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Abstract

Introduction and purpose:
Computed Tomography (CT) scan has been well addressed to provide a diagnostic information for
patients with prosthetic heart valve dysfunction. However, its role in the assessment of patients with
prosthetic paravalvular leakage (PVL) has not been studied thoroughly. So, this study was conducted to
assess the feasibility, reproducibility, and accuracy of CT for diagnosis of prosthetic PVL using surgical
�ndings as the reference standard.

Methods and results:
This was a prospective cohort study that was conducted on 26 consecutive patients with suspected
prosthetic PVL who underwent both transesophageal echocardiography (TEE) and 64-slice ECG-gated CT.
The gold standard was the intraoperative �ndings. Surgery was performed in twenty-six patients. There
was an excellent degree of agreement between CT and intraoperative �ndings for diagnosis, localization
of prosthetic PVL. The perimeter of prosthetic PVL measured by CT was strongly correlated with
echocardiographic severity of PVL by TEE (Spearman’s Correlation Coe�cient, r = 0.83, P value = 0.0014).

Conclusion
This study demonstrates that cardiac CT showed comparable diagnostic accuracy to TEE and
intraoperative �ndings for the detection, localization, and assessment of severity of prosthetic PVL.
Moreover, CT was shown to be useful in detection of other �ndings related to prosthetic cardiac valves.

Introduction
Paravalvular leakage (PVL) has an estimated prevalence 2-10% after aortic valve replacement and 7-17%
after mitral valve replacement (MVR) [1, 2]. Although most PVLs are asymptomatic, but an estimated 1–
5% of patients with PVLs show serious adverse outcome including reoperation, cardiac and noncardiac
deaths, and recurrent admissions with heart failure symptoms [3–5].

Both transthoracic echocardiography (TTE) and transesophageal echocardiography (TEE) are commonly
used as the �rst-line imaging modalities for PVL detection. TEE can be of additional diagnostic value
especially for Prosthetic PVL in the mitral position [6, 7].

However, imaging distortions from acoustic shadowing has been considered as a major limitation for
echocardiography in prosthetic valve evaluation, another limitation worth mentioning is the semi-invasive
nature of TEE.
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Cardiac computed tomography (CT) has received attention for its role in the evaluation of prosthetic
valves dysfunction [8]. Although cardiac CT had a role diagnostic value in the diagnosis and guidance of
successful transcatheter closure of mitral PVL, Diagnostic performance of cardiac CT for detection of
prosthetic PVL has not been studied in detail [9–12].

The purposes of our study were to assess the feasibility, reproducibility, and diagnostic accuracy of CT
compared to TEE for the diagnosis of prosthetic PVL using surgical �ndings as the reference standard.

Methods
From March 2017 to March 2019, we prospectively enrolled all patients with clinically suspected
prosthetic paravalvular dysfunction. (e.g., suspected prosthetic heart valve obstruction, endocarditis or
paravalvular leak referred to the echocardiography laboratory. A total of eighty patients with suspected
prosthetic valve dysfunction were enrolled. Twenty-six patients with prosthetic signi�cant paravalvular
leakage were included in the study, whereas �fty-four patients were excluded as mentioned in Figure (1).

Exclusion criteria

1. Patients who refused to participate in the study and refused to sign consent.

2. The usual contraindications to multidetector CT angiography including pregnancy and contrast
allergy.

3. Patients whom labs revealed renal impairment. (Renal impairment de�ned as Estimated GFR < 45
ml/min/1.73 m2, or serum creatinine > 1.3 mg/dl)  

4. Patients presented with hemodynamic instability or requiring emergency surgery.

5. Patients with prosthetic heart valves (PHVs) known to have beam hardening artefacts (containing
cobalt-chrome alloy rings e.g., Björk-Shiley and pyrolytic carbon tilting-disk PHVs) that prevent
diagnostic assessment.

Study population characteristics

All patients were subjected to the following work up on initial presentation.

Clinical history including age, gender, comorbidities, previous heart valve surgeries, time since last valve
surgery , symptoms suggestive of congestive heart failure, symptoms suggestive of infective endocarditis
(i.e. fever, sepsis, previous antibiotic treatment before clinical presentation).
Physical examination including blood pressure, heart rate, temperature, auscultations for prosthetic valve
sounds (mitral, aortic or both), murmurs of regurgitant lesions across prosthetic or native valves.
Laboratory work up included complete blood count, C reactive protein (CRP), serology for Brucella,
Bartonella, Coxiella, Aspergillus, blood culture and sensitivity, kidney function tests including blood urea
nitrogen and serum creatinine.

Complete Transthoracic and Transesophageal echocardiography 
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All echocardiographic studies were conducted with a Philips iE33 ultrasound system and X7-2t
transesophageal transducer (Philips Medical Systems, Andover, MA, USA). Standard views for combined
TTE and TEE were acquired by experienced non-invasive cardiologists. Cardiac chambers quanti�cation
was done according to the American Society of Echocardiography for assessment of cardiac chambers
including calculation of left ventricle end diastolic and end systolic volume and diameter, septal and
posterior wall thickness, right sided chamber volume and dimensions, aortic and left atrium diameter [13].
Assessment of prosthetic cardiac valves was done according to the American Society of
Echocardiography for assessment of prosthetic cardiac valves [14].

Transesophageal echocardiography was done for better assessment of prosthetic cardiac valves
speci�cally looking for: 

Paravalvular leak: Location, number, size of defect, severity of regurgitant jets depending on criteria
for assessment prosthetic cardiac valves in American Society of Echocardiography [14].

Other abnormalities of prosthetic cardiac valves including [15].

a. Abscess: de�ned as irregularly shaped, inhomogeneous paravalvular masses within peri annular
region, myocardium, or pericardium

b. Pseudo-aneurysm: de�ned as a space �lled with contrast medium with a communication with
the cardiac chambers or the aortic root. 

c. Vegetation: de�ned as irregularly oscillating masses, adherent to and distinct from the
endocardium. 

d. Fistula: de�ned as a continuation between the chambers of the left and right heart. 

e. Prosthesis dehiscence: de�ned as a rocking motion of a prosthetic valve with an excursion > 15°
in any 1 plane.

CT Acquisition and Image reconstruction

All the cardiac computed tomographic angiography studies were done with the Aquilion 64 machine,
(Toshiba Medical Systems, Nasu, Japan) which provides a 64- sections for optimal imaging. Our 64-
section multidetector CT protocol was based on retrospectively ECG gated CT aortography protocols.

Raw data were reconstructed into 10 equally spaced datasets within the R-R interval of the cardiac cycle
and were loaded simultaneously into the dedicated cardiac analysis software (vitreous vital image). The
imaging planes were aligned parallel with and perpendicular to the valve lea�ets as well as in plane with
the valve in three perpendicular imaging planes.

For contrast material– enhanced imaging, we planned the acquisition from 2 cm above the carina
(including the ascending aorta) to the bottom of the heart to achieve complete imaging of the heart.
When desired, the scanning range was reduced in the craniocaudal direction to reduce radiation exposure.
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For anatomic assessment, the best systolic and diastolic reconstruction phases were selected. For
dynamic evaluation, cine images in the plane perpendicular to the valve lea�ets were recorded after
appropriate alignment and windowing.

All CT analyses were performed by 2 experienced radiologists who were blinded to the results of TTE and
TEE. CT image quality was assessed and those patients who had bad image quality (presence of severe
artifacts and non-diagnostic for appropriate evaluation of the prosthetic valves) were excluded.

The proposed report included several items:

PHV:

Type: Mechanical or biological

Position: Mitral or aortic and/or both.

Anatomical PHV assessment.

Paravalvular regurgitation presence and location. We also measured the para-prosthetic anatomical
regurgitant ori�ce area to determine the accuracy and reproducibility of Cardiac CT in assessment of
prosthetic paravalvular regurgitation. The size of the PVL was assessed by measuring the perimeter
on long-axis views and area on the short-axis view. When CT image quality was suboptimal and not
assessable for PVL evaluation, PVL was considered absent for the purpose of data analysis [16,17].

Other prosthetic valves abnormalities: Vegetations, abscess, Pseudoaneurysm, thrombus.

Dynamic PHV assessment.

Normal opening and closing angle: Frame-by-frame analysis of a single cardiac cycle were the
basics for de�ning opening and closing valve angles by CT. For single-lea�et valves, a valve was
de�ned as stuck when motion of one valve lea�et was absent. For bilea�et valves, opening and
closing angles were measured between the two lea�ets in the fully open and closed positions.
Prosthetic valve obstruction was diagnosed when motion of a lea�et or lea�ets was persistently
restricted, with a calculated opening angle of more (for bilea�et valve) or less (for disk valves) than
the values for a normal valve, as speci�ed by the manufacturer [18].

Surgical data

Twenty-six patients with signi�cant prosthetic PVL underwent cardiac surgery. For patients who
underwent redo-surgery, the presence of a PVL ori�ce was con�rmed by inspection on the surgical view.
All the patients had intraoperative TEE for identi�cation of prosthetic PVL and other abnormalities of the
cardiac valves.

The surgical data that were reported by the surgeon during the open-heart surgery were considered the
gold standard for comparing the diagnostic accuracy of transesophageal echocardiography and cardiac
computed tomographic angiography. 

Surgical data included all the following:
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1. Paravalvular regurgitation: presence, location, and severity.

2. PHV Function: Opening and closure of the prosthetic valve during cardiopulmonary bypass surgery.

3. Other abnormalities: Vegetations, abscess, Pseudoaneurysm, thrombus.

Statistical analysis                                   

Data were coded and entered using the statistical package SPSS (Statistical Package for the Social
Science; SPSS Inc, Chicago, IL, USA) version 22. Data were described using the mean, standard deviation
in continuous variables and using frequency (count) and relative frequency (percentage) for categorical
data. Categorical variables are presented in numbers (percentages). 

The agreements on the presence and location of PVL between CT and surgical �ndings and between TEE
and surgical �ndings were analyzed using Cohen’s kappa statistics. The correlation between the size of
prosthetic PVL on CT (area and perimeter) and the severity on TTE or TEE was analyzed using
Spearman’s correlation coe�cient. Probability values < 0.05 were considered statistically signi�cant. The
diagnostic performance of CT and echocardiography for diagnosing prosthetic PVL was assessed using
surgical �ndings as the standard reference.

Results
Patient population

Eighty patients with a suspected PHV dysfunction were enrolled. Twenty-six patients were eventually
included in the study as shown in Figure (1).

Population characteristics

Our study populations had mean age 41 ± 12 years, with almost three quarters of patients were males.

Heart failure symptoms (dyspnea at rest, orthopnea, and paroxysmal nocturnal dyspnea) were the most
common presenting symptoms, followed by symptoms suggestive of infective endocarditis (fever,
embolic manifestations).

Table (1) summarized the results of laboratory workup for enrolled patients.

Prosthetic Paravalvular leakage 

Paravalvular leakage presence.        

CT versus TEE for diagnosing presence of PVL. There was excellent agreement between CT and TEE for
diagnosing the presence of paravalvular leakage (agreement k: 0.96).

In this study there was one patient who was diagnosed to have paravalvular leakage across aortic
prosthesis by TEE which was not revealed by MCTA and was proved intraoperatively that the patient
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didn’t have paravalvular leakage. Sensitivity, speci�city of TEE and CT for detecting presence of PVL is
100%, 95% and 100%, 100% respectively. 

CT and TEE versus surgery. There was excellent agreement between TEE and CT versus surgery (Gold
standard) for diagnosing presence of paravalvular leakage with Agreement k: 0.95, 1.0 respectively as
shown in Table (2). 

CT had better diagnostic accuracy as compared to TEE in diagnosis of aortic prosthetic paravalvular
leakage with sensitivity and speci�city 100%, 100% for CT and 95%, 100% for TEE respectively. In our
study, TEE incorrectly diagnosed aortic prosthetic PVL in one patient with large aortic root abscess, on the
other hand, CT excluded the presence of PVL across the aortic prosthesis, (�nding con�rmed
intraoperatively). 

Tachycardia and/or acoustic shadowing of mechanical prosthesis may explain the limitation of TEE in
assessment of the PVL presence in this patient. 

Paravalvular leakage site and location.

The localization of PVL on the surgical �eld was done in all patients who undergone surgery for PVL.
Figure (2) illustrated localization and severity assessment of aortic prosthetic PVL by both imaging
modalities compared to intraoperative �nding (Gold standard). CT accurately identi�ed the location of
PVL in 25 patients (100%). TEE correctly identi�ed the location of the PVL in 24 of 25 patients (96%). The
weighted kappa values for agreement of PVL location with the surgical �eld were 1 for CT and 0.94 for
TEE as shown in Table (2). 

Both CT and TEE correctly revealed the location of PVL in 24 patients, although in 1 patient with aortic
prosthetic PVL, TEE incorrectly predicted the location due to the acoustic shadowing caused by the mitral
prosthesis in this patient. 

Paravalvular leakage severity

The perimeter of prosthetic PVL measured on CT was a mean of 0.63 ± 0.15 cm, while the vena contracta
as a semiquantative measure for assessment of the prosthetic PVL measured by TEE was a mean of
0.62 ± 0.2. 

Figure (3) illustrated quantitative methods used in both imaging modalities to assess severity of mitral
prosthetic paravalvular leak in patient presented with heart failure symptoms. Table (3) showed a strong
correlation between the perimeter of prosthetic PVL measured by CT and echocardiographic severity of
PVL by TEE (Spearman’s Correlation Coe�cient, r = 0.83, P value = 0.0014).

Other abnormalities

CT had lower sensitivity (75%) for detection of vegetation as compared to TEE (88%), both being
compared to intraoperative �ndings. On the other hand, both modalities had 100% speci�city for
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diagnosis presence of vegetation.  

Both imaging modalities diagnosed aortic root abscess in seven patients with sensitivity and speci�city
of 100% for both. 

Occluder malfunction of prosthetic valves were evaluated by both echocardiography (TTE and TEE) and
cardiac computed tomographic angiography. The intraoperative assessment of occluder motion was
considered the gold standard. The sensitivity and speci�city of both modalities for diagnosing occluder
malfunction were 100%. 

Discussion
Cardiac computed tomography (CT) has received attention for its role in the evaluation of prosthetic
valves dysfunction [8]. Although cardiac CT had a role diagnostic value in the diagnosis and guidance of
successful transcatheter closure of mitral PVL, Diagnostic performance of cardiac CT for detection of
prosthetic PVL has not been studied in detail [9-11].

Paravalvular leakage presence

CT had better diagnostic accuracy as compared to TEE in diagnosis of aortic prosthetic paravalvular
leakage with sensitivity and speci�city were 100%, 100% for CT and were 95%, 100% for TEE respectively.
In our study, TEE incorrectly diagnosed aortic prosthetic PVL in one patient with large aortic root abscess,
on the other hand, CT excluded the presence of PVL across the aortic prosthesis (�nding con�rmed
intraoperatively). This patient had undergone surgery for persistent infection due to a large aortic root
abscess that was not responding to antibiotic therapy. 

The diagnostic accuracy for PVL presence in our study was closely correlated to the �ndings of Hara et
al. who reported perfect agreements between MDCT, Echocardiography, and surgical �ndings in aortic
prosthetic regurgitation (APR) [16]. 

Sensitivity and speci�city of both imaging modalities in diagnosis of PVL were closely correlated to that
reported by Suh et al. who studied diagnostic performance of both CT and echocardiography compared
with surgical �ndings as the standard reference for detection of mitral PVL with sensitivity and speci�city
were 96.9% and 97.8% respectively for CT, 96.2% and 95.8% respectively for TEE [17]. 

Our Study was different from the above-mentioned studies being prospective, on the other hand, Suh et
al. was a retrospective one. In our study, we enrolled patients with either aortic and/or mitral prosthetic
PVL, while Hara et al. and Suh et al. studied aortic and mitral prosthetic PVL respectively [16, 17].

Paravalvular leakage location

In most of the cases in our study, cardiac CT provided accurate information on PVL anatomy comparable
to TEE. Also, CT may have additional value to TEE when the TEE images are not satisfactory for
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evaluation because of acoustic shadows. In one case in which TEE could not detect or correctly predict
the location of PVL, CT correctly identi�ed the PVL location. And this highlighted the importance of
preprocedural imaging plays in providing information regarding PVL anatomy and location.

Paravalvular leakage severity

Considering that the major determinant of surgery is severity of PVL, the size of PVL on CT can be useful
information in deciding the necessity of reoperation. Moreover, the measured size of PVL on CT was
signi�cantly correlated with the severity estimated on TTE and TEE. (Spearman’s Correlation Coe�cient, r
= 0.83, P value = 0.0014). 

In line with our study, Suh et al. reported that PVL size across mitral prosthesis measured on CT and PVL
severity on TTE and TEE showed a positive correlation (P<0.05) [17].

Prosthetic valve endocarditis and periannular �ndimgs 

TEE had better diagnostic accuracy as compared to CT in detection of vegetations.  The limited temporal
resolution of the CT and small sized vegetations were considered common reasons for missing
vegetations by CT. 

In consistent with our �ndings, Fagman et al and Habets et al concluded the complementary role of CT to
TEE for diagnosis of vegetation [19, 20]. 

Both CT and TEE diagnosed presence of aortic root abscess in seven patients with sensitivity 100% and
speci�city 100% for both modalities (Intraoperative �ndings were considered the gold standard). These
results were closely correlated to Feuchtner et al results which revealed that the diagnostic performance
of CT for the detection of abscesses/pseudoaneurysms combined was sensitivity 100%, specificity 100%
by CT and sensitivity 89%, specificity 100% by TEE [15]. 

Occluder Function

Both imaging modalities had excellent agreement for diagnosing occluder malfunction with sensitivity
and speci�city 100%.

In our study, CT overcame the limitation of acoustic shadowing of mechanical prosthesis and helped
identi�cation of thrombus on mechanical prosthesis in mitral position as cause of prothesis
malfunction. 

These �ndings were strongly correlated with �ndings of Konen et al and LaBounty et al (Evaluation of
mechanical prothesis and opening angle with MDCT [21,22]. 

In consistent with or �ndings, Feuchtner et al reported role of CTA for identification of cause of prosthesis
malfunction using surgery as the reference standard [23]. 
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Limitations Of The Study
The study had a relatively small sample size. We excluded patients with ball and cage prothesis due to
heavy beam artefacts interfering with CT image interpretation. 3 D echo was not performed for all
enrolled patients, however there are speci�c limitations for 3D echo as need of optimal image quality
(limited in postoperative patients), several artifacts (dropout and stitches) that may be misinterpreted as
valvular perforations and periprosthetic leaks in 3 D echo [24 –27]. In our study, we exclusively enrolled
patients with mechanical valves because of limited availability of bio-prosthetic valves.

Conclusion
This study demonstrates that cardiac CT showed comparable diagnostic accuracy to TEE and
intraoperative �ndings for the detection, localization, and assessment of severity of prosthetic PVL.
Moreover, CT was shown to be useful in detection of other �ndings related to prosthetic cardiac valves.
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Table 1. Population characteristics
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variable No. (%)

Mean Age (years)

Gender

         Male

         Female

 

41 ± 12

 

19 (73%)

7 (27%)

 

Prosthetic site

Mitral

Aortic

Both

 

10 (38%)

8 (31%)

8 (31%)

Prosthetic Type

Mechanical

 

26 (100%)

Duration from last surgery

Less than one year

More than one year

 

14 (54%)

12 (46%)

Blood culture:

Positive

Negative

Not done

Serology:

Positive

Negative

Not done

 

8 (31%)

7 (27%)

      11 (42%)

 

10 (39%)

5 (19%)

11 (42%)

Mean Hemoglobin level (g/dl) 9.0 ± 2.09

Mean Total leucocytic count (103/mm) 10.6 ± 6.02

Mean creatinine (mg/dl) 0.82 ± 0.27

Mean CRP level (mg/L) 53.16 ± 6.89

Mean ESR level (mm/hr ) 66.5 ± 36.0
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Table 2. Agreement analysis between CT and TEE for Paravalvular leakage presence and location 

Variables CT (no.) TEE (no.) Agreement (k)

PVL presence 25 26 0.96

PVL location      

Anteromedial (mitral)

Posteromedial (mitral)

Anterolateral (mitral)

Posterolateral (mitral)

Anterior occluder (aorta)

Posterior occluder (aorta)

2 2 1

1 1 1

3 3 1

6 6 1

8 9 0.96

5 5 1

Table 3. Correlation between paravalvular leakage defect size on CT and paravalvular leakage severity on
echocardiography

Variable Defect size by CT (mm) Spearman’s Correlation, r P Value*

Severity by TEE 0.83 0.0014

* P value < 0.05 statistically signi�cant                                    

Table 4. Diagnostic performances of echocardiography and CT for the demonstration of prosthetic valve
dysfunction as compared with surgical �ndings

Variables            Echocardiography CT

Vegetation 7 (TP) 0 (FP) 6 (TP) 0 (FP)

1 (FN) 18 (TN) 2 (FN) 16 (TN)

Abscess 7 (TP) 0 (FP) 7 (TP) 0 (FP)

0 (FN) 19 (TN) 0 (FN) 19 (TN)

pseudoaneurysm 0 (TP) 0 (FP) 1 (TP) 0 (FP)

1 (FN) 25 (TN) 0 (FN) 25 (TN)

Occluder malfunction 1 (TP) 0 (FP) 1 (TP) 0 (FP)

0 (FN) 25 (TN) 0 (FN) 25 (TN)
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TP: True positive, FN: False negative, FP: False positive, TN: True negative  

Figures

Figure 1

Diagram for enrolled patients
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Figure 2

CT and TEE in a patient with severe aortic prosthetic paravalvular leak and heart failure symptoms (A):
MCTA, Axial cut, short axis view showing aortic prosthetic PVL across the lateral aspect of aortic bilea�et
mechanical prosthesis (blue arrow) (B): MCTA, coronal cut, showed defect perimeter measuring 12 mm
(blue arrow) related to one of occluder of aortic prosthesis. (C, D): TEE, mid esophageal, long axis view,
showing paravalvular regurgitation related to posterior aspect of aortic mechanical prosthesis with jet
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width measuring 19 mm and occupies almost whole LVOT and defect size 8 mm (red arrow) by TEE. (E):
surgical image showing aortic prosthesis PVL defect for the same patient (white arrow)

Figure 3

TEE and CT for patient with signi�cant mitral prosthetic paravalvular leak and heart failure symptoms
(A): TEE, mid esophageal, long axis view, showing moderate paravalvular regurgitation related to one of
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the occlders of mitral mechanical prosthesis with vena contracta measuring 5.0 mm (red arrow) (B): TEE,
enface view, 3-D image showing the defect related to the mitral mechanical prosthesis (red arrow) (C):
MCTA, Axial cut, short axis view showing defect of PVL related to posteromedial aspect of mitral
mechanical prosthesis (blue arrow) (D): MCTA, Coronal cut, long axis view, systolic phase showing defect
perimeter of mitral prosthetic PVL measuring 7.1 mm (blue arrow) (E):  MCTA, Coronal cut, long axis view,
Diastolic phase showing defect of mitral prosthetic PVL (blue arrow) (F): surgical image showing mitral
prosthesis PVL defect for the same patient (white arrow).


