Progress in Cardiovascular Diseases 62 (2019) 447-451

journal homepage: www.onlinepcd.com

Contents lists available at ScienceDirect

Progress in Cardiovascular Diseases

Progress in
Cardiovascular
Iseases

Tricuspid regurgitation is a public health crisis¥* L)

Check for
updates

Maurice Enriquez-Sarano *, David Messika-Zeitoun, Yan Topilsky, Christophe Tribouilloy,

Giovanni Benfari, Hector Michelena

Cardiovascular Department, University of Ottawa, Canada
Cardiovascular Department, University of Tel-Aviv, Israel
Cardiovascular Department, University of Amiens, France

ARTICLE INFO ABSTRACT

Article history: Tricuspid regurgitation (TR) has long been a forgotten valve disease of benign reputation. However, TR deserves
23 October 2019 higher attention and represents a growing public health crisis. Indeed, recent epidemiological data suggest that
23 October 2019 1.6 million US residents are affected by moderate or severe TR. Furthermore, large recent cohorts demonstrate

- that higher degrees of TR are associated with considerable excess mortality, independent of all background clin-

?fﬁ’ :;:gis.regurgi tation ical and hemodynamic contexts. Finally., analysis of recent cohor.ts also shows that >90% of gatients with moder-

Echocardiography ate or severe TR are never offered surgical treatment and remain untreated. Therefore, TR is frequent, severely
impacts outcomes, and is rarely treated, justifying the development of new strategies and methods for its

treatment.
© 2019 Elsevier Inc. All rights reserved.
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Introduction health crisis is poorly defined and may be misunderstood for a public

Tricuspid regurgitation (TR) is a valvular condition which is frequent
and has long been perceived as being well-known and well-
understood.! Therefore, the claim that TR represents a public health cri-
sis is not simple to comprehend. Unfortunately, the concept of public

Abbreviations and acronyms: HF, Heart failure; LV, Left ventricle; MR, Mitral
regurgitation; PH, Pulmonary hypertension; RV, Right ventricle; TR, Tricuspid
regurgitation.
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health emergency. In our opinion, the first element is the frequency of
the condition; indeed, a rare condition may be very serious and
warranting treatment but cannot amount to a public health crisis. The
second element besides the frequency of the condition is its impact on
outcome. A frequent condition that is benign cannot become a public
health crisis. The third element to consider is the limited treatment re-
ceived by the carriers of the condition, whether the treatment is often
ineffective or whether an effective treatment is not administered.

TR is defined by the regurgitation of blood from the right ventricle
(RV) to the right atrium, which is normally prevented by the coaptation
of the tricuspid leaflets during systole."? Because presence of at least
trivial TR is discovered in the vast majority of subjects, even with
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completely normal hearts, it is indispensable to consider trivial TR as
physiologic in most subjects and thus inconsequential.!? Hence, the
grading of TR by Doppler-echocardiography is crucial.> While the clini-
cal significance of mild TR is most often considered benign, the TR that
deserves the most attention is severe TR, and most recent data suggests
that even moderate TR is also consequential and warrants our
attention.? Therefore, the question to be examined is whether moderate
or severe TR among our national community represents a public health
crisis by fulfilling all three criteria of frequency, poor outcome and insuf-
ficient/ineffective treatment. Unfortunately, in view of its previous rep-
utation of a benign condition,” the background knowledge regarding TR
has remained quite scarce and because TR is also heterogeneous® the lit-
erature may be quite confusing and uncertain.

Epidemiology of TR: is TR a frequent condition?

The epidemiology of TR is poorly known. Similar to other valve dis-
eases the clinical examination is generally unrevealing”® and many
cases of confirmed TR are undetected clinically. This lack of sensitivity
of clinical examination for TR makes Doppler-echocardiography the
main tool for detecting TR in the population.! Color flow imaging is
highly sensitive for TR, which has been shown to be quite frequent in
the normal population. The American Society of Echocardiography has
provided guidelines to grade TR into mild, moderate, and severe TR
with the concept that severe and probably moderate TR are the grades
of clinical significance.? TR can be quantified by the PISA method mea-
suring the effective regurgitant orifice and the regurgitant volume, but
this quantification remains insufficiently performed routinely.! This
quantification, however, teaches us that for the same regurgitant orifice,
the regurgitant volume is smaller with TR than mitral regurgitation
(MR).? Hence, jets of patients with normal pulmonary pressure may
be underestimated and great care needs to be taken to appropriately
evaluate TR. This assumption that moderate TR is of clinical significance
in terms of clinical status and outcome is recently being emphasized.
Hence, trivial TR is considered valuable for calculation of pulmonary
pressure by the Bernouilli equation'® but not different from no TR in
terms of outcome. Mild TR is of uncertain significance but is considered
because of its frequency as a finding borderline of normal.!' Hence, ep-
idemiological studies have focused around the prevalence of moderate-
severe TR. True prevalence estimation by systematic echocardiography
of the general population has been rarely reported'? due to the consid-
erable effort and funding required but also due to the fact that echocar-
diography initially aimed at another endpoint (e.g. left ventricular
function) may not be of perfectly reliable interpretation for valve dis-
ease in general and for TR detection in particular.'? The most reliable
evaluation was provided by the OxVALVE study in the UK, whereby
~2500 random subjects of age >65 were screened specifically for valve
disease, finding moderate-severe TR in 2.7%."> The data provided is lim-
ited at present, without report of age or sex link to TR prevalence.

Existing US reports of systematic Doppler-Echocardiography in a
sample of the general population were plagued with very few detected
cases of moderate/severe TR and hence an impossibility of normalizing
prevalence to that of the general US population.!? However, it appeared
that TR prevalence was greater in older subjects and in women.

In view of the limitations of attempts at systematic echocardiography,
another approach is to consider prevalence of TR diagnosed in a geo-
graphically defined community, as long as all cases diagnosed can be
defined.!* In those circumstances prevalence can be calculated with the
denominator being the community population and the numerator being
the number of cases diagnosed. Prevalence can be adjusted to that of
the entire US population based on age and sex. Up to now the only com-
munity where such a measurement could be performed was Olmsted
County, Minnesota, whereby a single echocardiographic laboratory, a rel-
atively isolated population with very little care performed outside of the
county, allowed detection of all (or almost all) cases diagnosed in the
community. These assumptions have been validated by the similarity of

patterns of left-sided valve diseases in the general population and in the
county population.' Results in regard to TR have been recently reported®
and indicate TR prevalence overall of 0.55%[0.50-0.60] and of 0.47%
[0.39-0.55] in men lower than in women 0.59%[0.52-0.67]. Another im-
portant feature is the strong link between TR prevalence and age, (Fig
1) very similar to the link between age and left sided valve diseases.'* Im-
portantly, there is a very strong similarity between OXVALVE and Olmsted
studies as the 2.7% prevalence in OXVALVE is well within the 1.09% for the
65-74 age range and the 3.96% in the 75+ age range."

Using this clinical prevalence and the distribution of the US popula-
tion per the US census bureau, the total burden of TR diagnosed in the
community can be evaluated at approximately 1.6 million US residents.
Such burden of cases diagnosed is quite close to that of aortic stenosis'#
warranting a similar attention. Recent data suggest a considerable un-
derdiagnosis of valve diseases in the US'# and the UK'*whereby diag-
nosed cases of left sided valve diseases represent only 2/3 of total
prevalence. While the underdiagnosis may be higher in TR due to the
frequency of lack of murmur,® a conservative estimate of the total bur-
den of moderate or severe TR in the US is 2.4 million residents both di-
agnosed and undiagnosed.

One important information on TR epidemiology is the incidence of
new cases per year that may allow judging the need for treatment and
whether it is met or not. There has been no such direct measurement per-
formed yet, but an estimation is possible based on a stable prevalence in
the community and on the mortality rate per year. While mortality asso-
ciated with moderate severe TR is variable, one can estimate the yearly
mortality at 10 to 15% based on community data.® Hence, based on
those values one can estimate the moderate or severe TR incidence of
new cases between 160,000 and 240,000 per year in the US alone.

Therefore, to the first question of whether TR is frequent, recent data
soundly provide a positive answer.

Outcome of TR: is TR a serious condition?

This question is the most difficult to answer as historical data provided
blanket answers that were contradictory. Indeed, on one hand TR was rec-
ommended as benign enough to require only conservative management®
and it was even estimated that complete surgical removal of the tricuspid
valve was associated with excellent tolerance and outcome.'” On the
other hand TR diagnosed by echocardiography, irrespective of its cause,
was found overall to severely impact outcome.'® These contradictory sug-
gestions cannot be accepted as blanket statements because TR is a hetero-
geneous condition.® In those diverse circumstances poor outcomes may
be related to the causal disease or to the comorbidity associated with
the TR cause and not to the TR itself. What is the most recent evidence
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Fig 1. Prevalence of tricuspid regurgitation diagnosed in the community compared to left
sided valve diseases. The green curve represents the prevalence of tricuspid regurgitation
increasing with age similarly to left sided valve disease (red curve). Reproduced with
authorization from reference.®
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regarding the risk attached to TR, in and by itself, within well-defined uni-
form clinical contexts?

In the community, outcome analysis suggests a high mortality and
cardiac morbidity associated with all clinical contexts.® There is some
variability in absolute rates of events depending on the clinical context
but due to relatively small samples in most subsets, ascertaining the
risk attached to TR in context requires larger, homogeneous cohorts.

Some of the TR clinical contexts are relatively seldom, such as con-
genital heart diseases!” or organic TR'® or post-pacemaker/
defibrillator TR.'® While small case series suggest that flail leaflet caus-
ing TR is associated with poor outcome, '® data remain scarce. Similarly,
iatrogenic TR due to lead interference with tricuspid valve appears to
have poor outcomes'®?° although these are difficult to separate from
the reasons for implantation. Other specific contexts, all with TR called
functional or secondary with structurally normal leaflets, have been
the subject of more in-depth evaluation of the impact of TR on outcome.
The most investigated has been functional TR associated with heart fail-
ure (HF) with reduced ejection fraction. Although few studies with gen-
erally small samples did not observe an independent impact of
functional TR on clinical outcome of HF,?! most studies did,*?* with
also possible impact in patients with HF with preserved ejection
fraction.?* Functional TR is associated with excess mortality that in-
creases with the degree of TR, thus highly suggestive of a causal effect.
Hence, it is not just severe functional TR that affects outcome but also
moderate TR (Fig 2). This poor outcome linked to functional TR, despite
the normal tricuspid leaflets, appears independently of the severity of
the left ventricular (LV) and RV dysfunction and of pulmonary hyper-
tension (PH). The data regarding TR occurring in the context of left
sided valve disease is more scarce. Limited series addressed mitral ste-
nosis post-balloon valvuloplasty?> MR of various causes2® and aortic
stenosis?” and are all notably biased but tend to suggest that also in
the context of left-sided valve disease TR may be linked to poor clinical
outcome. Finally, one group of particular interest is “isolated” TR, a func-
tional TR without left sided valve disease, without LV dysfunction and
without PH.?82° In this group, often associated with atrial arrhythmia
and characterized by a primary right atrial dilatation with TR mecha-
nism primarily related to isolated tricuspid annular dilatation,® there
is little cardiac comorbidity that may explain the poor outcome instead
of the TR and nevertheless these patients incur with severe TR consider-
able excess mortality and high rate of cardiac events whether atrial fi-
brillation or sinus rhythm is present (Fig 3).

Therefore, the most recent data, generally based on large series tend to
show that in all clinical contexts investigated, TR, even functional, is
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associated with poor outcome not only when it is severe but most re-
markably when it is moderate and independently of all baseline charac-
teristics. Hence, to the question regarding the survival impact of TR,
mounting evidence shows that increasing severity of TR is associated
with higher and considerable excess-mortality, despite medical
treatment.

Treatment of TR: is there an unmet need for treatment?

The only currently approved treatment for TR is cardiac surgery with
tricuspid valve repair or replacement.®' The only class I indication for TR
surgery is for severe TR in the context of mitral surgery. To consider
whether the need for treatment is met or not, one must consider effec-
tiveness of surgical treatment and the consistency and frequency of
treatment application.

Effectiveness of tricuspid surgery

Tricuspid valve surgery has a bad reputation although in some sub-
sets of patients such as tricuspid flail leaflets valve repair can be per-
formed in a majority of patients with low operative mortality and
good long-term outcome.'® However, when tricuspid surgery in all
types of cases, even isolated, is considered, many single-center studies
report considerable operative mortality reaching 25 to 30%.22 Nation-
ally, reports in large numbers of patients mention operative mortality
slightly decreasing recently but remaining very high around 8 to
10%.23 Survival following tricuspid surgery appears to be reduced al-
though long-term data remain scant.>* Such poor reputation of tricuspid
valve surgery is in part tainted by the advanced stage at which patients
are referred to surgery. Indeed, survival after isolated tricuspid surgery
is much better in patients who are operated before they reach the
stage of intractable HF** or have a repair before persistent atrial fibrilla-
tion has occurred.'® Because the indication of isolated tricuspid surgery
is frequently made at such desperate stages, 2> the comparison with
medical treatment is markedly biased even after “matching”® and
should not discourage future conduct of clinical trials to assess the in-
trinsic efficacy of tricuspid surgery, in particular in preventing the recur-
rence of HF. Another issue is the mediocre results of tricuspid valve
repair. Indeed, while complex repair can be done for organic TR,'®
most repairs are simple annuloplasties for functional TR.>? Such repairs
often fail with recurrent TR in 25% or more of patients operated over 2 to
5 years post-surgery.>” This high failure rate is due to valve tenting,
most frequent in patients with PH or, RV marked dilatation or
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increased long-term mortality. Reproduced with authorization from reference.*



450 M. Enriquez-Sarano et al. / Progress in Cardiovascular Diseases 62 (2019) 447-451

Sinus Rhythm

Atrial Fibrillation

100 — TV pE—
e —r— ‘—“‘—-w-_n
—. —
i 89+3% — | S——
= - = 84z4% W
_ 78 + 6% _ﬂ
& 60 T7£9% 60 ]
3 56 + 12% 55 + 12%
; 40 40 60 + 8%
w
20 20 29 + 8%
p <0.001 p < 0.001
0 I | T | | 0 I T I I |
0 2 4 6 8 10 0 2 4 6 8 10
Years Years
80— 80 ‘
p < 0.001 p <0.001 70 £ 10%
2 60 60
2 41 +13% 42 + 8%
=4
> 10 40
. | "
. 21 +10% 36 +14%
Qo
S
2
T 20| 20 |
© 10+ 4% 9+3% I
4£29 1
L E— | T T | 0 | H_;—lr— I | |
0 4 6 8 10 0 2 4 6 8 10
Years Years
ERO =40 mm? w== ERO <40 mm?

Fig 3. Clinical outcome of isolated tricuspid regurgitation. The outcomes analyzed are survival (top row) and cardiac events (lower row) in sinus rhythm (left graphs) and in atrial
fibrillation (right graphs). Note that for both endpoints in sinus rhythm or atrial fibrillation, severe isolated tricuspid regurgitation, despite absence of left ventricular dysfunction, left
sided valve disease and pulmonary hypertension, is associated with much worse clinical outcome. Reproduced with authorization from reference.®

dysfunction, which is often under-appreciated pre-operatively, is not
corrected by the annuloplasty and yields tricuspid malcoaptation post-
annuloplasty.® While some surgical techniques may be used to address
this type of valvular dysfunction, it is not detectable intra-operatively
when the heart is unloaded of flaccid and post-operative recurrence of
TR remains frequent. Tricuspid valve replacement with mechanical
prosthesis is rarely used due to the concern with valve thrombosis.>* Bi-
ological valve replacement is not devoid of the risk of thrombosis and
tissue degeneration but the new development of valve in valve implan-
tation allows potential therapeutic approaches. Irrespective of these
considerations, tricuspid valve surgery for TR is not considered an opti-
mal and safe treatment.

With no optimal surgical solution patients are often treated with in-
creasing diuretic treatment, initially with some success but ultimately
complicated by renal failure, which is another dis-incentive to surgical
treatment.>* Therefore, physicians even with the best of intentions are
undertreating TR.

Is TR undertreatment established as a fact?

1. Nationally the confrontation of a prevalence of 1.6 million patients
with prevalent moderate severe TR vs. the 8 to 10,000 tricuspid sur-
geries performed yearly is highly suggestive of a massive
undertreatment. Considering the incident cases estimated in the na-
tion no more than 4 to 5% of incident cases are ever operated.

2. In the privileged community of Olmsted county, MN, the rate of life-
time tricuspid surgery for moderate severe TR diagnosed in the
1990's has been measured at 2.5%.°

3. In the privileged but small subset of flail tricuspid leaflets, around
50% of cases underwent tricuspid surgery.'®

4. In the large subset of patients with functional TR secondary to LV
dysfunction, those operated for TR represent only 4% of the patients
with moderate or severe TR five years after diagnosis.*

5. In the context of isolated TR, despite the absence of LV dysfunction,
left-sided valve disease or PH, only 8% ever get tricuspid surgery
performed.?®

Therefore, despite the doubts on risks and efficacy of tricuspid valve
surgery, the immense majority of patients with moderate or severe TR
throughout their lifetime is left untreated by the only treatment cur-
rently approved in the US for TR and are only receiving medical treat-
ment, which does not prevent the occurrence of considerable excess
mortality. Hence, we believe that this situation qualifies as
undertreatment or unmet need for treatment for TR.

TR public health crisis: the way forward

With TR now proven to bear the hallmarks of a public health crisis
as a condition that is frequent in the population, affecting millions of
mostly older patients, complicated by severe HF and excess mortality
and treated only in a minimal fraction of those affected, it is abun-
dantly clear that a plan of action is necessary. The way forward
involves:

1. Paying more attention to diagnosing moderate and severe TR, which
ideally encompasses increased use of quantitative Doppler-
echocardiographic methods.

2. Avoid being falsely reassured by an initial improvement with diuresis
and keep a continued contact with patients who have challenging
symptoms and clinical features.
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. Early consideration of tricuspid surgery before the occurrence of in-

tractable HF. At best that consideration should occur within a multi-
disciplinary Heart Team.

. Pursue the current development of new therapies, surgical and

mostly percutaneous.>® Current transcatheter therapies appear to re-
duce TR in half on average leaving often TR remaining severe and
more effective therapies are warranted.*

. Test efficacy of therapies in appropriately designed randomized clin-

ical trials.

The burden of TR is large, almost unaddressed and warrants our full

attention.
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