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Infective endocarditis is a severe life-threatening dis-
ease characterized by a high risk of complications and 

a mortality rate around 25% after 1-year clinical fol-
low-up. Surgical treatment is required during the acute 
phase in about 25%–50% of the cases because of heart 
failure, uncontrolled infection, or to prevent emboliza-
tion (1). Valvular and perivalvular complications such 
as abscess or pseudoaneurysm, vegetation, leaflet per-
foration, and paravalvular leakage require particularly 
frequent and urgent surgical management.

Infective endocarditis diagnosis is based on modi-
fied Duke criteria including clinical, biologic, and 
echocardiographic findings (2). Because transthoracic 
echocardiography has demonstrated limited sensitiv-
ity in the diagnosis of infective endocarditis, trans-
esophageal echocardiography (TEE) is now usually 
performed and considered the reference imaging tech-
nique (3). However, TEE is limited by practitioner 
skill, patient morphology, and artifacts related to valve 
calcifications or mechanic prosthetic valves (especially 
for the diagnosis of anterior aortic abscess). Moreover, 
TEE may be contraindicated (esophageal disease) or 

poorly tolerated by the patient. Finally, findings from 
echocardiography are negative or inconclusive in up 
to 30% of patients with subsequently proven infective 
endocarditis.

There have been encouraging results in terms of 
cardiac CT in detecting infective endocarditis valvular 
and perivalvular complications, and some recent re-
views including a few studies that have suggested that 
cardiac CT should be included in the routine imag-
ing strategy (4–7). However, in international guide-
lines for the management of infective endocarditis, the 
usefulness of cardiac CT is restricted to difficult cases 
with inadequate transthoracic echocardiography or 
TEE. Moreover, there is no specific recommendation 
for the systematic use of cardiac CT once the diagnosis 
has been made (8,9).

The purpose of our systematic review and meta-
analysis was to determine the comparative diagnostic 
accuracy of cardiac CT and TEE in the detection of 
valvular and perivalvular complications (abscess or 
pseudoaneurysm, vegetation, valve perforation, peri-
valvular leak) in patients with infective endocarditis.
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Purpose:  To assess the comparative diagnostic accuracy of cardiac CT and transesophageal echocardiography (TEE) in the detection of 
valvular and perivalvular complications in infective endocarditis.

Materials and Methods:  PubMed and Embase databases were systematically searched until July 2019 for original articles published in 
English. Studies were included if (a) they used CT and/or TEE as an index test, (b) data were provided as infective endocarditis valvu-
lar complications (classified as abscess or pseudoaneurysm, vegetation, leaflet perforation, and paravalvular leakage), and (c) they used 
surgical findings as the reference standard.

Results:  Eight studies fulfilled the inclusion criteria. The sensitivity was higher for CT than TEE for abscess or pseudoaneurysm detec-
tion, 78% (95% confidence interval [CI]: 70%, 85%) (112 of 142) versus 69% (95% CI: 62%, 76%) (94 of 135) (P = .052) and 
increased to 87% (95% CI: 78%, 93%) (70 of 79) when restricted to multiphase CT studies, the difference being significant (P = .04). 
The sensitivity was significantly higher for TEE than CT for vegetation detection, 94% (95% CI: 92%, 96%) (363 of 383) versus 64% 
(95% CI: 57%, 70%) (151 of 237) (P < .001) and leaflet perforation detection, 81% (95% CI: 71%, 88%) (74 of 91) versus 41% 
(95% CI: 25%, 59%) (14 of 35) (P = .02).The sensitivity for paravalvular leakage was 69% (95% CI: 58%, 79%) (56 of 80) versus 
44% (95% CI: 30%, 59%) (21 of 48) for TEE and CT, respectively (P = .27).

Conclusion:  CT performs better than TEE in the detection of abscess or pseudoaneurysm whereas TEE gives superior results for vegeta-
tion detection, leaflet perforation, and paravalvular leakage.
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Data Extraction and Quality Assessment
The same two investigators (M.O., Michèle Hamon) indepen-
dently reviewed the titles and abstracts of the research results to 
determine the studies presenting the inclusion criteria and then 
performed the data extraction. The discrepancies were resolved 
by consensus. The following information was extracted from 
each study: author; journal and year of publication; design of 
the study; inclusion period; study population characteristics; 
number of patients assessed; mean age; percentage male; num-
ber of valves, position and type, and distinction between native 
and prosthetic valves; time interval between imaging examina-
tions (CT and TEE) and between imaging and surgery; CT 
technical characteristics including the type of machine used, 
parameters for acquisition, technical protocol, slice thickness, 
radiation dose (in millisieverts), medication used (b-blocker); 
and coronary artery disease assessed with CT.

The quality of each study was judged using the Quality As-
sessment of Diagnostic Accuracy Studies (QUADAS-2) (11) 
method assessing the risk of bias and the clinical applicability 
through four key areas: patient selection, test index, standard 
reference, and flow and time.

Data Synthesis and Statistical Analysis
Imaging complications of infective endocarditis were classified as 
abscess or pseudoaneurysm, vegetation, leaflet perforation, and 
paravalvular leakage. Given their similar clinical and surgical im-
plications, abscess and pseudoaneurysm were analyzed together. 
By means of true-positive, true-negative, false-positive, and false-
negative rates, we computed sensitivity and specificity for the di-
agnosis of each infective endocarditis valvular complication. Sub-
analysis was performed according to CT protocol used. All data 
were extracted from published articles without access to individual 
patient-level data excluding specific adjustments on some patient 
characteristics such as age, risk factors, or medical history.

We computed all statistics for the first individual and then 
combined studies using a random-effects model, weighting 
each point estimated from calculations to the inverse of the 
sum of its variance and the between-study variance. The be-
tween-study statistical heterogeneity was evaluated using the 
Cochran Q x2 and the inconsistency index (I2) test. When P 
was < .10 for the Q x2, the heterogeneity was considered as be-
ing significant. The statistical variation between studies could 
be explained using the inconsistency index (I2) which ranged 
between 0% (no heterogeneity) and 100% (maximal heteroge-
neity). A funnel plot was drawn to assess publication bias (Fig 
E1 [supplement]). Statistical computations were performed 
with Meta-Disc 1.4 (Clinical Biostatistics Unit, Hospital Ra-
mon y Cajal, Madrid, Spain) (12), and SAS software 7.1 (SAS 
Institute, Cary, NC). Comparison of estimated sensitivity and 
specificity was performed using a mixed effect model, with SAS 
7.1.

Results
The review process is described in Figure 1. We ultimately in-
cluded eight studies (13–20) in this systematic review, with 
355 and 510 patients evaluated with CT and TEE, respectively.

Materials and Methods

Methods
The meta-analysis was performed according to standard guide-
lines from the Preferred Reporting Items for Systematic Re-
views and Meta-analysis (10).

Search Strategy
A database search was performed by two investigators inde-
pendently (M.O., Michèle Hamon) in PubMed and EMBASE 
databases until July 2019 for studies published in English. Our 
research included the terms “infective endocarditis,” “com-
puted tomography,” “echocardiography,” “echocardiography, 
transesophageal,” and their related terms.

We also explored references from retrieved articles and re-
views. The retrieved studies were carefully examined by the 
same two investigators (M.O., Michèle Hamon) to exclude 
potentially duplicated or overlapping data. Meeting abstracts 
were excluded because they did not provide adequately detailed 
data and their results might not be final. Disagreements were 
resolved by consensus between the same two authors.

Study Selection
Studies were included if (a) they used CT and/or TEE as 
index test, (b) data were provided as infective endocardi-
tis valvular complications (classified as abscess or pseudoa-
neurysm, vegetation, leaflet perforation, and paravalvular 
leakage), and (c) they used surgical findings as the reference 
standard. Patients with native and prosthetic valves were in-
cluded. Only studies providing data on true-positive, false-
positive, true-negative, and false-negative results or studies 
providing enough detailed data to allow their calculation 
were taken into account. The studies based solely on clinical 
follow-up were excluded. Case reports, letters, and reviews 
were excluded.

Abbreviations
CI = confidence interval, TEE = transesophageal echocardiography

Summary
Given their complementary value for detecting infective endocarditis 
valvular abnormalities, the combined use of CT and transesophageal 
echocardiography could become the preferred imaging strategy per-
formed in patients suspected of having infective endocarditis valvular 
complications.

Key Points
	n CT demonstrates a sensitivity of 78% compared with 69% for 

transesophageal echocardiography (TEE) (P = .052) for the de-
tection of periannular extension of infective endocarditis, which 
increased to 87% in multiphase-gated CT studies (P = .04).

	n TEE is more sensitive than CT for vegetation detection (94% vs 
64%) (P < .001), leaflet perforation (81% vs 41%) (P = .02), and 
paravalvular leakage (69% vs 44%) (P = .27).

	n As multiphase-gated CT acquisition improves the detection of 
infective endocarditis valvular complications, retrospective electro-
cardiogram-gated protocol should be the preferred technique.

http://radiology-cti.rsna.org
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Vegetation.—In the included studies, the vegetation preva-
lence was 70% and 77% for CT and TEE, respectively. CT 
demonstrated lower pooled sensitivity (64%; 95% CI: 57%, 
70%) (151 of 237) than TEE (94%; 95% CI: 92%, 96%) (363 
of 383) (P < .001) (Fig 3). Pooled specificity was 88% (95% 
CI: 80%, 94%) (88 of 99) and 82% (95% CI: 74%, 89%) (94 
of 113) for CT and TEE, respectively (P = .13). Heterogeneity 
was present for sensitivity for both CT and TEE and for speci-
ficity for TEE (P < .10).

Leaflet perforation.—The perforation prevalence was 22% and 
24%, respectively, for CT and TEE in included studies.

Pooled sensitivity and specificity of CT was 41% (95% CI: 
25%, 59%) (14 of 35) and 92% (95% CI: 86%, 96%) (113 of 
122), respectively. With a sensitivity of 81% (95% CI: 71%, 
88%) (74 of 91), TEE was more sensitive than CT (P = .02). 
Heterogeneity was present for specificity for TEE (P < .10).

Paravalvular leakage.—The paravalvular leakage prevalence 
was 21% for CT and 19% for TEE in included studies. Pooled 
sensitivity and specificity of CT was 44% (95% CI: 30%, 
59%) (21 of 48) and 97% (95% CI: 94%, 99%) (181 of 186), 
respectively. Sensitivity of TEE was 69% (95% CI: 58%, 79%) 
(56 of 80). Heterogeneity was present for sensitivity for both 
CT and TEE (P < .10).

Subgroup Analysis
We performed a subanalysis according to the CT protocol 
used. When only studies using multiphase protocol were ana-
lyzed (seven of eight studies), CT sensitivity increased up to 
87% (95% CI: 78%, 93%) (70 of 79), 86% (95% CI: 80%, 
91%) (139 of 160), and 72% (95% CI: 51%, 88%) (18 of 25) 
for abscess or pseudoaneurysm, vegetation, and paravalvular 
leakage detection, respectively (13–18,20). All results are re-
ported in Table 2.

Publication Bias
The asymmetric funnel plot suggested some potential publica-
tion bias (Fig E1 [supplement]).

Discussion
Our meta-analysis indicates that CT is superior to TEE in the 
detection of abscess or pseudoaneurysm, whereas TEE achieves 
higher performance in the detection of vegetation, leaflet per-
foration, and paravalvular leakage.

CT demonstrates a higher sensitivity than TEE for detect-
ing abscess and pseudoaneurysm (78% vs 69%, increasing up 
to 87% when only multiphase CT studies are pooled); hence, 
a CT with a negative finding performs better than TEE to rule 
out abscess and pseudoaneurysm. Paravalvular abscess and pseu-
doaneurysm are frequent (up to 40% of infective endocarditis 
patients) and associated with an increased risk of death and re-
quire an early surgical management (1,21). These complications 
occur predominantly in the aortic valve area and are usually lo-
calized in the mitral-aortic intervalvular region. In this area, the 
potential complications are easily depicted (anatomic location 

Studies’ Characteristics
Characteristics of the studies are reported in Table 1. All stud-
ies were published between 2009 and 2019, with an inclusion 
period ranging from 2004 to 2017. Seven studies analyzed pa-
tients with native and prosthetic valves (13,14,16–20), whereas 
patients with prosthetic valves only were analyzed in one study 
(15). Four studies had a waiting period of fewer than 5 days 
between CT and surgery (13,16,17,19); one study had an aver-
age waiting period of 8 days (20).

Only three studies reported a radiation dose at CT, ranging 
from 9 to 19 mSv (15,16,19). Two studies reported results of 
coronary CT angiography (13,17).

Quality Assessment
The overall quality assessment of the studies according to the 
QUADAS-2 tool is reported in Figure 2. Three studies did not 
mention the time interval between the index test and the refer-
ence standard (14,15,18). Data were prospectively collected in 
50% (four of eight) of studies (13–15,20).

Pooled Diagnostic Accuracy for Infective Endocarditis–re-
lated Valvular Complication Diagnosis

Abscess or pseudoaneurysm.—In included studies, the prev-
alence of abscess or pseudoaneurysm was 42% and 39% for 
CT and TEE, respectively. The pooled sensitivity tended to 
be higher for CT (78%; 95% confidence interval [CI]: 70%, 
85%) (112 of 142) than for TEE (69%; 95% CI: 62%, 76%) 
(135 of 194) (P = .052) (Fig 3). The pooled specificity was 
92% (95% CI: 87%, 95%) (179 of 194) and 96% (95% CI: 
94%, 98%) (293 of 302) for CT and TEE, respectively (P = 
.49). Heterogeneity was present for sensitivity for both CT 
and TEE (P < .10).

Figure 1:  Flowchart describes the publication search and selection of eligible 
studies. 

http://radiology-cti.rsna.org
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Unfortunately, in the present meta-analysis, owing to un-
available data, we were not able to perform a subanalysis of the 
variable size of vegetations. In their study, Gahide et al (14) 
demonstrate 100% sensitivity and specificity of CT for the de-
tection of vegetation greater than 10 mm, which is usually the 
cutoff for rapid surgical management, given the high embolic 
risk (22).

Owing to its dynamic and flow analysis ability, TEE dem-
onstrated better sensitivity than CT for detecting perforation 
and paravalvular leakage. Small leaflet defects and leakage 
missed at CT can be diagnosed by using color Doppler imag-
ing during TEE.

Although recent guidelines have underlined the potential 
role of CT in specific situations, they do not lead to specific 
and formal recommendations (8,9). Our meta-analysis dem-
onstrates a complementary role of CT and TEE for the detec-
tion of infective endocarditis valvular and perivalvular compli-
cations in both native and prosthetic valves. In one included 

and extent) using CT compared with TEE (15). As one-third 
of the abscess and pseudoaneurysm can be missed using TEE, 
our results suggest that CT should be systematically performed 
in addition to TEE for detecting abscess and pseudoaneurysm.

For the other infective endocarditis valvular complications, 
TEE is more sensitive than CT. The specificity is similar be-
tween the two imaging modalities (when multiphase studies 
are included). However, it has been suggested that CT has 
lower limitations compared with TEE in case of potential ar-
tifacts related to prosthetic valves or calcifications (13,15,16).

It should be noted that the sensitivity of CT in the detec-
tion of vegetation is highly dependent on the CT acquisition 
mode, ranging from 50% to 96% when using a retrospective 
multiphasic analysis (13–18,20) to only 16% with a single-
phase analysis (19). This might be explained by the ability to 
evaluate the mobility of the vegetation and to identify the 
best phase in a multiphasic protocol for visualizing the patho-
logic feature.

Figure 2:  Quality assessment of studies included with QUADAS-2 revised criteria. Stacked bars represent the proportion of studies with low, uncertain, or high risk of bias 
with regard to patient selection, reference standard used, and imaging modality (index test). QUADAS = Quality Assessment of Diagnostic Accuracy Studies.

Figure 3:  Forest plots for abscess or pseudoaneurysm pooled sensitivity and vegetation pooled sensitivity. CT (red dots), transesophageal echocardiography (TEE) (blue 
dots). Square dots represent abscess or pseudoaneurysm, round dots represent vegetation. CI = confidence interval, df = degrees of freedom.
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study, Hryniewiecki et al (20) performed a combined analysis 
and obtained a sensitivity of 100% for the combined use of 
CT and TEE for detecting abscess or pseudoaneurysm and 
vegetation. Additionally, in a previous meta-analysis limited 
to prosthetic valve infective endocarditis, adding CT to TEE 
improved sensitivity for abscess or pseudoaneurysm detection 
from 86% (TEE) to 100% (TEE plus CT), and vegetation de-
tection from 82% (TEE) to 88% (TEE plus CT) (23). Those 
results are in accordance with our current review, suggesting 
that the combined use of CT and TEE could become the 
preferred imaging strategy in patients with suspected valvular 
complications of infective endocarditis. Further studies are re-
quired to confirm this result.

CT is a safe, noninvasive technique requiring minimal 
patient cooperation. In addition to the detection of valvular 
infective endocarditis complications, CT may provide much 
additional extravalvular information over TEE. For the sur-
gical approach, and in addition to the location and extent 
of perivalvular infections, CT can precisely assess the course 
of bypass grafts in patients with prior surgical revascular-
ization, and the thoracic aorta analysis is essential in the 

perspective of the extracorporeal circulation. Furthermore, 
CT can also evaluate the coronary anatomy during the same 
examination and avoid preoperative invasive coronary an-
giography. In the current international guidelines on the 
management of valvular heart disease, coronary angiogra-
phy is recommended prior to surgery in patients with one 
or more cardiovascular risk factors; with history of cardio-
vascular disease, suspected of having myocardial ischemia, 
or left ventricular systolic dysfunction; in men older than 40 
years; and in postmenopausal women (24,25). However, in 
this clinical setting the invasive coronary angiography can 
lead to serious complications such as cerebral or peripheral 
embolization, and therefore it should be limited to patients 
with high pretest likelihood. In patients with low to inter-
mediate probability of coronary artery disease, CT should 
be preferred over invasive imaging. In our review, only two 
studies reported results of coronary CT angiography in pa-
tients suspected of having infective endocarditis and found 
a low prevalence of coronary artery disease (13,17).

CT has limitations related to radiation exposure (ranging 
from 9 to 19 mSv in the three studies reporting this data 

Table 2: Diagnostic Performance of CT and TEE Compared with Intraoperative Findings

Valvular Complication  Imaging Modality Sensitivity (%) 
P Value Compared 
with TEE Specificity (%) 

P Value Compared 
with TEE

Abscess or pseudoaneurysm CT All studies (336 patients, 
eight studies, prevalence 
42%)

78 (112/142)  
[70,85]

.052 92 (179/194)  
[87,95]

.49

CT protocol Multiphase 
studies (214 patients, seven 
studies, prevalence 37%)

87 (70/79)  
[78,93]

.04 93 (127/135)  
[88,97]

.28

TEE (496 patients, seven stud-
ies, prevalence 39%)

69 (135/194) 
[62,76]

… 96 (293/302)  
[94,98]

…

Vegetation CT All studies (336 patients, 
eight studies, prevalence 
70%)

64 (151/237) 
[57,70]

<.001 88 (88/99)  
[80,94]

.13

CT protocol Multiphase 
studies (214 patients, seven 
studies, prevalence 75%)

86 (139/161) 
[80,91]

<.001 81 (44/53)  
[69,91]

.51

TEE (496 patients, seven stud-
ies, prevalence 77%)

94 (363/383) 
[92,96]

… 82 (94/113)  
[74,89]

…

Leaflet perforation CT (157 patients, four mul-
tiphase studies, prevalence 
22%)

41 (14/35)  
[25,59]

.02 92 (113/122)  
[86,96]

.96

TEE (374 patients, four stud-
ies, prevalence 24%)

81 (74/91) 
[71,88]

… 93 (263/283)  
[89,96]

…

Paravalvular leakage CT All studies (232 patients, 
five studies, prevalence 
21%)

44 (21/48) 
[30,59]

.27 97 (181/186)  
[94,99]

…

CT protocol Multiphase 
studies (110 patients, four 
studies, prevalence 23%)

72 (18/25) 
[51,88]

.96 100 (85/85)  
[96,100]

…

TEE (411 patients, five stud-
ies, prevalence 19%)

69 (56/80) 
[58,79]

… 99 (328/331) 
[97,100]

…

Note.—Except where otherwise indicated, data in parentheses are numbers of patients, data in brackets are 95% confidence intervals.
TEE = transesophageal echocardiography.
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in our review) and contraindications such as iodinated con-
trast material allergy and renal insufficiency. However, those 
limitations have to be balanced with the high mortality and 
morbidity rate of infective endocarditis. Finally, tachycardia 
and arrhythmia are limitations for cardiac-gated CT that can 
be reduced by the use of b-blockers and high temporal reso-
lution CT.

TEE is a more invasive examination, which may be 
poorly tolerated by the patient but provides no radiation. 
TEE requires sedation and a trained practitioner and may 
be limited by the morphology and echogenicity of the pa-
tient and the presence of prosthetic material or heavy valve 
calcification. However, compared with CT, TEE is not lim-
ited by renal failure, iodinated contrast material allergy, or 
abnormal cardiac rhythm.

Our meta-analysis includes more contemporary CT tech-
nology and is in agreement with a recent systematic review by 
Gomes et al (6) who proposed to integrate CT in the standard 
diagnostic workup of patients in addition to the echocardio-
graphic evaluation, and to perform CT as a substitute for TEE 
in patients in whom TEE is not feasible.

Our study had limitations. Only studies with patients 
requiring surgical confirmation of findings consistent with 
infective endocarditis were included in our meta-analysis. 
As mentioned in Table 1, some studies have limited sample 
size, and four had a retrospective design. The time inter-
val between the imaging test and surgery was either not re-
ported (14,15,18) or was sometimes several days (20), lim-
iting reliability of surgical confirmation. The asymmetrical 
funnel plot (Fig E1 [supplement]) suggested some potential 
publication bias that could be explained by the fact that 
smaller studies reporting low diagnostic performance may 
be less likely to be submitted or accepted for publication. 
Hence, the overall diagnostic odds ratio could have been 
slightly overestimated. Only studies published in the Eng-
lish language were included. However, the restrictions in 
language are unlikely to have excluded any relevant stud-
ies, as these are almost invarariably published in English-
language Medline-referenced journals.

Finally, we were not able to perform meta-regression anal-
ysis based on valve position (mitral vs aortic), on valve type 
(native vs prosthetic, prosthetic mechanic vs biologic), and on 
vegetation size because of the small number of data available or 
because this information could not be extracted from the stud-
ies. Future studies should report results on per-valve analysis 
according to position and type (native vs prosthetic).

In conclusion, our results indicate that CT performs bet-
ter than TEE in the detection of abscess or pseudoaneurysm, 
whereas TEE is superior for the detection of vegetation, leaflet 
perforation, and paravalvular leakage.

When compared with a single phase, multiphase-gated CT 
acquisition allows dynamic and multiphase analysis and improves 
the detection of infective endocarditis valvular complications.

Given their complementary value for detecting infective en-
docarditis valvular abnormalities, the combined use of CT and 
TEE could become the preferred imaging strategy in patients sus-
pected of having infective endocarditis valvular complications.

However, future large multicenter prospective compara-
tive studies between CT and TEE are required to substan-
tiate and validate the clinical utility of complementary 
CT and TEE in various clinical scenarios in patients with 
suspected infective endocarditis before definite recommen-
dations for an optimal imaging strategy for diagnosis and 
management can be made.
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