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Abstract
Paravalvular leak (PVL), defined as retrograde blood 
flow adjacent to an annuloplasty ring (Figure 1 a, 
Video 1) or prosthetic valve (Figure 1 b, Video 2), is a 
rare but serious complication of heart valve surgery. 
Though most PVLs are asymptomatic, 1–5% of pa-
tients develop serious clinical consequences such as 
heart failure, endocarditis, or hemolysis [1,2]. Sur-
gical repair may be necessary in severe cases, how-
ever for those who are at high surgical risk, a per-
cutaneous approach can be performed to occlude 
these defects [1,3-9]. Real-time three-dimensional 

transesophogeal echocardiography (3DTEE) during 
percutaneous closure procedures is invaluable for in-
tra-procedural guidance. In this article, we will review 
the literature and outline two cases where real-time 
3DTEE guidance was critical for successful closure  
of symptomatic PVL.
Copyright © 2015 Science International Corp.
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Case 1
A 64-year-old female with history of congenital 

heart disease requiring ostium primum atrial 
septal defect (ASD) repair and multiple mitral valve 
replacements presented with worsening heart failure. 
Most recently, she underwent a third mechanical 
mitral valve replacement (in the setting of severe 
PVL), mechanical aortic valve replacement, tricuspid 
valve repair, and ventricular septal defect repair. 
Since her last surgery, she developed New York Heart 

Real-Time 3D Transesophageal 
Echocardiographic Guidance of Prosthetic Valve 
Paravalvular Leak
Joseph M. Venturini MD, Anuj Mediratta MD, Karima Addetia MD, Sandeep Nathan MD, Atman P. Shah MD, 
Roberto M. Lang MD*

University of Chicago Medical Center, Section of Cardiology, Chicago, Illinois, USA
The first two authors contributed equally to the manuscript.

NOTE: This manuscript includes videos. Not all PDF readers support video. For desktop computers we recommend using Adobe 
Acrobat Reader. To view videos within a PDF on an iPad we recommend viewing in ezPDF Reader or PDF Expert. On desktop computers 
you may view videos full screen by clicking on a video, right click on the video, then choose Full Screen Multimedia.
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Figure 1a.    Paravalvular leak adjacent to an annuloplasty ring. 2D TEE 4-chamber (top row, far right), long axis (top row, center 
right), and 90-degree views (top row, center left) depict the case of a patient with extensive paravalvular leak spanning across three 
viewing planes along the posterior portion of the mitral annulus (bottom figure). This is well seen on 3D image (top row far right). 

Figure 1b.    Paravalvular leak adjacent to a prosthetic valve. 2D TEE long axis (top row, far right), and 90 degree views (top row, 
center) depict the case of a patient with paravalvular leak spanning across two viewing planes along the anterior wall of the mitral 
annulus on the side of the aorta and the left atrial appendage (bottom figure showing approximate location of the leak). This is well 
seen on 3D image (top row far right). Asterisk shows the location of the left atrial appendage.
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Association (NYHA) Class III heart failure symptoms 
and atrial fibrillation. Diagnostic evaluation including 
right heart catheterization and TEE revealed severe 
pulmonary hypertension (PA pressure 84/34 mmHg 
with a mean of 50 mm Hg) and an area of partial 
dehiscence of the prosthetic mitral valve with a 
large PVL. Due to her worsening heart failure and 
history of multiple sternotomies, surgical repair was 
deemed to be associated with prohibitive risk and a 
percutaneous approach was planned.

Due to location of the defect (Figure 2, Video 3) and 
the presence of a mechanical aortic valve, a trans-api-
cal approach was chosen for percutaneous closure 
over a trans-septal or retrograde aortic approach. 
After apical access was obtained, the paravalvular 
defect was identified and crossed with a 0.035inch 
x 150 cm Terumo straight stiff glide wire (Terumo 
Medical, Somerset, New Jersey, USA) (Figure 3) with 
3DTEE guidance. Initially, an 8-mm muscular ventric-
ular septal defect occluder (St. Jude Medical, St. Paul, 
Minnesota, USA) was positioned and deployed into 
the large defect. On 3DTEE and fluoroscopy, there 
was evidence of entrapment of a mechanical mitral 
valve leaflet and the device was retrieved. Next, a 

6mm muscular VSD occluder device (St. Jude Medi-
cal, St. Paul, Minnesota, USA) was placed into the de-
fect without compromise of leaflet mobility on TEE  
(Figure 4, Video 4) and fluoroscopy. TEE confirmed 
closure of the large PVL. Using transthoracic echo-
cardiographic guidance, the trans-apical puncture 
site was closed with a 6mm/4mm Amplatzer Duct 
Occluder (St. Jude Medical, St. Paul, Minnesota, USA). 
The patient tolerated the procedure well and was dis-
charged home 3 days later.

Case 2
A 72-year-old male with history of rheumatic heart 

disease requiring mechanical mitral and aortic valve 
replacements was transferred for consideration of re-
peat mitral valve replacement. He was initially hospi-
talized with acute pulmonary edema and severe he-
molytic anemia requiring blood transfusions. Upon 
transfer there was significant volume overload, and 
severe intravascular hemolysis as evidenced by low 

Video 3.    Case 1: Mechanical mitral prosthesis with paravalvular 
leak in the 4 o’clock position.

Figure 2.    3D zoom view of the mechanical mitral prosthesis 
with paravalvular leak as noted. Aortic valve is in the 12 o’clock 
position.

Video 2.    Mechanical mitral prosthetic dehiscence.
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with prosthetic mitral compared to those with pros-
thetic aortic valves. The estimated incidence ranges 
between 7–32% in the mitral position and 2–10% 
in the aortic position, with the most clinically signif-
icant complications occurring in the mitral position 
[10,11,13]. The majority of PVLs are frequently single, 
but may be multiple in 27% of patients [14]. It is un-
clear whether PVLs occur more frequently in biopros-
thetic valves vs. mechanical valves [10].

Etiology and Natural History
PVL occur as a consequence of an incomplete seal 

between the ring of the implanted valve and the sur-
rounding cardiac tissue. Known risk factors for PVL oc-
currence include annular calcification, small prosthet-
ic size, inadequate suturing technique, and infection 
[15]. PVLs that are identified soon after implantations 
are most often secondary to technical complications 
of the operation; in contrast, PVLs identified late after 
surgery are most frequently a consequence of infec-
tious endocarditis or secondary to significant annular 
calcification [16].

PVL size correlates directly with onset of symp-
toms; with larger size leaks resulting in heart failure 
symptoms. Smaller PVL may create high velocity jets 
into the low pressure left atrium. These jets may col-
lide with structures such as the limbus, which sepa-
rates, the appendage from the left superior pulmonic 
vein, resulting in hemolysis. The number of PVLs does 
not appear to correlate with symptoms, but increas-
ing numbers of leaks increase the risk of associated 

hemoglobin and haptoglobin, elevated lactate dehy-
drogenase, and an unconjugated hyperbilirubinemia. 
The etiology of the patient’s heart failure and hemo-
lytic anemia were determined to be secondary to se-
vere PVL of the mechanical mitral valve on TEE. Due 
to severe deconditioning and comorbidities patient 
was deemed high surgical risk, and a percutaneous 
approach was preferred.

Given the anatomy and location of the PVL, a trans-
apical approach was chosen to facilitate crossing 
and closure of the defect. With 3DTEE guidance, the 
PVL anatomy was identified showing two distinct 
PVLs with the larger dehiscence located along the 
inferolateral aspect of the valve annulus (Figure 
5). With TEE guidance, the defect was crossed with 
a guidewire and a 6mm Amplatzer VSD occluder 
device was placed across the defect, however, 
TEE and fluoroscopic imaging showed evidence 
of entrapment of the posterior mechanical mitral 
valve leaflet (Video 5, Video 6, Video 7). The occluder 
device was removed and a 4mm Amplatzer VSD 
occluder device was positioned across the defect and 
deployed with resolution of PVL demonstrated by 
TEE. The trans-apical puncture site was closed with a 
6mm/4mm Amplatzer Duct Occluder.

Discussion

Incidence
The incidence of PVL post heart valve surgery is 5 

to 17% [10-12]. PVL occur more commonly in patients 

Figure 3.    3D full volume rendering of the mechanical mitral prosthesis with the guide wire in the wrong location (left panel) and 
guide wire in the right position (right panel). Aortic valve is in the 12 o’clock position.
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thetic valve function and the spatial characteristics 
of PVLs. Color Doppler can help identify the location, 
direction, and severity of regurgitant blood flow. 
However, because the spatial resolution of traditional 
TEE and TTE is limited, the addition of 3D allows for 
improved spatial resolution and therefore provides 
more information regarding the size and shape of 
PVLs [24,25]. This information is especially helpful 
during percutaneous closure procedures. RT3D TEE 
allows for operators to visualize the length of the 

hemolysis [14]. With follow-up, leaks may increase 
or decrease in size, or, less commonly, may sponta-
neously close [13,17,18]. Importantly, the presence 
of PVL results in turbulent blood flow thereby aug-
menting the risk for the development of infective 
endocarditis in the presence of bacteremia. If regur-
gitant flow is significant and not corrected, the natu-
ral history of PVLs may mimic that of native valve re-
gurgitation. Uncorrected hemolysis eventually results  
in severe anemia.

Clinical Findings
Patients with symptomatic PVLs present with 

congestive heart failure in over 90% of cases. Most 
report NYHA Class III or greater symptoms [19,20]. 
Clinical presentation may occur immediately after 
surgery or significantly later [21]. Hemolytic ane-
mia is present between 30–75% of cases referred  
for intervention [19,20].

The regurgitation associated with large PVLs is 
often associated with a murmur on cardiac ausculta-
tion. In para-mitral valve leaks, a blowing, holosystol-
ic murmur is typically heard radiating to the axillae. 
However, paravalvular regurgitatant jets may be ori-
ented differently than jets associated with intra-val-
vular regurgitation; if the jet is oriented posteriorly, 
radiation may be noted in the back. If the jet is orient-
ed anteriorly, radiation to the base may be heard. The 
murmur appreciated in para-aortic valve leaks is typi-
cally a blowing, decrescendo, diastolic murmur that is 
heard best at the left sternal border with the patient 
sitting forward and in end-expiration.

The majority of patients presenting with symptom-
atic PVLs have elevations of N-terminal pro-brain na-
triuretic peptide. Brain natriuretic peptide is typically 
elevated in patients with congestive heart failure, but 
it has also been shown to correlate with the severi-
ty and symptoms of aortic and mitral regurgitation 
[22,23]. When hemolytic anemia is present, laborato-
ry studies will show decreased hemoglobin, markedly 
elevated lactate dehydrogenase, markedly decreased 
haptoglobin, and increased indirect bilirubin.

Echocardiography
Transesophageal (TEE) and transthoracic (TTE) 

echocardiography should be used to assess pros-

Video 4.    Case 1: 3D acquisition of 6 mm occluder device 
expansion.

Figure 4.    3D full-volume rendering of the mechanical mitral 
prosthesis with 6-mm occluder device in position. Aortic valve is 
in the 12 o’clock position.
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to those used to evaluate native mitral regurgitation. 
Color flow regurgitant jet area, jet density, and sys-
tolic pulmonary venous flow reversal are all recom-
mended in the assessment of para-mitral valve re-
gurgitation [27]. The proportion of the circumference 
of the sewing ring occupied by the regurgitatant jet 
provides an approximate guide to severity, with more 
than 20% indicating severe regurgitation and less 
than 10% consistent with mild regurgitation [27]. The 
proximal isovelocity surface area (PISA) measurement 
has not been validated in paravalvular regurgitation, 
but large PISA shell measurements of paravalvular 
regurgitant jets have been reported to be more con-
sistent with severe regurgitation [28]. Jet eccentricity 
may limit traditional assessment with color Doppler.

Aortic PVLs are more commonly located in the 
vicinity of the non-coronary or right coronary cusps 
[29]. Para-aortic regurgitation is also assessed with 
accepted criteria that are used to assess native aor-

catheter or guidewire, identify the size, shape, and 
number of PVL, and ensure that any deployed closure 
device does not impair movement of the mechanical 
valve leaflets.

The majority of PVL are crescentic, oval, or round 
in shape. Their track can be parallel, perpendicular, or 
serpiginous in relation to the direction of prosthet-
ic blood flow. The most common location for mitral 
PVLs are along the posterior wall (5–6 o’clock from 
the surgeon’s perspective) and along the aortic-mitral 
curtain (10–11 o’clock) [19,26]. The prevalence of PVLs 
in the posterior mitral annulus has been attributed to 
the following: (1) the posterior annulus provides a 
limited surgical field view for suturing (2) the prox-
imity of the circumflex artery may lead to more su-
perficial suturing, and (3) calcification and fibrosis are 
more prevalent in the posterior annulus [24].

The recommended methods used to assess the 
severity of para-mitral valve regurgitation are similar 

Figure 5.    3D zoomed rendering of the mechanical mitral prosthesis (left panel). With this modality, it is difficult to appreciate the 
two disks associated with the valve prosthesis in this patient. The paravalvular leaks are not seen. The 3D color zoom acquisition of 
the mitral prosthesis allows better appreciation of the location and number of paravalvular leaks (right panel). This patient has two 
paravalvular leaks. Aortic valve is in the 12 o’clock position.
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to medical therapy, alone [12]. Surgery entails either 
repair of the PVL or re-do replacement of the pros-
thetic valve. Many approaches to surgical correction 
of mitral PVLs have been described, but most involve 
either direct suturing, patching, or incorporation of 
autologous tissue from neighboring structures [30-
34]. The choice of repair versus replacement depends 

tic insufficiency. Typical criteria include pressure half-
time, jet width, jet density, and diastolic flow reversal 
in the descending aorta [27].

There are several challenges associated with assess-
ment of paravalvular regurgitation with echocardiog-
raphy. Mechanical valves create significant image dis-
tortion due to acoustic shadowing, and showing may 
actually hide the presence of regurgitant jets. When 
multiple PVLs are present, echocardiographic assess-
ment is difficult due to eccentric regurgitant jets and 
absence of validated echocardiographic parameters.

Other Imaging Techniques
PVLs may also be evaluated with EKG-gated com-

puted tomographic angiography (CTA). These images 
can be retrospectively reconstructed to form 4D-re-
constructions, that allow for detailed visualization of 
PVLs. These images have been used to assist plan-
ning for percutaneous PVL closure procedures [19]. 
Like echocardiography, CTA is limited by artifact from 
high-density structures like the prosthetic valve and 
extensive calcification. In addition, CTA requires IV 
contrast and radiation exposure, therefore, the risk of 
IV contrast and radiation exposure must therefore be 
weighed against the potential benefit.

Angiography has historically been used to assess 
the location, size, and hemodynamic severity of PVLs. 
However, it is difficult to determine the 3D anatomic 
and spatial characteristics of the defect with angiog-
raphy, alone. Invasive assessment of the PVL with test 
balloons to assess PVL size, distensibility, and hemo-
dynamic implications of closure is no longer recom-
mended due to the risk of balloon entrapment.

Treatment
Medical therapy in large PVLs is directed at symp-

tom reduction by either treating the heart failure or 
treating the anemia caused by hemolysis. Despite 
these interventions, the majority of patients with se-
vere PVL require definitive, structural correction via 
either open surgery or transcatheter-based interven-
tion.

Until recently, surgical management of PVLs was 
the only available treatment for severe disease. Sur-
gical correction improves overall survival and symp-
toms in patients with severe PVL, when compared 

Video 5.    Case 2: Fluoroscopy showing evidence of entrapment 
of the posterior mechanical mitral valve leaflet.

Video 6.    Case 2: 2D TEE showing evidence of entrapment of the 
posterior mechanical mitral valve leaflet.
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The size and shape of the defect, typically evaluated 
by echocardiography determines the size of the deliv-
ery catheter used. The occlusion device is then load-
ed onto the delivery catheter, advanced into position, 
and deployed. Before and after release of the occlu-
sion device, the operator must confirm free motion of 
the prosthetic leaflets, stable anchoring of occlusion 
device, and reduction of the regurgitant jet [38].

Mitral PVL closure is technically more challenging 
than aortic PVL closure. It is typically performed using 
the femoral venous trans-septal approach. Trans-
septal puncture typically requires simultaneous TEE 
or intracardiac ultrasound to minimize the risk of 
complication. The location of the PVL itself along 
the mitral annulus determines the optimal approach 
for the procedure. For example, if the PVL is close to 
the atrial septum, it may be difficult to engage the 
PVL via the femoral venous trans-septal approach. 
Furthermore, retrograde arterial approach may be 
needed to snare the wire placed via the trans-septal 
approach to provide a more stable rail for device 
deployment. However, left ventricular structures 
(such as trabeculae, papillary muscles, and chordae) 
may complicate retrograde engagement of mitral 
PVRs. In some instances, access via a trans-apical 
approach is required. This approach provides direct 
engagement of mitral PVL at any location around the 
mitral annulus. It is typically achieved with surgical 
access and direct visualization of the left ventricular 
apex, although fully percutaneous trans-apical access 
is possible, as shown in the above cases [39,40].

At this time, the majority of percutaneous PVR re-
pairs are performed with Amplatzer devices (St. Jude 
Medical, St. Paul, Minnesota, USA), although vascular 
coils have also been used [1,20,25,41-43]. The devices 
used are either cylindrical or oval in shape. The suc-
cess of percutaneous PVL repair hinges on proper se-
lection of occlusion devices. Selection is predicated 
on the size and shape of the PVL. Because most PVL 
are oval in shape, oval occlusion devices may be pre-
ferred in most cases. Large PVL require large occlu-
sion devices. Unfortunately, larger occlusion devices 
increase the risk for prosthetic leaflet impingement, 
because the discs of the device can overhang the 
sewing ring. Some authors have suggested that this 
risk may be alleviated by placing multiple smaller oc-
clusive devices in the large defect [38].

largely on the specific etiology of PVL, location, and 
size of the leak. Operative mortality for surgery to 
replace a dysfunctional mechanical or bioprosthet-
ic valve is 5% to 14% [35,36]. Hospital mortality has 
been described as 13% for initial re-operation, with 
subsequent operations associated with significantly 
higher mortality [37].

Since first described in 1992, percutaneous tran-
scatheter closure of PVLs has become an attractive 
alternative to surgical correction [3]. Advancement of 
real-time 3DTEE imaging has contributed to the suc-
cess of catheter-based techniques. These procedures 
do not require cardio-pulmonary bypass, and there-
fore may carry a lower risk than traditional surgery. 
A variety of techniques have been described in the 
literature [1,3-9].

Percutaneous PVL repair may be performed from 
multiple access points; retrograde via the femo-
ral or radial artery, antegrade via femoral vein (with 
trans-septal perforation to access the left heart), or 
directly via trans-apical puncture [38]. The specific 
access site and approach is determined in a case-by-
case basis with consideration for the location of the 
defect, location of the prosthesis, other anatomical 
considerations, multiple patient-specific issues, and 
operator experience.

Closure of aortic PVL is typically performed via ret-
rograde arterial approach. A guidewire is advanced 
through the leak, with real-time 3DTEE and fluoros-
copy used to ensure that the wire is crossing the PVL. 

Video 7.    Case 2: 2D color Doppler TEE showing evidence of 
entrapment of the posterior mechanical mitral valve leaflet.
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ment of the severity of PVL requires thoughtful in-
terpretation of clinical presentation and multiple im-
aging modalities. Once identified, successful closure 
of symptomatic PVL can be achieved with surgical 
re-operation or percutaneous closure from a variety 
of approaches. As highlighted in the two cases, re-
al-time 3D TEE is invaluable in guiding the successful 
percutaneous closure of PVL.
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Comment on this Article or Ask a Question  

Percutaneous PVL closure has a technical suc-
cess rates of 77 to 88% in high-volume centers, 
with some reporting success rates greater than 95% 
[20,25,40,42]. Clinically, significant success has been 
reported from 67 to 77% of cases. Peri-procedure 
complication rates have been reported around 10%, 
with a mortality of approximately 1%. Peri-procedur-
al complications include cardiac tamponade, device 
embolization, damage to prosthetic valve, and stroke. 
Late embolization of occlusive devices has been re-
ported, but is rare [44,45].

Conclusions

Symptomatic PVL is an uncommon, but serious 
complication of surgical valve replacement. Assess-

Figure 6.    2D TEE images of the paravalvular leak that was closed with device (left panel). The top right image shows the device in 
situ and the bottom right image shows diminished significance of this paravalvular leak post device placement.
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