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Abstract Current guidelines recommend performing echo-
cardiography in all patients with Staphylococcus aureus bac-
teremia (SAB), but patients at very low risk of endocarditis
may not benefit from this investigation. This study seeks to
identify patients at very low risk of endocarditis. A retrospec-
tive single-center consecutive case series of patients with SAB
was examined. Microbiological and echocardiographic data
were used to identify patients with community onset,
prolonged bacteremia, and intracardiac prosthetic devices.
The diagnostic performance of these criteria for endocarditis
as measured against transesophageal echocardiography (TEE)
was calculated. 593 episodes of SAB were examined over a
period of 6 years. 10 % were excluded from analysis due to
death or discharge less than 48 h after the first positive blood
culture or no admission to hospital, leaving 532 episodes for
analysis. 64% of the included episodes were investigated with
echocardiography: 39 % with TEE and 26 % with transtho-
racic echocardiography (TTE) only. 16 % of the episodes in-
vestigated with echocardiography were demonstrated to have
endocarditis. The rate of endocarditis was higher for episodes
undergoing TEE (24 %) than TTE only (5 %). There were no
instances of endocarditis amongst the 23 episodes investigated
with TEE where none of the three risk factors were present.
This group represented 57 % of the nosocomial (non-commu-
nity-onset) episodes investigated with TEE. Patients with
none of the three criteria examined in this study have a very

low rate of endocarditis and may fall below the test threshold
for echocardiography.

Introduction

Current guidelines [1–3] recommend performing echocardi-
ography in all patients with Staphylococcus aureus bacteremia
(SAB) due to the risk of infective endocarditis (IE). However,
as neither transesophageal echocardiography (TEE) [4, 5] nor
prolonged antibiotic therapy [6] are without risk, there must
exist a subset of patients with SAB in whom the risk of endo-
carditis is below the test threshold [7] and who do not benefit
from echocardiography.

The published risk of endocarditis amongst patients with
SAB ranges from 5 to 25 %, depending on the decade of
publication, inclusion criteria, and echocardiography rates
[8–13]. Risk factors predictive of IE amongst patients with
SAB include duration of bacteremia [9, 10, 14], community
acquisition [10], clinical signs of endocarditis [10], the pres-
ence of an intracardiac prosthetic device [11], dialysis depen-
dency [14–17], metastatic infection [18–20], and an identifi-
able source of bacteremia [21, 22].

Two recent studies [12, 23] have suggested that it is possi-
ble to identify a subset of patients with SAB who have a very
low risk of IE. Using different combinations of the above
clinical criteria, the authors of these papers were able to iden-
tify subsets of patients with SAB who had a <4 % risk of
endocarditis. These papers have been criticized for their low
rates of TEE [13, 24] and used criteria that are difficult to
apply early in the course of an episode of SAB.

We sought to identify patients with SAB who are at very
low risk of endocarditis, using objective and available criteria,
in a cohort with a higher rate of TEE than previous series.
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Materials and methods

Patients and settings

Patients aged ≥18 years with Staphylococcus aureus isolated
from blood cultures in the period 2008–2013 at an academic
tertiary referral center were retrospectively identified from the
hospital’s Microbiology Department database. Patients never
admitted to hospital and those who died or were discharged
within 48 h were excluded from the analysis.

Ethical considerations

The protocol was approved by the Melbourne Health Human
Research Ethics Committee.

Data acquisition

All blood cultures (both positive and negative) collected from
patients not meeting the exclusion criteria were organized into
episodes of SAB. An episode commenced with the first pos-
itive blood culture and ended after a period of 14 days during
which no blood cultures had been drawn.

The following data were retrospectively collected for each
SAB episode: age, admission date and time, and date and time
of discharge or inpatient death (all from the hospital patient
management database); the date and time of each blood cul-
ture within an SAB episode, and the presence of oxacillin
resistance for the first blood culture of an episode (from the
Microbiology Department database). The duration of bacter-
emia was defined as the time of collection of the first blood
culture until the time of the first negative blood culture where
these data were available.

Echocardiography reports for all studies performed at our
institution within 30 days of the first positive blood culture
were reviewed. TEE was performed and contemporaneously
reported by consultant cardiologists; transthoracic echocardi-
ography (TTE) studies were performed by qualified echocar-
diographers and reported by consultant cardiologists on sub-
sequent days. For all studies, the reporting cardiologist would
have had access to the clinical information collected above
(with the exception of total duration of bacteremia if ongoing)
at the time of reporting. The following data were collected for
each study: the date of performance, the study technique (TTE
or TEE), the presence of valvular vegetations and their max-
imal dimension, the presence of an intracardiac prosthetic de-
vice, and the presence of paravalvular complications such as
abscess or myocardial defect. Any finding labeled as endocar-
ditis or as possibly representing endocarditis in the echocardi-
ography report was considered as endocarditis for the purpose
of data analysis. We did not seek to identify the presence of an
intracardiac prosthetic device amongst patients not undergo-
ing echocardiography.

Criteria set

We identified three previously reported risk factors for endo-
carditis which were unambiguous, easily available to clini-
cians early in the care of a patient with SAB, and objectively
assessable in a retrospective manner. The three criteria ana-
lyzed were community onset (defined as the first positive
blood culture occurring ≤48 h after hospital admission [25,
26]), prolonged bacteremia (defined as an interval between
the first positive blood culture and the first negative blood
culture greater than 72 h or any case where no negative
follow-up blood culture was obtained [23, 27]), and the pres-
ence of an intracardiac prosthetic device (including valves,
annular rings, congenital repairs, and rhythm management
devices, but not central vascular access devices). We made
no attempt to further separate community-onset SAB into
the subcategories of Bhealthcare-associated^ and
Bcommunity-acquired^ SAB [12, 28].

Statistical analysis

The primary statistical outcome was the diagnostic perfor-
mance of the criteria set as measured against TEE findings
in patients undergoing this examination. The sensitivity, spec-
ificity, positive predictive value, and negative predictive value
of individual criteria, as well as the combined set for echocar-
diographic findings of endocarditis, are presented accompa-
nied by modified Wald 95 % confidence intervals. This study
was reported in accordance with the Standards for Reporting
of Studies of Diagnostic Accuracy (STARD) [29].

Results

During the 6-year period studied, there were 593 epi-
sodes of SAB amongst 565 patients, comprising a total
of 3,806 blood cultures. Of these patients, 542 had one
episode of SAB, 19 had two episodes, three had three
episodes, and one had four episodes. 103 episodes
(17 %) were followed by inpatient death at a median
of 7 days after the first positive blood culture (inter-
quartile range, IQR, 2–15 days). Sixty-one episodes
(10 %) were excluded from analysis due to death or
discharge less than 48 h after the first positive blood
culture or no admission to hospital, leaving 532 epi-
sodes for analysis.

The median age of the patients with analyzed SAB epi-
sodes was 64 years (IQR 48–77 years). The median number
of blood cultures taken per episode was 6 (IQR 3–9). 454
episodes (85%) included follow-up blood cultures taken more
than 24 h after the initial culture. Of these, there were 432
episodes ending with a negative follow-up blood culture and
22 where a negative culture was never achieved.
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The median duration of bacteremia was 61 h (IQR 28–104
h) among the 446 episodes with a negative follow-up blood
culture (i.e., where the duration of SAB was known). Figure 1
presents the duration of bacteremia for these episodes. Of
these episodes, 184 (41 %) were demonstrated to be longer
than 72 h. When episodes with no negative follow-up blood
cultures were included (according to our definition), 269
(51 %) episodes were considered to have had prolonged bac-
teremia. In some episodes, the negative blood culture ending
the defined period of bacteremia was taken days after the last
positive blood culture, resulting in a very prolonged recorded
duration of bacteremia.

317 (60 %) of the included episodes of SAB were
community onset. 49 (23 %) of the 215 nosocomial
episodes of SAB were due to methicillin-resistant Staph-
ylococcus aureus, compared to 57 (18 %) of the
community-onset episodes.

At least one intracardiac prosthetic device was present in
58 (17 %) of the episodes investigated by echocardiography.
In total, there were 29 rhythm management devices (perma-
nent pacemakers or implantable cardioverter defibrillators),
23 prosthetic aortic valves, 11 prosthetic mitral valves,
five prosthetic tricuspid valves, and three repairs of con-
genital defects.

340 (64 %) of the included episodes were investigat-
ed with echocardiography: 157 (30 %) with TEE only,
136 (26 %) with TTE only, and 47 (9 %) with both
techniques. 19 episodes were investigated with a second
TEE, nine with a second TTE, one with a third TEE,
and two with a third TTE. The last echocardiogram
(which may have been the only study) was performed
a median of 7 days after the first positive blood culture
(IQR 4–10 days). Figure 2 shows the timing of the last
echocardiogram relative to the first positive blood cul-
ture. Risk factors for endocarditis were highly prevalent
amongst patients who were not investigated with TEE.
106 of 136 (78 %) episodes undergoing only TTE had
one or more of the three risk factors assessed. 152 of
192 (79 %) episodes undergoing no echocardiographic

assessment were either community onset or had
prolonged bacteremia.

Fifty-six (16 %) of the episodes investigated with echocar-
diography were demonstrated to have endocarditis. The rate of
endocarditis was higher for episodes undergoing TEE (49 of
204, 24 %) than TTE only (7 of 136, 5 %). There were 24
episodes of left-sided native valve endocarditis, 13 cases of
prosthetic valve endocarditis, 12 cases of isolated right-sided
endocarditis, and seven cases of pacemaker-associated
endocarditis. The median vegetation size was 14 mm
(IQR 9–20 mm).

172 episodes were initially investigated with TTE; 160 of
these studies were negative. Only 32 (20 %) of these episodes
subsequently underwent TEE as suggested by current
guidelines.

Table 1 presents the diagnostic performance of the risk
factors for echocardiographic features of endocarditis. In the
table, a true-positive represents an episode where the risk fac-
tor was present and endocarditis was demonstrated at TEE; a
false-positive represents an episode where the risk factor was
present but endocarditis was not. There were no instances of
endocarditis amongst the 23 episodes investigated with TEE
where none of the three risk factors was present. This group
represented 57 % (23 of 54) of the nosocomial (non-commu-
nity-onset) and 11 % (23 of 204) of all episodes of SAB
investigated with TEE. In none of these episodes was echo-
cardiography performed prior to the last positive blood
culture.

When applied to all episodes undergoing echocardiogra-
phy (including both TEE and TTE), the diagnostic perfor-
mance of ≥1 risk factor was as follows: sensitivity 0.96
(0.87–1.00); specificity 0.18 (0.14–0.23); positive predictive
value 0.19 (0.15–0.24); negative predictive value 0.96 (0.87–
1.00). The diagnostic performance of the criteria did not differ
significantly when episodes with unknown durations of bac-
teremia (i.e., no negative blood culture) were excluded, as
there were only 27 such episodes investigated with
echocardiography.Fig. 1 Duration of Staphylococcus aureus bacteremia

Fig. 2 Timing of echocardiography (days after the first positive blood
culture). TTE transthoracic echocardiography, TEE transesophageal
echocardiography
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Discussion

We have shown that the absence of three previously reported,
objective, and easily available clinical criteria identifies pa-
tients who have a very low risk of endocarditis as demonstrat-
ed by echocardiography. The use of these criteria, which are
based on information collated as part of routine care, may
allow the majority of nosocomial cases of SAB to be managed
without echocardiography.

As noted above, the current guidelines recommend echo-
cardiography for all patients with SAB on the basis that some
of these patients will have endocarditis, and that TEE is highly
sensitive for the condition. However, using the method of
Pauker and Kassirer [7], it can be seen that the test threshold
(the likelihood of disease below which testing is not of bene-
fit) for any investigation cannot be zero unless the test is risk-
free and either perfectly specific for the disease in question or
the treatment resulting from a positive test is free of compli-
cations. Echocardiography (whether TEE or TTE) in SAB
does not fulfil these criteria. Risk assessment strategies such
as that proposed in the current study need not identify which
patients with SAB have no risk of Staphylococcus aureus
infective endocarditis (SAIE), but, instead, which patients
have a risk low enough to fall below the test threshold. This
threshold has not been clearly defined in the literature, but it is
instructive to note that, in a previous analysis [30], a TEE-
guided strategy only offered 16 quality-adjusted life days over
routine short-course therapy (2 weeks) for SAB in a model
where the endocarditis rate was assumed to be 6% and relapse
inevitable for endocarditis treated with short-course therapy.

Two recent studies have also sought to identify a low-risk
cohort of patients with SAB using clinical criteria. Kaasch

et al. [23] identified endocarditis in only 0.5 % of patients with
SAB who did not have prolonged bacteremia (>4 days), a
permanent intracardiac device, hemodialysis dependency, spi-
nal infection, or non-vertebral osteomyelitis. Khatib and
Sharma [12] found endocarditis in 3.7 % of patients without
prolonged bacteremia (>3 days), an intracardiac device, a sec-
ondary focus of infection, or relapse within 100 days (the last
two criteria were based on information that may not be avail-
able at the time of initial clinical decisions regarding echocar-
diography). These studies have been criticized for low rates of
echocardiography (TEE having been performed in only 20
[12] and 23 % [23] of patients), raising the possibility of
missed cases of endocarditis [13, 24]. In addition, Kaasch
et al. [23] used 3-month clinical outcomes as a surrogate for
echocardiographic endocarditis in patients not undergoing
echocardiography. This method, based on the assumption that
IE Bwould become clinically apparent after the discontinua-
tion of antibiotics^, enhances the reported sensitivity of the
criteria by introducing an insensitive alternate standard, as
well as likely contributing to the low prevalence of IE in this
study (4.3–9.3 %) when compared to TEE-only cohorts (24–
29 % [8, 12, 13]).

We chose to assess the criteria set primarily in episodes
undergoing TEE given the importance of a highly sensitive
standard in a study seeking to identify patients at low risk of
endocarditis. The rate of TEE in our series (performed in 39%
of episodes) was significantly higher than in the two previous
studies reporting risk factors predictive of low endocarditis
risk [12, 23].

In this study, episodes of SAB without any of the included
risk factors account for the majority of patients with nosoco-
mial SAB. In our series, this group comprises 11% of all SAB

Table 1 Diagnostic performance of clinical risk factors for endocarditis amongst the 204 episodes undergoing transesophageal echocardiography
(TEE)

Prolonged bacteremia Community onset Intracardiac prosthetic device ≥1 risk factor

True-positive 29 44 16 49

False-positive 75 106 25 132

True-negative 80 49 130 23

False-negative 20 5 33 0

Sensitivity 0.59 (0.45–0.72) 0.90 (0.78–0.96) 0.33 (0.21–0.47) 1.00 (0.93–1.00)

Specificity 0.52 (0.44–0.59) 0.32 (0.25–0.39) 0.84 (0.77–0.89) 0.15 (0.10–0.21)

PPVa 0.28 (0.20–0.37) 0.29 (0.23–0.37) 0.39 (0.26–0.54) 0.27 (0.21–0.34)

NPVb 0.80 (0.71–0.87) 0.91 (0.80–0.96) 0.80 (0.71–0.87) 1.00 (0.86–1.00)

PLRc 1.22 1.31 2.02 1.17

NLRd 0.79 0.32 0.80 0.00

The figures in parentheses represent 95 % modified Wald confidence intervals
a Positive predictive value
bNegative predictive value
c Positive likelihood ratio
d Negative likelihood ratio
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undergoing TEE and 57 % of nosocomial SAB undergoing
TEE. Perhaps due to the use of fewer criteria, the proportion of
patients fulfilling none of the criteria proposed in this study is
higher than that presented in Kaasch et al. [23], where
only 28 % of nosocomial SAB were included in the
low-risk group.

The incomplete echocardiography coverage demonstrated
in our series confirms that clinicians in our hospital are not
following current guidelines with regards to performing echo-
cardiography in the majority of SAB episodes. Less than half
of SAB episodes in our series were investigated with TEE,
and very few episodes with an initial negative TTE went on to
TEE as recommended [1–3]. One interpretation of this dis-
crepancy is that clinicians lack awareness of the risk of IE
amongst patients with SAB and the guideline recommenda-
tions. A second possibility is that clinicians are already using
some form of risk stratification to decide between TEE, TTE,
and no echocardiography. This is suggested by the difference
between the rates of endocarditis in the TEE (24 %) and TTE
(5 %) groups, a difference that is not explained by even the
lowest published estimates of TTE sensitivity. Thirdly, some
patients may have had clinically diagnosed uncomplicated
endocarditis and been treated without the need for echocardi-
ography, although we feel this would be uncommon in our
setting. Finally, it is also possible that clinicians accept a miss
rate for endocarditis that is not zero (the figure advocated by
current guidelines). Previous cost-effectiveness analyses [30,
31] suggest that this miss rate should be in the order of 2–4
episodes of IE per 100 cases of SAB, a figure which would
seem achievable with the use of criteria sets such as that pre-
sented in this study.

There are a number of limitations to our study. Firstly, the
data set was generated in a retrospective manner, leading to
the potential for biased data collection. However, the data used
were uniformly available, objective (date/time of blood cul-
tures, blood culture results, date/time of admission, and the
presence of an intracardiac prosthetic device), and were re-
corded prospectively on preexisting read-only databases.
The most subjective data point for each episode of SAB was
the presence or absence of endocarditis, but, as described
above, we collected these data in a conservative fashion to
ensure that any bias was towards the reporting of endocarditis.
Indeed, the two cases of endocarditis amongst the episodes
undergoing TTE only without any of the three risk factors
had a very brief period of bacteremia (a single positive blood
culture) and 5–6-mm strand-like valvular lesions labeled as
Bpossible endocarditis^ by the reporting cardiologist. Neither
of these lesions were further characterized with TEE. The
criteria set as proposed is only capable of informing the like-
lihood of echocardiographic features of endocarditis and,
therefore, the yield of echocardiography for an episode of
SAB. There are likely to be cases where the diagnosis of
endocardi t is is made on the basis of other non-

echocardiographic features. Similarly, the criteria are unable
to inform the risk assessment for either metastatic complica-
tions or clinical outcomes in SAB, and cannot, in isolation, be
used to assign patients to a short-course treatment regimen.
We also acknowledge that, whilst there were no cases of echo-
cardiographic endocarditis amongst the episodes without risk
factors investigated with TEE, there were only 23 patients in
this group.

In summary, we present three criteria—community onset,
prolonged bacteremia, and the presence of an intracardiac
prosthetic device—which, despite being more inclusive than
previously published criteria sets, are able, by their absence, to
identify patients with SAB who are at very low risk of
endocarditis as demonstrated by echocardiography. We
contend that patients with none of these criteria may
reasonably be managed without echocardiography, al-
though prospective studies designed to measure the clin-
ical outcomes of this approach will be needed. Future
guidelines should incorporate an assessment of endocar-
ditis risk into recommendations regarding echocardiog-
raphy in SAB.
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