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Abstract
Infective endocarditis is an uncommon disease but still
carries high morbidity and mortality. The management
of the patient with infective endocarditis changed over
the last years with improvement of diagnostic tools and
early aggressive medical and surgical treatment. The
multidisciplinary approach is an accepted standard of
practice and approximately 40-50% of patients discussed
in endocarditis teams undergoes surgery. Timing of surgery

Introduction
Infective endocarditis (IE) is an uncommon disease,
but with a significant related mortality and morbidity. Its
incidence ranges between 3 to 10 per 100,000 per year and
the same trends to rise(1).
Despite improvement in early diagnosis and surgical
interventions with the introduction of a multidisciplinary
approach for the management of patients with IE(2),

remains a debated issue, while complexity of surgery
remains a characteristic of this pathology. Although isolated
native valve endocarditis remains associated with acceptable
morbidity and mortality, the same still high in the setting of
multiple valve surgery and prosthetic infections.
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morbidity and mortality has not substantially improved.
There are multiple reasons behind such paradox including
the new antibiotic resistance spectrum, the new risk
patient profile and the introduction of new intracardiac
devices associated with higher risk of endocarditis(3).
Such changes are directly associated with a new pattern of
epidemiological features that should be interpreted as an
important element affecting the contemporary therapeutic
approach.
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Recent Epidemiological Changes
Important changes occurred in the epidemiology of
IE over the past couple of decades. While in previous
times risk factors for endocarditis were pre-existing
valvular abnormalities such as rheumatic disease and
congenital heart defects, the widespread changes in
health-care delivery in recent years have affected the
clinical pattern of IE. Nowadays, the risk factors for IE
include new intracardiac devices, more prosthetic valve
implants, haemodialysis, drug use, immunosuppression
and an increase in age and morbidity profile of the general
population. Furthermore, changes in antibiotic therapy
have influenced the spectrum of bacterial resistance
worldwide.
Analysis of epidemiological data of large populations
confirmed these changes. Slipczuk et al. performed a
systematic review of the epidemiology of IE; hospitalbased (23,606 IE patients) and population-based (3,477
IE patients) studies were included(3). In the large cohort of
the hospital-based studies, the analysis showed significant
changes in IE epidemiology. Patients were significantly
older (1980s mean age=45.3-2000s mean age=57.2 years),
there were more male, the percentage of prosthetic valve
IE increased (1960s 8.4%-2000s 22.9%), and significant
increase in the frequency of staphylococcal infections
(1960s 18.1%-2000s 29.7%) was noted; however, there was
no significant difference with regards in-hospital mortality.
Pant et al. analysed the trends in the incidence of IE
and the changes in the microbiological pattern from 2000
to 2011 in the United States; 457,052 IE patients were
identified and an increase of the incidence of IE from
11% to 15% per 100,000 inhabitants was registered(4).
In addition, an increase in IE incidence was seen across
all types of pathogens, especially in Staphylococcous IE
(from 33% in 2000 to 40% in 2011), Streptococcus (from
24.8% in 2000 to 27% in 2011), gram-negative (from
5.3% in 2000 to 8.2 % in 2011) and fungal IE (from 0.6%
in 2000 to 1.4% in 2011).
Bustamante-Munguira et al. analysed in an
epidemiological study 34,399 IE patients registered
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between 1997 and 2014 in Spain(5). They reported an
increase in incidence of IE from 3.17% per 100,000
inhabitants in 1997 to 5.56 % in 2014 with more prevalence
in men; 15.7% of the cohort underwent surgical treatment
over the whole period of time and the percentage of
patients underwent surgery increased from 11.7% in
1997 to 17.8 % in 2014. These patients presented with
more organ dysfunction, especially renal failure. In this
cohort, 84.3% received medical therapy and these patients
were older and had more comorbidities. The mortality in
the surgical patient was higher than in the non-operated
patients but decreased over the time (32.7% in 1997 to 22%
in 2014); in addition, the mortality in the medical treated
patients increased (14.9% in 1997 to 21.1% in 2014). The
mortality of patients undergoing surgery increased with
age reaching 47.6% in those older than 85 years.
IE following surgical valve replacement or prosthetic
valve endocarditis (PVE) is a very serious form of
endocarditis; it represents 10-30% of all cases of IE(6). In a
recent publication, Østergaard et al. reported an incidence
around 6/1000 per year among patients with a prosthetic
heart valve(7). In such patients, the cumulative risk of IE
was 2.8% and 4.5% at 5 and 10 years, respectively.
A new category of patients with prosthetic heart
valves is those undergoing transcatheter aortic valve
implantation (TAVI). In this category of patients PVE
occurs with an incidence of 0.3%-1.2% per patient-year
presenting comparable rates with PVE after surgical
replacement(8,9). However, a much higher incidence (2.3%3.4%) per patient-year is reported in individual series or
registries(10,11). The majority of these patients received a
TAVI due to inoperability or high risk of conventional
surgery; the treatment of such patients in case of PVE
represents a medical and ethical challenge.
The epidemiology of IE has definitely changed over
the last decades with its incidence trending upwards.
This increase is multifactorial and probably related to the
improvement in diagnostic tools, more use of medical
devices, and an increase in patient age, with patients
presenting with more comorbidities and an increase in
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staphylococcal infections. Such changes in epidemiology
have an impact on the current management of patients
with IE.

The Endocarditis Team and the Importance
of Surgery Timing
As we stressed in the past, IE is a medical-surgical
disease in which surgery is a part of the therapeutic process.
The management of patients with IE in reference centres by
a specialized team “Endocarditis team” is nowadays strongly
recommended(12). The functioning and organisation of an
endocarditis team has been already described elsewhere(13)
and one of its most important functions is the selection of
appropriate indication and timing of surgery. According to
the European Society of Cardiology guidelines(12), surgical
timing is defined as emergent when surgery is performed
within 24 hours, urgent when surgery is performed within
a few days, or elective surgery when performed after 1 to 2
weeks of antibiotic therapy after surgical indication. In any
case, we still miss a solid unequivocal definition of “early
surgery”.
The decision to perform surgery in IE remains a challenge
because of the potential for acute and life-threatening
complications, uncertain response to antibiotic therapy and
pre-operative patient profile. As previously mentioned,
around 40-50% of patients discussed in endocarditis
team will need surgery. One of the most important issues
discussed in the endocarditis team is “when to operate
on?”. The indications for surgery in the acute phase remain
heart failure, newer conduction abnormalities, peri-annular
complications and extravalvular spread and persistent
sepsis despite aggressive and culture-oriented antibiotic
therapy. However, the majority of such patients present
with other systemic acute morbidity such as cerebral or
systemic embolization. This must be considered when the
surgical therapy is contemplated as those events could have
an important impact on prognosis.
In particular, neurological events in the context of
EI significantly influence the decision on the timing of
the operation, as they can affect strongly post-operative
Morjan et al. Surgery for Endocarditis

morbidity and mortality. This is still a controversial
matter generating considerable debate(14). The decision
on the surgical timing in these patients requires a
balance between the urgency of the operation for cardiac
indications versus the perceived risk of exacerbation of
neurological injury. Our approach in this category of
patients is individualized in most cases. However, in the
absence of emergent indications to surgery, we prefer a
wait-and-see approach of two to four weeks to reduce
the risk of intracerebral haemorrhage, hypotension, or
further embolization from cardiopulmonary bypass, and
diffuse cerebral ischemia from altered vasoregulation.
Lalani et al. found that patients with IE receiving
antibiotic treatment should undergo surgery within 4
weeks of admission, Kang et al. suggested what they
called early intervention (within 48 h) for patients with
severe valvular regurgitation who have embolization
and relevant vegetation dimensions (>10 cm)(15,16). Early
surgery within 48 hours of the acute event was supposed
to be related to possible benefits in terms of mortality at
the short- and long-term(16,17). However, the Kang et al.
study did not show mortality benefit at 90 days(16). Lalani
et al. confirmed a high 1-year mortality rate in patients
with PVE but an advantage of early surgery in such group
was not reported(18).
The optimal surgical timing for patients with IE depends
on a variety of factors such as clinical characteristics,
compliance of the patient and presence of systemic acute
and chronic comorbidity. An emergency operation could
be indicated in some patients with acute heart failure or
conduction abnormalities related to local aggressiveness of
the disease and the pathogen. Although the indication for
surgery should be considered in a multidisciplinary team
discussion, the majority of cases should be individually
addressed according to the pre-operative characteristics
and risk profile.

Contemporary Surgery for Endocarditis
Surgery for IE remains challenging although surgical
techniques have improved and surgeons with special
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dedication to this disease acquired skills and experience
allowing them to face more and more complicated cases.
Surgical therapy is a part of a complex multidisciplinary
approach aiming to treat patients with IE. As stated, the
profile of patients with IE changed, they are older with
more comorbidities, and are admitted with systemic
complications needing a meticulous evaluation and pretreatment. In addition, due to changes in antibiotic therapy
and resistance spectrum, the nature of infection itself
changed, it became more aggressive locally with frequent
formation of abscesses and fistulas rending the surgical
treatment more demanding. Timing and indication are
crucial. At this point in time, there still exist not enough
data indicating if early surgery is associated with benefit for
short- and long-outcomes, however an individual approach,
based on accurate analysis conducted by an experienced
endocarditis team seem to be associated with more benefit.
Isolated native valve endocarditis confined to the leaflet
tissue, theoretically represents the less challenging form of
IE. Patients with isolated aortic valve IE could be electively
operated due to valvular dysfunction after successful medical
treatment. In the majority of these cases the mechanism
of dysfunction is related to a perforation of one or more
leaflet or the destruction of one component of the valvular
apparatus. The indication for surgery in these cases follows
the current guidelines for valve pathology(19). Replacement
of the native valve is traditionally performed to avoid
recurrence of IE and avoid the long-term consequences of
valvular dysfunction. Biological or mechanical prostheses
could be implanted with good results. Toyoda et al. reported
similar survival rate and incidence of re-operation at 12
years using both mechanical and biological prostheses in
aortic and mitral position(20). However, valve repair when
feasible, particularly in mitral position, was associated with
better long-term results(21).
In case of urgent or emergent surgery, the procedure is
usually more challenging. The indication could be related
to acute valve dysfunction often with heart failure or local
aggressiveness with abscess formation, de novo conduction
disturbance with or without sepsis. The aortic valve is
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the mostly involved in these cases and the extension of
the infection to the fibrous trigones requires extensive
debridement with more demanding surgery including root
replacement, double valve surgery and reconstruction of
the destroyed anatomy(22). Gillinov et al. reported on the
surgical outcomes of 53 patients with native double IE
over a 22-year period; no operative mortality was reported
and the 10-year actuarial survival was 73%(23). Sheikh et
al. reported outcomes of double valve surgery in IE in a
cohort of 90 patients over a 26-year period, a significant inhospital mortality (15.6%) was reported(24). The long-term
survival was 51% inclusive of patients treated for PVE.
PVE represents the most serious form of endocarditis.
In the majority of cases, radical surgery is the only
treatment able to modify the natural history of the disease.
PVE surgery could be demanding and should be performed
by a skilled and experienced team. The challenging nature
of such surgery is related to a number of factors. As these
are re-operations with patients frequently in suboptimal
pre-operative condition, they are associated with higher
morbidity and mortality in comparison with first-time
surgery(25). From the surgical standpoint, these procedures
are frequently demanding, especially in the case of abscess
formation. The need for extended surgical procedures like
root replacement or re-replacement are cumbersome and
entail long periods of cardiac ischemia. Commercially
available composite grafts must be used and the role of
homograft replacement has been well identified over the
years, although availability is an issue. In spite of the
demanding technical nature of such procedures, Musci et
al. reported satisfactory early- and long-term results(26).
In case of destruction of the fibrous skeleton of the
heart, a more extended reconstruction may be required.
The so-called “commando” or “hemi-commando”
operations could be an option (Figure 1A-D). Elgharably
et al. reported one-year survival of 91% and a 3-year
survival of 82% when the hemi-commando procedure
was performed, with recent additional information on
the reconstruction of the aortomitral fibrosa in general
with different techniques(27-29). Moreover, such operations
E Journal of Cardiovascular Medicine | Volume 7 | Issue 4 | 2019
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Figure 1A-D. The so-called commando operation

require long cardiopulmonary bypass, ischemic and
overall operative times, which increase further the risk
of postoperative complications. Extreme cases of cardiac
destruction may require heart transplantation as it has
been reported earlier. This is an old option in desperate
cases but requires a microbiologically controlled status(30).

Conclusion
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IE is still a challenging disease requiring complex
diagnostic and treatment efforts. The endocarditis team
approach is the current standard of practice with clear
functions aiming to provide the best indication, timing
of surgery and overall care for the patient. Surgery of
endocarditis became more and more demanding due to
changing patterns of infection, more local aggressiveness
and the pre-operative condition of patients.
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