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Abstract

Objective—To assess the concordance between transesophageal echocardiography (TEE) and 

transthoracic echocardiography (TTE) measures of right ventricular (RV) function by standard 

two-dimensional and Doppler methods. We hypothesized that there would be significant 

disagreement in tricuspid annular plane systolic excursion (TAPSE), fractional area change (FAC), 

right-sided index of myocardial performance (RIMP), and tricuspid annular systolic velocity (S`).

Design—Prospective observational

Setting—Cardiac operating room at a single academic medical center

Participants—All adult patients undergoing elective cardiac surgery at a single tertiary care 

academic medical center over the course of six months

Interventions—None.

Measurements and Main Results—We measured fractional area change, tricuspid annular 

systolic velocity, tricuspid annular systolic plane excursion, right-sided index of myocardial 

performance and tricuspid annular diameter by transesophageal echocardiography and 

transthoracic echocardiography. We assessed for concordance by concordance correlation 

coefficient and paired t-tests, including 95% confidence limits. We found that quantitative 

measures of right ventricular function by transesophageal echocardiography correlate poorly with 

transthoracic echocardiography measurements in close temporal proximity under similar 

hemodynamic conditions.

Conclusions—When performing an assessment of RV function, transesophageal 

echocardiographers should exercise caution when extrapolating data validated by TTE to 

transesophageal studies. Measures of right ventricular function by TEE tend to have fair agreement 
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to TTE measurements obtained in close temporal proximity under similar hemodynamic 

conditions. Most importantly, our study showed that TAPSE and S` values obtained from the 

modified transgastric RV inflow view tend to have lower values than those measured by TTE. 

Given the propensity for underestimating measurements from the modified transgastric RV inflow 

view, we conclude that values equal to or greater than established norms for tricuspid annular 

motion may be utilized to establish normal, but not abnormal, RV function.

Keywords

Transesophageal echocardiography; Transthoracic echocardiography; Right ventricle; Right 
ventricular function

Introduction

Since the introduction of real-time two-dimensional echocardiography in the early 1970s, 

transthoracic echocardiography (TTE) has been the cornerstone of non-invasive cardiac 

function evaluation 1–3. Most, if not all, standard measures of cardiac size and function have 

been established utilizing this modality.4 With the advent of transesophageal 

echocardiography (TEE), these measures have continued to be used as the basis for 

evaluating cardiac function with the assumption that they are reasonably similar. While at 

times this may be true, even slight modifications of imaging planes have been shown to 

cause statistically significant differences in measured values, specifically when it comes to 

evaluating right ventricular (RV) function.5

The RV has long been a focus of research.6 Given its complex shape and function, multiple 

methods have been developed to evaluate its systolic function. These include: tricuspid 

annular plane systolic excursion (TAPSE), fractional area change (FAC), right-sided index of 

myocardial performance (RIMP), and tricuspid annular systolic velocity (S`).4 TEE poses a 

particular challenge in proper Doppler and M-mode alignment to assess tricuspid annular 

motion. Previous studies have compared TTE TAPSE results to TEE TAPSE results obtained 

by modified methods.7, 8 These were met with varying results, which is not particularly 

surprising since apical TTE assesses the lateral wall of the RV while TEE examines the 

inferior wall in the modified transgastric view.9–11 Previous authors have also demonstrated 

significant regional differences in tricuspid annular dynamics.12, 13 Despite this, normal 

values for both TTE and TEE are often used interchangeably in daily practice by 

echocardiographers. The objective of our study was to assess the concordance between TEE 

and TTE measures of RV function by standard two-dimensional and Doppler methods. We 

hypothesized that there would be significant disagreement in TAPSE, FAC, RIMP, and S`.

Methods

Study Population

We conducted a prospective observational study including all adult patients undergoing 

elective cardiac surgery at a single tertiary care academic medical center over the course of 

six months. Baseline preoperative patient characteristics can be found in Table 1. A sample 

size of 125 subjects was calculated allowing for a level of precision ±0.10 for a 95% 
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confidence interval around an estimate of agreement between measures derived from TEE 

vs. TTE and allowing for 10% dropout. Exclusion criteria included patients with a 

contraindication to TEE, urgent/emergent surgery, preexisting open chest, intrathoracic 

hardware (ventricular assist device, thoracotomy tube, etc.), hemodynamically unstable 

patients as judged by the attending anesthesiologist, patients with body mass index > 40 

kg/m2 due to likelihood of poor TTE image quality, non-English speaking patients due to 

lack of study funding for translator services, cognitively impaired adults, and pregnant 

patients. Patients were excluded from analysis if there was poor echocardiographic image 

quality at the time of image analysis as judged by the measuring anesthesiologist. The study 

protocol was approved by the local institutional review board and all patients provided 

written informed consent.

Echocardiographic Image Acquisition and Data Collection

Echocardiographic images were obtained using a commercially available ultrasound system 

(Epiq 7; Philips Medical Systems, Best, the Netherlands) with a 1.5-MHz TTE transducer 

and an x7 TEE probe. Immediately following induction of anesthesia and insertion of the 

TEE probe as per standard protocol for surgery, the images were obtained by an attending 

anesthesiologist separate from the primary anesthesia team. All anesthesiologists involved 

were board certified in Advanced Perioperative Transesophageal Echocardiography as well 

as research team members with additional competencies in transthoracic echocardiography 

including Testamurs of Special Competence in Adult Echocardiography and Critical Care 

Echocardiography. Immediately following TTE image acquisition, TEE images were 

obtained. The two image acquisition sets were obtained within 5 minutes of one another and 

under similar hemodynamic conditions (heart rate and mean arterial pressure +/− 10%). No 

surgical stimulation or any other factors, such as patient position change, occurred during 

image acquisition using either modality. If patients became unstable or had hemodynamic 

changes >10% of baseline heart rate or mean arterial pressure, the images were excluded 

from data analysis. Images were stored in Digital Imaging and Communications in Medicine 

(DICOM®) format (National Electrical Manufacturers Association, Arlington, Virginia, 

USA).

Imaging Methods

The following TTE images were obtained over three consecutive beats: apical 4-chamber 

view, lateral tricuspid annulus M-mode, and lateral tricuspid annulus tissue Doppler pulsed 

wave spectral Doppler profile. The following TEE measurements were then obtained over 

three consecutive beats: midesophageal 4-chamber view with RV focus, lateral tricuspid 

annulus anatomic M-mode, modified transgastric RV inflow view M-mode and inferior 

tricuspid annulus tissue Doppler pulsed wave spectral Doppler profile. A single cardiac 

cycle from these image sets was then used to calculate post-hoc measures of RV function 

including both TTE and TEE RIMP, TAPSE, FAC, and S`. All measurements were 

performed by two anesthesiologist who were blinded to the original imaging 

anesthesiologist. For the initial 15 offline measurements, two anesthesiologists performed 

the measurements together for uniformity on measurement standards, after which subject 

data was equally divided and randomly assigned for independent analysis.
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Example FAC calculations from the same patient are demonstrated in Figure 1. RIMP was 

assessed using tissue Doppler imaging by adding the isovolumetric contraction and 

relaxation times and dividing by the ejection time. TAPSE measurements were obtained by 

TTE (TTE TAPSE) and TEE via the midesophageal 4-chamber view using anatomic M-

mode (AMM TAPSE) and by the modified transgastric RV inflow view (TG TAPSE) (Figure 

2). The anatomic M-mode measurements were completed by placing the cursor on the 

lateral tricuspid annulus and the angle was adjusted such that the angle of measure was 

directed toward the apex (Figure 2, Panel B). The modified transgastric RV inflow view has 

been previously described and allows for improved Doppler alignment with the inferior 

tricuspid annular motion (Figure 2, Panel C).14 Tricuspid annular diameter was measured 

from the lateral to septal tricuspid annulus at end-diastole.

Statistical Analysis

Distribution of RV function measures by both TTE and TEE were evaluated to confirm 

approximate normality. Agreement between each TTE and TEE measure was assessed 

graphically by viewing scatterplots of the data, and statistically by estimating the 

concordance correlation coefficient and corresponding 95% confidence interval (CI) for each 

measure. The concordance correlation coefficient measures variations in the linear 

relationship between two methods from the identity lines of two meaningful components: 

deviations in each measurement around the line (precision) and the distance between the 

identity line and the linear line (accuracy). According to Landis & Koch descriptions of 

estimates of agreement are: a coefficient of 0–0.20 slight agreement, 0.21–0.40 fair 

agreement, 0.41–0.60 moderate agreement, 0.61–0.80 substantial agreement, and 0.81–1 

almost perfect agreement.15 The average difference between results obtained by TTE and 

TEE was calculated for each measure of RV function to be able to determine whether TEE 

over- or underestimated those obtained by TTE. These differences were then evaluated with 

a paired t-test to determine whether they were significantly different from zero. Each of the 

measures was also dichotomized to create categorical variables indicating abnormal or 

normal values according to the American Society of Echocardiography (ASE) 

recommendations for abnormal values: TAPSE <1.7 cm, FAC <35%, S` <9.5 cm/s, RIMP 

>0.54. Kappa coefficients and 95% CIs were estimated to assess agreement between TTE 

and TEE measures with respect to categorical variables.4

Results

One hundred twenty six patients were consented for the study with 102 meeting inclusion 

criteria for data analysis. Reasons for screening failure were changes in hemodynamics 

>10% in 11 cases, poor TTE windows in 7 cases, no additional imaging personnel available 

in 4 cases, poor TEE windows in 1 case, and consent withdrawal in 1 case. The 102 patients 

enrolled in the study had an average heart rate of 72 bpm, and an average mean arterial 

pressure of 86 mmHg. Descriptive statistics were obtained for all measures of RV function 

(Table 2). The association between TTE and TEE for each of the measures of RV function is 

illustrated in Figure 3. Estimates of agreement (95% CI) between TTE and TEE were: FAC 

0.31 (0.12, 0.48), S` 0.33 (0.22, 0.43), RIMP 0.13 (−0.05, 0.30), TV annular diameter 0.55 

(0.40, 0.68), TG TAPSE 0.34 (0.23, 0.45), and AMM TAPSE 0.27 (0.08, 0.44) (Figure 2). 
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Poor image quality resulted in individual images being excluded from analysis; however the 

remainder of the adequate images were analyzed; therefore there are discrepancies in the 

number of patients in Tables 2 and 3. According to the guidelines by Landis and Koch, the 

measures presented here indicate slight agreement for RIMP, fair agreement for AMM 

TAPSE, FAC, S’, and TG TAPSE, and moderate agreement for TV annular diameter. When 

the average differences were evaluated to determine whether TEE over- or under-estimated 

TTE according to the measures of RV function, our results indicate that TEE significantly 

underestimated TTE for S’ and TG TAPSE only (p<0.001 for each; Table 3).

Discussion

The objective of our study was to assess the concordance between TTE and TEE measures 

of RV function. Our hypothesis was that there would be significant disagreement in TAPSE, 

FAC, RIMP and S’. The results largely support our hypothesis. We demonstrated that the 

measurements obtained were not comparable in most patients. Our results suggest that when 

a patient requires precise RV function assessment, it should be clear that TTE and TEE 

provide different imaging planes for analysis. The standards developed for chamber 

quantification have been done so utilizing TTE in non-anesthetized patients.4 These are 

clinically relevant points when assessing RV function.

Right ventricular function has been shown repeatedly to have a clinically significant impact 

on outcomes following cardiac surgery. Bootsma et al. first showed a clear correlation 

between RV ejection fraction and long term mortality after cardiac surgery ranging from 

4.1% to 16.7% when the RVEF ranged from >30% to <20%, respectively.16 Similarly, 

severe RV dysfunction prior to orthotopic heart transplant has been shown to carry a 6-fold 

increased risk of death when compared to patients with normal RV function.16, 17 RV 

systolic dysfunction likewise carries a significant increase in mortality one year after 

transcatheter aortic valve replacement.18 The clinical implications of an accurate assessment 

of RV function extend beyond the perioperative setting. RV systolic function has strong 

prognostic value in multiple settings including after myocardial infarction and cardiac arrest, 

peripartum cardiomyopathy, heart failure with preserved ejection fraction, and pulmonary 

hypertension.19–23 Clearly, finding reliable methods of accurate RV functional assessment 

carries significant clinical importance. Quantifying right ventricular function remains a 

challenge given its complex three-dimensional structure. Its crescentic shape and 

asymmetrical nature of systolic motion pose a challenge to traditional means of functional 

assessment. Unlike the LV, which relies largely on symmetrical circumferential shortening, 

longitudinal motion is a larger contributor to RV systolic function.24 For this reason, TAPSE 

is an important marker of RV function but does not tell the entire story as both the free wall 

and interventricular septum contribute equally to systolic function.24, 25 Many clinicians rely 

largely on 2D and Doppler measures of RV function in daily practice. We showed in a 

systematic way that these measurements differ significantly between TTE and TEE. 

Previous studies on LV function have identified similar findings of underestimation of 

volumes due to foreshortening of the transesophageal imaging planes.26 Echocardiographers 

should exercise caution when extrapolating data validated by TTE to transesophageal 

studies.
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Previous authors have promoted the use of the modified transgastric RV inflow view to 

obtain appropriate alignment for assessing inferior tricuspid annular motion.14 Our results 

demonstrate that, despite visually appearing to provide adequate alignment on 2D imaging, 

both TAPSE and S` values measured from this view consistently underestimated the 

transthoracic value. We surmise that, despite appearing to have adequate alignment with 

annular motion, this TEE view does not truly assess the motion of the annulus toward the 

apex. Likewise, the diaphragm limits the excursion of the inferior wall compared to the 

lateral wall.27 Despite the fact that this view underestimates the value, it remains clinically 

useful. If the TAPSE and S` values measured from the transgastric RV inflow view are 

greater than 1.7 cm and 9.5 cm/s respectively, the echocardiographer can be confident that 

these values will be within the normal range if assessed by TTE.4 Other authors have 

recently demonstrated improved alignment by adding anatomic M-mode to the transgastric 

RV inflow view.10, 11

Our results are clinically significant given that most standard measures in echocardiography 

have been validated only by TTE and are assumed to be applicable to those obtained by 

TEE. Due to the slight differences in imaging planes and the complexity of RV dynamics, 

echocardiographers must recognize the differences and shortcomings involved in various 

imaging modalities. Our study is the first to show a comprehensive disagreement in multiple 

measures of RV function when comparing TTE to TEE: RIMP, TAPSE by AMM, and FAC. 

We have, however, validated the importance of the modified transgastric RV inflow view in 

providing useful measurements of TAPSE and S`. Most importantly, given the trend toward 

underestimation, normal values of TAPSE and S` measured from this view are reliable for 

detection of normal, but not abnormal, RV function.

Limitations

The sample size of this study was only powered to assess agreement between measured 

values. We were able to show consistent underestimation of values for only transgastric 

TAPSE and S` by TEE. We were unable to demonstrate a similar trend for the other 

measures. Further large studies would be helpful in establishing cutoff values for these 

measures as assessed by TEE. Future studies could relate our findings to 3D analysis and RV 

free wall strain values, as these modalities are becoming more widespread in their clinical 

use.

Conclusion

When performing an assessment of RV function, transesophageal echocardiographers should 

exercise caution when extrapolating data validated by TTE to transesophageal studies. 

Measures of right ventricular function by TEE tend to have only fair agreement to TTE 

measurements obtained in close temporal proximity under similar hemodynamic conditions. 

Tricuspid annular diameter does show moderate agreement which may prove useful in 

cardiac surgical decision-making. Given the propensity for underestimating measurements 

from the modified transgastric RV inflow view, we conclude that values equal to or greater 

than established norms for tricuspid annular motion may be utilized to establish normal, but 
not abnormal, RV function.
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Figure 1: 
FAC measurements using the TTE apical four-chamber view measuring end-diastolic area 

(EDA) (A) and end-systolic area (ESA) (B) compared to the TEE four-chamber view 

showing EDA (C) and ESA (D) with their respective FAC calculations, all in the same 

patient.

Roberts et al. Page 9

J Cardiothorac Vasc Anesth. Author manuscript; available in PMC 2021 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2: 
Comparison of TAPSE methodologies using TTE apical four-chamber view (A), TEE four-

chamber view using AMM (B), and the TEE TG RV inflow view (C).
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Figure 3: 
Scatter plots illustrating the relationship between TTE (y-axis) and TEE (x-axis) for each 

measure of RV function: (A) AMM TAPSE; (B) Transgastric TAPSE; (C) FAC; (D) RIMP 

(unitless measure); (E) S’; (F) Tricuspid annulus.
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Table 1.

Baseline preoperative patient characteristics.

Mean Std Dev

Age (years) 64.8 12.83

EF (%) 51.6 10.67

Surgery Type

CABG 59

CABG + Valve 7

AVR 23

MVR 14

Multivalve 16

LVAD 2

Other 4

Abbreviations: AVR = aortic valve replacement; CABG = coronary artery bypass grafting; EF = left ventricular ejection fraction; LVAD = left 
ventricular assist device; MVR = mitral valve repair/replacement.
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Table 2.

Descriptive statistics for measurements of RV function.

Variable N Mean Std Dev Median Min Max

TTE FAC 101 36.13 11.58 35.85 12.82 59.15

TEE FAC 101 36.82 11.69 36.05 7.97 64.61

TTE S' 102 10.38 3.13 10.19 4.4 18.9

TEE S' 102 7.28 2.26 7.01 2.4 14.51

TTE RIMP 102 0.49 0.18 0.48 0.14 0.9

TEE RIMP 102 0.49 0.26 0.44 0.13 2

TTE TV Annular Diameter 100 3.41 0.68 3.42 2.02 5.26

TEE TV Annular Diameter 101 3.39 0.6 3.46 2.24 5.12

TTE TAPSE 102 1.94 0.58 1.87 0.68 3.53

TEE TG TAPSE 100 1.33 0.47 1.32 0.36 2.61

TEE AMM TAPSE 100 2.06 0.74 2.03 0 3.53

HR 102 72.03 15.93 70 40 120

MAP 102 85.66 16.07 84.5 50 130

Abbreviations: AMM = Anatomic M-mode; FAC = Fractional area change; RIMP = Right-sided index of myocardial performance; RV = Right 
ventricle; S' = Tricuspid annular systolic velocity; TAPSE = Tricuspid annular plane systolic excursion; TEE = Transesophageal echocardiography; 
TG = Transgastric; TTE = Transthoracic echocardiography
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Table 3.

Differences calculated as TTE minus TEE for parameters of RV function.

Variable N Mean Std Dev Median Min Max Significance

FAC 100 −0.79 13.75 0.07 −39.23 34.66 NS

S' 102 3.1 2.61 2.8 −2.09 9.78 p<0.001

RIMP 102 0 0.29 0.03 −1.7 0.49 NS

TV Annulus Diameter 99 0.02 0.6 −0.02 −1.35 1.69 NS

TG TAPSE 100 0.61 0.49 0.6 −0.58 1.77 p<0.001

AMM TAPSE 100 −0.12 0.81 −0.14 −2.14 3.51 NS

Abbreviations: AMM = Anatomic M-mode; FAC = Fractional area change; RIMP = Right-sided index of myocardial performance; RV = Right 
ventricle; S' = Tricuspid annular systolic velocity; TAPSE = Tricuspid annular plane systolic excursion; TEE = Transesophageal echocardiography; 
TG = Transgastric; TTE = Transthoracic echocardiography
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Table 4.

Agreement between TTE and TEE assessed by concordance correlation coefficient (CCC) with 95%CI and 

average differences (SD and p- value) between TTE and TEE to determine over- or under-estimation.

TTE vs. TEE

Measure of RV Function CCC (95%CI) Average TTE-TEE Difference (SD) p-value

FAC 0.31 (0.12, 0.48) −0.79 (13.75), p=0.57

S' 0.33 (0.22, 0.43) 3.10 (2.61), p<0.001

RIMP 0.13 (−0.05, 0.30) −0.00 (0.29), p=0.99

TV Annular Diameter 0.55 (0.40, 0.68) 0.02 (0.60), p=0.70

TG TAPSE 0.34 (0.23, 0.45) 0.61 (0.49), p<0.001

AMM TAPSE 0.27 (0.08, 0.44) −0.12 (0.81), p=0.14

Abbreviations: AMM = Anatomic M-mode; FAC = Fractional area change (%); RIMP = Right-sided index of myocardial performance (unitless 
measure); RV = Right ventricle; S’ = Tricuspid annular systolic velocity (cm/s); TAPSE = Tricuspid annular plane systolic excursion (cm); TEE = 
Transesophageal echocardiography; TG = Transgastric; TTE = Transthoracic echocardiography
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