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SUMMARY

In critically ill pediatric patients, central venous access may serve many objectives including the administration of life-
saving medications, a secure source of vascular access, and a site for monitoring central venous pressure and obtaining
intermittent blood samples. As with any invasive procedure, the risk-benefit ratio must be considered. Although a CVC
may be used to provide life-saving therapies, complications and adverse effects may occur. These complications may
occur during catheter placement or with its subsequent use. The two factors that have provided the most dramatic
impact in decreasing complications include the use of ultrasound for CVC placement and the placement checklist
recommended by Dr. Pronovost. Ultrasound has been shown to increase the success rate and decrease the complication
rate by helping the clinical avoid inadvertent carotid puncture and excessive depth of needle insertion which may result
in pneumothorax. With ongoing use in the ICU setting, a daily reassessment of the need for central venous access should
be included into the rounding checklist so that consideration regarding removal of the line is discussed on a daily basis.
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INTRODUCTION

Although the first public display of the delivery of general
anesthesia in the ether dome in Boston, Massachusetts
was successful with no reported morbidity, this sentinel
case was followed within 2 years by the first reported
case of a death related to anesthesia in a child. Despite
improvements in preoperative preparation, petrioperative
care, monitoring, and pharmacology, morbidity and
mortality may stll occur during anesthetic care.* The
incidence of such problems is increased in younger
pediatric patients (neonates and infants), in the presence
of co-morbid diseases, in higher American Society of
Anesthesiologists (ASA) status, and by a lack of experience
or training of the anesthesia provider.”® Data from the
‘Australian Incident Monitoring Study’ suggested that
approximately half of intraoperative cardiac arrests were
anesthesia-related. Of these events, more than half had a
preventable factor that could be identified by the use of
intraoperative monitoting technologies.®

One factor that may be instrumental in the early
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identification, prevention, and treatment of adverse events
is the presence of central venous access. A central venous
catheter (CVC) may be used during the perioperative
period to provide access for the rapid delivery of
resuscitation medications, for the administration of
postoperative parenteral nutrition, for fluid administration
to treat intravascular volume depletion, for monitoring
of hemodynamic status or for long term venous access
following complex surgical procedures. Despite its utility
in various clinical scenarios, attaining central venous access
is rarely if ever indicated in the emergency situation.
When rapid vascular access is required for resuscitation,
if peripheral venous access cannot be achieved within 60
seconds, intraosseous access should be obtained.””

Although anesthesiologists are frequently called upon to
obtain central venous access during the perioperative period
or in the ICU setting, familiarity with these techniques
may be decreasing given the increased use of peripherally
inserted central (PIC) catheters and the emerging trend of
placement of invasive vascular devices by Interventional
Radiologists. The following editorial reviews some of the
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central lines and complications

more common complications associated with placement
and subsequent use of a CVC. Preventive strategies
are reviewed and treatment options for complications
presented.

Complications associated with catheter placement:

Complications related to CVCs can broadly be grouped into
those which may occur during placement and those which
occur during subsequent use (Table 1). The incidence of
these complications will vary based on the experience of
the practitioner, the size of the patient (adult vs. pediatric
vs. neonate), the site of cannulation (internal jugular,
subclavian, femoral), use of ultrasound, and the duration
that the CVC is in place. Given the myriad of factors that
impact the complication rate, it is generally not feasible to
come up with a specific incidence regarding complications
such as a pneumothorax or vascular injury, but rather
make broad statements from the available evidence-based
medicine.

Some of the complications associated with catheter

Table 1: Complications of central venous access™®

Immediate — associated with placement

o procedure failure

*  bleeding and hematoma formation

o arterial puncture

*  arterial cannulation

* arrhythmia

* thoracic duct injury

*  catheter malposition

o  pneumothorax or hemothorax

*  myocardial or great vessel perforation with tampon-
ade

* wire loss or embolization

Delayed — associated with subsequent catheter use
* infection

*  venous thrombosis

»  catheter migration

*  embolization of air or particulate matter

»  catheter occlusion and malfunction

placement are site specific. Obviously pneumothorax
is only a concern with internal jugular or subclavian
approaches and cannot occur with the femoral approach.
Although vascular injury and perforation may occur with
any site of placement given the proximity of the venous
and arterial structures, direct pressure is generally more
feasible with the femoral versus the internal jugular or
subclavian approaches thereby limiting the morbidity of
such issues if the femoral route is used.

In pediatric practice, especially neonates and infants, the

size of the CVC that is placed is smaller than those used
in adult practice (4F versus 7-8F). The 4F, double lumen
kit generally has a 22G needle and a 0.018” wire. For
the internal jugular (IJ) approach, in older patients and
certainly in adults, it may be beneficial to use a 22G, finder
needle to demonstrate the location of the vein, prior to
insertion of the larger needle (16-18G) which is used to
pass the larger wire necessary for vessel cannulation. The
finder needle and syringe can be used to identify the vessel
and then the larger needle and syringe inserted directly on
top of and parallel with the other needle and syringe. This
practice may help prevent inadvertent arterial puncture
especially if ultrasound is not used. Others may prefer to
use a standard peripheral intravenous cannula to identify
the vein and then slide the cannula off the needle and into
the vein. The wire is then passed through the cannula.

After wire placement and prior to placement of the dilator
and larger cannula, the correct location of the wire within
the venous system should be confirmed. This can be done
using ultrasound (see below) or by placement of a small,
single lumen cannula (22 or 20G) over the wire. The small
cannula can then be transduced or connected to a fluid
column to demonstrate that it is within the venous system.
If none of these modalities are available, a blood gas sample
can be obtained from the catheter. Although the risks
of serious sequelae are limited with a single inadvertent
carotid puncture with a needle, these complications can
be significantly more severe in patients with coagulation
disturbances or thrombocytopenia. As such, these steps or
the use of ultrasound is suggested to avoid complications,
especially in high risk patients.

Ultrasound has rapidly gained acceptance and is now
considered in many countries to be the standard of care
for CVC placement. It may be particularly beneficial in
smaller pediatric patients e.g. neonates and infants, because
of the smaller caliber of the vessels and perhaps a greater
likelihood of non-optimal anatomy (carotid artery and
internal jugular vein overlapping). The problems posed by
these anatomical variations are highlighted by the fact that
the incidence of complications increases with the number
of needle punctures and attempts.'*'? Without ultrasound,
the site of CVC is identified using surface landmarks or
the pulsation of the carotid artery."*'* The use of sutface
landmarks is complicated by the variation in position of
the deep vascular structures in relation to these surface
landmarks.'>'¢ It has been suggested that there should
be at least one systematic ultrasound screening before
CVC access is attempted. Our current clinical practice is
to use real time ultrasound to watch the displacement of
the tissues as the needle is advanced from the skin into
the lumen of the IJ. Evidence-based literature from the
pediatric population has demonstrated a higher success
rate, shorter procedure time, fewer attempts, and a
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Figure 1: Longitudinal ultrasound image of the neck, showing the
guide wire (arrow) within the lumen of the internal jugular vein.
The anterior and posterior vessel walls are also clearly identified
(straight white lines).

decreased risk of carotid puncture when using ultrasound
versus surface landmarks for CVC placement in the IJ.'""
Similar results have been noted for CVC placement via the

femoral or subclavian routes.?’?

Ultrasound allows for visualization of the anatomical
relationship of the vessels, identification of the needle
entry into the internal jugular vein, and when placed in
the longitudinal view, can also be used to identify the wire
within the vessel prior to cannula placement (Figure 1).
The latter should be performed prior to dilator placement
to ensure that the wire is within the vein thereby avoiding
potential damage to the carotid artery.

Many of the potential complications listed in Table 1 can
be prevented or significantly decreased with ultrasound.
However, others such as the occurrence of arrhythmias,
wire embolization, and cardiac tamponade require
additional vigilance to prevent. Once the vessel is cannulated
and the wire placed, the dilator is gently advanced over
the wire using a twisting motion while inserting. The
wires used in pediatric patients are significantly smaller in
diameter (0.018" versus 0.0358) than those used in adults
and as such may more easily be kinked or a false passage
made as the dilator is advanced. The dilator should not be
advanced any deeper than the needle had been (generally
1-2 centimeters from the skin), to avoid the potential for
damage to the great vessels or the heart. With longer
dilators, perforation of the atrium is possible if the dilator
is advanced too deeply. In general, the IJ is no more than

1-2 ¢cm deep to the skin in a pediatric patient.

The operator should always have control of the wire above
and below the dilator or CVC at all times. As the guide wires
are generally 2.5-3 times the length of the catheter, excessive
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lengths should not be advanced through the needle as it
may irritate the atrium or ventricle leading to arrhythmias.
Constant observation of the electrocardiogram is suggested
during wire advancement. Arrhythmias are generally easily
treated by gentle withdrawal of the wire.

Free aspiration of airinto the syringe may herald inadvertent
pleural puncture and pneumothorax. However, it is more
commonly seen when the syringe is not fixed firmly in the
needle hub allowing for the entrainment of air. Suspected
pleural puncture mandates close observation of the patient’s
clinical condition as a progressive tension pneumothorax
may result during positive pressure ventilation leading to
hemodynamic compromise and the needle for prompt
therapy. If hemodynamic compromise is noted and
breath sounds are absent, immediate treatment by needle
thoracostomy is indicated, even prior to obtaining a chest
radiograph. The risk of pleural puncture can be limited by
the use of ultrasound and assurance that the needle is not
advanced too deeply into the neck. As lung volumes are
high during positive pressure ventilation, it has also been
suggested that the risk of pneumothorax can be lessened
by needle advancement at the end exhalation. In all cases,
a chest radiograph should be obtained following CVC
placement.®

Complications associated with subsequent catheter
use:

In addition to immediate complications from CVC
placement, other adverse effects may be seen with their
subsequent use. The most significant, related to both cost,
duration of hospitalization, and patient morbidity, is the
potential for infectious complications. Various factors have
been shown, at least in the adult population, to increase
the risk of infection including site of placement (femoral
or internal jugular placement more than subclavian), use
of the catheter for hemodialysis or parenteral nutrition
(increased further when intralipids are administered),
violations in sterile technique during placement,
percutaneous versus tunneled, and non-use of antibiotic
impregnated catheters.”>” The most significant, modifiable
factor remains strict attention to sterile technique during
placement. A simple yet extremely effective checklist
was developed and its efficacy documented by Dr. Peter

Pronovost from the Johns Hopkins Hospital %

Thrombotic complications may involve the superficial or
deep venous systems. Superficial thrombotic complications
due to peripheral catheters are generally self-limited once
the catheter is removed without long-term implications.
Thrombosis involving the deep veins can lead to pulmonary
embolism. Risk factors for thrombotic complications
related to a CVC include oncologic diseases, inherited
pro-thrombotic states (Factor V Leiden), the presence of
cyanotic congenital disease, administration of hypertonic
solutions, and the use of a large catheter in relationship
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to the size of the vein. When clinical signs of venous
obstruction such as limb swelling present, ultrasonography
is useful to identify a clot and its extent. To date, there
are limited data to help determine the optimal therapy for
such patients, especially in infants and children. Current
recommendations suggest removal of the CVC and
instituting a course of anticoagulation for up to 6-8 weeks.
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