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REVIEWS AND COMMENTARY•STATEMENTS AND GUIDELINES – HOW I DO IT

C ardiac implantable electronic devices (CIEDs), which include 
pacemakers and defibrillators, play a crucial role in improv-

ing the health of millions of individuals worldwide. As the global 
population ages, the number of CIEDs implanted is increas-
ing, with an estimated 1 million to 1.4 million pacemakers and 
150 000–200 000 implantable cardioverter defibrillators (ICDs) 
placed annually (1–4). Technological advances have led to the 
development of new devices, which, in conjunction with legacy 
devices, add to the variety of appearances and findings that may 
pose a diagnostic challenge for radiologists. Likewise, there are 
other cardiac support apparatuses, including ventricular assist 
devices and septal closure devices, and noncardiac devices that 
mimic CIEDs that radiologists need to recognize on chest radio-
graphs. Noncardiac mimics include deep brain, vagal nerve, and 
phrenic nerve stimulators as well as breast implant radiofrequen-
cy markers. Given that cardiac and surgical devices may remain 
in patients for many years, it is essential to identify complications 
that may cause clinically significant morbidity or mortality.

This review describes CIEDs, other cardiac devices, and mim-
ics; their normal radiographic appearance; and potential com-
plications that may merit emergent communication with the 
ordering clinician.

Radiographic Interpretation
Implantable cardiac devices are commonly encountered during 
routine chest radiographic imaging. Chest radiography is often 
the first-line imaging examination after implantation or when 
there is clinical concern about complications. A systematic ap-
proach to interpretation includes correctly identifying the specific 
device and assessing for complications. Identification of a device 
can be aided by recognizing the anatomic position and character-
istic device components or features, such as leads (insulated wires, 
such as those connecting a pulse generator and electrode tips in 
contact with the heart chamber walls) or radiographic markers 
(metallic marks, such as those used to identify the make and 
model of a pacemaker, usually adjacent to the pulse generator). 

In addition to the frontal chest radiograph, lateral projections and 
prior comparison studies, if available, are beneficial for identify-
ing devices, localizing components, and assessing for complica-
tions. This article discusses key imaging features, differentiators of 
specific devices, and the imaging findings of frequently encoun-
tered complications.

Pacemakers and Defibrillators

Pacemakers
Pacemakers are CIEDs for the management of bradycardia. Chest 
radiographs are essential first-line imaging after pacemaker place-
ment to confirm appropriate lead positioning and to identify 
potential complications. Understanding radiologic anatomy for 
localizing device components is crucial. In the posteroanterior and 
anteroposterior views, the right atrium and right ventricle (RV) 
and corresponding chamber leads should be visible. The various 
models of pacemakers can be classified based on the number and 
position of the leads: unicameral (single chamber—RV), bicam-
eral (dual chamber—right atrium and RV), and biventricular. In 
the case of biventricular pacing, also known as cardiac resynchro-
nization therapy, the third lead follows the path of the coronary 
sinus, with the lead tip positioned in a cardiac vein (either the 
middle or lateral cardiac vein), thus contacting the left ventricle 
(LV) and allowing synchronization of both ventricles (5). Types 
of pacemakers include conventional and leadless; these can be 
permanent or temporary as well as MRI conditional or MRI safe.

Conventional Pacemakers
Conventional pacemakers have the same essential components: 
a pulse generator with a battery and electronics encompassing 
the connector ports and leads that reach the heart chambers (Fig 
1A). The lead tips may have one of two means of fixation: pas-
sive, with plastic prongs attached to the trabecula (Fig 1B), or 
active, with a screw tip electrode embedded in the myocardium 
(Fig 1C) (5). Newer pacemakers are equipped with Bluetooth 
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capabilities, and it is important to correctly identify the antenna 
protruding from the generator to avoid misdiagnosing it as a 
fractured wire (Fig 1D) (6).

MRI-Conditional and MRI-Safe Pacemaker Models
Considering that 75%–80% of patients with permanent pace-
makers will need MRI examination at some point (5), develop-
ing devices that can be safely used in MRI scanners is a priority. 
Various radiologic societies have provided recommendations for 
MRI in patients with CIEDs (7–11), which rely on identifying 
a device as MRI conditional (ie, compatible with MRI only un-
der specific operating conditions with respect to magnetic field 

Abbreviations
CIED = cardiac implantable electronic device, ICD = implantable 
cardioverter defibrillator, LV = left ventricle, RV = right ventricle

Summary
This article provides a comprehensive review of the radiographic 
appearances of cardiac implantable electronic devices, other cardiac 
support apparatuses, and similar-appearing noncardiac devices, 
emphasizing the importance of accurate identification and evaluation 
for potential complications.

Essentials
 ■ Understanding the normal radiographic appearances of cardiac 
implantable electronic devices (CIEDs), other cardiac support 
apparatuses, and similar-appearing noncardiac devices on chest 
radiographs is crucial for accurate diagnosis and management of 
conditions.

 ■ CIEDs include pacemakers and defibrillators, including newer 
technologies like leadless pacemakers and MRI-conditional devices; 
other cardiac devices include devices for cardiac monitoring, 
ventricular assistance, and cardiac repair.

 ■ Similar-appearing noncardiac devices include deep brain, vagal 
nerve, and phrenic nerve stimulators as well as breast implant 
radiofrequency markers.

 ■ Familiarity with device components and their anatomic positioning 
helps to correctly identify devices, differentiate normal from 
abnormal findings, and facilitate the diagnosis of potential 
complications.

 ■ Radiologists must identify common complications such as lead 
dislodgement, fracture, and perforation, which often present 
clinically as device malfunctions but may first be detected on 
chest radiographs, thereby prompting appropriate evaluation and 
management.

strength, maximum magnetic field gradient, and maximum 
specific absorption rate) or MRI safe (ie, presenting no known 
hazards in any MRI scanner given the nonconducting, nonme-
tallic, and/or nonmagnetic characteristics of the device) (12,13). 
MRI compatibility is determined by the device manufacturer. 
For patients unsure of their pacemaker model, specific details on 
a chest radiograph can help identify the device (14), as well as 
MRI contraindications such as lead abandonment, displacement, 
or fracture (15,16). Some MRI-conditional models have unique 
features, such as an undulating line above the model initials and 
a radiopaque coil on the proximal tip of the connecting lead  
(Fig 1E). Although the presence of these markers may be helpful, 
the safest and most effective approach is to identify the model and 
search the manufacturer database to confirm MRI compatibility 
(15). New deep learning algorithms have been developed to iden-
tify the manufacturers and models of permanent pacemakers, 
with accuracies ranging from 95.8% to 100% (17–20); however, 
until such software is widely available and in use, radiologists re-
main primarily responsible for accurately identifying cardiac de-
vices and providing appropriate management recommendations.

Temporary Pacemakers
Temporary transvenous pacemakers are used as a bridge to per-
manent pacemaker implantation, usually when a high-grade 
atrioventricular block is diagnosed in an emergent setting. Char-
acteristic imaging findings show the generator external to the pa-
tient, predisposing it to mobility at subsequent imaging, and a 
single pacing lead in the RV with a transjugular approach (Fig 2). 
Permanent pacemakers are implanted within the chest wall, are 
fixed in location, and may have multiple leads.

Leadless Pacemakers
Leadless pacemakers, such as the Nanostim (Abbott) and the  
Micra (Medtronic), were first approved by the Food and Drug 
Administration in 2016 as a transcatheter pacing system im-
planted entirely in the RV via peripheral femoral vein access. 
The device appears as cylindrical hardware on chest radiographs, 
measuring approximately 15 mm and projecting over the RV, 
with four self-expanding nitinol prongs protruding from one 
end adjacent to the electronics on the tip (Fig 3). Current indi-
cations include persistent atrial fibrillation with slow ventricular 
response, patients prone to recurrent infections, complications 

Figure 1: Cardiac pacing devices. (A) Posteroanterior chest radiograph shows a conventional pacemaker with typical components, including a generator (battery, electronics, 
and lead connectors) and electrode wires. Radiographic anatomy and correct lead positioning in the right chambers and lateral cardiac vein are labeled. (B, C) Detail magnifica-
tions of chest radiographs show (B) passive and (C) active fixation leads. (D) Detail magnification of a chest radiograph shows a Bluetooth-enabled pacemaker antenna (arrow), 
not to be confused with a broken wire. (E) Detail magnification of a chest radiograph shows an MRI-conditional device, which can be identified by the undulating line above the 
model initials (arrow) and the radiopaque coil on the proximal tip of the connecting lead (arrowhead).
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associated with conventional permanent pacemakers, or chal-
lenging vascular access (21,22).

Defibrillators
ICDs have a slightly different appearance than pacemakers, as 
the primary lead contains two coils: one located at the superior 
vena cava and the other in the RV, with a pacing electrode tip  
(Fig 4A) (5). Identifying the position of these coils is crucial as 
proper placement is required for adequate depolarization of the 
myocardium, allowing for reset of the cardiac impulse.

In contrast to conventional ICDs, which have transvenous 
leads implanted within the heart, subcutaneous ICDs avoid 
the vessels and cardiac chambers and are preferred in patients 
at risk for infection or vascular complications (23–25). With 
subcutaneous ICDs, the pulse generator is implanted laterally 
or posteriorly, typically along the midaxillary line, with the de-
fibrillating lead positioned within the midline anterior chest 
subcutaneous tissues (Fig 4B, 4C). This positioning is a key 
feature distinguishing subcutaneous ICDs from conventional 
transvenous ICDs.

Pacemaker Complications
Common pacemaker complications detectable on chest radio-
graphs include lead disconnection, dislodgment, fracture, and 
perforation. These complications can manifest clinically as pace-
maker malfunction, such as failure to generate or capture a pulse. 
To identify findings at chest radiography that may be contribu-
tory to pacemaker complications, radiologists must be vigilant in 
assessing the position of pacemaker components and follow the 
leads along their full extent on the chest radiograph.

Lead Disconnection
Lead disconnection manifests as a failure to generate an electric 
pulse, often detected by the cardiologist or electrophysiologist. 
At chest radiography, lead disconnection can be identified based 
on the position of the connector pin. If the terminal connector 
pin is disengaged from the metallic connector port, the impulse 
is not transmitted from the generator, resulting in malfunction 
(Fig 5A).

Lead Dislodgement
Lead dislodgment is suspected when the pulse generated does not 
transmit as expected. On chest radiographs, an atrial lead may 
be displaced through the tricuspid valve into the RV, or an RV 
lead may disengage from the myocardium, resulting in a loss of 
sensing and pacing capabilities (Fig 5B, 5C). Correcting the lead 
position can restore proper function.

Lead Fracture
Lead fracture clinically manifests as a failure to capture. Chest 
radiographs can help determine whether the failure to capture is 
due to genuine device failure or a functional issue. As part of a 
systematic assessment, radiologists should evaluate the complete 
path of each wire, especially lateral to the subclavian vein entry, 
where entrapment between the clavicle and first rib can pinch 
and break the lead (Fig 5D). Lead fracture can lead to more severe 
complications, such as migration of the fractured lead into the 
RV or pulmonary artery (26).

Lead Perforation
Lead perforation of the RV is a known rare but potentially se-
rious complication, with different clinical presentations based 
on the timing of onset. Prevalence ranges from 0.4% to 1% 
during implantation (27) to 15% for late-onset findings de-
tected at CT  (28). Acute lead perforation typically manifests 
within hours after pacemaker insertion as chest pain and short-
ness of breath and can potentially lead to hemopericardium and 
cardiac tamponade. At initial assessment with chest radiogra-
phy, findings may include an enlarged cardiac silhouette and a 

Figure 2: Temporary pacemaker. Anteroposterior chest radiograph 
shows a transjugular pacing device placed as a bridge to permanent pace-
maker placement. The image shows the external generator (arrow) with cor-
rect placement of the lead (arrowhead) projecting over the right ventricle.

Figure 3: Leadless pacemaker. Anteroposterior portable chest radio-
graph shows the normal appearance and location of a leadless pacemaker. 
The device is cylindrical (arrow) with electronics, battery, and metallic prongs 
(inset, arrowhead) at the tip, allowing for fixation and signal conduction within 
the right ventricular myocardium.
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low-positioned RV lead tip (Fig 6A). Direct perforation may be 
suspected at chest radiography, but cross-sectional imaging is 
required for confirmation. Chest CT is used to characterize the 
course and location of the RV lead tip. Tip extension of more 
than 5 mm beyond the RV free wall is concerning for myocar-
dial perforation rather than tenting (29). Associated findings 
may include hemopericardium and the presence of the lead tip 
within or beyond the pericardial sac (Fig 6B).

Subacute lead perforation may be an incidental finding at 
imaging. Up to 15% of patients with RV lead perforation are 
asymp tomatic, with no electrophysiologic dysfunction, as a 
small perforation may still provide sufficient myocardial con-
tact for pacing (26). Subacute lead perforation may also be 
suspected by cardiologists during follow-up visits when pulse 
generation dysfunction is detected. Some patients may present 
with hiccups if lead perforation results in diaphragmatic pacing. 
Initial imaging with chest radiography can show the RV lead tip 
beyond the cardiac margin, raising concern for perforation (Fig 
6C, 6D). CT is a more definitive examination that can confirm 
the RV lead tip traversing the myocardium and lying beyond 
the pericardial sac, contacting the anterior chest (Fig 6E). CT 
evaluation to define regional anatomy is critical not only for 
diagnosis but also for management.

Cardiac Monitoring Devices

Loop Recorder
Subcutaneous implantable cardiac loop recorders allow clini-
cians to monitor long periods of cardiac rhythm and are typi-
cally deployed in cases of unexplained recurrent syncope without 
a diagnosis (30). These devices store patient-activated and auto- 
activated recordings of cardiac episodes and can be used to iden-
tify paroxysmal atrial fibrillation or postural orthostatic tachycar-
dia syndrome (commonly called POTS) (31–33). Loop recorder 
devices vary in size but are typically rectangular and overlie the 
cardiac silhouette on the frontal chest radiograph and the anterior 
superficial chest wall on the lateral projection (Fig 7A, 7B). They 
are distinguished from leadless pacemakers by their larger size and 
subcutaneous location.

Pulmonary Artery Pressure Monitor
Although pulmonary arterial catheters provide real-time pres-
sure monitoring, patients with chronic heart failure may benefit 
from the placement of a permanent pulmonary artery pressure 
monitor. Pressure-sensing devices, such as the CardioMEMS HF 
System (Abbott), allow for remote, wireless pulmonary artery 
pressure monitoring and have been shown to significantly reduce 

Figure 4: Implantable cardioverter defibrillators (ICDs). (A) Conventional ICD. Posteroanterior chest radiograph demonstrates two high-density defi-
brillating coils on an electrode correctly placed in the region of the superior vena cava (white arrow) and right ventricle (yellow arrow), with associated im-
planted generator (black arrow). (B, C) Subcutaneous ICD. (B) Posteroanterior and (C) lateral chest radiographs show the generator (arrow) implanted 
within the posterolateral chest wall, while the defibrillating lead (arrowheads) is located within the midline subcutaneous tissues anterior to the sternum.

Figure 5: Pacemaker complications. (A) Disconnected lead. Posteroanterior chest radiograph shows that the connector pin (inset, arrow) is not fully inserted into the connec-
tor port (inset, arrowhead), resulting in incomplete contact with the conducting terminal and failure to transmit the pulse. (Image courtesy of Juan-Carlos Diaz, MD, Chile.) (B, C) 
Displaced lead. (B) Posteroanterior chest radiograph in a patient with an implantable cardioverter defibrillator shows appropriate device and lead positioning. (C) Posteroanterior 
chest radiograph obtained after sensing malfunction shows reversed left-right orientation of the generator (arrow) and retraction of the right ventricular defibrillating lead (arrowhead) 
due to manual manipulation of the generator (pacemaker twiddler syndrome). (D) Fractured lead. Frontal chest radiograph demonstrates fracture of the left coronary venous lead 
(inset, arrow) in a patient with device malfunction.
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heart failure hospital admissions and improve patient quality of 
life (34,35). The pressure monitor is a small device that is ideally 
placed in the descending portion of the left pulmonary artery us-
ing a femoral or internal jugular vein endovascular approach. At 
chest radiography, the pulmonary artery pressure monitor is typi-
cally seen in the left infrahilar region and is located posteriorly 
on the lateral projection. The device appears as a small cylindrical 
structure with radiopaque borders. Two distinct round markers 
are visible at both the proximal and distal ends, giving it a charac-
teristic appearance (Fig 7C–7E).

Ventricular Assist Devices
Ventricular assist devices may be placed surgically or via percuta-
neous endovascular technique to manage right- or left-sided heart 
failure, either permanently or as a bridge to recovery.

LV Assist Devices
An implantable LV assist device consists of LV inflow, pump, 
outflow, and driveline components. These devices have a distinct 
appearance at chest radiography, with some variability depending 
on the model. The HeartMate II (Abbott) has a prominent inflow 
cannula surgically placed within the LV in the long axis and is af-
fixed at the apex (Fig 8A, 8B). The pump is external to the LV and 

connects to the inflow cannula via a bend-relief articulation. The 
nonradiopaque outflow cannula extends from the pump along 
the retrosternal space and anastomoses with the ascending aorta. 
The inflow and pump have been integrated on the newer Heart-
Mate 3 model (Abbott) (Fig 8C).

Most complications associated with LV assist devices are first 
suspected clinically based on low-flow alarms (36,37), prompt-
ing imaging evaluation (38,39). Inflow obstruction by thrombus 
or myocardium cannot be directly evaluated at chest radiography; 
however, changes in inflow cannula positioning may suggest the 
diagnosis, as inflow obstruction during systole may be more likely 
if the cannula is oriented toward the anterior wall or septum (Fig 
8D, 8E) (38). Outflow obstruction is most often due to thrombus 
and is best evaluated on contrast-enhanced CT images because the 
outflow cannula is not visible on radiographs (Fig 8F, 8G). Drive-
line infection is a common soft-tissue infection in patients with 
LV assist devices. The infection occurs around the driveline (cable) 
used to power the device. This complication does not manifest with 
device alarms. Instead, it may manifest clinically as signs and symp-
toms of infection, including tenderness, fluctuance, or frank puru-
lent discharge around the driveline (40). Cross-sectional imaging 
may show subcutaneous fat stranding and a discrete fluid collection 
surrounding or adjacent to the driveline.

Figure 6: Pacemaker lead perforation. (A) Anteroposterior chest radiograph shows new cardiomegaly and the right ventricular (RV) pacing lead tip 
(arrow) positioned inferiorly along the projected RV margin. Inset shows the normal cardiac silhouette before pacemaker placement. The change in heart 
size, in conjunction with the lead position, is concerning for myocardial perforation and hemopericardium. (B) Axial nonenhanced chest CT image in the 
same patient as in A reveals high-attenuation fluid within the pericardial sac (*), suggestive of hemopericardium, with the RV tip (arrow) within this collection, 
consistent with lead perforation. (C) Lateral chest radiograph in a different patient shows abnormal positioning of the RV pacing lead tip (arrow) beyond 
the cardiac margin, in contact with the chest wall. (D) Lateral chest radiograph shows normal positioning of the RV lead (arrow). (E) Axial chest CT in the 
same patient as in C shows the RV lead tip perforating the myocardium and contacting the anterior chest wall (arrow) without discernible pericardial fluid, 
suggesting subacute perforation.
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Temporary LV or RV Assist Devices
Temporary LV or RV assist devices, such as the Impella (CP 
and 5.5 models, Abiomed), ProtekDuo (LivaNova), and Rota-
flow (Maquet) systems, are used as short-term mechanical cir-
culatory support in patients experiencing acute heart failure or 
cardiogenic shock. The Impella CP and 5.5 are temporary LV 
assist devices with a microaxial flow pump inserted percutane-
ously, typically via the femoral or subclavian artery, and ad-
vanced retrograde through the thoracic aorta into the LV. On 
chest radiographs, these devices have a characteristic appear-
ance: a catheter (14F–21F) positioned superiorly within the 
proximal ascending aorta and inferiorly in the region of the 
LV (Fig 9A). The pump is located at the proximal end of the 
radiopaque device, below which is the outlet region within the 
ascending aorta. The inflow component is located distally at 
the device tip terminating in the LV, marked on the CP model 
by a radiopaque pigtail catheter. The Impella RP (Abiomed) 
is a similar device for temporary RV support placed via the 
inferior vena cava into the pulmonary artery. Radiographic 
evaluation focuses on confirming appropriate placement, as 
malpositioning may result in suboptimal function, device fail-
ure, or other complications (Fig 9B).

The Rotaflow, used for extracorporeal life support, is a tem-
porary ventricular assist device often deployed in patients re-
quiring extracorporeal membrane oxygenation. It can provide 

support for both the RV and LV (39). The device consists of 
an extracorporeal centrifugal flow pump connected to venous 
and arterial cannulas. At chest radiography, the positioning of 
the cannulas is crucial: The venous cannula is typically placed 
in the right atrium via the superior vena cava, and the arterial 
cannula is positioned in the aorta (Fig 9C). Radiographic evalu-
ation focuses on confirming appropriate cannula placement and 
detecting any complications such as malposition or kinking.

Cardiac Repair Devices

Atrial Septal Defect Closure Devices
Current therapy for closure of atrial septal defects involves per-
cutaneous access with the deployment of a septal occluder. These 
devices appear as high-density linear structures with disk-like fea-
tures on each side of the atrial septum. Atrial septal defect clo-
sure devices are readily identifiable on chest radiographs by their 
characteristic appearance and location, which is higher than the 
projected atrioventricular valve position and is often better seen 
on the lateral projection (Fig 10A–10D).

Left Atrial Appendage Closure Devices
Dilatation of the left atrial appendage is a potential source of 
thrombus, which may embolize to the systemic circulation. Al-
though surgical approaches may exclude the left atrial appendage 

Figure 7: Cardiac monitoring devices. (A, B) Loop recorder. (A) Frontal and (B) lateral chest radiographs demonstrate normal placement of a car-
diac loop recorder (arrow) implanted subcutaneously in the left parasternal region in a patient with suspected paroxysmal arrhythmias. The device can be 
distinguished from a leadless pacemaker based on its larger size and subcutaneous location, best seen on the lateral projection. (C–E) Pulmonary artery 
pressure monitor. (C) Frontal and (D) lateral chest radiographs show the normal location of a pulmonary artery pressure monitoring device (arrow) in the 
left infrahilar region corresponding to the lower lobe pulmonary artery, as confirmed on the (E) axial noncontrast chest CT image. Magnified views (insets 
in C and D) detail the characteristic dual rounded markers at the proximal and distal ends (arrowheads).
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from the left atrium, current alternatives include occlusion devices 
placed within or across the appendage ostium. Various percutane-
ous occluders have been developed, with slight design differences, 
such as the Amplatzer Amulet (Abbott) and Watchman (Boston 
Scientific), which can appear similar to atrial septal defect closure 
devices, albeit in a different anatomic location (Fig 10E–10H). 

Permanent clamps may also be placed across the appendage at 
the time of cardiac surgery using an epicardial approach. One 
of the most common epicardial devices currently deployed is the 
AtriClip (AtriCure), which collapses the ostium and blocks blood 
flow to the appendage, providing electrical isolation and reduc-
ing contribution to atrial fibrillation. On chest radiographs, the 

Figure 8: Left ventricular (LV) assist devices. (A) Frontal chest radiograph shows normal appearance and positioning of the HeartMate II (Abbott), with radiopaque inflow 
(black arrow), bend relief (black arrowhead), pump (white arrow), outflow (white arrowhead), and driveline (open arrowheads). Of note, the outflow cannula, with anastomosis 
to the ascending aorta, is not visible on radiographs. (B) The corresponding lateral radiograph demonstrates the normal anterior placement and orientation of the inflow (black 
arrow) along the LV axis. (C) Frontal chest radiograph shows the integrated inflow (black arrow) and pump (white arrow), the outflow (white arrowhead), and the driveline 
(open arrowheads) of an implanted HeartMate 3 (Abbott). An implantable cardioverter defibrillator device is also present (*). (D, E) Inflow obstruction. (D) Frontal chest radio-
graph in a patient with low-flow alarms demonstrates near vertical orientation of the inflow cannula (arrow), perpendicular to the LV axis. (E) Contrast-enhanced CT multiplanar 
reconstruction during systole shows complete inflow obstruction by the anterior myocardial wall (arrows). (F, G) Outflow obstruction. (F) Axial contrast-enhanced CT image 
and (G) multiplanar reconstruction demonstrate near occlusion of the outflow cannula by thrombus just beyond the pump (arrow).

Figure 9: Temporary ventricular assist devices. (A) Frontal chest radiograph demonstrates an appropriately positioned Impella CP (Abiomed) tem-
porary left ventricular (LV) assist device: The proximal pump (white arrow) and outflow (white arrowhead) are within the ascending aorta region, while 
the distal inflow, just proximal to the radiopaque tip (black arrow), is in the anatomic position of the LV. This specific model (Impella CP) has a pigtail 
component at the tip (black arrowhead). (B) Postprocedure anteroposterior portable chest radiograph shows a malpositioned Impella 5.5 (Abiomed) 
LV assist device. The device was inserted via the left subclavian artery. The radiograph reveals that the pump and outflow components (white arrow) 
are malpositioned above the top of the aortic arch within the subclavian artery, while the distal inflow is incorrectly situated in the ascending aorta 
(black arrow). (C) Anteroposterior portable chest radiograph demonstrates normal positioning of the right central venous catheter (white arrow) within 
the upper right atrium and the right pulmonary arterial catheter (white arrowhead) of a Rotaflow (Maquet) temporary right ventricular assist device, 
facilitating right ventricular bypass in the setting of right-sided heart failure. An Impella 5.5 LV assist device is also present, with proximal (black arrow) 
and distal (black arrowhead) components noted.
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device appears as a linear density in the region of the left atrial 
appendage with looped nitinol springs at each end (Fig 10I).

Mitral Valve Clips
Patients with mitral valve regurgitation may be eligible for a mini-
mally invasive endovascular procedure that places clips securing 
the anterior and posterior leaflets to minimize valve redundancy, 
improve valve closure, and restore normal blood flow across the 
valve (41,42). MitraClip (Abbott) is one such commercially avail-
able device, implanted with fluoroscopic and three-dimensional 
transesophageal echocardiographic guidance. Typically, two clips 
are placed, one superiorly and the other inferiorly, to narrow the 
mitral valve and maintain a symmetric central opening. At chest 

radiography, the clips project in the mitral valve region, with the 
clip apexes directed toward the LV because the devices are de-
ployed from the left atrium (Fig 10J, 10K).

Complications associated with mitral valve clips, such as bleed-
ing, infection, and mitral valve stenosis, are primarily procedure- 
related (41,42). Reported device-related complications include 
leaflet perforation, clip migration or embolization, and single 
leaflet device attachment, where the clip attaches to only one of 
the valve leaflets (anterior or posterior) (41). These complications 
typically occur during deployment but may not be appreciated 
until after the procedure. Radiologists should therefore be dili-
gent in noting any change in the appearance and location of clips 
at chest radiography.

Figure 10: Cardiac repair devices. (A) Frontal, (B) lateral, and (C) oblique radiographs and (D) axial noncontrast chest CT image show an Amplatzer (Abbott) atrial septal 
occlusion device (arrow) that was placed via a percutaneous endovascular approach. The device traverses and seals the atrial septal defect with self-expanding disks positioned 
on either side of the septum within each atrium. The device is clearly visible on chest radiographs in the region of the atria, with the anatomy and device position better defined on the 
CT image. (E) Anteroposterior chest radiograph shows an Amplatzer Amulet (Abbott) left atrial appendage occlusion device (arrow). (F) Anteroposterior chest radiograph shows 
a Watchman (Boston Scientific) left atrial appendage occlusion device (arrow) in the normal anatomic position. The patient also has a leadless pacemaker (*). (G, H) Contrast-
enhanced CT multiplanar reconstructions show the typical appearance of a Watchman device after deployment, with anticipated thrombosis (arrow). (I) Frontal chest radiograph 
after mitral valve replacement (white arrowhead) and tricuspid annuloplasty (black arrowhead) shows an AtriClip PRO2 (AtriCure) left atrial appendage epicardial occlusion clip 
(arrow) placed intraoperatively. (J) Posteroanterior and (K) lateral chest radiographs show appropriate superior (black arrowhead) and inferior (white arrowhead) positioning of 
MitraClip (Abbott) mitral valve clips in the anatomic position of the mitral valve. Insets show magnified clip details.
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Noncardiac Devices
Some medical devices have imaging features similar to implant-
able cardiac-related support apparatuses. Familiarity with these 
devices can facilitate accurate identification at imaging and 
minimize diagnostic errors.

Deep Brain Stimulators
Deep brain stimulation devices are used in patients with un-
controllable movement disorders, such as Parkinson disease and 
dystonia syndromes, and in severe cases of essential tremor (43). 
Although they do not cure the underlying condition, their use 
helps with symptom management. At chest radiography, the 
pulse generator projects within the subcutaneous chest wall, simi-
lar to an ICD; however, the leads are directed cranially, track into 
the neck, and extend outside the field of view (Fig 11A). The lead 
tips terminate intracranially in the region of the subthalamic nu-
clei. Correct identification is essential for MRI planning, as these 
devices require specific procedural precautions (43).

Vagal Nerve Stimulators
Vagal nerve stimulators are primarily used for managing intrac-
table epilepsy and treatment-resistant depression (44). On chest 
radiographs, the device, which includes a pulse generator and 

lead, is typically implanted on the left side. The generator is lo-
cated in the infraclavicular subcutaneous soft tissues, and the lead 
ascends to the midleft neck, where it wraps around the left vagus 
nerve (Fig 11B). This distinctive positioning helps differentiate 
vagal nerve stimulators from other devices like pacemakers and 
those used for deep brain stimulation. Newer models are often 
MRI conditional, but older devices may not be safe for MRI (44).

Phrenic Nerve Stimulators
Phrenic nerve stimulators are indicated to treat chronic obstructive 
sleep apnea (45). The remedē System (Zoll) is an implantable de-
vice used to treat central sleep apnea by restoring a normal breath-
ing pattern during sleep. The generator of this device is placed in 
the right chest wall, with a single stimulation lead deployed in 
either the left pericardiophrenic vein or the right brachiocephalic 
vein. A sensing lead is placed into the azygos vein to detect respira-
tion (Fig 11C, 11D) (44). The unique anatomic positioning of the 
leads differentiates phrenic nerve stimulators from deep brain and 
vagal nerve stimulators and implantable cardiac devices.

Breast Implant Radiofrequency Markers
Some manufacturers, such as Motiva, include microtransponders 
in breast implants, which are seen as small linear 2–3-mm densities 

Figure 11: Noncardiac devices. (A) Deep brain stimulator. Posteroanterior chest radiograph shows the implanted device generator (arrow) in the 
left infraclavicular region. The electrodes (arrowhead), projecting cranially beyond the field of view, are implanted intracranially in the subthalamic nuclei. 
(B) Vagal nerve stimulator. Anteroposterior chest radiograph shows that the pulse generator (arrow) is in a similar location as for a deep brain stimulator; 
however, the electrode wires (arrowhead) ascend cranially to end in the midneck, wrapping around the left vagus nerve. (C, D) Phrenic nerve stimulator. 
(C) Posteroanterior and (D) lateral chest radiographs of the remedē System (Zoll) show the normal placement of the implanted generator (arrow) within 
the anterior subcutaneous tissues and the respiratory sensing lead in the azygos vein extending into a posterior intercostal branch (white arrowhead). The 
stimulation lead (black arrowhead) is in the region of the left brachiocephalic vein at the pericardiophrenic venous confluence. (E, F) Breast implant radio-
frequency markers. (E) Frontal and (F) lateral chest radiographs demonstrate bilateral radiofrequency markers (arrowheads) measuring 2–3 mm within 
each breast implant shell (see insets for detail). These markers allow electronic identification of the implant brand, model, and volume.
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projected on the breasts (Fig 11E, 11F). These can mimic surgical 
clips or even pulmonary artery pressure monitors on the frontal 
chest radiograph; however, the lateral projection will clearly denote 
placement within the breast tissues. The transponder emits a wire-
less radiofrequency identification signal that can be detected with 
an external reader, providing information on the implant make, 
model, year, and volume. It is important to identify these implant 
markers due to their MR-conditional status and the imaging impli-
cations of radiofrequency-associated signal intensity artifacts (46).

Conclusion
Correct identification of cardiac medical devices at chest radiog-
raphy is crucial for timely diagnosis, identifying complications, 
and directing patient care. Radiologists must fundamentally un-
derstand diverse cardiac and other devices, recognize their normal 
appearance and location, and identify common complications that 
may result in device failure and potential patient harm. This review 
focused on implantable cardiac and other similar devices routinely 
encountered on chest radiographs in practice. Recognizing that 
specific devices may vary based on cardiologist or surgeon pref-
erences, radiologists are encouraged to be engaged with referring 
clinicians and clinical colleagues to better understand the specific 
devices in use at their institutions, including the indications and 
any special reporting criteria. By understanding the purpose, imag-
ing appearance, and considerations of implantable devices, radiolo-
gists can better support clinical teams in effective patient care.

Deputy Editor: Mizuki Nishino
Scientific Editor: Sarah Atzen

Disclosures of conflicts of interest: C.S. Royalties from Elsevier; associate editor  
for Radiology. J.D.C. Consulting fees from Riverain Technologies.

References
 1. Kurtz SM, Ochoa JA, Lau E, et al. Implantation trends and patient profiles for 

pacemakers and implantable cardioverter defibrillators in the United States: 
1993-2006. Pacing Clin Electrophysiol 2010;33(6):705–711.

 2. Mond HG, Proclemer A. The 11th world survey of cardiac pacing and im-
plantable cardioverter-defibrillators: calendar year 2009—a World Society of 
Arrhythmia’s project. Pacing Clin Electrophysiol 2011;34(8):1013–1027.

 3. Steffen MM, Osborn JS, Cutler MJ. Cardiac implantable electronic device 
therapy: permanent pacemakers, implantable cardioverter defibrillators, and 
cardiac resynchronization devices. Med Clin North Am 2019;103(5):931–943.

 4. Tjong FVY, Reddy VY. Permanent leadless cardiac pacemaker therapy: a com-
prehensive review. Circulation 2017;135(15):1458–1470. [Published correc-
tion appears in Circulation 2017;136(3):e24.]

 5. Costelloe CM, Murphy WA Jr, Gladish GW, Rozner MA. Radiography of 
pacemakers and implantable cardioverter defibrillators. AJR Am J Roentgenol 
2012;199(6):1252–1258.

 6. Saleh AS, Japas D, Rhee SB, Yi AC, Lo R. Pacemaker Bluetooth antenna misin-
terpreted as fractured wire. Radiol Cardiothorac Imaging 2020;2(1):e190085.

 7. Bhuva A, Charles-Edwards G, Ashmore J, et al. Joint British Society consensus 
recommendations for magnetic resonance imaging for patients with cardiac 
implantable electronic devices. Heart 2024;110(4):e3.

 8. Leitch J, Asakai H, Dawson L, et al. Cardiac Society of Australia and New 
Zealand (CSANZ) position statement on the follow-up of cardiovascular im-
plantable electronic devices 2022. Heart Lung Circ 2022;31(8):1054–1063.

 9. Paterson DI, White JA, Butler CR, et al. 2021 update on safety of magnetic 
resonance imaging: joint statement from Canadian Cardiovascular Society/
Canadian Society for Cardiovascular Magnetic Resonance/Canadian Heart 
Rhythm Society. Can J Cardiol 2021;37(6):835–847.

 10. Vigen KK, Reeder SB, Hood MN, et al. Recommendations for imaging pa-
tients with cardiac implantable electronic devices (CIEDs). J Magn Reson Im-
aging 2021;53(5):1311–1317.

 11. Barreiro-Pérez M, Cabeza B, Calvo D, et al. Magnetic resonance in patients 
with cardiovascular devices. SEC-GT CRMTC/SEC-Heart Rhythm As-
sociation/SERAM/SEICAT consensus document. Radiologia (Engl Ed) 
2023;65(3):269–284.

 12. Tsai LL, Grant AK, Mortele KJ, Kung JW, Smith MP. A practical guide to  
MR imaging safety: what radiologists need to know. RadioGraphics 2015; 
35(6):1722–1737.

 13. Center for Devices and Radiological Health. Testing and labeling medical 
devices for safety in the magnetic resonance (MR) environment. U.S. Food 
and Drug Administration. https://www.fda.gov/regulatory-information/
search-fda-guidance-documents/testing-and-labeling-medical-devices-safety-
magnetic-resonance-mr-environment. Published October 10, 2023. Ac-
cessed June 23, 2025.

 14. Cunqueiro A, Lipton ML, Dym RJ, Jain VR, Sterman J, Scheinfeld MH. 
Performing MRI on patients with MRI-conditional and non-conditional 
cardiac implantable electronic devices: an update for radiologists. Clin Radiol 
2019;74(12):912–917.

 15. Harwood M, Fahrenholtz SJ, Wellnitz CV, Kawashima A, Panda A. MRI 
in adult patients with active and inactive implanted MR-conditional, MR-
nonconditional, and other devices. RadioGraphics 2024;44(3):e230102.

 16. Raptis DA, Woodard PK, Bhalla S. Keeping pace: our experience With MR 
with cardiac devices. Can Assoc Radiol J 2021;72(4):599–600.

 17. Do Y, Ahn SH, Kim S, et al. Detection of pacemaker and identification of 
MRI-conditional pacemaker based on deep-learning convolutional neural net-
works to improve patient safety. J Med Syst 2023;47(1):80.

 18. Kim UH, Kim MY, Park EA, et  al. Deep learning-based algorithm for the 
detection and characterization of MRI safety of cardiac implantable electronic 
devices on chest radiographs. Korean J Radiol 2021;22(11):1918–1928.

 19. Júdice de Mattos Farina EM, Celi LA. Smartphone imaging and AI: a 
commentary on cardiac device classification. Radiol Artif Intell 2024; 
6(5):e240418.

 20. Busch F, Bressem KK, Suwalski P, et al. Open access data and deep learning 
for cardiac device identification on standard DICOM and smartphone-based 
chest radiographs. Radiol Artif Intell 2024;6(5):e230502.

 21. Boveda S, Lenarczyk R, Haugaa KH, et  al. Use of leadless pacemakers in  
Europe: results of the European Heart Rhythm Association survey. Europace 
2018;20(3):555–559.

 22. Steinwender C, Lercher P, Schukro C, et al. State of the art: leadless ventricu-
lar pacing: a national expert consensus of the Austrian Society of Cardiology.  
J Interv Card Electrophysiol 2020;57(1):27–37.

 23. Kaya E, Rassaf T, Wakili R. Subcutaneous ICD: current standards and future 
perspective. Int J Cardiol Heart Vasc 2019;24:100409.

 24. Bardy GH, Smith WM, Hood MA, et al. An entirely subcutaneous implant-
able cardioverter-defibrillator. N Engl J Med 2010;363(1):36–44.

 25. Zeineh NS, Prutkin JM. The subcutaneous implantable cardioverter- 
defibrillator: new features and implant techniques and future developments.  
J Innov Card Rhythm Manag 2018;9(11):3417–3424.

 26. Chang SH, Tan CK, Lee SH. Clinical images. fracture of a pacemaker lead. 
CMAJ 2009;181(11):823.

 27. Mulpuru SK, Madhavan M, McLeod CJ, Cha YM, Friedman PA. Cardiac 
pacemakers: function, troubleshooting, and management: part 1 of a 2-part 
series. J Am Coll Cardiol 2017;69(2):189–210.

 28. Hirschl DA, Jain VR, Spindola-Franco H, Gross JN, Haramati LB. Prevalence 
and characterization of asymptomatic pacemaker and ICD lead perforation on 
CT. Pacing Clin Electrophysiol 2007;30(1):28–32.

 29. Ehieli WL, Boll DT, Marin D, Lewis R, Piccini JP, Hurwitz LM. Use of 
preprocedural MDCT for cardiac implantable electric device lead extrac-
tion: frequency of findings that change management. AJR Am J Roentgenol 
2017;208(4):770–776.

 30. Conyers JM, Rajiah P, Ahn R, Abbara S, Saboo SS. Imaging features of leadless 
cardiovascular devices. Diagn Interv Radiol 2018;24(4):203–208.

 31. Arcinas LA, McIntyre WF, Hayes CJ, Ibrahim OA, Baranchuk AM, 
Seifer CM. Atrial fibrillation in elderly patients with implantable loop re-
corders for unexplained syncope. Ann Noninvasive Electrocardiol 2019; 
24(3):e12630.

 32. Padmanabhan D, Kancharla K, El-Harasis MA, et al. Diagnostic and therapeu-
tic value of implantable loop recorder: a tertiary care center experience. Pacing 
Clin Electrophysiol 2019;42(1):38–45.

 33. Kanjwal K, Qadir R, Ruzieh M, Grubb BP. Role of implantable loop recorders 
in patients with postural orthostatic tachycardia syndrome. Pacing Clin Elec-
trophysiol 2018;41(9):1201–1203.

 34. Abraham WT, Adamson PB, Bourge RC, et al. Wireless pulmonary artery hae-
modynamic monitoring in chronic heart failure: a randomised controlled trial. 
Lancet 2011;377(9766):658–666. [Published correction appears in Lancet 
2012;379(9814):412.]

 35. Ijaz SH, Shah SP, Majithia A. Implantable devices for heart failure monitoring. 
Prog Cardiovasc Dis 2021;69:47–53.

 36. Chaudhry SP, DeVore AD, Vidula H, et al. Left ventricular assist devices: a 
primer for the general cardiologist. J Am Heart Assoc 2022;11(24):e027251.

 37. Imamura T, Chung B, Nguyen A, Sayer G, Uriel N. Clinical implications of 
hemodynamic assessment during left ventricular assist device therapy. J Cardiol 
2018;71(4):352–358.



Radiology: Volume 315: Number 2—May 2025 ■ radiology.rsna.org 11

Evaluating Cardiac Implantable Devices and Noncardiac Mimics on Chest Radiographs Silva and Christensen

 38. Patel PA, Green CL, Lokhnygina Y, et al. Cardiac computed tomography 
improves the identification of cardiomechanical complications among pa-
tients with suspected left ventricular assist device malfunction. J Cardiovasc 
Comput Tomogr 2021;15(3):260–267.

 39. Kapur NK, Esposito ML, Bader Y, et al. Mechanical circulatory support de-
vices for acute right ventricular failure. Circulation 2017;136(3):314–326.

 40. Leuck AM. Left ventricular assist device driveline infections: recent advances 
and future goals. J Thorac Dis 2015;7(12):2151–2157.

 41. Rudolph V, Knap M, Franzen O, et al. Echocardiographic and clinical out-
comes of MitraClip therapy in patients not amenable to surgery. J Am Coll 
Cardiol 2011;58(21):2190–2195.

 42. Whitlow PL, Feldman T, Pedersen WR, et al. Acute and 12-month results 
with catheter-based mitral valve leaflet repair: the EVEREST II (Endo-
vascular Valve Edge-to-Edge Repair) High Risk Study. J Am Coll Cardiol 
2012;59(2):130–139.

 43. Boutet A, Chow CT, Narang K, et al. Improving safety of MRI in patients 
with deep brain stimulation devices. Radiology 2020;296(2):250–262.

 44. Levin G, Ortiz AO, Katz DS. Noncardiac implantable pacemakers and 
stimulators: current role and radiographic appearance. AJR Am J Roentgenol 
2007;188(4):984–991.

 45. Augostini RS, Afzal MR, Costanzo MR, et al. How to implant a phrenic 
nerve stimulator for treatment of central sleep apnea? J Cardiovasc Electro-
physiol 2019;30(5):792–799.

 46. Munhoz AM, Chala L, Melo G, Azevedo Marques Neto A, Tucunduva T. 
Clinical and MRI evaluation of silicone gel implants with RFID-M traceabil-
ity system: a prospective controlled cohort study related to safety and image 
quality in MRI follow-up. Aesthetic Plast Surg 2021;45(6):2645–2655.


