Clinical Utility of Intraoperative Transesophageal Echocardiography for Crucial Monitoring and Hemodynamic Support in Patients with Low Cardiac Output- Tertiary Center Experience.
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Abstract 
[bookmark: _Hlk191234200]Background: Intraoperative Transoesophageal Echocardiography (TEE) is a valuable tool for guiding surgical decisions and managing hemodynamic instability in cardiac surgery. However, its role in improving clinical outcomes remains underexplored.
Objectives: To evaluate the utility of TEE in monitoring cardiac function and guiding pharmacological and mechanical support in patients with low Left Ventricular Ejection Fraction (LVEF) undergoing cardiac surgery.
[bookmark: _Hlk191234250]Methods: This prospective observational study included 98 patients with LVEF <35% undergoing cardiac surgery at Benha University Hospitals (December 2022–December 2023). TEE was performed pre- and post-bypass to assess hemodynamic parameters, including Cardiac Output (COP), Systemic Vascular Resistance (SVR), and End-Diastolic Area (EDA). Primary outcomes included changes in COP and LVEF, while secondary outcomes involved pharmacological and mechanical support requirements.
Results: Postoperative COP significantly increased (3.2 ± 0.7 to 5.3 ± 1.2 L/min, p < 0.001), while SVR significantly decreased (1563.8 ± 396.1 to 1032.5 ± 280.5 dyn.sec/cm⁵, p < 0.001). LVEF improved postoperatively (29.7 ± 5.7% to 41.2 ± 8.4%, p < 0.001). Vasopressors were required in 49.9% of patients, inotropes in 76.5%, and mechanical support in 13.2%. TEE identified new intraoperative pathologies in 9.2%, leading to surgical modifications.
Conclusions: TEE provides real-time assessment of cardiac function, enabling precise intraoperative interventions that optimize hemodynamic stability and improve surgical outcomes in high-risk cardiac patients.
Keywords: TEE, Hemodynamic Support, LVEF, COP, Low EF.

Introduction 
[bookmark: _Hlk535793804][bookmark: _Hlk2170686]Transesophageal Echocardiography (TEE) is an ultrasound-based cardiac imaging tool used in cardiac surgery to guide surgical decision-making and manage intraoperative complications (1). However, current American Heart Association (AHA) and American College of Cardiology (ACC) guidelines neither recommend nor oppose intraoperative TEE in most cardiac surgeries  due to limited observational studies linking it to improved outcomes (2). Recently, accumulating evidence suggests better outcomes with TEE use during cardiac surgery (3).
Preoperative Left Ventricular Ejection Fraction (LVEF) is often reduced in cardiac surgery patients and is associated with poor outcomes (4). Despite advancements in medical therapy and surgical techniques, managing patients with moderate or severe left ventricular dysfunction remains challenging (5). Accurate patient selection, risk/benefit evaluation, and perioperative planning are crucial for optimizing outcomes (6).
Perioperative hemodynamic management is challenging, particularly when instability is anticipated. TEE enables sequential hemodynamic assessments, including LVEF, stroke index, and superior vena cava collapsibility index, facilitating precise monitoring of therapeutic interventions such as fluids and inotropes. It quantitatively evaluates systolic and diastolic function and is essential for detecting right ventricular dysfunction, guiding intraoperative management, including mechanical support. Additionally, TEE is the only available tool for hemodynamic monitoring in patients on Extracorporeal Membrane Oxygenation (ECMO) (7).
The study aims to assess the value of TEE as a monitor for cardiac function and its role as guidance for pharmacological and mechanical support during cardiac surgery.
Patients and methods
Study Design
This is a prospective observational study that was carried out on 98 patients operated for cardiac surgery at Benha University Hospitals from December 2022 till December 2023 to assess the value of TEE as a monitor for cardiac function and its role as guidance for pharmacological and mechanical support during cardiac surgery.
Eligibility Criteria
[bookmark: _Hlk157166988]Inclusion Criteria: Patients with LVEF< 35%) operated for cardiac surgery. Examined with TEE before and after bypass. Exclusion Criteria: Patients with contraindication to TEE. Patients operated for cardiac surgery with LVEF >35%. Patients with insufficient recorded intra-operative data. Pediatric patients.
 Assessment
All patients were subjected to data collection after an informed consent was taken from every patient including the following:
Complete History taking: Personal history: Age, sex and BMI. Past Medical History: Ischemic heart disease (IHD), Hypertension (HTN), Diabetes Mellitus (DM), Dyslipidemia (DLP), chronic kidney disease (CKD) and Chronic obstructive pulmonary disease (COPD). Special habits: Smoking.
Surgical Procedures: Patients underwent one of the following procedures: Coronary Artery Bypass Grafting (CABG) alone. Combined CABG and mitral valve replacement (MVR). CABG with aortic valve replacement. Triple valve repair. Single valve repair. The median bypass time and the median cross-clamp time were calculated.
Baseline Echocardiographic Data: Preoperative TEE examinations provided baseline cardiac function metrics. Parameters such as LVEF and Diastolic Dysfunction (DD) were evaluated, along with the severity of valvular lesions including: Mitral Regurgitation [MR]. Mitral Stenosis [MS]. Tricuspid Regurgitation [TR]. Aortic Stenosis [AS]. Aortic Regurgitation [AR].
Intervention: TEE assessed patients before and after bypass. Hemodynamic parameters End-Diastolic Area (EDA, cm²), Cardiac Output (COP = stroke volume x heart rate), and Systemic Vascular Resistance (SVR)—were measured to evaluate the surgical intervention's immediate impact on cardiac performance.
Outcome Measures
Primary outcomes: were changes in COP and LVEF (pre- and post-bypass), and significant intraoperative hemodynamic instability requiring intervention. Secondary outcomes: were the need for pharmacological intervention (fluid resuscitation, vasopressors, inotropes) based on TEE findings, mechanical support (IABP, ECMO), new intraoperative pathologies requiring surgical revision (wall motion abnormalities, valvular regurgitation, paravalvular leaks), and intraoperative complications.
Sample Size Calculation 
This study was based on a study carried out by Chung et al., 2005. Epi Info STATCALC was used to calculate the sample size by considering the following assumptions: - 95% two-sided confidence level, with a power of 80%. & an error of 5% odds ratio calculated= 1.115. The final minimum sample size taken from the Epi- Info output was 100 (8). 
Statistical Analysis 
Data were organized, coded, tabulated, and analyzed using IBM SPSS v26. Data normality was confirmed using the Kolmogorov-Smirnov test. Numerical data are presented as range, mean, and standard deviation, with differences between means assessed using Student's t-test. Categorical variables are presented as number and percentage, with differences assessed using the chi-square test. Pearson's correlation coefficient was used to assess correlations. Univariate and multivariate logistic regression (backward Wald method) identified predictor variables. Significance was set at p<0.05.
Results
[bookmark: _Ref90470819][bookmark: _Ref85388697][bookmark: _Ref85388685]The patients' ages ranged from 22 to 77 years, with a mean of 56.8 ± 10 years. Males comprised 57 (58.2%) of participants, while 41 (41.8%) were females. BMI ranged from 18 to 37.6 kg/m², with a mean of 27.3 ± 3.9 kg/m². Smokers accounted for 22 (22.4%) of participants. Most patients had moderate to severe LV systolic dysfunction, with a few exhibiting very severe dysfunction. Nearly two-thirds had grade II/III diastolic dysfunction. The most common valvular dysfunction was MR, followed by TR, with fewer cases of significant MS, AS, and AR. Significant hypovolemia was observed in 22% pre-bypass and 14% post-bypass, requiring intraoperative volume replacement. Nearly half had significantly low post-bypass SVR. Moderate and severe low COP were noted in 56% and 15% pre-bypass, respectively, while 13 patients had persistent low COP post-bypass despite dual inotropic support, necessitating mechanical support. Table 1
Table 1: Demographic data, baseline echocardiographic data and intraoperative TEE-guided hemodynamic measurements of the study participants.
	Variable

	Study participants
(n =98)

	Age 
(year)
	Mean ± SD
	56.8 ± 10

	
	Range
	22 - 77

	Sex
	Male
	57 (58.2%)

	
	Female
	41 (41.8%)

	BMI
(kg/m2)
	Mean ± SD
	27.3 ± 3.9

	
	Range
	18 - 37.6

	Smoking
	Yes
	22 (22.4%)

	
	No
	76 (77.6%)

	LVEF
	25-35%
	69 (70.4%)

	
	20-25%
	26 (26.5%)

	
	< 20%
	3 (3.1%)

	DD
	Grade II
	44 (44.9%)

	
	Grade III
	21 (21.4%)

	MR
(n =79) 
	Mild 
	42 (42.9%)

	
	Moderate
	20 (20.4%)

	
	Severe
	17 (17.3%)

	MS
(n =7)
	Mild 
	1 (1.0%)

	
	Moderate
	1 (1.0%)

	
	Severe
	5 (5.1%)

	TR
(n =42)
	Mild 
	35 (35.7%)

	
	Moderate
	5 (5.1%)

	
	Severe
	2 (2%)

	AS
(n =6)
	Mild 
	1 (1%)

	
	Moderate
	1 (1%)

	
	Severe
	4 (4.1%)

	AR
(n =11)
	Mild 
	6 (6.1%)

	
	Moderate
	1 (1%)

	
	Severe
	4 (4.1%)

	I-Preload 

	Pre-bypass EDA< 10 cm2
	22 (22.4%)

	
	Post-bypass EDA< 10 cm2
	14 (14.3%)

	II- Afterload

	Pre-bypass
SVR <1000(dyn.sec/cm5)
	7 (7.1%)

	
	Post-bypass
SVR 800- <1000 (dyn.sec/cm5)
SVR<800 (dyn.sec/cm5)
	
32 (32.7%)
17 (17.3%)

	III- COP
	Moderate Pre-bypass low COP (2.5-3.5 L/min)
	56 (57.1%)

	
	Severe Pre-bypass low COP (<2.5 L/min)
	15 (15.3%)

	
	Post bypass low COP
(<4 L/min) despite of using dual inotropic support 
	13 (13.2)


BMI: Body Mass Index, LVEF: Left Ventricular Ejection Fraction, DD: Diastolic Dysfunction, MR: Mitral Regurgitation, MS: Mitral Stenosis, TR: Tricuspid Regurgitation, AS: Aortic Stenosis, AR: Aortic Regurgitation, EDA: End-Diastolic Area, SVR: Systemic Vascular Resistance, COP: Cardiac Output.
The most common clinical history among participants was IHD (91.8%), followed by DM (80.6%) and HTN (70.4%). The least common were COPD (6.1%) and CKD (17.3%). Regarding surgery, most patients underwent isolated CABG, followed by CABG+MVR, with some performed off-pump. Bypass time ranged from 27 to 330 minutes (median 89.5 [65.25–131.5]), while cross-clamp time ranged from 25 to 300 minutes (median 76.5 [56.25–118]). Table 2 
Table 2: Clinical history and surgical data of the study participants.
	Variable

	Study participants
(n =98)

	IHD
	90 (91.8%)

	DM
	79 (80.6%)

	HTN
	69 (70.4%)

	DLP
	36 (36.7%)

	CKD
	17 (17.3%)

	COPD
	6 (6.1%)

	CABG only
	71 (72.4%)

	CABG+ MVR
	 16 (16.3%)

	CABG+ AVR
	 2 (2%)

	CABG+ TV repair
	 1 (1%)

	CABG+ MV& TV repair 
	 1 (1%)

	Triple valve (MV+TV+AV) repair
	 1 (1%)

	Double valve (MV+TV) repair
	4 (4.1%)

	Single valve repair
	 3 (3.1%)

	Bypass time (n =96)
Median (IQR)	
Range
	
89.5 (65.25 – 131.5)
27 – 330

	Cross clamp time (n =96)
Median (IQR)
Range
	
76.5 (56.25 – 118)
25 – 300


IHD: Ischemic Heart Disease, DM: Diabetes Mellitus HTN: Hypertension DLP: Dyslipidemia CKD: Chronic Kidney Disease, COPD: Chronic Obstructive Pulmonary Disease CABG: Coronary Artery Bypass Grafting MVR: Mitral Valve Replacement AVR: Aortic Valve Replacement TV: Tricuspid Valve MV: Mitral Valve, IQR: Interquartile Range.
Significant hypovolemia was observed in 22% pre-bypass and 14% post-bypass, requiring intraoperative volume replacement. Nearly half of the patients received a single vasopressor (norepinephrine), while 6% required combined norepinephrine and vasopressin. Inotropes were used in 76.5% of patients, with epinephrine as the most common single agent (51%), while 25.5% received combined epinephrine and milrinone. Thirteen patients required mechanical support, with IABP used in 12 (12.2%) and ECMO in 1 (1%). The most common intraoperative complication was bleeding (15.3%), followed by mild RV dysfunction (8.2%). No cases of repair failure or SAM were observed. Table 3
Table 3: Anesthetic pharmacological intervention based on intraoperative TEE hemodynamic measurements, mechanical supports and intraoperative complications and outcomes in the study participants.
	Variable 

	Study participants
(n =98)

	I-Extra volume resuscitation 
Pre-bypass
Post-bypass
	
22 (22.4%)
14 (14.3%)

	II- Vasopressors
 Single (Norepinephrine)
Dual (Norepinephrine& vasopressin)
	
43 (43.8%)
6 (6.1%)

	III- Inotropic support
No
Single (Epinephrine)
Dual (Epinephrine& milrinone)
	
23 (23.4%)
50 (51%)
25 (25.5%)

	IABP
	12 (12.2%)

	ECMO
	1 (1%)

	Bleeding
	15 (15.3%)

	Renal shutdown
	3 (3.1%)

	Failure of Repair
	0 (0%)

	Paravalvular leak
	2 (2%)

	SAM
	0 (0%)

	Graft failure (RWMA new)
	2 (2%)

	Death 
	0 (0%)

	LV systolic function deterioration 
	3 (3.1%)

	RV systolic function deterioration
Mild RV dysfunction 
Moderate RV dysfunction 
	
8 (8.2%)
2(2%)


IABP: Intra-Aortic Balloon Pump, ECMO: Extracorporeal Membrane Oxygenation, SAM: Systolic Anterior Motion (of the mitral valve), RWMA: Regional Wall Motion Abnormality, LV: Left Ventricle RV: Right Ventricle
Five patients developed new pre-bypass valvular regurgitation requiring unplanned surgical intervention. Of four patients with post-bypass new pathology, three also required unplanned surgical intervention. Table 4
Table 4: TEE guided new intraoperative pathology detection changing surgical intervention.
	Variable 

	Study participants
(n =98)
	Surgical intervention

	I-Pre- bypass
	Total
	5 (5.1%)
	

	
	Significant MR

Significant TR
	4 (4.1)

1 (1%)
	MV Repair

TV Repair

	II-Post bypass 
	Total 
	4 (4.1%)
	

	
	New RWMA

New RWMA+ severe MR

Significant para MV leak

Small para MV leak
	1 (1%)

1(1%)


1(1%)



1(1%)
	Revision of the graft
Revision of the graft repair

Return to by-pass fixation


No intervention


MR: Mitral Regurgitation, TR: Tricuspid Regurgitation, MV: Mitral Valve, TV: Tricuspid Valve, RWMA: Regional Wall Motion Abnormality, para MV leak: Paravalvular Mitral Valve Leak.
[bookmark: _Hlk130845429]COP and EF were significantly improved in post-operation compared to pre-operation level and SVR was significantly decreased post-operation compared to pre-operation. Table 5
Table 5: Comparing pre- and post-bypass hemodynamic parameters based on TEE guidance.
	Variable

	Pre-operation level
(n =98)
	Post operation level
(n =98)
	P value

	SBP
(mmHg)
	Mean ± SD
	115.2 ± 15.7
	113.6 ± 12.4
	0.261

	
	Range
	85 - 155
	90 - 164
	

	DBP
(mmHg)
	Mean ± SD
	57.6 ± 10.7
	56.1 ± 8.4
	0.173

	
	Range
	30 - 86
	40 - 83
	

	EDA
(cm2)
	Mean ± SD
	13.8 ± 4.2
	14 ± 3.4
	0.416

	
	Range
	7.97 - 24.5
	8 - 25
	

	COP 
(L/min)
	Mean ± SD
	3.2 ± 0.7
	5.3 ± 1.2
	<0.001*

	
	Range
	1.9 - 5.2
	2 – 8.3
	

	SVR
(dyn.sec/cm5)
	Mean ± SD
	1563.8 ± 396.1
	1032.5 ± 280.5
	<0.001*

	
	Range
	800 - 2600
	530 - 2100
	

	EF
(%)
	Mean ± SD
	29.7 ± 5.7
	41.2 ± 8.4
	<0.001*

	
	Range
	15 - 35
	10 - 55
	


SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure, EDA: End-Diastolic Area, COP: Cardiac Output SVR: Systemic Vascular Resistance, EF – Ejection Fraction.
Discussion
[bookmark: _Hlk535994018]TEE aids intraoperative decision-making in cardiac surgery, yet AHA and ACC guidelines remain neutral due to limited direct evidence. Recent studies highlight its role in optimizing outcomes for high-risk patients with LVEF <35% (9). TEE enables real-time hemodynamic assessment, guiding interventions like inotropic support and ECMO placement (10). Our study demonstrates its impact on improving SVR, COP, and ejection fraction, leading to faster recovery and fewer complications (11). As evidence grows, TEE’s integration into surgical protocols may become standard. Future research should focus on large-scale studies and AI-driven advancements to enhance its clinical utility (12). this study aims to assess the value of TEE as a monitor for cardiac function and its role as guidance for pharmacological and mechanical support during cardiac surgery, this clinical cohort study was conducted at Benha University Hospitals evaluated cardiac surgery patients with LVEF below 35% using intraoperative TEE to assess COP, SVR, and valve function. Data included demographics, clinical history, and intraoperative management. Outcomes measured were bleeding, renal failure, valve repair success, ventricular function, and mortality.
In this study, some patients exhibited significant hypovolemia before and after bypass, while many showed markedly low SVR post-bypass.
The hypovolemia that happened after bypass surgery can be due to Fasting, Loss and anesthesia-induced relative hypovolemia which remains an underappreciated and often occult cause of poor tissue perfusion as discussed in a review article by Noel-Morgan and Muir. The venous side of the circulation contains most of the blood volume and is a pivotal contributor to SV and CO. Vasodilation, particularly Veno dilation, is a primary cause of relative hypovolemia induced by anesthetic drugs. As with any hypovolemic state, relative hypovolemia may reduce venous return, CO, tissue oxygen delivery, and eventually arterial blood pressure, when compensatory mechanisms are inadequate or impaired (13).
Carrel et al. evaluated low SVR after cardiopulmonary bypass, finding it contributed to delayed extubation and prolonged ICU stay but did not affect hospital mortality. Their study reported a notable incidence of post-bypass low SVR (14).
Low SVR during and after cardiopulmonary bypass, known as vasoplegia, is a well-recognized phenomenon with unclear etiology and uncertain clinical significance (15).
In this study, inotropes were commonly used, with epinephrine being the most frequent single agent, while a combination of epinephrine and milrinone was also administered.
This is consistent with a case-study that was led by Keranovic et al. which assessed inotropic and mechanical support of critically ill patient after cardiac surgery. Article has descriptive character and presents a case report of 58 years old male patient who was admitted to the hospital due to planned coronary bypass surgery. Applying inotropic support during surgery and post-surgery period in ICU has led to hemodynamic stability (16).
In this study, some patients required mechanical support, with most receiving intra-aortic balloon pump (IABP) and one patient managed with extracorporeal membrane oxygenation (ECMO).
Confirming our results, Keranovic et al. showed that mechanical support played a major role to produce the positive outcome in the presented case which in the end led to hemodynamic stability (17).
In this study, unplanned surgical interventions were required for patients with new pre-bypass valvular regurgitation and post-bypass pathology.
Supporting our results, Elsherbiny et al. studied the impact of routine TEE on surgical decision-making in patients undergoing various cardiac procedures, finding that TEE influenced surgical decisions in a subset of cases (18). 
Metkus et al.  analyzed a large cohort of patients undergoing isolated CABG and found that routine TEE use was associated with a higher likelihood of unplanned valve procedures (19).
Emperador et al. (2015) examined TEE's impact on surgical decisions in a cohort of 1,273 patients, revealing new pre-bypass findings that led to surgical intervention in a significant portion, as well as unexpected post-bypass findings that also influenced surgical management (20).
In our study, the most common intraoperative complication was bleeding, followed by mild and moderate right ventricular dysfunction.
Supporting our findings, Levy et al. studied postoperative right ventricular failure (RVF) in cardiac surgery patients with standardized diagnostic and therapeutic management. Among the included patients, a subset developed RVF, but mortality did not differ significantly from the rest of the cohort (21).
In the present study, CO and EF were significantly improved in post-operation compared to pre-operation level and SVR was significantly decreased post-operation compared to pre-operation.
Confirming our results, Haxhibeqiri-Karabdic et al. evaluated short-term outcomes after aortocoronary bypass grafting in patients with severe coronary artery disease and low ejection fraction. Preoperative assessments included clinical exams, echocardiography, MRI, and catheterization. The study found a notable improvement in LVEF postoperatively (22).
Consistently, Umeki and Yamamoto analyzed systemic vascular resistance index (SVRI) variations based on cardiac surgery type. Using clinical data from patients at Asahi General Hospital, they examined vital signs within 12 hours post-surgery across mitral valve, aortic valve, coronary artery bypass grafting, and thoracic aorta procedures. SVRI decreased within two hours post-cardiopulmonary bypass, with the lowest levels observed after mitral valve surgery (23).
This study's limitations include a small sample size, single-center design, challenges in assessing EDA due to left ventricular dilation, and a focus on short-term outcomes with limited long-term follow-up data.
Conclusions
[bookmark: _Hlk179022166]Intraoperative TEE enhances hemodynamic management, optimizes surgical decisions, and improves outcomes in high-risk cardiac patients with low ejection fractions.
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