0 24 (12.4) 0.37 (0.05-2.91) 0.28
Chemotherapy 42 (19.6) 4 (20.0) 38 (19.6) 1.14 (0.36-3.61) 0.77
Note: OR = odds ratio, Cl = confidence interval, NE = not estimable, SD = standard deviation.
*Unless indicated otherwise.
TFisher’s exact test was used if more than 20% of expected cell counts were less than 5.
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venous catheter (subclavian or jugular), for an incidence rate of
18.3%. These rates are higher than the incidence rate related to
peripherally inserted central catheters in our study (9.3%).

We observed a significant association between factor II
mutation G20210A and deep vein thrombosis in our univari-
able analysis. Factor II mutation G20210A and factor V Leiden
are the most commonly found prothrombotic risk factors as-
sociated with thrombosis during childhood and
adolescence.”° The prevalence in our study population was
low, similar to that reported in other populations of mainly
European descent (2.3%).>"*

Three studies of centrally inserted venous catheters re-
ported an increased risk of deep vein thrombosis (12%—-50%)
among adults and pediatric patients with cancer.>***” In our
study, 6 (13%) of 47 patients with cancer had a deep vein
thrombosis. We did not find a statistically significant associ-
ation between cancer and deep vein thrombosis related to
peripherally inserted central catheters. Some data suggest
that peripherally inserted central catheters may be safer to
use than centrally inserted venous catheters in patients with
cancer. In a cohort of 53 children and adolescents with can-
cer who received peripherally inserted central catheters, no
deep vein thrombosis was observed.?* In another prospective
study involving pediatric and adult cancer patients with per-
ipherally inserted central catheters, Walshe and colleagues®
reported a deep vein thrombosis incidence rate of 10.6 per
1000 catheter-days.

Other possible risk factors of deep vein thrombosis are
suggested in the medical literature, such as blood product
transfusion,** infusion of hyperosmolar solutions,* insertion

Variable OR (95% Cl)
Age, yr 0.99 (0.55-1.79)
Male sex 1.41 (0.56-3.56)
Weight, kg 1.07 (0.78-1.47)
Underlying disease
Infectious disease 1.71 (0.65-4.47)
Cancer 1.60 (0.58-4.42)

Cystic fibrosis
Septicemia or bacteremia
Thrombophilia

0.27 (0.03-2.06)
0.47 (0.06-3.74)

Factor Il mutation G20210A 7.08 (1.11-45.15)
Punctured cephalic vein 0.55 (0.21-1.42)
Hypercoagulability

Platelets > 440 x 10°/L 1.40 (0.49-3.99)

Fibrinogen > 4.0 g/L 2.42 (0.78-7.53)

D-dimer > 2.0 ng/L 1.73 (0.67-4.46)
Ratio of vein:catheter diameter 1.49 (0.88-2.51)
Fluoroscopic time, min 0.93 (0.49-1.78)

2.27 (0.59-8.69)
1.05 (0.98-1.02)

Catheter dysfunction

Catheter dwell time, d

Solutions infused
Hyperalimentation
Chemotherapy

0.37 (0.05-2.91)
1.14 (0.36-3.61)

of peripherally inserted central catheters in cephalic veins® or
use of a catheter too large for the vein through which it is in-
serted. In our study, we did not find a statistically significant
relation between these possible factors and outcome, but this
may be due to the small number of patients in our study who
had similar risk factors to those listed above.

The main limitation of our study is the small number of
cases of deep vein thrombosis (3 complete and 17 partial) de-
tected. Although the incidence rate of complete deep vein
thrombosis (9.3%) that we observed was higher than the
rates reported previously in the literature, this rate was never-
theless significantly lower than we anticipated it would be.
The sample size estimated for the study, which we calculated
using a higher incidence rate of deep vein thrombosis, may
have been insufficient to clearly determine risk factors. How-
ever, such a low incidence rate of deep vein thrombosis re-
lated to peripherally inserted central catheters may be attrib-
utable to other reasons, such as the safety of peripherally
inserted central catheters compared with centrally inserted
venous catheters, the expertise of the physician who inserted
the catheter or the standardized procedure used. Since all of
the catheters in our study were inserted in the angiography
room, our results cannot be generalized to catheters inserted
at the bedside without fluoroscopic control.

Our study has several strengths: the sample size was sub-
stantial compared with those in previous studies in the pedi-
atric population; the study was done prospectively with con-
secutive patients, which enhances its representativeness; we
monitored patients prospectively and systematically with reg-
ular clinical evaluations and examinations with ultrasonog-

<—— Decreased risk Increased risk —>

0.1 1.0 10.0 50.0
0Odds ratio for risk of deep vein thrombosis

Figure 2: Forest plot showing the odds ratios for risk of deep vein thrombosis among 214 children and adolescents who re-
ceived peripherally inserted central catheters. Note: OR = odds ratio, Cl = confidence interval.
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raphy and venous angiography; and all of the diagnoses were
adjudicated by at least 2 of 3 radiologists.

In summary, the incidence rate of deep vein thrombosis
related to peripherally inserted central catheters among pa-
tients aged 18 years or younger in our study (9.3%) is higher
than that reported in previous studies on this type of catheter,
owing to our use of Doppler ultrasonography. However, the
incidence is lower than the reported rate related to centrally
inserted venous catheters, which suggests that peripherally
inserted central catheters are safer. All but 1 of the cases of
deep vein thrombosis in our study were asymptomatic, which
means that only studies involving systematic and repeated
evaluation with Doppler ultrasonography or venous angiog-
raphy can be considered reliable.
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