e
%)
L]
Q)
=
<C
Z
<
2
S
%)
L]
am
'—
%)
1]
Z
<

== EDITORIAL

Central Venous Catheter-Induced Cardiac
Tamponade: A Preventable Complication

Micha Y. Shamir, MD,*t and Leone J. Bruce, MD¥

he insertion of central venous catheters (CVC) is a
common invasive procedure used for fluids or drug
administration, hemodynamic monitoring, venous

gas aspiration and hemodialysis. Correct initial positioning
of the tip of the CVC may prevent early complications as
well as those arising late. In the current issue of the Journal,
Kim et al.' describe a method of estimating the correct
initial CVC insertion depth to prevent fatal complications.
Complications associated with CVC are numerous and can

be roughly classified as early (<24 hours after insertion) or
late (>24 hours after insertion).” Early complications are
usually of mechanical nature and are more likely to be fatal
than are the late ones. Cardiac tamponade is a rare mechanical
complication carrying 65%-100% mortality rate, by far a
worse prognosis than that from extravasation in any other
site.> It is caused by fluid accumulation in the pericardial
cavity after cardiac or vena cava perforation. As an early
complication, tamponade is caused by direct puncture of the
wall by guidewires, dilators, or catheters. Even though perfo-
ration may occur during insertion, it may not become mani-
fest for several minutes to hours later, depending on the rate
of fluid accumulation in the pericardial cavity. Late perfora-
tion, on the other hand, is usually the result of the catheter
eroding the wall, thus causing tissue necrosis and subsequent
perforation.> The most frequent sites of perforation are the
superior vena cava and right atrium or ventricle, even though
other locations have been documented.” This devastating
complication can be easily prevented by positioning CVC tips
outside the pericardial reflection, thus preventing fluid ex-
travasation into the pericardial cavity. Current U.S. Food and
Drug Administration recommendations are that the CVC be
placed such that it lies in the vessel outside the pericardium.*
Chest radiography (CXR) is by far the most important
test to verify that the CVC is properly placed outside the
pericardial reflection. When examining the radiograph,
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most practitioners look for already-existing pathologies
such as pneumothorax and hemothorax, and for right
ventricular catheter position. However, the CXR can offer
additional information that may prevent future injuries.
The visceral pericardium extends over the great vessels as
far as 3 cm.® Therefore, to prevent cardiac tamponade, the
CVC tip should be situated 2 to 3 cm above the cava-atrial
junction.” Rutherford et al. showed that the most reliable
radiographic landmark is the right tracheobronchial angle.
This angle is created as the right main bronchus bifurcates
from the trachea. In a magnetic resonance imaging study,
Aslamy et al.” demonstrated that the right tracheobronchial
angle was always at least 2.9 cm above the cava-atrial
junction; thus, it is the best and most consistent radio-
graphic landmark for proper CVC tip position. Another
clue is the “curved-tip sign,” which appears when the
catheter tip is embedded intramurally in the vena cava
wall. In two thirds of patients suffering cardiac tamponade,
the curved-tip sign was noticed significantly earlier than
were other clinical or radiological signs.® Thus, the CXR can
provide valuable insight into the position and orientation
of the CVC.

Every medical service routinely performs CXR immedi-
ately after CVC insertion and before any clinical use. This is
not the common practice in anesthesiology in which CXR is
obtained postoperatively. A reliable way to predict the
correct insertion depth—to reduce tamponade risk and
prevent unnecessary adjustments—is therefore warranted.
The average distance to the cava-atrial junction from the
right internal jugular (RI]) insertion site is 18 cm’ and
the pericardium extends 2 to 3 cm above.'” Therefore the
maximal allowable depth of an RI] CVC should never be
>15 cm for a patient of average height.'" The “proper”
insertion depth, at the very least, depends on the size of the
patient (pediatric versus adult, short versus tall adult).
Determination of a reasonable first guess at appropriate
depth has been based on patient height, known as the Peres
formula' or topographic external landmarks such as
manubrium-to-thyroid notch distance.'® However, these ap-
proximations all suffer from the tyranny of the average.
What is important is an awareness of the range of depths,
and where the tip actually is in a specific patient. In the
current study by Kim et al.,' this point is very well
illustrated, for which the depth of insertion varied in an SD
(standard deviation) magnitude of 1 to 2 cm. This means
that 90% of the population is expected to have up to 4 cm
variability (2 SD).
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Central Venous Catheter Insertion Depth

Multiorifice CVCs are used for venous gas aspiration (in
case of gas embolism) and as dialysis access ports. These
are the only 2 indications for which a CVC tip may be
positioned in the right atrium. For gas aspiration, during
procedures in which venous gas embolism is possible, only
multiorifice catheters should be inserted. The single lumen
CVC design, as well as its recommended tip location,
renders it ineffective for gas aspiration and therefore
should not be used for this indication."'*

Many methods have been used to verify correct initial
positioning of the CVC tip once it was inserted, yet none is
failsafe. Free blood return from every port must be checked to
confirm that the distal port is intravascular, even though
intrapleural positioning might be missed in the case of ipsi-
lateral hemothorax.'®> Manometry demonstrating respiratory
fluctuations helps to exclude arterial cannulation, yet it cannot
exclude pleural placement.'® Insertion of a guidewire into the
heart to provoke arrhythmias (thus identifying the proximity
of the catheter to the right ventricle) can be dangerous,
because this maneuver might itself cause perforation.'®

In the current issue of the Journal, Kim et al." are proposing
another way to assure the correct initial insertion depth of a
CVC tip on the basis of external measurements, i.e., patient-
specific criteria. The evidence presented refutes a common
practice that one depth is suitable for the entire popula-
tion."""” In fact, in the specific population that Kim et al.
studied, the average depth of a CVC was 12 cm for the RIJ
approach, in contrast to the 16.5 cm depth suggested else-
where for all patients.''” This finding might appear too
shallow for the general population, yet the average height of
the population in the study was 160 cm, further strengthening
this point. Adopting the average depth cited byKim et al. as a
guideline might provide a wider margin of safety because it
was measured in a shorter stature population.

In a series of 25 reported CVC-induced cardiac tampon-
ade complications by Collier et al., 20 patients died, 3
patients survived in a persistent vegetative state, and only
2 survived without neurological sequelae.'® Although oc-
currence of cardiac tamponade may not be associated with
obvious perforation or early cardiovascular compromise,
improper positioning of the CVC within the pericardial
region of the great vessels may ultimately result in perfo-
ration and tamponade hours after the insertion. Although
Kim et al." have rightly suggested that utilizing landmarks
and measuring the correct depth for CVC insertion results
in more accurate positioning, the amount of error inherent
in this approximation is enough to warrant additional
means of determining CVC positioning. With the specter of
early and late cardiac tamponade looming over CVC inser-
tion, it behooves us to use multiple modalities to accurately
determine CVC positioning and to consider CXR as the
“gold standard,” an absolutely essential test immediately
following CVC placement. Thus it is our recommendation
to use all available modalities for prevention of harm:

1. Do not insert CVC unless clinically indicated.

2. Determine patient-specific, desired CVC tip depth by
any external technique (such as manubrium-to-
thyroid notch distance).

3. Do not advance RIJ] CVC deeper than 15 cm.
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4. Use manometry to exclude inadvertent arterial
cannulation.

5. Ensure free blood return from all CVC ports.

6. Obtain CXR as soon as possible to determine the
exact position of the CVC tip, in addition to ruling
out pneumothorax or hemothorax.

7. Monitor central venous waveform to diagnose the
disappearance of the waveform in a case of vessel
perforation.

8. Instruct residents and intensive care unit nurses on
the importance of normal central venous pressure
waveform disappearance.

9. Whenever assuming care of a patient with a preexisting
CVC, reconfirm positioning and functionality by means
suggested in recommendations 5 to 7 above, and correct
tip positioning if necessary. (Additional CXR should be
obtained only if in the previous study the tip was not
positioned correctly.) 5§
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