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Abstract

Echocardiography plays a vital role in the follow-up of patients with replacement heart
valves. However, there is considerable variation in international guidelines regarding the
recommended time points after implantation at which routine echocardiography should
be performed. The purpose of routine echocardiography is to detect early structural valve
deterioration in biological valves to improve the timing of redo interventions. However, the
risk of valve deterioration depends on many valve-related factors (valve design and patient
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prosthesis mismatch) and patient-related factors (age, diabetes, systemic hypertension, renal
dysfunction and smoking). In this statement, the British Heart Valve Society and the British
Society of Echocardiography suggest practical guidance. A plan should be made soon after
implantation, but this may need to be modified for individual patients and as circumstances
change. It is important that patients are managed in a multidisciplinary valve clinic.

Introduction

All guidelines (1, 2, 3, 4, 5) agree that echocardiography
should be routine soon after heart valve surgery to
record baseline replacement valve function. After this
further echocardiography is indicated by the presence of
complications of the replacement valve, coexistent cardiac
abnormalities or the clinical suspicion of new pathology,

for example, infective endocarditis. All guidelines also agree
that routine annual echocardiography is indicated to detect
early structural valve deterioration (SVD) in biological
replacement valves. This is to prompt closer follow-up and
is expected to lead to optimal timing of redo intervention
if this is clinically indicated. However, the guidelines do
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not agree when routine echocardiography should start
(Table 1) (1, 2, 3, 4, 5) giving a range from immediately (1)
after implantation to beyond 10 years (2). Guidance for
mechanical valves is provided in some, (3, 5) but not other
(1, 2, 4) guidelines and biological mitral and tricuspid valves
are not discussed in any guideline.

These limitations and conflicts in the international
guidelines make it difficult for clinical echocardiography
departments to plan standards of care and may contribute
to inconsistent clinical follow-up and frequency of
echocardiography (6). The aim of this combined statement
from the British Heart Valve Society and British Society
of Echocardiography is to consider the various guidelines
in the light of existing evidence to propose a pragmatic
guide to the timing of echocardiographic follow-up in
patients with replacement valves.

Routine echocardiography immediately
after surgery

A point-of-care pre-discharge study may be performed to
detect any problem requiring immediate management
for example pericardial tamponade, a large dehiscence
or severe LV dysfunction. However, a formal baseline
echocardiogram is essential against which to compare
future studies to detect structural valve deterioration
(SVD) and complications. This may not be possible pre-
discharge because image quality is often suboptimal due
to subcutaneous edema and difficulty in positioning
the patient adequately because of pain and immobility.
Furthermore, LV function may not have recovered fully
leading to temporarily reduced velocity measurements.
It may therefore be better to perform the baseline study
around 6-8 weeks post discharge, for example, at the first

Table 1 Onset after implantation of routine annual
echocardiography: summary of international guidelines.

Biological mitral

Guideline Mechanical Biological aortic or any tricuspid

ESC valve - Immediate -
2017 (1)

AHA 2014 (2) - >10 years -

ESC valve Not routinely >5-10 years -
council
2015 (3)

ESC valve - >5 yearsa -
2012 (4)

ASE/EAE Not routinely >5 years -
2009 (5)

aEarlier in young patients.

Echocardiography of 6:1 | G10

replacement heart valves

postoperative surgical outpatient visit. The patient should
be in a stable rhythm with a controlled ventricular rate at
the time of the study and if this is not the case, the study
should be repeated as soon as possible after this has been
corrected.

Itis reasonable to repeat echocardiography in the early
postoperative period to confirm resolution of a pericardial
effusion or recovery of severe new LV dysfunction.

Long-term transthoracic echocardiographic
follow-up in asymptomatic, well patients

The purpose of routine echocardiography is to detect
early SVD in order to observe the patient more frequently
both clinically and echocardiographically and plan a redo
procedure. However, SVD of modern mechanical valves is
exceptionally rare (7) and happens suddenly with critical
hemodynamic deterioration. Routine echocardiographic
follow-up of mechanical valve prostheses in asymptomatic
patients with no coexistent pathology is therefore not
usually needed. However, patients with a mechanical
mitral valve should have a routine echocardiogram at
5 years to assess for tricuspid regurgitation or worsening
RV dysfunction if they did not undergo concomitant TV
repair.

In contrast, SVD is common in all biological
replacement valves. It usually develops and progresses
gradually by a process of fibrosis and calcification leading
in general to dominant stenosis in 40%, dominant
regurgitation in 30% or mixed stenosis/regurgitation
in 30% (8), although these proportions vary with valve
design. Some designs (e.g. Cryolife-O’Brien) are prone to
sudden tearing at the base of a cusp leading to relatively
rapid symptomatic decline.

The timing and frequency of TTE depends on the
likelihood of the particular valve prosthesis developing
SVD. The main types of bio-prosthetic valves are outlined
in Fig. 1 (8, 9) In general, the rate of SVD is 20% at 10 years
for xenograft valves in the aortic position (7). However, the
rate of SVD rate depends on a number of factors including
valve design, position, patient-prosthesis mismatch, age
at implantation (Fig. 2), systemic hypertension, renal
function and diabetes (10) (see the ‘Factors determining
durability of a biological replacement valve’ section below).
The initiation and frequency of routine echocardiography
must therefore take account of these factors.

A suggested framework for routine echocardiography
is given in Table 2 and Fig. 3. We suggest that an individual
plan should be agreed early after implantation for
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Figure 1
Main types of surgical and transcatheter

$ ',/ bioprosthetic heart valve. Reproduced from
e WY B il Journal of the American College of Cardiology,
X W XA vol 69, Puri R, Auffret V & Rodés-Cabau J,
AAA AA A Bioprosthetic valve thrombosis, pages
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patients with particular risk factors and that this should
be recorded in the case-file. All patients should undergo
clinical follow-up in a specialist valve clinic (11, 12). In
a multidisciplinary valve clinic, a nurse will usually see
patients after surgery who do notrequire echocardiography
(13). The valve clinic setting allows immediate discussion
of individual cases to agree changes to the initial plan for
example extending follow-up to every 2 years if the valve
is morphologically and functionally normal or cessation
of echocardiography if the patient is not a candidate for
further invasive intervention.

from Elsevier (9).

Factors determining durability of a biological
replacement valve

Valve position

SVD occurs more commonly for valves implanted in the
mitral position with a failure rate of approximately 40%
at 10 years (14) compared to <10% for valves implanted
in the aortic position in patients aged >60 years. There
is relatively little information for valves inserted in the
tricuspid position but annualized rates as high as 5% per
patient year have been reported (15).
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Figure 2

Graph of structural valve deterioration in biological valves at 15-20 years
according to the age at implantation. Constructed with data from multiple
studies. Reproduced from journal of the American College of Cardiology, vol
55, Rahimtoola SH, Choice of prosthetic heart valve in adults: an update.,
pages 2413-2426, Copyright (2010), with permission from Elsevier (16).

Valve design

Valve design affects durability in a number of ways
including the quality of tissue preservation, anti-
calcification treatment and the stresses between the stent
and cusps. In a recent study (10), stentless valves were less
likely to develop SVD than stented valves and porcine-
stented less likely than pericardial-stented valves. However,
within these broad categories individual designs differ
widely. A stentless valve, the Cryolife O’Brien and a stented
pericardial valve, the Sorin More were withdrawn as a result
of early failures. The Medtronic Mosaic, a stented porcine
valve, may be more likely to fail early than the Edwards
Perimount, a stented pericardial valve (16). Furthermore,
long-term durability data are strongest for the Edwards
Perimount stented pericardial valve (7) and the Medtronic
Hancock II porcine-stented (17) valves with mean survival
of 20 years for patients aged >60 years at implantation. In a
series of 1387 biological replacement valves of 13 different
designs including the now withdrawn Cryolife O’Brien,

Table 2 Suggested frequency of routine echocardiography.

Echocardiography of 6:1 | G12
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52 (3.7%) developed SVD before 2 years, 129 (9.3%)
between 2 and 5 years, 158 (11.4%) between 5 and
10 years and 89 (6.4%) beyond 10 years. Consequently, it
is recommended to perform more frequent follow-up in
patients, even aged >60 years at implantation, who have
valve designs for which follow-up data are lacking. Newly
introduced valve designs should be followed annually
from implantation. The durability of transcatheter valves is
also uncertain and these should also be followed annually.
By contrast, patients aged >60 years at implantation with
a Perimount series valve or Hancock II or another valve
design with demonstrable good durability can reasonably
have routine echocardiography only at 10 years and
beyond as suggested by the American Heart Association
guideline (2).

Patient prosthesis mismatch

A mean gradient >15mmHg was one of the many factors
predicting SVD in a series of 1387 biological aortic valves
(10). Flameng et al. (18) showed that SVD started at
2 years in the presence of patient prosthesis mismatch
compared to 9 years without mismatch. This effect may
be because of increased stresses on the valve cusps and
there may also be less reserve before symptoms develop if
the effective orifice area is already small immediately after
implantation.

Patient factors

The most important factors in the longevity of valve
prosthesis is the age of implantation (19) (Fig. 2). The
rate of SVD at 10 years is typically <10% in patients over
the age of 60 years but is significantly higher with rates
of 20-30% in patients <40 years of age (17, 20, 21, 22).
The reason for this is uncertain but may be related to the
higher levels of physical stress during periods of exertion
in younger cohorts. Despite this, 25% of people aged

Valve type Indications

Frequency

Mechanical valve in aortic,
mitral or tricuspid position
Biological valve

Baseline echocardiogram normal

exist, Ross procedure
Biological valve

TAVI, new designs for which adequate durability data do not

Mitral or tricuspid position, aortic xenograft age <60 at
implantation (or other major risk factors, e.g. renal failure,

No routine follow-up usually required
Annual from implantation

Annual from 5 years after
implantation

severe patient-prosthesis mismatch)

Biological valve

>60 at implantation

Designs in the aortic position with proven longevity e.g.
Edwards Perimount, Medtronic Hancock Il in patients aged

Annual from 10 years after
implantation
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Patient with normally functioning
prosthetic valve post implantation

Percutaneous valve,
new valve design,
Ross procedure

Bio-prosthetic valve
with durability data

High risk clinical

features*

Mitral or tricuspid
Aortic prosthesis prosthesis

Annual il Annual surveillance Annual surveillance
nual surveillance after 10 years after 5 years

<56 years had biological valve implanted in the UK in 2008
(23). In addition, the presence of systemic hypertension,
increased BMI, diabetes, renal failure and smoking have
all been shown to accelerate the rate of SVD (10, 24, 25).

Signs of early failure of a biological
replacement valve

The key to detecting early SVD is a change in the
appearance of the valve accompanied by an increase in
the gradient and/or the development of or worsening
of transvalvar regurgitation. This definition has been
unnecessarily confused by the recent EACTS guideline for
aortic replacement valves (26), which allows the definition
of SVD based on an absolute gradient (mean gradient
>20mmHg) with no requirement for a morphological
abnormality nor for an increase in gradient. This conflates
SVD and patient-prosthesis mismatch and means that
SVD as defined is often present at implantation. A better
definition (10, 27) is

Thickening and reduced opening of the cusps associated
with either (1) an increase in mean gradient from the last study
by >10mmHg associated with a fall in EOA or (2) an increase

Table 3

Echocardiography of G13

replacement heart valves

Mechanical Valve
prosthesis

Rheumatic Heart
disease without TVR

Figure 3

Recommendations for echocardiographic
follow-up of normally functioning prosthetic
valves post-implantation. TVR, tricuspid valve
y replacement. *High-risk features include age

<60 years, patient-prosthesis mismatch, renal
No routine follow up

failure, type 2 diabetes.
in regurgitation from baseline by one grade provided that the
current grade is at least moderate.

SVD does not necessarily lead immediately to
redo intervention. In one series (10) of 1387 biological
replacement valves, 428 (31%) developed SVD but only
159 (11.5%) had a redo procedure. However, once signs
of SVD are found, it is reasonable to restudy in 6 months
in case there is rapid progression. If the change is minor
and there is no progression after 6 months, it may then
be reasonable to revert to annual follow-up. If there is
moderate or severe SVD (mean gradient >40mmHg or
moderate or worse regurgitation) 6 monthly follow-up
is usual. These decisions should be discussed with the
cardiologist supervising the valve clinic.

Often the patient may become frail during a long
follow-up and find it increasingly hard to attend regular
outpatient visits. He or she may not want to undergo
further procedures or it may only be appropriate to
consider these in the presence of severe symptoms. The
scientist or nurse who sees the patient regularly together
with the cardiologist may suggest that the patient stops
attending regularly but remains free to re-establish
contact. Sometimes a patient may still prefer to be seen

Indications for non-routine echocardiography if the baseline study is abnormal.

Indication

Frequency

Moderate valve disease including paraprosthetic regurgitation
Severe valve disease (if not requiring redo surgery)

Significant LV dysfunction

Aortic dilatation >41 mm or >21 mm/m?2

1-2years (1, 2)
6 months (1, 2)
1 year

1 year (28)
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clinically even if it is no longer appropriate to undergo
routine echocardiography.

Indications for non-routine
serial echocardiography

Ifthebaseline, postoperative transthoracicechocardiogram
is abnormal, repeated echocardiograms are indicated
at a frequency depending on the pathology (Table 3).
Echocardiography is also indicated on the suspicion
of pathology either because of a symptom (typically
breathlessness), the suspicion of endocarditis (e.g.
unremitting fever, weight loss, malaise), an event (e.g.
TIA) or a change in clinical signs including the murmur.

Conclusion

Defining the timing of and frequency of echocardiographic
follow-up of patients with replacement valves can be
complex and may depend on a variety of valve and patient-
related factors. This statement from the British Heart
Valve Society and the British Society of Echocardiography
suggests general guidelines but stresses that these may
have to be modified for individual patients. A follow-up
plan should be made after implantation but may have to
be reviewed as circumstances change. This complexity
underlines the need for these patients to be followed in a
specialist multidisciplinary valve clinic.
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