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Background. Stratification to categorize patients with Staphylococcus aureus bacteremia (SAB) as low or high risk for metastatic 
infection may direct diagnostic evaluation and enable personalized management. We investigated the frequency of metastatic 
infections in low-risk SAB patients, their clinical relevance, and whether omission of routine imaging is associated with worse 
outcomes.

Methods. We performed a retrospective cohort study at 7 Dutch hospitals among adult patients with low-risk SAB, defined as 
hospital-acquired infection without treatment delay, absence of prosthetic material, short duration of bacteremia, and rapid 
defervescence. Primary outcome was the proportion of patients whose treatment plan changed due to detected metastatic 
infections, as evaluated by both actual therapy administered and by linking a adjudicated diagnosis to guideline-recommended 
treatment. Secondary outcomes were 90-day relapse-free survival and factors associated with the performance of diagnostic 
imaging.

Results. Of 377 patients included, 298 (79%) underwent diagnostic imaging. In 15 of these 298 patients (5.0%), imaging findings 
during patient admission had been interpreted as metastatic infections that should extend treatment. Using the final adjudicated 
diagnosis, 4 patients (1.3%) had clinically relevant metastatic infection. In a multilevel multivariable logistic regression analysis, 
90-day relapse-free survival was similar between patients without imaging and those who underwent imaging (81.0% versus 
83.6%; adjusted odds ratio, 0.749; 95% confidence interval, .373–1.504).

Conclusions. Our study advocates risk stratification for the management of SAB patients. Prerequisites are follow-up blood 
cultures, bedside infectious diseases consultation, and a critical review of disease evolution. Using this approach, routine 
imaging could be omitted in low-risk patients.
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Traditionally, Staphylococcus aureus bacteremia (SAB) is 
divided into uncomplicated and complicated disease [1, 2]. 
This dichotomous classification insufficiently reflects the het-
erogeneity of SAB and thus prevents a more precise clinical 

diagnosis that, in certain patients, would allow for more per-
sonalized treatment [3, 4]. Moreover, risk factors for metastatic 
infection and confirmed metastatic infection have traditionally 
been considered equivalent in this classification [5, 6]. The dis-
advantage of this classification is that it is not conducive to the 
detection of metastatic infections, whereas adequate control of 
these infectious foci is associated with lower mortality [7].

Recently, a risk stratification model for categorizing SAB pa-
tients as “high risk” or “low risk” for metastatic infection has 
been proposed to allow for a more personalized diagnostic work-
up and avoid unnecessary diagnostic imaging [8]. Risk factors re-
late to host factors, features of bacteremia, and clinical course [8]. 
In this 2-step system, high-risk SAB patients should undergo a 
more extensive diagnostic workup to identify or exclude infec-
tive endocarditis (IE) and other metastatic infections; in low-risk 
patients, diagnostic imaging can remain limited.

Although distinct patient groups are at increased risk of met-
astatic infections and risk-based imaging is used in daily 
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practice [3, 4], studies to determine which patients require spe-
cific investigations are limited. Most of these studies focused on 
the need for transesophageal echocardiography (TEE) in IE, 
usually as a follow-up examination after transthoracic echocar-
diography (TTE). Two studies examined clinical risk factors for 
a complicated course, including metastatic infection, and found 
that 10%–20% of low-risk patients still had a complicated 
course [1, 9]. However, neither study had the primary objective 
of examining the safety of omitting diagnostic imaging in low- 
risk patients. Moreover, the usefulness of these studies in guid-
ing imaging studies is complicated by the fact that definitions of 
complicated disease included both risk factors, metastatic dis-
ease, and poor clinical outcome. Therefore, in a large multicen-
ter study, we investigated how often metastatic infections are 
found in low-risk SAB patients, what their clinical relevance 
is, and whether omitting routine imaging is associated with 
worse outcomes.

METHODS

Study Design

We performed a retrospective multicenter cohort study at 
7 hospitals in the Netherlands. We obtained approval from 
the research ethics boards of all hospital sites.

All adults with low-risk SAB [8] (see definition below) be-
tween January 2013 and December 2022 were eligible for inclu-
sion. Supplementary Table A provides exact time periods per 
hospital.

Exclusion criteria were aged <18 years, death or deemed 
suitable for palliative care ≤72 hours after the index blood cul-
ture, contaminated or polymicrobial blood cultures, or imme-
diate transfer to another hospital. If follow-up blood cultures 
were missing, we considered them to be negative. Blood 
cultures were considered contaminated when S. aureus grew 
in only 1 blood culture bottle, the cultures were documented 
as contaminated by the treating physician or clinical microbiol-
ogist, no antibiotic treatment was initiated, and no relapse of 
S. aureus bacteremia occurred. Follow-up was 90 days after dis-
continuation of antibiotic treatment to determine infection- 
related mortality [10], all-cause mortality, and relapse. 
Infection-related mortality was assessed as previously de-
scribed [10].

Low-Risk SAB

Low-risk SAB was defined as 1 or more blood cultures positive 
for S. aureus in the absence of all of the following risk factors: 
community acquisition [11], implanted prosthetic material 
(vascular and intracardiac prostheses [except for coronary ar-
tery stents], prosthetic joints, and osteosynthesis material), fail-
ure to remove central venous catheter (CVC), positive blood 
cultures more than 48 hours after initiation of antibiotics 
with in vitro susceptibility to the isolated S. aureus (appropriate 

treatment), fever (≥38°C) more than 72 hours after initiation of 
appropriate antibiotic treatment, treatment delay (signs of in-
fection for more than 48 hours before initiation of appropriate 
antibiotic treatment), and clinical signs of metastatic infection 
(Supplementary Table B) [8].

SAB Management

The Dutch national guideline provides recommendations on 
diagnosis and treatment of SAB patients. Clinical microbiolo-
gists are required to report all S. aureus blood culture results 
to the treating physician promptly, ideally within 4 hours. 
Follow-up blood cultures are recommended every 48 hours un-
til negative. Bedside consultation by an infectious diseases (ID) 
physician should be standard care for all patients with SAB. The 
guideline recommends a TTE in all patients. Patients with un-
complicated SAB should be treated with intravenous (IV) anti-
biotics for 2 weeks after initial negative blood cultures. We 
considered 14 ± 4 days of antibiotics appropriate, given the var-
iation in prescription practices between hospitals. In patients 
with metastatic infection, antibiotic treatment for 4–6 weeks, 
depending on focus of infection, is required.

Data Collection

We manually retrieved data on comorbidity [12], laboratory re-
sults, microbiology, imaging, and antibiotic treatment from 
electronic medical records. All diagnostic imaging modalities 
except chest X ray were included from 1 day prior to the first 
positive blood culture until discontinuation of antibiotics or 
hospital discharge, whichever occurred first. We included diag-
nostic modalities performed to search for metastatic infection 
as well as for other clinical indications.

Outcome Measures

The primary outcome was the proportion of low-risk SAB pa-
tients whose treatment plan changed due to detection of clini-
cally relevant metastatic infections by additional imaging. All 
metastatic infections were considered clinically relevant, except 
right-sided IE or pulmonary septic emboli because these can be 
treated with short-term (2 weeks) treatment [13, 14].

This outcome was determined twice: first, by including how 
the clinician had acted based on imaging studies, if performed 
(ie, actual therapy given), and second, by linking a final adjudi-
cated diagnosis to the treatment duration recommended in the 
guideline in order to correct for under- and overtreatment. 
This final adjudicated diagnosis was established retrospectively 
by 2 ID physicians (I. K., J. t O.) and an ID physician- 
in-training (M. H.) based on all available clinical information, 
including the results of additional imaging and disease course 
(Supplementary Table C). Discrepancies were discussed until 
consensus was reached. Secondary outcomes were differences 
in 90-day relapse-free survival between patients who 
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underwent additional imaging and those who did not and fac-
tors associated with the performance of diagnostic imaging.

Statistics

Clinical features of SAB and the primary outcome were report-
ed using the appropriate descriptive statistics for normally and 
nonnormally distributed variables. Secondary outcomes were 
determined using multilevel binary logistic regression models 
to correct for possible clustering because of the hierarchical 
structure of the multicenter data. Patient characteristics with 
a univariate P value <.1 were entered into the multivariable 
model to assess factors associated with the performance of di-
agnostic imaging. In the regression model with 90-day relapse- 
free survival as the dependent variable, we included additional 
imaging (yes/no) as the fixed independent variable. We correct-
ed for known confounders for 90-day relapse-free survival (age, 
Charlson comorbidity index, predisposing factors for endocar-
ditis, immunocompromised status, and intensive care unit 
[ICU] admission). We used available case analysis because 
few data were missing. A sensitivity analysis was conducted 
by excluding patients with missing follow-up blood cultures. 
Statistical significance was tested at a 2-sided P value of .05, 
and 95% confidence intervals (CI) were reported for all inferen-
tial statistics. All statistical analyses were performed using SPSS 
(version 29.0, SPSS, Inc).

RESULTS

Patient Characteristics

Between January 2013 and December 2022, 3801 patients were 
diagnosed with SAB, of whom 377 (9.9%) fulfilled inclusion cri-
teria (Figure 1, Table 1). All S. aureus isolates were methicillin- 
susceptible. Patients who underwent diagnostic imaging were 
consulted by an ID physician more frequently compared to 
those who did not undergo diagnostic imaging (81.2% versus 
60.8%, P < .001).

Diagnostic Imaging

Diagnostic imaging was performed in 298 (79.0%) patients 
(529 investigations), including TTE in 222 (58.9%), TEE in 
68 (12.9%), 2-[18F]fluoro-2-deoxy-d-glucose positron emis-
sion tomography with combined computed tomography 
([18F]FDG-PET/CT) in 68 (12.9%), CT in 80 (15.1%), magnetic 
resonance imaging (MRI) in 24 (4.5%), and ultrasound in 
67 (12.7%), as shown in Supplementary Table D. A total of 
241 patients (63.9%) underwent at least 1 imaging study be-
cause of SAB. Of the 529 radiological investigations, 383 
(72.4%) were requested to identify SAB-related infectious 
foci. Echocardiography (91.7%) and [18F]FDG-PET/CT 
(92.6%) were predominantly requested because of SAB, where-
as CT (6.3%) and MRI (25.0%) were mostly performed for sus-
pected stroke, malignancies, or coronavirus disease 2019. 

Median time interval until any of the diagnostic imaging mo-
dalities was 3 days (interquartile range, 1–5). Multilevel logistic 
regression analysis showed that bedside consultation (81.2% 
versus 60.8%; odds ratio [OR], 2.876; 95% CI, 1.512–5.470; 
P < .001) and ICU admission (19.5% versus 10.1%; OR, 
2.753; 95% CI, 1.139–6.654; P .025) were independently associ-
ated with the use of imaging (Table 2). The intraclass correla-
tion coefficient among hospitals was low (0.35%), indicating 
that only 0.35% of the probability of diagnostic imaging usage 
is explained by between-hospital variability [15]. Focusing on 
SAB-specific diagnostic imaging showed that bedside consulta-
tion (64.7% versus 83.8%; OR, 2.562; 95% CI, 1.437–4.568; 
P < .001) and follow-up blood culture positivity <48 hours 
(18.9% versus 28.8%; OR, 1.862; 95% CI, 1.063–3.262; P .03) 
were independently associated with imaging.

Metastatic Infections and Clinical Outcome

In 15 of the 298 patients (5.0%), imaging findings during pa-
tients’ admission had been interpreted as metastatic infections 
that should extend treatment duration (Table 3). No source 
control procedures were performed based on these imaging re-
sults. By linking the final adjudicated diagnosis to the 
guideline-recommended treatment duration, only 4 patients 
(1.3%) would have required a change in treatment. One patient 
was diagnosed with possible muscle and soft tissue abscesses on 
[18F]FDG-PET/CT. Three other patients had deep arm vein 
thrombosis that originated from superficial phlebitis and 
were therefore considered infected thrombi. In the case of 1 pa-
tient, the treatment team deliberately opted not to extend anti-
biotic therapy despite deep arm vein thrombosis. All deep arm 
vein thromboses were diagnosed by ultrasound. In 1 of these 
patients, [18F]FDG-PET/CT was performed and showed local 
FDG-uptake in the thrombus. The diagnostic yield for clinically 
relevant metastatic infection that required extended treatment 
was 4.5% for ultrasound, 2.9% for [18F]FDG-PET/CT, and 0% 
for the other modalities.

Median treatment duration was 15 days for both groups. 
Fourteen patients received extended antibiotic therapy due to 
imaging findings (Table 3). Twenty-three other patients with 
a working diagnosis of uncomplicated SAB received treatment 
for longer than 18 days, mainly due to coinfections, logistical 
reasons, or local practice to give flucloxacillin for at least 
2 weeks (Supplementary Figure E).

Overall, 90-day relapse-free survival was 83.0% (313 of 377); 
81.0% (64 of 79) in patients without diagnostic imaging versus 
83.6% (249 of 298) in patients with diagnostic imaging 
(P = .592). At 90 days, 63 patients had died and 1 patient had 
a relapse. Death was adjudicated as infection-related in 
12 (19.0%), as possibly infection-related in 23 patients 
(36.5%), and as not infection-related in 28 (44.4%).
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Multivariable multilevel logistic regression analysis with cor-
rection for confounders showed an adjusted OR (aOR) for 
90-day relapse-free survival of 0.749 (95% CI .373–1.504; 
P = .416) in patients without diagnostic imaging (Table 4). A 
sensitivity analysis by excluding 22 patients without follow-up 
blood cultures showed a similar aOR for 90-day relapse-free 
survival in patients without diagnostic imaging (aOR, 0.823; 
95% CI, .394–1.718; P = .541; Supplementary Table F). A sub-
group analysis in patients with echocardiography showed no 
differences in 90-day relapse-free survival in patients who did 
not undergo echocardiography (N = 143) compared with those 

who did (N = 234) when corrected for confounders (80.4% ver-
sus 84.6%; aOR, 0.695; 95% CI, .379–1.272; P = .237).

DISCUSSION

In this observational, multicenter study that focused on pa-
tients with low-risk SAB, we found that 79% of patients un-
derwent imaging studies, three-quarters of which were 
specifically requested to detect metastatic infections. 
However, clinically relevant metastatic infections were rare, 
as imaging results led to a change in therapy in only 4.7% of 

Figure 1. Flowchart of patient inclusion. Abbreviation: SAB, Staphylococcus aureus bacteremia.
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the patients, and a change in therapy was indicated in only 
1.3%. There was no difference in 90-day relapse-free survival 
between patients who underwent radiographic imaging and 
those who did not.

Two previous studies concluded that clinical risk scores in 
SAB patients lack sufficient negative predictive value to exclude 
complicated bacteremia [1, 9]. The probability of developing 
complicated disease in the absence of all risk factors defined 
in these studies was 16%–17%. These percentages are relatively 
high, given the impact of complicated SAB. In contrast to these 
findings, our study demonstrated that clinical risk stratification 
is useful. Such an approach is valuable for identifying patients 
at negligible risk of metastatic infections. A significant reason 
for this inconsistency is rooted in the varying definitions 
used. Fowler et al and Lambregts et al [1, 9] considered both 
factors associated with metastatic infection, that is, persistent 
bacteremia and poor clinical outcomes, as their outcome of in-
terest, whereas we used a more actionable definition. By focus-
ing only on factors associated with metastatic infections, our 
risk stratification guides the diagnostic workup or, in this 

case, its omission, to search for infectious foci. Our study is 
therefore a call to reserve complicated disease for metastatic in-
fection and to use patient characteristics, features of bactere-
mia, and clinical course to guide imaging [8].

In addition to the importance of distinguishing the risk of 
metastatic infection from the outcome itself, we emphasize pre-
requisites for implementing a risk stratification model that 
eliminates the need for further diagnostics. Baseline patient 
and disease characteristics alone, as used in the studies men-
tioned [1, 9], fall short in this regard. It is crucial to collect 
follow-up blood cultures because approximately 25% of pa-
tients with SAB have persistent bacteremia [16, 17], which sig-
nificantly increases the risk of metastatic infection and 
mortality [17]. It is also essential to have a bedside ID consul-
tation performed, as numerous studies have shown that com-
pliance with treatment guidelines improves with such 
consultations [18–22]. In our study, patients who underwent 
diagnostic imaging were more likely to have received a bedside 
ID consultation. Better adherence to recommendations to per-
form echocardiography and the experience of ID physicians in 

Table 1. Baseline Characteristics

Characteristic
All Patients 

N = 377
No Diagnostic Imaging 

n = 79 (21%)
Diagnostic Imaging 

n = 298 (79%)

Male sex 219 (58.1) 46 (58.2) 173 (58.1)

Age (median + IQR), y 68 (20.0) 67 (27.0) 68.5 (18.0)

Infectious diseases specialist bedside consultation 290 (76.9) 48 (60.8) 242 (81.2)

Predisposing factors for infective endocarditis 36 (9.5) 5 (6.3) 31 (10.4)

Complex cyanotic congenital heart disease 0 (0.0) 0 (0.0) 0 (0.0)

History of endocarditis 1 (0.3) 0 (0.0) 1 (0.3)

Congenital cardiac malformations 0 (0.0) 0 (0.0) 0 (0.0)

Acquired valvar dysfunction 33 (8.8) 5 (6.3) 28 (9.4)

Hypertrophic cardiomyopathy 3 (0.8) 1 (1.3) 2 (0.7)

Mitral valve prolapse and valve regurgitation or thickened leaflets 1 (0.3) 0 (0.0) 1 (0.3)

Intravenous drug use 0 (0.0) 0 (0.0) 0 (0.0)

Portal of entry

Unknown 34 (9.0) 7 (8.9) 27 (9.1)

Phlebitis 232 (61.5) 50 (63.3) 182 (61.1)

Central line 61 (16.2) 14 (17.7) 47 (15.8)

Skin 26 (6.9) 4 (5.1) 22 (7.4)

Lungs 11 (2.9) 0 (0.0) 11 (3.7)

Urinary tract 8 (2.1) 3 (3.8) 5 (1.7)

Other 5 (1.3) 1 (1.3) 4 (1.3)

CVC 84 (22.3) 17 (21.5) 67 (22.5)

Visual signs of infected CVC 34 (9.0) 9 (52.9) 25 (38.5)

Positive tip culture 42 (11.1) 9 (52.9) 33 (50.8)

C-reactive protein on day of index blood culture (median + IQR)a 70 (108.5) 74 (108.0) 70 (108.5)

Immunocompromised 62 (16.4) 12 (15.2) 50 (16.8)

Charlson comorbidity index (median + IQR) 5 (4.0) 4.0 (5.0) 5.0 (4.0)

Methicillin-resistant Staphylococcus aureus 0 (0.0) 0 (0.0) 0 (0.0)

Positive follow-up blood culture <48 hb 90 (23.9) 12 (17.1) 78 (27.4)

Intensive care unit admission 66 (17.5) 8 (10.1) 58 (19.5)

All data are absolute numbers (%) unless shown otherwise.  

Abbreviations: CVC, central venous catheter; IQR, interquartile range.  
aC-reactive protein on day of blood culture was missing for 12 patients: 9 with diagnostic imaging and 3 without diagnostic imaging.  
bRepeat blood cultures were missing for 22 patients: 13 with diagnostic imaging and 9 without diagnostic imaging.
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managing complicated SAB for which additional imaging is 
important may have played a role in the increased frequency 
of imaging in low-risk patients. Because clinical manifestations 
of metastatic infection were an exclusion criterion, patient fac-
tors are unlikely to explain this difference. However, this is ex-
actly the reason why bedside ID consultations should take place 
for patients at low risk of complications: to look for signs of a 
complicated course. The foregoing implies that it is not possible 
to identify patients at a negligible risk of metastatic infection 
until day 3 or 4. This requires negative follow-up blood cul-
tures, a comprehensive evaluation by an ID physician, thor-
ough clinical follow-up, and, if applicable, removal of a CVC.

A nonrandomized study on the added value of [18F] 
FDG-PET/CT in patients with SAB suggested a survival benefit 
in low-risk patients [23]. Sixty-one percent of low-risk patients 
had infectious foci on [18F]FDG-PET/CT. However, the precise 
localization of these foci in this patient group and the part that 
affected treatment were not described. Furthermore, patients 
with prosthetic material and treatment delay were not 

considered to be at high risk, and patients with existing clinical 
signs of metastatic infection were also included.

Most clinical decision rules for imaging in SAB focus on IE 
and aim to determine the necessity of TEE [24, 25]. While cur-
rent guidelines recommend performing TTE in all SAB pa-
tients, emerging evidence suggests that TTE may not be 
necessary for well-defined low-risk SAB patients [26, 27]. A 
cost-effectiveness analysis has also shown that in patients 
with a low probability of IE (<2%), treating bacteremia without 
echocardiography can be cost-effective [28]. Moreover, 
scenario-based research also indicated that clinicians feel con-
fident in using risk stratification when deciding on echocardi-
ography strategies [3]. Consistent with these findings, our 
study revealed that echocardiography was not performed in 
all patients. TTE was performed in 58.9% and TEE was per-
formed in 18.0% of the patients; 1 showed valvular vegetations 
(tricuspid valve; Table 4, Supplementary Table E). Importantly, 
we observed similar 90-day relapse-free survival in patients 
who did not undergo echocardiography compared with those 

Table 2. Univariate and Multivariable Multilevel Logistic Regression Analysis to Identify Predictors for Use of Diagnostic Imaging

Variable
Univariate OR for Performing 
Diagnostic Imaging (95% CI)

Multivariable OR for Performing 
Diagnostic Imaging (95% CI)

Multivariable OR for Performing Staphylococcus 
aureus Bacteremia–Specific Diagnostic Imaging 

(95% CI)

Male .993 (.600–1.642) … …

Age 1.007 (.993–1.022) … …

Infectious diseases specialist bedside 
consultation

2.791 (1.631–4.775)**** 2.876 (1.512–5.470)**** 2.562 (1.43–4.568)****

Predisposing heart condition for 
infective endocarditis

1.718 (.646–4.574) … …

Complex cyanotic congenital heart 
disease

… … …

History of endocarditis … … …

Congenital cardiac malformations … … …

Acquired valvar dysfunction 1.535 (.573–4.113) … …

Hypertrophic cardiomyopathy .527 (.047–5.888) … …

Mitral valve prolapse and valve 
regurgitation or thickened leaflets

… … …

Portal of entry … … …

Unknown ref. … …

Skin 1.426 (.369–5.508) … …

Central line .870 (.313–2.422) … …

Phlebitis .440 (.880–2.294) … …

Lungs … … …

Urinary tract .432 (.083–2.262) … …

Other 1.037 (.100–10.806) … …

Central venous catheter 1.058 (.580–1.930) … …

C-reactive protein on day of index blood 
culturea

1.001 (.998–1.003) … …

Immunocompromised 1.126 (.567–2.234) … …

Charlson comorbidity index 1.027 (.939–1.125) … …

Positive follow-up blood culture <48 hb 1.821 (.928–3.573)* 1.842 (.918–3.696) 1.862 (1.063–3.262)**

Intensive care unit admission 2.145 (.978–4.703)* 2.753 (1.139–6.654)** 1.483 (1.063–3.262)

Abbreviations: CI, confidence interval; OR, odds ratio.  
aC-reactive protein on day of blood culture was missing for 12 patients: 9 with diagnostic imaging and 3 without diagnostic imaging.  
bRepeat blood cultures were missing for 22 patients: 13 with diagnostic imaging and 9 without diagnostic imaging.  

* P < .1, ** P < .05, **** P < .001.
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who did. This suggests that risk stratification can be a valuable 
tool in deciding whether to perform TTE [3, 26, 27, 29]. 
Additionally, incorporating variables such as time to blood cul-
ture positivity, which clinicians can readily access at the time of 
SAB diagnosis, can enhance the precision of risk stratification 
models and improve accuracy when identifying patients who 
may not require invasive imaging [29].

There are several strengths of our study. One is the study’s 
multicenter design, which reduced the potential referral bias 
and enhanced generalizability. Additionally, the use of well- 
established and easy-to-obtain risk factors to identify a homo-
geneous group of low-risk SAB patients further contributes to 
the study’s generalizability. Our study has some limitations as 
well. First, there is the risk that due to the retrospective, 

nonrandomized design, the outcome will be biased by con-
founding by indication. However, we tried to reduce this as 
much as possible by including a relatively homogeneous low- 
risk group in which patients with significant predictors of met-
astatic infection were excluded. Additionally, multilevel logistic 
regression was performed to further adjust for any remaining 
known confounders. Second, the observational design of the 
study may have introduced immortal time bias, which fre-
quently occurs in diagnostic studies, as has also been recently 
demonstrated for studies that investigate the added value of 
[18F]FDG-PET/CT in SAB [30]. We attempted to minimize 
this impact by excluding all patients who died or were deemed 
suitable for palliative care only within 72 hours from the index 
blood culture. Third, as the prevalence of metastatic infections 

Table 3. Imaging Findings That Led to or Should Have Led to Prolonged Antibiotic Treatment

Patient Diagnostic Modality
Diagnosis 

Before Imaging Diagnosis After Imaging Final Adjudicated Diagnosis

Length of Actual 
Treatment Given, 

Days

Clinically relevant metastatic infection

1 Ultrasound [18F] 
FDG-PET/CTa

Superficial 
phlebitis

Infected deep vein thrombosis Infected deep vein thrombosis 38

2 [18F]FDG-PET/CTa Superficial 
phlebitis

Muscle and soft tissue abscesses Muscle and soft tissue abscesses 43

3 Ultrasound Superficial 
phlebitis

Infected deep vein thrombosis 
(ultrasound)

Infected deep vein thrombosis 39

4 Ultrasound Superficial 
phlebitis

Deep vein thrombosis Infected deep vein thrombosis 14

Not clinically relevant metastatic infection

5 Ultrasound [18F] 
FDG-PET/CTa,b

Superficial 
phlebitis

Superficial phlebitis (ultrasound) 
and pulmonary metastatic 
infection ([18F]FDG-PET/CT)

Superficial phlebitis; 
pulmonary metastatic infection

43

6 TEE [18F]FDG-PET/CTa Superficial 
phlebitis

Infected superficial vein 
thrombosis (ultrasound) and 
possible NVIE (TEE)

Superficial phlebitis; 
NVIE rejected in multidisciplinary team 
based on TEE findings

43

7 [18F]FDG-PET/CTa,b Pneumonia Pneumonia Pneumonia 43

8 [18F]FDG-PET/CT 
CT 
MRIa,b

CLABSI Possible osseous metastatic foci CLABSI; 
suspected osseous metastatic infections 
turned out to be cancer metastases (MRI)

42

9 TEEa CLABSI NVIE tricuspid valve NVIE tricuspid valve 64

10 Ultrasound 
TEE [18F]FDG-PET/ 
CTa

Superficial 
phlebitis

Superficial phlebitis (ultrasound) 
and possible NVIE (TEE); 
vegetations could not be 
excluded

Superficial phlebitis 
TEE after 6 weeks of antibiotic therapy 
showed calcified spots; diagnosis of NVIE 
rejected

42

11 TEEa Wound 
infection

NVIE because of new chordae 
tendinae rupture, despite 
absence of vegetations

Wound infection; 
new mitral valve insufficiency on TEE due to 
traumatic chordae tendinae rupture; no 
vegetations; NVIE rejected

44

12 Ultrasound [18F] 
FDG-PET/CTa

Superficial 
phlebitis

Infected superficial vein 
thrombosis

Superficial phlebitis 44

13 Ultrasound [18F] 
FDG-PET/CTa,b

Superficial 
phlebitis

Infected superficial vein 
thrombosis

Superficial phlebitis 42

14 Ultrasound [18F] 
FDG-PET/CTa,a

Superficial 
phlebitis

Infected superficial vein 
thrombosis

Superficial phlebitis 41

15 Ultrasound [18F] 
FDG-PET/CTa

Superficial 
phlebitis

Infected superficial vein 
thrombosis

Superficial phlebitis 49

Abbreviations: [18F]FDG-PET/CT, 2-[18F]fluoro-2-deoxy-d-glucose positron emission tomography with combined computed tomography; CLABSI, central line–associated blood stream 
infection; CT, computed tomography; MRI, magnetic resonance imaging; NVIE, native valve infective endocarditis; TEE, transesophageal echocardiography.  
aTransthoracic echocardiography (TTE) was also performed but did not contribute to final diagnosis.  
bTEE was also performed but did not contribute to final diagnosis.
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was low, the study lacked power for a formal noninferiority 
analysis on the safety of omitting imaging. It should be noted 
that our study included more patients than the recently com-
pleted Staphylococcus aureus bacteremia antibiotic treatment 
options (SABATO) trial of early oral switch in low-risk SAB 
with a similar 90-day relapse-free survival [31]. Fourth, we as-
signed equal weight to all diagnostic modalities in the analysis, 
even though they vary in sensitivity for detecting metastatic foci 
and the extent to which the body is examined. Fifth, the absence 
of methicillin-resistant Staphylococcus aureus bacteremia and 
IV drug users may limit generalizability to these patients.

In conclusion, this study advocates for a structured approach 
along with risk stratification for the management of SAB pa-
tients. Several days after bacteremia onset, patients with low 
risk of clinically significant metastatic infections can be identi-
fied using easily obtainable clinical parameters. This strategy 
necessitates the performance of (repeated) bedside ID consul-
tation, the collection of follow-up blood cultures, and a critical 
review of disease evolution. Our study found that metastatic in-
fections were rare using this approach and that the omission of 
radiological imaging was not associated with lower 90-day 
relapse-free survival, suggesting that routine imaging may be 
unnecessary for low-risk SAB patients. To enhance the effec-
tiveness of risk stratification beyond 10% of the overall SAB 
population, further investigations should concentrate on 

identifying additional factors that ascertain patients at low 
risk for metastatic infections.
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