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Background.  Infective endocarditis (IE) is the most feared complication of Staphylococcus aureus bacteremia (SAB). 
Transesophageal echocardiogram (TEE) is generally recommended for all patients with SAB; however, supporting data for this are 
limited. We previously developed a scoring system, “PREDICT,” that quantifies the risk of IE and identifies patients who would most 
benefit most from undergoing TEE. The current prospective investigation aims to validate this score.

Methods.  We prospectively screened all consecutive adults (≥18 years) hospitalized with SAB at 3 Mayo Clinic sites between 
January 2015 and March 2017.

Results.  Of 220 patients screened, 199 with SAB met study criteria and were included in the investigation. Of them, 23 (11.6%) 
patients were diagnosed with definite IE within 12 weeks of initial presentation based on modified Duke’s criteria. Using the pre-
viously derived PREDICT model, the day 1 score of ≥4 had a sensitivity of 30.4% and a specificity of 93.8%, whereas a day 5 score 
of ≤2 had a sensitivity and negative-predictive value of 100%. Additional factors including surgery or invasive procedure in the past 
30 days, prosthetic heart valve, and higher number of positive blood culture bottles in the first set of cultures were associated with 
increased risk of IE independent of the day 5 risk score. 

Conclusions.  We validated the previously developed PREDICT scoring tools for stratifying risk of IE, and the need for under-
going a TEE, among cases of SAB. We also identified other factors with predictive potential, although larger prospective studies are 
needed to further evaluate possible enhancements to the current scoring system.

Keywords.   Staphylococcus aureus; infective endocarditis; transesophageal echocardiography; bacteremia; bloodstream 
infection.

Staphylococcus aureus is a leading cause of community and 
healthcare-associated bacteremia, which has been associated 
with significant morbidity and mortality, and can be compli-
cated by metastatic foci of infection, which harbor mortality 
risks [1]. The population incidence of S.  aureus bacteremia 
(SAB) in the industrialized world ranges from 10 to 45 per 
100 000 person-years [2–4]. Infective endocarditis (IE) is one of 
the most feared complications of SAB. Moreover, this organism 
has been identified in multiple studies as a risk factor associated 
with mortality in patients with IE.

The prevalence of IE among patients with SAB has been 
wide-ranging and this is likely related to the wide-ranging 

characteristics of cohorts included in investigations. In studies 
that have been influenced by selection bias due to the exclusion 
of individuals without transesophageal echocardiogram (TEE), 
there may have been an overestimation of the rates of IE [5–7]. 
The true prevalence of IE in SAB, therefore, may be as low as 
6–14% [8–12]. Furthermore, the risk of IE may differ based on 
several factors, including the presence of an underlying pros-
thetic heart valve or other types of cardiac devices, nosocomial 
versus community acquisition, and duration of bacteremia.

Until recently, TEE has been generally recommended in pa-
tients presenting with SAB, irrespective of the presence or ab-
sence of risk factors associated with IE [13–15]. However, TEE 
is an invasive procedure that can result in complications, albeit 
uncommon, increase healthcare cost, may not be feasible in 
some patients due to underlying medical/surgical conditions, 
and is not readily available in some medical centers. Thus, the 
development of an individualized risk-based approach to guide 
utilization of TEE in patients with SAB is warranted [16]. In this 
regard, several predictors of IE in SAB have already been iden-
tified [17–21]. Our group previously published a novel scoring 
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system, “PREDICT” (Predicting Risk of Endocarditis Using 
a Clinical Tool) that included an individualized risk-scoring 
system to identify patients with SAB who are more likely to 
harbor IE and would benefit from TEE (Table 1) [17]. Although 
the findings of PREDICT were based on a large (N = 678) co-
hort, patient selection was done retrospectively. Therefore, the 
current study was designed and prospectively conducted to val-
idate the PREDICT scoring system.

METHODS

Study Overview and Subjects

PREDICT II was an observational prospective cohort study 
conducted between January 2015 and March 2017. All consec-
utive adults (≥18 years) having at least 1 blood culture positive 
for S. aureus from 3 Mayo Clinic sites (Minnesota, Arizona, and 
Florida) were screened. Enrolled patients were required to have 
available follow-up data for 12 weeks after hospital discharge. 
Patients were identified through review of respective laboratory 
blood culture results and were then approached for informed 
consent. Study protocol and consent forms were reviewed and 
approved by Mayo Clinic Institutional Review Board.

We collected and managed study data using electronic data-
capture tools hosted at the Mayo Clinic. REDCap (Research 
Electronic Data Capture) is a secure, Web-based application de-
signed to support data capture for research studies, providing 
(1) an intuitive interface for validated data entry, (2) audit trails 
for tracking data manipulation and export procedures, (3) au-
tomated export procedures for seamless data downloads to 
common statistical packages, and (4) procedures for importing 
data from external sources [22].

We prospectively collected data including patient demo-
graphics, clinical characteristics, and healthcare contact within 
90  days preceding hospitalization, including invasive proced-
ures and setting of infection acquisition.

Data Acquisition and Definitions

Staphylococcus aureus bacteremia was classified as nosocomial, 
healthcare associated, or as community acquired, as previ-
ously described by Friedman et al [23]. Prolonged bacteremia 
was defined as positive blood cultures 72 hours or more after 
the first positive blood culture result. Only patients who met 

the modified Duke’s criteria for definite IE were included. 
Echocardiographic evidence of IE was defined as presence of an 
oscillating intracardiac mass, perivalvular abscess, new valvular 
regurgitation, or new dehiscence of a prosthetic valve [24].

Statistical Methods

To validate the performance of the previously derived predic-
tion models in the current dataset, logistic regression models 
were used to predict the risk of IE from the simple point-based 
summary indexes, separately for day 1 and 5 scores. The models 
were then refitted by including all the separate constituent vari-
ables in place of the single risk score, and the results of both 
model formulations are presented for the sake of completeness. 
Model performance was evaluated without refitting the model 
coefficients to the new data but rather using “frozen” (ie, previ-
ously derived) regression coefficients from the original model 
fits, so as to avoid any unfair advantage. Statistical indexes, such 
as the c-statistic (equivalently, area under the receiver operating 
characteristic curve) and Nagelkerke’s generalized R2 index, 
were used to validate each model’s predictive discrimination. 
Model calibration was assessed graphically with smooth calibra-
tion curves, and formally with the Cox calibration test (a test for 
zero intercept given that the slope is fixed to be 1). The calibra-
tion curves were estimated using a locally weighted scatterplot 
smoother (lowess) to relate the model-predicted probabilities 
of IE (x axis) to the observed outcomes of whether or not IE 
actually occurred (y axis). For reference, the 45° line of iden-
tity representing ideal model calibration is displayed along with 
symbols for subgroup proportions when grouping the predic-
tions into quintiles (5 equally sized groups); deviations from the 
reference line indicate bias in the model predictions. Tests for 
calibration involved deriving the predicted log odds of IE from 
the multivariable logistic model (formulated from the previous 
study and applied to the current sample), then fitting a second 
logistic model with only this linear predictor as an offset vari-
able, and finally testing the intercept term for statistical signif-
icance. We also explored the possibility of updating risk scores 
with additional information available at the time of SAB diag-
nosis. Because the effective sample size available (ie, number 
of IE cases) did not permit a full multivariable inspection of 
new potential risk factors, each factor was gauged for predic-
tive potential in separately fitted logistic models that adjusted 

Table 1.  Calculation of PREDICT Score

CIED Onset of SAB
Prolonged Bacteremia  

≥72 Hours Total Risk ScoreICD PPM Neither Community Healthcare Nosocomial

Day 1, points 2 3 0 2 1 0 … Day 1 score  
≥4: perform TEE now;  
<4: wait until day 5

Day 5, points 2 3 0 2 1 0 2 Day 5 score ≥2: Perform TEE; <2: no TEE

Abbreviations: CIED, cardiovascular implantable electronic device; ICD, implantable cardioverter defibrillator; PPM, permanent pacemaker; PREDICT, Predicting Risk of Endocarditis Using a 
Clinical Tool; SAB, Staphylococcus aureus bacteremia; TEE, transesophageal echocardiogram.
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for risk by using the patient’s day 5 risk score as a covariate. 
A likelihood ratio test was constructed from the model to test 
the adjusted association between that variable and the IE out-
come (ie, test for incremental value beyond the risk score itself). 
All statistical analyses were performed using SAS version 9.4 
(SAS Institute, Cary, NC).

RESULTS

Study Population

A total of 220 patients were admitted with SAB during the 
study period from January 2015 to March 2017. Thirteen pa-
tients were excluded as they declined to participate in the study; 
5 were excluded because they died or were discharged prior to 
consent; and 3 were pediatric cases. After exclusions, 199 adult 
patients with SAB (41.7% community onset, 44.2% healthcare 
associated, and 14.1% nosocomial) who met study criteria were 
included in the final analysis. Baseline characteristics are sum-
marized in Table 2. The majority of patients were male (67.3%) 
and the median age was 63.9 years (interquartile range [IQR], 
50.1–72.0  years). A  cardiovascular implantable electronic de-
vice (CIED) was present in 31 (15.5%) patients, of whom 13 
had permanent pacemakers (PPMs) and 18 had implantable 
cardioverter defibrillators (ICDs). Only 5.5% patients had a 
prosthetic heart valve. Fifteen percent of S. aureus isolates were 
methicillin resistant (MRSA).

Overall, 53.8% of patients underwent TEE within 12 weeks 
of SAB diagnosis. Median time to obtain TEE was 3.0 (IQR, 
1.0–4.0) days in those with IE versus 4.0 (IQR, 3.0–6.0) days in 
those without IE (P = .003). Nuclear imaging studies were con-
ducted in 24 (12%) patients, including tagged white blood cell 
(WBC) scan in 15 and 18F-fluorodeoxyglucose positron emis-
sion tomography–computed tomography (18F-FDG PET/CT) 
scan in 9 individuals (Supplementary Table 1). Cardiac and/
or extracardiac foci of infection were identified in 17 (71%) of 
these patients. A total of 23 patients (11.6%) fulfilled the modi-
fied Duke’s criteria for definite IE, of whom 18 (78.2%) had na-
tive valve IE and 5 (21.7%) had prosthetic valve IE. None of the 
patients with nosocomial SAB had IE, whereas 15 of 83 patients 
(18.1%) with community-acquired SAB had IE. In our cohort, 
18 (9.0%) individuals had a day 1 score of 4 or higher, while 
124 (62.3%), and 57 (28.6%) individuals had a lower day 1 score 
followed by a day 5 score of 2 or higher and less than 2, respec-
tively (Figure 1).

Validation of the PREDICT Model

The clinical prediction models for identifying risk of IE at day 
1 and day 5 following an SAB diagnosis were previously devel-
oped based on a retrospective study (PREDICT) design from a 
cohort of 678 patients (of whom 12.5% had IE) [17]. The risk 
scores included the following variables: onset of SAB, presence 
of CIED, and prolonged bacteremia (day 5 only). The complete 

list of study variables is presented in Table 2. For the current 
cohort, the median risk score was 2 for both days 1 (IQR, 1–2) 
and 5 (IQR, 1–4), with values for the 23 patients with IE ranging 
from 1 to 5 for day 1 and from 2 to 7 for day 5.

To evaluate model performance, logistic regression using the 
original model coefficients for the summary day 1 and day 5 
risk scores was applied to the current data. The results demon-
strated good discrimination in predicting IE, with both models 
stratifying patient risk at least as well in the validation dataset 
(eg, c-statistic = 0.754 and 0.824 for day 1 and 5, respectively) 
as they did in the original study (c-statistic = 0.720 and 0.794). 
Model discrimination statistics compared similarly when all the 
constituent risk factors were included as separate variables in 
the model rather than the summary risk score (Supplementary 
Table 2). Test performance statistics for all possible cutoffs of 
day 1 and day 5 prediction tools are reported in Table 3. A day 
1 score of 4 or higher demonstrated a sensitivity of 30.4% and 
specificity of 93.8% compared with the original PREDICT 
model where the sensitivity and specificity were 21.2% and 
95.6%, respectively. The sensitivity and specificity of a day 5 
score of 2 or higher were 100% and 32.4%, which were gen-
erally comparable to the previous study with a sensitivity and 
specificity of 94% and 41.1%, respectively [17]. In addition, the 
published models appeared to be well calibrated to the valida-
tion cohort for both day 1 and day 5 versions, judging by the 
close proximity of the calibration curves to the hypothetical 
perfect calibration line (Figures 2 and 3). There was also no de-
tectable evidence of miscalibration via statistical testing, based 
on Cox’s calibration test of zero intercept (day 1: P = .099; day 
5: P = .160).

Using data available at the time of SAB diagnosis above, we 
explored the possibility that updating the existing day 5 predic-
tion model with additional predictors would improve the orig-
inal scores’ predictions. However, the low number of IE cases 
did not permit a full multivariable inspection of candidate risk 
factors and thus these results, yielded from separately fitted lo-
gistic models with the day 5 risk score as an adjusting covariate, 
should be interpreted with caution and considered hypothesis 
generating.

Of the potential risk factors examined, recent surgery, pres-
ence of a prosthetic heart valve, community-acquired SAB, 
heart failure, shorter time to positivity of blood culture bottles, 
and higher number of positive blood culture bottles in the first 
set of cultures were associated with having IE (risk-adjusted 
P < .05) independent of the day 5 risk score (Table 2).

DISCUSSION

In the current investigation (PREDICT II), we validate the pre-
viously developed scoring system to predict the risk of IE and 
determine the need for TEE in patients presenting with SAB. 
Results from our prospective analysis of the PREDICT score 

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa844#supplementary-data
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were similar to those observed in the previously published ret-
rospective analysis [17]. In the current population, day 1 scores 
of 4 or higher had a high specificity of 94%, whereas the day 
5 score of 2 had a high negative-predictive value of 100%. In 

addition, other variables (recent surgery, presence of a pros-
thetic heart valve, heart failure symptoms, shorter time to pos-
itive blood cultures for S.  aureus, and increased percentage 
of bottles positive on first culture) were identified as having 

Table 2.  Patient Cohort of Pertinent Clinical Features and an Assessment of Predictive Performance Beyond the Day 5 Risk Score

Variable n % (n) Missing IE (n = 23) No IE (n = 176)
Unadjusted  

P Valuea
D5 Risk Score–adjusted 

P Valueb

Age at admission,c years 199 0% 67.6 (51.4, 82.3) 63.4 (50.0, 71.5) .452c .785

Male 199 0% 69.6% (16) 67.0% (118) .809 .898

Caucasian 199 0% 95.7% (22) 85.2% (150) .170 .207

Diabetes mellitus 197 1.0% (2) 13.0% (3) 33.3% (58) .048 .188

Device 199 0%     

  Neither   56.5% (13) 88.1% (155)   

  PPM   17.4% (4) 5.1% (9)   

  ICD   26.1% (6) 6.8% (12)   

SAB onset 199 0%     

  Community   65.2% (15) 38.6% (68)   

  Healthcare   34.8% (8) 45.5% (80)   

  Nosocomial   0.0% (0) 15.9% (28)   

Central IV catheter prior to SAB 199 0% 21.7% (5) 25.0% (44) .733 .122

Hemodialysis 198 0.5% (1) 13.0% (3) 11.4% (20) .820 .531

Malignancy 196 1.5% (3) 13.0% (3) 22.5% (39) .297 .693

Immunocompromised (>30 days) 199 0% 8.7% (2) 26.1% (46) .066 .223

Solid-organ transplant 196 1.5% (3) 0.0% (0) 5.2% (9) .275 .201

HCST 199 0% 0.0% (0) 4.5% (8) .600d .193

Cardiomyopathy 198 0.5% (1) 39.1% (9) 21.1% (37) .055 .880

Cerebrovascular accident 194 2.5% (5) 17.4% (4) 7.0% (12) .090 .056

BMI,c kg/m2 198 0.5% (1) 26.5 (23.2, 29.1) 28.5 (24.6, 33.0) .075c .093

Intravenous drug use 195 2.0% (4) 0.0% (0) 1.7% (3) >.999d .672

Immobilization 199 0% 4.3% (1) 5.1% (9) .874 .798

Surgery 30 days prior to SAB 199 0% 0.0% (0) 19.9% (35) .018 .040

Prosthetic valve 199 0% 21.7% (5) 3.4% (6) <.001 .002

CRT 196 1.5% (3) 8.7% (2) 0.6% (1) .037d .147

VAD 199 0% 8.7% (2) 4.5% (8) .392 .649

Prosthetic joint 198 0.5% (1) 8.7% (2) 10.3% (18) .812 .310

Residence at time of SAB = home 195 2.0% (4) 100.0% (23) 81.4% (140) .024 .009

Received IV infusion/wound care in prior 30 days 198 0.5% (1) 13.0% (3) 40.0% (70) .012 .135

Hospitalized for ≥2 days in prior 90 days 195 2.0% (4) 17.4% (4) 43.0% (74) .018 .152

MSSA 199 0% 82.6% (19) 70.5% (124) .223 .237

Duration of symptomsa 199 0% 3.0 (2.0, 7.0) 2.0 (1.0, 5.0) .146c .375

Level of care on admission = ICU 199 0% 30.4% (7) 17.0% (30) .121 .307

Fever on presentation 199 0% 73.9% (17) 60.8% (107) .222 .165

Heart failure symptoms on presentation 197 1.0% (2) 21.7% (5) 4.0% (7) <.001 .001

SIRS 198 0.5% (1) 78.3% (18) 72.6% (127) .562 .374

Unknown source of SAB 199 0% 47.8% (11) 19.3% (34) .002 .159

Hours to first positive blood culturec 199 0% 11.0 (8.0, 14.0) 15.0 (11.5, 18.0) <.001c .002

Percentage of bottles positive 199 0%   .006 .022

  ≤50%   4.3% (1) 36.4% (64)   

  51–99%   17.4% (4) 16.5% (29)   

  100%   78.3% (18) 47.2% (83)   

Abbreviations: BMI, body mass index; CRT, cardiac resynchronization therapy; D5, day 5; HCST, hematopoietic stem cell transplantation; ICD, implantable cardioverter defibrillator; ICU, 
intensive care unit; IE, infective endocarditis; IV, intravenous; MSSA, methicillin-susceptible Staphylococcus aureus; PPM, permanent pacemaker; SAB, Staphylococcus aureus bacteremia; 
SIRS, systemic inflammatory response syndrome; VAD, ventricular assist device.
aUnadjusted P values are from tests of association (Wilcoxon rank-sum test, Pearson chi-square test, or Fisher’s exact test as appropriate).
bD5 risk-adjusted P values are from the likelihood ratio test in logistic regression models with D5 risk score as a continuous covariate, which are used to assess the adjusted association 
between that variable and the IE outcome (ie, to assess incremental value beyond the risk score).
cContinuous variables are reported as median (25th, 75th percentiles) and are tested for unadjusted association with IE status using the Wilcoxon rank-sum test.
dThe P value from Fisher’s exact test was used when an expected cell frequency was <2.
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predictive potential, which suggests improvements to the cur-
rent tool’s ability to predict underlying IE are possible. However, 
due to the small effective sample size in the study population, 
we were not able to conduct a more rigorous multivariable anal-
ysis to further evaluate the predictive value of these additional 
variables. Future studies, however, are needed to further score 
and validate these potential predictors.

Previously validated scores in SAB cases include VIRSTA, 
which utilizes IE predictors such as cerebral or extra-cerebral 
emboli, vertebral osteomyelitis, and persistent bacteremia [18]. 
However, waiting to establish persistent SAB can ultimately 
delay securing an IE diagnosis. Early diagnosis of endocar-
ditis in high-risk patients may impact the choice of antimicro-
bial therapy (addition of rifampin and an aminoglycoside in 

Day 1 score

Day 5 score

Day 1 score ≥4
“High risk”
N=18 (9.0%)

% with IE = 38.9% 
% with TEE         = 83.3%
% with TTE/TEE = 94.4%

Day 5 score ≥2 (+ Day 1 score <4)     
“Intermediate risk”

N=124 (62.3%)
% with IE = 12.9% 
% with TEE         = 59.7%
% with TTE/TEE = 88.7%

Day 5 score <2 (+ Day 1 score <4)    
“Low risk”
N=57 (28.6%)

% with IE =   0.0% 
% with TEE         = 31.6%
% with TTE/TEE = 59.6%

Figure 1.  PREDICT II scores, rates of infective endocarditis, and echocardiogram use in the study population. Abbreviations: IE, infective endocarditis; PREDICT, Predicting 
Risk of Endocarditis Using a Clinical Tool; TEE, transesophageal echocardiogram; TTE, transthoracic echocardiogram.

Table 3.  Test Performance of Day 1 and Day 5 Prediction Tools

Cutoff j % (n) With Score ≥ j Sensitivity (95% CI), % Specificity (95% CI), % PPV (95% CI), % NPV (95% CI), %

Day 1 score ≥ j      

  1 88.4 (176) 100.0 (85.2 to 100.0) 13.1 (8.5 to 19.0) 13.1 (8.5 to 19.0) 100.0 (85.2 to 100.0)

  2 50.8 (101) 82.6 (61.2 to 95.0) 53.4 (45.8 to 60.9) 18.8 (11.7 to 27.8) 95.9 (89.9 to 98.9)

  3 14.1 (28) 43.5 (23.2 to 65.5) 89.8 (84.3 to 93.8) 35.7 (18.6 to 55.9) 92.4 (87.4 to 95.9)

  4 9.0 (18) 30.4 (13.2 to 52.9) 93.8 (89.1 to 96.8) 38.9 (17.3 to 64.3) 91.2 (86.0 to 94.9)

  5 3.0 (6) 13.0 (2.8 to 33.6) 98.3 (95.1 to 99.6) 50.0 (11.8 to 88.2) 89.6 (84.4 to 93.6)

Day 5 score ≥ j      

  1 92.0 (183) 100.0 (85.2 to 100.0) 9.1 (5.3 to 14.3) 12.6 (8.1 to 18.3) 100.0 (79.4 to 100.0)

  2 71.4 (142) 100.0 (85.2 to 100.0) 32.4 (25.5 to 39.8) 16.2 (10.6 to 23.3) 100.0 (93.7 to 100.0)

  3 49.7 (99) 91.3 (72.0 to 98.9) 55.7 (48.0 to 63.2) 21.2 (13.6 to 30.6) 98.0 (93.0 to 99.8)

  4 30.2 (60) 69.6 (47.1 to 86.8) 75.0 (67.9 to 81.2) 26.7 (16.1 to 39.7) 95.0 (89.9 to 98.0)

  5 9.0 (18) 39.1 (19.7 to 61.5) 94.9 (90.5 to 97.6) 50.0 (26.0 to 74.0) 92.3 (87.4 to 95.7)

  6 5.5 (11) 30.4 (13.2 to 52.9) 97.7 (94.3 to 99.4) 63.6 (30.8 to 89.1) 91.5 (86.5 to 95.1)

  7 2.0 (4) 13.0 (2.8 to 33.6) 99.4 (96.9 to 100.0) 75.0 (19.4 to 99.4) 89.7 (84.6 to 93.6)

Abbreviations: CI, confidence interval; NPV, negative-predictive value; PPV, positive-predictive value.
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Figure 3.  Calibration of the day 5 prediction tool. The figure shows the calibration curves for predicting risk of IE using the published day 5 scoring system. Predictions were 
generated from logistic regression in 2 ways, by modeling all of the constituent risk factors for the day 5 score (1) as 3 separate variables (“Model-Predicted” results in the 
left panel) and (2) as a single summary index (“Score-Predicted” results in the right panel). Calibration is judged by the Loess-estimated calibration curve (solid line) and its 
proximity to the reference line representing perfect calibration (dashed line). Shaded regions are 95% confidence limits; symbols depict observed proportions with IE for 5 
equally sized subgroups. Abbreviations: CL, confidence limit; IE, infective endocarditis.

Figure 2.  Calibration of the day 1 prediction tool. The figure shows the calibration curves for predicting the risk of IE using the published day 1 scoring system. Predictions 
were generated from logistic regression in 2 ways, by modeling both of the constituent risk factors for the day 1 score (1) as 2 separate variables (“Model-Predicted” results 
in the left panel) and (2) as a single summary index (“Score-Predicted” results in the right panel). Calibration is judged by the Loess-estimated calibration curve (solid line) 
and its proximity to the reference line representing perfect calibration (dashed line). Shaded regions are 95% confidence limits; symbols depict observed proportions with IE 
for 5 equally sized subgroups. Abbreviations: CL, confidence limit; IE, infective endocarditis.
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prosthetic valve IE) and need for early surgical intervention (if 
myocardial abscess or other indications for surgical interven-
tion are observed on TEE) or device extraction and therefore 
outcomes. The PREDICT score is simple and can be used at day 
1 of SAB to identify high-risk patients without requiring further 
imaging or laboratory evaluations. Other previously published 
prediction models have been selective by including only MRSA 
bacteremia or nosocomial SAB [20, 25].

PREDICT scores divide patients into low-risk (day 1 and 5 
score <2), intermediate-risk (day 1 score <4, day 5 score ≥2), 
and high-risk (day 1 score ≥4) groups. In our cohort, there were 
57 (28.6%) patients with day 1 and day 5 scores of less than 2 
and none of these patients had underlying IE. These findings 
are consistent with prior publications. In a study by Buitron et al 
[25], for example, no cases of IE were seen in those with MRSA 
bacteremia and absence of the identified risk factors; similar 
findings were reported by Heriot et al [21]. Moreover, Kaasch 
and colleagues [20] confirmed that patients with SAB without 
IE were less likely to have identifiable IE risk factors (prolonged 
bacteremia, presence of an intracardiac device, hemodialysis 
dependency, osteomyelitis, or spinal infection).

Among the 18 patients in our cohort classified as high risk 
with a day 1 score of 4 or higher, 7 (38.9%) had IE. In the 
intermediate-risk category, 16 of 124 patients had IE (12.9%). 
Based on these findings, TEE may be avoided in those with low 
risk as the negative-predictive value of a day 1 and day 5 score 
less than 2 is 100%, whereas TEE should be done early in the 
high-risk group as it may impact immediate IE management. 
For the intermediate-risk group, there is a need to identify more 
risk factors to further stratify this population, as the decision 
to obtain a TEE is not as certain as it is in high- or low-risk 
groups. Based on risk-adjusted analyses of association, we iden-
tified additional variables with predictive potential that may be 
considered in decision making in the intermediate-risk group. 
However, larger studies are needed to incorporate these into the 
scoring system. The timing of TEE may also not be as urgent in 
this group as compared with that for the high-risk group.

Current guidelines recommend ruling out IE by TEE in all 
cases of catheter-associated SABs, regardless of the presence or 
absence of IE risk factors, and to treat for 4 to 6 weeks if TEE 
has not been performed despite absence of clinical signs or risk 
factors for IE [26]. These guidelines are based on earlier studies 
that reported a relatively high prevalence of IE in patients with 
SAB [5–7]. However, these studies had significant limitations 
related to selection and referral biases as only a minority of pa-
tients had TEE based on physician discretion.

In our study, surgery or an invasive procedure in the prior 
30 days was identified as a risk factor associated with the de-
velopment of IE. Postoperative wounds have previously been 
identified as risk factors associated with SAB [27, 28], in ad-
dition to the isolation of S. aureus from a surgical wound [29]. 
The presence of a prosthetic heart valve has been associated 

with increased risk of IE and this is likely due to the tendency 
of S. aureus to form biofilm and attach to prosthetic material 
surfaces. In one study of 51 patients with SAB with prosthetic 
valves, endocarditis was detected in up to 51% of patients [30]. 
The presence of heart failure was also a significant predictor of 
IE. Heart failure may be due to pre-existing valvulopathy, which 
predisposes to IE, or as a complication of IE. Shorter time-to-
bacterial growth for the first blood culture and higher number 
of positive blood culture bottles were both associated with a 
higher risk of IE in our study. Previous studies have shown sim-
ilar associations [31]. This is likely due to high bacterial burden, 
which may be a risk factor for IE or, alternatively, a result of IE. 
Shorter time-to-culture positivity has also been an independent 
predictor of mortality in SAB [31]. Intravenous drug use (IDU) 
was not a significant risk factor associated with IE in our cohort, 
but only 3 patients described this as a potential risk factor. In 
a retrospective validation study of the PREDICT score in 257 
patients with SAB, however, IDU was a risk factor for IE and 
was added to the PREDICT score, resulting in improved sensi-
tivities of 42.1% and 97% and specificities of 88.6% and 32% at 
day 1 and day 5 [32].

Prediction scores cannot and should not replace clinical 
judgement. Patients with SAB and new-onset heart failure 
or clinical evidence of IE should undergo TEE regardless of 
their score. Transesophageal echocardiogram gives an accu-
rate visualization of cardiac valves and surrounding structures, 
and studies have clearly shown the superiority of TEE over 
transthoracic echocardiography [33–35]. In addition, TEE may 
result in lower odds of in-hospital mortality in patients with 
SAB [36]. It is, however, an invasive procedure that carries the 
risk of esophageal perforation and complication of anesthesia. 
Also, it may be contraindicated in those with esophageal masses, 
stricture, or severe thrombocytopenia. In these situations, an al-
ternative anatomic imaging modality, such as cardiac computed 
tomography angiography (CTA), or functional imaging, such as 
18F-FDG PET/CT may be more appropriate [37].

Primary limitations of our analysis include its observational 
design and a relatively small sample size. In addition, approx-
imately half of the patients did not undergo TEE. We tried to 
minimize selection bias by including consecutive patients who 
were hospitalized with SAB. Our institutions are tertiary re-
ferral centers, and therefore referral bias may also be present. 
We did not exclude patients without TEE; therefore, it can be ar-
gued that, in some patients, IE diagnosis may have been missed. 
However, lack of relapse of SAB during the 12-week follow-up 
period without antimicrobial therapy for IE suggests that these 
patients were unlikely to have underlying IE or were cured with 
less than recommended antimicrobial regimens. Thus, due to 
the wide-ranging duration of antimicrobial therapy in low-
risk patients within our study cohort, we cannot conclude if a 
shorter duration (2 weeks) of antimicrobial therapy is adequate 
for cure, specifically if a TEE is deferred.
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Our study was largely an internal validation cohort and fu-
ture studies to validate this tool in an external cohort are re-
quired with the inclusion of underrepresented risk groups such 
as those with a history of IDU. We did not evaluate the diag-
nostic role of other imaging modalities (CTA, magnetic reso-
nance imaging, or 18F-FDG PET/CT) that have been evaluated 
in recent years in the diagnosis of IE and its complications. To 
date, there are no head-to-head studies comparing these new 
diagnostic modalities to TEE in SAB populations. Future pre-
diction models, however, should include these imaging mo-
dalities, which offer some advantages to TEE, particularly in 
selected cases of prosthetic valve evaluation and identification 
of extracardiac foci of involvement secondary to IE.

Overall, we were able to validate the previously derived 
PREDICT score in this prospective cohort study (PREDICT 
II). We have also identified additional candidate variables that 
may be incorporated in future prediction models to improve 
the specificity of scoring systems. These scoring systems, how-
ever, do not replace clinical judgement in individual patient 
management.
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