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Chapter

Surgical Treatment of Infective
Endocarditis

Sudeep Das De, Sanjeet Singh Avtaar Singh, Ahmed Al-Adhami
and Nawwar Al-Attar

Abstract

Infective endocarditis carries a heavy disease burden with a high in-patient
mortality. Surgery is the mainstay of treatment in 50% of patients diagnosed with
infective endocarditis. Surgery for infective endocarditis can be challenging; a
detailed understanding of surgical anatomy is essential and several fundamental
principles need to be taken into consideration including optimal timing, radical
debridement, decision to repair versus replace as well as the optimal choice for recon-
struction. Outcomes of surgery depend on several factors including patient character-
istics, the valve (s) involved, the virulence of the organism, and the extent of invasion
of the infective process. Despite recent advances in treatment and improved out-
comes, there remains areas for potential research including the ideal valve prosthesis/
substitute and the optimal material for reconstruction. In this chapter, we will discuss
the technical challenges and pitfalls in the surgical treatment of infective endocardi-
tis, the predictors of outcome as well as novel strategies in treatment.
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1. Introduction

The incidence of infective endocarditis is approximately 3-10 cases per 100, 000
per year and is more common in males and in the elderly. It is associated with a heavy
disease burden with an in-hospital mortality ranging from 20 to 30% [1]. In native
valve endocarditis (NVE), left sided heart valves are more commonly affected with
right sided involvement in 5-10% of patients [2]. Surgery remains the mainstay of
treatment in 50% of patients diagnosed with infective endocarditis.

2. Classification

Infective endocarditis can be classified into four groups: (1) Native valve
endocarditis (NVE) (2) Prosthetic valve endocarditis (PVE) (3) Intravenous drug
abuse (IVDA) infective endocarditis and (4) nosocomial infective endocarditis. The
microbiology varies depending on the type of endocarditis. In community acquired
IE, the most prevalent organism is Streptococcus viridians, whereas nosocomial
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IE is more commonly caused by Staphylococcus Aureus. Native valve endocarditis of
the tricuspid valve is predominantly seen in cases of IVDA with the main organism
being Staphylococcus Aureus [2, 3]. Prosthetic valve endocarditis (PVE) cases that
occur within the first year after surgery are considered early and cases that occur
after 1 year are termed late. The offending organism in early PVE is commonly
Staphylococcus Epidermis and Staphylococcus Aureus. Microbiology in late PVE is
similar to native IE with Streptococcus viridians and Staphylococcus Aureus being the
prevalent organism. Infective endocarditis can be further classified temporally with
acute endocarditis being caused by more virulent organisms such as Staphylococcus
Aureus and presenting with severe sepsis and rapid destruction of the valve and sur-
rounding structures. Subacute endocarditis is caused by less virulent organisms such
as viridians group Streptococcus and has a more indolent nature with a prolonged
clinical course.

3. Pathophysiology of infective endocarditis

Infective endocarditis results from (1) Disruption of the valvular endocardial
surface resulting in turbulent flow and (2) Adherence of blood bourne micro-organisms
typically bacteria to the damaged endocardial surface. Endocardial damage occurs in
degenerative calcific disease, rheumatic heart disease, congenital heart disease and
from iatrogenic causes such as cardiac catheterization. Common causes of bacter-
aemia include intravenous drug abuse, long term indwelling catheters and invasive
medical procedures. Complications of infective endocarditis can be from embolic
phenomena including a stroke, kidney and splenic infarcts or due to direct invasion
of surrounding structures resulting in problems such as paravalvular abscesses,
conduction system pathology and fistulae.

4. Diagnosis, initial treatment and indications for surgery

The diagnosis of infective endocarditis is made with the modified Duke criteria
[4]. A high index of suspicion is needed in cases where cultures are negative. This
can occur in up to 2-7% of cases [5, 6] and is most commonly caused by premature
administration of antimicrobial therapy prior to taking blood cultures, and infec-
tion with fastidious bacteria or fungi. Once blood cultures have been taken, the first
line of treatment is aggressive broad spectrum antibiotics administered empirically,
followed by surveillance blood cultures and serial transthoracic echocardiograms.

In the recently published Partial Oral Treatment of Endocarditis (POET) trial [7], it
was demonstrated that in patients with left-sided infective endocarditis from certain
specified organisms, partial oral antibiotic treatment after initial intravenous treat-
ment was non-inferior to treatment with only intravenous antibiotics. This study
however has several limitations with regards to the generalisability of the findings to
the general population. Firstly, only patients with left sided endocarditis caused by
strep species, E. faecalis, S. aureus or coag-neg staph were included. These organisms
represent 70-75% of all cases of infective endocarditis. Patients with Methicillin
resistant Staph aureus (MRSA) endocarditis were not included and there were very
few intravenous drug users in the study. Highly compliant patients were selected
and in the outpatient oral antibiotic therapy group, patients were followed up 2 to 3
times per week and this may not reflect real world clinical practice. From a surgical
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perspective, there is a risk that in patients on oral antibiotic therapy being followed up
in the community, the sequelae of the disease process which may necessitate surgery
may be missed, leading to a higher morbidity and mortality. An inpatient setting may
allow more active surveillance of the patients with serial transthoracic echocardio-
grams and blood tests.

The indications for surgery are in line with the American College of Cardiology
(ACC)/American Heart Association (AHA) or European Society of Cardiology (ESC)
guidelines [8, 9]. In general, surgery is indicated when there is heart failure, worsen-
ing sepsis despite optimal antimicrobial therapy, a high embolic risk associated with
large, mobile vegetations, perivalvular abscess, and virulent causative organisms such
as S. Aureus and fungal endocarditis. Prosthetic valve endocarditis usually requires
surgical treatment.

5. Pre-operative investigations

The first line of investigation in infective endocarditis is transthoracic
echocardiogram (TTE) which has a sensitivity of approximately 25% in cases where
the vegetation size is less than 5 mm and 70% where the vegetation size is 6-10 mm.
Trans-oesophageal echocardiography (TOE) has a sensitivity and specificity of 95
and 90%, respectively [10]. TOE is the preferred investigation in cases of prosthetic
valve endocarditis and where intracardiac complications such as abscesses and fistu-
lae are suspected. At our institution, we perform a Positron Emission Tomography/
Computed Tomography (PET-CT) when there is diagnostic difficulty in cases of
prosthetic valve endocarditis. When there is suspected embolic phenomena in the
visceral organs, a CT Abdomen/Pelvis should be performed. When there is evidence
of neurological complications, a CT and/or MRI brain is needed to detect embolic
infarcts or less often a haemorrhage. Haemorrhages are associated with a higher
likelihood of mycotic aneurysms and further evaluation is needed if this is suspected.
In non-emergency cases, patients above 40 years of age with cardiovascular risk
factors should have coronary angiography to exclude coronary artery disease. If there
is a large aortic valve vegetation, however this should be avoided as there is a risk of
dislodging the debris. An alternative is CT Coronary angiography; however both these
investigations are associated with contrast related renal toxicity and the risks have to
be evaluated.

6. Surgical principles

In general, patients undergoing urgent or emergency surgery for IE tend to be
unwell, septic, coagulopathic and fluid overloaded. Pre-operatively it is essential to
have blood products including platelets, fresh frozen plasma, cryoprecipitate and anti-
fibrinolytic agents (especially in reoperations) available. In addition, intra-operative
TOE is important in all cases of IE. Fluid overload can be addressed intraoperatively by
filtration on cardiopulmonary bypass. Good exposure of the operative field is needed
and we recommend a full median sternotomy in all cases. Due to many patients being
in heart failure and the potential for operations to be complex and lengthy, careful
attention needs to be given to myocardial protection. In addition to routine antegrade
cardioplegia, in cases of severe aortic regurgitation and large aortic valve vegetations
which may obstruct the coronary ostia, we administer retrograde cardioplegia.
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There are also several specific fundamental principles in infective endocarditis sur-
gery, which include: (1) Optimal timing, (2) Radical debridement, (3) Repair versus
replacement strategy, (4) Optimal choice of prosthesis/material for reconstruction and
5) Avoidance of contamination of the surgical field.

6.1 Optimal timing

Optimal timing of surgery for infective endocarditis remains a challenging decision
for cardiac surgeons. The benefits of delaying surgery to allow adequate antibiotic
therapy and time for optimising the patients’ needs to be balanced with the risks of
further haemodynamic deterioration and septic emboli during the waiting period. In
general, once any of the indication for surgery outlined above are presented, early sur-
gery is recommended [11]. An exception to this is if there any neurological complica-
tions. Ischaemic embolic events are more common in haemorrhagic strokes, with north
associated with a high morbidity and mortality [12, 13]. In ischaemic strokes, there is
arisk of haemorrhagic conversion with systemic heparinization and cardiopulmonary
bypass. It is recommended that in cases of ischaemic stroke and haemorrhagic stroke,
surgery should be delayed for 2 weeks and 4 weeks respectively. Ultimately, clinical
judgement should be exercised in each case for the optimal timing of surgery.

6.2 Radical debridement

It is imperative to ensure radical debridement of all infected and necrotic tissue
prior to reconstruction to minimise the risk of recurrence. A thorough knowledge
of surgical anatomy, especially with regards to the aortic root, the left ventricular
outflow tract, intra-ventricular septum and the aorto-mitral continuity is needed to
perform a safe and adequate debridement followed by reconstruction.

6.3 Repair versus replacement strategy

In clinical practice, most patients with infective endocarditis undergo valve
replacement. A repair strategy is recommended if possible after the primary goal of
radical debridement is achieved and there is adequate tissue remaining. This is usu-
ally more commonly the case in mitral valve endocarditis. A repair strategy avoids
the need for long-term anticoagulation when compared to mechanical valves, limits
the amount of prosthetic material and hence recurrence and it is also well estab-
lished in the mitral position that repair offers better long term survival compared to
replacement [14].

6.4 Choice of prosthesis/material for reconstruction

The choice of prosthesis should be in line with current guidelines depending on
the patients age, comorbidities, compliance and presence of any contra-indications to
anticoagulation. There is no evidence the suggest any difference in outcomes between
biological and mechanical valve prostheses in the setting of active infective endocar-
ditis [15, 16]. If there is limited valve leaflet/annular destruction, autologous pericar-
dial patches can be used. In cases of more extensive destruction, a bovine pericardial
patch can be used. If there is significant aortic root destruction, an aortic homograft
can be used for reconstruction. We will discuss these options in further detail in the
following sections.
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6.5 Avoidance of contamination of the surgical field

Once debridement has been completed, it is important to ensure that there
is minimal further contamination of the surgical field prior to reconstruction.
Instruments used for debridement, drapes, suction and surgical gloves should be
changed before proceeding.

7. Native valve endocarditis
7.1 Aortic valve

In native aortic valve endocarditis, direct local complications include destruction
of the aortic annulus, formation of annular abscesses, conduction tissue pathology,
and fistulae. Intra-operatively, we avoid manipulation of the heart prior to applying
the aortic cross clamp and arresting the heart to avoid the risk of the aortic vegeta-
tions dislodging. A transverse autotomy is performed to expose the aortic valve.

If there is annular destruction towards the aorto-mitral continuity an oblique aor-
totomy towards the middle of the non-coronary cusp can be performed.

If there is a small area of leaflet perforation, the valve can be repaired using
autologous pericardium. In most cases the valve is excised and if the annulus is
involved, complete debridement of the infected tissue is needed. The defect is then
reconstructed prior to implantation of the prosthetic valve. If the defect is small,
autologous pericardium is used and for larger defects bovine pericardium is an
alternative. If there is significant destruction of the annulus with discontinuity of the
ventriculo-aortic junction, an reconstruction with an aortic homograft is the treat-
ment of choice [17, 18]. The size of the the homograft is usually 2-3 mm less than the
diameter of the native annulus. In cases where the aorto-mitral continuity is involved,
the anterior leaflet of the mitral valve from the homograft can be used for reconstruc-
tion of the disruption. The use of freestyle aortic root replacements [19] and the
Ross procedure [20] has also been reported in younger patients in extensive infective
endocarditis of the aortic root.

7.2 Mitral valve

In native mitral valve endocarditis, the most common site of vegetations is on the
leaflets near the annulus on the atrial side. They can however involve any part of the
mitral valve apparatus. In severe cases, there is destruction of the atrioventricular
junction with abscess formation. In our standard practice, we perform a median
sternotomy, institute bi-caval cannulation and approach the mitral valve either via
Sondergaard’s groove or a trans-septal approach. If there is limited involvement
of the leaflet tissue, repair can be attempted after debridement. Perforations of
the anterior and posterior leaflets can be repaired using an autologous pericardial
patch. A frequently involved region is the P2 region of the posterior leaflet. Standard
principles of mitral valve repair apply when approaching repair in the setting of
infective endocarditis. A triangular resection followed by closure is performed or if
a wider region of P2 is involved a quadrangular resection followed by a slideplasty of
the remaining tissue. An annuloplasty ring is then secured. Whenever possible we try
to avoid added prosthetic material such as neochordae when attempting repair. More
often, there is limited native tissue post debridement and we proceed to mitral valve
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replacement. In more severe cases where there is annular destruction, the annulus has
to be reconstructed. There are two approaches to annular reconstruction described by
Carpentier and David.

In technique described by Carpentier [21], figure of eight sutures are applied
directly to approximate the separation of the atrioventricular groove. Valve sutures
with a large needle are then placed around this suture line. This technique is not com-
monly used and is reserved only in cases of very narrow atrioventricular defects. In
the more commonly used technique described by David [22], a semi-circular peri-
cardial patch is fashioned with one end secured to the endocardium of the ventricle
and the other end to the left atrium. The patch should be larger than the defect size to
avoid any tension. The mitral valve prosthesis is then secured with pledgeted sutures
with part of it anchored onto the patch.

7.3 Tricuspid valve

Our approach to the tricuspid valve is via median sternotomy and bicaval
cannulation with snaring of the cavae. Most surgeons at our institution arrest the
heart to perform the operation. The advantage of this is a bloodless field as well as
the aorta being collapsed and the aortic valve leaflets less prone to injury during the
tricuspid valve procedure. In very sick patients however, the procedure can be done
on a beating heart, with the additional advantage of observing any conduction defects
during the operation.

In native tricuspid valve endocarditis there are three options for treatment:

(1) Valvectomy, (2) Repair/Reconstruction and (3) Replacement.

When there is severe involvement of the leaflets, complete excision of the tri-
cuspid valve can be performed and a second stage procedure can be done following
aggressive antiobiotic therapy and treating the drug dependence of the patient. This
can only be done if the pulmonary pressures are not high [23]. In practice however
this is seldom done, and 20% of patient will develop right heart failure [24, 25].

When there is limited infection, there are several repair/reconstructive options. These
include the use of pericardial patches, excision of the posterior leaflet and biscus-
pidization of the tricuspid valve, slideplasty and the use of neochordae [26, 27]. The
reconstruction can be reinforced with an annuloplasty ring.

Several studies have shown no difference between biological and mechanical
valves in the tricuspid position [28, 29]. Biological valves in the tricuspid position
have also demonstrated longer durability compared those in the mitral position [30].
In addition, mechanical valves in the tricuspid position require higher INR values. For
these reasons, in our clinical practice we use a mitral bioprosthesis for tricuspid valve
replacement (TVR). Following TVR, we secure permanent epicardial pacing leads.

8. Prosthetic valve endocarditis

Prosthetic valve endocarditis (PVE) is more common in the aortic than in the
mitral position due to more mitral valve repair cases and less prosthetic material.
PVE is classified as early if it occurs within 1 year post-operatively and late if it
occurs after that. The incidence of early PVE is 1% per year [31]. Early PVE is associ-
ated with intra-operative contamination. Risk factors include native valve endo-
carditis, longer cardiopulmonary bypass times, and long term indwelling lines and
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catheters. The incidence of late PVE is 0.5 to 1% per year [32, 33]. Late PVE is usually
attributed to hospital-acquired infections and is seen in patients with long-term
comorbidities who require frequent admissions for procedures such as haemodialysis
and also in patients who are immunosuppressed. In earlyPVE, the interface between
the sewing ring and annulus is usually involved resulting in valve dehiscence and a
para-valvular leak. Compared to native valve endocarditis (NVE), PVE more com-
monly results in abscess formation involving the intraventricular septum causing
conduction blocks, as well as development pseudoaneurysms. The treatment of PVE
is more aggressive and surgery is usually the definitive treatment for PVE. In severe
cases, PVE may extend into intervalvlular fibrosa and require replacement of both
aortic and mitral valves. This is less common in native valve endocarditis. In these
cases, an extended transseptal approach can be performed for improved exposure to
both valves. A bovine pericardial patch can be used to reconstruct the intervalvular
fibrosa. The mitral valve is secured to the annulus posteriorly, medially and later-
ally. The superior part of the mitral sewing ring is secured to the patch which can
also be used to cover the left atrium. Once the mitral valve prosthesis is secured, the
aortic valve prosthesis is then secured partly to the healthy annulus and to the patch.
Attention must be given to the angle between the aortic and mitral valve prostheses
to be similar to the normal aorto-mitral angle. As mentioned previously, an aortic
homograft can also be used. The aorto-mitral curtain of the homograft can be used
to reconstruct the native anterior mitral valve leaflet. If there is extensive damage to
the native mitral valve, the mitral valve prosthesis can be secured to the intervalvular
fibrosa of the homograft [17, 18].

9. Results

The results of surgery for infective endocarditis depend on several factors
including patient charactersitics, the valve(s) involved, the virulence of the organism,
the extent of invasion of the infective process. Generally, prosthetic valve endocar-
ditis has a worse prognosis than native valve endocarditis [34, 35] and nosocomial
infections are also associated with a poorer outcome compared to community-
acquired infections [36]. In cases of isolated simple native aortic valve endocarditis,
the operative mortality is less than 10% whereas more complex cases and prosthetic
valve endocarditis is associated with a higher mortality [37-39]. Recent advances
in operative techniques have however yielded excellent results with comparable
outcomes in native versus prosthetic valve endocarditis as well as simple endocarditis
compared to more invasive disease [40].

Overall, the results for mitral valve endocarditis tends to be worse compared to
aortic valve endocarditis, and this is especially the case in more invasive disease. This
is likely explained by the fact that it is more difficult to debride and drain the the
atrioventricular groove [22]. In addition, there is currently no equivalent to the aortic
homograft in the mitral position as a viable reconstructive option [41].

Mitral valve repair has shown excellent results when compared to mitral valve
replacement in IE with lower in-hospital mortality as well as better overall and infec-
tion free survival [42]. This can be attributed to the fact that patients in whom mitral
valve repair is feasible tend to have less invasive disease and are generally systemically
better, there is less prosthetic material used, and left ventricular function is preserved
with mitral valve repair.
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Native tricuspid valve repair and replacement have excellent results, with repair
recommended whenever feasible [28, 43]. The outcome is also dependent on patient
rehabilitation and avoidance of drug dependence.

Concomitant aortic and mitral valve endocarditis is associated with a worse progno-
sis when compared to single valve endocarditis [40]. Similarly, concomitant right and
left sided endocarditis has a worse outcome than isolated right sided endocarditis [44].

Overall the long term survival following surgery for endocarditis is reported as
between 50 and 60% at 15 years. There is also no difference in survival or recurrence
rates between bioprosthetic and mechanical valves [16, 34].

10. Further development

Despite the recent advances in the treatment of infective endocarditis, there
remains challenges including optimal penetration of antibiotic therapy, and the
ideal material or prosthesis for reconstruction. Several novel approaches have been
described in pre-clinical models to tackle the problem of biofilm formation in infec-
tive endocarditis. These include non-antibiotic strategies such as the administration
of anti-thrombotic agents, hyperbaric oxygen therapy, and agents which potentially
disrupt the gene regulation of bacteria during biofilm formation [45]. The use of
novel extra-cellular matrix patches for mitral valve as well as tricuspid valve recon-
struction has also been reported [46, 47]. Allograft mitral valve replacement has
also been reported in severe aortic and mitral valve endocarditis as well as in isolated
tricuspid valve endocarditis [41, 48, 49]. Another area of ongoing research is the
development of bioengineered valves as a viable prosthesis in the setting of infective
endocarditis with the potential of avoiding biofilm formation and recurrence of infec-
tion and long term durability [50].

11. Conclusions

The surgical treatment of infective endocarditis can be challenging. A thorough
understanding of surgical anatomy is essential and several fundamental principles
should be taken into consideration including optimal timing, radical debridement,
decision to repair versus replace as well as the optimal choice for reconstruction. The
results for infective endocarditis have improved with reports of similar outcomes
between simple and more invasive endocarditis. There are potential areas for further
research including developing the ideal prosthesis/substitute as well as the optimal
material for reconstruction.
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