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Cardiopulmonary Imaging * Pictorial Essay

Chest Radiography in the ICU

Chest Radiography in the ICU:
Part 2, Evaluation of Cardiovascular
Lines and Other Devices

OBJECTIVE. In this pictorial essay, we discuss and illustrate normal and aberrant position-
ing of the cardiovascular support and monitoring devices frequently used in critically ill patients,
including central venous catheters, pulmonary artery catheters, left atrial catheters, transvenous
pacemakers, automatic implantable cardioverter defibrillators, intraaortic counterpulsation bal-
loon pump, and ventricular assist devices, as well as their inherent complications.

CONCLUSION. The radiographic evaluation of the support and monitoring devices
used in patients in the ICU is important, because the potentially serious complications arising
from their introduction and use are often not clinically apparent. Familiarity with normal and
abnormal radiographic findings is critical for the detection of these complications.

he American College of Radiolo-

gy recommends daily chest radi-

ography for critically ill patients

who have acute cardiopulmo-
nary disease or are receiving mechanical
ventilation, as well as immediate imaging for
all patients who have undergone placement
of endotracheal tubes, feeding tubes, vascu-
lar catheters, and chest tubes [1]. These rec-
ommendations are made because the malpo-
sitioning of these devices and the serious
complications that may ensue are often not
clinically apparent. Radiographic evaluation
of these devices is important, albeit chal-
lenging, because of the technical limitations
of portable chest radiography and the inabil-
ity of patients to cooperate.

Central Venous Catheters

Central venous catheters (CVCs) are used
in critically ill patients for venous access and
central venous pressure monitoring. They
are usually placed via the subclavian, inter-
nal jugular, or—less frequently—femoral
veins. Small-caliber peripherally inserted
central catheters are usually introduced via
antecubital veins and can remain in place for
up to several months. The CVC tip should be
located in the superior vena cava (SVC), be-
low the anterior first rib on the chest radio-
graph, ideally slightly above the right atrium
[2, 3]. Although the right atrium accurately
reflects central venous pressure, the tip of the

CVC should not be placed in this region be-
cause such placement increases the risks of
arrhythmia, myocardial rupture, and cardiac
tamponade [2, 4]. Similar positioning is de-
sirable for dialysis catheters.

Adequate positioning must be verified ra-
diographically because malposition has been
described in up to 40% of CVCs [3]. Abnor-
mal positioning not only may interfere with
central venous pressure measurement but
also may lead to adverse effects caused by
the infusion of potentially toxic substances
that would be otherwise diluted in the cen-
tral venous system [5, 6]. A misplaced CVC
may have its tip terminating in the right heart
or in central systemic veins, such as the az-
ygos and internal jugular veins [7] (Fig. 1).
A catheter in the azygos vein may appear to
be looped within the SVC at the level of the
junction of the trachea and the right main
bronchus. This abnormal positioning can be
confirmed by a lateral view showing the CVC
coursing posteriorly along the arch of the az-
ygos vein at a level just below the aortic arch
[4] (Fig. 2).

More unusual abnormal positioning in-
cludes placement of the CVC in the internal
mammary, superior intercostal, thymic, left
pericardiophrenic, or inferior thyroid veins
[7] (Figs. 3 and 4). The presence of anatomic
variations, such as a persistent left SVC (Fig.
5), an anomalous pulmonary vein, and atri-
al or ventricular septal defects (Fig. 6) may
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also result in an aberrant course of the cathe-
ter. Inadvertent catheterization of the subcla-
vian artery will present with a pulsatile flow
in the catheter and an abnormal catheter po-
sition on radiograph (Fig. 7).

Pneumothorax is the second most frequent
acute complication of CVC insertion, occur-
ring in up to 5% of all line placements [3].
To monitor for this complication, a chest ra-
diograph should be always obtained after any
successful or unsuccessful attempt at CVC
placement. In the ICU setting, an upright or
contralateral decubitus radiograph may be use-
ful when looking for small pneumothoraces,
which could become larger, particularly in
patients receiving positive pressure ventilation.

Vascular perforation is another life-threat-
ening complication. Radiographic findings
that indicate vascular injury include unusual
trajectory of the catheter, an apical cap due
to extrapleural hematoma, a new pleural ef-
fusion due to hemothorax, and mediastinal
widening due to mediastinal hematoma [2]
(Fig. 8). A gentle curve of the tip of the cath-
eter and position of the tip against the lateral
wall of the SVC are potential signs of im-
pending venous perforation [2, 4, 5]. If the
CVC is extravascular, fluid may accumulate
in the mediastinum or pleural space. Extra-
vascular positioning can be confirmed by in-
jecting a contrast medium through the cath-
eter before imaging (Fig. 9).

Knotting, looping, and kinking of the
catheter may occur. Venous thrombosis is
a complication related to prolonged cathe-
ter placement and may result in pulmonary
embolism. Catheter fragmentation is seen in
approximately 1% of CVC placements (Fig.
10). Fragmentation may result from com-
pression between the first rib and clavicle,
which is designated a “pinch-off syndrome”
(Fig. 11). Migration of a fragmented cathe-
ter may result in arrhythmia, vascular inju-
ry, pulmonary embolism, or rarely death [3].
Minimally invasive endovascular retrieval
techniques can be used to recover intravas-
cular catheter fragments.

Pulmonary Artery Catheters

The pulmonary artery catheter, also called a
Swan-Ganz catheter, is used to monitor circu-
latory hemodynamics in critically ill patients
by measuring pulmonary capillary wedge
pressure. This measurement helps in the dif-
ferentiation of cardiogenic pulmonary edema
from noncardiogenic pulmonary edema.

The catheter is inserted via the subclavi-
an vein or the internal jugular vein. The ide-
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al position of the tip of the catheter is in the
right or left main pulmonary arteries, and
the tip should not extend beyond the prox-
imal interlobar pulmonary artery (within 2
cm of the hilum) [3]. The balloon at the tip
of the catheter should be inflated only when
measurements are being obtained. Occlusion
of a pulmonary artery branch may occur if
the catheter is too distal, if there is persistent
inflation of the balloon, or if a clot is formed
around the distal tip of the catheter; such oc-
clusion can result in pulmonary infarction. A
chest radiograph may reveal the infarction
as a wedge-shaped pleural-based pulmonary
opacity [4] (Fig. 12).

The previously described complications re-
lated to CVC insertion, such as catheter mis-
placement, looping, coiling, knotting, pneumo-
thorax, and vascular injury, also may occur as
a result of pulmonary artery catheter place-
ment. Uncontained pulmonary artery rupture,
pulmonary artery dissection, and pseudoaneu-
rysm formation are rare but potentially fatal
complications (Fig. 13). The latter may pres-
ent as a new pulmonary nodule even months
after the removal of the catheter [8]. Balloon
rupture and development of a fistula between
the pulmonary artery and bronchial tree are
other rare complications.

Left Atrial Catheter

Left atrial catheters are used to monitor
left atrial pressure, obtain blood samples,
and administer drugs. The catheter is usual-
ly inserted into the right superior pulmonary
vein near the junction with the left atrium
during cardiac surgery. It typically appears
on a radiograph as a thin curvilinear line
within the left atrium [9] (Fig. 14).

A left atrial catheter may impinge on a
prosthetic valve, causing dysfunction, or slip
into the pericardium, with risk for tampon-
ade when solutions are infused [9]. There
is risk for bleeding and cardiac tampon-
ade when the left atrial catheter is removed.
Catheter fragmentation or retention are other
potential complications [10]. A fragmented
catheter may embolize or become infected.

Pacemakers

Temporary and permanent cardiac pace-
makers are used to treat a variety of conduc-
tion abnormalities. Transvenous pacing is
the preferable method for temporary pacing
in the ICU, usually placed via internal jugu-
lar or subclavian veins (Fig. 15). Temporary
pacing can also be performed via epicardial,
transthoracic, transesophageal, or transcuta-

neous pacemakers. Permanent pacemakers
are composed of a pulse generator (battery
pack and control unit), which is implanted in
the anterior chest wall, and lead wires with
electrodes for contact with the endocardium
or myocardium. They range from single-lead
pacemakers to complex devices with multi-
ple atrial and ventricular leads [11]. Biven-
tricular pacing or cardiac resynchronization
therapy can be used to treat severe congestive
heart failure. In such cases, in addition to the
typical pacing electrodes in the right atrium
and right ventricular apex, left ventricular
pacing electrode is introduced through the
coronary sinus and placed into a left ventric-
ular cardiac vein to stimulate the left ventric-
ular myocardium. Alternatively, a left epi-
cardial lead may be used [11] (Fig. 16). An
additional benefit can be obtained when an
automatic implantable cardioverter-defibril-
lator (AICD) is combined with the pacemak-
er, given the risk of ventricular tachycardia
or ventricular fibrillation in these patients.
AICD devices may have a single high-volt-
age shock coil within the right ventricle or
may have an additional coil in the SVC or
brachiocephalic vein. These coils can be po-
sitioned either within a single wire or in two
separate wires [3] (Fig. 17). External pace-
maker-defibrillators are also frequently used
in the ICU.

Pneumothorax and vascular injury may
occur during the transvenous insertion of the
electrodes. Myocardial perforation is uncom-
mon and usually occurs in the right ventricle.
It should be recognized when an electrode tip
is seen projecting beyond the cardiac border
[3] (Fig. 18). It is usually not clinically signif-
icant, but it may result in pericardial effusion
and cardiac tamponade (Fig. 19).

The incidence of lead fractures in pace-
makers has decreased with technologic im-
provement of these devices and is estimated
to be about 1-4% [12, 13]. Lead fractures
most commonly occur at the venous access
site, as a result of compression of the lead be-
tween the clavicle and the first rib, near the
tip of the lead or near the battery-control pack
[13] (Fig. 20). They may result from manipu-
lation of the implanted pulse generator by the
patient, leading to rotation of the generator
in its pocket, which causes lead traction and
dislodgement (twiddler syndrome) [14].

Circulatory Assist Devices

Intraaortic Counterpulsation Balloon Pump
The intraaortic counterpulsation balloon

pump (IABP) is a mechanical device used

573



Downloaded from www.ajronline.org by 67.181.201.224 on 05/06/19 from | P address 67.181.201.224. Copyright ARRS. For personal use only; al rights reserved

to support patients in cardiogenic shock. It
consists of a catheter surrounded by an inflat-
able balloon approximately 25 cm long, with
a small cylindric radiopaque marker at the
catheter’s distal tip. The IABP is introduced
via the femoral artery and advanced until its
tip (the radiopaque marker) is in the descend-
ing thoracic aorta 2 cm distal to the origin of
the left subclavian artery (just caudal to the
aortic arch) [11, 15]. The balloon is inflated
during diastole to increase coronary artery
perfusion and is deflated during systole to de-
crease the left ventricular afterload. A chest
radiograph will show a long tubular radiolu-
cent structure in the aorta if the balloon is in-
flated at the moment the image is acquired
(Fig. 21). This should not be mistaken for an
abnormal air collection in the mediastinum.

Complications occur in 8-36% of IABP
placements and are mostly vascular [16, 17].
Overadvancement of the catheter may cause
occlusion of the left common carotid or left
vertebral arteries, resulting in cerebral ischem-
ia, or obstruction of the left subclavian artery,
causing left arm ischemia (Fig. 22). If the lo-
cation of the catheter is too distal, the renal or
mesenteric arteries may became occluded; in
addition, the device will be less effective [4,
15, 16] (Fig. 23). Another possible complica-
tion is the development of aortic dissection,
reported in 1-4% of IABP catheter insertions,
which should be suspected if the chest radio-
graph shows loss of definition of the descend-
ing thoracic aorta and lateral positioning of the
catheter along the aorta [16]. Balloon rupture
with gas embolization is an extremely rare but
potentially fatal complication [17].

Ventricular Assist Devices

Ventricular assist devices are used to re-
place the function of the left ventricle, the
right ventricle, or both. Left ventricular assist
devices (LVADs) have been used in patients
with heart failure as a bridge to heart trans-
plantation, as a destination therapy for those
ineligible for transplantation, or as a bridge
to myocardial recovery [18]. A wide variety
of LVADs are currently available. Most mod-
els consist of a pump that takes blood from
the left ventricular apex through an inflow
cannula and pumps it into the ascending aor-
ta through an outflow cannula connected to
a conduit that is anastomosed to the ascend-
ing aorta. The conduit is not radiopaque on
conventional radiograph but can be visual-
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ized on CT (Fig. 24). Alternatively, the ac-
tual pumping chamber may be placed with-
in the left ventricle with the outflow cannula
connected to the ascending or descending
aorta [18] (Fig. 25). The Impella (Abiomed)
ventricular assist device is a relatively new
small LVAD that has the advantage of a less
invasive placement compared with standard
ventricular assist devices because it can be
inserted via catheterization through the com-
mon femoral artery, into the ascending aorta,
across the valve, and into the left ventricle.
It may also be placed directly through the
aorta in cases of postcardiotomy heart fail-
ure. A small pump is located in the proximal
thick portion of the catheter (Fig. 26), which
pumps up to 2.5 L/min from the left ventri-
cle, therefore reducing myocardial workload
and increasing cardiac output [19].

The use of an LVAD may unmask right
heart failure, necessitating placement of a
right ventricular assist device. The right ven-
tricular assist device has an inflow cannula
that connects with the right atrium or ventricle
and an outflow cannula that is directed into the
pulmonary artery [20]. Complications of ven-
tricular assist devices include pneumothorax,
hemothorax, postoperative hemorrhage in the
pericardium or mediastinum (Fig. 27), cardi-
ac tamponade, thromboembolism, arrhythmia,
infection, pneumoperitoneum, bowel obstruc-
tion, and mechanical failure [5, 11, 20].

Conclusion

Various devices are used to monitor and treat
critically ill patients. The radiographic evalua-
tion of these devices is important because the
potentially serious complications arising from
their introduction and use are often not clinical-
ly apparent. Familiarity with normal and abnor-
mal radiographic findings is critical for the de-
tection of these complications.
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A B

Fig. 3—29-year-old man with rightinternal mammary vein placement of central venous catheter.

A, Magnified posteroanterior chest radiograph shows catheter (arrows) in unusual parasternal position, slightly
lateral to superior vena cava.

B, Magnified lateral chest radiograph shows catheter (arrows) coursing anteriorly along expected position of
rightinternal mammary vein.

AJR:198, March 2012

Fig. 1—Two patients with misplaced central
venous catheters.

A, 69-year-old man. Anteroposterior chest
radiograph shows left peripherally inserted central
catheter (arrows) with abnormal trajectory into left
internal jugular vein.

B, 6-year-old girl. Posteroanterior chest radiograph
shows two misplaced catheters. Rightinternal
jugular central venous catheter (black arrow)

has its tip in right atrium. Left subclavian central
venous catheter (white arrow) has its tip in right
subclavian vein.

Fig. 2—50-year-old man with misplaced central
venous catheter in azygos arch.

A, Posteroanterior chest radiograph shows left
subclavian central venous catheter (black arrow)
with its tip in azygos vein. Right subclavian port
catheter (white arrow) is in appropriate position with
its tip in superior vena cava (SVC).

B, Lateral view shows posterior orientation of
misplaced catheter, confirming its position in azygos
vein (black arrow). Note appropriate trajectory of
right port catheter in SVC (white arrow).

s

Fig. 4—58-year-old woman with misplaced central
venous catheter in pericardiophrenic vein. Magnified
anteroposterior chest radiograph shows left

internal jugular catheter (arrows) coursing along

left cardiac border, consistent with placementin
pericardiophrenic vein.
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A
Fig. 6—15-year-old girl with atrial septal defect

Fig. 5—48-year-old woman with pneumonia and persistent left superior vena cava (SVC) placement of central (ASD) and misplaced central venous catheter.
venous catheter. Magnified anteroposterior chest radiograph shows
A, Anteroposterior chest radiograph shows left paramediastinal course of catheter (arrow) toward coronary left subclavian central venous catheter (arrow) that
sinus, instead of crossing midline to enter SVC on right, as expected. This is typical appearance of catheter has entered right atrium and passed through ASD
placement within persistent left SVC. into left atrium and subsequently into left superior
B, Coronal CT reformatted image confirms presence of persistent left SVC (arrow). pulmonary vein.

Fig. 7—65-year-old man with subclavian artery
placement of central venous catheter.

A, Magnified anteroposterior chest radiograph
shows right subclavian central line (arrows) crossing
mediastinum and projecting over aorta.

B and C, Sequential CT images show central venous
catheter coursing within right subclavian artery
(arrow, B) with its tip in aortic arch (arrow, C).
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A

Fig. 8—77-year-old man with mediastinal hematoma as complication of central venous catheter placement.

A, Anteroposterior chest radiograph obtained before procedure.

B, Follow-up chest radiograph obtained after replacement of central venous catheter (black arrow) via leftinternal jugular vein shows mediastinal widening (white
arrows), with increased mediastinal density and convex margins, and increased bilateral pleural effusions.

C, CTimage shows large hyperdense hematoma (asterisk) in anterior mediastinum and bilateral pleural effusions. Note fluid within trachea. Central line (arrow) can be
seen coursing outside venous lumen parallel to superior vena cava.

Fig. 9—48-year-old woman with extravascular placement of double-lumen dialysis catheter.

A, Anteroposterior chest radiograph shows catheter (arrow) inserted via right subclavian vein with its tip projecting over right atrium.

B, Because there was clinical suspicion of malpositioning of catheter, IV contrast medium was injected and was seen to extravasate into pleural space (arrows).
C, Magnified CT image confirms extraluminal position of catheter (arrow), coursing parallel to superior vena cava and right atrium, as well as presence of contrast
material in right pleural space.

AJR:198, March 2012 577
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Fig. 11—50-year-old woman with pinch-off
syndrome. Magnified anteroposterior chest
radiograph shows abrupt bend and luminal narrowing
(arrow) of central venous catheter in region of left
clavicle and left first rib, which may resultin catheter
fragmentation.
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Fig. 12—72-year-old woman with pulmonary
infarction as complication of pulmonary artery
catheter placement. Magnified anteroposterior
chestradiograph shows that tip of catheter (black
arrow) is too distal (i.e., > 2 cm lateral to hilum). There
is wedged-shaped opacity (white arrows) distal to
catheter, consistent with pulmonary infarction.

Fig. 10—50-year-old man with central venous
catheter fragmentation and embolization.

A, Magnified anteroposterior chest radiograph
shows catheter fragment (arrows) that has embolized
into pulmonary arterial system.

B, CTimage confirms presence of embolized catheter
fragment (arrow) in distal right main pulmonary artery.

Fig. 13—57-year-old man with pulmonary artery
pseudoaneurysm as complication of pulmonary
artery catheter placement. CT image shows well-
defined enhancing lesion (arrow) within right

upper lobe, consistent with pulmonary artery
pseudoaneurysm, which occurred immediately
after placement of pulmonary artery catheter. Note
adjacent pulmonary hemorrhage (consolidation) and
hemothorax (asterisk).

AJR:198, March 2012
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Fig. 14—53-year-old man with normal positioning of Fig. 15—47-year-old man with transvenous Fig. 16— 69-year-old man with biventricular

left atrial catheter. Anteroposterior chest radiograph temporary pacemaker. Anteroposterior chest pacemaker with epicardial leads. Magnified

shows left atrial catheter (thin arrows) with its distal radiograph shows transvenous pacemaker lead anteroposterior chest radiograph shows normal

tip in left superior pulmonary vein (thick arrow). introduced via rightinternal jugular vein. Electrode tip  position of leads projecting over right atrium (thin
of pacemaker (arrow) projects over right ventricular black arrow) and right ventricular apex (thick black
apex, as expected. arrow). Also noted are two epicardial leads (white

arrows) and battery-control pack (asterisk).

Fig. 17—84-year-old man with biventricular
pacemaker combined with automatic implantable
cardioverter defibrillator. Magnified anteroposterior
chestradiograph shows pacemaker lead tips in right
atrium (thin black arrow), right ventricle (thick black
arrow), and coronary sinus branch (thin white arrow).
High-voltage defibrillator coils are located along
right ventricular lead in superior vena cava (white
arrowheads) and right ventricle (black arrowheads).

A

Fig. 18—75-year-old woman with displacement of pacemaker lead.

A, Posteroanterior chest radiograph shows dual-lead pacemaker. Tip of right ventricular lead (arrow) is projected at edge cardiac silhouette.

B, Lateral chest radiograph shows that tip of right ventricular lead (arrow) is projecting slightly lower than expected.

C, Sagittal reformatted CT image shows that lead has perforated myocardium and pericardium (arrow) but is not associated with pericardial effusion.
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Fig. 19—55-year-old man with hemopericardium.
CTimage shows hemopericardium (asterisks)
thatresulted from myocardial perforation as
complication of placement of automatic implantable
cardioverter-defibrillator (AICD) device. Note tip

of right ventricular lead (arrow) within hyperdense
pericardial effusion. Cardiac tamponade may occur
as arare complication of AICD placement.

Fig. 20—67-year-old man with pacemaker lead
fracture. Magnified anteroposterior chest radiograph
shows fracture (arrow) in pacemaker lead near
battery-control pack. Lead fractures most commonly
occur atvenous access site, near tip, or near battery-
control pack.

A

B Fig. 22—62-year-old man with malpositioned

Fig. 21—67-year-old man with normal positioning of intraaortic counterpulsation balloon pump. intraaortic counterpulsation balloon pump.
A, Magnified anteroposterior chest radiograph obtained during systole shows catheter’s radiopaque tip (arrow) ~ Anteroposterior chest radiograph during diastole

within upper descending thoracic aorta indicating proper positioning.

shows inflated radiolucent balloon (thin arrows).

B, Magnified anteroposterior chest radiograph obtained during diastole shows inflated radiolucent balloon Radiopaque tip of balloon catheter (thick arrow) is
(thin arrows) as well as radiopaque tip (thick arrow) within upper descending thoracic aorta. Catheter is abnormally located beyond aortic arch (dashed line).
inflated during diastole to increase myocardial perfusion and is deflated during systole to decrease left Itis projected over left common carotid artery. This

ventricular afterload.
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abnormal positioning can resultin cerebral ischemia.
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Fig. 23—59-year-old man with malpositioned
intraaortic counterpulsation balloon pump.
Anteroposterior chest radiograph obtained during
diastole shows inflated radiolucent balloon (arrow)
with its radiopaque tip in mid thoracic aorta.

Fig. 24—76-year-old man with ischemic cardiomyopathy and left ventricular assist device (LVAD;

HeartMate II, Thoratec).

A, Anteroposterior chest radiograph shows pump (asterisk), which replaces function of left ventricle,
projecting over upper abdomen. Inflow cannula of LVAD (thick arrow) is inserted into left ventricular apex.
Counterpulsation is less effective when catheter is Outflow cannula (thin arrow) connects to ascending aorta through graft conduit that is not radiopaque.

too low and may resultin obstruction of abdominal B, Reformatted sagittal maximum intensity projection CT image shows anastomosis (arrow) of outflow conduit
aortic branches, such as renal or mesenteric arteries.  to ascending aorta.
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Fig. 25—72-year-old man with ischemic
cardiomyopathy and left ventricular assist device
(Jarvik 2000). Magnified anteroposterior chest
radiograph shows ventricular assist device in left
lower hemithorax. This device is unique because
pumping chamber (asterisk) is placed within left
ventricle. Outflow cannula (arrow) is connected to
ascending aorta through nonradiopaque conduit.

Fig. 26—62-year-old woman with Impella (Abiomed)
ventricular assist device. Magnified anteroposterior
chestradiograph shows ventricular assist device
(black arrow) with its distal aspect with pigtail in left
ventricle. Outflow portion of device (white arrow) is
located in aorta and has thick area that contains pump.

Fig. 27—66-year-old man with postoperative
pericardial hematoma following left ventricular assist
device placement. CT image shows hyperdense
pericardial fluid collection (asterisks) surrounding
outflow cannula (arrow). Mediastinal and pericardial
bleeding are common complications of ventricular
assist device placement and usually do not require
reoperation.
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