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Introduction to Aortic Regurgitation 

DefiniƟon and Pathophysiology 

AorƟc regurgitaƟon (AR) occurs when the aorƟc valve fails to close completely during diastole, 
allowing blood to flow back from the aorta into the leŌ ventricle (LV). This regurgitant flow increases 
the LV volume load, causing progressive dilaƟon and hypertrophy over Ɵme. AR can be classified as 
acute or chronic, each with disƟnct pathophysiological impacts on the LV and hemodynamics. 

Causes of AorƟc RegurgitaƟon 

AR can result from primary aorƟc valve disease or abnormaliƟes of the aorƟc root and ascending 
aorta, which affect the valve funcƟon secondarily. 

1. Primary AorƟc Valve Pathology: 

 Bicuspid AorƟc Valve: A congenital condiƟon where the valve has two cusps instead 
of three, increasing suscepƟbility to AR. 



 RheumaƟc Heart Disease: Causes leaflet thickening, fibrosis, and commissural 
fusion, oŌen leading to both stenosis and regurgitaƟon. 

 InfecƟve EndocardiƟs: InfecƟon of the valve cusps can lead to leaflet perforaƟon or 
destrucƟon, resulƟng in acute AR. 

 DegeneraƟve Changes: Age-related calcificaƟon and degeneraƟon of the aorƟc valve 
leaflets can lead to AR. 

2. AorƟc Root and Ascending Aorta Disease: 

 AorƟc Root DilaƟon: Enlargement of the aorƟc root or ascending aorta stretches the 
aorƟc valve annulus, prevenƟng proper leaflet coaptaƟon. 

 ConnecƟve Tissue Disorders: CondiƟons like Marfan syndrome, Ehlers-Danlos 
syndrome, and Loeys-Dietz syndrome can lead to aorƟc root dilaƟon and AR. 

 AorƟc DissecƟon: A tear in the aorƟc wall can disrupt valve support, causing acute 
AR. 

Hemodynamic Effects of Chronic vs. Acute AR 

 Chronic AR: The LV gradually adapts to the volume overload with eccentric hypertrophy, 
leading to increased chamber size and wall thickness. This compensatory remodeling iniƟally 
maintains LV funcƟon, but over Ɵme, it can result in systolic dysfuncƟon and heart failure if 
untreated. 

 Acute AR: In acute AR, such as from infecƟve endocardiƟs or aorƟc dissecƟon, the LV has no 
Ɵme to adapt, resulƟng in a rapid increase in end-diastolic pressure. This acute rise in 
pressure oŌen leads to pulmonary congesƟon and can cause severe hemodynamic 
compromise, requiring urgent intervenƟon. 

Clinical PresentaƟon 

The clinical presentaƟon of AR varies based on the duraƟon and severity of the condiƟon: 

 Chronic AR: PaƟents may remain asymptomaƟc for years. As LV dilaƟon progresses, 
symptoms of heart failure may develop, including dyspnea, faƟgue, and decreased exercise 
tolerance. Other symptoms can include palpitaƟons and angina, especially in severe cases. 

 Acute AR: PaƟents with acute AR may present with sudden dyspnea, chest pain, and signs of 
cardiogenic shock due to rapid LV decompensaƟon. 

Role of Echocardiography in Aortic Regurgitation 

Echocardiography is the primary tool for diagnosing, evaluaƟng the severity, and monitoring the 
progression of aorƟc regurgitaƟon (AR). It provides essenƟal informaƟon about valve structure, 
regurgitant flow, and leŌ ventricular (LV) funcƟon, which are criƟcal for managing AR. 

Importance of Echocardiography in AR 

Echocardiography offers a non-invasive and accurate way to assess AR by providing: 

 Anatomic Assessment: VisualizaƟon of aorƟc valve structure and idenƟficaƟon of 
abnormaliƟes, such as leaflet thickening, prolapse, or perforaƟon, which can point to 
underlying eƟologies like bicuspid valve disease or endocardiƟs. 



 QuanƟtaƟve and QualitaƟve Grading of AR Severity: Key parameters such as vena contracta 
width, regurgitant volume, regurgitant fracƟon, and effecƟve regurgitant orifice area (EROA) 
help in determining the severity of AR. 

 LV FuncƟon and Remodeling: Monitoring changes in LV size and funcƟon over Ɵme is 
essenƟal in chronic AR, as LV dilaƟon and reduced ejecƟon fracƟon indicate disease 
progression and the need for intervenƟon. 

Comparison with Other Imaging ModaliƟes 

While other imaging techniques like cardiac magneƟc resonance imaging (CMR) and computed 
tomography (CT) are valuable in specific cases, echocardiography remains the first-line choice for AR 
assessment due to its accessibility, real-Ɵme hemodynamic assessment, and high-resoluƟon valve 
visualizaƟon. 

Imaging Modality Advantages in AR EvaluaƟon LimitaƟons 

Transthoracic 
Echocardiography (TTE) 

First-line modality for iniƟal AR diagnosis and 
severity grading 

Limited in paƟents with poor acousƟc 
windows 

Transesophageal 
Echocardiography (TEE) 

Superior resoluƟon, especially for valve 
anatomy and aorƟc root Invasive, requires sedaƟon 

3D Echocardiography 
Detailed anatomic and funcƟonal assessment 
of valve morphology 

Limited availability, requires technical 
experƟse 

Doppler Echocardiography 
EssenƟal for hemodynamic evaluaƟon, 
including regurgitant volume and flow 

Angle-dependent measurements can 
affect accuracy 

Cardiac MRI (CMR) 
Accurate quanƟficaƟon of regurgitant volume 
and LV volumes 

Expensive, less available, 
contraindicated in some paƟents 

Key Echocardiographic ModaliƟes for AR Assessment 

1. Transthoracic Echocardiography (TTE): 

 TTE is the first-line imaging modality for AR. It provides crucial informaƟon on valve 
structure, regurgitant jet characterisƟcs, and LV remodeling. 

 TTE is typically sufficient for assessing AR severity in most cases. 

2. Transesophageal Echocardiography (TEE): 

 TEE is used when TTE provides inadequate visualizaƟon, parƟcularly in paƟents with 
subopƟmal acousƟc windows or complex anatomy. 

 It offers high-resoluƟon images of the aorƟc valve, especially helpful in evaluaƟng 
leaflet morphology in cases of suspected endocardiƟs or prolapse. 

3. 3D Echocardiography: 

 3D echocardiography allows detailed visualizaƟon of the valve anatomy and more 
precise quanƟficaƟon of the regurgitant orifice, improving the accuracy of AR 
severity assessment. 



 It provides a more comprehensive view of the aorƟc root and ascending aorta, 
valuable in paƟents with aorƟc root disease or dilataƟon. 

4. Doppler Echocardiography: 

 Doppler imaging is essenƟal for evaluaƟng the hemodynamic impact of AR, allowing 
measurement of parameters like regurgitant volume, effecƟve regurgitant orifice 
area (EROA), and pressure half-Ɵme (PHT). 

 Color Doppler is used to assess the width and shape of the regurgitant jet, while 
conƟnuous-wave Doppler is used for quanƟfying regurgitant flow. 

IntegraƟve Approach in AR Assessment 

Combining mulƟple echocardiographic parameters provides a comprehensive assessment of AR. This 
integraƟve approach allows for more accurate severity grading, guides clinical decision-making, and 
helps to idenƟfy changes in LV funcƟon that may indicate the need for intervenƟon. 

Types of Aortic Regurgitation 

AorƟc regurgitaƟon (AR) can be classified based on its duraƟon (acute vs. chronic) and mechanism 
(primary valve disease vs. aorƟc root disease). Understanding the type of AR is essenƟal for accurate 
diagnosis and management, as each type has disƟnct pathophysiological and clinical implicaƟons. 

Acute vs. Chronic AorƟc RegurgitaƟon 

AR can present acutely or develop gradually over Ɵme. The onset of AR affects how the leŌ ventricle 
(LV) adapts to the regurgitant volume and influences clinical management. 

1. Acute AorƟc RegurgitaƟon: 

 EƟology: OŌen caused by sudden events, such as infecƟve endocardiƟs, aorƟc 
dissecƟon, or traumaƟc injury. 

 Pathophysiology: The LV is unprepared for the sudden increase in volume, leading to 
elevated LV diastolic pressure and decreased forward flow, which can cause rapid 
decompensaƟon and hemodynamic instability. 

 Clinical PresentaƟon: PaƟents typically present with acute pulmonary edema, 
hypotension, and signs of cardiogenic shock. 

 Management: Acute AR oŌen requires urgent surgical intervenƟon due to the risk of 
rapid hemodynamic deterioraƟon. 

2. Chronic AorƟc RegurgitaƟon: 

 EƟology: Common causes include aorƟc root dilaƟon (e.g., from hypertension, 
Marfan syndrome), degeneraƟve valve disease, bicuspid aorƟc valve, and rheumaƟc 
heart disease. 

 Pathophysiology: The LV gradually adapts to the increased volume with eccentric 
hypertrophy, allowing for compensaƟon over years. However, prolonged volume 
overload eventually leads to LV dilaƟon and dysfuncƟon. 



 Clinical PresentaƟon: Chronic AR may be asymptomaƟc for years. Over Ɵme, 
symptoms of heart failure, such as dyspnea, faƟgue, and decreased exercise 
tolerance, may develop. 

 Management: Chronic AR is managed with close monitoring and surgical 
intervenƟon when symptoms develop or when LV funcƟon deteriorates. 

Type Cause Pathophysiology Clinical PresentaƟon Management 

Acute 
AR 

InfecƟve endocardiƟs, 
aorƟc dissecƟon, trauma 

Sudden volume overload, high 
LV diastolic pressure 

Acute pulmonary edema, 
hypotension, shock 

Urgent surgical 
intervenƟon 

Chronic 
AR 

AorƟc root dilaƟon, 
bicuspid valve, 
degeneraƟve disease 

Gradual volume overload, LV 
adaptaƟon with eccentric 
hypertrophy 

AsymptomaƟc iniƟally, 
later heart failure 
symptoms 

Monitoring and 
elecƟve surgery if 
needed 

Mechanisms of AorƟc RegurgitaƟon 

AR can also be classified based on the underlying mechanism, which may involve primary 
abnormaliƟes of the aorƟc valve or secondary issues related to the aorƟc root and ascending aorta. 

1. Primary AorƟc Valve Disease: 

 Valve Leaflet AbnormaliƟes: DegeneraƟve changes, congenital defects (e.g., 
bicuspid aorƟc valve), or rheumaƟc damage can lead to leaflet thickening, 
calcificaƟon, or prolapse, resulƟng in incomplete closure and regurgitaƟon. 

 EndocardiƟs: InfecƟve endocardiƟs can damage or perforate valve leaflets, causing 
acute AR. 

 Pathophysiology: These abnormaliƟes prevent the valve from closing properly 
during diastole, leading to regurgitant flow back into the LV. 

2. AorƟc Root Disease: 

 AorƟc Root DilaƟon: CondiƟons such as Marfan syndrome, aorƟc aneurysms, and 
hypertension can cause dilaƟon of the aorƟc root and ascending aorta, which 
stretches the valve annulus and prevents coaptaƟon of the leaflets. 

 AorƟc DissecƟon: A tear in the aorƟc wall can distort the aorƟc root and lead to 
acute AR. 

 Pathophysiology: AorƟc root dilaƟon leads to annular enlargement, which pulls the 
valve leaflets apart and prevents them from sealing, allowing regurgitaƟon. 

Mechanism Cause Pathophysiology 

Primary Valve 
Disease 

DegeneraƟve changes, bicuspid valve, 
endocardiƟs Leaflet abnormaliƟes prevent proper closure 

AorƟc Root Disease 
AorƟc root dilaƟon, Marfan syndrome, aorƟc 
dissecƟon 

Annular dilaƟon or distorƟon prevents leaflet 
coaptaƟon 

Clinical ImplicaƟons of AR Types and Mechanisms 



 Acute vs. Chronic AR: Acute AR oŌen requires urgent intervenƟon due to the lack of LV 
adaptaƟon, whereas chronic AR can oŌen be managed conservaƟvely unƟl symptoms or LV 
dysfuncƟon appear. 

 Valve vs. Root Pathology: IdenƟfying the mechanism of AR is important for treatment 
planning, as root dilaƟon may require aorƟc root surgery in addiƟon to valve repair or 
replacement. 

Echocardiographic Modalities for Assessing Aortic Regurgitation 

Echocardiography is the primary imaging modality for assessing aorƟc regurgitaƟon (AR). Various 
echocardiographic techniques allow detailed evaluaƟon of the aorƟc valve, regurgitant flow, and leŌ 
ventricular (LV) funcƟon, all of which are essenƟal for determining AR severity, tracking progression, 
and guiding management. 

Transthoracic Echocardiography (TTE) 

 Role: TTE is the first-line imaging modality for assessing AR. It provides anatomic informaƟon 
about the aorƟc valve, aorƟc root, and LV, along with Doppler assessment of the regurgitant 
jet. 

 Advantages: 

 Non-invasive: TTE is widely available, non-invasive, and well-suited for rouƟne AR 
assessment. 

 Comprehensive EvaluaƟon: Allows for evaluaƟon of valve structure, regurgitant jet 
characterisƟcs, and quanƟtaƟve measurements like vena contracta width and LV 
dimensions. 

 Uses: 

 Measurement of aorƟc valve structure and leaflet moƟon. 

 Doppler assessment of the regurgitant jet width and direcƟon, along with 
quanƟtaƟve measures like pressure half-Ɵme (PHT) and regurgitant fracƟon (RF). 

Transesophageal Echocardiography (TEE) 

 Role: TEE is used when TTE provides insufficient detail or poor-quality images, oŌen due to 
paƟent factors like body habitus or poor acousƟc windows. TEE offers beƩer visualizaƟon of 
the aorƟc valve and adjacent structures. 

 Advantages: 

 Enhanced ResoluƟon: TEE provides high-resoluƟon images, especially of the aorƟc 
valve and ascending aorta, allowing for precise assessment of valve morphology and 
regurgitant jet origin. 

 Detailed VisualizaƟon: Useful for idenƟfying endocardiƟs, leaflet perforaƟons, or 
aorƟc dissecƟon. 

 Uses: 

 PreoperaƟve evaluaƟon in paƟents undergoing aorƟc valve surgery. 



 Detailed assessment of aorƟc root and valve leaflet structure, parƟcularly in cases of 
complex anatomy or suspected endocardiƟs. 

3D Echocardiography 

 Role: 3D echocardiography provides a more detailed and accurate view of the aorƟc valve 
structure, leaflet morphology, and regurgitant orifice, which enhances the assessment of AR 
severity. 

 Advantages: 

 Direct VisualizaƟon: 3D imaging allows for direct visualizaƟon of the regurgitant 
orifice, improving the accuracy of quanƟtaƟve measurements. 

 Enhanced Surgical Planning: Helps in preoperaƟve planning, parƟcularly in cases of 
aorƟc root or leaflet abnormaliƟes. 

 Uses: 

 Assessment of valve morphology in cases with complex anatomy, such as bicuspid 
valves or heavily calcified leaflets. 

 Improved quanƟficaƟon of the regurgitant orifice area, especially when tradiƟonal 
2D methods are limited. 

Doppler Echocardiography 

Doppler echocardiography, including color, pulsed-wave, and conƟnuous-wave Doppler, is essenƟal 
for evaluaƟng the hemodynamic impact of AR. 

 Color Doppler: 

 Assesses the regurgitant jet, its width, and direcƟon. The jet’s characterisƟcs, such as 
central or eccentric orientaƟon, are important for qualitaƟve assessment of AR 
severity. 

 Measurement of vena contracta width, which represents the narrowest part of the 
regurgitant jet and correlates with AR severity. 

 Pulsed-Wave Doppler: 

 Measures flow in the descending aorta. Holodiastolic flow reversal in the descending 
aorta, seen with pulsed-wave Doppler, is a key indicator of severe AR. 

 ConƟnuous-Wave Doppler: 

 Provides measurements of regurgitant flow velocity and helps calculate the pressure 
half-Ɵme (PHT), a semi-quanƟtaƟve measure for assessing AR severity. A shorter PHT 
generally indicates more severe AR. 

Doppler Technique Purpose Key Parameters Assessed 

Color Doppler Visual assessment of regurgitant jet Jet width, vena contracta width 

Pulsed-Wave Doppler Flow assessment in descending aorta Holodiastolic flow reversal 



Doppler Technique Purpose Key Parameters Assessed 

ConƟnuous-Wave Doppler QuanƟtaƟve regurgitant flow assessment Pressure half-Ɵme, regurgitant flow velocity 

Summary of Echocardiographic ModaliƟes 

Echocardiographic 
Modality Primary Advantages LimitaƟons 

TTE 
First-line for AR diagnosis, severity grading, and 
LV assessment 

Limited in paƟents with poor acousƟc 
windows 

TEE High-resoluƟon view of valve and aorƟc root Invasive, requires sedaƟon or anesthesia 

3D Echocardiography 
Detailed valve and regurgitant orifice 
morphology 

Limited availability, requires technical 
experƟse 

Doppler 
Echocardiography 

EssenƟal for hemodynamic evaluaƟon, including 
jet and flow reversal 

Angle-dependent measurements, which 
may affect accuracy 

Qualitative Assessment of Aortic Valve and Regurgitant Jet 

QualitaƟve assessment of aorƟc regurgitaƟon (AR) focuses on visualizing the structure of the aorƟc 
valve and analyzing the characterisƟcs of the regurgitant jet. This approach is crucial for iniƟal AR 
assessment and helps guide further quanƟtaƟve evaluaƟons. 

AorƟc Valve Morphology: Leaflet Structure, Mobility, and CalcificaƟon 

 Leaflet Structure: Examining the valve leaflets provides insight into the underlying cause of 
AR. 

 Normal Leaflets: Indicate possible aorƟc root dilaƟon as the cause of AR. 

 Thickened or Calcified Leaflets: Suggest degeneraƟve or rheumaƟc disease. 

 Perforated Leaflets: May indicate infecƟve endocardiƟs or trauma. 

 Prolapsed Leaflet: Common in bicuspid aorƟc valve and oŌen seen as a cause of 
eccentric AR jets. 

 Mobility: Restricted leaflet mobility suggests condiƟons like rheumaƟc disease or heavy 
calcificaƟon, while excessive mobility may indicate prolapse. 

 Valve Prolapse: Refers to leaflet(s) that bulge back into the LV during diastole, which 
can create an eccentric AR jet. 

 CalcificaƟon: Heavy calcificaƟon of the valve leaflets can affect coaptaƟon, leading to central 
or eccentric AR jets, especially in elderly paƟents with degeneraƟve disease. 

Regurgitant Jet CharacterisƟcs: Central vs. Eccentric Jet, Width, and DirecƟon 

EvaluaƟng the regurgitant jet’s appearance using color Doppler is one of the first steps in assessing 
AR severity. Key characterisƟcs include the jet’s locaƟon, direcƟon, and width: 

 Jet DirecƟon: 



 Central Jet: Commonly seen in cases of aorƟc root dilaƟon, where the leaflets fail to 
coapt centrally. 

 Eccentric Jet: OŌen associated with aorƟc valve prolapse or leaflet perforaƟon, 
causing the jet to be directed towards the LV wall. 

 Jet Width: 

 Mild AR: Typically has a narrow, thin jet with limited extension into the LV. 

 Moderate to Severe AR: Shows a wider, more prominent jet that extends deeper 
into the LV. 

 Jet width should be interpreted with cauƟon, as it can be influenced by factors such 
as jet orientaƟon and LV geometry. 

 Vena Contracta Width: 

 The vena contracta is the narrowest part of the regurgitant jet, just as it exits the 
valve. Measuring the vena contracta width is a semi-quanƟtaƟve method for 
assessing AR severity. 

 Measurement: 

 A vena contracta width < 3 mm is typically associated with mild AR. 

 A vena contracta width ≥ 6 mm usually indicates severe AR. 

AR Severity Vena Contracta Width 

Mild < 3 mm 

Moderate 3–6 mm 

Severe ≥ 6 mm 

Color Doppler Jet Area and Flow PaƩern 

 Jet Area: The area of the regurgitant jet in relaƟon to the LV can provide a qualitaƟve 
indicaƟon of AR severity. 

 Small, Faint Jet: Suggests mild AR. 

 Broad, Bright Jet: A large, bright jet that fills a significant porƟon of the LV indicates 
more severe AR. 

 Diastolic Flow Reversal: 

 Descending Aorta: The presence of holodiastolic flow reversal in the descending 
aorta, seen with pulsed-wave Doppler, is a strong indicator of severe AR. 

 PaƩern: A gradual decline in flow reversal suggests milder forms of AR, whereas 
persistent, high-velocity flow reversal indicates severe AR. 

Summary of Key QualitaƟve Indicators of AR Severity 



QualitaƟve Indicator Mild AR Moderate AR Severe AR 

Valve Morphology 
Normal or minimal leaflet 
thickening 

Moderate leaflet thickening 
or prolapse 

Significant thickening, prolapse, 
or perforaƟon 

Jet DirecƟon Central, small jet Central or eccentric jet Eccentric jet or large central jet 

Vena Contracta Width < 3 mm 3–6 mm ≥ 6 mm 

Jet Area in LV 
Small, limited to area near 
valve 

Moderate area, reaches mid-
LV Large jet, extends into distal LV 

Diastolic Flow Reversal 
in Aorta Absent or mild Intermediate 

Holodiastolic, high-velocity 
reversal 

Quantitative Assessment of AR Severity 

QuanƟtaƟve assessment is crucial for accurately grading aorƟc regurgitaƟon (AR) severity and 
includes specific measurements like regurgitant volume, regurgitant fracƟon, effecƟve regurgitant 
orifice area (EROA), and pressure half-Ɵme (PHT). These measurements help to differenƟate 
between mild, moderate, and severe AR and guide clinical decision-making. 

Regurgitant Volume (RV) and Regurgitant FracƟon (RF) 

 Regurgitant Volume (RV): The total volume of blood that regurgitates back into the LV during 
diastole. 

 CalculaƟon: RV is oŌen calculated using the difference in stroke volume between the 
LV ouƞlow tract (LVOT) and aorƟc regurgitant jet. 

 Normal Values: Mild AR has a regurgitant volume of < 30 mL per beat, while severe 
AR is > 60 mL per beat. 

 Regurgitant FracƟon (RF): The percentage of total LV stroke volume that regurgitates into the 
LV. 

 CalculaƟon: RF = (Regurgitant Volume / Total Stroke Volume) × 100%. 

 InterpretaƟon: 

 Mild AR: < 30% 

 Moderate AR: 30–49% 

 Severe AR: ≥ 50% 

Severity Regurgitant Volume (RV) Regurgitant FracƟon (RF) 

Mild < 30 mL < 30% 

Moderate 30–60 mL 30–49% 

Severe > 60 mL ≥ 50% 



EffecƟve Regurgitant Orifice Area (EROA) 

The effecƟve regurgitant orifice area (EROA) represents the cross-secƟonal area of the regurgitant jet 
at its narrowest point, reflecƟng the severity of regurgitaƟon. 

 CalculaƟon: EROA is calculated using the proximal isovelocity surface area (PISA) method, 
where EROA = (Flow Rate) / (Peak Regurgitant Velocity). 

 InterpretaƟon: 

 Mild AR: EROA < 0.10 cm² 

 Moderate AR: EROA 0.10–0.29 cm² 

 Severe AR: EROA ≥ 0.30 cm² 

Severity EROA 

Mild < 0.10 cm² 

Moderate 0.10–0.29 cm² 

Severe ≥ 0.30 cm² 

Pressure Half-Time (PHT) 

Pressure half-Ɵme (PHT) is a semi-quanƟtaƟve measure that reflects the Ɵme taken for the peak 
regurgitant velocity to drop by half. In AR, a shorter PHT generally indicates more severe 
regurgitaƟon. 

 CalculaƟon: PHT is derived from the deceleraƟon slope of the diastolic aorƟc regurgitant jet 
using conƟnuous-wave Doppler. 

 InterpretaƟon: 

 Mild AR: PHT > 500 ms 

 Moderate AR: PHT 200–500 ms 

 Severe AR: PHT < 200 ms 

Severity Pressure Half-Time (PHT) 

Mild > 500 ms 

Moderate 200–500 ms 

Severe < 200 ms 

IntegraƟng QuanƟtaƟve Findings for AR Severity 

In pracƟce, combining mulƟple quanƟtaƟve parameters (RV, RF, EROA, and PHT) improves the 
accuracy of AR severity grading. Consistent values across these measurements indicate clear severity; 
however, discordant results may require addiƟonal evaluaƟon. 



Parameter Mild AR Moderate AR Severe AR 

Regurgitant Volume < 30 mL 30–60 mL > 60 mL 

Regurgitant FracƟon < 30% 30–49% ≥ 50% 

EROA < 0.10 cm² 0.10–0.29 cm² ≥ 0.30 cm² 

Pressure Half-Time > 500 ms 200–500 ms < 200 ms 

Summary of QuanƟtaƟve Approach 

 Consistent Measurements: If all parameters (RV, RF, EROA, PHT) align with one severity 
grade, the diagnosis is straighƞorward. 

 Discordant Findings: In cases where parameters indicate different severity levels, addiƟonal 
assessments, like strain imaging or MRI, may help clarify the severity. 

Severity Grading of Aortic Regurgitation 

Grading the severity of aorƟc regurgitaƟon (AR) is essenƟal for making treatment decisions and 
determining when intervenƟon may be required. The American Society of Echocardiography (ASE) 
and European AssociaƟon of Cardiovascular Imaging (EACVI) recommend an integraƟve approach for 
grading AR, combining qualitaƟve, semi-quanƟtaƟve, and quanƟtaƟve parameters. 

Criteria for Grading AorƟc RegurgitaƟon Severity 

The severity of AR is classified as mild, moderate, or severe, based on specific echocardiographic 
parameters. These include qualitaƟve observaƟons (e.g., jet width and direcƟon), semi-quanƟtaƟve 
measures (e.g., vena contracta width), and quanƟtaƟve assessments (e.g., regurgitant volume, 
regurgitant fracƟon, and effecƟve regurgitant orifice area). 

Severity Parameter Mild AR Moderate AR Severe AR 

Jet Width in LVOT Small, narrow Intermediate Large, broad jet 

Vena Contracta Width < 3 mm 3–6 mm ≥ 6 mm 

Regurgitant Volume < 30 mL 30–60 mL > 60 mL 

Regurgitant FracƟon < 30% 30–49% ≥ 50% 

EROA < 0.10 cm² 0.10–0.29 cm² ≥ 0.30 cm² 

Pressure Half-Time > 500 ms 200–500 ms < 200 ms 

Diastolic Flow Reversal in Aorta Absent or mild flow Present in descending aorta Holodiastolic flow reversal 

IntegraƟng MulƟple Parameters for Accurate Severity Grading 

An integraƟve approach, combining qualitaƟve, semi-quanƟtaƟve, and quanƟtaƟve measures, 
ensures a comprehensive assessment of AR severity. This approach is especially useful for cases 
where individual parameters are inconclusive or conflicƟng. 



1. Concordant Findings: If the qualitaƟve, semi-quanƟtaƟve, and quanƟtaƟve measures all 
indicate the same severity level (e.g., severe AR), the diagnosis is straighƞorward, and the 
severity can be confidently graded. 

2. Discordant Findings: When different parameters suggest varying degrees of severity (e.g., 
vena contracta width suggests moderate AR, but regurgitant volume suggests severe AR), 
clinicians should consider potenƟal causes for discrepancy, such as technical factors, paƟent-
specific anatomy, or loading condiƟons. 

3. AddiƟonal Imaging: In cases where there is significant uncertainty, addiƟonal imaging 
modaliƟes, such as cardiac magneƟc resonance imaging (CMR), can provide further insights, 
parƟcularly for assessing regurgitant volume and LV remodeling. 

Clinical ImplicaƟons of AR Severity Grading 

 Mild to Moderate AR: PaƟents are generally managed conservaƟvely with regular follow-up 
and echocardiographic assessments to monitor disease progression. Medical management 
may be used to control blood pressure and other contribuƟng factors. 

 Severe AR: SymptomaƟc paƟents or those with signs of LV dilaƟon or reduced LV funcƟon 
typically require intervenƟon, either through surgical aorƟc valve replacement (AVR) or 
transcatheter aorƟc valve replacement (TAVR) in select cases. 

RecommendaƟons for Follow-Up Based on AR Severity 

 Mild AR: Annual clinical evaluaƟon and echocardiography every 2–3 years to monitor for 
progression. 

 Moderate AR: Echocardiography every 1–2 years, with clinical follow-up to assess for any 
changes in symptoms or LV dimensions. 

 Severe AR: Close monitoring every 6–12 months, or more frequently if there are signs of LV 
enlargement or LV funcƟon deterioraƟon. IntervenƟon may be indicated if the paƟent 
becomes symptomaƟc or if LV ejecƟon fracƟon decreases below 50%. 

Assessment of Left Ventricular Changes in Aortic Regurgitation 

AorƟc regurgitaƟon (AR) imposes a chronic volume overload on the leŌ ventricle (LV), leading to 
compensatory adaptaƟons and eventually to decompensaƟon if leŌ untreated. Assessing LV changes 
in response to AR is crucial, as progressive LV dilaƟon and dysfuncƟon signal disease advancement 
and indicate the need for intervenƟon. 

LeŌ Ventricular DilaƟon and Remodeling 

In chronic AR, the LV undergoes eccentric hypertrophy to handle the increased volume load from the 
regurgitant flow. Over Ɵme, this adaptaƟon can lead to excessive dilaƟon and decreased LV funcƟon. 

 LV Dimensions: 

 LV End-Diastolic Dimension (LVEDD): An important marker of volume overload. 
Serial increases in LVEDD are indicaƟve of progressive disease and worsening LV 
funcƟon. 



 LV End-Systolic Dimension (LVESD): An increase in LVESD is a criƟcal threshold in AR, 
as it indicates LV systolic dysfuncƟon. An LVESD > 50 mm or > 25 mm/m² is oŌen 
considered an indicaƟon for surgery, even in asymptomaƟc paƟents. 

 Wall Thickness and Eccentric Hypertrophy: 

 The LV iniƟally undergoes eccentric hypertrophy, where both wall thickness and 
chamber size increase proporƟonally. This compensatory mechanism maintains 
normal wall stress and funcƟon in early disease stages. 

 Concentric Remodeling: In later stages, some paƟents may exhibit concentric 
remodeling, where the LV wall thickness increases further due to progressive 
overload and pressure changes, leading to compromised funcƟon. 

Parameter IndicaƟon for Surgery 

LV End-Systolic Dimension > 50 mm or > 25 mm/m² 

LV End-Diastolic Dimension Significant increase over Ɵme 

LeŌ Ventricular Systolic FuncƟon 

Assessing LV systolic funcƟon is essenƟal in AR, as declining funcƟon oŌen signals the need for 
prompt surgical intervenƟon. 

 EjecƟon FracƟon (EF): LV ejecƟon fracƟon (EF) is a common measure of systolic funcƟon. In 
AR, a normal EF may mask subclinical LV dysfuncƟon due to compensatory dilaƟon. A decline 
in EF to below 50% is generally considered a trigger for surgery in asymptomaƟc paƟents. 

 Global Longitudinal Strain (GLS): GLS is a sensiƟve indicator of LV funcƟon that can detect 
early systolic dysfuncƟon in AR. A reducƟon in GLS (values closer to 0, less negaƟve than –
18%) may indicate subclinical LV dysfuncƟon and suggest that surgery should be considered, 
even if EF is within normal limits. 

Parameter IndicaƟon for Surgery 

EjecƟon FracƟon (EF) < 50% 

Global Longitudinal Strain (GLS) Reduced (less negaƟve than –18%) 

Diastolic FuncƟon in AorƟc RegurgitaƟon 

Chronic volume overload in AR can lead to impaired diastolic funcƟon due to increased LV sƟffness 
and elevated filling pressures. 

 Diastolic DysfuncƟon: Over Ɵme, as LV compliance decreases, diastolic dysfuncƟon may 
develop, manifesƟng as impaired LV relaxaƟon, elevated filling pressures, and eventually, 
symptoms of heart failure. 

 E/e' RaƟo: A high E/e' raƟo (> 15) indicates elevated LV filling pressures, reflecƟng more 
advanced disease and poor LV compliance. This finding may support the decision to proceed 
with surgery in borderline cases. 

Assessment of LeŌ Ventricular Remodeling PaƩerns 



The LV may exhibit various remodeling paƩerns based on the chronicity and severity of AR: 

 AdapƟve Remodeling: In early or mild AR, the LV may adapt with eccentric hypertrophy 
without any decline in systolic funcƟon. 

 Progressive DilaƟon: In chronic, severe AR, progressive LV dilaƟon leads to a point where the 
chamber enlargement can no longer compensate, resulƟng in a decline in EF. 

 End-Stage Remodeling: In advanced cases, excessive LV dilaƟon leads to irreversible damage, 
where surgery may not fully restore LV funcƟon postoperaƟvely. 

Clinical ImplicaƟons of LV Assessment in AR 

 Timing of IntervenƟon: Progressive LV dilaƟon, an increase in LVESD beyond 50 mm, or a 
reducƟon in EF below 50% are strong indicaƟons for surgical intervenƟon in asymptomaƟc 
paƟents to prevent irreversible LV damage. 

 Prognosis: A significant decline in LV funcƟon or GLS is associated with worse outcomes in 
AR, reinforcing the importance of regular follow-up to monitor these parameters. 

 Monitoring Disease Progression: Serial echocardiography helps track LV size, EF, and GLS, 
ensuring Ɵmely intervenƟon before irreversible dysfuncƟon occurs. 

Evaluation of Acute vs. Chronic Aortic Regurgitation 

AorƟc regurgitaƟon (AR) can present as either an acute or chronic condiƟon. The disƟncƟon between 
acute and chronic AR is essenƟal because they have different pathophysiological effects on the leŌ 
ventricle (LV) and require different management approaches. Echocardiography plays a criƟcal role in 
differenƟaƟng between acute and chronic AR and guiding appropriate intervenƟon. 

Hemodynamic Differences in Acute vs. Chronic AR 

 Acute AorƟc RegurgitaƟon: 

 Pathophysiology: In acute AR, the LV is suddenly exposed to a large volume overload 
that it cannot accommodate. This leads to a rapid increase in LV diastolic pressure, 
reduced forward flow, and significant hemodynamic compromise. 

 Clinical PresentaƟon: PaƟents typically present with acute pulmonary edema, 
hypotension, and cardiogenic shock. The sudden regurgitant volume overload oŌen 
necessitates emergency intervenƟon. 

 Chronic AorƟc RegurgitaƟon: 

 Pathophysiology: In chronic AR, the LV gradually adapts to the volume overload 
through eccentric hypertrophy and dilaƟon. This compensatory mechanism 
maintains cardiac output and reduces filling pressures in the early stages. 

 Clinical PresentaƟon: PaƟents with chronic AR are oŌen asymptomaƟc for many 
years. Over Ɵme, LV dilaƟon progresses, leading to reduced systolic funcƟon, 
symptoms of heart failure, and the need for surgical intervenƟon. 



CharacterisƟc Acute AR Chronic AR 

LV AdaptaƟon None (sudden overload) Gradual eccentric hypertrophy and dilaƟon 

LV End-Diastolic Pressure High, sudden increase Gradually increases over Ɵme 

Clinical PresentaƟon Acute pulmonary edema, shock AsymptomaƟc iniƟally, progressing to heart failure 

Echocardiographic Features in Acute vs. Chronic AR 

Echocardiography is instrumental in idenƟfying specific features that disƟnguish acute from chronic 
AR. 

 Acute AR: 

 Valve Appearance: Acute AR may be caused by condiƟons such as infecƟve 
endocardiƟs (e.g., leaflet perforaƟon or abscess), aorƟc dissecƟon, or trauma. 
Echocardiography can reveal vegetaƟons, perforaƟons, or leaflet prolapse. 

 LV Size and FuncƟon: The LV is oŌen normal in size because it has not had Ɵme to 
adapt. LV end-diastolic pressure is elevated, leading to rapid LV filling. 

 Doppler Findings: Color Doppler may show a large regurgitant jet with a high-
velocity flow. ConƟnuous-wave Doppler typically shows a short pressure half-Ɵme 
(PHT) due to rapid equilibraƟon of pressures between the LV and aorta. 

 Chronic AR: 

 Valve and AorƟc Root: Chronic AR can result from aorƟc root dilaƟon, congenital 
bicuspid valve, or degeneraƟve disease. Echocardiography shows gradual thickening 
or calcificaƟon of the valve and possible dilaƟon of the aorƟc root. 

 LV Size and FuncƟon: In chronic AR, the LV is typically dilated, with signs of 
compensatory eccentric hypertrophy. LV size and funcƟon should be monitored over 
Ɵme, as worsening dilaƟon or a decrease in ejecƟon fracƟon indicates disease 
progression. 

 Doppler Findings: Color Doppler shows a persistent regurgitant jet, oŌen with a 
central or eccentric paƩern. ConƟnuous-wave Doppler may demonstrate a longer 
PHT, reflecƟng the slower rate of diastolic pressure equilibraƟon. 

Echocardiographic 
Feature Acute AR Chronic AR 

Valve Morphology 
VegetaƟons, perforaƟons, dissecƟon 
signs Thickening, calcificaƟon, or aorƟc root dilaƟon 

LV Size Normal Dilated, with compensatory hypertrophy 

Pressure Half-Time (PHT) Short (rapid pressure equilibraƟon) Longer (slower equilibraƟon) 



Echocardiographic 
Feature Acute AR Chronic AR 

Doppler Jet 
CharacterisƟcs High-velocity, short duraƟon 

Persistent jet with central/eccentric flow 
paƩern 

Emergency Management and Assessment in Acute AR 

 Surgical IntervenƟon: Acute AR oŌen requires urgent surgical aorƟc valve replacement (AVR) 
due to the high risk of rapid hemodynamic deterioraƟon. 

 Hemodynamic Support: Inotropic support and vasodilators may be used to stabilize paƟents 
temporarily before surgery. DiureƟcs are used cauƟously due to the risk of further 
compromising forward cardiac output. 

Monitoring and Management of Chronic AR 

 Serial Echocardiography: In chronic AR, regular echocardiographic follow-up is essenƟal to 
monitor LV size, ejecƟon fracƟon, and disease progression. Surgery is typically recommended 
when symptoms develop, LV end-systolic dimension (LVESD) exceeds 50 mm, or EF drops 
below 50%. 

 Medical Management: For asymptomaƟc paƟents with preserved LV funcƟon, medical 
therapy includes blood pressure control and aŌerload reducƟon, which can reduce the 
regurgitant volume and slow disease progression. 

Key Points in DifferenƟaƟng Acute vs. Chronic AR 

 Acute AR: Presents suddenly with high LV diastolic pressure and requires urgent surgical 
intervenƟon due to hemodynamic instability. 

 Chronic AR: Develops gradually, allowing LV adaptaƟon over Ɵme, but ulƟmately leads to 
progressive LV dilaƟon and dysfuncƟon if leŌ untreated. 

Advanced Techniques in AR Evaluation 

Advanced imaging techniques provide addiƟonal insights into the assessment of aorƟc regurgitaƟon 
(AR), parƟcularly in complex cases or when standard echocardiography yields inconclusive results. 
These methods offer precise quanƟficaƟon of regurgitant volume, assessment of LV funcƟon, and 
detailed anatomical visualizaƟon, which is helpful for clinical decision-making. 

3D Echocardiography for Valve Morphology and QuanƟficaƟon 

 Role: 3D echocardiography allows for an accurate and comprehensive visualizaƟon of the 
aorƟc valve and surrounding structures, providing detailed informaƟon on leaflet 
morphology, coaptaƟon, and regurgitant orifice area. 

 Advantages: 

 Direct Measurement of Regurgitant Orifice: 3D imaging enables direct assessment 
of the effecƟve regurgitant orifice area (EROA), improving accuracy in severity 
grading. 

 Detailed VisualizaƟon: Provides a full view of the aorƟc valve leaflets, useful in cases 
of complex anatomy, such as bicuspid valves or prolapsed leaflets. 



 Clinical Use: 

 Helps confirm the regurgitant orifice area and morphology in paƟents with 
challenging anatomy. 

 Valuable for surgical planning, allowing beƩer visualizaƟon of leaflet defects or root 
dilaƟon. 

Strain Imaging for Assessing LV FuncƟon 

 Role: Strain imaging, parƟcularly global longitudinal strain (GLS), provides a sensiƟve 
measure of leŌ ventricular (LV) funcƟon, oŌen detecƟng subclinical dysfuncƟon before 
changes in ejecƟon fracƟon (EF) occur. 

 Advantages: 

 Early DetecƟon of LV DysfuncƟon: GLS detects subtle LV impairment, which may not 
be visible with tradiƟonal EF measurements. 

 PrognosƟc Value: Reduced GLS in AR paƟents is associated with worse outcomes 
and can help determine the need for earlier intervenƟon. 

 Clinical Use: 

 Monitoring LV funcƟon in chronic AR to idenƟfy early signs of decompensaƟon. 

 SupporƟng surgical decision-making in asymptomaƟc paƟents with reduced GLS, 
even if EF is preserved. 

Contrast Echocardiography for Improved VisualizaƟon 

 Role: Contrast echocardiography enhances endocardial border delineaƟon, allowing for 
more accurate LV volume and funcƟon measurements, especially in paƟents with poor 
acousƟc windows. 

 Advantages: 

 Enhanced LV VisualizaƟon: Provides clear views of the endocardial borders, 
facilitaƟng precise assessment of LV volumes and dimensions. 

 Improved QuanƟficaƟon: ParƟcularly useful for measuring LV dimensions and 
funcƟon in paƟents with poor TTE windows, such as those with obesity or lung 
disease. 

 Clinical Use: 

 Used to improve LV quanƟficaƟon and accuracy in regurgitant volume assessment. 

 Helps confirm LV dilaƟon and systolic funcƟon in paƟents with borderline 
echocardiographic findings. 

Transesophageal Echocardiography (TEE) with 3D CapabiliƟes 

 Role: TEE with 3D imaging provides high-resoluƟon, three-dimensional views of the aorƟc 
valve, allowing detailed assessment of valve and LVOT anatomy, parƟcularly useful for 
paƟents with complex or subopƟmal TTE images. 



 Advantages: 

 Enhanced Structural Assessment: TEE offers superior resoluƟon, enabling detailed 
views of the valve leaflets, aorƟc root, and regurgitant jet. 

 IntraoperaƟve Monitoring: Frequently used during valve surgery to guide repair and 
assess the valve postoperaƟvely. 

 Clinical Use: 

 PreoperaƟve evaluaƟon in complex cases or when surgical intervenƟon is being 
considered. 

 IntraoperaƟve monitoring during aorƟc valve repair or replacement to ensure 
opƟmal outcomes. 

Cardiac MagneƟc Resonance Imaging (CMR) 

 Role: CMR provides an accurate and reproducible assessment of LV volumes, regurgitant 
volume, and regurgitant fracƟon, which can help confirm AR severity and LV remodeling. 

 Advantages: 

 Precise QuanƟficaƟon: CMR accurately quanƟfies regurgitant volume and 
regurgitant fracƟon, providing reliable data when echocardiography is inconclusive. 

 Detailed LV Assessment: Offers clear images of LV size, funcƟon, and structure 
without acousƟc limitaƟons. 

 Clinical Use: 

 Useful for assessing chronic AR in paƟents with complex anatomy or inconclusive 
echocardiographic findings. 

 CMR is also helpful for evaluaƟng the aorƟc root and ascending aorta in cases of 
aorƟc root disease or connecƟve Ɵssue disorders. 

Echocardiography in the Management of Aortic Regurgitation 

Advanced Technique Primary Use Key Advantages 

3D Echocardiography Valve morphology and quanƟficaƟon 
Direct EROA measurement, detailed leaflet 
morphology 

Strain Imaging (GLS) Early detecƟon of LV dysfuncƟon SensiƟve to subclinical LV dysfuncƟon 

Contrast 
Echocardiography Enhanced LV visualizaƟon Improved LV volume and funcƟon assessment 

TEE with 3D 
CapabiliƟes 

Detailed valve and LVOT structure 
assessment High-resoluƟon images, intraoperaƟve guidance 

Cardiac MRI (CMR) 
Accurate quanƟficaƟon of regurgitant 
volume and LV remodeling 

Precise assessment, especially for LV volume 
and aorƟc root evaluaƟon 



Echocardiography is central to managing aorƟc regurgitaƟon (AR), guiding decisions on Ɵming for 
intervenƟon, monitoring disease progression, and assessing treatment outcomes. Regular 
echocardiographic evaluaƟons provide valuable insights into AR severity, leŌ ventricular (LV) 
funcƟon, and structural changes, all of which are criƟcal for determining when surgical or 
transcatheter intervenƟon may be necessary. 

Guiding IndicaƟons for Medical Therapy 

While no medical therapy can reverse AR, echocardiography helps monitor progression and 
determine when pharmacologic therapy is beneficial for managing symptoms or aŌerload in certain 
cases. 

 Medical Management: Medical therapy primarily targets symptom relief and control of 
associated condiƟons like hypertension, which can worsen regurgitant volume. 

 AŌerload ReducƟon: In asymptomaƟc paƟents with hypertension, medicaƟons such 
as ACE inhibitors, ARBs, or calcium channel blockers may be used to reduce 
aŌerload, which can help decrease LV wall stress and slow LV dilaƟon. 

 DiureƟcs: Used cauƟously in paƟents with signs of heart failure, parƟcularly those 
with symptomaƟc chronic AR, to help control fluid overload and reduce pulmonary 
congesƟon. 

 Role of Echocardiography: Regular echocardiographic monitoring is essenƟal to assess LV 
size, funcƟon, and any signs of disease progression, helping guide adjustments in medical 
therapy. 

Role of Echocardiography in Timing of IntervenƟon 

The Ɵming of intervenƟon in AR, parƟcularly aorƟc valve replacement (AVR), is criƟcal to prevent 
irreversible LV dysfuncƟon. Echocardiographic parameters provide objecƟve criteria for determining 
the need for surgical intervenƟon. 

 IndicaƟons for AorƟc Valve Replacement (AVR): 

 SymptomaƟc Severe AR: PaƟents with symptoms such as dyspnea, faƟgue, or angina 
and severe AR typically require AVR to prevent further LV damage and improve 
symptoms. 

 AsymptomaƟc Severe AR with LV DysfuncƟon: AsymptomaƟc paƟents with an LV 
ejecƟon fracƟon (EF) < 50% or a significantly dilated LV (e.g., LV end-systolic 
dimension > 50 mm or indexed > 25 mm/m²) are also candidates for AVR. 

 Progressive LV DilaƟon: Regular increases in LV end-systolic dimension (LVESD) or 
reduced global longitudinal strain (GLS) may indicate worsening LV funcƟon and 
suggest the need for earlier intervenƟon, even in the absence of symptoms. 

IndicaƟon Echocardiographic Threshold 

SymptomaƟc Severe AR Severe AR with symptoms 

LV DysfuncƟon EF < 50% 



IndicaƟon Echocardiographic Threshold 

Progressive LV DilaƟon LVESD > 50 mm or > 25 mm/m², GLS reducƟon 

PreoperaƟve and IntraoperaƟve Echocardiographic Assessment 

Echocardiography plays a significant role in preoperaƟve planning and intraoperaƟve assessment 
during surgical or transcatheter intervenƟons. 

 PreoperaƟve EvaluaƟon: 

 Detailed Valve Anatomy: Transesophageal echocardiography (TEE) or 3D 
echocardiography may be used to provide a detailed view of valve structure and 
funcƟon, aorƟc root dimensions, and coexisƟng anatomical abnormaliƟes. 

 Assessment of LV FuncƟon: Baseline EF, GLS, and LV size are essenƟal for predicƟng 
postoperaƟve outcomes and for planning the appropriate intervenƟon approach. 

 IntraoperaƟve TEE: 

 Real-Time Surgical Guidance: IntraoperaƟve TEE can guide the surgeon in assessing 
the aorƟc valve, posiƟoning of prostheƟc valves, and evaluaƟng the repair or 
replacement post-procedure. 

 Post-Repair EvaluaƟon: TEE helps verify the absence of residual AR and assesses 
prostheƟc valve funcƟon to ensure opƟmal outcomes. 

Role of Echocardiography in Transcatheter AorƟc Valve Replacement (TAVR) 

In certain cases, transcatheter aorƟc valve replacement (TAVR) may be considered for paƟents with 
AR, parƟcularly those who are at high surgical risk or have contraindicaƟons to surgical AVR. 

 Echocardiographic Role in TAVR: 

 Pre-Procedure Assessment: Echocardiography and CT imaging assess the aorƟc root 
and annulus size, which are essenƟal for TAVR sizing and planning. 

 Intra-Procedure Monitoring: Real-Ɵme TEE is oŌen used during the TAVR procedure 
to guide valve posiƟoning and deployment, especially when treaƟng complex AR 
anatomy. 

 Post-Procedure EvaluaƟon: Follow-up echocardiography assesses valve posiƟon, 
funcƟon, and any paravalvular regurgitaƟon, ensuring proper device placement and 
effecƟveness. 

Post-IntervenƟon Follow-Up 

AŌer AVR or TAVR, echocardiographic follow-up is crucial to assess the funcƟon of the prostheƟc 
valve, detect complicaƟons, and monitor LV remodeling. 

 RouƟne Monitoring: Regular echocardiography evaluates prostheƟc valve funcƟon, looking 
for issues such as paravalvular leaks, prostheƟc valve dysfuncƟon, or thrombus formaƟon. 

 Assessment of LV Recovery: PostoperaƟve LV remodeling, with potenƟal regression of LV 
dilaƟon and improvement in EF, can be monitored through serial echocardiographic exams. 



Persistent LV dysfuncƟon may indicate advanced disease at the Ɵme of surgery or other 
underlying pathologies. 

 Long-Term Surveillance: For paƟents with bioprostheƟc valves, periodic follow-up is needed 
to monitor for structural valve degeneraƟon over Ɵme. 

Echocardiographic ApplicaƟon Purpose 

PreoperaƟve Assessment Planning surgical or TAVR approach 

IntraoperaƟve TEE Real-Ɵme surgical guidance, post-repair evaluaƟon 

Post-IntervenƟon Follow-Up Monitoring prostheƟc valve funcƟon and LV recovery 

 

Case Studies and Examples 

Case Study 1: SymptomaƟc Severe AorƟc RegurgitaƟon with Dilated LV 

 PaƟent Profile: A 68-year-old male presents with progressive dyspnea and faƟgue over the 
past six months. He has no history of prior cardiac disease. 

 Echocardiographic Findings: 

 AorƟc Valve Morphology: Thickened, mildly calcified tricuspid aorƟc valve with 
moderate restricƟon of leaflet moƟon. 

 Hemodynamic Assessment: 

 Regurgitant Volume: 65 mL (consistent with severe AR). 

 Regurgitant FracƟon: 55%. 

 EffecƟve Regurgitant Orifice Area (EROA): 0.35 cm². 

 LV Size and FuncƟon: LV is dilated, with an end-systolic dimension (LVESD) of 52 mm 
and an ejecƟon fracƟon (EF) of 48%. 

 Management: 

 IntervenƟon: Given the paƟent’s symptomaƟc status, severe AR, and LV dilaƟon with 
reduced EF, surgical aorƟc valve replacement (AVR) is recommended. 

 Outcome: AVR was successfully performed, with post-operaƟve echocardiography 
showing resoluƟon of AR and normalizaƟon of LV dimensions over Ɵme. 

Case Study 2: AsymptomaƟc Severe AR with Preserved EF 

 PaƟent Profile: A 55-year-old woman is referred for evaluaƟon aŌer a rouƟne 
echocardiogram reveals severe AR. She is asymptomaƟc and leads an acƟve lifestyle. 

 Echocardiographic Findings: 

 AorƟc Valve Morphology: Bicuspid aorƟc valve with mild leaflet prolapse and central 
regurgitant jet. 



 Hemodynamic Assessment: 

 Regurgitant Volume: 60 mL. 

 Regurgitant FracƟon: 50%. 

 EffecƟve Regurgitant Orifice Area (EROA): 0.30 cm². 

 LV Size and FuncƟon: LV is mildly dilated with an end-diastolic dimension of 60 mm, 
but LVESD remains below 50 mm, and EF is 55%. 

 Management: 

 Monitoring: Given her preserved EF, asymptomaƟc status, and LV dimensions within 
acceptable limits, conservaƟve management with regular follow-up 
echocardiography every 6–12 months is advised. 

 Outcome: Follow-up echocardiograms conƟnue to monitor LV size and funcƟon. 
Surgery is deferred as long as the paƟent remains asymptomaƟc with stable LV 
funcƟon. 

Case Study 3: Acute Severe AR due to InfecƟve EndocardiƟs 

 PaƟent Profile: A 63-year-old male presents with sudden onset dyspnea and hypotension. He 
has a history of recent dental work and fever. 

 Echocardiographic Findings: 

 AorƟc Valve Morphology: VegetaƟons on the non-coronary cusp of the aorƟc valve, 
with leaflet perforaƟon. 

 Hemodynamic Assessment: 

 Regurgitant Jet: Large central jet with a vena contracta > 6 mm. 

 Pressure Half-Time (PHT): Very short (< 200 ms), consistent with severe AR. 

 LV Size and FuncƟon: LV is not significantly dilated due to the acute nature of AR, but 
end-diastolic pressure is elevated, and there are signs of pulmonary congesƟon. 

 Management: 

 Emergency AVR: Due to acute AR with hemodynamic instability and confirmed 
endocardiƟs, the paƟent undergoes emergency AVR. 

 Outcome: AVR is performed successfully, and post-operaƟve TEE confirms the 
absence of regurgitaƟon. The paƟent is stabilized with anƟbioƟc therapy for 
endocardiƟs and recovers without complicaƟons. 

Case Study 4: Chronic Moderate AR with Progressive LV DilaƟon 

 PaƟent Profile: A 60-year-old male with a history of hypertension and moderate AR detected 
2 years ago presents for rouƟne follow-up. He remains asymptomaƟc. 

 Echocardiographic Findings: 

 AorƟc Valve Morphology: Tricuspid aorƟc valve with mild leaflet thickening and a 
central regurgitant jet. 



 Hemodynamic Assessment: 

 Regurgitant Volume: 35 mL. 

 Regurgitant FracƟon: 40%. 

 EffecƟve Regurgitant Orifice Area (EROA): 0.20 cm² (consistent with 
moderate AR). 

 LV Size and FuncƟon: LV end-diastolic dimension has progressively increased to 65 
mm, and LVESD has increased to 50 mm, though EF remains preserved at 55%. 

 Management: 

 IntervenƟon: Although the paƟent is asymptomaƟc, the progressive increase in LV 
dimensions, with LVESD reaching 50 mm, suggests advancing disease. Surgical AVR is 
recommended to prevent further LV dilaƟon and potenƟal decline in EF. 

 Outcome: The paƟent undergoes AVR successfully. PostoperaƟve echocardiography 
shows a decrease in LV size and preserved EF. Follow-up monitoring is conƟnued to 
assess long-term LV remodeling and funcƟon. 

Case Study 5: Paradoxical Low-Flow, Low-Gradient Severe AR with Preserved EF 

 PaƟent Profile: A 70-year-old female presents with faƟgue and mild dyspnea on exerƟon. 
Physical examinaƟon reveals a diastolic murmur, and echocardiography is performed to 
assess AR severity. 

 Echocardiographic Findings: 

 AorƟc Valve Morphology: Thickened aorƟc valve leaflets with mild prolapse, causing 
an eccentric regurgitant jet. 

 Hemodynamic Assessment: 

 Regurgitant Volume: 60 mL. 

 Regurgitant FracƟon: 50%. 

 EffecƟve Regurgitant Orifice Area (EROA): 0.32 cm², indicaƟng severe AR. 

 LV Size and FuncƟon: The LV is not significantly dilated, with preserved EF at 55%, 
but stroke volume index (SVI) is low (< 35 mL/m²), consistent with low-flow, low-
gradient physiology. 

 Management: 

 IntervenƟon: Given the severe AR with low-flow characterisƟcs, symptoms, and 
borderline LV size, AVR is recommended to address the hemodynamic impact of 
regurgitaƟon and improve funcƟonal status. 

 Outcome: AVR is performed successfully. PostoperaƟve echocardiography shows 
improvement in stroke volume and resoluƟon of symptoms, indicaƟng effecƟve 
hemodynamic correcƟon. 

 



Summary of Key Echocardiographic Findings and Management Decisions 

Case AR Type Key Echocardiographic Findings Management 

Case 1: SymptomaƟc Severe 
AR with Dilated LV Chronic severe AR 

Severe AR (RV 65 mL, RF 55%), LVESD 
> 50 mm, EF < 50% 

AVR due to symptoms, LV 
dilaƟon, and reduced EF 

Case 2: AsymptomaƟc 
Severe AR with Preserved EF 

Chronic severe AR, 
asymptomaƟc 

Severe AR (RV 60 mL, RF 50%), LVESD 
< 50 mm, EF 55% 

ConservaƟve 
management, serial 
follow-up 

Case 3: Acute Severe AR 
from EndocardiƟs Acute severe AR 

Large jet, PHT < 200 ms, vegetaƟons 
and leaflet perforaƟon 

Emergency AVR due to 
hemodynamic instability 

Case 4: Chronic Moderate AR 
with Progressive LV DilaƟon Moderate AR 

Moderate AR (RV 35 mL, RF 40%), LV 
dilaƟon (LVEDD 65 mm, LVESD 50 mm) 

AVR due to progressive LV 
dilaƟon 

Case 5: Paradoxical Low-
Flow, Low-Gradient Severe 
AR Low-flow severe AR 

Severe AR (RV 60 mL, RF 50%), low 
SVI, preserved EF 

AVR for symptomaƟc, low-
flow severe AR 

 


