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A B S T R A C T

Displacement of peripherally inserted central catheter (PICC) lines during contrast-

enhanced computed tomography examinations is an underappreciated phenomenon. We

report a case of iatrogenic PICC line displacement following the power injection of con-

trast during a computed tomography pulmonary angiogram. During the study, the PICC line

was shown to move on 2 occasions, resulting in 2 nondiagnostic studies. We review the avail-

able literature on the topic and suggest possible strategies to avoid this phenomenon.

Radiologists should be aware of PICC line migration, and it should become common prac-

tice to review the catheter tip position after computed tomography examinations.

© 2017 the Authors. Published by Elsevier Inc. under copyright license from the University

of Washington. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Case

A 50-year-old man with 35% total body burns had a right-sided
peripherally inserted central catheter (PICC) inserted under fluo-
roscopic guidance for prolonged intravenous antibiotic therapy.
The line was an open-ended, double-lumen 5-French power-
injectable PICC (PowerPICC; Bard Access Systems, Salt Lake City,
UT) [1]. Four weeks into admission, the patient developed a per-
sistent tachycardia, and a computed tomography pulmonary
angiogram (CTPA) was requested to exclude a pulmonary em-
bolism. The initial scout radiograph from the computed
tomography (CT) confirmed the PICC line was appropriately po-
sitioned within the superior vena cava, at the atriocaval junction
(Fig. 1A). After a small test bolus, the CTPA was performed with
90 mL of warmed iodinated contrast infused at a rate of 5 mL/
s. The radiographer observed that there was poor contrast

opacification of the pulmonary vasculature.The radiologist noted
that the tip of the PICC line had moved, and a repeat scout image
showed the PICC was now looped within the right internal jugular
vein, with the tip still facing down into the superior vena cava
(Fig. 1B). A second CTPA was attempted, this time at a lower flow
rate of 4 mL/s. There was again a suboptimal enhancement of
the pulmonary arterial tree, and a subsequent scout image dem-
onstrated a further displacement of the PICC catheter tip, which
was now facing up into the right internal jugular vein (Fig. 1C).
The study was declared as nondiagnostic, and the patient was
transferred for a ventilation-perfusion scan where a pulmo-
nary embolus was excluded. The patient went on to have the
right-sided PICC line removed, and a new line was placed via a
left-sided approach. A review of the patient’s imaging revealed
no congenital or acquired anatomic abnormalities of the central
veins, and the patient did not have a history of cardiac disease
to suggest an impaired cardiac function.
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Discussion

Central venous access via a PICC line is widely used in set-
tings where patients have difficult peripheral venous access
and require long-term intravenous therapy. The ideal cathe-
ter position has been debated in the literature, but it is generally
accepted that, in most clinical settings, the tip should lie within
the superior vena cava, adjacent to the atriocaval junction [2].
Displaced catheter tips pose a clinical problem as they are as-
sociated with potentially serious complications such as central
venous thrombosis [3], vessel wall erosion [4], and rarely, fatal
cardiac tamponade [5]. In a retrospective review of over 3000
oncology patients, the most common site of PICC line mis-
placement was the internal jugular vein followed by the axillary
vein [6]. Migration has been associated with increases in in-
trathoracic pressures when patients cough or vomit [7], and
has also been described with abduction and adduction of the
upper limbs [8]. Since the approval of the use of power-
injectable PICC lines by the US Food and Drug Administration,
there is now a growing recognition of iatrogenic PICC line dis-
placement, with increasing reports in the literature of migrating
PICC lines following a power injection of contrast media for
imaging studies. Two retrospective studies have estimated the
rate to be between 8.2% and 15.4% [9,10].

The mechanism behind this is thought to obey Newton’s third
law of motion, that every action has an equal and opposite re-
action. It is proposed that increased torque from contrast
extrusion results in a propulsion of the catheter tip along the
vessel wall. Once the stored kinetic energy in a bent catheter is
released, the tip travels in the direction of least resistance, which
may be upstream and into another vein [11].Therefore, decreas-
ing the flow rate at the catheter tip should theoretically reduce
the chance of catheter migration. The Poiseuille law dictates
that the flow rate through a tubular structure is directly affect-
ed by the length and the diameter of the catheter, as well as
the medium viscosity and the injection rate [12]. Contrast vis-
cosity is inversely proportional to the temperature, and hence
warmer media may offer less resistance through the catheter.

Despite this, in a series of 20 PICC line displacements following
contrast-enhanced CT scans, there was no correlation with the
catheter gauge, the number of lumens, the rate of injection
(average 4 mL/s), and the risk of displacement [10]. Although in
the laboratory the flow rate and the temperature may appear to
have a demonstrable effect, in our case, even after using warmed
contrast and a reduced flow rate, the catheter tip still mi-
grated. Furthermore, for imaging studies such as a CTPA, study
sensitivity is heavily dependent on good arterial opacification,
which requires higher flow rates of 4-5 mL/s [13].

The design of the catheter tip is likely to have an effect on
catheter migration rates, but the available literature in this area
is sparse. Catheter tips are generally either open-ended, or close-
ended with side holes. In our case, the PowerPICC (Bard Access
Systems) had a valveless, distally trimmable, open-ended tip
design with no side holes. We suspect that power injection with
contrast extrusion through side holes at an angle of inci-
dence of 90° between the catheter tip and the vessel wall may
affect the propulsion of the catheter; however, we could not
identify any prospective clinical studies directly comparing dis-
placement risk in power-injectable PICC lines with different
tip designs. In a large series of 392 PICC line insertions, there
were 5 catheter displacements in patients with an open-
ended Vaxcel PICC (Navilyst Medical, Marlborough, MA) as
compared to 6 displacements in those with a close-ended
Groshong PICC (Bard Access Systems) (P = .769); however, these
catheters were used almost exclusively for antibiotics or che-
motherapy, rather than for contrast-enhanced CT scans [14].

Lozano and colleagues found that among 12 patients with mis-
placed PICCs, the initial catheter tip position relative to the
tracheobronchial angle was significantly associated with an in-
creased risk of post–power-contrast displacement (62.5% became
displaced if proximal to the tracheobronchial angle compared
with 10.14% if distal to the tracheobronchial angle, P < .006) [9].
Other authors have also suggested that a left-sided catheter may
result in a higher risk of upward catheter tip migration due to
the increased maximum lateral velocity at the catheter tip once
it has navigated the longer and flatter left brachiocephalic vein
[15]. Despite this, our case and others have described the

Fig. 1 – Scout images taken during a CTPA study demonstrating (A) the appropriate positioning of the PICC line before study
commencement, inferior to the tracheobronchial angle (arrowhead at the distal catheter tip), (B) the subsequent looping of
the PICC line in the right internal jugular vein following an initial power-contrast injection at 5 mL/s (arrowhead at the
distal catheter tip), and (C) the complete displacement of the catheter tip into the right internal jugular vein after a second
study attempt at 4 mL/s (arrowhead at the distal catheter tip), resulting in 2 nondiagnostic studies.
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phenomenon occurring in patients with right-sided PICC access
[16]. Finally, variations in the diameter of the superior vena cava
or of the central venous anatomy are common and are likely to
affect the risk of PICC line migration [17].

Given the available evidence, alternative intravenous access
could be considered in cases where the initial scout image dem-
onstrates the catheter tip to be above the tracheobronchial
angle. For radiologists evaluating the postcontrast scans, we
would advocate routine assessment of the catheter tip loca-
tion, particularly in cases of suboptimal contrast enhancement.
From our experience with CTPAs, suboptimal enhancement is
often attributed to patient size, respiratory motion, or inade-
quate timing; however, transient catheter displacement during
the study may be an under-recognized cause of a poor-
quality examination as the catheter tip may migrate back to
its original position immediately following contrast injection.

Conclusion

The use of PICC lines for the injection of contrast media for
imaging studies is a very useful technique that saves time and
prevents unnecessary cannulation of patients. However, the lit-
erature suggests that this carries the risk of causing catheter
migration in up to 15% of cases. Careful identification of line
migration will not only lead to improved patient outcomes but
also help identify the cause of a poor-quality study.
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