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The evolution of cardiac surgery has been inextricably linked to the advancements in real-time diagnostic imaging.
Among these, Intraoperative Transesophageal Echocardiography (TEE) has emerged as the definitive standard
for monitoring cardiac function and guiding surgical interventions. The integration of TEE into the operating theater
represents a multidisciplinary triumph, bridging the gap between cardiology, anesthesiology, and cardiothoracic
surgery. This technical analysis explores the depth of intraoperative imaging, focusing on the correlations between
radiologic findings and the physical surgical landscape, as popularized by the definitive text Atlas of Intraoperative
Transesophageal Echocardiography: Surgical and Radiologic Correlations.

1.Theoretical Framework of Intraoperative TEE

Intraoperative TEE differs fundamentally from diagnostic TEE performed in an outpatient setting. In the operating
room (OR), the echocardiographer must provide immediate, actionable data that can alter the surgical plan in real-
time. The core mechanism involves a high-frequency ultrasound transducer (typically 5-7 MHz) located at the tip of
an endoscope, placed within the esophagus or stomach. This proximity to the heart avoids the acoustic
interference of the lungs and chest wall, providing high-resolution images of posterior cardiac structures.

1.1 Physics and Signal Processing

The technical efficacy of TEE relies on the Piezoelectric Effect, where electrical energy is converted into
mechanical ultrasound waves. Modern intraoperative probes utilize phased-array technology, allowing for electronic
steering of the ultrasound beam. The interaction of these waves with cardiac tissue—reflection, refraction, and
scattering—generates the B-mode (brightness mode) image. For intraoperative monitoring, Doppler
Echocardiographyis critical, utilizing the frequency shift of reflected waves from moving red blood cells to
calculate blood flow velocity and direction.

1.2 The Hemodynamic Mathematical Models

Quantitative assessment in the OR requires the application of fluid dynamic principles. Key formulas used by
anesthesiologists and surgeons include:

» The Bernoulli Equation: Used to calculate pressure gradients across valves. $\Delta P = 4(v)*2$, where $v$ is
the peak velocity.

¢ Continuity Equation: Used to determine valve area, predicated on the principle that flow in one area must
equal flow in another. $Area_1 \times VTI_1 = Area_2 \times VTI_2$.

¢ Proximal Isovelocity Surface Area (PISA): Crucial for quantifying the severity of valvular regurgitation by
calculating the flow rate through a hemispheric shell of the convergence zone.

2. Standardized Comprehensive Intraoperative Examination

To ensure no pathology is missed, a systematic 28-view examination protocol is generally followed. This protocol is
divided into four main acoustic windows: Upper Esophageal (UE), Mid-Esophageal (ME), Transgastric (TG), and



Deep Transgastric (DTG).

2.1 Key Acoustic Windows and Views



Window Primary Views

Mid-Esophageal (ME) 4-Chamber, 2-Chamber, LAX, AV SAX
Transgastric (TG) Short Axis (SAX), Long Axis (LAX)
Upper Esophageal (UE) Aortic Arch LAXISAX

Deep Transgastric DTG Long Axis

3. Surgical and Radiologic Correlations

Clinical Utility

Assessment of mitral and aortic
valves, LV function, and atrial septal
defects.

The "Gold Standard" for monitoring
global and regional LV systolic
function (wall motion).

Screening for atheroma in the
ascending aorta and arch to prevent
embolic stroke.

Parallel alignment for Doppler
interrogation of the Aortic Valve.

One of the primary challenges in intraoperative TEE is the mental translation of 2D ultrasound images into 3D

surgical anatomy. While the surgeon views the heart from an anterior perspective (sternotomy), the TEE probe

views the heart from a posterior-inferior perspective. This "inverse" relationship requires a deep understanding of

radiologic correlations.

3.1 The Mitral Valve: A Case Study in Correlation

In the surgical repair of the mitral valve, the surgeon uses Carpentier’'s Nomenclature(P1, P2, P3 for posterior
leaflets; Al, A2, A3 for anterior leaflets). The TEE operator must be able to identify these specific segments to
guide the surgeon to the exact site of prolapse or flail. The ME 4-chamber view at O degrees typically highlights the
A2 and P2 segments, while the ME commissural view at 60 degrees provides a view of P3, A2, and P1.
Discrepancies between TEE and surgical inspection often arise from the "unloading” of the heart under general

anesthesia, making real-time TEE assessment under physiological loading conditions essential.

3.2 Coronary Artery Disease and Wall Motion Scoring

For patients undergoing CABG (Coronary Artery Bypass Grafting), TEE provides a continuous monitor of
myocardial perfusion. By utilizing a 17-segment model of the Left Ventricle (LV), the echocardiographer correlates

specific wall motion abnormalities with coronary territories:

e LAD Territory: Anterior wall, anterior septum, and apex.
e RCA Territory: Inferior wall, inferior septum, and RV free wall.
e LCx Territory: Anterolateral and inferolateral walls.

4.Technical Analysis: Assessment of Valvular Pathology

Valvular assessment is the most common indication for intraoperative TEE. The technical workflow involves

qualitative (visual) and quantitative (Doppler) metrics.

4.1 Aortic Valve Stenosis (AS)

When evaluating AS intraoperatively, the focus is on the Aortic Valve Area (AVA). High-velocity jets measured via

Continuous Wave (CW) Doppler are the hallmark of stenosis. However, in the OR, hemodynamics are often altered

by anesthetic agents, which may decrease cardiac output and lead to a "low-flow, low-gradient” appearance. This



requires the clinician to calculate the Dimensionless Velocity Index (DVI), which is less dependent on absolute
flow states.

4.2 Mitral Regurgitation (MR) Mechanisms
The surgical approach depends on whether the MR is primary (degenerative) or secondary (functional). TEE
technical analysis involves:

1. Vena Contracta Width: The narrowest part of the regurgitant jet.

2. Regurgitant Volume (RV): Calculated using the PISA method.

3. Effective Regurgitant Orifice Area (EROA): A key metric for determining the necessity of repair versus
replacement.

5. Comparison: TEE vs. Surgical Inspection

The following table illustrates the strengths and limitations of both modalities during a cardiac procedure.



Feature Intraoperative TEE Surgical Inspection

Assessment Environment Beating heart, physiological pressure. Arrested heart (cardioplegia), flaccid
tissue.
Sub-valvular Apparatus Excellent visualization of chordae and Difficult to visualize without incising
papillary muscles. the ventricle.
Quantification Objective Doppler measurements (cm/ Subjective tactile and visual
s, mmHg). assessment.
Real-time Feedback Immediate assessment post-bypass. Requires re-initiating bypass if repair
fails.

6. Practical Implementation: The Intraoperative Workflow

A successful TEE-guided surgery follows a specific procedural execution:

Phase I: Pre-CPB (Cardiopulmonary Bypass)

The baseline exam confirms the surgical diagnosis and identifies any secondary pathologies (e.g., a patent

foramen ovale) that might complicate the procedure. It also allows for the assessment of the aorta for cannulation
sites. Strong emphasisis placed on calculating the LV ejection fraction (LVEF) to guide inotropic support post-
bypass.

Phase Il: Monitoring during Bypass

While the heart is arrested, the TEE probe is often placed in a neutral position to prevent esophageal thermal injury
from prolonged contact. However, it can be used to monitor for de-airing of the heart chambers as the patient is
weaned from bypass.

Phase Ill: Post-CPB Assessment

This is the most critical phase. The surgeon needs to know: Is the valve repair successful? Is there any
paravalvular leak? Is the LV/RV function adequate? If the TEE shows significant residual regurgitation (greater than
mild), the team must decide whether to return to bypass for further repair.

7.Troubleshooting and Technical Challenges

Technical proficiency in TEE requires the ability to identify and mitigate artifacts that can lead to misdiagnosis.

7.1 Common Artifacts in the OR

¢ Acoustic Shadowing: Often caused by prosthetic valves or heavy calcification, which blocks the ultrasound
beam from visualizing structures "behind" the calcium.

¢ Side Lobe Artifacts: Can create the appearance of a mass or thrombus in the left atrium when none exists.

< Mirror Image Artifacts: Commonly seen near the diaphragm, duplicating structures.

7.2 Safety Considerations

While TEE is generally safe, the intraoperative environment poses specific risks. Esophageal perforation, although
rare (0.01%), is a catastrophic complication. Contraindications such as esophageal varices, strictures, or recent
gastric surgery must be rigorously screened. Furthermore, the anesthesiologist must ensure the probe is
"unlocked" during manipulation to prevent excessive pressure on the esophageal wall.



8.The Role of 3D TEE and Future Directions

The integration of Real-Time 3D TEEhas revolutionized surgical correlations. 3D imaging allows for a "Surgeon’s
View" of the mitral valve, where the valve is rendered as if looking from the left atrium. This eliminates the need for
mental reconstruction of 2D planes. Technical analysis of 3D datasets allows for the precise measurement of the
mitral annular area and the calculation of "tethering" distances in functional MR.

8.1 Automated Quantification

Emerging software now allows for automated edge detection and volume calculations. This reduces inter-operator
variability and speeds up the diagnostic process in the fast-paced OR environment. Algorithms powered by
machine learning are being trained to recognize regional wall motion abnormalities instantly, providing an extra
layer of safety for the patient.

In summary, the mastery of intraoperative transesophageal echocardiography is a prerequisite for modern cardiac
care. By combining the rigorous physics of ultrasound with a deep understanding of surgical anatomy and
radiologic correlations, clinicians can ensure optimal patient outcomes. The synergy between the TEE operator and
the surgeon, facilitated by high-resolution imaging and comprehensive protocols, remains the cornerstone of
successful valvular and coronary interventions. As technology progresses from 2D to 3D and into the realm of Al-
assisted quantification, the core principles of meticulous examination and technical accuracy continue to define the
field.
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