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ABSTRACT

The aim of this review is to present current trend in the clinical management of the infective endocarditis (I.E.). This disease
has still, to date high mortality. So it is, in spite of the most modern therapeutic approaches based on both the latest generation of
antibiotics, and the application of the latest cardiac surgery. 

Therefore, it is important to focus on the medical and surgical treatment options currently most widely accepted among those
available today, on the basis of international consensus and clinical experience acquired so far on this subject. In this article are
reviewed these therapeutic modalities.

The rapid and accurate diagnosis and prompt and proper implementation of integrated medical and surgical therapies are essen-
tial in order to be able to lower as much as possible the mortality of this severe disease.
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Introduction

Infective endocarditis (IE) is still today a seri-
ous disease with an high mortality, even if it was
much reduced by modifications in therapeutic
management in the last decades. In fact this has
been possible, on the one hand, from the forties,
thanks to the advent of antibiotics, on the other
hand, starting from the mid-fifties and up to the
present day, with the growth and development of
cardiac surgery. Moreover to date, following inter-
national consensus, the surgical indications are
much larger than in the past.

IE and its complications are frequently not
controlled enough by medical therapy alone. Is just
exactly in these circumstances that surgical therapy
plays a key- role in the treatment of IE. In fact, as is

known, in such conditions, the antibiotic therapy
alone is associated with a high mortality rate much
higher of surgical therapy(1,2).

Regarding IE of native valve, surgery is
reserved for patients that, despite given antibiotic
therapy, develop severe complications. Therefore,
haemodynamically severe valvular diseases caused
by IE, especially with heart failure, should be treat-
ed surgically.

It is important to specify that, even during a
cycle of effective antibiotic-targeted therapy, valvu-
lar lesions may progress to worse pathological situ-
ations, leading to the insidious onset of heart failure
in a few weeks. It is therefore necessary to monitor
constantly the clinical conditions, even after the
defervescence of the patient, in order to note the
first signs of heart failure, suggesting the indication
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for surgery. In the case of resolution of the infection
(apyrexia, stable normalization of inflammation
markers, negativity of blood cultures, absence of
vegetations or abscesses), in the presence of valvu-
lar lesions haemodynamically not more than mod-
erate, the patient may be placed in the clinical-
instrumental follow-up after of the prescribed peri-
od of antibiotic therapy. More than 50% of the sub-
jects in follow-up will require a valve replacement
surgery within 10-15 years from the episode of IE(3). 

Different are the clinical features of infective
endocarditis in prosthetic valves. Like all infec-
tions, arising in the presence of a foreign body,
prosthetic valve endocarditis are extremely difficult
to eradicate with medical therapy alone, due to the
development of a biofilm that isolates the bacteria
from antibiotics and to the occurrence of bacterial
genetic mutations that confer antibiotic resistance(4).
Therefore prosthetic IE, in most cases, requires sur-
gical treatment(5).

Particularly aggressive turn out to be the early
infections, which appear within three months, fol-
lowing implantation of the prosthesis and are usual-
ly caused by Staphylococcus aureus. These are fre-
quently associated with the detachment of the pros-
thesis and the formation of abscesses. In these cir-
cumstances, with medical therapy alone mortality is
extremely high, exceeding 50%(6,7).

Occasionally prosthetic IE caused by little
aggressive bacteria and sensitive to antibiotics such
as Streptococcus spp, can be treated with medical
therapy alone in the absence of prosthesis detach-
ment of relevant entities. However, a strict follow-
up is advisable in this patients, with frequent
echocardiographic monitoring, in order to capture
time for the onset of complications.

Finally, surgical indication criteria are any
pathological features associated with a particularly
aggressive infection, such as: vegetations of diame-
ter > 10 mm, recurrent systemic embolization (> 2
episodes) in the presence of vegetations, abscesses
and perivalvular intracardiac fistulae, as not curable
with antibiotic therapy alone. 

On the other hand, it is reported in the litera-
ture that medical treatment alone is successful in
patients with a limited extension of perivalvular
infection, abscess with a diameter <1 cm and in any
case in the absence of further complications such as
atrio-ventricular block and severe valvular dysfunc-
tion(8).

It is worth pointing out, however, that these
cases are extremely selected and subjected to fre-

quent controls using transesophageal echocardiog-
raphy, even after the end of antibiotic therapy cycle.

Indications and timing for surgical treatment

In principle, the surgical treatment of valvular
lesions caused by IE should be deferred until the
“cooling” of the infection status. This cooling is
obtained through a parenteral antibiotic targeted
therapy, for at least two weeks, with periodic close
monitoring of inflammation markers (C-reactive
protein, erythrocytes sedimentation rate) and blood
cultures examination. Under ideal conditions, the
surgery is performed in a stable afebrile patient,
with blood cultures now negative and inflammatory
markers in significant reduction.

The objective of the cooling is to operate on
cardiac tissues reclaimed from the micro-biological
point of view, in order to minimize the risk of IE
recurrence, whose impact is of particularly unfavor-
able prognosis after implantation of a prosthetic
valve. It is also desirable to wait for the normaliza-
tion of renal function, frequently altered by antibi-
otics and by the formation of immune complexes
that sometimes accompanies the IE.

However, the timing of choice is inappropriate
in circumstances in which the infectious process
appears to be extremely aggressive and even out of
control. For example, in case of acute heart failure,
mortality in medical therapy(9) can reach 51% and in
any case is significantly higher than the consequent
risks to a surgical valve replacement performed in
active phase of  IE, with an incidence of recurrence
of infection on prosthesis no more than 3%(10). In
such situations, surgery must be carried out under
urgency, or in extremely compromised patients,
even emergency. 

The indications for urgent surgery are repre-
sented by acute heart failure [class III-IV New
York Heart Association (NYHA)], caused by severe
valvular lesion, such as an high grade of aortic or
mitral regurgitation. Acute heart failure is the most
important prognostic factor in the IE(11,12).

In particular, acute aortic valvular regurgita-
tion is the disease most frequently associated with
severe acute heart failure followed by severe mitral
insufficiency and from that tricuspid(9). In the pres-
ence of massive and acute aortic regurgitation, the
early closure of the mitral valve is an aggravating
factor in the degree of heart failure and echocardio-
graphy should always be sought. They can also put
to acute heart failure large prosthesis detachments
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more than 40% of the circumference of the pros-
thetic anulus, the prosthetic malfunction by locking
a movable element due to the presence of an infect-
ed thrombus, and fistulas created between the aortic
root and the left atrium. 

Other conditions may suggest the possibility
of a early surgery, if not urgent, such as fungal
endocarditis, Gram-negative (Serratia marcescens
and Pseudomonas aeruginosa) and so considered
"hard” germs (Brucella spp.), infection with antibi-
otic-resistant germs (Enterococcus spp.), persistent
fever even in the presence of negative blood cul-
tures (negative blood cultures endocarditis),
perivalvular abscess, and persistent abscesses and
vegetations and / or a septic state with positive
blood cultures despite anti-biotic parenteral therapy
lasting at least one week.

Specifically, the perivalvular abscess is associ-
ated with a particularly unfavorable prognosis in
the short term, as it may predispose to more serious
complications such as the atrio-ventricular block
and fistula formation between the cardiac cavities.
If an abscess is diagnosed, therefore, it is prudent
rapidly to proceed surgically, in order to prevent the
progression of the destructive endocarditic lesions
and related complications. Finally, the detection of
echocardiographic moving valvular vegetations,
with a diameter > 10 mm, especially if located on
the anterior leaflet of the mitral and / or with an
increasing diameter, despite antibiotic therapy, is
associated with an increased risk of systemic
embolization, especially during the first two weeks
of parenteral antibiotic therapy.

The use of an aggressive approach to the
removal of such vegetations in early stage must be
individualized, having to take into account, on the
one hand, the operative risk, incremented during the
active phase of the IE and, on the other hand, the
risk of major embolization events, the more in the
case of abstention from. In the case of valvular veg-
etations, it is advisable to work early, especially
when coexist other conditions that require early
treatment, such as perivalvular abscess or a persis-
tent septic status.

Lately it has been suggested to operate prema-
turely patients suffering from mitral IE, particularly
with involvement of the anterior leaflet, in order to
increase the chances of feasibility of a conservative
procedure, because performed before the lesions
evolve to the point to result in the replacement of
the valve with a prosthesis(13-15). 

This approach appears very attractive, since it
allows to avoid the prosthetic implant in many
patients, thereby reducing the complications to it
relate both short (relapse of IE) and long-term
(thromboembolism, hemorrhage during anticoagu-
lant therapy, prosthetic dysfunction). 

Finally, it is important to consider the circum-
stances which make it necessary to delay the inter-
vention. 

The occurrence of an embolic cerebral infarc-
tion, especially if considerable extent, requires to
postpone the cardiac operation of at least 14 days,
in order to reduce the risk of intracranial hemor-
rhage associated with systemic heparinization, nec-
essary for the extracorporeal circulation(16). In the
case of hemorrhagic stroke, it is advisable to extend
the postponement for at least 28 days(17).

At the end of this period, the patient should be
re-submitted to cerebral computed tomography
(CT) in order to assess the state of the necrotic area,
eventual hemorrhagic evolution and the presence of
intracranial mycotic aneurysms.

The diagnosis of splenic abscess involves the
need for a splenectomy, which ideally should be
performed prior to cardiac surgery, in order to
reduce the incidence of post-operative bacteremia
and, consequently, the risk of prosthetic IE.

In patients at higher operative risk splenecto-
my may be performed laparoscopically(18) or even
replaced by drainage through a percutaneous punc-
ture(19).

General principles of surgery

Specific antibiotic therapy remains an essen-
tial component of the treatment of IE. However, in
relation to the timeliness of diagnosis, the begin-
ning of antibiotic therapy policy, the virulence of
the causative microorganism and the involved car-
diac structure (native valve or prosthetic valve),
surgery may be necessary to save the patient’s life
and eradicate the infection. The timing of surgery,
as already said, is crucial in cases when medical
treatment is ineffective and delayed surgical thera-
py may result in an increase of the probability of
complications and, therefore, a greater risk of surgi-
cal mortality and morbidity.

In this context, the notion that less virulent
microorganisms such as Streptococcus Viridans,
always respond to antibiotic treatment alone, may
be erroneous, because infection due to these bacte-
ria can cause significant damage to the heart valves



and surrounding structures, if not properly and
promptly treated(20). 

The two primary objectives of the cardiac
intervention in the course of IE are:

• the eradication of the infective process, by
the complete removal of the infected and necrotic
tissues;

• the restoration of the anatomy and function
of the involved cardiac structures.

Surgical treatment includes, regardless of the
technique used, a first phase, demolitive, and subse-
quently a reconstructive phase. In demolitive step,
the surgeon removes the more radically possible tis-
sue or prosthetic material site of infection. One or
more samples are sent to microbiology for culture. Is
then performed the curettage of any abscesses and
recesses and application of topical antibiotic and or
antiseptic solutions on residual structures and surgi-
cal materials to be used. The proper implementation
of this first step of the surgical treatment of IE plays
a crucial role in its success, also understood in terms
of preventing recurrence.

The general principles of the subsequent
reconstructive phase are:

• using the least amount of inert prosthetic or
heterologous material,

• use of autologous pericardium segments,
vital to the reconstruction, if available,

• obliteration of each pathological cavity or
recess;

• restoration of valve function using recon-
struction (best treatment option) or prosthetic
replacement.

The valve repair is the technique of choice,
rather than the substitution, as:

• allows the preservation of anatomical and
functional living cardiac structures;

• requires the introduction of a reduced
amount of prosthetic inert material;

• reduces the long-term risk of thromboem-
bolism and the risk of hemorrhage related to antico-
agulant therapy imposed by the prosthesis;

• reduces the risk of recurrence of IE.
However, the use of reparative techniques is

limited by:
• the level and location of the loss of substance

as a result with IE and the surgical debridement,
• tolerance of the long intraoperative myocar-

dial ischemia often imposed by complex recon-
structions;

• surgeon experience.

Although the topic is debated, there is no evi-
dence that biological prosthetic heart valves are
associated with a lower risk of endocarditic relapse
compared to mechanical prosthesis(21,22). In part, this
is also related to the fact that it is difficult to per-
form controlled studies, given the heterogeneity of
clinical presentations of the disease and the anatom-
ical conditions observed on the operating table. The
literature is, however, rich in regard to the choice of
prosthetic valve replacement, biological or mechan-
ical, with more or less favorable results(23,24). 

In general, the bioprosthesis, regardless of the
age of the patient, are advisable in the event of the
presence of co-pathologies particularly unfavorable
in terms of long-term prognosis (i.e. severe left
ventricular dysfunction), difficulty in the manage-
ment of post-operative anticoagulation or con-
traindications to it. The valve replacement with
mechanical prosthesis is usually carried out in
patients with uncomplicated IE, in the absence of
risk factors and contraindications to anticoagulant
therapy, which must be continued for life.

Regardless, however, the surgical technique
used, the ultimate success of the treatment of
patients with IE cannot ignore the continuation of
antibiotic therapy for this, which will be continued
in the postoperative phase for a period of up to
eight weeks. Over the years, the outcome of IE is
significantly improved compared to the past.

This is the result of multiple factors, which
include:

• the increased experience of the surgeon;
• effective myocardial protection;
• better management of perioperative bleeding;
• the aggressive debridement of infected tissue

and prosthetic material;
• refinement of reconstructive and conserva-

tive surgical techniques;
• the availability of various types of prosthetic

heart valves;
• use of intraoperative transesophageal

echocardiogram (TEE), which allows accurate
diagnosis of the site and extent of the infection and
the assessment of the outcome of the surgical pro-
cedure;

• the variety and effectiveness of antibiotics on
the market. 
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Particular aspects in relation to the valve affect-
ed by IE

Infective endocarditis of the aortic valve

When the infection is limited to the cusps of
the native aortic valve or a biological valve prosthe-
sis, causing perforation, breakage or malfunction,
the complete removal of the valve and the implan-
tation of a bioprosthesis or mechanical prosthesis
generally solve the problem. Are quite unusual in
surgical practice the reparative techniques in case
of IE in the aortic position due to the small amount
of valvular tissue available to the surgeon. If the IE
involves the aortic anulus, is necessary accurate
resection of the infected area before implanting the
prosthetic valve. 

For the reconstruction of the loss of substance
created by debridement surgery, some surgeons pre-
fer to use autologous pericardium, taken from the
patient, in the case of small defects (1 or 2 cm) at
the level of the aortic root and left ventricular out-
flow tract (LVOT). It employs a patch of heterolo-
gous pericardium (bovine), fixed with glutaralde-
hyde and suitably shaped, in order to reconstruct
the more extensive loss of substance(25). The litera-
ture also describes the reconstruction of the aortic
root by Dacron patch(26,27).

Many surgeons feel that the homograft repre-
sents the ideal substitute for the reconstruction of
the aortic root and of the LVOT, in cases of IE com-
plicated by the formation of a perianular abscess,
both of native valve that of prosthetic valve(28-33).
The reason for this lies mainly in the high versatili-
ty shown by the homograft in clinical conditions
such as that described, in which it provides a more
or less extended and complex reconstruction of the
cardiac structures involved. 

The ring of this prosthesis is not as rigid as
that of common valved with Dacron conduits, it has
a decent amount of muscle tissue and mitral valve
tissue, which can be used to reconstruct extensive
loss of substance at the level of the native anulus
and LVOT. The use of this aortic valve homograft
allows, at least in part, to simplify complex recon-
struction procedures performed in the past, with
satisfactory results. However it should be conside-
red that the availability of the homografts is obvi-
ously much more limited than with other prosthe-
ses. Furthermore, as other prostheses, also this
valvular substitute can be the target of the infec-
tious process and after its implantation, in cases of

IE, is described in different patient series, persis-
tence or recurrence of  the infection(34-36). This is a
demonstration of the fact that the success of the sur-
gical therapy of the IE depends more on the skill of
the surgeon in the removal of all infected tissues
than type of valve prosthesis implanted. In the case
of destructive IE, with extensive involvement of the
aortic root and surrounding structures, in the pres-
ence of abscesses and /or intracardiac fistulas, sur-
gical treatment is particularly “technically demand-
ing”. These patients frequently require the replace-
ment of the aortic root and the reconstruction of the
structures involved in the infectious process.
Surgical procedures to be performed must be
always individualized, since the extent of infection
is variable from case to case.

Several authors have described the use of sur-
gical techniques, alternative to the use of these
valve substitutes in cases of IE on native or pros-
thetic aortic valve. Among these methods, we men-
tion the stent-less aortic bioprosthesis, in which
there is no rigid support that characterizes the con-
ventional prosthetic valves. The use of these pros-
theses, characterized by versatility and ability to
adapt also to extensively damaged native rings by
the infectious process, as well as high hemodynam-
ic performance, in different series has demonstrated
good results, similar to those of the homograft(37, 38).

Some surgeons prefer to use a pulmonary
artery autograft in cases of extensive destruction of
the aortic root, particularly mind in younger
patients. This intervention is auto-transplantation of
the pulmonary valve, a complex technique
described by Donald Ross over 40 years ago(39,40).
Actually there is not a great experience using this
technique in the treatment of IE, but in some cases
are reported satisfactory results(40). However, the
real role of the Ross operation in the treatment of
the IE still needs to be well defined. It is, moreover,
of a technically complex procedure, the repeatabili-
ty of which is rather limited.

Infective endocarditis of the mitral valve

Surgical treatment follows the same general
principles described above: evaluation of the opti-
mal timing, accurate preoperative diagnosis by
TEE, radical removal of infected tissue, reconstruc-
tion of cardiac structures involved by the endo-
carditic process or using, as appropriate, repair or
replacement of the mitral valve, appropriate post-
surgery antibiotic treatment. One of the main differ-
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ences with respect to the treatment of IE in the aor-
tic site consists in surgical exposure of the mitral
valve, which is often more difficult, especially in
cases of reoperation. In addition, radical surgical
debridement in cases of “complicated” IE, i.e. with
the extension of the infectious process in the atrio-
ventricular groove and formation of an abscess
(with possible perforation of the base of the heart),
it is generally more technically difficult than infec-
tion involving the aortic root.

Both options, as said, are the techniques of
valve repair (which, unlike IE of aortic valve - poli-
cy, in case of  IE of native mitral valve are the
methods of choice) and replacement with prosthe-
ses. In the case of IE on native mitral valve, is the
favorite, if possible, running repair techniques.
Indispensable condition, but often satisfied, for the
execution of a correct reconstruction of the valve,
in addition to the experience of the cardiac surgeon,
is the presence of residual valvular tissue after the
debridement(41-45). In case of extensive destruction of
the subvalvular apparatus, it will replace the mitral
prosthesis.

The anterior leaflet of the mitral valve may
occasionally be involved in the endocarditic
process originating from the aortic valve, with the
formation of so-called drop lesions. These are typi-
cally the result of vegetation, capable of causing the
corrosion and piercing of valve tissue. The recon-
struction is performed using a patch of autologous
or heterologous pericardium (treated with glu-
taraldehyde) sutured to the remaining tissue of the
anterior leaflet. If indicated, the procedure is com-
pleted by the installation of a prosthetic ring. 

If the infectious process has led to a rupture of
chordae tendineae, the main described techniques
are: transposition of the strings from the posterior
valve leaflet or transfer secondary cords to the free
margin of the anterior leaflet, or use of artificial
chords. 

The middle portion (segment P2) of the poste-
rior leaflet is frequently involved by the infectious
process. Among the reconstructive methods there is
the quadrangular resection of P2, followed by the
restoration of the continuity of the leaflet itself by
direct suture of the remaining portions. In the case
of presence of sufficient residual valvular tissue,
also, may be made of a posterior sliding plastic pro-
cedure.

Generally the operation is completed by
means of the implantation of a prosthetic ring or an
incomplete ring. In case of extensive destruction of

the posterior mitral annulus, it is necessary to carry
out the removal of all non-viable tissue and recon-
struction using ring segments of pericardium. If it is
necessary to replace the valve, the mitral prosthesis,
biological or mechanical, is sutured to the new ring
reconstructed from the patch(41-44).

In the case of IE of mitral valve prosthesis, it is
crucial from the technical point of view the achieve-
ment of an optimum exposure of the mitral valve.
Once obtained the exposition of the mitral infected
prosthesis, it is removed, with all the infected mater-
ial. Rather common is the formation of an abscess
cavity that by the valve annulus extends posteriorly,
at the level of the atrio-ventricular groove, causing a
variable degree of prosthetic detachment and a left
atrio-ventricular discontinuity. In these situations,
the strategic surgical strategy consists usually in the
debridement of  the annulus and its subsequent
reconstruction using autologous or bovine pericardi-
um fixed with glutaraldehyde (David technique)(45).
Through this method, a semi-circular patch of peri-
cardium is sutured to the endocardium of the left
ventricle and left atrium, thus obliterating the loss of
substance and reconstructing the anulus on which
will be implanted the new prosthetic valve.

When the endocarditic process extends into
the intervalvular fibrous trigone, it may be neces-
sary to replace both mitral and aortic valve, after
reconstruction of the trigone itself. In these circum-
stances, the debridement is done removing as wide-
ly as possible the fibrous trigone, which is then
reconstructed by autologous or heterologous peri-
cardium. This tissue will thus provide the necessary
support for the implant of the two new prosthetic
valves(46).  

Infective endocarditis of the tricuspid valve

In case of extended involvement of tricuspi-
dalic valvular apparatus by the endocarditic process
and in the absence of concomitant severe pul-
monary hypertension, can be carried out a surgical
approach in two stages, spaced by an interval of
time varying from a few months to years. In the
first step, you run the complete removal of all of the
tricuspid valve and the infected tissue In these con-
ditions, the blood circulates through the right car-
diac sections without being guided by a unidirec-
tional atrio-ventricular valve. After eradication of
the infection through antibiotic therapy, will be per-
formed the second surgical procedure, consisting in
implantation of a prosthetic valve in the tricuspid
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position(47-49). If the infection is related to the intake
of intravenous drugs, replacement of the tricuspid
valve should preferably be carried out after the
complete control of drug addiction. The repeated
abuse of drugs, in fact, is directly related to survival
rate at distance and at the rate of recurrence of IE
after implantation of a prosthesis in the tricuspid
position. A surgical approach one-stage for the
treatment of IE of the tricuspid valve may instead
be proposed in cases of less extensive infection and
consists, after the accurate debridement, in the
replacement or, if possible, in the valve repair(50-54).

Choice of valve prosthesis, biological or
mechanical, in tricuspid position, follows the same
general principles considered for valve replacement
in mitral or aortic position. However, given the
non-negligible risk of thrombosis in the right heart
chambers, generally bioprosthesis are preferred in
tricuspid position(50-54). 

Conclusion

During the past decade, in order to reduce high
mortality of IE, surgical indications have greatly
increased, so we have entered into the era of early
surgery(55,56). Although aggressive therapy has
become indispensable to save lives and to eradicate
infection in many patients, reported rates of surgery
remain heterogeneous, and the beneficial effect of
surgery on mortality is still difficult to show. These
difficulties result from the scarcity of randomized
trials and several confounding factors that hamper
the analysis of observational studies. Nevertheless,
the results from most investigations are favorable
for early surgical management in complicated
infective endocarditis(55,56). Thus, an appropriate
identification of high-risk patients and their quick
transfer to specialized medical-surgical  centers
seem to be crucial to improve the prognosis.
Indeed, standardized management by a skilled mul-
tidisciplinary team has proven to decrease signifi-
cantly mortality(56,57). Despite this trend in treatment,
most centers report an in-hospital fatality rate of
about 20%, possibly because many patients are
referred too late medical-surgical institutions that
are experienced in infective endocarditis(56,57).
Therefore, challenges in management of this dis-
ease include improvement of diagnostic strategies
to reduce delays for the start of appropriate treat-
ment, better identification of patients who require
close monitoring and urgent surgery, and develop-
ment of both medical and surgical therapeutic

methods(56,57).
According all international clinical experi-

ences, in conclusion, we can say without any doubt
that a rapid diagnosis of the disease and an appro-
priate identification of high-risk patients with their
quick transfer to specialized centers is crucial to
improve the prognosis.
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