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Rheumatic aortic valve disease—when and who to repair?
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Rheumatic valve disease is an endemic problem that is responsible for substantial morbidity and mortality

in many countries. Unlike the rheumatic mitral valve, aortic repair continues to be challenging. A thorough

understanding of the underlying mechanisms; structural and functional, is essential for repair. We here

describe various methods of repair and outline our favoured techniques.
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Introduction

Rheumatic valve infection is prevalent in developing
countries. Affecting 10:1,000-15:1,000 in endemic
countries, it is responsible for the death of more than
300,000 patients/year. It is the most common cause for
heart valve surgery (1,2) (Figure I). Although predominantly
affecting the mitral valve, rheumatic aortic valve disease is
present in up to 30% of cases causing a more serious impact
on left ventricular function, quality of life and overall
prognosis (1). Nine percent of patients have isolated aortic
stenosis, 14% isolated incompetence and 6% have mixed
lesions. Rheumatic post-inflammatory lesions leave the
aortic valve with thickened, fibrotic, shrunken cups usually
with fusion at the commissures and sometimes calcification.

Repair of the rheumatic mitral valve is particularly
important for the sake of improved ventricular remodeling,
contractility and overall survival in addition to avoiding
anticoagulation in a young cohort with a tendency to
poor compliance. A somewhat difficult undertaking,
specialized centers have shown very good results especially
in rheumatic mitral and tricuspid valve incompetence (3).
However, the rheumatic aortic valve continuous to defy
attempts at reliable repair due to its peculiar anatomical and
histopathological characteristics (4) (Figures 2,3). Recent
attempts at achieving this goal continue (5). We here outline
the different methods being applied.
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Surgical treatment of rheumatic aortic valve
disease

Valve replacement provides good early results but long-term
outcomes are limited by the cumulative risk of valve-related
complications (6). Mechanical aortic valve replacement
remains, however, the classical treatment for severe rheumatic
aortic valve infection, especially for young patients. This
remains far from optimal due to increased risk of thrombosis
and embolism since this disease mainly affects patients of
low socio-economic profile with limited access to follow-
up and control of anticoagulation. Additionally, stented
bioprosthetic replacements for rheumatic aortic valve disease
have a tendency for patient-prosthesis mismatch, as patients
commonly have a small, fibrotic annulus, particularly females.
Additionally, from our personal experience bioprostheses,
including stentless prostheses tend to degenerate very
quickly in young patients. It therefore follows that available
valve substitutes are not optimal for use in this relatively
young population (7). Hence, valve-conserving restorative
operations are preferred if they can perform reliably.
Timing of surgery for rheumatic lesions is still largely
unanswered. The currently accepted guidelines for
non-rheumatic aortic valve disease are being used to
guide timing (6). Recent evidence supports rather early
intervention before the setting of irreversible myocardial
damage. This is particularly the case for aortic regurgitation
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Figure 1 World map showing endemic countries with rheumatic heart disease (based on estimated childhood mortality due to rheumatic
heart disease greater than 0.15 deaths per 100,000 population among children aged 5 to 9 years) (Endemic in green and non-endemic in
blue) (From Watkins ez #l. Global, Regional, and National Burden of Rheumatic Heart Disease, 1990-2015. N Engl 7 Med. 2017;377(8):713-
722) (2).

Figure 2 Haematoxylin-eosin staining showing different stages of thickening and vascularization of the cusps (HE, x40). (A) Normal aortic
valve; (B) early stage of rheumatic valve affection with mild thickening of the ventricular aspect of the valve not interfering with mobility; (C)
later stage; fibrosis confined to the ventricular surface of the leaflet with further thickening; (D) advanced (mature) stage with further fibrosis
and vascularization as well as clear line of demarcation between the leaflet and fibrous tissue and mild degree of fibrosis on the aortic surface

of the cusp. Arrows indicate clear line of demarcation between the leaflet and fibrous tissue.
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Figure 3 Alcian blue and sirius red staining of aortic valve cusps (Alcian Blue and Sirius Red, x40). (A) Healthy aortic valve showing normal

amount of glycan layer (GAGs) necessary for improved mobility; (B) rheumatic aortic valve, glycan layer is diminished but still present.

For post inflammatory rheumatic affection/thickening:
Peeling (decortication)

Shaving (thinning)

For pure rheumatic aortic incompetence:

Free edge plication
Subcommissural suture plication
Augmentation

Of the body

Of the free edge

Single cusp replacement

Of all cusps (Neocuspidization-Ozaki Technique)

(AR) as it poses both a diastolic as well as a systolic volume
overload, causing earlier irreversible damage as compared
with aortic stenosis (8).

How to repair the rheumatic aortic valve

Effective repair of the rheumatic aortic valve requires
thorough understanding of the pathophysiology of
rheumatic valve disease, the histological disease process
and the dynamics of flow across the valve and within the
aortic root in health and disease. Changes in size, shape and

© Annals of Cardiothoracic Surgery. All rights reserved.

dynamism of the aortic valve and root can be characterized
by modern imaging techniques and need to be addressed
during operative repair (9-11).

Many techniques have been proposed for repair of
rheumatic aortic valve disease (5,12-15) (Table 1). Some
rheumatic aortic valves have obvious commissural fusion
that can be dealt with by sharp dissection which, if carried
out alone, residual gradient would result from stiff aortic
leaflets.

The leaflets are mobilized by a process of peeling (or
decortication) of the cusps, with focal decalcification where
necessary. Starting from a tissue plane on the ventricular
surface of the leaflet beneath the aortic annulus, peeling can
sometimes significantly improve cusp mobility; increasing
its pliability, surface area and extent of coaptation. This
decortication technique is possible because the rheumatic
disease process spares the elastica and part of the fibrosa.
We believe it yields better results than simple shaving of the
leaflet body or edge, which makes the leaflet thinner but
does not improve its mobility (12) (Figures 2,3).

Cusp extension/augmentation can be done by patching
a ribbon of pericardium (or other tissue) to the free edge of
the cusp. This has not shown good results in our experience
and that of other groups especially if it is done in one or two
cusps only (Figure 4). This technique has been superseded
by total cusp replacement, which has shown very good
mid-term results, especially by the Ozaki group (13). This
technique, however, is to be considered a stentless aortic
valve replacement rather than repair.

Patching the aortic cusps seems to degenerate quickly
when performed at the free edge. However, from the
experience in patching holes in the belly of the cusps,
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Figure 4 Early and midterm images after rheumatic aortic repair by cusp extension of the free edge. (A,B) Redo operation 1 year after free

edge extension of the non-coronary cusp with extra cellular matrix. (A) Intraoperative image; (B) the excised aortic valve. The ribbon shaped

patch has degenerated completely while native cusps remain short and thickened. (C,D) Redo operation 3 years after free edge extension of

the non-coronary cusp with autologous pericardium. (C) Intraoperative image; (D) the excised aortic valve. The pericardium is thickened,

fibrotic and shrunken.

following healed endocarditis, away from the free edge
had superior longevity. We therefore elect to perform
aortic cusp augmentation by incising the base of the cusps,
freeing the coapting edge of the aortic leaflet and patching
the “belly” of the aortic leaflet (Figure 5). This has shown
improved results in our hands.

No perfect material exists to replace or augment
the diseased aortic cusps. Fresh pericardium is soft and
potentially living tissue that we have favored whilst
performing cusp extension. Treated pericardium offers
better handling but has accelerated degeneration. PTFE has
been tried by other groups with less than optimal results.
Extracellular matrix, in our experience, degenerated very
rapidly in the aortic position especially when used to extend
the free aortic leaflet edge (5,14,15). In the past, we have
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used dura mater with apparently good results, but they are
no longer available. Tissue engineering of patches or entire
valves is an emerging area of surgical research (16). While
not currently in use, such technologies will hopefully be
available in the near future potentially improving outcomes
at a lower cost. Tissue-engineered products could also be
stent mounted and delivered percutaneously making them
even more attractive in limited-resource settings.

Which rheumatic aortic valves to repair

Repair of mild to moderate aortic lesions during
concomitant mitral valve surgery gives acceptable results.
This is because the valve is not yet burnt out, there is
still some leaflet tissue to use for repair and mild residual
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Figure 5 Repair of rheumatic aortic valve regurgitation. (A) The rheumatic aortic valve; (B) incision along the annulus with release of the

free edge of all three cusps; (C) pericardial patch of the left coronary cusp; (D) pericardial patch of the non-coronary cusp; (E) the final result

showing improved coaptation of the free edge with good leaflet substance.

or recurrent degrees of aortic incompetence, in this
setting, is well-tolerated. Another good cohort is younger
children where the valve is more amenable to repair and the
cumulative risk of replacement is more substantial.

Need for specialized centers (10)

Especially with valve repair, ensuring quality is an important
consideration for surgical programs in limited-resource
settings. Post-operative outcomes have been recorded in
a robust manner for congenital heart disease surgery for
children in these settings (17). The same practices could
be easily extended to patients requiring rheumatic valve
repair, since patient demographics and healthcare providers
overlap significantly.

Joint effort of teams with interest in reconstructive valve
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surgery is bound to lead to better and more reproducible
results. More efforts are needed on ensuring quality of post-
surgical care, including anticoagulation, for those living in
remote or deprived areas (6,18).

Conclusions

Rheumatic aortic valve disease is a problem without a perfect
solution. Surgical techniques are still evolving and the
efficacy of current practices needs to be validated by studying
larger numbers of patients with long-term follow-up focusing
specifically on ventricular function and, importantly, quality
of life which is often significantly impaired (18). A tailored
approached should be followed based on patient age, body
habitus, compliance to medications and size and shape
of the aortic annulus and root. We believe that the Ross
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Figure 6 Difference in mobility and pliability between a rheumatic aortic root and a pulmonary autograft aortic root. (Top) 3D

Segmentation using CT angiography of the aortic root in a patient with advanced rheumatic aortic valve disease not suitable for repair;

(Bottom) same patient following pulmonary autograft replacement of the aortic valve and root (Ross) with regurgitant area 0 mm® and

excellent coaptation.

procedure still offers the best option for this young cohort
for its improved survival, positive impact on left ventricular
function, exercise tolerance and quality of life in addition to
its clear advantage of avoiding anticoagulation it is limited
however by the availability of homografts (19,20) (Figure 6).

More effort should be invested in optimizing cusp
replacement and extension by further understanding of aortic
complex dynamics and investment in a tissue-engineered
cusp tissue.
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