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rosthetic heart valve (PHV) dysfunction is an uncommon

but potentially life-threatening condition, and diagnosis
of the exact nature of dysfunction is essential for guiding
further management. In routine clinical practice, transtho-
racic and transesophageal echocardiography are the first-line
modalities for evaluation of the morphology and function of
PHV (1). Cinefluoroscopy can provide information on the
movement of leaflets in cases of mechanical PHV. It does not
provide hemodynamic information, however, nor can it es-
tablish the cause of PHV dysfunction. In scenarios in which
findings of echocardiography and cinefluoroscopy remain
inconclusive or are contradictory, CT angiography (CTA)
can resolve the conflict and may contribute additional diag-
nostic information regarding the nature and cause of PHV
dysfunction (2). This is especially true in cases with subop-
timal echocardiography evaluation owing to acoustic shad-
owing from metal prosthesis, poor acoustic window, and/
or complex anatomy. In such patients, CTA may provide
important complementary anatomic as well as functional
information in the evaluation and management of valvular
and paravalvular complications owing to its high spatial and
temporal resolution and provision of reconstructing multi-
planar and volume-rendered images. Additionally, informa-
tion regarding the coronary arteries, cardiac dimensions, and
distance between the sternum and the right ventricle can
also be assessed in cases in which repeat surgery is planned.
However, while assessing the imaging findings at CTA, it is
important to not misinterpret normal postsurgical hyperat-
tenuating structures such as sutures or pledget material as an
abnormality. In this review, we describe the imaging spec-
trum of valvular and paravalvular complications of PHVs
at CTA and how the knowledge regarding the spectrum of

complications can be incorporated into multimodality im-

aging for guiding clinical management.

SIAProfocol
For PHV evaluation at CTA, retrospective electrocardio-
graphically (ECG) gated acquisition is preferred so that
dynamic information about the closing and opening of
leaflets can be acquired and assessment of valves and the
periprosthetic region can be performed throughout the car-
diac cycle. To decrease metallic prosthesis-related artifacts,
acquisition at high tube voltage (120-140 kV) is preferred
(3). Retrospective ECG-gated scanning incurs a higher ra-
diation dose; however, dose reduction techniques including
ECG- and anatomy-based tube current modulation and
iterative reconstruction can significantly reduce the radia-
tion burden. A nonenhanced CT scan can be added to dif-
ferentiate suture material from paravalvular leak (PVL) as
well as to assess PHV calcification (1). A delayed scan (at
65-70 seconds) can also be performed in cases in which an
abscess or pseudoaneurysm is suspected (4). Faure et al (5)
performed a comprehensive PHV assessment with three
consecutive prospectively ECG-gated acquisitions with lim-
ited radiation doses. A nonenhanced scan was followed with
contrast-enhanced angiography of fixed scan length (three
stacks; 14 ¢cm), which ensured images without ECG stack
artifacts. The ECG trigger was based on absolute time delay
with “scan-on scan-off” padding setting. Finally, a low-dose
high-pitch CTA of the entire chest was performed.

The detailed CTA protocol is outlined in Table 1. It
may be necessary to modify the imaging protocol accord-
ing to the prosthetic valve under evaluation. In evaluation
of right-sided valves, imaging can be performed during the
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Abbreviations

CTA = CT angiography, ECG = clectrocardiography, HALT =
hypoattenuating leaflet thickening, HAM = hypoattenuation af-
fecting motion, PVL = paravalvular leak, PHV = prosthetic heart
valve, RELM = reduced leaflet mobility, SLT = subclinical leaflet
thrombosis

Summary

An imaging essay describes the imaging spectrum of valvular and
paravalvular complications of prosthetic heart valve at CT angiogra-
phy and how the knowledge regarding the spectrum of complications
can be incorporated into multimodality imaging for guiding clinical
management.

Key Points

m Prosthetic heart valve (PHV) dysfunction is an uncommon but
potentially life-threatening condition.

= CT angiography provides complementary anatomic and func-
tional information in cases in which echocardiography and cine-
fluoroscopy are inconclusive.

m Retrospective electrocardiographically gated CT angiography
provides dynamic information on opening and closing of PHV
leaflets with anatomic evaluation throughout the cardiac cycle.

Keywords
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recirculation phase of the contrast material injection and trigger-
ing can be timed appropriately.

Single-energy CTA is sometimes suboptimal in evaluating
PHV owing to streak artifacts and poor contrast-to-noise ratio
when higher tube voltage is used. Dual-energy CTA can surmount
these issues and can provide reconstructed monoenergetic and
iodine-only images to enhance the visualization of PHV. Virtual
noncontrast images can be obtained, which are useful in examin-
ing the PHV and postsurgical changes, thus obviating the need
to perform separate noncontrast CT. Reconstructed iodine-only
maps provide accentuated iodine attenuation and help in charac-
terizing anatomic substrates of PHV dysfunction (6). Dual-energy
systems have a negative effect on temporal resolution, however.
The various image-based algorithms, such as metal artifact reduc-
tion filter, can also be used to reduce artifacts (7).

For optimal evaluation, reconstruction in-plane with the leaf-
lets as well as perpendicular to the leaflets should be performed.
The opening and closing angles of PHV should be measured and
compared with reference values (Fig 1, Movie 1). The opening
and closing angles are calculated between the disks and a reference
line parallel to the plane of the PHV ring in the fully open and
the closed position. Reference values of the angles are provided by
the manufacturer, which are different for different types of PHV
and the location of the valve. Normal opening angle on CT ranges
from 73° to 90° for bileaflet mechanical PHV and 60° to 80° for
monoleaflet mechanical PHV (4).

Valvular and Paravalvular Complications of PHY

Structural Valve Dysfunction

Structural valve dysfunction includes intrinsic functional dam-
age to PHV leaflets, including tears, retraction, and progres-

sive stenosis. Bioprosthetic PHVs exhibit a higher prevalence
of structural dysfunction compared with mechanical PHVs.
Structural damage is extremely uncommon with current-
generation mechanical PHVs, although strut fractures and
disk embolization have been reported with prior-generation
models, for example, the Bjork-Shiley tilting disk. While the
underlying pathophysiology for structural dysfunction is in-
completely understood, it is presumed to occur secondary to
immune rejection of the animal antigen in the bioprosthetic
PHV. The primary manifestation of this degeneration and sub-
sequent failure is leaflet calcification (8). Electron microscopy
studies of bioprosthetic PHV with structural valve dysfunction
have revealed deposition of plate-like aggregates of calcium
hydroxyapatite and calcium phosphate organized into a col-
lagen matrix. Echocardiography has a limited role in detecting
structural valve dysfunction, although it can be used to detect
regurgitation and stenosis. Artifacts may limit characteriza-
tion of valve failure at MRI (4). CTA is the ideal technique for
demonstrating structural failure and for detecting macroscopic
calcium. It can identify leaflet calcification even at a subclini-
cal stage in patients with normal gradient at echocardiography
(9). Calcification is mainly observed at commissures and the
basal region of the cusp (4) (Fig 2). Calcium is identified using
noncontrast scans; however, a threshold of 850 HU on con-
trast-enhanced scans has been suggested to identify significant
calcification with clinical implications (10). Structural compo-
nents of bioprosthetic PHV, such as the stent frame, can cause
beam-hardening effects; thus, it is necessary to be aware of the
exact design of the bioprosthetic PHV before characterizing
valve calcification (11).

Dehiscence

Dehiscence is caused by breakdown of the suture line, resulting
in the separation of the PHV from its annulus (12). The aortic
valve is most frequently involved owing to the presence of less
firm collagen, absence of a discrete ring, and presence of con-
tinuous expansile movements. Various risk factors predispose
to dehiscence, including infective endocarditis, previous sur-
gery, aneurysm of the ascending aorta, and severe native valve
calcification (12). In an aortic PHV, the most common site of
involvement is the noncoronary sinus with extension into the
right or left sinus. At chest radiography, dehiscence is char-
acterized by alteration in angulation of greater than 6° in an
aortic PHV and greater than 12° in a mitral PHV (4). Echocar-
diography can demonstrate the gap between the annulus and
sewing ring with presence of color flow across it. At CTA, a
gap is present between the annulus and PHYV, with a contrast
column connecting the adjoining cardiac chambers (Fig 3). A
rocking motion of the PHV may also be observed. MRI can
also depict the separation with quantification of regurgitation
jets using phase contrast technique.

Paravalvular Leak

PVL is characterized by inappropriate apposition of the PHV
ring to the native tissues, leading to peri-PHV regurgitation
(13). The prevalence of PVL is 2%-10% in prosthetic aortic
valves and 7%-17% in prosthetic mitral valves (14). Most
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Table 1: Multidetector CT Imaging Protocol in Prosthetic Heart Valve Dysfunction

Parameter Description

ECG gating

Target heart rate

Dose of contrast
medium

Contrast medium
injection and flow

saline chase

Triggering of Bolus tracking method
acquisition
Timed bolus technique
Scan range

beyond the valves
Tube current and tube  Automated tube current modulation
voltage

Image reconstruction

Retrospective gating preferred for functional evaluation

Prospective gating may be enough if it is necessary to confirm location/extent of periprosthetic lesions
without dynamic evaluation of the valve

Low heart rate (60 beats/min) is preferable. However, patients with PHV dysfunction may have contraindi-
cations to B-blockers (thythm disorders in postoperative phase or impaired LV function)

Nonionic iodinated contrast media via peripheral intravenous line; 1.0-1.5 mL/kg

Biphasic injection: 5-6 mL/sec contrast medium followed by saline chase (40—50 mL at same rate).
Triphasic injection can be used for simultaneous evaluation of right-sided valves: first phase, one-half dose
rate of contrast medium; second phase, remaining contrast material volume mixed with saline; third phase,

ROI placed in descending aorta with opacification threshold of 100 HU for initiating scan acquisition

Small bolus of contrast material administered to measure contrast material arrival and travel time
Depends on the indication; usually from 2 cm above carina to the diaphragm
In cases of suspected endocarditis, entire aortic evaluation may be necessary to identify disease extent

Acquisition at high tube voltage (120-140 kV)
Minimum section thickness: 0.9 mm with increment of 0.45 mm
Filtered back projection, model-based iterative reconstruction

Source.—References 1 and 3.

Note.—ECG = electrocardiography, LV = left ventricular, PHV = prosthetic heart valve, ROI = region of interest.

commonly PVL is a result of dehiscence secondary to endo-
carditis; other causes include incorrect valve suturing to annu-
lus and age-related degeneration of adjacent tissue (14). PVL
can also be observed without definitive evidence of dehiscence
owing to altered configuration between the annulus and the
prosthetic valve induced by hemodynamic changes after sur-
gery (15). Although echocardiography is the best modality for
evaluation of PVL, CTA may be performed in cases of complex
leaks and cases in which the usefulness of echocardiography
is limited owing to the presence of eccentric jets and acoustic
artifacts (13). Imaging finding at CT includes a paravalvular
contrast column connecting the proximal and distal chambers.

PVL should be evaluated on a true axial double-oblique re-
construction because a crescentic leak along the imaging plane
can be missed on the coronal or sagittal view (16). Location of
PVL in relation to the PHV should be communicated as per
a clock-face orientation from the surgeon’s perspective, wherein
the surgeon would view the mitral PHV from the left atrium
with the heart rotated. For example, to describe PVL in the
mitral position, the 12-o'clock position is assigned to the ante-
rior part of the mitral ring (at the level of the aortic valve) and
the 9-o'clock position is assigned to the level of the left atrial
appendage (13) (Fig 4). A PVL must be differentiated from a
suture or pledget material, which also appears as a high attenu-
ation region; however, its CT attenuation is higher compared
with contrast material (17). Another mimic includes the beam-
hardening artifact, which occurs in areas in which the prosthetic
leaflets connect to the valve ring; such artifact can be minimized
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by reconstructing the images using a soft-tissue window adjust-
ment or iterative reconstruction (16).

Thrombus

The incidence of PHV thrombosis ranges from 0.3% to 8%
(2). Mechanical PHVs are more frequently affected compared
with bioprosthetic PHVs, and right-sided valves are more af-
fected than left-sided valves (4). PHV thrombosis most com-
monly occurs in the first postoperative year, although it can
occur any time after implantation (18). Risk factors include
a low-flow state, suboptimal anticoagulation, pregnancy, and
incomplete endothelization in the early postoperative period
(4). PHV thrombosis is the most common cause of mechanical
PHYV obstruction.

A thrombus can lead to absent or limited motion of PHV
leaflets. Cine fluoroscopy can depict the restricted PHV motion.
Echocardiography can depict thrombus as a globular mobile mass
with signs of obstruction but cannot detect small and laminar cusp
thrombosis (3). CTA is superior to these modalities in the charac-
terization of thrombus and depicts the presence of large, irregular,
nonenhancing soft tissue attached to the leaflets, sewing ring, or
both, predominantly of the aortic side of the PHV (Fig 5, Movie
2). It also allows for both quantitative and qualitative evaluation
of the restricted motion of the leaflets independent of valve ori-
entation and position. It is extremely important to differentiate
thrombus from pannus for selection of optimal treatment (Table
2). A 2015 study suggested that a cutoff greater than or equal to
145 HU has a sensitivity of 87.5% and specificity of 95.5% in
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Figure 1: Measurements of valve mobility for bileaflet prosthetic valve. (A, B) Four-chamber images demonstrate normal open-
ing angle (A) and closing angle (B) of the prosthetic mitral valve. By convention, at CT, opening and closing angles are defined
relative to the valvular ring plane in fully open and closed positions, respectively. (€, D) Oblique coronal images demonstrate nor-
mal closing angle (€) with abnormal opening angle (D) of the stuck leaflet of the prosthetic aorfic valve. deg = degrees.

Figure 2: Bioprosthetic valve calcification. {A) Four-chamber image, (B) short-axis image, and (€) volume-rendered image depict calcification at the basal part of
cusps (arrowheads) in a bioprosthetic mitral valve with a mean CT attenuation of 1122 HU (> 850 HU). Max = maximum, Min = minimum, SD = standard deviafion.

discriminating pannus from thrombus (19). The same study also
provided insight into the optimal treatment method and outcomes
after thrombolysis for periprosthetic lesions. Thrombus with
CT attenuation less than 90 HU is completely lysable, whereas

complete lysis is unlikely in thrombus with attenuation between
90 and 145 HU. Masses with CT attenuation greater than or
equal to 145 HU represent pannus that would benefit from sur-
gery (19). Thus, CT can also predict response to thrombolysis. It
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should be borne in mind, however, that the Hounsfield unit cutoff
between pannus and thrombus is based on the findings of a single
study, and further studies are necessary to confirm these findings.
MRI has limited spatial and temporal resolution, which makes
detection of small thrombi difficult (4).

Hypoattenuating Leaflet Thickening

Subclinical leaflet thrombosis (SLT) has been described as a
complication after transcatheter aortic valve replacement but
was demonstrated subsequently in transcatheter as well as sur-

gical bioprosthetic valves (20). The underlying mechanism of
leaflet thrombosis can be explained by the Virchow triad, with

Figure 3: Dehiscence. Oblique coronal CT angiography image shows a gap
between the annulus and mechanical prosthetic aortic valve (dashed black arrow)
with communication between the aortic root and left ventricular outflow. LV = left
ventricle.

Figure 4:
tiplanar reconstructed image and (€) schematic image depict the surgeon’s perspective and reveal contrast materialfilled channel (dotted outline in B and blue areas in
C) adjacent to the prosthetic mitral valve at the 10-0'clock and 2- to 3-0'clock position. The patient had no prior history of infective endocarditis, so paravalvular leak was
likely induced by hemodynamic changes after surgery. LAA = left atrial appendage.
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the contributing factors being low flow states, leaflet injury,
and prothrombotic conditions. Most patients are asymptom-
atic, and recent studies suggest that SLT is primarily an im-
aging finding (20). Echocardiography reveals no changes in
mean pressure gradient. Currently, CT is considered the stan-
dard modality for diagnosing SLT. Hypoattenuating material
associated with bioprosthetic valve described as hypoattenuat-
ing leaflet thickening (HALT) is the hallmark of SLT (Fig 6).
The hypoattenuating lesions are seen at the periphery and base
of leaflets and can lead to reduced leaflet mobilicy (RELM).
The simultaneous occurrence of HALT and RELM is termed
hypoattenuation affecting motion (HAM) (21). A clear visu-
alization of leaflet coaptation in the diastolic phase without
hypoattenuation excludes its presence (20). The natural history
of this entity is not well known. Although SLT does not have
immediate clinical consequences, there is concern regarding
the possibility of complications such as embolic phenomenon
or premature degeneration (21). Dual antiplatelet or single
antiplatelet therapy appears to be less effective in the preven-
tion and management of SLT. In a few observational studies
(37, 38), oral anticoagulants were shown to have protective or
therapeutic efficacy. Multiple ongoing trials will provide better
data regarding the most effective drug for the management of

SLT (21).

Pannus

The formation of pannus is a gradual process, with PHV ob-
struction occurring several months after surgery (22). Pannus
is constituted of fibroblasts and microvascular channels en-
veloping and infiltering the prosthesis from beneath the sew-
ing ring to the base of the leaflets, causing restricted motion.
Echocardiography can detect hemodynamic effects of pannus
but is suboptimal for tissue characterization. CT can help in
identifying the presence and location of pannus. The soft tissue
shows enhancement owing to neovascularization of fibrous tis-
sue and may show calcification (3) (Fig 7). Pannus should be
differentiated from pseudolesions that occur owing to beam-

Aortic
root

Paravalvular leak. (A) Oblique coronal image depicts paravalvular leak {dashed black arrow) adjacent to @ mechanical prosthetic mitral valve. (B) Mul-
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[3]

(4=
Angle: 46 deg

Figure 5:
the prosthesis. Images in the systolic (B) and diastolic (€) phase show restricted mobility of the valve leaflets with abnormal opening angles. deg = degrees, Max = maxi-
mum, Min = minimum, SD = standard deviation.

Angle: 51 deg

2]

ngle: 25 deg,

Thrombus. (A) Oblique coronal image depicts irregular hypoattenuating soft fissue with a mean CT attenuation of 86 HU predominantly on the aortic side of

Table 2: Difference between Prosthetic Heart Valve Thrombus and Pannus

Thrombus

Feature

Pannus

Time of presentation after surgery Anytime

Valve location

Position relative to the valve
Aortic side of prosthesis

Morphology Large, irregular, mobile

No calcification

No enhancement

<145 HU

CT attenuation*

Tricuspid valve > left-sided valves
Valve leaflets or sewing ring or both

Usually, 12 months after surgery

Mitral valve > aortic valve

Valve apparatus or extends from sewing ring

Ventricular side of prosthesis

Small circular with centripetal growth beneath
disk

May show calcification

May show enhancement

>145 HU

Source.—References 16 and 19.
* Based on the findings of a single study.

hardening artifact. These artifacts have low attenuation com-
pared with the myocardium and are seen in select phases of the
cardiac cycle (23). The extension of pannus in the subvalvular
area should be quantified by measuring the geometric orifice
area and encroachment ratio of PHV. The majority of the pa-
tients show coexistence of thrombus and pannus; formation of
thrombus is attributed to the areas of stagnant flow generated
during the course of gradual accrual of pannus (22, 23). CT is
limited by lack of hemodynamic assessment; such assessment
can be done using MRI, but pannus cannot be directly visual-
ized at MRI.

Infective Endocarditis and Vegetations

PHV endocarditis is often fatal, with mortality ranging between
20% and 40%, and requires prompt diagnosis and early treatment
(24). The high mortality rate can be attributed to high likelihood
of infection spreading to the periprosthetic tissue. While PHV en-
docarditis can occur at any time after implantation, it is most com-
monly observed in the initial 5 years (4). In a mechanical PHV the
infection spreads from the sewing ring or the adjacent thrombus,
whereas in bioprosthetic PHV the infection begins in the leaflet

cusps (25). Transthoracic and transesophageal echocardiography
are the first-line imaging modalities for patients with suspected
PHV endocarditis (26). Echocardiography has high temporal
resolution to accurately identify mobile vegetation and can assess
hemodynamic consequences of valve damage. However, echocar-
diographic evaluation of mechanical prosthetic valves can be lim-
ited by artifacts owing to acoustic window. CTA can accurately as-
sess perivalvular complications, including abscesses and aneurysms
(26). CTA also plays an important role in preoperative evaluation
of the retrosternal area and coronary artery anatomy (27). In one
study, the incorporation of CTA in the assessment of patients with
infective endocarditis changed the treatment strategy in 25% of
patients; this modality can identify life-threatening complications
(aneurysm and abscesses) that can be missed at echocardiography
(28). The imaging findings of PHV endocarditis at CTA include
vegetations, aortic wall thickening greater than 5 mm, perivalvu-
lar abscess, and pseudoaneurysm (29). At CTA, vegetations are
seen as irregular, low-attenuation mobile masses adherent to the
prosthetic valve leaflet or sewing ring (Fig 8). CTA has excellent
sensitivity in identifying large vegetations (>10 mm in size); how-
ever, its role is limited in evaluating small vegetations (<4 mm in
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size) and perforations (26). Another limitation in the evaluation of
PHYV is the presence of streak artifacts caused by the high density
of the PHV material (29). CTA also plays an important role in
detecting extracardiac abnormalities, including intra-abdominal
lesions (splenic, renal, and hepatic abscess or infarction), central
nervous system lesions, and septic pulmonary emboli in patients
with PHV endocarditis (26).

Abscess.— The extension of infection to the perivalvular region
is more frequently observed in PHVs compared with native
valves. In initial stages, the infection spreads to the vessel wall,
causing thickening with subsequent tissue destruction, leading
to abscess formation. Echocardiography can depict abscess as
anechoic cavity but does not provide clear anatomic delinea-
tion and extent of involvement. CT is almost 100% accurate in

identifying abscess compared with surgical findings and allows

-
Figure 6: Hypoattenuating leaflet thickening several months after bioprosthetic

aortic valve replacement. Oblique axial CT image demonsrates thickened and
hypoattenuating leaflet (black arrow) of bioprosthetic aortic valve.

Figure 7:

the evaluation of adjacent structures (30). At CT, perivalvular
abscesses are seen as fluid attenuation collection around the
PHYV with adjacent inflammatory soft tissue and fat stranding
(29) (Fig 9). Rim enhancement can be seen on delayed images
with occasional presence of gas. The abscess can spread into
surrounding cardiac structures. In cases associated with aortic
PHYV, the spread of infection is mainly seen in mitral-aortic
intervalvular fibrosis, whereas in cases associated with mitral
PHYV, spread occurs posteriorly or laterally (31).

Pseudoaneurysm.— The rupture of a periprosthetic abscess
can lead to formation of a pseudoaneurysm. Pseudoaneurysms
are commonly seen in the aorta; risk factors for this are hy-
pertension, connective tissue disorders, and presence of calcifi-
cation (32). Echocardiography depicts pseudoaneurysm as an
anechoic space surrounding the PHYV, with color flow within.
However, such an anechoic space can also be seen in patients
after undergoing the Bentall procedure secondary to wrapping
of the aorta around the graft (4). CTA is almost 100% accurate
in diagnosing pseudoaneurysm (33,34). At CTA, pseudoaneu-
rysm appears as a contrast material-filled saccular or fusiform
outpouching. While pseudoaneurysms can be of variable sizes
and shapes, they usually have a narrow neck and may show
expansion and reduction in size during systole and diastole,
respectively (Fig 10, Movies 3 and 4). CTA can also assess as-
sociated complications such as coronary compression, throm-
boembolism, and rupture (32). It is necessary to differentiate
pseudoaneurysm from abscess in the periprosthetic region. An
abscess does not communicate with an adjacent cardiac cham-
ber or aorta and does not show contrast opacification of the
cavity; however, when a periprosthetic abscess drains into the
cardiac chamber or aorta, thereby forming a pseudoaneurysm,
contrast opacification of the outpouching is observed.

Fistula.— Formation of fistula is a rare complication and occurs
when an abscess or pseudoaneurysm ruptures into adjacent
cardiac chambers. Fistula most commonly occurs between the
right coronary sinus and the right ventricle, with the next most
common locations between the noncoronary sinus and right

-4
[Min 1 Max148 HU/207 HU
Mean/SD: 186 HU/M9 HU
Area: 2,03 mi

Pannus. (A) Four-chamber and (B) oblique coronal CT images demonstrate circumferential soft tissue (dotted black

arrows in A in a bioprosthefic mitral valve with CT attenuation of 186 HU. Max = maximum, Min = minimum, SD = standard

deviation.
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Vegetation. (A) Three-chamber and (B) short-axis CT angiography images in a patient with infective endocarditis

reveal low-aftenuation soft fissue (black arrow) adherent to bioprosthetic aortic valve, which is suggestive of vegetation with adjacent

pseudoaneurysm (asterisk in B). LA = left atrium.

Figure 9:

ventricle and between the left coronary sinus and left atrium
(35). The presence of an abscess is observed in three-quarters of
abnormal connections (35). An abnormal communication be-
tween the left ventricle and right atrium resulting in a left-to-
right shunt is known as Gerbode defect (36). Echocardiography
can delineate these fistulas owing to the high turbulence across
them secondary to the pressure gradient. CTA demonstrates
the morphology and extent of fistulas better than echocardiog-
raphy but does not depict shunt quantification well; shunt
quantification can be depicted at MRI.

Ceonclysion
CTA provides high-resolution, detailed anatomic and structural
information in numerous, potentially life-threatening PHV com-
plications (Table 3) and thus complements the other imaging mo-
dalities. It is imperative that radiologists, cardiologists, and cardiac

Abscess. (A) Oblique coronal and (B) axial CT images in a patient with infective endocarditis depict a collection
(white asferisk) showing peripheral rim enhancement (white arrows) adjacent fo a mechanical aortic valve. Note the contrast mate-
rial-filled pseudoaneurysm (black asterisk in B) posterior to it.

surgeons are aware of the imaging spectrum of valvular and peri-
valvular complications at CTA to enable accurate diagnosis of the
cause of PHV dysfunction and guide appropriate management.
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Figure 10:

Pseudoaneurysm. (A) Four-chamber and (B) oblique coronal CT angiography images depict contrast material -
filled saccular outpouching (black asferisk) adjacent to the prosthetic mitral valve.

Table 3: Spectrum of Imaging Findings at CT Angiography in Various Complications of Prosthetic Heart Valves

Complications*

Imaging Findings at CT Angiography

Valvular
Structural dysfunction Leaflet calcification

Dehiscence

chambers; rocking motion of sewing ring

Thrombus
Pannus
Vegetation
Paravalvular

Paravalvular leak
Abscess
Pseudoaneurysm
Fistula

Gap between the native annulus and PHV with column contrast between the adjoining cardiac

Large, irregular, mobile mass mainly on aortic side of prosthesis
Small circular mass beneath disk with attenuation > 145 HU
Low-attenuation mobile masses in setting of infective endocarditis

Paravalvular, contrast material-filled channel connecting the proximal and distal chambers
Fluid attenuation collection with rim enhancement and adjacent inflammatory changes
Contrast material-filled focal saccular or fusiform outpouching

Connection between coronary sinuses and cardiac chambers

Source.—References 3 and 4.
Note.—PHYV = prosthetic heart valve.

* Bio-PHVs exhibit a higher prevalence of structural dysfunction compared with mechanical PHVs, while thrombus formation is
more frequently seen in mechanical PHVs. The other complications listed can occur in association with both mechanical and biopros-

thetic valves.
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