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ABSTRACT

Introduction. Inneonatology, more than 90 % of
deep vein thromboses arerelated to catheter use.
The objective of this study was to determine the
incidence and risk factors associated with central
venous catheter-related deep vein thrombosis.
Population and methods. Observational and
analytical study conducted in a prospective
cohort. All central venous catheters were
included using consecutive, non-random
sampling. The screening protocol included
a daily clinical examination and a Doppler
ultrasound (7-10 days after insertion and/or
72 h after removal). Follow-up: from catheter
insertion to catheter removal, death or patient
counter-referral. The incidence density rate
per 1000 catheter-days was estimated with its
corresponding 95 % confidence intervals (CIs),
and risk factors, using Cox multivariate analysis.
Results. Thrombosis was identified in 22/264
catheters. The incidence density rate of
thrombosis was 5.33 %o catheter-days (95 % CI:
3.34-8.07). Cardiovascular surgery and and the
use of central catheters others than peripherally
inserted ones, were independent risk factors for
thrombosis (hazard ratio: 3.8 [95 % CI: 1.6-9] and
2.75[95 % CI: 1.17-6.45]).

Conclusions. The incidence of central venous
catheter-related deep vein thrombosis was
5.33 per 1000 catheter-days. A history of
cardiovascular surgical procedures and and the
use of central catheters others than peripherally
inserted ones, were associated with a higher risk
of this complication.
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GLOSSARY

CVC: central venous catheter.
DVT: deep vein thrombosis.

NICU: neonatal intensive care unit.

INTRODUCTION

Deep vein thrombosis (DVT) is one
of the most common complications
related to central venous catheter
(CVCQ) use in the neonatal intensive
care unit (NICU). It is associated
with short-term difficulties, such as
local obstruction and the formation
of emboli, and medium- to long-term
difficulties, such as lack of thrombus
resolution and the development of
post-thrombotic syndrome in more
than one third of patients.!?

The Neonatal Intensive Care Unit
of Hospital Garrahan is a level IIIb
unit that receives approximately
600 newborn infants every year. A
high percentage of these patients
are critically ill and require highly
complex procedures or treatments.
Such a critical level requires using a
safe venous access, sometimes for a
long time, which is why it is common
to place one or more CVCs during
hospitalization.

Previous data from a retrospective
cohort with patients requiring low-
molecular-weight heparin treatment
at our unit showed an incidence of
catheter-related DVT of 3.4 % and
2.9 % in 2013 and 2014, respectively.
In some of these patients, DVT was
diagnosed while performing an
ultrasound for another reason, with
no evidence of clinical signs of venous
occlusion. These data show that the
incidence of catheter-related DVT in
our population may depend on the
diagnostic method used and, therefore,
a systematic ultrasound screening in
children with CVC may alter it.



The objective of this study was to establish
prospectively the incidence and risk factors of
CVC-related DVT in a cohort of patients admitted
to a level IIIb NICU under a systematic protocol
of clinical and ultrasound diagnosis.
POPULATION AND METHODS

This was an observational and analytical study
conducted in a prospective cohort. All CVCs
(unit of analysis) inserted between August 2015
and July 2016 at the NICU of Hospital Garrahan
were included using consecutive, non-random
sampling. Peripherally inserted catheters (made
of silicone rubber), short- and long-term central
catheters (both made of polyurethane), and
umbilical venous catheters (made of polyurethane)
were eligible. Catheters inserted outside of
our hospital and/or in children undergoing
anticoagulant therapy were excluded.

All included catheters were checked following
a uniform protocol, which included a daily
clinical examination and a Doppler ultrasound
7-10 days after its insertion and/or 72 h after
its removal. This allowed to perform between 1
and 2 follow-up ultrasound examinations for
each catheter, depending on whether it was
removed before/after 7-10 days. In addition,
the primary care physician could also ask for
an ultrasound in the presence of signs and/or
symptoms compatible with DVT outside of the
above-mentioned time frames.

DVT, the outcome variable in this study,
was defined by the presence of the following
ultrasound criteria: echogenic material inside
the vessel, lack of color flow in the Doppler
ultrasound venous mapping, lack of vein
compressibility (jugular and femoral veins),
increased vein diameter, and/or presence of
collateral circulation. When ultrasound results
were not conclusive, a second diagnostic test
was conducted (phlebography in the presence
of doubtful results for limbs and great vessels,
or echocardiogram for intracardiac imaging or
great vessels adjacent to the heart) based on the
diagnostic algorithm used at our hospital.

Tests were performed and recorded by
different operators. Nevertheless, to confirm
the diagnosis, all of them were reviewed by
only one imaging specialist, who was not aware
of the relation between the tests and patients’
characteristics. DVT was considered symptomatic
if any of the following signs and /or symptoms
were present: edema and/or discoloration
of the limb, superior vena cava syndrome or
chylothorax.
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The follow-up duration of included catheters
lasted from their insertion to their removal,
patient death or counter-referral of the patient
with the catheter in place to a different facility.
During this period, outcome measures related
to CVC characteristics were collected: type
(peripherally inserted, short-term, long-term, and
umbilical), internal diameter in French, number
of lumens, insertion site, parenteral nutrition and
inotropic use through the catheter, reason for
removal, and duration of use; and those related
to patients’ characteristics: gestational age, birth
weight, mode of delivery, maternal history,
perinatal asphyxia, sex, underlying condition,
need for assisted mechanical ventilation, surgery,
extracorporeal membrane oxygenation (ECMO),
sepsis, catheter-related infection, previous
thrombosis, length of stay, and clinical course.
For those catheters related to venous thrombosis,
clinical signs, complications, and treatment were
recorded.

Data were entered into an Excel spreadsheet
and transferred to the Stata 12.0 statistical
package for their analysis. They were described
using frequency tables and measures of central
tendency and dispersion. The incidence of
catheter-related thrombosis was expressed as
incidence rate and incidence density rate per
1000 catheter-days, with their corresponding
95 % confidence intervals (CIs). The probability of
developing a thrombotic event during follow-up
was estimated using the Kaplan-Meier method,
and associated risk factors were determined using
a bivariate analysis with the log-rank test and a
multivariate analysis based on Cox proportional
hazards model, reporting hazard ratios (HR) and
95 % Cls. Results were considered significant
if the value of p was < 0.05. The study protocol
was submitted to and approved by the Research
Ethics Review Committee of Hospital Garrahan.
An informed consent for study participation was
obtained from patients’ families.

RESULTS

During the study period, 507 patients were
admitted to the unit; 34 % (n = 171) required CVC.
A total of 264 catheters were included in the study
(31 did not meet eligibility criteria) (Figure 1).

The characteristics of patients with included
catheters were the following: 54 % (n: 93) were
term newborn infants, with a median gestational
age of 37 weeks (range: 24-42); the main reasons for
hospitalization were general surgical conditions
(63 %), congenital heart disease (13 %), and
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other respiratory and infectious diseases (24 %).
General surgery was required in 59 % of cases;
cardiovascular surgery, in 8.6 %; and both, in 5.7 %.
A total of 36 % required only one catheter during
their hospitalization; and 64%, two or more.
Thrombosis was identified in 22 of
264 catheters, with an incidence rate of 8.33 %
(95 % CI: 5.22-12.61). The total risk time was
4127 days, and the incidence density rate of
thrombosis, 5.33 %o catheter-days (95 % CI: 3.34-
8.07). Figure 2 shows the actuarial survival curve
using the Kaplan-Meier method. The events
(DVT) were observed to occur as of the first
days after insertion; 73 % of thromboses (16/22)
corresponded to the first 15 days of follow-up.
Of the 22 catheters with DVT, clinical signs
were detected in only 3 cases, which is why
the incidence rate of symptomatic thrombosis
was much lower than that estimated with the
ultrasound screening protocol: 1.13 % (95 % CI:
0.23-3.32); and the incidence density rate was
0.72 %o catheter-days (95 % CI: 0.13-2.12). The
22 thrombotic complications were observed in

FiGure 1. Algorithm for the follow-up of central venous catheters

20 patients and were treated based on the criteria
agreed with the Department of Hematology.
Regarding the characteristics of the
264 studied catheters, peripherally inserted ones
were most commonly used (66 %). A total of 32 %
had a French size = 4, and 70 % had = 2 lumens.
As far as the site of insertion, 78 % were placed
on the upper half of the body (22 on the right side
of the head or neck, 22 on the left side of the head
or neck, 72 on the right upper limb, and 90 on
the left upper limb), and the remaining 22 %,
on the lower half of the body (21 on the right
lower limb, 19 on the left lower limb, and 18 in
the umbilical vein). Out of all catheters, 152 were
electively removed due to end of use; 69, due to
complications (22 were mechanical; 28, infectious;
and 19, related to misplacement as per follow-up
ultrasound); and 19, due to accidental catheter
removal. The median indwelling time of catheters
with thrombosis was 14 days (interquartile range
[IQR]: 4-23) versus 12.5 days (IQR: 6-21) in the
case of catheters without thrombosis, and this
difference was not significant (p = 0.69).
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During the study period, 483 ultrasounds were on ultrasound follow-up. Of the 22 diagnoses,
performed, and DVT was identified in 22 cases; 10 were detected in the first ultrasound, which
12 of them were occlusive or showed progression was performed before removing the catheter,

FIGURE 2. Cumulative risk of the incidence of central venous cathedter-related thrombosis

11 Kaplan-Meier survival plot
T‘; 0.75 4
I3
@
£ 050-
=
=
£
O 0.2541
0 -1
T T T T
0 20 40 60 80 100
Analysis time
264 74 18 5 1 0
95 % confidence interval Survival
TasLE 1. Central venous catheter-related deep vein thrombosis events
Event Patient Symptoms Diagnosed Diagnosed LMWH Treatment- Clinical
n=22 n=20 before after treatment associated course
CVCremoval CVC removal complications
(1¢ ultrasound) (2" ultrasound)
1 1 No X Yes No Discharged
2 2 No X Yes No Discharged with
LMWH
3 3 No X Yes Gastrointestinal bleeding ~ Discharged
4 Superior vena X Yes Gastrointestinal bleeding ~ Discharged
cava syndrome
5 4 No X No Discharged
6 5 No X Yes Thigh hematoma Discharged
7 6 No X No Discharged
8 7 No X Yes No Discharged with
LMWH
9 8 No X No Discharged
10 9 No X Yes No Death
11 10 No X No No Discharged
12 No X Discharged
13 11 Local symptoms X No Death
in the lower limbs
14 12 No X No Death
15 13 No X No Discharged
16 14 No X Yes No Discharged with
LMWH
17 15 No X No Discharged
18 16 No X No Discharged
19 17 No X Yes No Death
20 18 Superior vena X Yes No Discharged with
cava syndrome LMWH
21 19 No X No Discharged
22 20 No X No Discharged

* X: Time of diagnosis.
** CVC: central venous catheter; LMWH: low-molecular-weight heparin.
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and 12 were diagnosed after its removal. Table 1
shows the details of each case, treatment, and
clinical course.

Risk factors
A history of maternal hypertension, the

presence of cardiovascular surgery, the use of
catheters other than peripherally inserted ones,
catheter insertion in the lower half of the body,
inotropic infusion, and a French size above 4
were factors associated with a higher frequency
of DVT per 1000 catheter-days. In the multivariate

FIGURE 3. Cumulative risk of central venous catheter-related thrombosis by type of catheter and history of cardiovascular
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TAaBLE 2. Risk factors associated with central venous thrombosis. Bivariate and multivariate analysis
Factor Incidence Incidence Unadjusted pvalue  Adjusted pvalue
density density HR HR
rate (DVT/1000 rate (DVT/1000 (95 % CD* 95 % CD**
catheter-days) catheter-days)
WITH the WITHOUT the
risk factor risk factor
Maternal hypertension 21,74 4.56 4.64 0.006*
(1.56-3.84)
History of cardiovascular surgery 12.77 3.80 3.32 0.006* 3.8 0.002
(1.41-7.80) (1.6-9.03)
Inotropic infusion 8.50 3.22 2.59 0.03*
(1.08-6.18)
Catheter insertion in the
lower half of the body 10.71 43 2.53 0.04*
(1.02-6.26)
NON-peripherally inserted catheter 8.75 3.62 2.37 0.04* 2.75 0.02
(1.02-5.5) (1.17-6.45)
Catheter > 4 French 8.73 3.83 2.28 0.055
(0.98-5.27)
ECMO 15.70 4.82 2.92 0.07
(0.86-9.94)
Catheter with > 1 lumen 6.77 227 2.89 0.07
(0.86-9.82)

* Log-rank test.
*“* Cox multivariate analysis.

*** ECMO: extracorporeal membrane oxygenation; HR: hazard ratio; DVT: deep vein thrombosis; CI: confidence interval.



analysis, only a history of cardiovascular surgery
and the use of catheters other than peripherally
inserted ones were independent risk factors for
thrombosis, with a HR of 3.8 (95 % CI: 1.6-9) and
of 2.75 (95 % CI: 1.17-6.45), respectively (Table 2,
Figure 3).

DISCUSSION

At the NICU, CVCs are essential for a safe
fluid and drug administration in critically ill
patients.>* Nevertheless, their use entails some
risks: it may result in mechanical, infectious, and
thrombotic complications.® Among newborn
infants, more than 90 % of thrombi are related to
CVCuse.®”

The reported incidence of neonatal CVC-
related thrombosis varies greatly and depends on
patients’ characteristics, the inserted catheter, and
diagnostic tests used.®'® Thrombosis incidence
rates ranging from 0.8 to 14.9 % and incidence
density rates from 0.4 to 13.2 %o catheter-days
have been reported.'"** The incidence rates
observed in this study when considering only the
onset of clinical signs for thrombosis diagnosis
were consistent with the lowest values reported in
the bibliography; however, this values increased
at least 5 times when using a systematic screening
protocol based on imaging tests.

Thrombosis development among newborn
infants results from a combination of risk
factors.!*" The most important one is the presence
of a CVC.'8% Catheters may favor the formation
of thrombi in newborn infants through damage
to the vessel wall, disruption of blood flow in
small-diameter vessels, type of catheter used,
and infusion of hyperosmolar substances, among
other mechanisms.?

Dubbink-Verheij et al.,'? reported a lower
incidence of thrombosis when using umbilical and
peripherally inserted catheters compared to femoral
catheters in newborn infants with a gestational
age > 34 weeks. In a systematic review and meta-
analysis on CVC-related venous thrombosis in
children, Vidal et al.,? also observed a lower
frequency of thrombosis associated with the use of
umbilical and peripherally inserted catheters. Dhir
et al.,?! described a lower risk for thrombosis when
using peripherally inserted catheters compared to
long-term CVCs in children.

Similarly, our study found that the use of
catheters other than peripherally inserted ones
was associated with a higher risk for developing
this complication. Therefore, when a newborn
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infant requires a CVC, peripherally inserted
catheters seem to be the safest option.

The second independent risk factor observed
in our study for catheter-related thrombosis was
a history of cardiovascular surgery.

Pediatric patients who undergo heart surgery
have a higher risk of developing thrombosis
when compared to other hospitalized children.?>*
There are several risk factors that have been
associated with the development of thrombosis
among these patients: young age (surgery in
the neonatal period,?*? infants younger than 1
year),? oxygen saturation < 85 %,*% use of deep
hypothermic circulatory arrest,?? transfusion
of blood products during surgery** or after
cardiopulmonary bypass,” postoperative use of
extracorporeal support, CVC use® (indwelling
time,???* presence of more than 1 catheter),?
among others.

Most CVC-related thrombi are asymptomatic.”?
In our cohort, only 3 events had clinical
manifestations: superior vena cava syndrome
or local symptoms in the lower limbs. This
finding proves the need for detection protocols
that include imaging tests, given the low
frequency of thrombosis diagnosed using clinical
manifestations as the only screening method.

This study has certain limitations. On the one
side, during the study period, 22 cases of DVT
were confirmed; therefore, the number of events
was not powerful enough to allow the detection
of less common risk factors. On the other side,
our unit has a reduced percentage of local births:
most patients are referred from other hospitals, so
there was a small number of umbilical catheters
in our cohort.

Finally, knowing the risk factors associated
with the development of thrombosis allows to
create a clinical and ultrasound protocol of active
surveillance at the NICU in order to screen for and
treat thrombotic complications in a timely manner.
Larger studies are required to support our findings
and identify additional risk factors associated with
the development of this complication.

CONCLUSIONS

The incidence of catheter-related DVT was
5.33 per 1000 catheter-days. Most events occurred
in the first 15 days of follow-up. A history of
cardiovascular surgical procedures and the use of
central catheters others than peripherally inserted
ones, were associated with a higher risk of this
complication. B
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