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Otto et al� 2020 ACC/AHA Guideline for the Management of Valvular Heart Disease: Executive Summary

AIM: This executive summary of the valvular heart disease guideline provides recommendations for 
clinicians to diagnose and manage valvular heart disease as well as supporting documentation to 
encourage their use.

METHODS: A comprehensive literature search was conducted from January 1, 2010, to March 1, 
2020, encompassing studies, reviews, and other evidence conducted on human subjects that were 
published in English from PubMed, EMBASE, Cochrane, Agency for Healthcare Research and Quality 
Reports, and other selected database relevant to this guideline.

STRUCTURE: Many recommendations from the earlier valvular heart disease guidelines have been 
updated with new evidence and provides newer options for diagnosis and treatment of valvular 
heart disease. This summary includes only the recommendations from the full guideline which 
focus on diagnostic work-up, the timing and choice of surgical and catheter interventions, and 
recommendations for medical therapy. The reader is referred to the full guideline for graphical flow 
charts, text, and tables with additional details about the rationale for and implementation of each 
recommendation, and the evidence tables detailing the data considered in developing these guidelines.

TOP 10 TAKE-HOME MESSAGES
1.	 Disease stages in patients with valvular heart dis-

ease should be classified (Stages A, B, C, and D) 
on the basis of symptoms, valve anatomy, the 
severity of valve dysfunction, and the response of 
the ventricle and pulmonary circulation.

2.	 In the evaluation of a patient with valvular heart 
disease, history and physical examination findings 
should be correlated with the results of nonin-
vasive testing (ie, ECG, chest x-ray, transthoracic 
echocardiogram). If there is discordance between 
the physical examination and initial noninvasive 
testing, consider further noninvasive (computed 
tomography, cardiac magnetic resonance imag-
ing, stress testing) or invasive (transesophageal 
echocardiography, cardiac catheterization) testing 
to determine optimal treatment strategy.

3.	 For patients with valvular heart disease and atrial 
fibrillation (except for patients with rheumatic mitral 
stenosis or a mechanical prosthesis), the decision 
to use oral anticoagulation to prevent thromboem-
bolic events, with either a vitamin K antagonist or a 
non–vitamin K antagonist anticoagulant, should be 
made in a shared decision-making process based 
on the CHA

2DS2-VASc score. Patients with rheu-
matic mitral stenosis or a mechanical prosthesis and 
atrial fibrillation should receive oral anticoagulation 
with a vitamin K antagonist.

4.	 All patients with severe valvular heart disease 
being considered for valve intervention should 
be evaluated by a multidisciplinary team, with 
either referral to or consultation with a Primary or 
Comprehensive Valve Center.

5.	 Treatment of severe aortic stenosis with either a 
transcatheter or surgical valve prosthesis should 
be based primarily on symptoms or reduced ven-
tricular systolic function. Earlier intervention may 
be considered if indicated by results of exercise 

testing, biomarkers, rapid progression, or the 
presence of very severe stenosis.

6.	 Indications for transcatheter aortic valve implanta-
tion are expanding as a result of multiple random-
ized trials of transcatheter aortic valve implantation 
atrioversus surgical aortic valve replacement. The 
choice of type of intervention for a patient with 
severe aortic stenosis should be a shared decision-
making process that considers the lifetime risks and 
benefits associated with type of valve (mechanical 
versus bioprosthetic) and type of approach (trans-
catheter versus surgical).

7.	 Indications for intervention for valvular regurgi-
tation are relief of symptoms and prevention of 
the irreversible long-term consequences of left 
ventricular volume overload. Thresholds for inter-
vention now are lower than they were previously 
because of more durable treatment options and 
lower procedural risks.

8.	 A mitral transcatheter edge-to-edge repair is of 
benefit to patients with severely symptomatic pri-
mary mitral regurgitation who are at high or pro-
hibitive risk for surgery, as well as to a select subset 
of patients with secondary mitral regurgitation who 
remain severely symptomatic despite guideline-
directed management and therapy for heart failure.

9.	 Patients presenting with severe symptomatic iso-
lated tricuspid regurgitation, commonly associ-
ated with device leads and atrial fibrillation, may 
benefit from surgical intervention to reduce symp-
toms and recurrent hospitalizations if done before 
the onset of severe right ventricular dysfunction or 
end-organ damage to the liver and kidney.

10.	 Bioprosthetic valve dysfunction may occur because 
of either degeneration of the valve leaflets or valve 
thrombosis. Catheter-based treatment for prosthetic 
valve dysfunction is reasonable in selected patients 
for bioprosthetic leaflet degeneration or paravalvu-
lar leak in the absence of active infection.
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PURPOSE OF THE EXECUTIVE 
SUMMARY
This executive summary of the valvular heart disease 
(VHD) guideline provides a synopsis with algorithms to 
guide clinicians in the screening, diagnosis, and man-
agement of patients with VHD. Tables and figures that 
are mentioned in this executive summary, but are not 
included here, appear in the full guideline.1

The full guideline1 has been updated with new evi-
dence and provides newer options for diagnosis and treat-
ment of VHD. This summary includes only the recommen-
dations from the full guideline which focus on diagnostic 
work-up, the timing and choice of surgical and catheter 
interventions, and recommendations for medical therapy. 
The reader is referred to the full guideline document1 for 

graphical flow charts, text, and tables with additional de-
tails about the rationale for and implementation of each 
recommendation, and the evidence tables detailing the 
data considered in developing these guidelines.

This full guideline1 will replace the 2014 guideline2 and 
the 2017 focused update.3 Some recommendations from 
the earlier VHD guidelines have been updated by new evi-
dence or a better understanding of earlier evidence, where-
as others that were outdated, irrelevant, or overlapping 
were deleted or modified. The overall goal was to provide 
the clinician with concise, evidence-based, contemporary 
recommendations with supporting data to encourage 
their use. Sections were divided into the following: 1) gen-
eral principles, 2) aortic stenosis, 3) aortic regurgitation, 4)  
bicuspid aortic valve, 5) mitral stenosis, 6) mitral regurgita-
tion, 7) tricuspid valve disease, 8) mixed valve disease, 9) 

Table 2.  Applying Class of Recommendation and Level of Evidence to Clinical Strategies, Interventions, Treatments, or Diagnostic Testing in Patient 
Care (Updated May 2019)*
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prosthetic valves, 10) infective endocarditis, 11) pregnancy, 
12) surgical considerations, and 13) noncardiac surgery.

Document Review and Approval
This document was reviewed by 2 official review-
ers each nominated by both the ACC and the AHA, 
as well as content reviewers nominated by the ACC 
and AHA. Authors’ RWI information is published in  
Appendix 1 of the full guideline.1 Reviewers’ RWI infor-
mation is published in Appendix 2 of the full guideline.1

Class of Recommendation and Level  
of Evidence
The Class of Recommendation (COR) indicates the 
strength of recommendation, encompassing the esti-
mated magnitude and certainty of benefit in proportion 
to risk. The Level of Evidence (LOE) rates the quality of 
scientific evidence supporting the intervention on the 
basis of the type, quantity, and consistency of data from 
clinical trials and other sources (Table 2).4

2. GENERAL PRINCIPLES
2.4. Basic Principles of Medical Therapy

2.4.1. Secondary Prevention of Rheumatic Fever
Tables in this section are located in the full guideline.1

Recommendation for Secondary Prevention of Rheumatic Fever

COR LOE Recommendation

1 C-EO
1. � In patients with rheumatic heart disease, 

secondary prevention of rheumatic fever is 
indicated (Tables 6 and 7).5 

2.4.2. IE Prophylaxis
Recommendations for IE Prophylaxis
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 1.

COR LOE Recommendations

2a C-LD

1. � Antibiotic prophylaxis is reasonable before 
dental procedures that involve manipulation of 
gingival tissue, manipulation of the periapical 
region of teeth, or perforation of the oral 
mucosa in patients with VHD who have any of 
the following6–14:
a. � Prosthetic cardiac valves, including 

transcatheter-implanted prostheses and 
homografts.

b. � Prosthetic material used for cardiac valve repair, 
such as annuloplasty rings, chords, or clips.

c. � Previous IE.
d. � Unrepaired cyanotic congenital heart 

disease or repaired congenital heart disease, 
with residual shunts or valvular regurgitation 
at the site of or adjacent to the site of a 
prosthetic patch or prosthetic device.

e. � Cardiac transplant with valve regurgitation 
attributable to a structurally abnormal valve.

3: No 
Benefit

B-NR

2. � In patients with VHD who are at high risk of 
IE, antibiotic prophylaxis is not recommended 
for nondental procedures (eg, TEE, 
esophagogastroduodenoscopy, colonoscopy, or 
cystoscopy) in the absence of active infection.15,16

2.4.3. Anticoagulation for AF in Patients With VHD
Recommendations for Anticoagulation for AF in Patients With VHD
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 2.

COR LOE Recommendations

1 A

1. � For patients with AF and native valve heart 
disease (except rheumatic mitral stenosis [MS]) 
or who received a bioprosthetic valve >3 months 
ago, a non–vitamin K oral anticoagulant (NOAC) 
is an effective alternative to VKA anticoagulation 
and should be administered on the basis of the 
patient’s CHA2DS2-VASc score.17,18

1 C-EO
2. � For patients with AF and rheumatic MS, long-

term VKA oral anticoagulation is recommended. 

2a B-NR

3. � For patients with new-onset AF ≤3 months 
after surgical or transcatheter bioprosthetic 
valve replacement, anticoagulation with a 
VKA is reasonable.19–22

3: Harm B-R

4. � In patients with mechanical heart valves 
with or without AF who require long-term 
anticoagulation with VKA to prevent valve 
thrombosis, NOACs are not recommended.23 

2.5. Evaluation of Surgical and  
Interventional Risk

Recommendation for Evaluation of Surgical and  
Interventional Risk

COR LOE Recommendation

1 C-EO

1. � For patients with VHD for whom intervention 
is contemplated, individual risks should be 
calculated for specific surgical and/or transcatheter 
procedures, using on-line tools when available, 
and discussed before the procedure as a part of a 
shared decision-making process. 

2.6. The Multidisciplinary Heart Valve 
Team and Heart Valve Centers

Recommendations for The Multidisciplinary Heart Valve Team and 
Heart Valve Centers 

COR LOE Recommendations

1 C-EO
1. � Patients with severe VHD should be evaluated 

by a Multidisciplinary Heart Valve Team (MDT) 
when intervention is considered. 

2a C-LD

2. � Consultation with or referral to a Primary 
or Comprehensive Heart Valve Center is 
reasonable when treatment options are being 
discussed for 1) asymptomatic patients with 
severe VHD, 2) patients who may benefit from 
valve repair versus valve replacement, or 3) 
patients with multiple comorbidities for whom 
valve intervention is considered.24–42

2.7. Management of Patients With VHD 
After Valve Intervention
2.7.4. Periodic Imaging After Valve Intervention

Recommendation for Periodic Imaging After Valve Intervention

COR LOE Recommendation

1 C-EO

1. � In asymptomatic patients with any type of valve 
intervention, a baseline postprocedural TTE 
followed by periodic monitoring with TTE is 
recommended, depending on type of intervention, 
length of time after intervention, ventricular 
function, and concurrent cardiac conditions.
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3. AORTIC STENOSIS
3.2. Aortic Stenosis
3.2.1. Diagnosis and Follow-Up

3.2.1.1. Diagnostic Testing: Initial Diagnosis
Recommendations for Diagnostic Testing: Initial Diagnosis of AS
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 3.

COR LOE Recommendations

1 A

1. � In patients with signs or symptoms of AS or a 
BAV, TTE is indicated for accurate diagnosis of 
the cause of AS, assessment of hemodynamic 
severity, measurement of LV size and systolic 
function, and determination of prognosis and 
timing of valve intervention.43,44 

1 B-NR

2. � In patients with suspected low-flow, low-
gradient severe AS with normal LVEF (Stage 
D3), optimization of blood pressure control is 
recommended before measurement of AS severity 
by TTE, TEE, cardiac catheterization, or CMR.45–49

2a B-NR

3. � In patients with suspected low-flow, low-
gradient severe AS with reduced LVEF (Stage 
D2), low-dose dobutamine stress testing with 
echocardiographic or invasive hemodynamic 
measurements is reasonable to further define 
severity and assess contractile reserve.50–52

2a B-NR

4. � In patients with suspected low-flow, low-
gradient severe AS with normal or reduced 
LVEF (Stages D2 and D3), calculation of the 
ratio of the outflow tract to aortic velocity is 
reasonable to further define severity.43,53–55

2a B-NR

5. � In patients with suspected low-flow, low-
gradient severe AS with normal or reduced 
LVEF (Stages D2 and D3), measurement of 
aortic valve calcium score by CT imaging is 
reasonable to further define severity.56–60

3.2.1.5. Diagnostic Testing: Exercise Testing
Recommendations for Diagnostic Testing: Exercise Testing in 
Patients With AS
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 4.

COR LOE Recommendations

2a B-NR

1. � In asymptomatic patients with severe AS 
(Stage C1), exercise testing is reasonable to 
assess physiological changes with exercise and 
to confirm the absence of symptoms.61–64

3: Harm B-NR

2. � In symptomatic patients with severe AS (Stage 
D1, aortic velocity ≥4.0 m/s or mean pressure 
gradient ≥40 mm Hg), exercise testing should 
not be performed because of the risk of severe 
hemodynamic compromise.65

3.2.2. Medical Therapy
Recommendations for Medical Therapy of AS
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 5.

COR LOE Recommendations

1 B-NR

1. � In patients at risk of developing AS (Stage A) 
and in patients with asymptomatic AS (Stages 
B and C), hypertension should be treated 
according to standard GDMT, started at a low 
dose, and gradually titrated upward as needed, 
with appropriate clinical monitoring.66–68

3.2.3. Timing of Intervention
Recommendations for Timing of Intervention of AS
Referenced studies that support the recommendations are 
summarized in Online Data Supplements 4, 6–10.

COR LOE Recommendations

1 A

1. � In adults with severe high-gradient AS (Stage 
D1) and symptoms of exertional dyspnea, HF, 
angina, syncope, or presyncope by history or 
on exercise testing, AVR is indicated.74–80 

1 B-NR
2. � In asymptomatic patients with severe AS 

and an LVEF <50% (Stage C2), AVR is 
indicated.81–84 

1 B-NR

3. � In asymptomatic patients with severe AS 
(Stage C1) who are undergoing cardiac 
surgery for other indications, AVR is 
indicated.57,63,85–87 

1 B-NR
4. � In symptomatic patients with low-flow, low-

gradient severe AS with reduced LVEF (Stage 
D2), AVR is recommended.88–95 

1 B-NR

5. � In symptomatic patients with low-flow, low-
gradient severe AS with normal LVEF (Stage 
D3), AVR is recommended if AS is the most 
likely cause of symptoms.96–98 

2a B-NR

6. � In apparently asymptomatic patients with 
severe AS (Stage C1) and low surgical risk, 
AVR is reasonable when an exercise test 
demonstrates decreased exercise tolerance 
(normalized for age and sex) or a fall in 
systolic blood pressure of ≥10 mm Hg from 
baseline to peak exercise.61,63,64,99 

2a B-R
7. � In asymptomatic patients with very severe AS 

(defined as an aortic velocity of ≥5 m/s) and 
low surgical risk, AVR is reasonable.86,100–104 

2a B-NR

8. � In apparently asymptomatic patients with 
severe AS (Stage C1) and low surgical risk, 
AVR is reasonable when the serum B-type 
natriuretic peptide (BNP) level is >3 times 
normal.101,105–107 

2a B-NR

9. � In asymptomatic patients with high-gradient 
severe AS (Stage C1) and low surgical risk, AVR 
is reasonable when serial testing shows an 
increase in aortic velocity ≥0.3 m/s per year.108,109

2b B-NR

10. � In asymptomatic patients with severe high-
gradient AS (Stage C1) and a progressive 
decrease in LVEF on at least 3 serial imaging 
studies to <60%, AVR may be considered.81–84,102

2b C-EO
11. � In patients with moderate AS (Stage B) who 

are undergoing cardiac surgery for other 
indications, AVR may be considered. 

1 A

2. � In all patients with calcific AS, statin therapy 
is indicated for primary and secondary 
prevention of ​atherosclerosis on the basis of 
standard risk scores.69–71

2b B-NR

3. � In patients who have undergone TAVI, 
renin–angiotensin system blocker therapy (ACE 
inhibitor or ARB) may be considered to reduce 
the long-term risk of all-cause mortality.72,73

3: No 
Benefit

A
4. � In patients with calcific AS (Stages B and C), 

statin therapy is not indicated for prevention of 
hemodynamic progression of AS.69–71

Recommendations for Medical Therapy of AS (Continued)

COR LOE Recommendations
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3.2.4. Choice of Intervention

3.2.4.1. Choice of Mechanical Versus  
Bioprosthetic AVR

Recommendations for Choice of Mechanical Versus Bioprosthetic AVR
Referenced studies that support the recommendations are 
summarized in Online Data Supplements 11 and 12.

COR LOE Recommendations

1 C-EO

1. � In patients with an indication for AVR, 
the choice of prosthetic valve should be 
based on a shared decision-making process 
that accounts for the patient’s values and 
preferences and includes discussion of the 
indications for and risks of anticoagulant 
therapy and the potential need for and risks 
associated with valve reintervention. 

1 C-EO

2. � For patients of any age requiring AVR 
for whom VKA anticoagulant therapy 
is contraindicated, cannot be managed 
appropriately, or is not desired, a bioprosthetic 
AVR is recommended. 

2a B-R

3. � For patients <50 years of age who do not have a 
contraindication to anticoagulation and require 
AVR, it is reasonable to choose a mechanical 
aortic prosthesis over a bioprosthetic valve.110

2a B-NR

4. � For patients 50 to 65 years of age who require 
AVR and who do not have a contraindication 
to anticoagulation, it is reasonable to 
individualize the choice of either a mechanical 
or bioprosthetic AVR with consideration of 
individual patient factors and after informed 
shared decision-making.110–119

2a B-R
5. � In patients >65 years of age who require AVR, 

it is reasonable to choose a bioprosthesis over 
a mechanical valve.110

2b B-NR

6. � In patients <50 years of age who prefer a 
bioprosthetic AVR and have appropriate anatomy, 
replacement of the aortic valve by a pulmonic 
autograft (the Ross procedure) may be considered 
at a Comprehensive Valve Center.120–122

3.2.4.2. Choice of SAVR Versus TAVI for Patients for 
Whom a Bioprosthetic AVR Is Appropriate

Recommendations for Choice of SAVR Versus TAVI for Patients for 
Whom a Bioprosthetic AVR Is Appropriate
Referenced studies that support the recommendations are 
summarized in Online Data Supplements 11 to 13.

COR LOE Recommendations

1 A

1. � For symptomatic and asymptomatic patients 
with severe AS and any indication for AVR who 
are <65 years of age or have a life expectancy 
>20 years, SAVR is recommended.123–125

1 A

2. � For symptomatic patients with severe AS 
who are 65 to 80 years of age and have no 
anatomic contraindication to transfemoral 
TAVI, either SAVR or transfemoral TAVI is 
recommended after shared decision-making 
about the balance between expected patient 
longevity and valve durability.123,126–130

1 A

3. � For symptomatic patients with severe AS who 
are >80 years of age or for younger patients 
with a life expectancy <10 years and no 
anatomic contraindication to transfemoral 
TAVI, ​transfemoral TAVI is recommended in 
preference to SAVR.123,126–132

1 B-NR

4. � In asymptomatic patients with severe AS 
and an LVEF <50% who are ≤80 years of 
age and have no anatomic contraindication 
to ​transfemoral TAVI, the decision between 
TAVI and SAVR should follow the same 
recommendations as for symptomatic  
patients in Recommendations 1, 2, and  
3 above.123,124,126–132 

1 B-NR

5. � For asymptomatic patients with severe AS 
and an abnormal exercise test, very severe AS, 
rapid progression, or an elevated BNP (COR 2a 
indications for AVR), SAVR is recommended in 
preference to TAVI.123–125,133

1 A

6. � For patients with an indication for AVR for 
whom a bioprosthetic valve is preferred but 
valve or vascular anatomy or other factors are 
not suitable for transfemoral TAVI, SAVR is 
recommended.123–125,133

1 A

7. � For symptomatic patients of any age  
with severe AS and a high or prohibitive 
surgical risk, TAVI is recommended  
if predicted post-TAVI survival  
is >12 months with an acceptable quality  
of life.74,75,134,135

1 C-EO

8. � For symptomatic patients with severe  
AS for whom predicted post-TAVI or post-
SAVR survival is <12 months or for whom 
minimal improvement in quality of life is 
expected, palliative care is recommended 
after shared decision-making, including 
discussion of patient preferences and 
values.

2b C-EO
9. � In critically ill patients with severe AS, 

percutaneous aortic balloon dilation may be 
considered as a bridge to SAVR or TAVI.

4. AORTIC REGURGITATION
4.3. Chronic AR
4.3.1. Diagnosis of Chronic AR

Recommendations for Diagnostic Testing of Chronic AR
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 14.

COR LOE Recommendations

1 B-NR

1. � In patients with signs or symptoms of AR, TTE 
is indicated for assessment of the cause and 
severity of regurgitation, LV size and systolic 
function, prognosis, and timing of valve 
intervention.136–154

1 B-NR

2. � In patients with a BAV or with known dilation 
of the aortic sinuses or ascending aorta, TTE is 
indicated to evaluate the presence and severity 
of AR.136

1 B-NR

3. � In patients with moderate or severe AR and 
suboptimal TTE images or a discrepancy 
between clinical and TTE findings, TEE, CMR, 
or cardiac catheterization is indicated for the 
assessment of LV systolic function, systolic 
and diastolic volumes, aortic size, and AR 
severity.155–160

Recommendations for Choice of SAVR Versus TAVI for Patients for 
Whom a Bioprosthetic AVR Is Appropriate (Continued)

COR LOE Recommendations
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4.3.2. Medical Therapy

Recommendations for Medical Therapy of Chronic AR
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 14.

COR LOE Recommendations

1 B-NR

1. � In asymptomatic patients with chronic AR 
(Stages B and C), treatment of hypertension 
(systolic blood pressure >140 mm Hg) is 
recommended.146,161,162

1 B-NR

2. � In patients with severe AR who have  
symptoms and/or LV systolic dysfunction 
(Stages C2 and D) but a prohibitive surgical 
risk, GDMT for reduced LVEF with ACE 
inhibitors, ARBs, and/or sacubitril/valsartan is 
recommended.163

4.3.3. Timing of Intervention

Recommendations for Timing of Intervention for Chronic AR
Referenced studies that support the recommendations are 
summarized in Online Data Supplements 15 to 17.

COR LOE Recommendations

1 B-NR
1. � In symptomatic patients with severe AR (Stage 

D), aortic valve surgery is indicated regardless 
of LV systolic function.164–170

1 B-NR

2. � In asymptomatic patients with chronic severe  
AR and LV systolic dysfunction (LVEF ≤55%) 
(Stage C2), aortic valve surgery is indicated 
if no other cause for systolic dysfunction is 
identified.139,166,168,171–174

1 C-EO
3. � In patients with severe AR (Stage C or D)  

who are undergoing cardiac surgery for  
other indications, aortic valve surgery is indicated.

2a B-NR

4. � In asymptomatic patients with severe  
AR and normal LV systolic function (LVEF 
>55%), aortic valve surgery is reasonable 
when the LV is severely enlarged  
(LVESD >50 mm or LVESD >25 mm/m2)  
(Stage C2).137–139,141,148–153,173,175–177

2a C-EO

5. � In patients with moderate AR (Stage B)  
who are undergoing cardiac or aortic surgery 
for other indications, aortic valve surgery is 
reasonable.

2b B-NR

6. � In asymptomatic patients with severe  
AR and normal LV systolic function at rest  
(LVEF >55%; Stage C1) and low surgical risk, 
aortic valve surgery may be considered when 
there is a progressive decline in LVEF on at least 
3 serial studies to the low–normal range  
(LVEF 55% to 60%) or a progressive increase  
in LV dilation into the severe range  
(LV end-diastolic dimension [LVEDD]  
>65 mm).141,146,148,153,174,178–180

3: Harm B-NR
7. � In patients with isolated severe AR who  

have indications for SAVR and are candidates for 
surgery, TAVI should not be performed.181–184

5. BICUSPID AORTIC VALVE
5.1. BAV and Associated  
Aortopathy
5.1.1. Diagnosis and Follow-up of BAV

5.1.1.1. Diagnostic Testing: Initial  
Diagnosis

Recommendations for Diagnostic Testing: Initial  
Diagnosis of BAV
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 18.

COR LOE Recommendations

1 B-NR

1. � In patients with a known BAV, TTE is 
indicated to evaluate valve morphology, 
measure severity of AS and AR, assess  
the shape and diameter of the aortic  
sinuses and ascending aorta, and  
evaluate for the presence of aortic 
coarctation for prediction of clinical 
outcome and to determine timing of 
intervention.185–188

1 C-LD

2. � In patients with BAV, CMR angiography 
or CT angiography is indicated when 
morphology of the aortic sinuses, 
sinotubular junction, or ascending aorta 
cannot be assessed accurately or fully by 
echocardiography.188,189

2b B-NR

3. � In first-degree relatives of patients  
with a known BAV, a screening TTE  
might be considered to look for  
the presence of a BAV or asymptomatic 
dilation of the aortic sinuses and  
ascending aorta.190

5.1.1.2. Diagnostic Testing: Routine Follow-Up
Recommendations for Diagnostic Testing: Routine Follow-Up of 
Patients With a BAV  
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 18.

COR LOE Recommendations

2a C-LD

1. � In patients with BAV and a diameter of  
the aortic sinuses or ascending aorta of ≥4.0 
cm, lifelong serial evaluation of the size 
and morphology of the aortic sinuses and 
ascending aorta by echocardiography, CMR, 
or CT angiography is reasonable,  
with the examination interval determined by 
the degree and rate of progression of  
aortic dilation and by family  
history.185,191–194

2a B-NR

2. � In patients with a BAV who have undergone 
AVR, continued lifelong serial interval imaging 
of the aorta is reasonable if the diameter of 
the aortic sinuses or ascending aorta  
is ≥4.0 cm.195,196
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5.1.2. Interventions for Patients With BAV

5.1.2.1. Intervention: Replacement of the Aorta

Recommendations for Intervention: Replacement  
of the Aorta in Patients With a BAV
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 18.

COR LOE Recommendations

1 B-NR

1. � In asymptomatic or symptomatic patients 
with a BAV and a diameter of the aortic 
sinuses or ascending aorta >5.5 cm, 
operative intervention to replace the aortic 
sinuses and/or the ascending aorta is 
recommended.185,197,198

2a B-NR

2. � In asymptomatic patients with a BAV, a 
diameter of the aortic sinuses or ascending 
aorta of 5.0 to 5.5 cm, and an additional 
risk factor for dissection (eg, family history 
of aortic dissection, aortic growth rate >0.5 
cm per year, aortic coarctation), operative 
intervention to replace the aortic sinuses and/
or the ascending aorta is reasonable if the 
surgery is performed at a Comprehensive Valve 
Center.193,198

2a B-NR

3. � In patients with a BAV with indications  
for SAVR and a diameter of the aortic  
sinuses or ascending aorta ≥4.5 cm, 
replacement of the aortic sinuses and/or 
ascending aorta is reasonable if the surgery 
is performed at a Comprehensive Valve 
Center.193,199–201

2b C-LD

4. � In patients with a BAV who meet criteria 
for replacement of the aortic sinuses, valve-
sparing surgery may be considered if the 
surgery is performed at a Comprehensive Valve 
Center.202,203

2b B-NR

5. � In asymptomatic patients with a BAV  
who are at low surgical risk, have a diameter 
of the aortic sinuses or ascending aorta of 
5.0 to 5.5 cm, and have no additional risk 
factors for dissection, operative intervention 
to replace the aortic sinuses and/or the 
ascending aorta may be considered if the 
surgery is performed at a Comprehensive 
Valve Center.193,199–201,204–208

5.1.2.2. Intervention: Repair or Replacement of the 

Aortic Valve

Recommendations for Intervention: Repair or Replacement  
of the Aortic Valve
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 18.

COR LOE Recommendations

2b C-LD

1. � In patients with BAV and severe AR who meet 
criteria for AVR, aortic valve repair may be 
considered in selected patients if the surgery 
is performed at a Comprehensive Valve 
Center.194,203,209

2b B-NR

2. � In patients with BAV and symptomatic,  
severe AS, TAVI may be considered as an 
alternative to SAVR after consideration of  
patient-specific procedural risks, values,  
trade-offs, and preferences, and when the 
surgery is performed at a Comprehensive Valve  
Center.210–212

6. MITRAL STENOSIS

6.2. Rheumatic MS
6.2.1. Diagnosis and Follow-Up of Rheumatic MS

6.2.1.1. Diagnostic Testing: Initial Diagnosis
Recommendations for Diagnostic Testing: Initial Diagnosis of 
Rheumatic MS
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 19.

COR LOE Recommendations

1 B-NR

1. � In patients with signs or symptoms of 
rheumatic MS, TTE is indicated to establish 
the diagnosis, quantify hemodynamic severity, 
assess concomitant valvular lesions, and 
demonstrate valve morphology (to determine 
suitability for mitral commissurotomy).213–215

1 C-LD

2. � In patients considered for percutaneous mitral 
balloon commissurotomy (PMBC), TEE should be 
performed to assess the presence or absence of LA 
thrombus and to evaluate the severity of MR.216–218

6.2.1.5. Diagnostic Testing: Exercise Testing
Recommendation for Diagnostic Testing: Exercise Testing in Patients 
With Rheumatic MS

COR LOE Recommendation

1 C-LD

1. � In patients with rheumatic MS and a 
discrepancy between resting echocardiographic 
findings and clinical symptoms, exercise 
testing with Doppler or invasive hemodynamic 
assessment is recommended to evaluate 
symptomatic response, exercise capacity, and 
the response of the mean mitral gradient and 
pulmonary artery pressure.219–223

6.2.2. Medical Therapy
Recommendations for Medical Therapy in Patients With Rheumatic MS
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 20.

COR LOE Recommendations

1 C-LD
1. � In patients with rheumatic MS and 1) AF, 2) 

a prior embolic event, or 3) an LA thrombus, 
anticoagulation with a VKA is indicated.224–230 

2a C-LD
2. � In patients with rheumatic MS and AF with a 

rapid ventricular response, heart rate control 
can be beneficial.231

2a A

3. � In patients with rheumatic MS in normal sinus 
rhythm with symptomatic resting or exertional 
sinus tachycardia, heart rate control can be 
beneficial to manage symptoms.232–238

6.2.3. Intervention
Recommendations for Intervention for Rheumatic MS
Referenced studies that support the recommendations are 
summarized in Online Data Supplements 21 to 24.

COR LOE Recommendations

1 A

1. � In symptomatic patients (NYHA class II, III, or 
IV) with severe rheumatic MS (mitral valve 
area ≤1.5 cm2, Stage D) and favorable valve 
morphology with less than moderate (2+) 
MR* in the absence of LA thrombus, PMBC 
is recommended if it can be performed at a 
Comprehensive Valve Center.214,239–249
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1 B-NR

2. � In severely symptomatic patients (NYHA class 
III or IV) with severe rheumatic MS (mitral 
valve area ≤1.5 cm2, Stage D) who 1) are not 
candidates for PMBC, 2) have failed a previous 
PMBC, 3) require other cardiac procedures, or 
4) do not have access to PMBC, mitral valve 
surgery (repair, commissurotomy, or valve 
replacement) is indicated.243,244,250 

2a B-NR

3. � In asymptomatic patients with severe 
rheumatic MS (mitral valve area ≤1.5 cm2, 
Stage C) and favorable valve morphology 
with less than 2+ MR in the absence of LA 
thrombus who have elevated pulmonary 
pressures (pulmonary artery systolic pressure 
>50 mm Hg), PMBC is reasonable if it can be 
performed at a Comprehensive Valve Center.251

2b C-LD

4. � In asymptomatic patients with severe rheumatic 
MS (mitral valve area ≤1.5 cm2, Stage C) and 
favorable valve morphology with less than 2+ 
MR* in the absence of LA thrombus who have 
new onset of AF, PMBC may be considered if it can 
be performed at a Comprehensive Valve Center.252

2b C-LD

5. � In symptomatic patients (NYHA class II, III, or IV) with 
rheumatic MS and an mitral valve area >1.5 cm2, 
if there is evidence of hemodynamically significant 
rheumatic MS on the basis of a pulmonary artery 
wedge pressure >25 mm Hg or a mean mitral 
valve gradient >15 mm Hg during exercise, PMBC 
may be considered if it can be performed at a 
Comprehensive Valve Center.253

2b B-NR

6. � In severely symptomatic patients (NYHA class 
III or IV) with severe rheumatic MS (mitral valve 
area ≤1.5 cm2, Stage D) who have a suboptimal 
valve anatomy and who are not candidates for 
surgery or are at high risk for surgery, PMBC 
may be considered if it can be performed at a 
Comprehensive Valve Center.213,215,254

*2+ on a 0 to 4+ scale according to Sellar’s criteria  or less than moderate 
by Doppler echocardiography.254a

6.3. Nonrheumatic Calcific MS
Recommendation for Nonrheumatic Calcific MS

COR LOE Recommendation

2b C-LD

1. � In severely symptomatic patients (NYHA class 
III or IV) with severe MS (mitral valve area ≤1.5 
cm2, Stage D) attributable to extensive mitral 
annular calcification, valve intervention may 
be considered only after discussion of the high 
procedural risk and the individual patient’s 
preferences and values.255–257

7. MITRAL REGURGITATION
7.2. Chronic Primary MR
7.2.2. Diagnosis and Follow-Up of Chronic Primary MR
7.2.2.1. Diagnostic Testing: Initial Diagnosis

Recommendations for Diagnostic Testing: Initial Diagnosis of Chronic MR
Referenced studies that support recommendations are summarized 
in Online Data Supplement 25.

COR LOE Recommendations

1 B-NR

1. � In patients with known or suspected primary 
MR, TTE is indicated for baseline evaluation 
of LV size and function, RV function, LA size, 
pulmonary artery pressure, and the mechanism 
and severity of primary MR (Stages A to D).258–262

1 C-EO

2. � In patients with primary MR, when TTE 
provides insufficient or discordant information, 
TEE is indicated for evaluation of the severity 
of MR, mechanism of MR, and status of LV 
function (Stages B to D).

1 B-NR

3. � In patients with primary MR, CMR is 
indicated to assess LV and RV volumes and 
function and may help with assessing MR 
severity when there is a discrepancy between 
the findings on clinical assessment and 
echocardiography.136,263–265 

1 B-NR

4. � In patients with severe primary MR undergoing 
mitral intervention, intraoperative TEE is 
indicated to establish the anatomic basis for 
primary MR (Stages C and D) and to guide 
repair.266,267

7.2.2.2. Diagnostic Testing: Changing Signs  
or Symptoms

Recommendation for Diagnostic Testing: Changing Signs or 
Symptoms in Patients With Primary MR
Referenced studies that support the recommendation are 
summarized in Online Data Supplement 26.

COR LOE Recommendation

1 B-NR

1. � In patients with primary MR (Stages B to 
D) and new-onset or changing symptoms, 
TTE is indicated to evaluate the mitral valve 
apparatus and LV function.268,269

7.2.2.3. Diagnostic Testing: Routine  
Follow-Up

Recommendations for Diagnostic Testing: Routine Follow-Up for 
Chronic Primary MR
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 27.

COR LOE Recommendations

1 B-NR

1. � For asymptomatic patients with severe primary 
MR (Stages B and C1), TTE is indicated 
every 6 to 12 months for surveillance of LV 
function (estimated by LVEF, LVEDD, and 
LVESD) and assessment of pulmonary artery 
pressure.262,270–279 

2b B-NR

2. � In asymptomatic patients with severe 
primary MR (Stages B and C1), use of serum 
biomarkers and novel measurements of LV 
function, such as global longitudinal strain, 
may be considered as an adjunct to guide 
timing of intervention.280–289 

7.2.2.5. Diagnostic Testing: Exercise Testing

Recommendation for Diagnostic Testing: Exercise Testing for 
Chronic Primary MR
Referenced studies that support the recommendation are 
summarized in Online Data Supplement 28.

COR LOE Recommendation

2a B-NR

1. � In patients with primary MR (Stages B and 
C) and symptoms that might be attributable 
to MR, hemodynamic exercise testing 
using Doppler echocardiography or cardiac 
catheterization or cardiopulmonary exercise 
testing is reasonable.290–293 

Recommendations for Intervention for Rheumatic MS (Continued)

COR LOE Recommendations

Recommendations for Diagnostic Testing: Initial Diagnosis of Chronic MR
(Continued)

COR LOE Recommendations
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7.2.3. Medical Therapy

Recommendations for Medical Therapy for Chronic Primary MR
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 29.

COR LOE Recommendations

2a B-NR

1. � In symptomatic or asymptomatic patients with 
severe primary MR and LV systolic dysfunction 
(Stages C2 and D) in whom surgery is not 
possible or must be delayed, GDMT for systolic 
dysfunction is reasonable.294–296 

3: No 
Benefit

B-NR

2. � In asymptomatic patients with primary MR 
and normal LV systolic function (Stages B and 
C1), vasodilator therapy is not indicated if the 
patient is normotensive.297–301

7.2.4. Intervention

Recommendations for Intervention for Chronic Primary MR
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 30.

COR LOE Recommendations

1 B-NR

1. � In symptomatic patients with severe primary 
MR (Stage D), mitral valve intervention is 
recommended irrespective of LV systolic 
function.269,302

1 B-NR

2. � In asymptomatic patients with severe primary 
MR and LV systolic dysfunction (LVEF ≤60%, 
LVESD ≥40 mm) (Stage C2), mitral valve 
surgery is recommended.261,262,272,273,275,303–305 

1 B-NR

3. � In patients with severe primary MR for whom 
surgery is indicated, mitral valve repair is 
recommended in preference to mitral valve 
replacement when the anatomic cause of MR 
is degenerative disease, if a successful and 
durable repair is possible.276,306–309

2a B-NR

4. � In asymptomatic patients with severe primary MR 
and normal LV systolic function (LVEF ≥60% and 
LVESD ≤40 mm) (Stage C1), mitral valve repair is 
reasonable when the likelihood of a successful 
and durable repair without residual MR is >95% 
with an expected mortality rate of <1%, when it 
can be performed at a Primary or Comprehensive 
Valve Center.273,308,310 

2b C-LD

5. � In asymptomatic patients with severe primary 
MR and normal LV systolic function (LVEF >60% 
and LVESD <40 mm) (Stage C1) but with a 
progressive increase in LV size or decrease in 
EF on ≥3 serial imaging studies, mitral valve 
surgery may be considered irrespective of the 
probability of a successful and durable repair.310

2a B-NR

6. � In severely symptomatic patients (NYHA class 
III or IV) with primary severe MR and high or 
prohibitive surgical risk, transcatheter edge-to-
edge repair (TEER) is reasonable if mitral valve 
anatomy is favorable for the repair procedure 
and patient life expectancy is at least 1 year.311,312

2b B-NR

7. � In symptomatic patients with severe primary 
MR attributable to rheumatic valve disease, 
mitral valve repair may be considered at a 
Comprehensive Valve Center by an experienced 
team when surgical treatment is indicated, if a 
durable and successful repair is likely.313

3: Harm B-NR

8. � In patients with severe primary MR where leaflet 
pathology is limited to less than one half the 
posterior leaflet, mitral valve replacement should 
not be performed unless mitral valve repair has 
been attempted at a Primary or Comprehensive 
Valve Center and was unsuccessful.276,306–308,314–316 

7.3. Chronic Secondary MR
7.3.2. Diagnosis of Chronic Secondary MR

Recommendations for Diagnosis of Secondary MR
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 31.

COR LOE Recommendations

1 B-NR

1. � In patients with chronic secondary MR (Stages 
B to D), TTE is useful to establish the etiology 
and to assess the extent of regional and 
global LV remodeling and systolic dysfunction, 
severity of MR, and magnitude of pulmonary 
hypertension.136,317

1 C-EO

2. � In patients with chronic secondary MR (Stages 
B to D), noninvasive imaging (stress nuclear/
PET, CMR, or stress echocardiography), 
coronary CT angiography, or coronary 
arteriography is useful to establish etiology of 
MR and to assess myocardial viability.

1 B-NR

3. � In patients with chronic secondary MR 
with severe symptoms (Stage D) that are 
unresponsive to GDMT who are being 
considered for transcatheter mitral valve 
interventions, TEE is indicated to determine 
suitability for the procedure.318–323

1 C-EO

4. � In patients with chronic secondary MR 
undergoing transcatheter mitral valve 
intervention, intraprocedural guidance with 
TEE is recommended.311,312,319,322,324–326

7.3.3. Medical Therapy
Recommendations for Medical Therapy for Secondary MR
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 31.

COR LOE Recommendations

1 A

1. � Patients with chronic severe secondary 
MR (Stages C and D) and HF with reduced 
LVEF should receive standard GDMT for 
HF, including ACE inhibitors, ARBs, beta 
blockers, aldosterone antagonists, and/or 
sacubitril/valsartan, and biventricular pacing as 
indicated.327–337

1 C-EO

2. � In patients with chronic severe secondary MR 
and HF with reduced LVEF, a cardiologist expert 
in the management of patients with HF and 
LV systolic dysfunction should be the primary 
MDT member responsible for implementing 
and monitoring optimal GDMT.318,335 

7.3.4. Intervention
Recommendations for Intervention for Secondary MR
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 31.

COR LOE Recommendations

2a B-R

1. � In patients with chronic severe secondary MR 
related to LV systolic dysfunction (LVEF <50%) 
who have persistent severe symptoms (NYHA 
class II, III, or IV) while on optimal GDMT for HF 
(Stage D), TEER is reasonable in patients with 
appropriate anatomy as defined on TEE and 
with LVEF between 20% and 50%, LVESD ≤70 
mm, and pulmonary artery systolic pressure 
≤70 mm Hg.318,338–344

2a B-NR

2. � In patients with severe secondary MR (Stages 
C and D), mitral valve surgery is reasonable 
when CABG is undertaken for the treatment 
of myocardial ischemia.345–351
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3. � In patients with chronic severe secondary MR 
from atrial annular dilation with preserved 
LV systolic function (LVEF ≥50%) who have 
severe persistent symptoms (NYHA class III 
or IV) despite therapy for HF and therapy 
for associated AF or other comorbidities 
(Stage D), mitral valve surgery may be 
considered.352–356

2b B-NR

4. � In patients with chronic severe secondary  
MR related to LV systolic dysfunction  
(LVEF <50%) who have persistent  
severe symptoms (NYHA class III or IV)  
while on optimal GDMT for HF (Stage D), 
mitral valve surgery may  
be considered.317,345,348,357–378

2b B-R

5. � In patients with CAD and chronic severe 
secondary MR related to LV systolic 
dysfunction (LVEF <50%) (Stage D) who  
are undergoing mitral valve surgery  
because of severe symptoms (NYHA 
class III or IV) that persist despite GDMT 
for HF, chordal-sparing mitral valve 
replacement may be reasonable to 
choose over downsized annuloplasty 
repair.317,345,348,357–367,379–382

8. TRICUSPID VALVE DISEASE
8.2. Tricuspid Regurgitation
8.2.1. Diagnosis of TR

Recommendations for Diagnosis of TR

COR LOE Recommendations

1 C-LD

1. � In patients with TR, TTE is indicated to evaluate 
the presence and severity of TR, determine 
the etiology, measure the sizes of the right-
sided chambers and inferior vena cava, assess 
RV systolic function, estimate pulmonary 
artery systolic pressure, and characterize any 
associated left-sided heart disease.136,383 

2a C-LD

2. � In patients with TR, invasive measurement 
of the cardiac index, right-sided diastolic 
pressures, pulmonary artery pressures, and 
pulmonary vascular resistance, as well as 
right ventriculography, can be useful when 
clinical and noninvasive data are discordant or 
inadequate.384–386 

8.2.2. Medical Therapy
Recommendations for Medical Therapy for TR

COR LOE Recommendations

2a C-EO
1. � In patients with signs and symptoms of right-

sided HF attributable to severe TR (Stages C 
and D), diuretics can be useful.

2a C-EO

2. � In patients with signs and symptoms of right-
sided HF attributable to severe secondary 
TR (Stages C and D), therapies to treat 
the primary cause of HF (eg, pulmonary 
vasodilators to reduce elevated pulmonary 
artery pressures, GDMT for HF with reduced 
LVEF, or rhythm control of AF) can be 
useful.387,388 

8.2.3. Timing of Intervention
Recommendations for Timing of Intervention
Referenced studies that support the recommendations  
are summarized in Online Data Supplement 32.

COR LOE Recommendations

1 B-NR

1. � In patients with severe TR (Stages C  
and D) undergoing left-sided valve 
surgery, tricuspid valve surgery is 
recommended.375,389–395 

2a B-NR

2. � In patients with progressive TR (Stage 
B) undergoing left-sided valve surgery, 
tricuspid valve surgery can be beneficial  
in the context of either 1) tricuspid  
annular dilation (tricuspid annulus end 
diastolic diameter >4.0 cm) or 2) prior  
signs and symptoms of right-sided  
HF.375,391–397 

2a B-NR

3. � In patients with signs and symptoms of  
right-sided HF and severe primary  
TR (Stage D), isolated tricuspid valve  
surgery can be beneficial to reduce  
symptoms and recurrent  
hospitalizations.398–401 

2a B-NR

4. � In patients with signs and symptoms of  
right-sided HF and severe isolated  
secondary TR attributable to annular  
dilation (in the absence of pulmonary 
hypertension or left-sided disease) who  
are poorly responsive to medical  
therapy (Stage D), isolated tricuspid valve 
surgery can be beneficial to reduce  
symptoms and recurrent 
hospitalizations.398,399,402–406

2b C-LD

5. � In asymptomatic patients with severe  
primary TR (Stage C) and progressive RV 
dilation or systolic dysfunction, isolated 
tricuspid valve surgery may be  
considered.399,407 

2b B-NR

6. � In patients with signs and symptoms of  
right-sided HF and severe TR (Stage D) who 
have undergone previous left-sided valve 
surgery, reoperation with isolated tricuspid 
valve surgery may be considered in  
the absence of severe pulmonary  
hypertension or severe RV systolic 
dysfunction.389,390,398,405 

10. MIXED VALVE DISEASE
10.1. Diagnosis of Mixed VHD

Recommendations for Diagnosis and Follow-Up of Patients With 
Mixed Valve Disease

COR LOE Recommendations

1 C-EO

1. � For patients with mixed valve disease,  
TTE is recommended to assess the  
etiology, severity, and pathophysiological 
impact.

2a C-EO

2. � In patients with ambiguous symptoms  
that are suspected to be attributable 
to mixed mitral valve disease, further 
assessment of filling pressure by using 
biomarkers or invasive hemodynamic 
measurements at rest or with exercise is 
reasonable.

Recommendations for Intervention for Secondary MR
(Continued)

COR LOE Recommendations
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10.2. Timing of Intervention for Mixed VHD
10.2.1. Intervention for Mixed AS and AR

Recommendations for Timing of Intervention for Mixed AS and AR
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 33.

COR LOE Recommendations

1 B-NR

1. � In symptomatic patients with combined AS and 
AR and a peak transvalvular jet velocity of at 
least 4.0 m/s or a mean transvalvular gradient of 
at least 40 mm Hg, AVR is recommended.408,409 

1 C-EO

2. � In asymptomatic patients with combined 
AS and AR who have a jet velocity of 
≥4.0 m/s with an LVEF <50%, SAVR is 
recommended.408,409

11. PROSTHETIC VALVES
11.1. Evaluation and Selection  
of Prosthetic Valves
11.1.1. Diagnosis and Follow-Up of Prosthetic Valves

Recommendations for Diagnosis and Follow-Up of Prosthetic Valves
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 34.

COR LOE Recommendations

1 B-NR

1. � In patients with a surgical or transcatheter 
prosthetic valve and in patients who have 
had valve repair, an initial postprocedural TTE 
study is recommended for evaluation of valve 
hemodynamics and ventricular function.410–413 

1 C-EO

2. � In patients with a prosthetic valve or prior valve 
repair and a change in clinical symptoms or 
signs suggesting valve dysfunction, repeat TTE 
is recommended. 

1 C-LD

3. � In patients with a prosthetic valve replacement 
or prior valve repair and clinical symptoms or 
signs that suggest prosthetic valve dysfunction, 
additional imaging with TEE, gated cardiac CT, 
or fluoroscopy is recommended, even if TTE 
does not show valve dysfunction.

2a C-LD

4. � In patients with a bioprosthetic surgical valve, 
TTE at 5 and 10 years and then annually 
after implantation is reasonable, even in the 
absence of a change in clinical status.

2a C-LD
5. � In patients with a bioprosthetic TAVI, TTE 

annually is reasonable.

11.1.2. Selection of Prosthetic Valve Type: 
Bioprosthetic Versus Mechanical Valve

Recommendations for Prosthetic Valve Type: Bioprosthetic Versus 
Mechanical Valve
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 35.

COR LOE Recommendations

1 C-LD

1. � For patients who require heart valve 
replacement, the choice of prosthetic valve 
should be based on a shared decision-making 
process that accounts for the patient’s values 
and preferences and includes discussion of 
the indications for and risks of anticoagulant 
therapy and the potential need for and risks 
associated with valve reintervention.

1 C-EO

2. � For patients of any age requiring valve 
replacement for whom anticoagulant therapy 
is contraindicated, cannot be managed 
appropriately, or is not desired, a bioprosthetic 
valve is recommended.

2a B-NR

3. � For patients <50 years of age who do not 
have a contraindication to anticoagulation 
and require AVR, it is reasonable to choose 
a mechanical aortic prosthesis over a 
bioprosthetic valve.110

2a B-NR

4. � For patients 50 to 65 years of age who require 
AVR and who do not have a contraindication 
to anticoagulation, it is reasonable to 
individualize the choice of either a mechanical 
or bioprosthetic AVR, with consideration of 
individual patient factors and after informed 
shared decision-making.110–119

2a B-NR
5. � In patients >65 years of age who require AVR, 

it is reasonable to choose a bioprosthesis over 
a mechanical valve.110

2a B-NR

6. � For patients <65 years of age who have 
an indication for mitral valve replacement, 
do not have a contraindication to 
anticoagulation, and are unable to undergo 
mitral valve repair, it is reasonable to choose 
a mechanical mitral prosthesis over a 
bioprosthetic valve.110,116,119,414 

2a B-NR

7. � For patients ≥65 years of age who require 
mitral valve replacement and are unable to 
undergo mitral valve repair, it is reasonable 
to choose a bioprosthesis over a mechanical 
valve.110,116,414

2b B-NR

8. � In patients <50 years of age who prefer a 
bioprosthetic AVR and have appropriate anatomy, 
replacement of the aortic valve by a pulmonic 
autograft (the Ross procedure) may be considered 
at a Comprehensive Valve Center.120–122

11.2. Antithrombotic Therapy

Recommendations for Antithrombotic Therapy for Prosthetic Valves
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 36.

COR LOE Recommendations

1 A
1. � In patients with a mechanical prosthetic 

valve, anticoagulation with a VKA is 
recommended.415–419

1 B-NR

2. � For patients with a mechanical bileaflet or 
current-generation single-tilting disk AVR 
and no risk factors for thromboembolism, 
anticoagulation with a VKA to achieve an INR 
of 2.5 is recommended.420–422

1 B-NR

3. � For patients with a mechanical AVR and 
additional risk factors for thromboembolism 
(eg, AF, previous thromboembolism, LV 
dysfunction, hypercoagulable state) or an 
older-generation prosthesis (eg, ball-in-cage), 
anticoagulation with a VKA is indicated to 
achieve an INR of 3.0.423,424 

1 B-NR
4. � For patients with a mechanical mitral valve 

replacement, anticoagulation with a VKA is 
indicated to achieve an INR of 3.0.423,425 

Recommendations for Prosthetic Valve Type: Bioprosthetic Versus 
Mechanical Valve (Continued)

COR LOE Recommendations
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2a B-R

5. � For patients with a bioprosthetic TAVI, 
aspirin 75 to 100 mg daily is reasonable in 
the absence of other indications for oral 
anticoagulants.426–428 

2a B-NR

6. � For all patients with a bioprosthetic SAVR or 
mitral valve replacement, aspirin 75 to 100 
mg daily is reasonable in the absence of other 
indications for oral anticoagulants.423,429–432

2a B-NR

7. � For patients with a bioprosthetic SAVR or 
mitral valve replacement who are at low risk 
of bleeding, anticoagulation with a VKA to 
achieve an INR of 2.5 is reasonable for at 
least 3 months and for as long as 6 months 
after surgical replacement.429,433–439

2b B-R

8. � For patients with a mechanical SAVR or mitral 
valve replacement who are managed with a 
VKA and have an indication for antiplatelet 
therapy, addition of aspirin 75 to 100 mg 
daily may be considered when the risk of 
bleeding is low.440 

2b B-R

9. � For patients with a mechanical On-X AVR and 
no thromboembolic risk factors, use of a VKA 
targeted to a lower INR (1.5–2.0) may be 
reasonable starting ≥3 months after surgery, 
with continuation of aspirin 75 to 100 mg 
daily.441,442

2b B-NR

10. � For patients with a bioprosthetic TAVI 
who are at low risk of bleeding, dual-
antiplatelet therapy with aspirin 75 to 
100 mg and clopidogrel 75 mg may be 
reasonable for 3 to 6 months after valve 
implantation.426,427,443

2b B-NR

11. � For patients with a bioprosthetic TAVI who 
are at low risk of bleeding, anticoagulation 
with a VKA to achieve an INR of 2.5 may be 
reasonable for at least 3 months after valve 
implantation.437, 445–447

3: Harm B-R

12. � For patients with bioprosthetic TAVI, 
treatment with low-dose rivaroxaban 
(10 mg daily) plus aspirin (75–100 mg) is 
contraindicated in the absence of other 
indications for oral anticoagulants.444

3: Harm B-R

13. � For patients with a mechanical valve 
prosthesis, anticoagulation with the 
direct thrombin inhibitor, dabigatran, is 
contraindicated.418,419

3: Harm C-EO

14. � For patients with a mechanical valve 
prosthesis, the use of anti-Xa direct oral 
anticoagulants has not been assessed and is 
not recommended.448–451 

11.3. Bridging Therapy

Recommendations for Bridging Therapy During Interruption of Oral 
Anticoagulation in Patients With Prosthetic Heart Valves

COR LOE Recommendations

1 C-EO

1. � For patients with mechanical heart valves 
who are undergoing minor procedures (eg, 
dental extractions or cataract removal) where 
bleeding is easily controlled, continuation of 
VKA anticoagulation with a therapeutic INR is 
recommended.

1 C-LD

2. � For patients with a bileaflet mechanical AVR 
and no other risk factors for thromboembolism 
who are undergoing invasive procedures, 
temporary interruption of VKA 
anticoagulation, without bridging agents while 
the INR is subtherapeutic, is recommended.

2a C-LD

3. � For patients with a mechanical valve prosthesis 
receiving VKA therapy who require immediate/
emergency noncardiac surgery or an invasive 
procedure, administration of 4-factor 
prothrombin complex concentrate (or its 
activated form) is reasonable.

2a C-LD

4. � For patients with bioprosthetic heart valves 
or annuloplasty rings who are receiving 
anticoagulation for AF, it is reasonable to 
consider the need for bridging anticoagulant 
therapy around the time of invasive procedures 
on the basis of the CHA2DS2-VASc score 
weighed against the risk of bleeding.

2a C-LD

5. � For patients who are undergoing invasive 
procedures and have 1) a mechanical AVR 
and any thromboembolic risk factor, 2) an 
older-generation mechanical AVR, or 3) a 
mechanical mitral valve replacement, bridging 
anticoagulation therapy during the preoperative 
time interval when the INR is subtherapeutic is 
reasonable on an individualized basis, with the 
risks of bleeding weighed against the benefits 
of thromboembolism prevention.

11.4. Excessive Anticoagulation and 
Serious Bleeding With Prosthetic Valves

Recommendations for Management of Excessive Anticoagulation 
and Serious Bleeding in Patients With Prosthetic Valves
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 37.

COR LOE Recommendations

2a C-LD

1. � For patients with mechanical valves and 
uncontrollable bleeding who require 
immediate reversal of anticoagulation, 
administration of 4-factor prothrombin 
complex (or its activated form) is reasonable. 

2a C-LD

2. � For patients with mechanical valves and 
uncontrollable bleeding who have received 
4-factor prothrombin concentrate complex, 
adjunctive use of intravenous vitamin K is 
reasonable if resumption of VKA therapy is not 
anticipated for 7 days. 

2a B-NR

3. � For patients with bioprosthetic valves or 
annuloplasty rings who are receiving a 
direct oral anticoagulant and who require 
immediate reversal of anticoagulation because 
of uncontrollable bleeding, treatment with 
idarucizumab (for dabigatran) or andexanet 
alfa (for anti-Xa agents) is reasonable.452–456 

2b C-LD

4. � For patients with a mechanical prosthetic valve 
and supratherapeutic INR (>5.0) who are not 
actively bleeding, the benefit of individualized 
treatment with oral vitamin K, in addition 
to temporary withdrawal of the VKA, is 
uncertain. 

Recommendations for Bridging Therapy During Interruption of 
Oral Anticoagulation in Patients With Prosthetic Heart Valves
(Continued)

COR LOE Recommendations

Recommendations for Antithrombotic Therapy for Prosthetic Valves
(Continued)

COR LOE Recommendations
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11.5. Thromboembolic Events With 
Prosthetic Valves

Recommendations for Management of Thromboembolic Events 
With Prosthetic Valves

COR LOE Recommendations

2a C-EO

1. � In patients with a mechanical AVR who 
experience a stroke or systemic embolic 
event while in therapeutic range on VKA 
anticoagulation, it is reasonable to increase the 
INR goal from 2.5 (range, 2.0–3.0) to 3.0 (range, 
2.5–3.5) or to add daily low-dose aspirin (75–
100 mg), with assessment of bleeding risk. 

2a C-EO

2. � In patients with a mechanical mitral valve 
replacement who experience a stroke or systemic 
embolic event while in therapeutic range on VKA 
anticoagulation, it is reasonable to increase the 
INR goal from 3.0 (range, 2.5–3.5) to 4.0 (range, 
3.5–4.0) or to add daily low-dose aspirin (75–100 
mg), with assessment of bleeding risk.

2b C-EO

3. � In patients with a bioprosthetic surgical or 
transcatheter aortic valve or bioprosthetic 
mitral valve who experience a stroke or 
systemic embolic event while on antiplatelet 
therapy, VKA anticoagulation, instead of 
antiplatelet therapy may be considered after 
assessment of bleeding risk.457,458

11.6. Acute Mechanical Valve Thrombosis
11.6.1. Diagnosis of Acute Mechanical Valve 
Thrombosis

Recommendation for Diagnosis of Acute Mechanical Valve Thrombosis
Referenced studies that support the recommendation are 
summarized in Online Data Supplement 38.

COR LOE Recommendation

1 B-NR

1. � In patients with suspected mechanical 
prosthetic valve thrombosis, urgent 
evaluation with TTE, TEE, fluoroscopy, and/
or multidetector CT imaging is indicated to 
assess valve function, leaflet motion, and the 
presence and extent of thrombus.459–465

11.6.2. Intervention
Recommendation for Intervention for Mechanical Prosthetic Valve 
Thrombosis
Referenced studies that support the recommendation are 
summarized in Online Data Supplement 38.

COR LOE Recommendation

1 B-NR

1. � For patients with a thrombosed left-sided 
mechanical prosthetic heart valve who present 
with symptoms of valve obstruction, urgent 
initial treatment with either slow-infusion, low-
dose fibrinolytic therapy or emergency surgery is 
recommended.466–477

11.7. Bioprosthetic Valve Thrombosis
11.7.1. Diagnosis of Bioprosthetic Valve Thrombosis

Recommendation for Diagnosis of Bioprosthetic Valve Thrombosis

COR LOE Recommendation

2a C-LD
1. � In patients with suspected bioprosthetic valve 

thrombosis, 3D TEE or 4D CT imaging can be 
useful to rule out leaflet thrombosis.446,457,458,478,479 

11.7.2. Medical Therapy
Recommendation for Medical Therapy
Referenced studies that support recommendation are  
summarized in Online Data Supplement 39.

COR LOE Recommendation

2a B-NR

1. � In patients with suspected or confirmed 
bioprosthetic valve thrombosis who are 
hemodynamically stable and have no 
contraindications to anticoagulation, 
initial treatment with a VKA is 
reasonable.445,446,480–483 

11.8. Prosthetic Valve Stenosis
11.8.1. Diagnosis of Prosthetic Valve Stenosis

Recommendations for Diagnosis of Prosthetic Valve Stenosis
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 40.

COR LOE Recommendations

1 B-NR

1. � In patients with suspected mechanical or 
bioprosthetic valve stenosis, TTE and TEE are 
recommended to diagnosis the cause and 
severity of valve obstruction, assess ventricular 
function, and estimate pulmonary artery 
systolic pressure.484,485

1 C-EO
2. � In patients with mechanical valve stenosis, 

fluoroscopy or cine-CT is recommended to 
assess motion of the mechanical valve leaflets. 

2a C-LD
3. � In patients with bioprosthetic valve stenosis, 

3D TEE or 4D CT imaging can be useful to rule 
out leaflet thrombosis.446,457,458,478,479 

11.8.2. Intervention for Prosthetic Valve Stenosis
Recommendations for Intervention for Prosthetic Valve Stenosis
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 40.

COR LOE Recommendations

1 B-NR

1. � In patients with symptomatic severe stenosis of 
a bioprosthetic or mechanical prosthetic valve, 
repeat surgical intervention is indicated unless 
surgical risk is high or prohibitive.486–488

2a B-NR

2. � For severely symptomatic patients with 
bioprosthetic aortic valve stenosis and high or 
prohibitive surgical risk, a transcatheter ViV 
procedure is reasonable when performed at a 
Comprehensive Valve Center.489,490

2a B-NR

3. � For patients with significant bioprosthetic 
valve stenosis attributable to suspected 
or documented valve thrombosis, 
oral anticoagulation with a VKA is 
reasonable.445,446,458,480–483,491 

11.9. Prosthetic Valve Regurgitation
11.9.1. Diagnosis of Prosthetic Valve Regurgitation

Recommendations for Diagnosis of Prosthetic Valve Regurgitation
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 41.

COR LOE Recommendations

1 B-NR

1. � In patients with suspected mechanical or 
bioprosthetic valve regurgitation, TTE and TEE are 
recommended to determine the cause and severity 
of the leak, assess ventricular function, and estimate 
pulmonary artery systolic pressure.323,484,485,492
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1 C-EO

2. � In patients undergoing a transcatheter 
procedure for paravalvular prosthetic 
regurgitation, 3D TEE is recommended for 
intraprocedural guidance.492–495

11.9.3. Intervention
Recommendations for Intervention
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 41.

COR LOE Recommendations

1 B-NR

1. � In patients with intractable hemolysis or  
HF attributable to prosthetic transvalvular  
or paravalvular leak, surgery is  
recommended unless surgical risk is high  
or prohibitive.119,488,496,497

2a B-NR
2. � In asymptomatic patients with severe 

prosthetic regurgitation and low operative risk, 
surgery is reasonable.119,488,496,497

2a B-NR

3. � In patients with prosthetic paravalvular 
regurgitation with the following: 1) either 
intractable hemolysis or NYHA class III 
or IV symptoms and 2) who are at high 
or prohibitive surgical risk and 3) have 
anatomic features suitable for catheter-based 
therapy, percutaneous repair of paravalvular 
leak is reasonable when performed at a 
Comprehensive Valve Center.498–502

2a B-NR

4. � For patients with severe HF symptoms caused 
by bioprosthetic valve regurgitation who are at 
high to prohibitive surgical risk, a transcatheter 
ViV procedure is reasonable when performed at 
a Comprehensive Valve Center.489,503,504

12. INFECTIVE ENDOCARDITIS
12.2. Diagnosis of IE
Tables in this section are located in the full guideline.1

Recommendations for Diagnosis of IE
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 42.

COR LOE Recommendations

1 B-NR

1. � In patients at risk of IE (eg, those with congenital 
or acquired VHD, previous IE, prosthetic heart 
valves, certain congenital or heritable heart 
malformations, immunodeficiency states, or 
injection drug use) who have unexplained fever 
blood, culture samples should be obtained.505 

1 B-NR
2. � In patients with the recent onset of left-sided 

valve regurgitation, at least 2 sets of blood 
culture samples should be obtained.505–516

1 B-NR
3. � In patients with suspected IE, the Modified 

Duke Criteria should be used for diagnosis 
(Tables 24 and 25).506–514 

1 B-NR

4. � Patients with IE should be evaluated 
and managed with consultation with a 
multispecialty Heart Valve Team, which 
includes an infectious disease specialist, 
cardiologist, and cardiac surgeon; a cardiac 
anesthesiologist for surgically managed 
patients515; and a neurologist for patients with 
neurological events.515–517 

1 B-NR

5. � In patients with suspected IE, TTE is 
recommended to identify vegetations, 
characterize the hemodynamic severity of 
valvular lesions, assess ventricular function 
and pulmonary pressures, and detect 
complications.518–527 

1 B-NR

6. � In all patients with known or suspected 
IE and nondiagnostic TTE results, when 
complications have developed or are clinically 
suspected or when intracardiac device leads 
are present, TEE is recommended.525,527–544 

1 B-NR

7. � In patients with IE who have a change in clinical 
signs or symptoms (eg, new murmur, embolism, 
persistent fever, HF, abscess, or atrioventricular 
heart block) and in patients at high risk of 
complications (eg, extensive infected tissue, 
large vegetation on initial echocardiogram, 
or staphylococcal, enterococcal, or fungal 
infections), TTE and/or TEE are recommended 
for reevaluation.528,535,545–550 

1 B-NR
8. � In patients undergoing valve surgery for IE, 

intraoperative TEE is recommended.551–554 

1 B-NR

9. � In patients being considered for an early 
change to oral antibiotic therapy for the 
treatment of stable IE, a baseline TEE before 
switching to oral therapy and a repeat TEE 
1 to 3 days before completion of the oral 
antibiotic regimen should be performed.555 

2a B-NR
10. � In patients with Staphylococcus aureus 

bacteremia without a known source, TEE is 
reasonable to diagnose possible IE.515,540,556–560 

2a B-NR

11. � In patients with a prosthetic valve in the 
presence of persistent fever without 
bacteremia or a new murmur, a TEE is 
reasonable to aid in the diagnosis of IE.561–564 

2a B-NR

12. � In patients in whom the anatomy cannot be 
clearly delineated by echocardiography in the 
setting of suspected paravalvular infections, 
CT imaging is reasonable.461,541,565–571

2a B-NR

13. � In patients classified by Modified 
Duke Criteria as having “possible IE,” 
18F-fluorodeoxyglucose PET/CT is reasonable 
as adjunct diagnostic imaging.572–574 

2b B-NR

14. � In patients with nosocomial S. aureus 
bacteremia with a known portal of entry 
from an extracardiac source, TEE might 
be considered to detect concomitant 
staphylococcal IE.526,557,558,575–577 

12.3. Medical Therapy

Recommendations for Medical Therapy for IE
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 42.

COR LOE Recommendations

1 B-NR

1. � In patients with IE, appropriate antibiotic 
therapy should be initiated and continued after 
blood cultures are obtained, with guidance 
from antibiotic sensitivity data and the 
infectious disease experts on the MDT.578–584 

1 B-R
2. � Patients with suspected or confirmed IE associated 

with drug use should be referred to addiction 
treatment for opioid substitution therapy.585–587

Recommendations for Diagnosis of IE (Continued)

COR LOE Recommendations

Recommendations for Diagnosis of Prosthetic Valve Regurgitation 
(Continued)

COR LOE Recommendations
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2a B-NR

3. � In patients with IE and with evidence of cerebral 
embolism or stroke, regardless of the other 
indications for anticoagulation, it is reasonable to 
temporarily discontinue anticoagulation.423,588–600 

2b B-R

4. � In patients with left-sided IE caused by 
streptococcus, Enterococcus faecalis, S. aureus, 
or coagulase-negative staphylococci deemed 
stable by the MDT after initial intravenous 
antibiotics, a change to oral antibiotic therapy 
may be considered if TEE before the switch to 
oral therapy shows no paravalvular infection, 
if frequent and appropriate follow-up can be 
assured by the care team, and if a follow-up 
TEE can be performed 1 to 3 days before the 
completion of the antibiotic course.555 

2b B-NR

5. � In patients receiving VKA anticoagulation 
at the time of IE diagnosis, temporary 
discontinuation of VKA anticoagulation may 
be considered.589,601–609 

3: Harm C-LD
6. � Patients with known VHD should not receive 

antibiotics before blood cultures are obtained 
for unexplained fever.598,610,611 

12.4. Intervention

Recommendations for Intervention for IE
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 42.

COR LOE Recommendations

1 B-NR
1. � Decisions about the timing of surgical 

intervention for IE should be made by a Heart 
Valve Team.612–617

1 B-NR

2. � In patients with IE who present with valve 
dysfunction resulting in symptoms of HF, early 
surgery (during initial hospitalization and 
before completion of a full therapeutic course 
of antibiotics) is indicated.598,618–629

1 B-NR

3. � In patients with left-sided IE caused by S. 
aureus, a fungal organism, or other highly 
resistant organisms, early surgery (during 
initial hospitalization and before completion 
of a full therapeutic course of antibiotics) is 
indicated.515,598,618,625,630–644 

1 B-NR

4. � In patients with IE complicated by heart block, 
annular or aortic abscess, or destructive penetrating 
lesions, early surgery (during initial hospitalization 
and before completion of a full therapeutic course 
of antibiotics) is indicated.598,618,645–653 

1 B-NR

5. � In patients with IE and evidence of persistent 
infection as manifested by persistent bacteremia 
or fevers lasting >5 days after onset of 
appropriate antimicrobial therapy, early surgery 
(during initial hospitalization and before 
completion of a full therapeutic course of 
antibiotics) for IE is indicated.598,618,625,634,635,654–657 

1 B-NR

6. � In all patients with definite endocarditis and an 
implanted cardiac electronic device, complete 
removal of the pacemaker or defibrillator 
systems, including all leads and the generator, 
is indicated.544,658–663 

1 C-LD

7. � For patients with prosthetic valve endocarditis 
and relapsing infection (defined as recurrence 
of bacteremia after a complete course of 
appropriate antibiotics and subsequent negative 
blood culture results) without other identifiable 
source of infection, surgery is recommended.618 

1 C-LD

  8.� �In patients with recurrent endocarditis and 
continued intravenous drug use, consultation 
with addiction medicine is recommended 
to discuss the long-term prognosis for the 
patient’s refraining from actions that risk 
reinfection before repeat surgical intervention 
is considered.585,587,664–666

2a B-NR

  9.� �In patients with IE who present with recurrent 
emboli and persistent vegetations despite 
appropriate antibiotic therapy, early surgery 
(during initial hospitalization and before 
completion of a full therapeutic course of 
antibiotics) is reasonable.518,542,661,667–670 

2b B-NR

10.� �In patients with native left-sided 
valve endocarditis who exhibit mobile 
vegetations >10 mm in length (with 
or without clinical evidence of embolic 
phenomenon), early surgery (during initial 
hospitalization and before completion of a 
full therapeutic course of antibiotics) may be 
considered.515,518,667,668,671 

2b B-NR

11.� �In patients with IE and an indication 
for surgery who have suffered a stroke 
but have no evidence of intracranial 
hemorrhage or extensive neurological 
damage, operation without delay may be 
considered.672–674 

2b B-NR

12.� �For patients with IE and major ischemic 
stroke with extensive neurological damage 
or intracranial hemorrhage, if the patient 
is hemodynamically stable, delaying 
valve surgery for at least 4 weeks may be 
considered.672,675

13. PREGNANCY AND VHD
13.1. Initial Management of Women With 
VHD Before and During Pregnancy

Recommendations for Initial Management of Women With VHD 
Before and During Pregnancy
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 43.

COR LOE Recommendations

1 B-NR

1. � Women with suspected valve disease 
who are considering pregnancy should 
undergo a clinical evaluation and TTE before 
pregnancy.676–680 

1 B-NR

2. � Women with severe valve disease (Stages 
C and D) who are considering pregnancy 
should undergo pre-pregnancy counseling 
by a cardiologist with expertise in managing 
women with VHD during pregnancy.676–680

1 B-NR

3. � Pregnant women with severe valve disease 
(Stages C and D) should be monitored in a 
tertiary-care center with a dedicated Heart 
Valve Team of cardiologists, surgeons, 
anesthesiologists, and maternal-fetal medicine 
obstetricians with expertise in the management 
of high-risk cardiac conditions during 
pregnancy.676–687 

2a B-NR

4. � In asymptomatic women with severe valve 
disease (Stage C1) who are considering 
pregnancy, exercise testing is reasonable before 
pregnancy for risk assessment.62,64,678–680,686,688

Recommendations for Medical Therapy for IE (Continued)

COR LOE Recommendations

Recommendations for Intervention for IE (Continued)

COR LOE Recommendations
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13.1.1. Medical Therapy for Women With VHD 
Before and During Pregnancy

Recommendations for Medical Therapy of Pregnant Women With VHD
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 43.

COR LOE Recommendations

2a C-LD
1. � In pregnant women with VHD, beta-blocker 

medications are reasonable as required for heart 
rate control or treatment of arrhythmias.678,689–693 

2a C-LD
2. � In pregnant women with VHD and HF 

symptoms (Stage D), diuretic medications are 
reasonable if needed for volume overload.676,694 

3: Harm B-NR
3. � In pregnant women with VHD, ACE inhibitors 

and ARBs should not be given because of fetal 
risk.693,695–697 

13.1.2. Intervention for Women With Native VHD 
Before and During Pregnancy

13.1.2.1. Pre-Pregnancy Intervention
Recommendations for Pre-Pregnancy Intervention in Women With VHD
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 43.

COR LOE Recommendations

1 B-NR

1. � In symptomatic women with severe VHD who 
are considering pregnancy, intervention before 
pregnancy is recommended on the basis of 
standard indications.677,679,681,686,698–704 

1 C-EO

2. � In women who require a valve intervention before 
pregnancy, the choice of prosthetic valve should be 
based on a shared decision-making process that 
accounts for the patient’s values and preferences, 
including discussion of the risks of mechanical 
valves during pregnancy and the reduced durability 
of bioprosthetic valves in young women.

2a C-LD

3. � In asymptomatic women with severe rheumatic 
MS (mitral valve area ≤1.5 cm2, Stage C1) 
who are considering pregnancy, PMBC at a 
Comprehensive Valve Center is reasonable 
before pregnancy for those who have 
favorable valve morphology.677,679,698–700,705,706 

2a B-NR

4. � In women of childbearing age who require 
valve replacement, bioprosthetic valves are 
preferred over mechanical valves because 
of the increased maternal and fetal risks of 
mechanical heart valves in pregnancy.707

2a C-EO

5. � In asymptomatic women with severe AS (aortic 
velocity ≥4.0 m/s or mean pressure gradient ≥40 
mm Hg, Stage C) who are considering pregnancy, 
valve intervention before pregnancy is reasonable.

2b C-EO

6. � In asymptomatic women with severe AS (aortic 
velocity ≥4.0 m/s or mean pressure gradient 
≥40 mm Hg, Stage C1) who are considering 
pregnancy, do not meet COR 1 criteria for 
intervention, and have a preconception 
evaluation confirming the absence of symptoms 
(including normal exercise stress testing 
and serum BNP measurements), medical 
management during pregnancy may be 
considered to avoid prosthetic valve replacement.

2b C-EO

7. � In asymptomatic women with severe MR 
(Stage C1) and a valve suitable for repair who 
are considering pregnancy, valve repair before 
pregnancy at a Comprehensive Valve Center may 
be considered but only after detailed discussion 
with the patient about the risks and benefits of 
the surgery and its effect on future pregnancies.

13.1.2.2. During-Pregnancy Intervention
Recommendations for Intervention During Pregnancy in Women 
With VHD
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 43.

COR LOE Recommendations

2a B-NR

1. � In pregnant women with severe AS (mean 
pressure gradient ≥40 mm Hg, Stage 
D), valve intervention during pregnancy 
is reasonable if there is hemodynamic 
deterioration or if there are NYHA class III or 
IV HF symptoms.701,708–713 

2a B-NR

2. � In pregnant women with severe rheumatic 
MS (mitral valve area ≤1.5 cm2, Stage D) and 
with valve morphology favorable for PMBC 
who remain symptomatic with NYHA class III 
or IV HF symptoms despite medical therapy, 
PMBC is reasonable during pregnancy if 
it is performed at a Comprehensive Valve 
Center.714–718 

2a C-LD

3. � In pregnant women with severe  
valve regurgitation and with NYHA  
class IV HF symptoms (Stage D)  
refractory to medical therapy, valve  
surgery is reasonable during  
pregnancy.719–722 

3: Harm C-LD

4. � In pregnant women with VHD, valve  
surgeries should not be performed  
in the absence of severe HF  
symptoms refractory to medical  
therapy.719–722 

13.2. Prosthetic Valves in Pregnant  
Women
13.2.1. Initial Management

Recommendations for Initial Management of Prosthetic Heart 
Valves in Pregnant Women
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 44.

COR LOE Recommendations

1 C-EO

1. � Women with a prosthetic valve should 
undergo pre-pregnancy assessment, 
including echocardiography, by  
a cardiologist with expertise in  
managing women with VHD during 
pregnancy.

1 C-EO

2. � Pregnant women with a mechanical  
prosthesis should be monitored in a  
tertiary-care center with a dedicated MDT 
of cardiologists, surgeons, anesthesiologists, 
and maternal-fetal medicine obstetricians 
with expertise in the management of 
high-risk cardiac conditions during 
pregnancy.723–725 

1 B-NR

3. � Women with mechanical heart valves 
considering pregnancy should be counselled 
that pregnancy is high risk and that 
there is no anticoagulation strategy that 
is consistently safe for the mother and 
baby.707,725–727 

1 B-NR

4. � Pregnant women with a mechanical prosthetic 
valve who have prosthetic valve obstruction or 
experience an embolic event should undergo 
a TEE.470,473,485

D
ow

nloaded from
 http://ahajournals.org by on July 11, 2021

https://www.ahajournals.org/doi/suppl/10.1161/CIR.0000000000000932
https://www.ahajournals.org/doi/suppl/10.1161/CIR.0000000000000932
https://www.ahajournals.org/doi/suppl/10.1161/CIR.0000000000000932
https://www.ahajournals.org/doi/suppl/10.1161/CIR.0000000000000932


Otto et al� 2020 ACC/AHA Guideline for the Management of Valvular Heart Disease: Executive Summary

February 2, 2021� Circulation. 2021;143:e35–e71. DOI: 10.1161/CIR.0000000000000932e52

CL
IN

IC
AL

 S
TA

TE
M

EN
TS

  
AN

D 
GU

ID
EL

IN
ES

13.2.2. Anticoagulation for Pregnant Women 
With Mechanical Prosthetic Heart Valves

Recommendations for Anticoagulation for Pregnant Women With 
Mechanical Prosthetic Heart Valves
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 44.

COR LOE Recommendations

1 B-NR
1. � Pregnant women with mechanical prostheses 

should receive therapeutic anticoagulation with 
frequent monitoring during pregnancy.723,726,728–735 

1 B-NR

2. � Women with mechanical heart valves who 
cannot maintain therapeutic anticoagulation 
with frequent monitoring should be counseled 
against pregnancy.707,724,725,732,733,735–737 

1 B-NR

3. � Women with mechanical heart valves and their 
providers should use shared decision-making 
to choose an anticoagulation strategy for 
pregnancy. Women should be informed that 
VKA during pregnancy is associated with the 
lowest likelihood of maternal complications 
but the highest likelihood of miscarriage, fetal 
death, and congenital abnormalities, particularly 
if taken during the first trimester and if the 
warfarin dose exceeds 5 mg/d.707,725–727,729–731 

1 C-LD

4. � Pregnant women with mechanical valve 
prostheses who are on warfarin should switch to 
twice-daily LMWH (with a target anti-Xa level of 
0.8 U/mL to 1.2 U/mL at 4 to 6 hours after dose) 
or intravenous UFH (with an activated partial 
thromboplastin time [aPTT] 2 times control) at 
least 1 week before planned delivery.730,733,736,738–741 

1 C-LD

5. � Pregnant women with mechanical valve 
prostheses who are on LMWH should switch 
to UFH (with an aPTT 2 times control) at least 
36 hours before planned delivery.740–742 

1 C-LD
6. � Pregnant women with valve prostheses 

should stop UFH at least 6 hours before 
planned vaginal delivery.740–742 

1 C-LD

7. � If labor begins or urgent delivery is required in 
a woman therapeutically anticoagulated with 
a VKA, cesarean section should be performed 
after reversal of anticoagulation.726,743,744 

2a B-NR

8. � For pregnant women with mechanical 
prostheses who require a dose of warfarin ≤5 
mg/d to maintain a therapeutic INR, continuation 
of warfarin for all 3 trimesters is reasonable after 
full discussion with the patient about risks and 
benefits.726,727,731,739,743,745,746 

2a B-NR

9. � For pregnant women with mechanical 
prostheses who require >5 mg/d of warfarin 
to achieve a therapeutic INR, dose-adjusted 
LMWH (with a target anti-Xa level of 0.8 to 
1.2 U/mL at 4 to 6 hours after dose) at least 
2 times per day during the first trimester, 
followed by warfarin during the second and 
third trimesters, is reasonable.726,727,731,737,746

2a B-NR

10. � For pregnant women with mechanical 
prostheses who require a dose of warfarin >5 
mg/d to achieve a therapeutic INR, and for 
whom dose-adjusted LMWH is unavailable, 
dose-adjusted continuous intravenous UFH 
during the first trimester (with aPTT 2 times 
control), followed by warfarin for the second 
and third trimesters, is reasonable.707,726,727,731 

2a B-NR

11. � For hemodynamically stable pregnant women 
with obstructive left-sided mechanical valve 
thrombosis, it is reasonable to manage with 
slow-infusion, low-dose fibrinolytic therapy.470 

2b B-NR

12. � For pregnant women with mechanical 
prostheses who require a warfarin dose >5 
mg/d to achieve a therapeutic INR, dose-
adjusted LMWH (with a target anti-Xa level of 
0.8 to 1.2 U/mL at 4 to 6 hours after dose) at 
least 2 times per day for all 3 trimesters may be 
considered.725–727,731,737,747 

2b B-NR

13. � For pregnant women with mechanical 
prostheses who require a dose of warfarin 
≤5 mg/d to maintain a therapeutic INR, 
dose-adjusted LMWH at least 2 times per 
day during the first trimester, followed by 
warfarin for the second and third trimesters, 
may be considered.723,724,726–728,731,743 

2b B-NR

14. � For pregnant women with mechanical 
prostheses, aspirin 75 to 100 mg daily may be 
considered, in addition to anticoagulation, if 
needed for other indications.440 

3: Harm B-NR

15. � For pregnant women with mechanical 
prostheses, LMWH should not be administered 
unless anti-Xa levels are monitored 4 to 6 
hours after administration and dose is adjusted 
according to levels.733–735,737,747 

3: Harm B-R

16. � For patients with mechanical valve 
prostheses, anticoagulation with the direct 
thrombin inhibitor, dabigatran, should not be 
administered.419 

3: Harm C-EO

17. � The use of anti-Xa direct oral anticoagulants 
with mechanical heart valves in pregnancy 
has not been assessed and is not 
recommended.748–750 

14. SURGICAL CONSIDERATIONS
14.1. Evaluation and Management of 
CAD in Patients With VHD
14.1.1. Management of CAD in Patients 
Undergoing TAVI

Recommendations for Management of CAD in Patients  
Undergoing TAVI
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 45.

COR LOE Recommendations

1 C-EO

1. � In patients undergoing TAVI, 1) contrast-
enhanced coronary CT angiography (in 
patients with a low pretest probability for 
CAD) or 2) an invasive coronary angiogram is 
recommended to assess coronary anatomy and 
guide revascularization. 

2a C-LD

2. � In patients undergoing TAVI with significant 
left main or proximal CAD with or without 
angina, revascularization by PCI before TAVI is 
reasonable.751,752

2a C-LD

3. � In patients with significant AS and significant 
CAD (luminal reduction >70% diameter, 
fractional flow reserve <0.8, instantaneous 
wave-free ratio <0.89) consisting of complex 
bifurcation left main and/or multivessel CAD 
with a SYNTAX (Synergy Between Percutaneous 
Coronary Intervention With Taxus and Cardiac 
Surgery) score >33, SAVR and CABG are 
reasonable and preferred over TAVI and PCI.753,754

Recommendations for Anticoagulation for Pregnant Women With 
Mechanical Prosthetic Heart Valves (Continued)

COR LOE Recommendations
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14.1.2. Management of CAD in Patients 
Undergoing Valve Surgery

Recommendations for Management of CAD in Patients Undergoing 
Valve Surgery
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 45.

COR LOE Recommendations

1 C-LD

1. � In patients with symptoms of angina, objective 
evidence of ischemia, decreased LV systolic 
function, history of CAD, or coronary risk 
factors (including men >40 years of age and 
postmenopausal women), invasive coronary 
angiography is indicated before valve 
intervention.755–762

1 C-LD

2. � In patients with chronic severe secondary 
MR, invasive coronary angiography should 
be performed as part of the  
evaluation.763–765

2a B-NR

3. � In selected patients with a low to intermediate 
pretest probability of CAD, contrast-enhanced 
coronary CT angiography is reasonable to 
exclude the presence of significant obstructive 
CAD.766–772

2a C-LD

4. � In patients undergoing valve repair or 
replacement with significant proximal CAD 
(≥70% reduction in luminal diameter in major 
coronary arteries or ≥50% reduction in luminal 
diameter in the left main coronary artery 
and/or physiologically significance), CABG is 
reasonable for selective patients.754,773

14.2. Intervention for AF in Patients  
With VHD

Recommendations for Intervention for AF in Patients  
With VHD
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 46.

COR LOE Recommendations

1 C-LD

1. � In patients with VHD and AF for whom 
surgical intervention is planned, the 
potential symptomatic benefits and 
additional procedural risks of adjunctive 
arrhythmia surgery at the time of cardiac 
valvular surgery should be discussed with 
the patient.774–784 

2a B-R

2. � For symptomatic patients with paroxysmal or 
persistent AF who are undergoing valvular 
surgery, surgical pulmonary vein isolation 
or a maze procedure can be beneficial to 
reduce symptoms and prevent recurrent 
arrhythmias.774,775,785–788 

2a B-NR

3. � For patients with AF or atrial flutter who are 
undergoing valve surgery, LA appendage 
ligation/excision is reasonable to reduce the 
risk of thromboembolic events.789–792

2a B-NR

4. � In patients undergoing LA surgical ablation 
of atrial arrhythmias and/or LA appendage 
ligation/excision, anticoagulation therapy is 
reasonable for at least 3 months after the 
procedure.793–795 

3: Harm B-NR

5. � For patients without atrial arrhythmias who  
are undergoing valvular surgery, LA appendage 
occlusion/exclusion/amputation is potentially 
harmful.796 

15. NONCARDIAC SURGERY IN 
PATIENTS WITH VHD
15.1. Diagnosis of Patients  
With VHD Undergoing Noncardiac 
Surgery

Recommendation for Diagnosis in Patients With VHD Undergoing 
Noncardiac Surgery

COR LOE Recommendation

1 C-EO

1. � In patients with clinically suspected moderate 
or greater degrees of valvular stenosis or 
regurgitation who are undergoing noncardiac 
surgery, preoperative echocardiography is 
recommended.

15.2. Management of the Symptomatic 
Patient

Recommendation for Management of the Symptomatic Patient 
With VHD Undergoing Noncardiac Surgery

COR LOE Recommendation

1 C-EO

1. � In patients who meet standard indications 
for intervention for VHD (replacement and 
repair) on the basis of symptoms and disease 
severity, intervention should be performed 
before elective noncardiac surgery to reduce 
perioperative risk if possible, depending 
on the urgency and risk of the noncardiac 
procedure.797

15.3. Management of the Asymptomatic 
Patient

Recommendations for Management of the Asymptomatic Patient 
With VHD Undergoing Noncardiac Surgery
Referenced studies that support the recommendations are 
summarized in Online Data Supplement 47.

COR LOE Recommendations

2a B-R

1. � In asymptomatic patients with moderate or 
greater degrees of AS and normal LV systolic 
function, it is reasonable to perform elective 
noncardiac surgery.798–800

2a C-EO

2. � In asymptomatic patients with  
moderate or greater degrees of  
rheumatic MS with less than severe 
pulmonary hypertension (pulmonary artery 
systolic pressure <50 mm Hg),  
it is reasonable to perform elective 
noncardiac surgery.

2a C-LD

3. � In asymptomatic patients with moderate 
or greater degrees of MR and normal LV 
systolic function with less than severe 
pulmonary hypertension (pulmonary 
artery systolic pressure <50 mm Hg), it is 
reasonable to perform elective noncardiac 
surgery.801–804

2a C-LD

4. � In asymptomatic patients with moderate or 
greater degrees of AR and normal LV systolic 
function, it is reasonable to perform elective 
noncardiac surgery.805
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