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Abstract Central venous access is frequently used in in-
fants and children with a wide variety of conditions. This
report evaluates our experience and the complications
from central venous catheters (CVC) placed percutane-
ously in children at a public hospital of a developing
country—Brazil. To identify associated complications,
data were collected prospectively and 155 consecutive
catheterizations in children at a public hospital over a
nearly 8-month period were analyzed. Data collected in-
cluded sex, age, weight, primary diagnosis, indication for
placement, presence of blood coagulation disturbance,
hospital department for procedure, type of anesthesia,
type of catheter (diameter, lumen number, material), site
of catheterization, number of attempts, number of
puncture sites, complications during puncture, the time
catheter remained in place, later complications
(mechanical, infectious) and reason for catheter removal.
A total of 155 catheters were placed in 127 patients. There
were 130 neck lines and 25 groin lines. The success rate
was 81.9% at the initially chosen puncture site and rose to
100% with the inclusion of the second site. Perioperative
complications occurred in nine (5.8%) cases, including six
(3.9%) hematomas and three (1.9%) arterial puncture.
There was no pneumothorax, hemothorax or hydrotho-
rax. During the time the catheter remained in place, there
were 51 (32.9%) complications, of which 33 (21.3%) were
mechanical and 18 (11.6%) suspected catheter-related

infection. These complications were responsible for the
removal of the catheter. Despite the relatively high com-
plication rate there were no catheter-related deaths. Body
weight was significantly lower for children who under-
went more than one puncture site (P=0.01). Age, sex,
type of catheter and primary diagnosis were not associ-
ated with complications. Knowledge of anatomy and
familiarity with the Seldinger technique highly increase
the catheterization success rate, with few surgical com-
plications. A better nursing care of CVC is emphasized.
The available modern venous catheters at a public hos-
pital in Brazil have contributed to improve the quality of
pediatricmedical care. Nowadays, the percutaneousCVC
is the preferred method in pediatric patients.
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Introduction

Central venous catheterization (CVC) is necessary for a
great number of inpatients, particularly children.
Though indispensable, CVC is not without risk. The use
of central venous catheters may be associated with ad-
verse events, originated during or after insertion of the
catheter [1, 2].

The literature shows that the venous catheter inserted
through a wide bore needle (Intracath�) is still widely
used [3–5]; however, this technique and the venous dis-
section are associated with high morbidity, particularly
among pediatric patients [6]. Traditionally, anatomic
landmarks have been used to locate the central veins for
catheterization. However, this technique can be difficult
in small children, infants and, specially, neonates, lead-
ing to higher failure rates and complications.

The use of ultrasound guidance reduces the number of
mechanical complications, the number of catheter place-
ment failures and the time required for insertion [7, 8].
However, the equipment needed for this technique is
expensive and may be cumbersome for routine practice.
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Central venous catheterization by the Seldinger
technique, although involving a slightly higher cost, is a
lower risk procedure and very important for pediatric
patients. In spite of substantial evidence of its practi-
cality in daily use, the consensus in relation to CVC is
not unanimous, because of associated complications.

We performed a prospective study to evaluate our
experience and the complications from CVC placed
percutaneously in children at a public hospital of a
developing country—Brazil.

Methods

The study was approved by the institutional ethical re-
view board. A descriptive study of CVC was undertaken
by the Seldinger technique in subjects, aged less than
18 years, of the Federal University of Minas Gerais/
University Hospital (HC/UFMG), during the period
January–September 2003.

A standardized protocol for data collection containing
identification information and the following variables:
gender, age, weight, primary diagnosis, indication for
placement, presence of blood coagulation disturbance,
hospital unit location for procedure, type of anesthesia,
type of catheter (diameter, lumen number, material), site
of catheterization, number of attempts, number of
puncture sites, complications during puncture, the time
catheter remained in place, later complications
(mechanical, infectious) and reason for catheter removal.

Coagulograms (prothrombin activity, partial throm-
boplastin time) and platelet counts were the pre-opera-
tive routine laboratory exams undertaken. Pre-existing
blood coagulation disturbances were corrected before
procedures. Children undergoing more than one cathe-
ter placement during the period of hospitalization were
considered as new cases. Cardiac catheters, hemodialysis
catheters, catheters of long term (Hickman and Broviac)
and peripherally inserted central catheters (PICC) were
excluded from the analysis.

Surgical technique

Central venous catheterizations were performed by the
author (when he was a pediatric surgical resident), with
the assistance of a professor of pediatric surgery, under
local or general anesthesia [with or without orotracheal
intubation (OTI)]. All catheters were composed of
polyurethane. Subclavian, internal jugular, external
jugular or femoral veins were punctured. All lines were
placed percutaneously using the Seldinger technique.
The blind puncture based in anatomic landmarks was
used because Doppler ultrasound guidance was not
available.

After each procedure, chest or abdominal X-rays
were obtained to check adequate position of the catheter
tip (superior or inferior vena cava) and the diagnosis of
possible complications secondary to the puncture, like

pneumothorax, hemothorax or hydrothorax. In cases in
which it was not possible to identify the catheter in the
radiograph, another radiograph was taken, with non-
ionic iodinated contrast medium injected into the cath-
eter. Incorrectly positioned catheters were rapidly
repositioned.

The catheters were maintained for the necessary
therapeutic time, and children were monitored for the
period the catheter remained in situ. The reasons for
catheter removal were: (a) disappearance of the reason for
CVC, (b) suspected catheter-related sepsis, (c) irreversible
obstruction. Daily care, including monitoring and dress-
ing changes, was undertaken by the nursing team.
Transparent dressings were used, after cleaning the
catheter insertion site with saline solution. Antibiotic
dressings were not used, and dressings changed as needed.

Catheter removal and catheter-related infection

Patients were carefully monitored for signs of suspected
catheter-related bloodstream infection. When signs of
systemic infection appeared, cultures were done on the
peripheral blood and catheter blood. Central venous
catheter removal was the treatment of choice for the
suspicion of catheter-related infection. Catheter-related
sepsis was defined as a catheter tip or blood culture
yielding the same organism as the peripheral blood
culture and the existence of clinical symptoms of sepsis
for which no anatomical focus other than the catheter
could be identified. Colonization was defined as no
clinical signs of sepsis but positive catheter tip culture.

Statistical analysis

For statistical analysis, means (x), standard deviation
(SD) and distribution frequency (%) were calculated.
The Student t test was used for comparison between
averages and Fisher’s exact test for comparison between
the frequencies of the analyzed variables. The level of
significance was established at P £ 0.05.

Results

During the study period, 155 central venous catheters
were inserted into 127 patients (58.7% male and 41.3%
female). Descriptive characteristics of CVC placement
are presented in Table 1.

The mean age was 4.0±4.0 years, ranging from 1 day
to 17 years. Concerning the age group, 48.4% of cath-
eter placements were made in newborns and infants
(<2 years). The mean weight was 14.4±11.6 kg ranging
from 1.6 to 58.0 kg. Only 20.7% of CVCs were in chil-
dren, over 20.0 kg-weight. Neoplasms, congenital mal-
formations and renal disease represented more than half
(51.6%) the diagnoses at the time of venous puncture.
The main indication for CVC placement was antibiotic
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therapy for periods over 7 days (47.7%) and 49 of the
155 catheters (31.6%) had more than one function.
Twenty-eight catheters were placed in children diag-
nosed with blood coagulation alterations, without any
additional complication.

The majority of catheters (81.9%) were placed in the
operation room and the pediatric intensive care unit.
With respect to anesthesia, the majority of placements
(89.0%) were undertaken under general anesthesia with
OTI.

Table 2 shows the characteristics of venous puncture
undertaken in each procedure.

The sites chosen initially for puncture were the
internal jugular vein, followed by the external jugular
vein, subclavian vein and femoral vein, respectively.
There was no preference of side to access the superior
vena cava; however, the approach to access the inferior
vena cava was the right side, selected in 92% of cases.

All CVC attempts were successful. Of the 155 CVC
attempts, 127 (81.9%) were placed at the site initially

chosen by the surgeon and 114 (73.5%) were inserted
with only one puncture. In the 28 cases (18.1%) in which
the initially chosen site was not successful, another site
for a new puncture and catheter insertion was necessary.
This occurred due to difficulties with the progression of
the wire-guide and/or the catheter in 21, hematoma in 4
and failure to puncture the vein in 3. The external jug-
ular vein was responsible for 52.4% of the site changes
due to the difficulties in progressing with the wire-guide.
In 16 children (13.2%) more than one CVC was neces-
sary during the period of hospitalization.

There were significant differences between the num-
ber of sites used and the weight of children (P=0.01).
The mean weight of children that required more than
one site (10.2±8.8 kg) for successful catheter placement
was lower than for children requiring only a single ve-
nous site for placement (15.4±11.9 kg).

The correct positioning of the catheter tip was
achieved in 144 (92.9%) placements. Conventional
radiography was sufficient (thorax or abdomen X-ray)
to identify the catheter in 137 (88.4%) cases. Iodinated
contrast medium injection through the catheter and
further radiography were necessary for the identification
of the catheter in only 18 (11.6%) of the CVC place-
ments. There was no statistically significant difference
between the frequencies of catheters incorrectly posi-
tioned and the site of puncture (P=0.12).

The mean catheter duration was 16±13 days (range
1–75).

In the majority of cases (146 out of 155; 94.2%) there
were no complications during venous puncture and
catheter placement. In the remaining nine (5.8%) cases,
hematoma and accidental arterial puncture occurred
with no clinical repercussions. There were no cases of
pneumothorax or hemothorax.

Statistical analysis revealed no significant correlation
between the number of complications and the patient

Table 1 Descriptive characteristics of the studied patients (n=155)

Characteristics n Percent

Age group (years)
<2 75 48.4
2–6 52 33.6
7–12 14 9.1
>12 14 9.1
Weight (kg)
<10.0 63 40.6
10.0–20.0 60 38.7
>20.0 32 20.7
Clinical diagnosis
Neoplasms 37 23.9
Congenital malformations 25 16.1
Renal disease 18 11.6
Pulmonary disease 18 11.6
Sepsis 14 9.0
Acute abdomen 11 7.1
Hepatic disease 9 5.8
Malabsorption syndromes 8 5.2
Miscellaneous 15 9.7
Reason for CVC placement
Antibiotic therapy 74 47.7
Monitoring 23 14.8
Parenteral nutrition 21 13.5
Chemotherapy 13 8.4
Difficult venous access 12 7.8
Surgery 11 7.1
Blood transfusion 1 0.7
Blood coagulation disorders
Present 28 18.1
Absent 127 81.9
Hospital unit location
Operating rooms 82 52.9
Intensive care unit 45 29.0
Patients room 17 11.0
Neonatal intensive care unit 6 3.9
Emergency medical service 5 3.2
Anesthesia
General with OTI 85 54.8
General without OTI 53 34.2
Local 17 11.0

OTI orotracheal intubation

Table 2 Descriptive characteristics of puncture and CVC place-
ment (n=155)

Characteristic n Percent

Number of CVCs/child
One 139 89.7
Two 9 5.8
Three 5 3.2
Four 2 1.3
Number of punctures/CVC
1 114 73.5
2 23 14.8
3 10 6.5
>3 8 5.2
Number of sites punctured/CVC
1 127 81.9
2 28 18.1
Veins used for puncture (vein)
Internal jugular 59 38.1
External jugular 40 25.8
Subclavian 31 20.0
Femoral 25 16.1
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age group (P=0.08) or sex (male vs. female). We found
no difference in the incidence of complications by cath-
eter type or primary disease.

Catheter no longer required (55%) was the main
indication for removal. Among the removed catheters,
33 were due to mechanical problems and 18 due to
suspected catheter-related infection. The majority
(78.7%) did not present any mechanical problem.
Accidental loss (21/33) and obstruction (10/33) of the
catheter were the main reasons for interruption of
catheterization (Table 3). Catheter-related sepsis rate
was 1.3%. In these cases, Staphylococcus aureus and
Klebsiela pneumoniae were isolated from the peripheral
blood and catheter tip cultures.

Discussion

The availability of CVC percutaneously has significantly
improved the care of pediatric patients. The pediatric
catheterization is technically more difficult and associated
with more complications than in adult patients [9, 10].

This study is unique in which four different
sites—internal jugular, external jugular, subclavian and
femoral veins—were evaluated. There are larger case
series but they are retrospective, including long-term
catheters [1, 2].

The overall success rate found in the present study
(100%) corroborates other published studies (59–100%),
which characterize the pediatric application of the Sel-
dinger technique as safe and with low morbidity (5.8%)
[11–20]. The profile of this case series does not differ from
other studies [1, 16, 18, 21]. The mean age of 4 years is
similar to the majority of reports in the literature. Al-
though age and weight were reported previously as fac-
tors associated with lower rates of success by some
authors [7, 13, 17, 19, 20], these factors did not influence
our global success rate. However, we observed that in
children with a lower body weight a change of puncture
site for CVC was statistically significant (P<0.05).

The majority of the procedures were undertaken with
general anesthesia, in the operating room, which prob-
ably contributed to the good results obtained, as advo-
cated in some publications [13, 22]. Our study supports

the idea that children present no increased risk when the
procedure is performed under controlled conditions.

In this series, the internal jugular vein was preferably
used for the primary puncture. However, individual
anatomical aspects must be taken into account, as well
as pre-operative laboratories exams, the clinical condi-
tion of the patient and the physician’s experience. In
cases with blood coagulation disorders, the external
jugular vein and femoral vein are excellent alternatives,
due to the low risk of complications originating from the
arterial puncture and bleeding.

The low success rate of the external jugular vein for
CVC is due to its tortuous path and the presence of
valves, which can prevent the progress of the guide-wire
into the thorax. However, during this study, we showed
that placing the guide-wire in a central position is not
essential for the success of catheterization. In the present
study, even without the prior introduction of the guide-
wire into the thorax, the flexibility of the catheter al-
lowed its progression within the vein until the junction
of the superior vena cava with the right atrium. A suc-
cess rate of 72.5% was obtained in CVC by the external
jugular vein, the largest one described in children in the
literature. We attribute this success to this small modi-
fication of the Seldinger technique for insertion of the
catheter.

Several studies have examined the morbidity and
mortality associated with central venous catheterization
in children, reporting complication rates of 0.7–23%
[13–27]. Themost common complications, such as arterial
puncture, hematoma and pneumothorax, varied accord-
ing to the puncture site [1, 24]. In this study, the incidence
of immediate complications was 5.8%, all considered
minor, and did not require any surgical intervention. The
use of ultrasound (US) guidance has been promoted as a
method for reducing the risk of complications during
central venous catheterization. In hospitals where ultra-
sound equipment is available and physicians have ade-
quate training, the use ofUS guidance should be routinely
considered for cases in which internal jugular venous
catheterization will be attempted [7, 8].

In an analysis of complications during CVC, we agree
that the physician’s experience is an important factor,
although controversy exists in this respect. While some
authors consider it of crucial importance [13, 16, 21, 25],
others have demonstrated no association [1, 7]. The
association between the need for another site of CVC
placement and the incidence of complications as de-
scribed by some authors [1, 18] was not observed in our
study.

Radiographical confirmation of successful catheter
placement is regarded as fundamental by several au-
thors. Catheter misplacements were also associated with
a significant increase in complications [12–14, 16, 20, 21].
Intraoperative fluoroscopy during CVC placement pro-
vides the benefit of placement verification with imme-
diate repositioning possible. Once placement is
confirmed with fluoroscopy, the routine postprocedure
chest X-ray appears to be unnecessary [26].

Table 3 Distribution of complications from CVC placement
(n=155)

Complications n Percent

During puncture
Hematoma 6 3.9
Arterial puncture 3 1.9
During the permanence of the catheter
Accidental loss 21 13.6
Suspicion of infection 18 11.6
Obstruction 10 6.5
Breakage of catheter 1 0.6
Subcutaneous infiltration 1 0.6
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There are few publications that investigate the long-
term complications of CVC [13, 15, 21]. In our case
series, 32.9% of catheters, while in situ, developed a
problem (mechanical or infectious). Accidental loss was
the main mechanical complication (21/33) which directs
our attention to the fundamental question related to
CVC, which is the importance of a trained team—doc-
tors and nurses—for successful handling and care during
and after catheterization. Almost all mechanical com-
plications can be prevented or minimized.

The incidence of catheter-related sepsis in large
pediatric series varies from 1.4 to 5.8% [2, 5]. A careful
assessment of suspected catheter-related infection is
important since this was responsible for the removal of
11.6% of catheters in our case series, while in only 2
(1.3%) of these cases catheter-related sepsis was con-
firmed by cultures. Such studies may be helpful in
identifying a specific patient population at high risk for
catheter-related infection.

The incidence of thrombotic complications during
CVC placement will be the subject of another study in
our institution. Some authors have reported that
thrombosis related to CVC placement is often undiag-
nosed since it is asymptomatic in the majority of children.
Probably larger case series will be able to identify factors
related to the success of CVC placement and complica-
tions in children, according to each puncture site.

In summary, we found central venous catheterization
in children to be a relatively safe procedure, with a 5.8%
associated morbidity and no mortality in this series. Our
overall primary success rate was 81.9% but may be
improved by the use of US guidance.

In our institution, the pediatric venous dissection
(flebotomies) is a procedure increasingly less used. The
recent acquisition and subsequent availability of these
venous catheters inserted by Seldinger technique show
our commitment to improve the quality of our pediatric
care, despite the difficulties common to a developing
country, such as Brazil.
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