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Abstract: The introduction of the Duke criteria and transesophageal echocardiography has
improved early recognition of infective endocarditis but patients are still at high risk for severe
morbidity or death. Whether an exclusively antibiotic regimen is superior to surgical intervention
is subject to ongoing debate. Current guidelines indicate when surgery is the preferred treat-
ment, but decisions are often based on physician preferences. Surgery has shown to decrease
the risk of short-term mortality in patients who present with specific symptoms or microorgan-
isms; nevertheless even then it often remains unclear when surgery should be performed. In this
review we 1) systematically reviewed the current literature comparing medical to surgical therapy
to evaluate if surgery is the preferred option, ii) performed a meta-analysis of studies reporting
propensity matched analyses, and iii), briefly summarized the current indications for surgery.
Keywords: endocarditis, surgery, antibiotics, review, meta-analysis, propensity analysis,
mortality, complications

Introduction

Over the last decades infective endocarditis (IE) has been described extensively.'
This has identified risk factors, clinical features, and predictors of outcome, which led
to the prescription of antibiotic prophylaxis during the perioperative stage of dental
and cardiovascular surgery.>* Furthermore, the development of the Duke criteria as a
diagnostic tool* and the use of transesophageal echocardiography (TEE) have contrib-
uted significantly to early recognition. Despite these developments, outcomes none-
theless remain unsatisfactory.””’ Peripheral or cerebrovascular embolisms and acute
heart failure can cause a drastic decrease of the quality of life. Moreover, mortality
rates continue to be as high as 50% in some studies.

The usage of an antibiotic regimen alone or in combination with surgical
intervention is an ongoing debate. Studies investigating the best treatment have shown
that surgery in combination with antibiotics is superior in some indications.® The deci-
sion whether and when to treat endocarditis surgically often depends on local practice.
Uniform recommendations are therefore difficult to make and an overall superiority of
medical or surgical treatment is not yet established. In a propensity matched analysis,
surgery seemed to be superior regarding in-hospital mortality,”!° but at long-term
follow-up, data suggests no benefit of surgical therapy compared to an exclusively
medical regimen.!'" A better outcome with surgical therapy was recently demonstrated
in the largest reported matched cohorts.!? Still, these studies with propensity matched
analysis do not produce unambiguous results.'
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Timing of surgery is important. This issue has been
extensively addressed and there is substantial evidence
that early surgery can be performed safely, but no con-
sensus exists on the optimal timing of valve replacement
in the active phase of endocarditis.'>!¢ Waiting increases
the risk of stroke or peripheral emboli while early surgery
increases the risk of procedure-related complications, and
longer antibiotic treatment can potentially avoid valve
replacement.

It is clear that the optimal treatment for IE remains
challenging. The ongoing ENDOVAL trial will be the first to
report results of patients treated medically or surgically in a
randomized fashion and can provide important data.'” Before
these results will be presented treatment preferences are
based on current data. This review systematically evaluates
studies comparing medical to surgical therapy and discusses
the timing of surgery.

Current data
Systematic review: medical or surgical
therapy?

We performed a systematic review of studies reporting
hospital mortality after medical and surgical treatment
separately. The Medline database, web-of-science, and
The Cochrane Library were consulted with search entries
of “endocarditis” and “treatment or therapy or surgery or
medical” and “outcome or survival or mortality or hazard
ratio” in all possible combinations. Studies were excluded
if they focused on a specific aspect of endocarditis, reported
results of an exclusive patient cohort, or included less than
50 patients. Multiple studies overlapped in patient popula-
tions; only the study with the largest number of patients
was included.

Forty eligible studies were identified.”'*'*>2 Data was
pooled to obtain an overall view of the studied population;
a total of 11,348 IE episodes were analyzed (Table 1,
Figure 1). The largest study on endocarditis to date is from
the International Collaboration on Endocarditis-Prospective
Cohort Study (ICE-PCS), which was a prospective,
multicenter, international registry with 2,781 patients from
over 50 centers.*® The combined data from the 40 studies had
similar baseline characteristics for gender, PVE (%), and
periannular abscess (%). Vegetations were visualized less in
the combined data (87% compared to 70% in our data). The
cause of endocarditis was also similar, although the number of
Staphylococcus aureus infections was 21% in the combined
series as to 31% in the registry, and viridans streptococci was
identified in 20% compared to 17% in the ICE-PCS registry.

Table | Characteristics and outcome of IE in pooled analysis of
40 systematically included studies

Episodes Number of
(N=11,348) (%) studies (N)
Characteristics
Definite infective endocarditis 95.4% (33)
according to Duke criteria
Males 65.5% (39)
Prosthetic valve endocarditis 20.2% (39)
(all studies)
Prosthetic valve endocarditis 21.9% (28)
(natural)
Surgery 41.5% (40)
Echocardiographic findings
Vegetations 69.4% (32)
Mobile vegetations 51.7% 7)
New valve regurgitation 47.6% 7)
Periannular complications 16.2% (4)
Abscess 12.7% (16)
Perforation 10.4% (8)
Prosthetic valve dehiscence 6.9% (12)
Indications for surgery
Heart failure 49.7% (17)
Emboli 17.8% (1e)
Persistent infection 18.8% (14)
Abscess 17.4% (12)
Large vegetation 21.5% (6)
Complications
Emboli
Brain 14.9% (14)
Systemic/peripheral 21.2% (21)
Unspecified 33.0% %)
Heart failure 34.1% (34)
Neurological events 24.0% 7)
Stroke 16.3% (6)
In-hospital mortality 19.2% (40)
Surgical treatment 15.8% (40)
Medical treatment 20.3% (40)

Notes: Prosthetic valve endocarditis “all studies” shows the incidence in all episodes.
The “natural” occurrence of prosthetic valve endocarditis is the percentage in
studies including all cases of endocarditis, and not studies specifically including
prosthetic or native valve cases.

Results were remarkably similar; occurrences of stroke and
non-stroke embolism were almost identical. Furthermore,
heart failure was diagnosed in 34% compared to 32% in
ICE-PCS, and in-hospital mortality was 19% versus 18%
respectively.

One limitation of the ICE-PCS registry is that the indica-
tions for surgery were not reported. In our combined data of
the 40 studies, surgery was performed in 4,714 episodes of
endocarditis. Seventeen studies reported indications for sur-
gery; heart failure (49.7%) was the main reason, others were
large vegetation on echocardiography (21.5%), persistent
infection (18.8%), embolic complication (17.8%), or abscess
formation (17.4%). Although it is likely that more complex
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= Culture negative

Figure | Causative microorganisms from pooled data of | 1,348 IE episodes.

cases of endocarditis underwent surgery, the in-hospital
mortality was significantly lower in these patients compared
to those medically treated (15.8% versus 20.3%). This could
be explained by the fact that patients deemed too high risk
for surgery due to their condition were treated non-surgically,
thereby increasing the observed mortality in the medically
treated patient cohort. As a result of treatment preferences,
most studies include significant treatment bias and robust
evidence-based conclusions are unavailable. Predicting
which treatment is most beneficial for the individual patient
remains challenging.

Meta-analysis: propensity score studies

A number of studies used propensity matching to compare
medical to surgical therapy (Table 2).°'%%* Studies that
report in-hospital mortality either show results favoring
surgical therapy over medical therapy or no statistical dif-
ference (Table 2). Combined data reveal an overall odds
ratio of 0.47 (95% confidence interval [CI] 0.38—0.58)
supporting surgery. There is however a marked statistically
significant heterogeneity (1> = 65%, P =0.005 (Figure 2)),
meaning that there is excessive variation in the results.

Bias
Even though both the pooled and meta-analysis limit bias
to some extent, included studies that report results after IE
treatment are inherent to treatment and referral bias.
First of all, studies comparing medical to surgical
treatment in a randomized fashion are not yet available.
Baseline characteristics are therefore incomparable
between groups. Even with propensity matched analyses,
patients can only be matched considering the collected
variables. Characteristics such as frailty are not available
but can influence outcome. Other certain endocarditis-
specific variables warrant surgical intervention and these
variables will not be available in the medical group. These

Table 2 Studies reporting propensity matched analysis

Hazard ratio/odd ratio
surgery (95% CI)

0.44 (0.33-0.59)

0.27 (0.13-0.55)

0.56 (0.23-1.36)

2.38 (0.83-6.88)

0.49 (0.19-1.22)

Mortality

Mortality

Prosthetic valve

Mean age
(years)
53:53
58:59

Matched no. of
patients (N)

619:619
51:51

68:68

Total no. of

Follow-up

First author, year

medical (%)

17.4

surgical (%)

11.8
11.8

22.1

endocarditis (%)

0:0

patients (N)

1552
426
355

In-hospital
In-hospital

Lalani, 2010
Aksoy, 2007

21.6

18:26

0.79 (0.46-1.35)
0.21 (0.10-0.41)
0.40 (0.18-0.91)

052 (0.23-1.18)
1.3 (0.5-3.1)

324

Not reported

100:100
0:0

In-hospital
In-hospital 1516 299:300:299:300:299

Wang, 2005
Cabell, 2009*

0.77 (0.42—1.40)

28

Not reported
Not reported

I5

0:0
19:26

53:55
47:58

109:109
Notes: Multiple values in one entry are listed as ‘surgical patients : medical patients’. *Study in which 5 groups were matched based on the likelihood of undergoing surgery.

93:93
62:161

513
546
223

Median 5.2 years

6 months
6 months

Vikram, 2003
Tleyjeh, 2009
Sy, 2009
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Odds ratio Odds ratio
Study or subgroup Weight IV, random, 95% CI IV, random, 95% CI
Cabell 5 12.8% 0.21[0.10, 0.43]
Aksoy 12.8% 0.27[0.13, 0.55] -
Lalani 18.9% 0.44 [0.33, 0.59] -
Cabell 2 10.0% 0.49 [0.20, 1.23] I
Cabell 3 11.2% 0.52 [0.23, 1.19] B
Wang 10.5% 0.56 [0.23, 1.35] B
Cabell 4 15.1% 0.79 [0.46, 1.37] B
———
Cabell 1 8.6% 2.38[0.83, 6.86]
Total (95% Cl) 100.0% 0.50 [0.34, 0.75] <
Heterogeneity: |2 = 65% f i i
0.01 0.1 1 10 100

Test for overall effect: Z = 3.34 (P = 0.0008)

Figure 2 Meta-analysis of studies with propensity analysis.

variables can therefore not be matched, and while groups
are allegedly ‘matched’, they often are not completely.
A recent study demonstrated that adjustment for an addi-
tional survivor bias factor is needed, as it can significantly
alter the results.®

Referral bias embodies another bias that is often present
in the included studies. Patients from the ICE-PCS registry
transferred to tertiary care centers more frequently under-
went surgery and had higher rates of complications such as
stroke, heart failure, or valve regurgitation.’® Results from
certain centers can therefore be skewed in relation to other
outcomes, and this should be kept in mind when evaluating
these studies.

The studies included in the meta-analysis have previously
been shown to be incomparable on multiple fronts.Incon-
sistent results are therefore likely to be not only depend-
able of the given treatment, but also due to used methods
of data acquirement, co-morbidity definitions, the number
of variables matched for, reporting of data, and statistical
methods.’” Furthermore, the deliberate decision whether
to treat medically or surgically is based on certain specific
characteristics of the patient, and no study without or with
propensity analysis can adjust for clinical judgment.

Indications and timing for surgery

In the pooled data, surgery was performed in 41.5% of
IE cases. Apart from studies comparing medical to surgi-
cal therapy, extensive results of surgical series have been
described. These studies have furthermore provided data
on surgical indications and many of these indications have
now been included in current guidelines.>3

Favors surgery Favors medical therapy

Congestive heart failure
Infective endocarditis often causes heart failure as a result
of valve regurgitation, or sometimes because of valve
obstruction or prosthetic valve dehiscence. Heart failure
is a prognostic factor of impaired survival, independent
of the causative microorganism or the status of infection.
Many surgeons consider it as the main indication to perform
surgery.®

The timing of surgery depends on the progression of
heart failure. Urgent surgery is needed if acute regurgitation
of the aortic valve is present. A slower progressive presenta-
tion gives the opportunity to postpone surgery and await the
effect of medical therapy.

Periannular extension
In native valve endocarditis periannular extension is present
in 10%—-40%, but in prosthetic valve endocarditis (PVE) this
is as high as 56%-100%.°' Annulus involvement is associ-
ated with development of heart failure and increases mortal-
ity. Surgery is often indicated, especially when an abscess
is present. The pooled data (Table 1) suggests that this is
the case in almost 13%, but a recent study focusing exclu-
sively on surgical patients showed a rate of 38%.%* Medical
therapy is insufficient if an abscess has been detected on
TEE, and guidelines therefore suggest that these patients
should undergo surgery.? If early surgical intervention is not
performed an abscess can progress into fistulous cavities
resulting in a mortality rate as high as 41%.%

Periannular extension is likely in case of persistent
infection despite antibiotic therapy and surgery should be
considered. An advantage of surgery over an antibiotic
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regimen is expressed in the completeness of therapy. Open-
heart surgery provides the opportunity to extensively remove
infected tissue to prevent relapses.

Emboli

One of the major complications of IE is the development of
systemic emboli in 22%—50% of the patients.**% Common
affected sites are the lungs, spleen and peripheral arteries,
but the most affected (65%) is the central nervous system
(CNS).% Not only morbidity is high, but CNS emboli
significantly increase the risk of mortality.

The prevention of such events is difficult, since the event
itself can be the initial presentation of IE. These patients have
a clear indication for urgent surgery. This however carries an
increased risk of intracranial hemorrhage while waiting and
medical therapy increases the risk of recurrent emboli. Current
recommendations therefore suggest a 2—4 week antibiotic
regimen before surgery can be performed safely. In patients
who present with transient ischemic attacks or “silent” embo-
lisms early surgery appears safe. No prospective studies have
confirmed these findings, and more data is needed.®

Large vegetations on TEE are often of prognostic value
of embolic events. Although there is not a uniform cut-off
value, vegetations between 10—15 mm are an indication to
perform urgent surgery.

Persistent sepsis

An ongoing infection despite antibiotic therapy is common
with aggressive microorganisms, abscess formation, or large
vegetations. Patients with persistent sepsis are at high risk
to develop multi-organ failure and guidelines indicate that
surgery is needed in these patients if cultures persist to be
positive after 7 days of medical therapy.>** Some caution is
however advised in patients that develop recurrent fever after
an initially good response to antibiotics, because the fever
could be explained by other reasons than the endocarditic
valve. Surgery is only indicated if further diagnostics confirm
persistent infection of the valve.*!

Microorganism

A fungal cause often marks a complex case of IE. First of all,
the diagnosis is delayed due to recurring negative blood cul-
tures. Once IE is established medical therapy with antifungals
is frequently unsatisfactory, resulting in the need for surgery
in a large percentage of patients. Other indications for surgery
are large vegetations and periannular extension that regularly
complicate fungal IE.

Endocarditis caused by bacteria can be challenging as
well, especially Staphylococcus aureus.®”” These complicated
infections with large vegetations and embolic manifestations
result in an increased risk of mortality. If multi-resistant
S aureus is detected, surgery is the only conclusive therapy
and is always indicated.

Several other micro-organisms such as Brucella, Q
fever, Pseudomonas aeruginosa, and Staphylococcus
lugdunensis indicate surgical intervention, but are rare in
presentation.®® 7!

Prosthetic Valve Endocarditis (PVE)

In approximately 20% of IE a prosthetic valve is involved.”
A distinction is often made between early and late cases based
on the time of diagnosis after initial surgery. The prognosis
of PVE is worse than in native valve IE.”? Several studies
have compared outcomes after medical and surgical therapy
in PVE. 142225333851 A Jarge cohort study of 367 prospectively
followed patients showed that in-hospital mortality rates were
similar: 23.4% in medical and 25% in surgical patients.'* Six
months survival in a different study also showed no favorable
result for surgery in 80 patients (70% survival in medical
and 73% in surgical patients).”® Surgery for PVE is often
indicated, but is a troublesome procedure which is reflected
in a high recurrent IE rate of up to 15%.747

Right-sided endocarditis

The incidence of right-sided IE represents less than 10% of
all cases of IE.”*”” Right-sided endocarditis mainly occurs
in patients with intravenous drug use, pacemaker or central
venous lines, or congenital heart disease. The majority of
cases involve the tricuspid valve, while isolated pulmonary
valve endocarditis is rare.”

Isolated right-sided endocarditis has a favorable progno-
sis with low in-hospital mortality and the primary approach
in these patients should therefore be conservative. Most cases
respond to medical therapy and surgery is only necessary in
a small minority of patients.”

The 10 and 20 year survival rate after surgery for iso-
lated right-sided endocarditis has been reported to be 70%
and 58% respectively, which is better than patients with
left-sided IE.%

Device-related endocarditis

The use of pacemakers, defibrillators, and other implants has
grown significantly over the last decades. As a result, endo-
carditis is more frequently associated with these devices.?!
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These types of endocarditis require excision of the infected
device and complete eradication of the infection. Only
thereafter can a new device be implanted. Percutaneous
techniques allow the cardiologist to perform this procedure,
and surgeon involvement is therefore not necessary.

Risk stratification

Due to the variability in the complexity of IE, the prognosis
strongly depends on the individual patients’ characteris-
tics. Some patients benefit more from surgery than others,
and to identify in which group of patients surgery can be
performed safely and with an adequate result, a recent
study developed a simplified risk scoring system includ-
ing 13 variables.®? Although this model is noteworthy, one
should be reminded that data is from the Society of Tho-
racic Surgeons (STS) database in which >19,000 patients
surgically treated for IE were analyzed to relate baseline
characteristics to 30-day outcomes. The database only
includes general characteristics, but endocarditis-specific
variables such as vegetation size, prosthetic valve endo-
carditis, or periannular extension are lacking. The model
therefore is similar to the STS score, and is not specific
for endocarditis. Also, this score is only based on surgical
patients, and therefore it cannot be used to identify those
who would benefit most.

Another recent study showed that additive and loga-
rithmic EuroSCORE have a predictive value of 0.84 and
0.85 respectively, confirming that available risk models
not specific for endocarditis can be sufficient to predict
mortality.”’

Transcatheter aortic valve

endocarditis

The introduction of transcatheter aortic valve implantation
(TAVI) to treat severe aortic stenosis could change the face
of PVE. The occurrence of early PVE could be influenced
by the difference between a sternotomy and access through
the groin. The increased prevalence of paravalvular leakage
raises concerns because of the associated risk of endocardi-
tis. Little is known about the true incidence of endocarditis
after TAVI, to date it has only been anecdotally described.®>34
Follow-up has been short, and late PVE has therefore not
yet been fully addressed. TAVI has recently shown positive
results in the PARTNER (Placement of Aortic Transcatheter
Valves) trial,®> and more randomized trials will start enroll-
ment soon to broaden the indication to lower risk patients.%
Further data will contribute to the unknown prevalence of
endocarditis after TAVI.

New insights

Late in 2011 the first randomized data from the ENDOVAL
trial on surgical or medical treatment for IE will be available.
The trial will only include high-risk patients with 1) periannular
complications, 2) new onset aortic-ventricular block, 3) new
onset severe valve regurgitation, 4) early-onset PVE, or 5)
Staphylococcus aureus endocarditis. The trial will likely lead
to treatment preferences for most endocarditis patients. Too
high-risk patients with an EuroSCORE > 40% or an emergent/
urgent indication for surgery because of heart failure due to
valvular insufficiency, fungal endocarditis, or septic shock are
excluded."” It is these patients that lead treatment bias when
comparing studies from different centers. Some surgeons are
willing to operate on the very high-risk patients, while oth-
ers are reticent. To evaluate the need for surgery in high risk
patients, another trial in high-risk patients is preferable.The
ENDOVAL trial is the first trial assessing the use of early sur-
gery in endocarditis, and could stimulate others to follow.

Conclusions

Endocarditis has been extensively described over the last
decades and treatment with surgery is established for certain
indications associated with improved survival. Surgical treat-
ment of PVE carries quite a high mortality and requires close
follow-up due to a continued postoperative risk. The selection of
patients who benefit most from valve replacement is becoming
more transparent, but treatment often remains biased because
of surgeon preferences. A large number of ongoing studies and
randomized trials will produce stronger evidence.
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