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Background: Infective endocarditis (IE) is associated with high morbidity and mortality. Following an 
initial negative transesophageal echocardiogram (TEE), high clinical suspicion warrants repeat examination. 
We evaluated the diagnostic performance of contemporary TEE imaging for IE. 
Methods: This retrospective cohort study included patients ≥18 years old undergoing ≥2 TEEs within  
6 months, with confirmed diagnosis of IE based on Duke criteria, 70 in 2011 and 172 in 2019, were included. 
We compared the diagnostic performance of TEE for IE in 2019 versus 2011. The primary endpoint was the 
sensitivity of initial TEE to detect IE. 
Results: Sensitivity of the initial TEE to detect endocarditis was 85.7% versus 95.3%, in 2011 and 2019, 
respectively (P=0.01). On multivariable analysis, initial TEE more frequently detected IE in 2019, compared 
to 2011 [odds ratio (OR): 4.06, 95% confidence intervals (CIs): 1.41–11.71, P=0.01]. Improved diagnostic 
performance was driven by improved detection of prosthetic valve infective endocarditis (PVIE), sensitivity 
70.8% in 2011 versus 93.7% (P=0.009) in 2019. In 2019, TEEs more frequently utilized probes with higher 
frame rates/resolution, than 2011 (P<0.001). Three dimensional (3D) technology was utilized in 97.2% of 
initial TEEs in 2019, compared to 70.5% in 2011 (P<0.001). 
Conclusions: Contemporary TEE was associated with improved diagnostic performance for endocarditis, 
driven by improved sensitivity for PVIE. 
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Introduction

Background

Infect ive  endocardit i s  ( IE)  accounted for  near ly  
600,000 hospitalizations between 2003 and 2016 in the 
United States (1). Early detection is paramount, because 
IE is the fourth leading life-threatening infection, with 
mortality rates of 15% to 40% (2-5). Its presentation varies 
widely, from rapid progression with embolic phenomena 
in 25% to 30% of cases, to clinically indolent course over 
weeks to months (6,7). The heterogeneity of this disease 
led to the development of the Duke criteria in 1994, which 
emphasized the role of echocardiography for diagnosis of 
IE (8). These criteria have since been modified, and are now 
considered the clinical standard for diagnosis (9). 

The diagnost ic  sensi t iv i ty  and speci f ic i ty  of  a 
transthoracic echocardiogram (TTE) ranges between 50–
90% and 90%, respectively, compared to two dimensional 
(2D)-TEE, which has superior diagnostic accuracy, with 
a reported sensitivity of 90% to 100% and a specificity 
of >90% for native valve IE (10,11). In prosthetic valve 
infective endocarditis (PVIE), the sensitivities of both TTE 
and 2D-TEE are lower, estimated to be 40% to 70%, and 
85%, respectively (10,12).

Rationale and knowledge gap

Over the recent decade, improvements in TEE imaging 
technology, including higher frame rates and three 
dimensional (3D) imaging, have improved visualization 
of cardiac chamber and valvular anatomy (13). TEE has 

been shown to be superior to cardiac CT when diagnosing 
valvular lesions related to IE (14). In particular, 3D TEE 
imaging has proven to be critical for assessment of complex 
valvular pathologies, as well as guiding interventional 
procedures, such as the percutaneous mitral valve edge-
to-edge repair (15-18). The impact of contemporary 
TEE imaging on the diagnosis of IE and its subtypes has 
not been well studied (19,20). The reported sensitivity 
of TEE for IE has varied between 92% to 96%, and a 
second TEE is recommended if clinical suspicion remains 
high after a negative examination (21-23). However, these 
recommendations for repeat TEE are based on older 
generations of TEE imaging probes and echocardiographic 
storage and analysis systems from the late 1990s (21).

Objective 

Our study sought to evaluate the diagnostic performance 
of modern TEE imaging for IE and its subtypes, and 
to evaluate the role of repeat imaging for patients with 
suspected endocarditis, despite a negative/equivocal TEE 
with the advent of contemporary TEE imaging with3D 
technology. We present the following article in accordance 
with the STROBE reporting checklist (available at https://
cdt.amegroups.com/article/view/10.21037/cdt-22-431/rc).

Methods

This is a single-center retrospective cohort study performed 
at a high-volume tertiary center. This study was approved 
by the Institutional Review Board of Cleveland Clinic [19-
792], and the need for informed consent was waived due 
to the retrospective analysis. The study was conducted in 
accordance with the Declaration of Helsinki (as revised  
in 2013).

Patients who underwent two or more TEEs, with a 
subsequent confirmed diagnosis of IE, within a 6-month 
period, in 2011 and 2019 respectively, were included. Out 
of 1,141 patients who had two or more TEEs within six 
months for suspicion of IE in 2011 and 2019, 242 patients 
met modified Duke criteria and were included: 70 in 2011 
and 172 in 2019 TEE findings were reviewed by experienced 
National Board of Echocardiography (NBE) certified 
echocardiologists at our center in the two years compared. 
Those who did not meet the modified Duke criteria, based 
on meticulous chart review, were excluded (Figure 1) (9).  
We chose to compare contemporary patients in 2019 
compared to 2011. Year 2011 was chosen because TEE 
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studies performed during that year could be individually 
retrieved and reviewed on the echocardiographic imaging 
database. Prior to 2011, the images for some TEE studies 
could not be fully examined for review. A six month interval 
was used, to capture appropriate patients needing serial 
TEE studies, and achieve adequate sample sizes for each 
cohort. We aimed for a sample similar in size to those 
reported in previous literature examining the utility of serial 
TEEs for detection of IE (21). Baseline characteristics, 
microbiology of organisms, echocardiographic features, 
including left ventricular ejection fraction, right ventricular 
systolic pressure, and the presence of moderate or greater 
valvular stenosis/regurgitation were obtained from manual 
chart review. 

The primary endpoint was the sensitivity of TEE 
to detect IE in 2011 versus 2019. This was assessed by 
comparing the percentage of the initial TEEs with positive 
findings for IE (evidence of vegetations, abscesses, fistulas, 
or perforations). TEE sensitivity was also compared among 
the different subtypes of IE (native valve, prosthetic valve, 

cardiovascular implantable electronic device-related, 
central line-related, and aortic prosthetic graft-related 
infection). Other outcomes included the need for surgical 
or procedural management of IE (valve replacement, 
valve repair, device extraction, central line removal, and 
ascending aorta graft replacement), time from index 
admission to the diagnosis of IE, length of stay, and the rate 
of endocarditis-related complications (stroke, brain abscess, 
mycotic aneurysms, acute kidney injury, and seeding of the 
infection). Limitations/bias were addressed at the end of the 
manuscript.

Statistical analysis

Chi-squared and Fisher exact tests, when appropriate, were 
used to compare categorical variables, which were expressed 
in percentages. Continuous variables were described as 
median and interquartile ranges (IQRs) and analyzed using 
the Mann-Whitney U test. To account for the differences in 
baseline characteristics, a multivariable regression analysis 

Patients who had two or more TEEs within 6 months 
for suspicion of endocarditis in 2011 and 2019

(N=1,141) 

Patients included in the study 
(N=242: 70 in 2011 and 172 in 2019)

Evidence of endocarditis from 
first TEE

(N=224: 60 in 2011 and 164 in 2019)

No evidence of endocarditis from 
first TEE

(N=18: 10 in 2011 and 8 in 2019)

Evidence of endocarditis from 
second TEE

(N=14: 8 in 2011 and 6 in 2019)

Evidence of endocarditis from 
third TEE

(N=2: 1 in 2011 and 1 in 2019)

No evidence of endocarditis from 
third TEE

(N=2: 1 in 2011 and 1 in 2019)

No evidence of endocarditis from 
second TEE

(N=4: 2 in 2011 and 2 in 2019)

Third TEE done in 64 patients: 
22 in 2011 and 42 in 2019

Patients who did not meet Duke criteria for 
infective endocarditis 

(N=899)

Figure 1 Study flow chart. Flow chart demonstrates the selection process of the study population. Out of 1,141 patients who had two or 
more TEEs within 6 months with subsequent confirmed diagnosis of IE in 2011 and 2019, 242 patients met modified Duke criteria for IE 
and were included: 70 in 2011 and 172 in 2019. TEE, transesophageal echocardiogram; IE, infective endocarditis.
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was performed to assess the relationship between baseline 
characteristics and the sensitivity of TEE for IE, reported 
as odds ratios (ORs) for the percentage of the initial TEEs 
with positive findings for IE. Kaplan-Meier curves and log-
rank tests were used to compare the need for a procedure or 
surgery for IE. Charts were reviewed manually and if there 
was no mention of a baseline characteristic anywhere in the 
chart, it was presumed negative. A P value of less than 0.05 
was considered significant. SPSS version 25.0 (IBM, New 
York, USA) was used for statistical analysis. 

Results

Among the two patient groups, there were similar baseline 
rates, prior to diagnosis of IE, of congenital heart disease, 
cardiac and dental procedures/surgeries in the past year, 
central lines, history of intravenous drug use, chronic 
kidney disease, cirrhosis, previous mechanical/bioprosthetic 
valve replacements, valve repairs, and previous episodes of 
endocarditis (P=0.06 to 0.95) (Table 1). In 2011, patients 
were more likely to have chronic obstructive pulmonary 
disease (COPD) (n=22, 31% vs. n=33, 19%, P=0.04), 
with higher prevalence of smoking (n=49, 70% vs. n=92, 
54%, P=0.02), and a history of osteomyelitis (n=14, 20% 
vs. n=15, 9%, P=0.01), but were less likely to have an 
intracardiac device prior to diagnosis (n=11, 16% vs. n=49, 
29%, P=0.04) (Table 1).

The median left ventricular ejection fraction was lower 
in the 2011 group [55% (45% to 62%) vs. 60% (53% to 
64%), P=0.03] (Table 1). In the 2011 group, polymicrobial 
blood stream infections (n=0, 0% vs. n=11, 6.4%, P=0.04) 
were less common. The distribution of pathogens detected 
between the two groups showed statistically significant 
differences (P=0.049) (Table 1).

The sensitivities of TEE in 2011 and 2019, calculated 
by the percentage of the initial TEEs with positive findings 
for IE, were 85.7% and 95.3%, respectively (P=0.01). 
When analyzing by subtypes of IE, the improved diagnostic 
performance was driven by the increased sensitivity for the 
detection of prosthetic valve endocarditis (PVIE) (n=17, 
70.8% vs. 59, 93.7%, P=0.009). There were no significant 
differences in TEE sensitivity for native valve, cardiovascular 
implantable electronic device-related, central line-related, 
and aortic prosthetic graft-related IE between 2011 and 
2019 (Table 2). The median vegetation size on the initial 
TEE was not significantly different between the two groups: 
median length: 1.2 (0.7 to 2.0) cm in 2011 vs. 1.2 (0.8 to  
1.9) cm in 2019, P=0.82; median width: 0.6 (0.1 to 1.0) cm in 

2011 vs. 0.7 (0.4 to 1.0) cm in 2019 (P=0.059) (Table 2). On 
multivariable regression analysis, patients in 2019 had higher 
odds of endocarditis being detected from the first TEE [OR: 
4.06, 95% confidence intervals (CIs): 1.41–11.71, P=0.01] 
(Table 3). More patients in the 2011 group had endocarditis 
detected on the second TEE (n=8, 11.4% vs. 6, 3.5%, 
P=0.03) when compared to 2019 (Table 2).

TEE imaging technology varied greatly between 2011 
and 2019. The majority of TEE studies (1st TEE, 2nd TEE, 
and 3rd TEE) performed in 2011 used the X7-2T (2–7 MHz)  
(62.9%, 102/162) (Philips Healthcare, Andover, MA, USA), 
and Sequoia TE-V5M (3.5–7 MHz) (22.2%, 36/162) probes 
(Siemens Medical Solutions, Malvern, PA, USA) (Table 4). 
In 2019, 49.4% (190/385) and 31.2% (120/385) of TEEs 
were performed using the Philips X8-2T (2–8 MHz) and 
X7-2T probes, respectively (Philips Healthcare, Andover, 
MA, USA). When looking at the initial TEE each patient 
underwent, X7-2T probes (n=51/70, 72.9%, P<0.001) were 
used in the majority of cases. In 2019, significantly more 
initial TEEs were conducted using X8-2T probes than 
X7-2T probes, 99/172 (57.6%) versus 44/172 (25.6%), 
respectively (P<0.001) (Table 4). 

3D technology was utilized in 97.2% of initial TEEs in 
2019, compared to 70.5% of the studies in 2011 (P<0.001). 
In the second and third TEEs, the use of 3D in 2011 was 
50% (n=32) and 60% (n=12) (P<0.001), respectively, versus 
86.2% (n=144) and 87.5% (n=35) in 2019 (P=0.02) (Table 4).  
The indications for the second TEE between the groups 
were significantly different. Those in the 2019 group were 
more likely to have the second TEE as an intraoperative 
study (n=106, 61.6% vs. n=25, 35.7%, P<0.001), whereas 
in the 2011 group, monitoring of lesions found on the 
initial TEE (n=33, 47.1% vs. n=58, 33.7%, P<0.001) and 
ongoing clinical suspicion of endocarditis despite negative 
or equivocal first TEE (n=7, 10% vs. n=7, 4.1%, P=0.051) 
were common indications (Table 2).

There were no significant differences in the rate of 
complications or lengths of stay between 2011 and 2019 
(Table 5). Patients in the 2019 group had a higher rate of IE 
diagnosis within fifteen days of index admission; however, 
this did not reach statistical significance (n=161, 93.6% in 
2019 vs. n=62, 88.6% in 2011, P=0.19). 

Discussion

Key findings

The present study was performed to investigate the 
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Table 1 Baseline clinical, laboratory, and echocardiographic characteristics of the study cohort

Baseline characteristics 2011 (N=70) 2019 (N=172) P value

Age (years), median [IQR] 67 [50–79] 61 [46–70] 0.059

Male, n [%] 50 [71] 110 [64] 0.27

Caucasian, n [%] 14 [20] 19 [11] 0.07

BMI (kg/m2), median [IQR] 28 [24–31] 27 [24–33] 0.89

Coronary artery disease n [%] 33 [47] 77 [45] 0.74

HTN, n [%] 41 [59] 105 [61] 0.72

HLD, n [%] 30 [43] 95 [55] 0.08

DM, n [%] 26 [37] 45 [26] 0.09

Chronic kidney disease, n [%] 29 [41] 50 [29] 0.06

COPD, n [%] 22 [31]* 33 [19]* 0.04*

Cirrhosis, n [%] 2 [3] 9 [5] 0.52

History of heart failure, n [%] 29 [41] 59 [34] 0.30

Smoking history, n [%] 49 [70]* 92 [54]* 0.02*

Intravenous drug use, n [%] 10 [14] 31 [18] 0.48

History of endocarditis, n [%] 12 [17] 44 [26] 0.16

History of osteomyelitis, n [%] 14 [20]* 15 [9]* 0.01*

CRP (mg/dL), median [IQR] 5.7 [2.8–13.6] 7.6 [3.2–15.1] 0.28

ESR (mm/hour), median [IQR] 38 [19–89.3] 43 [26–74] 0.65

Creatinine (mg/dL), median [IQR] 0.97 [0.7–1.8] 0.99 [0.8–1.3] 0.89

Recent procedures (within 1 year), n [%] 0.50

Cardiac procedure† 20 [29] 34 [20]

Dental procedure‡ 5 [7] 12 [7]

Other surgeries 8 [11] 25 [14]

Congenital heart disease, n [%] 9 [13] 36 [21] 0.14

Intracardiac device, n [%] 11 [16]* 49 [29]* 0.04*

Central line, n [%] 9 [13] 38 [22] 0.10

History of valve replacement, n [%]

Mechanical valve 6 [9] 10 [6] 0.41

Bioprosthetic valve 20 [29] 54 [31] 0.67

History of valve repair, n [%] 10 [14] 24 [14] 0.95

Microbiology, n [%] 0.049*

Staphylococcus aureus 24 [34] 42 [24] 0.12

Staphylococcus epidermidis 6 [9] 14 [8] 0.91

Other Staphylococcus species 2 [3] 3 [2] 0.62

Streptococcus species 8 [11] 38 [22] 0.055

Table 1 (continued)
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diagnostic performance of contemporary TEE imaging for 
IE and evaluate the additive value of repeat TEE studies 
in patients with suspected IE. Our main finding was that 
the sensitivity of the initial TEE to detect IE improved 
from 85.7% in 2011 to 95.3% in 2019, mainly driven by 
the improved detection of PVIE. This remained true after 
multivariable analysis, accounting for various baseline 
characteristics, including intravenous drug use. This finding 
may reflect increased use of 3D imaging in the more recent 
cohort (97.2% in 2019 versus 70.5% in 2011, P<0.001) 
(Figure 2). Additionally, this may reflect the increased use 
of modern TEE probes with enhanced imaging capabilities 
during the index TEE in 2019 versus 2011 (72.9% versus 
25.6%, respectively, P<0.001, Figure 2). Of note, vegetation 
size was not significantly different between the groups, 
and therefore was unlikely to account for the differences in 
diagnostic performance.

Strengths/limitations

Being a tertiary referral center, our echocardiographers 
are very well experienced in reviewing images in a very 
complex cohort of patients with IE. There are several 
limitations to be acknowledged in the present study. First, 
the results reported in this retrospective study came from 
a single center with a relatively small sample size, which 

limits the generalizability of our findings. In part of our 
cohort, specific baseline characteristics were unavailable 
during manual chart review and ultimately could not 
be accounted for in our analysis. Secondly, there was a 
potential for referral bias, as data from this study were more 
representative of tertiary and quaternary care environments, 
and published data has demonstrated that patients with IE 
detected in the community may differ in their characteristics 
and complexity (6). Third, selection of patients in a non-
randomized fashion is another limitation in our study that 
may impact our study’s external validity. This selection bias 
in only looking at individuals who had more than one TEE 
within six months likely selected a sicker population, who 
were more likely to be at a higher risk for complications or 
surgical management. For example, our cohort had a high 
prevalence of moderate to severe valvular regurgitation. 
This was a known bias and was permitted because this 
cohort was collected through meticulous manual chart 
review. A future prospective multicenter trial will verify 
the utility of modern TEE imaging and the additive role of 
repeat TEE in diagnosis of IE. 

Comparison with similar studies

The diagnosis of PVIE by TEE is more difficult, because 
prosthetic valves can be affected by different disease 

Table 1 (continued)

Baseline characteristics 2011 [N=70] 2019 [N=172] P value

Enterococcus 4 [6] 2 [1] 0.25

Candida/aspergillus 13 [19] 22 [13] 0.06

Other bacteria 10 [14] 28 [16] 0.70

Multi-bacterial 0 [0] 11 [6] 0.04*

Culture negative 3 [4] 12 [7] 0.56

Left ventricular ejection fraction (%), median [IQR] 55 [45–62] 60 [53–64] 0.03*

Right ventricular systolic pressure (mmHg), median [IQR] 38 [28–50] 36 [29–46] 0.50

Pericardial effusion, n [%] 3 [4] 10 [6] 0.76

Moderate or severe valvular regurgitation, n [%] 39 [56] 91 [53] 0.69

Moderate or severe valvular stenosis, n [%] 4 [6] 14 [8] 0.51

*, statistically significant; †, cardiac procedures: included LVAD implant, cardiac ablation, valve repair/replacement, coronary artery bypass 
graft, pacemaker/intracardiac device placement/removal, aortic repair/replacement; ‡, dental procedures: root canal, tooth extraction or 
other procedure involving gingival manipulation (excluding routine dental cleaning). IQR, interquartile range; BMI, body mass index; HTN, 
hypertension; HLD, hyperlipidemia; DM, diabetes; COPD, chronic obstructive pulmonary disease; LVAD, left ventricular assist device; CRP, 
C-reactive protein; ESR, erythrocyte sedimentation rate.
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Table 2 Echocardiographic findings and associated clinical outcomes

TEE findings and associated outcomes 2011 (N=70), n (%) 2019 (N=172), n (%) P value

Evidence of endocarditis from first TEE based on lesion identified 60 (85.7)* 164 (95.3)* 0.01*

Vegetations 57 (81.4) 155 (90.1) 0.06

Abscess 6 (8.6) 29 (16.9) 0.1

Perforation 13 (18.6) 22 (12.8) 0.25

Fistula 0 (0.0) 2 (1.2) >0.99

Evidence of endocarditis from first TEE based on subtype of endocarditis

Prosthetic valve endocarditis 17 (70.8)* 59 (93.7)* 0.009*

Native valve endocarditis 31 (93.9) 75 (96.2) 0.63

Aortic prosthetic graft-related 1 (100.0) 1 (100.0) –

CIED-related 8 (88.9) 24 (96.0) 0.47

Central line-related 3 (100.0) 5 (100.0) –

New evidence of endocarditis one second TEE with initial negative TEE 8 (11.4)* 6 (3.5)* 0.03*

Vegetations on second TEE 47 (67.1) 108 (62.8)

Abscess on second TEE 8 (11.4) 25 (14.5)

Perforation on second TEE 13 (18.6) 21 (12.2) 

Fistula on second TEE 1 (1.4) 2 (1.2)

New evidence of endocarditis on third TEE with two prior negative TEEs 1 (1.4) 1 (0.6) 0.5

Vegetations on third TEE 9 (40.9) 18 (42.9) 0.88

Abscess on third TEE 1 (4.5) 6 (14.3) 0.41

Perforation on third TEE 2 (9.1) 6 (14.3) 0.7

Fistula on third TEE 0 (0.0) 0 (0.0) –

Indications for second TEE

Intra-operative 25 (35.7) 106 (61.6) <0.001*

Monitoring of lesions found on prior TEE 33 (47.1) 58 (33.7) <0.001*

Clinical suspicion of endocarditis despite negative or equivocal first TEE 7 (10.0) 7 (4.1) 0.051

Assessment prior to cardioversion 5 (7.1) 1 (0.6) 0.073

Indications for third TEE (if applicable) 0.66

Intra-operative 3 (13.6) 11 (26.2) 0.35

Monitoring of lesions found on prior TEE 13 (59.1) 23 (54.8) 0.74

Clinical suspicion of endocarditis despite negative or equivocal TEE 1 (4.5) 1 (2.4) –

Assessment of valvular/vascular disease or prior to cardioversion 5 (22.7) 7 (16.7) 0.74

Vegetation size on initial TEE (cm), median (IQR)

Length 1.2 (0.7–2) 1.2 (0.8–1.9) 0.82

Width 0.6 (0.1–1) 0.7 (0.4–1) 0.059

*, statistically significant. IQR, interquartile range; TEE, transesophageal echocardiogram; CIED, cardiovascular implantable electronic 
device.
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Table 3 Bivariable and multivariable regression analysis for evidence of endocarditis on the first TEE

Characteristics
Bivariable analysis Multivariable analysis

OR (95% CI) P value OR (95% CI) P value

Age, per 10-year increase 1 (0.74–1.34) 0.99 – –

Male sex 0.23 (0.05–1) 0.051 0.27 (0.01–1.27) 0.10

BMI, per 1-unit increase 1 (0.99–1.01) 0.83 – –

Coronary artery disease 1.05 (0.4–2.75) 0.93 – –

Hypertension 1.24 (0.47–3.25) 0.67 – –

Hyperlipidemia 1.75 (0.65–4.68) 0.27 – –

Diabetes mellitus 0.82 (0.29–2.27) 0.7 – –

Chronic kidney disease 4.19 (0.94–18.7) 0.06 4.22 (0.88–20.16) 0.07

COPD 0.75 (0.25–2.2) 0.6 – –

Cirrhosis 0.79 (0.1–6.58) 0.83 – –

Heart failure 0.89 (0.33–2.39) 0.82 – –

Smoking 1.44 (0.55–3.75) 0.46 – –

Intravenous drug use 1.02 (0.28–3.7) 0.97 – –

Congenital heart disease 0.42 (0.15–1.19) 0.1 0.5 (0.15–1.66) 0.26

Intracardiac device 0.64 (0.23–1.77) 0.39 – –

Central line 2.01 (0.45–9.07) 0.36 – –

Prosthetic valve 0.35 (0.13–0.93) 0.04* 0.46 (0.16–1.35) 0.16

Valve repair 0.8 (0.22–2.94) 0.74 – –

LVEF <40% 0.36 (0.11–1.2) 0.1 0.48 (0.12–1.84) 0.28

Year group

2011 Reference 0.01* Reference 0.01*

2019 3.42 (1.29–9.06) 4.06 (1.41–11.71)

*, statistically significant. TEE, transesophageal echocardiogram; BMI, body mass index; COPD, chronic obstructive pulmonary disease; 
LVEF, left ventricular ejection fraction; OR, odds ratio; CI, confidence interval.

processes that mimic IE, including pannus formation, 
thrombus, prosthetic strands, loose suture material, mitral 
subvalvular tissue remnants, and micro-cavitation (24,25). 
Acoustic shadowing imposed by prosthetic valves can also 
render imaging difficult (26-28). The difficulties with 
diagnosing PVIE using echocardiographic imaging alone 
have led to increased adoption of a multimodality imaging 
approach to evaluation in appropriate cases utilizing 
18-fluorodeoxyglucose positron emission tomography/
computed tomography and cardiac computed tomography 
as adjuvant imaging modalities (29-32). Early in the 
disease course, signs of IE can be very subtle, and nearly a 

quarter of PVIE cases may be culture negative, partly due 
to the early administration of antibiotics, which further 
complicates the diagnosis of PVIE (33). Importantly, PVIE 
is characterized by a lower incidence of vegetations and a 
higher incidence of valvular and paravalvular complications, 
which are important echocardiographic considerations 
in suspected PVIE cases (34). Despite the important 
diagnostic utility of 2D-TEE in the detection of valvular 
and paravalvular complications of PVIE (11), a meta-
analysis of 20 publications with a total of 496 patients with 
PVIE showed 2D-TEE missed the presence of vegetations 
and paravalvular complications in 18% and 14% of cases, 



Cardiovascular Diagnosis and Therapy, Vol 13, No 1 February 2023 33

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2023;13(1):25-37 | https://dx.doi.org/10.21037/cdt-22-431

Table 4 Specifications of transesophageal echocardiography used in the study

TEE imaging probe details 2011 (N=70), n (%) 2019 (N=172), n (%) P value

Use of 3-dimensional TEE imaging on first TEE 43 (70.5) 140 (97.2) <0.001*

Use of 3-dimensional TEE imaging on second TEE 32 (50.0) 144 (86.2) <0.001*

Use of 3-dimensional TEE imaging on third TEE 12 (60.0) 35 (87.5) 0.02*

Probe used during first TEE

X7-2T 51 (72.9) 44 (25.6) <0.001*

X8-2T 0 (0.0) 99 (57.6) <0.001*

TE-V5M 5 (7.14) 0 (0.0) 0.002*

S7-2 Omni 3 (4.3) 0 (0.0) 0.02*

Z6M 0 (0.0) 0 (0.0) –

Unavailable 11 (15.7) 29 (16.9) 0.83

Probe used during second TEE N=70 N=172

X7-2T 37 (52.9) 60 (34.9) 0.01*

X8-2T 0 (0.0) 73 (42.4) <0.001*

TE-V5M 26 (37.1) 0 (0.0) <0.001*

S7-2 Omni 1 (1.4) 0 (0.0) 0.29

Z6M 0 (0.0) 2 (1.2) >0.99

Unavailable 6 (8.6) 37 (21.5) 0.02*

Probe used during third TEE N=22 N=41

X7-2T 14 (63.6) 16 (39.0) 0.11

X8-2T 0 (0.0) 18 (43.9) <0.001*

TE-V5M 5 (22.7) 0 (0.0) 0.003*

S7-2 Omni 1 (4.5) 0 (0.0) 0.33

Z6M 0 (0.0) 1 (2.4) >0.99

Unavailable 2 (9.1) 6 (14.6) 0.71

*, statistically significant. X7-2T/X8-2T (Phillips), TE-V5M (Siemens), S7-2 Omni (Phillips), Z6M (Siemens). TEE, transesophageal 
echocardiogram.

respectively (35).

Explanations of findings

Due to the critical need for timely and accurate diagnosis 
and management of PVIE, there have been improvements 
in contemporary 2D and 3D TEE imaging techniques (35). 
In our study, we found that the sensitivity of TEE for PVIE 
dramatically improved from 2011 to 2019 from 70.8% to 
93.7%, P=0.009. This may reflect improvements in both 2D 
and 3D imaging over this period. The modern TEE probes 
have improved imaging capabilities including higher frame 

rates and frequencies (36). We believe this improvement in 
spatial and temporal resolution helps capture and accurately 
assess fast moving structures, such as vegetations (37).

With the advent of modern probes and 3D imaging, the 
diagnostic performance of TEE in 2019 was comparable 
for both native valve and prosthetic valve IE (96.2% vs. 
93.7%, respectively). Different reports have described the 
superior diagnostic value of 3D-TEE in PVIE cases, which 
stems from better visualization of subtle abnormalities and 
delineation of cardiac anatomy along with more detailed 
assessment of peri-annular infection (24,35). Through 
multiplanar imaging and volumetric reconstruction, 3D 
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Table 5 Clinical outcomes in the study

Clinical outcomes in the study cohorts 2011 (N=70), n (%) 2019 (N=172), n (%) P value

Time from first to second TEE (days), median [IQR] 9.5 [5–30.75] 10 [5–37.8] 0.91

Time from second to third TEE (days), median [IQR] 42 [12–66.8] 26 [8.8–93.5] 0.79

Neurologic complications 0.91

Stroke 15 (21.4) 33 (19.2)

Brain abscess 1 (1.4) 2 (1.2)

Acute kidney injury 21 (30.0) 51 (29.7) 0.96

Seeding of infection 14 (20.0) 56 (32.6) 0.051

Length of stay (days), median [IQR] 16 [10–23] 18 [10.5–28] 0.49

Diagnosis of IE in 15 days of index admission 62 (88.6) 161 (93.6) 0.19

Need for procedures (valve replacement or repair or device extraction) 39 (55.7)* 120 (69.8)* 0.04*

*, statistically significant. IQR, interquartile range; TEE, transesophageal echocardiogram; IE, infective endocarditis.

Figure 2 Evolution of TEE imaging for infective endocarditis over time. (A,B) A case of echodensity/vegetation on the medial annulus 
in setting of prior mitral valve repair with mild valvular mitral regurgitation detected by two-dimensional TEE imaging in 2011 (A: two-
dimensional imaging; B: color Doppler imaging; arrow in panel A indicates echodensity/vegetation on the medial mitral annulus). (C,D) An 
elegant case of medial dehiscence of prior mitral valve repair with annuloplasty, associated with torrential para-valvular mitral regurgitation 
accurately diagnosed by contemporary three-dimensional imaging (C: three-dimensional left atrial view of the repaired mitral valve; D: 
three-dimensional color Doppler imaging, * dehiscence of the mitral annuloplasty medially). LA, left atrium; LV, left ventricle; TEE, 
transesophageal echocardiogram.
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TEE can more accurately assess the size of irregular 
vegetations, help evaluate the risk for embolization, 
and detect perivalvular abscesses (38-42). 3D imaging is 
advantageous to 2D imaging in assessing these key factors 
to determine the need for potential valve surgery. The 
improved diagnostic performance in our study likely reflects 
improvements from both 2D and 3D TEE imaging. 

Implications and actions

The current American Heart Association (AHA) and the 
European Society of Cardiology (ESC) guidelines strongly 
recommend repeating TEE in patients with an initial non-
diagnostic TEE and persistent high suspicion of IE in 
three to five days (Class I indication, Level of evidence: C) 
(2,21,23,40,43,44). Our findings demonstrate that while a 
repeat TEE is still needed in certain clinical scenarios in the 
evaluation of IE, contemporary TEE imaging has further 
improved the diagnostic performance for IE. We found that 
with modern TEE imaging, 164/172 (95.3%) of patients 
with endocarditis were detected on the initial TEE. This 
improvement in sensitivity led to a decreased yield from 
additional TEEs in 2019, when compared to 2011, with 
4.7% versus 12.8% of patients having evidence of IE being 
detected on a subsequent TEE (P=0.03).

Though we did not observe significant differences in the 
rate of complications, length of stay, 30-day and one year 
mortalities between the two groups, patients in 2019 had 
a higher rate of procedures, including valve surgery and 
device extraction, particularly those diagnosed early during 
the admission (within fifteen days from index admission). 
The time to diagnosis was also shorter in the 2019 group; 
however, this finding did not reach statistical significance. 
We attribute the increased rate of procedures in the latter 
group (70% in 2019 vs. 56% in 2011, P=0.04), when 
diagnosed within 15 days, to potentially earlier detection 
of endocarditis, leading to increased rates of definitive 
intervention. It should be noted this finding was not due 
to differences in vegetation size or embolic complications, 
which were comparable between 2011 and 2019. 

Conclusions

Contemporary TEE imaging with modern TEE probes 
and 3D imaging was associated with improved diagnostic 
performance for IE on the initial examination, driven 
primarily by improved detection of PVIE. These findings 
were not explained by differences in baseline characteristics, 

including intravenous drug use, or the size of the vegetations. 
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