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Abstract
Objective: Globally significant variation in treatment and course of heart valve disease (HVD) exists, and outcome measurement 
is procedure focused instead of patient focused. This article describes the development of a patient-related (International 
Consortium for Health Outcomes Measurement) standard set of outcomes and case mix to be measured in patients with HVD. 
Methods: A multisociety working group was formed that included patient representatives and representatives from scientific 
cardiology and cardiothoracic surgery societies that publish current guidelines for HVD. The standard set was developed to 
monitor the patient’s journey from diagnosis to treatment with either a surgical or transcatheter procedure. Candidate clinical 
and patient-reported outcome measures (PROMs) and case mix were identified through benchmark analyses and systematic 
reviews. Using an online modified Delphi process, the working group voted on final outcomes/case mix and corresponding 
definition. Results: Patients with aortic/mitral/tricuspid valve disease or root/ascending aorta >40 mm were included in the 
standard set. Patients entered the dataset when the diagnosis of HVD was established, allowing outcome measurement in the 
preprocedural, periprocedural, and postprocedural phases of patients’ lives. The working group defined 5 outcome domains: 
vital status, patient-reported outcomes, progression of disease, cardiac function and durability, and complications of treatment. 
Subsequently, 16 outcome measures, including 2 patient-reported outcomes, were selected to be tracked in patients with HVD. 
Case-mix variables included demographic factors, demographic variables, echocardiographic variables, heart catheterization 
variables, and specific details on aortic/mitral/tricuspid valves and their specific interventions. Conclusions: Through a unique 
collaborative effort between patients and cardiology and cardiothoracic surgery societies, a standard set of measures for 
HVD was developed. This dataset focuses on outcome measurement regardless of treatment, moving from procedure- to 
patient-centered outcomes. Implementation of this dataset will facilitate global standardization of outcome measurement, 
allow meaningful comparison between health care systems and evaluation of clinical practice guidelines, and eventually improve 
patient care for those experiencing HVD worldwide.
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Introduction

Heart valve disease (HVD) is a major cause of mortality and 
quality of life impairment worldwide.1,2 The direct costs of aor-
tic valve disease are estimated to be $10.2 billion in the United 
States.3 Aging population and improvements in diagnostic 
strategies led to an increase in the incidence and prevalence of 
HVD in recent years, with an anticipated rise in the proportion 
of people >60 years of age from 10% to 21%.4 As a result, it is 
estimated that the number of patients requiring heart valve 
interventions will sharply increase in the coming decades.5 
Although degenerative HVD predominates in high-income 
countries, rheumatic disease remains the major challenge in 
low- to middle-income countries.6

Many clinical practice guidelines exist on HVD with recom-
mendations for diagnosis, monitoring, and treatment for differ-
ent settings of the disease.4,7 However, tools that standardize 
the methods by which patient outcomes are reported are lack-
ing, limiting the opportunity to evaluate care quality globally.

Studies pertinent to HVD tend to focus on procedural or 
device outcomes and less on other (patient-reported) outcomes 
that are also important to patients. Efforts have been made to 
standardize clinical outcomes reporting in heart valve research 
by the Valve Academic Research Consortium (VARC) of 
experts.8–10 These outcome definitions provide an excellent and 
detailed overview of important end points. However, they have 
been developed for clinical trials and are designed to evaluate 
procedural outcomes rather than disease outcomes that are rel-
evant to patients’ physical and mental well-being and longevity 
of life. Furthermore, because these criteria have not been vali-
dated through a multisociety endorsement process, disagree-
ment exists among scientific societies on outcome definitions, 
limiting proper evaluation of patients’ outcomes worldwide.11

These developments called for a globally inclusive standard 
set of patient-centered outcome measures (referred to as Set 
herein) for HVD that can facilitate a standardized method for 
capturing and measuring existing guidelines, as well as patients’ 
long-term outcomes, regardless of their treatment (surgical and 
transcatheter procedure). It was developed by an HVD working 
group from the International Consortium for Health Outcomes 
Measurement (ICHOM) to monitor the patient’s journey from 
diagnosis, including potential treatments.

ICHOM, founded in 2012, seeks to promote alignment of 
outcome measurements globally using standardized outcome 

measurement. The goal of the HVD working group, which 
included patient representatives and a multisociety working 
group, was to develop a Set for HVD to improve patient care 
and to allow comparison of health care systems and treatment 
strategies. The HVD working group aimed to balance the 
amount and complexity of included outcomes with sufficient 
detail to ensure an implementable set of measures and mean-
ingful comparison.

Methods

Working Group Composition

This Set was initiated by the Heart Valve Society, and the HVD 
working group included representatives from the American 
Heart Association, American College of Cardiology, the 
European Association for Cardio-Thoracic Surgery, the 
European Society of Cardiology, The Society of Thoracic 
Surgeons, the Australian & New Zealand Society of Cardiac & 
Thoracic Surgeons, the International Society for Applied 
Cardiovascular Biology, the International Society for Minimally 
Invasive Cardiothoracic Surgery, the South African Heart 
Association, and Heart Valve Voice Canada and UK branches, 
affiliates of the Global Heart Hub, a cardiovascular disease 
patient-led organization. In addition, the HVD working group 
included experts in the field, including epidemiology and pub-
lic health, patient representatives, and patient advocates. HVD 
working group members were identified through published 
works, position in relevant societies, ICHOM’s professional 
network, or expert recommendations. Industry representatives 
were deliberately excluded from the working group. In total, 24 
members from 12 countries were included. The HVD working 
group was led by 2 chairs (J.J.M.T. and E.L.) with expertise in 
HVD, epidemiology, and shared decision-making. A project 
team was also formed that included project managers (A.J. and 
P.B.J.) and a research fellow (K.M.V.) to coordinate the process 
and to provide supporting research efforts.

Objectives

The primary objective was to develop a Set for patients with 
HVD (aortic, mitral, and tricuspid) that can be tracked by phy-
sicians and health care systems. This Set allows patients and 
physicians to monitor HVD throughout the patient’s journey. 
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These outcomes are related to survival, valve function, quality 
of life, physical fitness, and treatment-related outcomes. The 
secondary aim was to identify a set of case-mix variables (e.g., 
morbidity) to ensure comparison of outcomes across health 
care systems and to allow risk adjustment.

Candidate Case Mix and Outcomes

The project team identified a list of candidate case-mix vari-
ables and outcomes using a 3-pillar approach. This approach 
consisted of (1) a benchmark review of large registries, (2) a 
data visualization approach to screen commonly used words in 
all abstracts concerning HVD in MEDLINE, and (3) a system-
atic search to identify outcomes in literature using an iterative 
algorithm of selecting new articles until a full saturation of out-
comes and case-mix variables was achieved (i.e., when no new 
outcomes or case mix was identified in successive rounds of 
article selections). These 3 pillars were combined to obtain a 
comprehensive list of candidate outcome measures and case-
mix variables. The details of these approaches are discussed in 
an accompanying methodology article.12 In cases of PROMs, a 
separate systematic search was performed that yielded 856 
articles, all of which were reviewed. The search for clinical 
outcome measures and case mix yielded 17,322 articles. The 
search terms for the clinical and case-mix outcomes and for the 
PROMs are provided in Supplemental Text 1 and 2.

Process

The modified Delphi process was used to reach consensus in 
all major decision areas, including the target population to be 
covered, the final outcome and case-mix set, definitions of out-
comes, and time points of measurements.13 In accordance with 
this method, 11 teleconference calls were organized between 
December 15, 2020, and April 12, 2022, and multiple surveys 
among the HVD working group members were used to reach 
consensus (Supplemental Fig. 1). Before each teleconference, 
the HVD working group members received the supporting 
research (e.g., the list with candidate outcomes measures), 
which was discussed during the teleconference. After the tele-
conference, a survey was computed to address each discussion 
point and potential outcomes/case mix or definitions. HVD 
working group members considered several criteria for select-
ing the variables, including the frequency of the outcome, the 
effect of the outcome of patients’ lives, and the feasibility of 
data collection. For the selections of PROMs, key domains of 
patients’ lives (e.g., functional, mental health) were considered. 
If a majority of two-thirds was reached in the HVD working 
group, the decision was adopted; if this majority was not 
reached, the topic was discussed further in the next teleconfer-
ence after another survey. If the threshold was not reached in 
the second survey, a majority decision was adopted. In cases of 
specific subjects (e.g., defining valve regurgitations), addi-
tional calls with experts were organized.

Results

Population

The target population for this Set includes all adult patients 
(≥18 years of age) with HVD, including the aortic, mitral, or 
tricuspid valves. Disease of the pulmonary valve was excluded 
because most of the underlying cause is congenital and a set 
encompassing congenital heart disease already exists.14 Patients 
may be included in the Set if they have at least moderate aortic 
and mitral valve stenosis, significant tricuspid valve stenosis, 
or grade II or higher regurgitation of the aortic, mitral valve, 
more than moderate tricuspid valve regurgitation, or root/
ascending aorta dilatation >40 mm (Table 1). If the patient’s 
first presentation is at intervention, it was decided that they 
may be included at the time of the intervention.

Candidate Outcome/Case-Mix Screening

To inform the HVD working group of potential outcomes  
and case mix used in medical literature, the 3 approaches  
were combined. In total, 6 HVD registries17–22 were chosen 
(Supplemental Table 1), in combination with 4 consensus arti-
cles, including the publication by Akins and colleagues23 and 
the VARC-1/2/3 guidelines on reporting8–10 as benchmark 
review. The WordCloud of the machine learning algorithm is 
presented in Supplemental Figure 2. For outcomes, 150 refer-
ences were screened until full saturation of candidate outcomes 
was achieved, encompassing 52 candidate outcomes. For case 
mix, 125 articles were screened, encompassing 330 case-mix 
variables. For PROMs, 856 articles were screened, encompass-
ing 60 potential PROMs.

Outcome Set

The HVD working group defined 5 domains: vitals status, 
patient-reported outcomes, progression of disease, cardiac 
function and durability, and complications of treatment. 
Subsequently, 16 outcomes were selected to be tracked in the 
target population (Fig. 1), of which some outcomes measures 
were further subdivided (Table 2, Table 3).

Outcome Definitions

In several HVD registries, trials, and methodology articles, 
definitions of the included outcomes differed. To increase gran-
ularity, the project group collected all definitions of the included 
outcomes, and the HVD working group voted on the most 
appropriate definition for each of them. This was done consid-
ering that this is a patient-centered set and that the most appro-
priate definition should affect patients’ lives and not be 
subclinical. Most of the definitions selected were based on pre-
vious VARC publications8–10 and the Akins et  al.23 reporting 
guidelines to increase integration of existing databases and reg-
istries with the proposed dataset. In cases of postprocedural 



136	 Innovations 20(2)

myocardial infarction, the HVD working group selected the 
Fourth Universal Definition of Myocardial Infarction.24 For a 
bleeding event, the HVD working group deviated from the 
VARC definition by excluding the hemoglobin drop because 
this may be caused by hemodilution during surgery and hemo-
globin drop alone may have no effect on patients’ postoperative 
courses, whereas transfusion may have a profound effect.11,25 
Definitions of all outcomes are presented in Table 2, Table 3, 
and in the Supplemental Reference Guide.

Patient-Reported Outcome Measures

A review of PROMs used to provide health-related quality of 
life assessment in the setting of HVD revealed that 60 PROMs 
have previously been used in research settings, most of which 
have not been validated in the HVD population. Two PROMs 
were selected to monitor health-related quality of life, mental 
state, physical fitness, symptoms, and impact of HVD on daily 
life: the EQ-5D-5L questionnaire (EuroQol Group) and the 
Heart Valve Disease Impact on Daily Life Questionnaire.

The EQ-5D-5L questionnaire was selected to monitor 
quality of life and mental state.26 The questionnaire comprises  
5 dimensions: mobility, self-care, usual activities, pain/dis-
comfort, and anxiety/depression. Each dimension has 5 lev-
els: no problems, slight problems, moderate problems, severe 
problems, and extreme problems. The patient is asked to 

indicate their health state by ticking the box next to the most 
appropriate statement in each of the 5 dimensions. This deci-
sion results in a 1-digit number that expresses the level 
selected for that dimension. The digits for the 5 dimensions 
can be combined into a 5-digit number that describes the 
patient’s health state. This specific questionnaire was specifi-
cally not validated in the HVD population but was validated 
in patients with myocardial infarction.32 The HVD working 
group selected this tool because it is widely used and easy to 
administer to patients.

To measure the impact of the HVD on patient’s daily life, 
the HVD working group selected the Heart Valve Disease 
Impact on Daily Life Questionnaire, which was validated in 
patients with HVD, and has good validity and reliability.27,33,34 
The questionnaire consists of 14 items; its concept is that the 
impact is the product of the perceived consequence of the dis-
ease (part A) and the assessment of the consequence (part B), 
measured on a Likert scale 1 to 5 for both parts. The total score 
can vary between 14 and 350. A high score means that the 
patient perceives negative consequences of the disease in their 
life and these consequences are, in fact, interpreted as negative. 
A low score means that the patient does not perceive the nega-
tive consequences of the disease and its treatment, and if they 
do occur, the patient does not feel that they are too limiting.34 
This questionnaire has additionally been validated in patients 
with heart failure and coronary artery disease.35,36

Table 1.  Inclusion Criteria for the Standard Set.

Valve Hemodynamics Measurement Values

Aortic Grade II or higher valve regurgitation Grade II or higher regurgitation See Table 3

Moderate or higher valve stenosis15 Peak velocity ≥3.0 m/s

Mean gradient ≥20 mm Hg

Aortic valve area ≤1.5 cm2

Indexed aortic valve area ≤0.85 cm2/m2

Velocity ratio ≤0.50

Root/ascending dilatation Root/ascending diameter >40 mm

Mitral Grade II or higher valve regurgitation Grade II or higher regurgitation See Table 4

Moderate or higher valve stenosis16 Valve area (specific finding) ≤1.5 cm2

Mean gradient (supportive finding) ≥10.0 mm Hg

Tricuspid Grade moderate or higher valve regurgitation Grade moderate or higher regurgitation See Table 5

Significant valve stenosis16 Mean pressure gradient ≥5.0 mm Hg

Inflow time-velocity integral >60 cm

T1/2 ≥190 ms

Valve area ≤1.0 cm2

 



Lansac et al.	 137

For the measure of symptoms, the New York Heart 
Association classification was selected for dyspnea, and the 
Canadian Cardiovascular Society grade for angina pectoris 
was selected; both are 1-question gradations of symptom 
severity.28,29

Case-Mix Adjustment

Case-mix variables were categorized as demographic variables; 
echocardiographic variables; heart catheterization variables; 
and specific details on aortic, mitral, and tricuspid valves and 
their specific interventions. To allow meaningful comparison 
among patients undergoing different treatment strategies, 171 
case-mix variables were selected. In a post hoc addition, 1 case-
mix variable was added (dissection at surgery), and 2 case-mix 
variables on aortic dimensions were allowed to be measured 
repeatedly. Not all case-mix variables may be applicable for an 

individual patient because treatment variables are not applicable 
if a patient does not undergo invasive treatment, and, for exam-
ple, specific mitral or tricuspid variables are not applicable for 
patients with isolated aortic valve disease. Furthermore, the 
treatment-related case-mix variables have a hierarchical struc-
ture (e.g., case-mix variables for percutaneous treatment are not 
applicable for patients undergoing surgical treatment and vice 
versa). All case-mix variables are presented in the Supplemental 
Reference Guide, and the simplified hierarchical structure of the 
case mix is illustrated by 3 cases in Figure 2. The full hierarchi-
cal structure of treatment related case mix is displayed in 
Supplemental Figure 3. The HVD working group chose to 
include specific valve repair devices and valve models implanted 
surgically or by transcatheter to allow meaningful comparison 
between treatment modalities. This implies that the Set should 
be updated as novel devices become available. The HVD work-
ing group recommends updating the Set every 5 years.

Fig. 1.  Core domains and included outcomes. (1) Includes early mortality, late mortality, valve-related mortality, and all-cause mortality. 
(2) Defined by the EQ-5D-5L (EuroQol Group) questionnaire. (3) Defined by the Heart Valve Disease Impact on Daily Life Questionnaire. 
(4) Includes aortic/mitral/tricuspid valve stenosis and aortic/mitral/tricuspid valve regurgitation. (5) Includes angina pectoris and New York 
Heart Association functional class. (6) Includes stroke (ischemic/hemorrhagic) and thromboembolic event (noncerebral). (7) Includes 
conversion to open heart surgery, reoperation for bleeding, periprocedural myocardial infarction, new permanent pacemaker, major/minor 
vascular complications, and low-cardiac-output syndrome. (8) Includes paravalvular insufficiency and device migration (applicable only to 
percutaneous devices). (9) Refers to structural deterioration and nonstructural valve dysfunction.
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Table 2.  Definition of Domains: Vital Status, Patient-Reported Outcomes, Progression of Disease, and Cardiac Function.

Domain Outcomes/subdivision Definition/questionnaire

Vital status Mortality
  1. All-cause mortality
  2. 30-d mortality
  3. Late mortality
  4. Valve-related mortality

1. Indicate whether the person has died regardless of cause
2. �Mortality after 30 d after a surgical/percutaneous intervention
3. �Indicate whether the person has died regardless of cause >30 d after 

intervention
4. �Valve-related mortality is any death caused by structural valve 

deterioration, nonstructural dysfunction, valve thrombosis, 
embolism, valve-related bleeding, or prosthetic valve endocarditis; 
death related to reintervention on the operated valve; or sudden 
unexplained death.

Patient-reported 
outcomes

Quality of life EQ-5D-5L questionnaire26

Mental health Heart Valve Disease Impact on Daily Life Questionnaire27

Impact on mental health and daily 
activities

Progression of 
disease

Hospitalization for heart failure Unplanned hospital admission for clinical treatment for heart failure

Native valve dysfunction
  1. Aortic stenosis/regurgitation
  2. Mitral stenosis/regurgitation
  3. Tricuspid stenosis/regurgitation

1. �Measured as continuous maximum transvalvular gradient/velocity and 
aortic valve area (stenosis) and as grade 1–4 regurgitation (Table 3)

2. �Measured as continuous mean transvalvular gradient/velocity and 
mitral valve area (stenosis) and as grade 1–4 regurgitation (Table 4)

3. �Measured as continuous mean transvalvular gradient as grade 1–3 
regurgitation (Table 5)

Cardiac symptoms
  1. Dyspnea
  2. Angina pectoris

1. NYHA classification28

2. CCS angina classification29

Cardiac function Rhythm Baseline rhythm of the patient at time of measurement coded as 
sinus, AF, paced, and other. If a patient has a permanent/temporary 
pacemaker but has AF/sinus on ECG, AF/sinus should be coded.

Left ventricular ejection fraction Left ventricular ejection fraction in percentage; can be measured by 
2D/3D echocardiography or MRI

Abbreviations: 2D, 2-dimensional; 3D, 3-dimensional; AF, atrial fibrillation or flutter; CCS, Canadian Cardiovascular Society; MRI, magnetic resonance imaging; 
NYHA, New York Heart Association.

Time Points

The HVD working group recommends collecting case-mix 
variables, clinical outcome measures, and PROMs at the index 
event, which is defined as when the patient enters the database. 
Ideally, the index event is when the patient is diagnosed with 
HVD, so disease progression and its impact on patients’ lives 
can be monitored before a procedure, if any. Tracking clinic-
reported outcome measures at 6 months within the first year 
and annually thereafter and PROMs annually is recommended 
(Fig. 3). In cases of an undiagnosed HVD, patients’ data, 
including case mix, clinic-reported outcome measures, and 
PROMs, can be collected at the time of and after the valve pro-
cedure (Fig. 3). After the procedure, the recommendation is to 
track clinic-reported outcome measures at 3, 6, and 12 months 
and annually thereafter. The PROMs are tracked at 3 months 
after procedure and annually thereafter (Fig. 3).

Discussion

The ICHOM multisociety HVD working group reached con-
sensus on a standardized set of outcomes, treatment, and adjust-
ment variables to be tracked worldwide in patients with HVD. 
The proposed Set includes 16 (clinical) outcome measures, 
including 2 PROMs and 171 case-mix variables (Fig. 4). To 
move from current device-/procedure-/treatment-centered 
evaluation to patient-centered and disease-related outcomes, 
the Set was designed to be flexible and able to follow the whole 
journey of patients with HVD through the health care system, 
regardless of whether the treatment strategy is surgical or trans-
catheter. It was our aim to develop a Set that facilitates global 
standardization of outcomes in patients with HVD. This will 
allow comparison of the burden, management, and outcomes  
of HVD care across international borders, thereby contributing 
to improved patient selection, risk-adjustment models, and 
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Table 3.  Definition of Durability and Complication of Treatment Domain.

Domain Outcomes/subdivision Definition/questionnaire

Durability and 
complication 
of treatment

Endocarditis Modified Duke criteria for endocarditis (see Supplemental Reference Guide for extensive criteria)30

Valve thrombosis Valve thrombosis is any thrombus not caused by infection attached to or near an operated valve that 
occludes part of the blood flow path, interferes with valve function, or is sufficiently large to warrant 
treatment

Bleeding event Type 1: Overt bleeding that requires medical intervention by a health care professional, leading to 
hospitalization, an increased level of care, or medical evaluation OR overt bleeding that requires a 
transfusion of 1 U whole blood/red blood cells
Type 2: Overt bleeding that requires a transfusion of 2–4 U whole blood/red blood cells
Type 3: Overt bleeding in a critical organ such as intracranial, intraspinal, intraocular, pericardial 
(associated with hemodynamic compromise/tamponade and necessitating intervention), or intramuscular 
with compartment syndrome AND/OR overt bleeding causing hypovolemic shock or severe hypotension 
(systolic blood pressure <90 mm Hg lasting >30 min and not responding to volume resuscitation) or 
requiring vasopressors or surgery. Overt bleeding requiring a transfusion of 5 U whole blood/red blood 
cells.
Type 4: Overt bleeding leading to death. Should be classified as probable (clinical suspicion) or definite 
(confirmed by autopsy or imaging). In this case, valve-related mortality should also be documented.

Stroke and thromboembolic 
event
  1. �Stroke (ischemic or 

hemorrhagic)
  2. �Noncerebral 

thromboembolism

1. �Acute episode of a focal or global neurological deficit with at least 1 of the following: change in the 
level of consciousness, hemiplegia, hemiparesis, numbness, or sensory loss affecting 1 side of the body; 
dysphasia or aphasia; hemianopia; amaurosis fugax; or other neurological signs or symptoms consistent 
with stroke

Stroke: duration of a focal or global neurological deficit ≥24 h OR <24 h if available neuroimaging 
documents a new hemorrhage or infarct O the neurological deficit results in death. Classified as ischemic 
and hemorrhagic (see Supplemental Reference Guide for extensive definition)
Transient ischemic attack: Transient focal neurological signs or symptoms lasting <24 h presumed 
to be due to focal brain, spinal cord, or retinal ischemia, but without evidence of acute infarction by 
neuroimaging or pathology, or with no imaging performed
2. �A noncerebral embolic event is an embolus documented operatively, at autopsy, or clinically that 

produces signs or symptoms attributable to complete or partial obstruction of a noncerebral artery

Procedural complication
  1. �Conversion to open heart 

surgery
  2. �Reoperation for bleeding
  3. �Periprocedural myocardial 

infarction
  4. �New permanent pacemaker
  5. �Major/minor vascular 

complications
  6. �Low-cardiac output 

syndrome

1. �Need for conversion to open heart surgery during percutaneous/minimally invasive valve interventions
2. �In case of surgical intervention, return to the operating room for rethoracotomy/sternotomy; in case 

of percutaneous intervention, unplanned intervention for the purpose of controlling the bleeding
3. �Type 5 MI according the Fourth Universal Definition of Myocardial infarction (see Supplemental 

Reference Guide for extensive criteria)24

4. �Implantation of a new permanent pacemaker; not including pacemaker exchange of previously 
implanted pacemaker.

5. �Any complication related to the device insertion, delivery, and complete removal of all its components 
(delivery catheter, sheath, guide wire), excluding the actual implantation in the heart. Categorized as 
major and minor according to the VARC-3 criteria (see Supplemental Reference Guide for extensive 
criteria).10

6. �Need for mechanical circulatory support with IABP, LVAD, or extracorporeal membrane oxygenation 
during surgery or within 5 postoperative days, and/or hemodynamic instability requiring continued 
pharmacological support with ≥2 inotropic medications (epinephrine, milrinone dobutamine, 
dopamine) on postoperative day 131

Reoperation (valve related) A valve reintervention after a previous valve intervention recorded in the dataset

Postintervention valve dysfunction
  1. �Structural valve deterioration
  2. �Nonstructural valve 

dysfunction (including 
paravalvular insufficiency and 
device migration)

1. �The term structural valve deterioration refers to changes intrinsic to the valve such as wear, fracture, 
poppet escape, calcification, leaflet tear, stent creep, and suture line disruption of components of a 
prosthetic valve; it also refers to new chordal rupture, leaflet disruption, or leaflet retraction of a 
repaired valve.

2. �The term nonstructural dysfunction refers to problems (exclusive of thrombosis and infection) that 
do not directly involve valve components yet result in dysfunction of an operated valve, as diagnosed 
by reoperation, autopsy, or clinical investigation. Examples of nonstructural dysfunction include the 
following: entrapment by pannus, tissue, or suture paravalvular leak valvular leak; inappropriate sizing 
or positioning; residual leak or obstruction after valve implantation or repair; and clinically important 
intravascular hemolytic anemia. In addition, nonstructural dysfunction includes development of aortic 
or pulmonic regurgitation as a result of technical errors, dilatation of the sinotubular junction, or 
dilatation of the valve annulus after either valve replacement with stentless prostheses (e.g., pulmonary 
autograft, aortic allograft, and xenograft valves) or aortic valve–sparing operations if the cusps are 
seen to be normal at reoperation, autopsy, or clinical investigation. For percutaneous and transapical 
approaches to aortic valve replacement or conventional open aortic valve replacement, new onset of 
coronary ischemia from coronary ostial obstruction or paravalvular aortic regurgitation is considered 
nonstructural dysfunction.

Abbreviations: IABP, intra-aortic balloon pump; LVAD, left ventricular assist device; MI, myocardial infarction; VARC, Valve Academic Research Consortium.
Definitions of valve regurgitation were discussed separately by a focus group of experts and validated by the HVD working group (Table 4, Table 5, Table 6). Historical 
evaluation of regurgitation is classified in 3 grades (mild, moderate, and severe); different grading schemes are used in current research. Therefore, the Heart Valve 
Disease Working Group opted to move toward a uniform up-to-date evaluation of regurgitation in 4 grades (1–4) for aortic and mitral valve regurgitation.
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Table 4.  Grading the Severity of Aortic Valve Regurgitation.

AR severity classes Grade 1 (mild) Grade 2 (moderate)
Grade 3 (moderate 
to severe) Grade 4 (severe)

Structural parameters

   � Aortic valve 
morphology

Normal/abnormal Normal/abnormal Abnormal/prolapse/
moderate coaptation 
defect

Abnormal/flail/large 
coaptation defect

    LV size* Usually normal Normal or dilated Usually dilated Usually dilated

Qualitative Doppler parameters

  Color-flow AR jet width† Small in central jets Intermediate Large in central jet, 
variable in eccentric jets

Large in central jet, 
variable in eccentric jets

   � Color-flow 
convergence

None or very small Intermediate Intermediate Large

    CW signal of AR jet Incomplete/faint Dense Dense Dense

   � Diastolic flow reversal 
in descending aorta‡

Brief, protodiastolic 
flow reversal

Intermediate Holodiastolic flow 
reversal (end-diastolic 
velocity 10–<20 cm/s)

Holodiastolic flow 
reversal (end-diastolic 
velocity ≥20 cm/s)

   � Diastolic flow reversal 
in abdominal aorta

Absent Absent Present Present

Semiquantitative Doppler parameters

  •  VC width, mm <3 3–6 3–6 >6

  • � Jet width/LVOT 
diameter, %

<25 25–45 46–64 ≥65

    Jet CSA/LVOT CSA, % <5 5–20 21–59 ≥60

   � Pressure half-time, 
ms‡§

>500 Intermediate, 500–200 Intermediate, 500–200 <200

Quantitative Doppler parameters

  •  EROA, mm² <10 10–19 20–29 ≥30

  •  R Vol, mL <30 30–44 45–59 ≥60

  •  RF, % <30 30–39 40–49 ≥50

Quantitative cardiac magnetic resonance

  •  RF, % <30 30–39 40–49 ≥50

Abbreviations: AR, aortic regurgitation; CSA, cross-sectional area; CW, continuous wave; EROA, effective regurgitant orifice area; LV, left ventricular; LVOT, 
left ventricular outflow tract; R Vol, regurgitant volume; RF, regurgitant fraction; VC, vena contracta.
• Parameters that are more robust and should be given more weight to grade regurgitation severity by Doppler echocardiography.
 Parameters that are less often applicable due to pitfalls in the feasibility/accuracy of the measurements or to the interaction with other factors.
*Unless there are other reasons, the LV size is usually normal in patients with mild AR. In acute severe AR, the LV size is often normal. Accepted cutoff 
values for nonsignificant LV enlargement are as follows: LV end-diastolic diameter <56 mm, LV end-diastolic volume <82 mL/m², LV end-systolic diameter 
<40 mm, and LV end-systolic volume <30 mL/m².
†At a Nyquist limit of 50 to 60 cm/s.
‡These parameters are influenced by LV and aortic compliance. Hence, low transvalvular end-diastolic aorta to LV pressure gradient due to concomitant 
moderate/severe LV diastolic dysfunction may lead to false-positive results. The high dependency of aortic flow reversal on aortic compliance considerably 
limits the utility of this parameter in the elderly population. These parameters are also influenced by chronotropy.
§Pressure half-time is shortened with increasing LV diastolic pressure and vasodilator therapy and in patients with a dilated compliant aorta or lengthened 
chronic AR.
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Table 5.  Grading the Severity of Mitral Regurgitation.

MR severity classes None/trace Grade 1 (mild)
Grade 2
(moderate)

Grade 3
(moderate to
severe)

Grade 4
(severe)

Structural parameters

    Mitral valve morphology* Usually normal No or mild leaflet 
abnormality or minimal 
tenting†

Moderate leaflet 
abnormality or 
moderate tenting

Moderate leaflet 
abnormality or 
moderate tenting

Severe valve lesions or 
severe tenting/lack of leaflet 
coaptation†

    LV and LA size‡ Normal Normal/mildly dilated Normal/mildly dilated Mildly/moderately 
dilated

Moderately/severely dilated

    RV size and function‡ Normal Normal Normal/mildly dilated Mildly/moderately 
dilated

Moderately/severely dilated

   � Estimation of pulmonary artery pressure Normal Normal Variable Increased Increased (TR velocity >3 
m/s, SPAP ≥50 mm Hg at 
rest and ≥60 mm Hg with 
exercise)

Qualitative Doppler parameters

   � Jet features (size, area, and duration; color 
Doppler, Nyquist 50–70 cm/s)

Very small jet 
(<10% of LA area)

Small, central, narrow, 
often brief jet (usually 
<4 cm2 or <20% of 
LA area)

Variable (usually 4–6 
cm2 or 20%–30% of 
LA area)

Variable (usually 6–8 
cm2 or 30%–40% of 
LA area)

Large central jet (usually >8 
cm2 or >40% of LA area) or 
eccentric wall-impinging jet 
of variable size

  • � Flow convergence size§ (color Doppler, 
Nyquist 25–40 cm/s)

Not visible Not visible, transient, 
or small†

Intermediate in size 
and duration

Intermediate in size 
and duration

Large throughout systole†
(PISA radius >9 mm)

   � Jet density and contour (CW Doppler)|| Incomplete or faint, 
parabolic

Incomplete or faint, 
parabolic

Dense, partial, or 
parabolic

Dense, parabolic, or 
triangular

Dense, triangular†

    Mitral inflow pattern¶ (PW Doppler) A-wave dominant A-wave dominant Variable E-wave dominant 
(peak E >1.2 m/s)

E-wave dominant (peak E 
>1.5 m/s)

    Pulmonary vein flow¶ (PW Doppler) Systolic dominance Systolic dominance Normal or systolic 
blunting

Systolic blunting Minimal to no systolic flow/
systolic flow reversal†

Semiquantitative Doppler parameters

  • � VC width (color Doppler, Nyquist 50–70 
cm/s), mm

Not quantifiable <3 3–<5 5–<7 ≥7 (>8 for biplane)

  • � VC area by 3D planimetry (color Doppler, 
Nyquist 50–70 cm/s), mm2

Not quantifiable <20 20–<30 30–<40 ≥40

Quantitative Doppler parameters

  • � Effective regurgitant orifice area#** (color 
Doppler, Nyquist 25–40 cm/s), mm2

Not quantifiable <20 20–<30 30–<40 ≥40

  •  Regurgitant volume, mL# Not quantifiable <30 30–<45 45–<60 ≥60

  •  Regurgitant fraction, %# Not quantifiable <3 30–<40 40–<50 ≥50

Quantitative cardiac magnetic resonance

  •  Regurgitant fraction, %# Not quantifiable <30 30–<40 40–<50 ≥50

Abbreviations: CW, continuous wave; LA, left atrial; LV, left ventricular; MR, mitral regurgitation; PISA, proximal isovelocity surface area; PW, pulsed wave; RV, right ventricular; 
SPAP, systolic pulmonary arterial pressure; 3D, 3-dimensional; TR, tricuspid regurgitation; VC, vena contracta.
•Parameters that are more robust and should be given more weight to grade regurgitation severity by Doppler echocardiography.
Parameters that are less often applicable due to pitfalls in the feasibility/accuracy of the measurements or to the interaction with other factors.
*Primary MR: leaflet abnormalities include leaflet thickening, calcification, prolapse, flail, retraction, and perforation; secondary MR: mitral valve tenting, leaflet tethering, and lack of 
leaflet coaptation.
†Considered to be specific for their MR grade.
‡Dilation of LV, LA, and RV may not be present despite moderate/severe MR in cases of acute MR. These structural parameters and criteria pertain mostly to patients with primary 
MR. Patients with secondary MR often have dilated LV regardless of the severity of MR.
§Flow convergence is usually considered small with a PISA radius ≤3 mm and large with a radius ≥10 mm at a Nyquist limit of 25 to 40 cm/s.
||Care must be taken to avoid overgaining or incomplete spectral traces (i.e., when the jet moves in and out of the Doppler beam).
¶Mitral inflow pattern and pulmonary vein flow reversal may be influenced by LV systolic and diastolic function, LA size and pressure, atrial arrhythmias, and the presence of mitral 
inflow obstruction. However, holosystolic flow reversal is specific for severe MR.
#The regurgitant fraction is calculated by dividing the regurgitant volume by the total LV stroke volume measured by 3D echocardiography (total stroke volume=LV end-diastolic 
volume−LV end-systolic volume) or by Doppler (total stroke volume=regurgitant volume+LV forward stroke volume measured in LV outflow tract by pulsed-wave Doppler). A 
moderate regurgitant volume or effective regurgitant orifice area may correspond to a large regurgitant fraction and thus to a moderate to severe or severe MR in patients with 
depressed LV systolic function and low forward stroke volume (such as is often the case in patients with secondary MR). Hence, more weight should be given to the regurgitant 
fraction rather than other parameters to grade MR severity.
**By PISA or volumetric method.
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Table 6.  Grading Tricuspid Valve Regurgitation.

TR severity classes Mild Moderate Severe

Structural parameters RA/
RV/IVC dimensions

 

+RA/RV/IVC dimension*† Usually normal Normal or mild to moderate 
dilation

Usually dilated

Tricuspid valve morphology Normal/abnormal Normal/abnormal Abnormal/flail†/large coaptation 
defect†/severe tenting†

Qualitative Doppler parameters

  Color-flow TR jet‡ Small, central Intermediate Very large central jet† or eccentric 
wall impinging jet

  Flow convergence zone Not visible, transient or small Intermediate in size and 
duration

Large throughout systole†

  CW signal of TR jet Faint/parabolic Dense/parabolic Dense/triangular with early peaking† 
(peak <2 m/s in massive TR)

Semiquantitative Doppler parameters

  VC width, mm‡ <3 3–6.9 ≥7†

  PISA radius, mm§ ≤5 6–9 >9†

  Hepatic vein flow|| Systolic dominance Systolic blunting Systolic flow reversal†

  Tricuspid inflow A-wave dominant Variable E-wave dominant (≥1 m/s)¶

Quantitative Doppler parameters

  EROA, mm² <20 20-39 ≥40

  R Vol, mL <30 30-44 ≥45

Abbreviations: CW, continuous-wave; EROA, effective regurgitant orifice area; IVC, inferior vena cava; PISA, proximal isovelocity surface area; R Vol, 
regurgitant volume; RA, right atrial; RV, right ventricular; TR, tricuspid regurgitation; VC, vena contracta.
An IVC diameter <2.1 cm is considered normal. The IVC is dilated when the diameter is >2.5 cm.
*Unless there are other reasons, the RA and RV sizes and IVC are usually normal in patients with mild TR. An end-systolic RV eccentricity index >2 
is in favor of severe TR. In acute severe TR, the RV size is often normal. In chronic severe TR, the RV is classically dilated. Accepted cutoff values for 
nonsignificant right-sided chambers enlargement (measurements obtained from the apical 4-chamber view) are as follows: mid RV dimension ≤33 mm, RV 
end-diastolic area ≤28 cm², RV end-systolic area ≤16 cm², RV fractional area change >32%, and maximal 2-dimensional RA volume ≤33 mL/m².
†Specific signs for severe TR.
‡At a Nyquist limit of 50 to 60 cm/s.
§Baseline Nyquist limit shift of 28 cm/s.
||Unless there are other reasons for systolic blunting (atrial fibrillation, elevated RA pressure).
¶In the absence of other causes of elevated RA pressure.

eventually higher quality of care for patients with HVD world-
wide. The development of this Set was a multisociety and inter-
national effort including 12 societies and 12 nations on 4 
continents. For the first time, all major surgical and cardiologi-
cal societies, particularly those responsible for current clinical 
practice guidelines for the diagnosis and treatment of HVD, 
worked together to develop the first standardized Set for HVD 
that may be used as a complementary evaluation tool of future 
clinical practice guidelines. The HVD working group included 
not only experts in the field of heart disease but also patient 
representatives. Patients’ opinions and viewpoints have been 

invaluable for the development of this Set and allowed the 
focus to be on both clinical outcomes and outcomes that matter 
most to patients.

This set was built on prior work and previous efforts; both 
well-designed registries and clinical practice guidelines for 
reporting outcomes after valve interventions formed the basis 
of this Set.8–10,17,18,21–23 Overall, this Set combines all previous 
efforts, including the latest patient-centered definitions, and 
moves beyond short-term outcomes after valve interven-
tion.18,22 Furthermore, this Set relies heavily on PROMs. 
Whereas several PROMs have been used previously, the HVD 
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working group selected the EQ-5D-5L for quality of life and 
mental state. In contrast to VARC-3 guidelines for reporting 
after valve interventions, the HVD working group selected the 
Heart Valve Disease Impact on Daily Life Questionnaire 
instead of the recommended Minnesota Living With Heart 
Failure Questionnaire or the Kansas City Cardiomyopathy 
Questionnaire.8 This decision was also based on patients’ view-
points; the Heart Valve Disease Impact on Daily Life 
Questionnaire allows patients to indicate whether a specific 
consequence of disease applies to them and whether they are 
bothered by this consequence. However, the Heart Valve 
Disease Impact on Daily Life Questionnaire does not have spe-
cific cutoff points to indicate good or bad outcomes, and ana-
lyzing the continuous data outcomes is recommended. Outcome 
data that are not discrete end points but rather “snapshots in 
time” such as valve dysfunction, PROMs, and symptoms are 
followed up longitudinally in this Set, allowing comprehensive 
models of repeated measures, making inference of imbalanced 
data possible.37

The aortic valve and aortic root/ascending aorta are closely 
intertwined, both surgically and anatomically. Thus, a signifi-
cant number of patients will undergo aortic valve surgery with 
less than grade II regurgitation. To capture preoperative 

information in these patients, they can be included with root 
dilatation >40 mm, and in a post hoc adjustment, 1 case-mix 
variable was added to the set, and 2 case-mix variables for aor-
tic dimensions were allowed to be measured repeatedly. 
However, the HVD working group acknowledges that the lit-
erature searches were not focused on identifying aneurysm-
specific clinical outcome measures or PROMs. This adjustment 
should be viewed as a preliminary step toward the creation of a 
dedicated (aortic) aneurysm set, which is greatly needed.

Because the Set is endorsed by major societies, next steps 
include implementation of the Set in HVD clinical practice 
guidelines and societal databases. The HVD working group 
recognizes that this is not a straightforward task, and many 
challenges lie ahead. These include (1) ensuring local, regional, 
or national agreement to use the Set; (2) linking with existing 
registries; (3) building a user-friendly interface to enter data; 
(4) building a patient-friendly platform (e.g., application [app]) 
for PROMs collection; and (5) budgeting for the costs of num-
bers 3 and 5. As previous ICHOM set implementation efforts 
have shown,38 it seems essential that leadership support is pres-
ent and an adequate health information system for collecting 
the data is developed. Although our intention is to eventually 
obtain a global evaluation of outcomes of patients who have 

Fig. 2.  Simplified case mix of patients illustrated by 3 cases of patients undergoing surgical/medical/transcatheter treatment. CPB, 
cardiopulmonary bypass time; EuroSCORE, European System for Cardiac Operative Risk Evaluation; STS, The Society of Thoracic Surgeons.
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Fig. 3.  Proposed timelines of collecting outcome measures and case mix. *If <3 months elapsed between database entry and the 
procedure, the PROMs do not have to be captured. CROM, clinic-reported outcome measure; PROM, patient-reported outcome measure.

Fig. 4.  Heart valve disease International Consortium for Health Outcomes Measurement standard set allowing outcome measurement in 
preprocedural, periprocedural, and postprocedural phases of patients’ lives. IDCV, Heart Valve Disease Impact on Daily Life Questionnaire.

HVD, a stepwise strategy is applied by initiating a pilot study 
in a small number of hospitals and performing a gap analysis to 
investigate which data are already collected and what infra-
structure is most appropriate for adequate data collection.

A true global evaluation of patients’ outcomes measures will 
be possible only with deep commitment of health authorities, 
regulators, and payers, moving away from delegating the eval-
uation to industry like in the European Union Medical Device 
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Regulation, with the inherent conflict of interest. Integration of 
ICHOM standards within the codification of health payment 
systems would allow exhaustive implementation, early warn-
ing for defective devices, and the necessary independent evalu-
ation tools of patient’s outcomes measures. To date, ICHOM is 
collaborating with >650 organizations, including hospitals, 
universities, private insurance companies, and public payers 
(e.g., National Health Service). On a larger political scale, the 
Organisation for Economic Co-operation and Development 
and ICHOM signed a Letter of Intent in January 2017 to col-
laborate on the collection, analysis, and publishing of PROMs 
for international comparison (Patients-Reported Indications 
Surveys program).

Conclusions

Through a unique collaborative effort among patients and car-
diology and cardiothoracic surgery societies, including patient 
representatives, a standard Set for HVD was developed. This 
dataset focuses on outcome measurement regardless of treat-
ment, moving from device- to patient-centered outcomes. 
Implementation of this Set will facilitate global standardization 
of outcome measurement and allow meaningful comparison 
among health care systems, evaluation of clinical practice 
guidelines, and eventual improvement of patient care world-
wide for those who experience HVD.
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