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Background: The search for the presence of vegetations in 
patients with suspected infective endocarditis is a major 
indication for trans-esophageal echocardiographic (TEE) examina- 
tions. Advances in harmonic imaging and ongoing improvement 
in modern echocardiographic systems allow adequate quality 
of diagnostic images in most patients.
Objectives: To investigate whether TEE examinations are  
always necessary for the assessment of patients with suspect- 
ed infective endocarditis. 
methods: During 2012–2014, 230 trans-thoracic echo (TTE) 
exams in patients with suspected infective endocarditis were 
performed at our center. Demographic, epidemiological, 
clinical and echocardiographic data were collected and 
analyzed, and the final clinical diagnosis and outcome were 
determined. 
results: Of 230 patients, 24 had definite infective endocarditis 
by clinical assessment. TEE examination was undertaken in 
76 of the 230 patients based on the clinical decision of the 
attending physician. All TTE exams were classified as: (i) 
positive, i.e., vegetations present; (ii) clearly negative; or (iii) 
non-conclusive. Of the 92 with clearly negative TTE exams, 
20 underwent TEE and all were negative. All clearly negative 
patients had native valves, adequate quality images, and 
in all 92 the final diagnosis was not infective endocarditis. 
Thus, the negative predictive value of a clearly negative TTE 
examination was 100%.
conclusions: In patients with native cardiac valves referred 
for evaluation for infective endocarditis, an adequate quality 
TTE with clearly negative examination may be sufficient for 
the diagnosis.
  IMAJ 2016; 18: 407–410
infective endocarditis (IE), trans-esophageal 
echocardiography (TEE), trans-thoracic echocardiography 
(TTE), vegetations, complications of endocarditis

role of negative trans-thoracic echocardiography in the 
diagnosis of infective endocarditis
Marina Leitman MD, Eli Peleg MD, Ruthie Shmueli and Zvi Vered MD FACC FESC

Department of Cardiology, Assaf Harofeh Medical Center, Zerifin, affiliated with Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel

aBstract:

KeY wOrds:

e chocardiography is the foremost diagnostic modality for 
the accurate diagnosis of infective endocarditis. According 

to the Duke criteria, evidence of endocardial involvement is 
classified as a major diagnostic criterion for infective endo-
carditis and includes oscillating intracardiac masses on valves 
or supporting structures, in the path of regurgitant jets, or on 

implanted material; or abscess formation, new dehiscence 
of prosthetic valve, or new valvular regurgitation [1]. Trans-
esophageal echocardiography (TEE) is recommended in all 
cases when trans-thoracic echocardiography (TTE) is not diag-
nostic. With the development of modern echocardiographic 
systems, trans-thoracic ultrasonic imaging has improved 
significantly and allows high quality visualization of cardiac 
valves and valvular apparatus. Despite these improvements, 
cardiologists are often requested to perform TEE in all cases 
where infective endocarditis is suspected, regardless of TTE 
results or image quality. In this study we sought to investigate 
whether indeed TEE is always necessary in these patients.

Patients and metHOds
We searched the digital database of our echolab for echo 
exams that had been performed in patients with the clinical 
suspicion of infective endocarditis during 2012–2014. We 
found 230 such echo studies. Clinical and echocardiographic 
data of these patients were collected. Risk factors for infec-
tive endocarditis, microbiology data, co-morbidities, cardiac 
risk factors, and presence of prosthetic valves and intracardiac 
devices were all noted. Severe co-morbidities included malig-
nant diseases, cognitive impairment, poor mobility, immune 
compromise, serious respiratory diseases, and chronic renal 
failure. Echo systems used in this study included Vivid 9 and 
Vivid i (General Electric, USA). Trans-thoracic echo exams 
were divided into three groups, based on the interpretation of 
the physician who signed the report:
•	 group 1: positive echo exams diagnostic for infective endo-

carditis
•	 group 2: patients with native valves and echo exams clearly 

negative for infective endocarditis
•	 group 3: non-conclusive exams in patients with inadequate 

echocardiographic window, and patients with prosthetic 
heart valves. 

Subsequently, TEE examinations were performed based on 
clinical judgment. The outcome was determined based on 
data obtained from mortality records at the Ministry of the 
Interior. Final clinical diagnosis was available for all patients. 
Inter-observer variability was less than 5%. 
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statistical analYsis
All data were expressed as mean value ± standard deviation. 
Comparison between the patient groups was performed using 
Student’s t-test for continuous data. In this study, P values < 
0.05 were considered significant. ANOVA (MATLAB) was 
used for multivariate analysis. 

results
A total of 230 TTE exams were performed on 229 patients 
[Figure 1]. There were 122 (53%) men and 107 (47%) women, 
and the mean age was 64 ± 18 (range 20–93). Patients’ 
characteristics are shown in Table 1. The most frequent 
indications for echocardiograpic evaluation were fever, elevated 
C-reactive protein (CRP), and positive blood cultures. The most 
frequent infective agents were staphylococci, mostly methicillin-
sensitive Staphylococcus aureus [Table 2]. TEE examination was 
performed in 76 patients (33%).

Patients witH inFective endOcarditis 
Twenty-four (10%) patients had definite infective endocarditis, 
which was confirmed in 22 of them on echocardiography – 
TTE and/or TEE. In two patients vegetations were not visual-
ized, and the diagnosis of infective endocarditis was clinical. 
Vegetations were found in 13 of 230 patients on TTE; in 2 of 
them small findings on the aortic valve were not confirmed on 
TEE and these patients were judged to be false positive. Among 
the remaining 11 trans-thoracic exams, TEE was done in 5 and 
was in agreement with TTE in all. In addition, in six patients 
with clear vegetations on TTE, TEE was not done. 

In 11 of 13 patients with non-conclusive TTE exams vegeta-
tions were found on TEE. Most of the patients with definite 
endocarditis had positive blood cultures (22/24, 92%). 

Patients witH clearlY negative tte [Table 3]
There were 92 patients with clearly negative TTE (group 2) and 
all had native valves. TEE was undertaken in 20 of them and 
no vegetations were found. In all these patients the final clinical 
diagnosis ruled out endocarditis, and an alternative source of 

Figure 1. Classification of the patients into three groups

230 exams

1113

Negative 92,
TEE = 20

Positive 13,
TEE = 7

Non-conclusive 125,
TEE = 49

Endocarditis 24,
TEE = 17

table 1. Clinical features of the patients referred for echo to detect 
endocarditis

64 ± 18Age (years)

122 (53%)Male

107 (47%)Female

80 (35%)Diabetes

107 (47%)Severe co-morbidities*

48(21%)Chronic renal failure

7 (3%)Vascular graft

14 (6%)Permanent pacemaker

17 (7%)Orthopedic devices

20 (9%)Recent orthopedic surgery

9 (4%)Prosthetic valve

1 (0.4%)Post-valve repair

2 (0.9%)Post-ASD closure

203 (88%)Fever

185 (80%)Elevated CRP reported

138 (60%)Blood cultures

76 (33%)TEE done

*Severe co-morbidities: malignant diseases, cognitive impairment, poor mobility, 
immune compromised, serious respiratory diseases, chronic renal failure
ASD = atrial septal defect, CRP = C-reactive protein

table 2. Infective agents

74Any staphylococci

39MSSA

22MRSA

8CONS

21Enterococci

21Any streptococci

10Candida 

26Miscellaneous

8Klebsiella

5Esherichia coli 

4Pseudomonas

9Other

MSSA = methicillin-sensitive Staphylococcus aureus, MRSA = methicillin-
resistant Staphylococcus aureus, CONS = coagulase-negative Staphylococcus
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M-mode echo, vegetations were detected in 37%–69% [3,4]. 
Two-dimensional (2D) echocardiography improved visualiza-
tion of vegetations [5] and complications of infective endocar-
ditis [6]. In a study by Mugge et al [7], the detection rate of 
vegetations with older trans-thoracic 2D echocardiographic 
systems was 58%, whereas TEE detected vegetations in 90% 
[7]. In a later study, sensitivity of TTE for detection of vegeta-
tions among patients with positive blood cultures was 63%, and 
a main limiting factor of TTE examination was image quality 
[8]. Another study reported 55% sensitivity of TTE exams [9]. 
According to the latest guidelines, the sensitivity of TTE for 
diagnosing infective endocarditis on native valves is 50–90% [1]. 
In patients with a low clinical probability of infective endocar-
ditis, even TTE examination, and certainly TEE, may be redun-
dant [10,11]. The negative predictive value of a negative-normal 
TTE in the patients with possible native valve endocarditis in 
an earlier study was 90% [12]. One of the most recent studies 
also reported a large number of unnecessary TEE examinations, 
many of which could have been avoided [13]. In the large Italian 
registry of infective endocarditis for the period 2007–2010, echo 
exams were obtained on different echo systems with different 
image quality and in different hospitals. All the exams were 
classified as negative, uncertain, or positive. Sensitivity of TTE 
in the diagnosis of infective endocarditis in that study was 65% 
[14]. Recently, a practical algorithm was elaborated based on 
clinical risk stratification and normal TTE exam for the search 
of vegetations in patients with staphylococcal bacteremia [15].

Diagnostic workup in patients with endocarditis is essential 
in order to provide appropriate treatment. During recent years 
echocardiographic imaging has improved significantly. In the 
current single-center study we investigated a fairly large cohort 
referred for echocardiography with the clinical suspicion of 
infective endocarditis. The patients were managed based on the 
clinical decision of the responsible physician of each patient, and 
the final clinical diagnosis and patients’ outcome were assessed.

Patients can be managed in different ways: the specialist in 
infective disease will request TEE in every patient, the cardiolo-
gist will request it depending on TTE results and guidelines, 
and the physician on call will decide if cardiac search of infec-
tion is necessary based on the clinical setting [16]. 

Based on multivariate analysis, the patients referred for 
detection of vegetations are high risk patients. Performance of 
TEE in these patients may often be risky. In many cases there 

infection was found. Echocardiographic studies were performed 
between day 1 and 34 of admission (mean 7.5 ± 6.6 days). In 
the 20 patients in whom TEE was also performed there was 
no evidence of endocarditis. The patient who underwent TEE 
had positive blood cultures (85%) and staphylococci in blood 
cultures (60%) significantly more often. 

The negative predictive value of negative TTE was calculated as: 
patients with negative TTE and negative TEE (20) / patients 
with normal TTE and abnormal TEE (0) + patients with 
negative TTE and negative TEE (20)=100%. 

Thus the negative predictive value of a negative TTE was 100%.

Patients witH nOn-cOnclusive ecHO exams 
Patients with non-conclusive echo exams were older than 
patients with definite echo results (68 vs. 60 years, P < 0.001), 
and there were more women than men (67/58 vs. 41/64, P < 
0.03). These patients more often underwent TEE (49 vs. 27, P 
< 0.03) and more often had prosthetic valves (8 vs. 1, P = 0.02).

All patients with non-conclusive TTE exam had an inad-
equate echo window, which is crucial for definite diagnosis. 
Nine patients had prosthetic valves: three were biological and 
six were mechanical. TEE was performed in six of these patients; 
the other three did not undergo TEE based on the clinical judg-
ment of the referring physician. 

multivariate analYsis
A multivariate analysis was performed across all the 230 echo 
exams that were performed in search of infective endocarditis in 
229 patients. Age ≥ 75 years independently predicted mortality 
risk of 50% during 1–3 years of follow-up (P < e-⁵), chronic renal 
failure was associated with mortality risk of 51% (P < 0.001), 
and other severe co-morbidities were predictive of mortality in 
41% (P < e-⁶). Age ≥ 80 was associated with 53% risk of mortal-
ity (P < 0.0001). In association with positive blood cultures or 
severe co-morbidities, mortality was 58% (P < 0.001 and P < 
0.0001 respectively). Positive blood cultures regardless of co-
morbidities or age were associated with 36% risk of mortality 
(P < 0.02) in this study population. 

discussiOn
The first echocardiographic experience with M-mode echo 
imaging of valvular vegetations was reported in 1973 [2]. Using 

table 3. Data of 92 patients with clearly negative TTE

staphylococciagedm
severe co-
morbiditiescrFFever

crP 
elevated

Blood 
cultures

source of 
infection founddiedn 

13 (18%)58 ± 197 (35%)14 (70%)4 (20%)15 (75%)15 (75%)17 (85%)19 (95%)6 (30%)20TTE and TEE

12 (60%)63 ± 1321 (29%)48 (67%)11 (15%)61 (85%)52 (72%)34 (47%)72 (100%)21 (29%)72TTE only

P = 0.0001NSNSNSNSNSNSP < e¯⁶NSNS 

TTE = trans-thoracic echocardiography, TEE = trans-esophageal echocardiography, CRP = C-reactive protein, CRF= chronic renal failure, DM = diabetes mellitus
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is an alternative source of infection, which does not exclude 
infective endocarditis but may require prolonged extensive 
antibacterial treatment. 

limitatiOns
Although all echo exams are stored in a digital format, our study 
is retrospective. Obviously, these observations should not be 
generalized to patients with prosthetic or heavily calcified native 
valves, or those with suboptimal TTE images. Complications of 
infective endocarditis, particularly abscess formation, valvular 
damage and perivalvular infection, are certainly better diag-
nosed by TEE. Nevertheless, our results indicate that TEE may 
not be necessary, at least initially, in carefully selected patients 
with fever, native valves and high quality clearly negative TTE, 
even those with positive blood cultures. In these selected 
patients the negative predictive value of TTE is very high.

cOnclusiOns 
In patients with native heart valves, who are referred for 
detection of vegetations and have clearly negative high quality 
trans-thoracic echocardiographic examination, TEE may not 
be necessary. 
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Innate lymphoid cells (ILCs) are critical mediators of mucosal 
immunity, and group 1 ILCs (ILC1 cells) and group 3 ILCs 
(ILC3 cells) have been shown to be functionally plastic. Silver 
et al. found that group 2 ILCs (ILC2 cells) also exhibited 
phenotypic plasticity in response to infectious or noxious 
agents, characterized by substantially lower expression of 
the transcription factor GATA-3 and a concomitant switch to 
being ILC1 cells that produced interferon-γ (IFNγ). Interleukin 
12 (IL-12) and IL-18 regulated this conversion, and during 
viral infection, ILC2 cells clustered within inflamed areas and 
acquired an ILC1-like phenotype. Mechanistically, these ILC1 

cells augmented virus-induced inflammation in a manner 
dependent on the transcription factor T-bet. Notably, IL-
12 converted human ILC2 cells into ILC1 cells, and the 
frequency of ILC1 cells in patients with chronic obstructive 
pulmonary disease (COPD) correlated with disease severity 
and susceptibility to exacerbations. Thus, functional plasticity 
of ILC2 cells exacerbates anti-viral immunity, which may have 
adverse consequences in respiratory diseases such as COPD. 
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capsule
inflammatory triggers associated with exacerbations of cOPd orchestrate plasticity of group 2 
innate lymphoid cells in the lungs




