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Summary  92 

Source control and adequate targeted antimicrobial therapy were independently 93 

associated with lower 90-day mortality in a large Staphylococcus aureus 94 

bloodstream infection cohort. Adherence to quality-of-care indicators was found 95 

to be less than desired. 96 

 97 

mailto:luiselopezcortes@gmail.com


5 
 

ABSTRACT  98 

Background. Application of generally accepted quality-of-care indicators (QCI) 99 

as a bundle in the management of Staphylococcus aureus bloodstream 100 

infection (SAB) has been shown to improve adherence to QCI and prognosis. 101 

The impact of adherence to each component of the bundle has not been 102 

analyzed. 103 

Methods. Analysis of the prospective, multicenter international ISAC cohort of 104 

SAB cases observed between January 2013 and April 2015. Multivariable 105 

analysis was performed to evaluate the impact of adherence to QCIs on 90-day 106 

mortality. 107 

Results. A total of 1,784 cases were included. Overall, 90-day mortality was 108 

29.9%, mean follow-up 118 days. Adherence was 67% for follow-up blood 109 

cultures, 31% for early source control, 77.6% for performance of 110 

echocardiography, 75.5% for adequacy of targeted antimicrobial therapy, 88.6% 111 

for adequacy of treatment duration in non-complicated bloodstream infections 112 

and 61.2% in complicated bloodstream infections. Full bundle adherence was 113 

18.4%. After controlling for immortal time bias and other potential confounders, 114 

source control (aHR = .76; 95% CI, .59-.99; P = .038) and adequate targeted 115 

antimicrobial therapy (aHR = .73; 95% CI, .60-.90; P = .002) were associated 116 

with lower 90-day mortality. 117 

Conclusions. Adherence to QCIs in SAB did not reach expected rates. Apart 118 

from the benefits of application as a bundle, source control and adequate 119 

targeted therapy were independently associated with lower mortality. 120 

 121 

 122 
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INTRODUCTION  123 

  124 

Bloodstream infections are the result of different and heterogeneous 125 

types of infection. Clinical management depends on many aspects such as 126 

primary source and secondary foci, the microorganism isolated, antimicrobial 127 

resistance, the patient’s age and comorbidities and the availability of diagnostic 128 

procedures, among others. For more than 20 years, a number of published 129 

studies have demonstrated the association between clinical management by 130 

infectious diseases specialists (IDS) and better adherence to clinical quality-of-131 

care indicators (QCI) [1].  132 

In the case of Staphylococcus aureus bloodstream infection (SAB), a 133 

systematic review and meta-analysis published in 2015 included 18 studies and 134 

5337 patients and showed that clinical management by ID specialists was 135 

associated with lower 30-day and 90-day mortality and lower rates of relapse of 136 

bloodstream infection [2]. The clinical management and outcome of SAB have 137 

been well studied and adherence to five defined quality-of-care indicators 138 

(QCIs), namely: performance of follow-up blood cultures, source control 139 

whenever possible, performance of echocardiography when indicated, 140 

adequacy of antimicrobial therapy and correct treatment duration, has been 141 

shown to be associated with a favorable prognosis [3]. A structured intervention 142 

aimed at improving the implementation of these QCIs as a bundle has been 143 

shown to provide additional benefits in terms of mortality [4,5]. Surprisingly, the 144 

application of QCIs in daily clinical practice is heterogeneous and often worse 145 

than desired [6,7]. Finally, the specific impact of adherence to each component 146 

of the bundle has not been analyzed in studies of sufficient sample size. Our 147 
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objectives were to analyze the rate of adherence and clinical impact of each of 148 

these QCIs in a large multicenter international cohort of patients with SAB.  149 

 150 

METHODS 151 

 152 

Design 153 

 154 

This analysis forms part of the ISAC study, a prospective, multicenter, 155 

international cohort study conducted in 11 tertiary care hospitals in 5 countries: 156 

Germany (2 centers), Korea (1), Spain (2), Taiwan (1), and the United Kingdom 157 

(5). All consecutive cases of SAB between 1 January 2013 and 30 April 2015 158 

were collected. The study protocol was registered in ClinicalTrials.gov in March 159 

2014 (NCT02098850), and details of the methods were also published [8]. This 160 

analysis was reported following the STROBE recommendations [9] 161 

(Supplementary Table 1) 162 

 163 

Ethical approval 164 

 165 

Ethical approval was obtained at each study center in accordance with 166 

local regulations. Informed consent from patients was sought for follow-up visits. 167 

At some centers, the study was conducted as part of a service evaluation and 168 

informed consent was waived by the Ethics Review Committee or relevant 169 

national authority. 170 

 171 

Participants 172 
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 173 

Consecutive adult patients (18 years or older) with monomicrobial 174 

bloodstream infection due to S. aureus were prospectively included in the ISAC 175 

cohort. Cases where S. aureus was isolated together with another pathogen 176 

considered to be a skin contaminant (coagulase-negative staphylococci, 177 

diphtheroids and other common skin contaminants typically isolated from a 178 

single blood culture) were also included. For this analysis, only patients from 179 

centers with >25 SAB cases during the study period were included to avoid 180 

cases from centers with potential selection bias. Exclusion criteria were 181 

bloodstream infection due to S. aureus in the previous 12 weeks, and death 182 

within ≤72 hours after the blood culture was taken to reduce immortal time bias 183 

since management interventions were not possible in these patients. 184 

 185 

Patients were followed for up to 90 days, either by face-to-face or 186 

telephone visits. Whenever possible, survival data were confirmed by national 187 

death register data. Patients lost during follow-up were censored at the date of 188 

their last visit or the last known date of interaction with healthcare system (if 189 

available). 190 

 191 

Variables and definitions  192 

 193 

The variables and definitions used in the present study were published 194 

previously [8]. Data were prospectively collected by medical staff and reviewed 195 

by an infectious disease physician or clinical microbiologist. The following 196 

variables were collected: basic demographic data; comorbidities using the age-197 
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adjusted Charlson comorbidity index [10]; date of first and subsequent positive 198 

blood cultures; date of admission; intravenous drug use; renal disease stage 199 

and type of dialysis; treatment with steroids (more than 40 mg of prednisolone 200 

or equivalent) for more than 2 weeks; neutropenia (less than 500 201 

neutrophils/μL); current antineoplastic chemotherapy; other immunosuppressive 202 

therapy; organ or bone marrow transplant; HIV infection; presence of 203 

intravascular devices (pacemaker, implantable automatic defibrillator, stent, 204 

graft, prosthetic heart valve); type of vascular catheter and day of removal; 205 

empirical and targeted antimicrobial therapy; date of discharge or death.  206 

 207 

Type of acquisition was defined according to Friedman’s criteria [11]. 208 

Severity of infection on the day the first blood culture was positive was 209 

evaluated using the Sepsis-related Organ Failure Assessment (SOFA) score 210 

[12]. The source of bloodstream infection was defined according to the 211 

infectious disease physician’s evaluation and complementary microbiological 212 

results. In complex cases with two or more possible sources, a hierarchical 213 

ranking was established to assign the source (dominant source), as defined 214 

previously [13,14], namely: endocarditis > osteoarticular > pneumonia > other 215 

deep sources > surgical wound > skin and soft-tissue > central venous catheter 216 

> peripheral venous catheter. Persistent bloodstream infection was defined as 217 

isolation of S. aureus with the same phenotype in follow-up blood cultures after 218 

at least 48 hours of treatment with an active intravenous drug in vitro. Septic 219 

metastases were defined as the development of an infection at a previously 220 

sterile site not clinically apparent on the day of the first positive blood culture.  221 

 222 
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For clinical decision-making purposes, SAB was considered complicated 223 

if any of the following criteria were present: persistent bloodstream infection; 224 

endocarditis, metastatic foci or a deep-seated focus such as osteoarticular 225 

infection or visceral abscess; and the presence of any device-related infection 226 

where the device could not be completely removed within the first 3 days 227 

[15,16].  228 

 229 

  230 

Quality of care indicators 231 

 232 

Data on adherence to the following QCIs were collected: performance of 233 

follow-up blood cultures (i.e., performed after 48 hours but before 5 days of 234 

treatment with an active in vitro intravenous drug); early source control (i.e., 235 

performed ≤72 hours after the first positive blood culture in surviving patients 236 

with a removable source; if performed after 72h, it was considered as late 237 

source control); performance of transthoracic or transesophageal 238 

echocardiography to rule out endocarditis (performed within the first 7 days in 239 

complicated SAB in patients surviving at least 96 hours); adequate antimicrobial 240 

therapy (i.e., administration of drugs recommended for SAB, namely  cloxacillin 241 

or cefazolin for methicillin-susceptible S.aureus; vancomycin, teicoplanin, 242 

daptomycin or linezolid for methicillin-resistant S.aureus or patients with 243 

penicillin allergy, within 24 h of identification of S. aureus in blood cultures [17]); 244 

and adequate duration of therapy depending on the classification as 245 

uncomplicated or complicated bloodstream infection (at least 10 and 28 days, 246 

respectively) [18]. Duration of therapy considered both intravenous and oral 247 
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antimicrobials. Empirical treatment was considered adequate according to the in 248 

vitro activity of the antimicrobial used. For evaluation of treatment duration, and 249 

to avoid immortal time bias, only patients who survived for at least 10 or 28 days 250 

were evaluated in non-complicated and complicated cases, respectively. 251 

Landmark times were established for each QCI and analyses were performed 252 

only on those patients alive at day 5 (for performance of follow-up blood 253 

cultures and source control), day 7 (for performance of echocardiography), day 254 

10 (for duration of treatment in patients with uncomplicated SAB) and day 28 255 

(for duration of treatment in patients with complicated SAB). Adherence to all 5 256 

QCIs was required to consider compliance with the SAB bundle as a whole, 257 

although adherence to treatment duration was considered adequate in patients 258 

who died while on treatment if the other QCIs were fulfilled.  259 

 260 

Statistical analysis  261 

 262 

Univariate comparisons were performed using the chi-squared or 263 

Fisher’s tests for qualitative variables, and the Student’s t-test or Mann-Whitney 264 

U test for continuous variables, as appropriate. Univariate analyses of factors 265 

potentially associated with 90-day mortality, including the QCIs, were performed 266 

by univariate Cox regression. The adjusted impact of each QCI on mortality was 267 

analyzed in a 2-step procedure. First, a general Cox regression model was 268 

performed to identify variables associated with mortality. Second, variables with 269 

a univariate P value < 0.20 in that model were used to control for their possible 270 

confounding effect on the impact of each QCI on mortality. Since the 271 

populations on which each QCI could be evaluated were different, to avoid 272 
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immortal time bias, a model that included the dichotomous variable 273 

“performance of the rest of the bundle” was built for each QCI. In addition to 274 

establishing landmark times, the QCIs “performance of echocardiography” and 275 

“source control” were analyzed as time-dependent variables to avoid further 276 

immortal time bias. Centers were grouped into low- and high-risk on the basis of 277 

their 30-day mortalities using regression tree analysis and this variable was 278 

included in the multivariable analysis to control for the effect of center [8]. SPSS 279 

18.0 software (IBM SPSS, Chicago, IL, USA) and TreeNet software (Salford 280 

Systems) were used for statistical analysis. 281 

 282 

RESULTS 283 

 284 

During the study period, 2,021 eligible cases of SAB were included in the 285 

ISAC cohort. Fifty-nine patients from three hospitals were excluded because the 286 

hospitals in question recruited fewer than 25 cases over 2 years, 70 were 287 

excluded because of SAB in the previous 12 weeks, and 108 patients because 288 

they died in the first 72 hours. Included in the final analysis therefore were 1,784 289 

cases.  290 

 291 

Patient characteristics are summarized in Table 1; median age was 65, 292 

and 640 (35.9%) were women. The most frequent sources of SAB were skin 293 

and soft tissue (522 patients; 29.3%) and vascular catheter infection (434; 294 

24.3%). Endocarditis was diagnosed in 137 cases (7.7%). The source was 295 

unknown in 17.2% of cases, and source was microbiologically confirmed in 539 296 

(30.2%) cases. Regarding S. aureus susceptibility, 167 (9.4%) cases were 297 
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susceptible to penicillin, and 326 (18.3%) were methicillin-resistant. Overall, 482 298 

(27%) patients presented with septic shock and 734 (41.1%) had complicated 299 

SAB. Empirical treatment was considered adequate in 1634 cases (91.6%). In-300 

hospital mortality was 20.9% (372 cases) and 90-day mortality was 29.9% (534 301 

cases); the latter was 32.2% (236 cases) in patients with complicated 302 

bloodstream infection and 28.4% (298 cases) in uncomplicated bloodstream 303 

infection. Mean follow-up for surviving patients was 118 days (IQR 94-187). 304 

 305 

Rates of adherence to the QCIs are shown in Table 2. Follow-up blood 306 

cultures were performed in 66.9% (1180/1762) of cases; source control was 307 

performed early in 31% (416/1342) and late in 6.5% (87/1342) of patients with a 308 

removable source. Echocardiography was performed in 77.6% (546/704) of 309 

patients for whom it was indicated (62.1% before day 7 and 15.5% after day 7). 310 

Targeted antimicrobial therapy was adequate in 75.5% (1348/1784; 72.5% of 311 

patients with MSSA and 89.3% with MRSA); and treatment duration was at least 312 

10 days in 88.6% (851/960) of uncomplicated cases and at least 28 days in 313 

61.2% (366/598) of complicated cases. Mean treatment duration in patients with 314 

complicated bacteremia not adhering to the QCI was 16 days (IQR 13-20). The 315 

full bundle was adhered to in 18.4% of cases (328/1784). 316 

 317 

In univariate analysis, early or late source control and adequate targeted 318 

therapy were associated with lower in-hospital mortality, while only early or late 319 

source control was significantly associated with a protective effect for 90-day 320 

mortality. Performance of echocardiography (early or late) and appropriate 321 

targeted therapy showed a trend towards lower 90-day mortality but were not 322 
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statistically significant (Table 3). 323 

 324 

The multivariable analysis performed on the general cohort of 1,784 SAB 325 

cases with the aim of identifying general predictors of mortality is shown in 326 

Supplementary Table A. The following variables showing P values < 0.20 for 327 

their association with 90-day mortality were considered to be potential 328 

confounders for the effect of QCI: age ≥ 60 years old, Charlson index ≥ 2 points, 329 

community acquisition, complicated bloodstream infection, MRSA infection, 330 

sepsis or septic shock, high-risk center, and adequate empirical therapy. The 331 

dominant source of infection was also included because of its clinical relevance. 332 

Multivariable models (one per QCI) were then built to provide an estimate of the 333 

impact of each QCI on 90-day mortality, adjusted for the previously identified 334 

general mortality predictors (Figure 1). Source control (aHR = .76; 95% CI, .59-335 

.99; P = .038) and adequate targeted antimicrobial therapy (aHR = .73; 95% CI, 336 

.60-.90; P = .002) were shown to be associated with lower 90-day mortality, 337 

while follow-up blood cultures before day 5 and adequate duration of therapy 338 

were not. The estimate for the performance of echocardiography did not 339 

achieve statistical significance although the upper limit of the confidence interval 340 

was close to 1. 341 

 342 

DISCUSSION 343 

This study, performed on an international cohort of SAB patients, found  344 

that adherence to QCIs in the management of SAB was lower than desired, 345 

and, in addition to the value of implementing them as a bundle, identified source 346 

control, adequate targeted antimicrobial therapy and probably performance of 347 
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echocardiography when indicated as independently associated with lower 348 

mortality. 349 

Management of SAB has been shown to be highly heterogeneous, even 350 

among infectious disease physicians [7,19]. Adherence to a QCI bundle in the 351 

management of SAB is known to improve patient management and is 352 

associated with lower mortality rates [4,20]. 353 

 Staphylococcus aureus bloodstream infection is a serious condition with 354 

mortality rates ranging from 20 to 40% [21]. Since effective antimicrobial 355 

combination therapies and novel therapies targeting the microorganism or 356 

based on host immunity are still lacking or are still under development, 357 

optimizing the clinical management of patients with SAB is a critical strategy to 358 

reduce mortality and morbidity. Several studies have shown that the 359 

involvement of an infectious diseases specialist is associated with improved 360 

management and outcomes in SAB patients [2]; implementation of a multimodal 361 

approach to SAB in the form of a “care bundle” also improves adherence to 362 

current international recommendations for the management of SAB and 363 

reduces 14- and 30-day mortality [4,22]. Our aim was to analyze the specific 364 

impact on the prognosis of patients with SAB of each QCI in the care bundle. 365 

A retrospective analysis of prospectively collected data from 1,784 cases 366 

of SAB was performed. Adherence to management recommendations was 367 

variable and depended on the QCI in question. Source control was ultimately 368 

performed in only 37.5% of patients in whom it was formally indicated. 369 

Adequacy of empirical treatment and duration of treatment in uncomplicated 370 

SAB was considered correct in more than 90% of cases. However, no follow-up 371 

blood cultures were performed in up to 33% of patients, and almost 40% of 372 
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complicated SAB cases received less than 28 days of treatment. Overall 373 

adherence to the bundle of care was 18.4%. These rates of adherence are 374 

significantly lower than previously reported, although this could also be related 375 

to the arbitrary but strict time criteria established when evaluating adherence to 376 

each individual QCI, i.e., adherence was evaluated only in surviving patients 377 

likely to benefit from the application of the QCI. We think that non-adherence to 378 

clinical recommendations may be related to insufficient high-quality data 379 

supporting certain aspects of SAB management [7], as well as to differences in 380 

local practice.  381 

 Analyzing the impact on outcome of each QCI is challenging for different 382 

reasons. First, a particular QCI may not apply to all patients (e.g., source control 383 

is not possible for pneumonia except in the case of empyema). Consequently, 384 

we excluded patients from the corresponding QCI for the specific analysis of 385 

that QCI. Second, they can be applied at different times, which may lead to 386 

immortal time bias, although their impact may also depend on how early they 387 

are applied. To control for these, we excluded patients who died before a 388 

specific landmark time and included them as time-dependent variables when 389 

applicable. Finally, the impact of confounders, including adherence to the other 390 

QCIs, was also controlled for by multivariable analysis. 391 

Source control and adequate targeted antimicrobial therapy were 392 

independently associated with a lower risk of death in our analysis, a result that 393 

is clinically sound. The estimate for performing echocardiography was at the 394 

borderline of significance, even though we only considered it mandatory in 395 

patients with complicated SAB. 396 
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While we cannot rule out the influence of residual immortal time bias, the 397 

echocardiography results may also have some impact with adaptation of certain 398 

aspects of treatment depending on the results, particularly in patients diagnosed 399 

with endocarditis. Finally, performing follow-up blood cultures and appropriate 400 

duration of therapy were not significantly associated with mortality; these 401 

interventions might be more closely related to the risk of relapse or late 402 

complications.  403 

Our study has several limitations worth noting. We did not collect some 404 

data, such as duration of fever, serum vancomycin levels, or details of the 405 

dosages of antimicrobials. Although the definition of complicated bloodstream 406 

infection often includes persistence of fever 72 hours after initiating effective 407 

antimicrobial therapy and the presence of an osteoarticular device that cannot 408 

be removed within the first 3 days, this information was not available in our 409 

database. Despite the large sample size, the power to detect the impact of 410 

some QCIs may have been limited. As a result of the non-performance of 411 

follow-up blood cultures, some patients may have been classified as 412 

uncomplicated SAB despite presenting with persistent bloodstream infection, 413 

which may explain the relatively similar 90-day mortality rates between patients 414 

with uncomplicated SAB and complicated SAB. Analysis of source control 415 

performance was not based on the individual characteristics of each case, but 416 

was predefined according to the primary source of infection [8]. Consequently, 417 

the rate of adherence to this QCI may be underestimated due to the possible 418 

inclusion of patients in whom source control was not indicated. Furthermore, it 419 

was not possible to determine the influence of age and comorbidities on the 420 

final decision to perform source control. Finally, residual immortal time and 421 
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confounding biases may have occurred despite our best efforts. The strengths 422 

of the study are that it is prospective and multicenter, with detailed definitions of 423 

adherence to quality-of-care recommendations, and the efforts described above 424 

to control for bias during statistical analyses.  425 

In conclusion, our results show that QCIs are applied in a heterogeneous 426 

manner, and that, beyond their impact as a bundle, some of them may have a 427 

measurable independent impact on mortality in patients with SAB. We hope that 428 

these results will be useful for reinforcing the message that full compliance with 429 

all QCIs is highly recommended. 430 
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Table 1. Characteristics of patients with S. aureus bloodstream infection (n = 563 

1784). 564 

Variable No. (percentage) except 
where specified 

Median age in years (IQR) 65 (52-77) 
Female sex 640 (35.9%) 
Comorbidities and predisposing factors: 
     Anti-neoplastic chemotherapy 
     Steroids > 2 weeks  
     Other immune suppressive therapy 
     Intravenous drug abuse 
     Organ or marrow transplant 
     Neutropenia 
     HIV infection 

 
140 (7.8%) 
115 (6.4%) 
105 (5.9%) 
86 (4.8%) 
71 (4.0%) 
54 (3.0%) 
26 (1.5%) 

Median Charlson age-adjusted index (IQR) 5 (3-7) 
Median SOFA score (IQR) 3 (1-6) 
Acquisition 
    Community-acquired 
    Hospital-acquired  
    Healthcare-related  

 
557 (31.2%) 
705 (39.5%) 
522 (29.3%) 

Source of bloodstream infection 
    Skin and/or soft tissue  
    Vascular catheter 
        Central catheter 
        Peripheral catheter 
    Unknown source  
    Osteoarticular 
    Infective endocarditis 
    Respiratory tract 
High-risk source* 

 
522 (29.3%) 
434 (24.3%) 
238 (13.3%) 
196 (11.0%) 
306 (17.2%) 
248 (13.9%) 
137 (7.7%) 
136 (7.6%) 
273 (15.3%) 

Methicillin-resistant S. aureus 326 (18.3%) 
Infectious diseases specialist evaluation 1,455 (81.6%) 
Sepsis 841 (47.1%) 
Septic shock 482 (27%) 
Vasopressors administered 439 (24.6%) 
Complicated bloodstream infection 
    Persistent bloodstream infection after 48h of active 
therapy 
    Septic metastasis 
    Intravascular device not removed in first 72 hours 
    Endocarditis 
    Vertebral osteomyelitis 

734 (41.1%) 
269 (15.1%) 

 
135 (7.6%) 
50 (2.8%) 
7 (0.4%) 
4 (0.2%) 

Adequate empirical antimicrobial treatment 1634 (91.6%) 
 565 

IQR: interquartile range; SOFA: Sequential Organ Failure Assessment. *High- 566 

risk source: endocarditis, central nervous system, abdominal and respiratory 567 

[4,13]. 568 

 569 
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Table 2. Rate of adherence to quality-of-care indicators. 570 

Quality-of-care indicator Adherence Excluded patients and 
reasons 

Follow-up blood culture  
    Performed 

 
66.9% (1180/1762) 

Death occurred before day 5 in 
22/1784 patients (1.2%) 

Early source control 
    Performed early 
    Performed late 
    Not performed 

 
31% (416/1342) 
6.5% (87/1342) 

62.5% (839/1342) 

Source not amenable to control 
in 442/1784 patients (24.8%) 

Echocardiography, first 7 days  
    Performed before day 7 
    Performed after day 7 
    Not performed 

 
62.1% (437/704) 
15.5% (109/704) 
22.4% (158/704) 

Not indicated in 989/1784 
patients (55.4%) 
Death occurred before day 7 in 
81/1784 patients (5.1%) 

Adequate targeted antimicrobial therapy 
    Adequate 
    Adequate, MSSA 
    Adequate, MRSA 

 
75.5% (1348/1784) 
72.5% (1057/1458) 
89.3% (291/326) 

Death occurred before day 10 
in 90/1050 patients (8.6%) 

Treatment duration in uncomplicated SAB* 
    Adequate 

 
88.6% (851/960) 

Death occurred before day 10 
in 90/1050 (8.6%) 

Treatment duration in complicated SAB** 
    Adequate 

 
61.2% (366/598) 

Death occurred before day 28 
in 136/734 (18.5%) 

 571 

MSSA: Methicillin-susceptible S. aureus; MRSA: Methicillin-resistant S. aureus; 572 

SAB: S. aureus bloodstream infection. * Patients who survived for at least 10 573 

days were included. ** Patients who survived for at least 28 days were included.574 
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Table 3. Univariate analysis of in-hospital and 90-day mortality associated with performance of QCI, when applicable. 575 

 Death during hospitalization 90-day mortality 
Dead/exposed HR (95% CI) P value Dead/Exposed HR (95% CI) P value 

Follow-up culture 
    Not performed 
    Performed 

 
115/582 (19.8%) 
235/1180 (19.9%) 

 
Ref 

1.01 (.83-1.23) 

 
 

.939 

 
177/582 (30.4%) 
335/1180 (28.4%) 

 
Ref 

.93 (.80-1.08) 

 
 

.410 
Early source control 
    Not performed 
    Early 
    Late 

 
171/839 (20.4%) 
57/416 (13.7%) 

5/87 (5.7%) 

 
Ref 

.67 (.51-.89) 

.28 (.12-.67) 

 
Ref 
.005 
.004 

 
236/839 (28.1%) 
93/416 (22.4%) 
12/87 (13.8%) 

 
Ref 

.79 (.64-.98) 

.49 (.29-.84) 

 
Ref 
.033 
.006 

Echocardiography 
    Not performed 
    ≤ 7 days 
    > 7 days 

 
32/158 (20.3%) 
95/437 (21.7%) 
17/109 (15.6%) 

 
Ref 

1.07 (.75-1.53) 
.77 (.45-1.32) 

 
Ref 
.697 
.339 

 
57/158 (36.1%) 
121/437 (27.7%) 
28/109 (25.7%) 

 
Ref 

.76 (.59-.99) 
.71 (.49-1.04) 

 
Ref 
.061 
.097 

Adequate targeted 
antimicrobial 
    No 
    Yes 

 
 

112/436 (25.7%) 
260/1348 (19.3%) 

 
 

Ref 
.75 (.62-.91) 

 
 
 

.004 

 
 

145/436 (33.3%) 
389/1348 (28.9%) 

 
 

Ref 
.86 (.74-1.02) 

 
 
 

.090 
Adequate duration of 
antimicrobial therapy 
    No 
    Yes 

 
 

21/341 (6.2%) 
133/1217 (10.9%) 

 
 

Ref 
1.77 (1.14-2.77) 

 
 
 

.011 

 
 

67/341 (19.6%) 
241/1217 (19.8%) 

 
 

Ref 
1.01 (.79-1.28) 

 
 
 

1.000 
Adequate duration of 
antimicrobial therapy 
(non-complicated) 
    No 
    Yes 

 
 
 

18/109 (16.5%) 
91/851 (10.7%) 

 
 
 

Ref 
.65 (.41-1.03) 

 
 
 
 

.067 

 
 
 

29/109 (26.6%) 
179/851 (21.0%) 

 
 
 

Ref 
.79 (.56-1.11) 

 
 
 
 

.228 
Adequate duration of 
antimicrobial therapy 
(complicated) 
    No 
    Yes 

 
 
 

3/232 (1.3%) 
42/366 (11.5%) 

 
 
 

Ref 
8.87 (2.78-28.30) 

 
 
 
 

<.001 

 
 
 

38/232 (16.4%) 
62/366 (16.9%) 

 
 
 

Ref 
1.03 (.72-1.50) 

 
 
 
 

.947 
 576 
 577 
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Figure 1. Multivariable analysis of variables associated with 90-day mortality among patients with Staphylococcus aureus 578 
bloodstream infection according to performance of quality-of-care clinical indicators 579 
 580 
 581 

 582 
* Multivariable analysis was performed including the following correcting variables: performance of the rest of the bundle, age ≥ 60 583 
years, Charlson index ≥ 2 points, community acquisition, source of infection, complicated bloodstream infection, methicillin-resistant 584 
Staphylococcus aureus, sepsis or septic shock, high-risk center, and adequate empirical therapy. A detailed description can be 585 
found in Supplementary Table E.586 
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Supplementary Table A. Cox regression model of variables associated with 587 
90-day mortality in the general cohort of 1,784 SAB cases. 588 
 HR (95% CI) P 
Age ≥ 60 years 1.51 (1.21-1.90) .000 
Male gender .91 (.76-1.09) .306 
Charlson index ≥ 2 points 1.99 (1.27-3.11) .002 
Antineoplastic therapy 1.15 (.80-1.65) .449 
Systemic corticosteroids > 2 weeks 1.13 (.81-1.59) .468 
Neutropenia (< 0.5 neutrophils / microliter) .71 (.38-1.29) .258 
Other immune suppressive (IS) therapy 1.18 (.78-1.79) .423 
Solid organ or bone marrow transplantation .81 (.47-1.39) .444 
HIV infection 1.22 (.57-2.62) .607 
Intravenous drug use 1.06 (.61-1.86) .826 
Community acquisition 1.19 (.96-1.46) .106 
Dominant focus of infection 1.02 (.99-1.06) .212 
Complicated bloodstream infection 1.14 (.96-1.37) .145 
MRSA 1.17 (.95-1.44) .152 
Sepsis or septic shock 2.65 (2.04-3.44) .000 
High-risk center 1.36 (1.14-1.63) .001 
Adequate empirical antimicrobial therapy .74 (.56-.99) .044 

 589 
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Supplementary Table B. Univariate analysis of variables associated with 90-590 

day mortality, with no inclusion of quality-of-care indicators. 591 
 Death/Exposed HR (95% CI) P value 
Age  
    Below 60 years old 
    Over 60 years old 

 
76/665 (11.4%) 
243/1119 (21.7%) 

 
Ref 
1.90 (1.50-2.41) 

 
 
.000 

Gender 
    Female gender 
    Male gender 

 
120/640 (18.8%) 
199/1144 (17.4%) 

 
Ref 
.93 (.76-1.14) 

 
 
.479 

Comorbidities 
    Chemotherapy 
    Steroids 
    Neutropenia 
    Other IS  
    Organ/marrow  
    HIV infection 
    IV drug 

 
23/140 (16.4%) 
26/115 (22.6%) 
7/54 (13%) 
19/105 (18.1%) 
9/71 (12.7%) 
6/26 (23.1%) 
8/86 (9.3%) 

 
.91 (.62-1.34) 
1.29 (.90-1.83) 
.72 (.36-1.45) 
1.01 (.67-1.54) 
.70 (.38-1.30) 
1.30 (.64-2.63) 
.51 (.26-.99) 

 
.730 
.168 
.469 
.896 
.272 
.444 
.030 

Charlson 
    < 2 points 
    ≥ 2 points 

 
16/237 (6.8%) 
303/1547 (19.6%) 

 
Ref 
2.90 (1.79-4.71) 

 
 
.000 

Acquisition 
    Community 
    Healthcare 

 
89/557 (16.0%) 
230/1227 (18.7%) 

 
Ref 
1.17 (.94-1.47) 

 
 
.162 

Source of SAB 
    Catheter 
    Skin/soft tissue 
    IE 
    Respiratory 
    Osteoarticular 
    Unknown 
    High-risk 

 
49/434 (11.3%) 
82/522 (15.7%) 
31/137 (22.6%) 
45/136 (33.1%) 
27/248 (10.9%) 
85/307 (27.7%) 
76/273 (27.8%) 

 
.56 (.42-.75) 
.84 (.67-1.05) 
1.29 (.93-1.79) 
1.99 (1.53-2.59) 
.57 (.40-.83) 
1.75 (1.41-2.17) 
1.73 (1.39-2.16) 

 
.000 
.135 
.132 
.000 
.001 
.000 
.000 

Resistance to methicillin 
    MSSA 
    MRSA 

 
248/1458 (17.0%) 
71/326 (21.8%) 

 
Ref 
1.28 (1.01-1.62) 

 
 
.045 

ID evaluation 
    Performed 
    Not performed 

 
244/1455 (16.8%) 
75/329 (22.8%) 

 
Ref 
1.36 (1.08-1.71) 

 
 
.013 

Hemodynamics 
    No sepsis or shock 
    Sepsis or shock present 

 
25/461 (5.4%) 
294/1323 (22.2%) 

 
Ref 
4.10 (2.76-6.08) 

 
 
.000 

Complicated SAB 
    Non complicated 
    Complicated 

 
174/1050 (16.6%) 
145/734 (19.8%) 

 
Ref 
1.19 (.98-1.45) 

 
 
.090 
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Supplementary Table C. Univariate analysis of variables associated with compliance with quality-of-care indicators. 592 
 Follow-up culture Early source control Echocardiography 
 Performed  

(N = 1180) 
Not performed 

(N = 582) 
P Performed 

(N = 503) 
Not performed 

(N = 839) 
P Performed 

(N = 546) 
Not performed 

(N = 158) 
P 

Age ≥60 y 733 (62.1%) 371 (63.7%) .541 279 (55.5%) 532 (63.4%) .005 350 (64.1%) 99 (62.7%) .811 
Male gender 754 (63.9%) 376 (64.6%) .812 320 (63.6%) 555 (66.2%) .377 353 (64.7%) 101 (63.9%) .941 
Comorbidities 
    Chemotherapy 
    Steroids 
    Neutropenia 
    Other IS 
    Organ/marrow  
    HIV infection 
    IV drug 

 
102 (8.7%) 
79 (6.7%) 
39 (3.3%) 
77 (6.5%) 
60 (5.1%) 
16 (1.4%) 
55 (4.7%) 

 
37 (6.4%) 
33 (5.7%) 
14 (2.4%) 
28 (4.8%) 
10 (1.7%) 
9 (1.5%) 
28 (4.8%) 

 
.132 
.509 
.391 
.194 
.001 
.850 
.973 

 
54 (10.8%) 
33 (6.6%) 
20 (4.0%) 
35 (7.0%) 
23 (4.6%) 
5 (1.0%) 
17 (3.4%) 

 
45 (5.4%) 
46 (5.5%) 
11 (1.3%) 
39 (4.7%) 
21 (2.5%) 
17 (2.0%) 
52 (6.2%) 

 
<.001 
.501 
.003 
.094 
.060 
.191 
.031 

 
47 (8.6%) 
38 (7.0%) 
12 (2.2%) 
35 (6.4%) 
18 (3.3%) 
8 (1.5%) 
35 (6.4%) 

 
24 (15.3%) 
14 (8.9%) 
3 (1.9%) 
10 (6.3%) 
6 (3.8%) 
2 (1.3%) 
5 (3.2%) 

 
.020 
.502 
1.000 
1.000 
.949 
1.000 
.197 

Healthcare 
acquisition 

832 (70.4%) 379 (65.1%) .028 420 (83.5%) 531 (63.3%) <.001 335 (61.4%) 129 (81.6%) <.001 

Source of SAB 
    Catheter 
    Skin/soft tissue 
    Endocarditis 
    Respiratory 
    Osteoarticular 
    Unknown 
    High risk 

 
304 (25.8%) 
335 (28.4%) 
103 (8.7%) 
92 (7.8%) 
164 (13.9%) 
182 (15.4%) 
195 (16.5%) 

 
127 (21.8%) 
184 (31.6%) 
33 (5.7%) 
37 (6.4%) 
84 (14.4%) 
117 (20.1%) 
70 (12.0%) 

 
.080 
.180 
.030 
.320 
.818 
.017 
.016 

 
314 (62.4%) 
138 (27.4%) 
12 (2.4%) 
0 
39 (7.8%) 
0 
12 (2.4%) 

 
120 (14.3%) 
384 (45.8%) 
125 (14.9%) 
0 
209 (24.9%) 
1 (.1%) 
125 (14.9%) 

 
<.001 
<.001 
<.001
NA 
<.001 
1.000 
<.001 

 
87 (15.9%) 
149 (27.3%) 
129 (23.6%) 
27 (4.9%) 
105 (19.2%) 
49 (9.0%) 
156 (28.6%) 

 
54 (34.2%) 
55 (34.8%) 
4 (2.5%) 
10 (6.3%) 
18 (11.4%) 
17 (10.8%) 
14 (8.9%) 

 
<.001 
.083 
<.001 
.628 
.030 
.601 
<.001 

MRSA 221 (18.7%) 98 (16.8%) .366 82 (16.3%) 155 (18.5%) .349 111 (20.3%) 28 (17.7%) .541 
ID evaluation 1029 (87.2%) 414 (71.3%) <.001 416 (82.7%) 710 (84.7%) .413 500 (91.6%) 126 (79.7%) .001 
Hemodynamics 
    Sepsis 
    Septic shock 
    Sepsis or 
shock 

 
543 (46.0%) 
349 (29.6%) 
892 (75.6%) 

 
288 (49.5%) 
121 (20.8%) 
409 (70.3%) 

 
.331 
<.001 
.020 

 
230 (45.7%) 
113 (22.5%) 
343 (68.2%) 

 
359 (42.8%) 
253 (30.2%) 
612 (72.9%) 

 
.516 
.004 
.072 

 
229 (41.9%) 
203 (37.2%) 
432 (79.1%) 

 
73 (46.2%) 
34 (21.5%) 
107 (67.7%) 

 
.142 
<.001 
.004 

Complicated SAB 592 (50.2%) 139 (23.9%) <.001 214 (42.5%) 405 (48.3%) .048 546 (100%) 158 (100%) NA 
IS: immune suppressive therapy; NA: non-applicable 593 
 594 



31 
 

Supplementary Table D. Univariate analysis of variables associated with compliance with quality-of-care indicators. 595 
 Adequate antimicrobial Adequate duration 
 Adequate 

(N = 1348) 
Inadequate 
(N = 436) 

P Adequate 
(N = 1217) 

Inadequate 
(N = 341) 

P 

Age ≥60 y 858 (63.6%) 261 (59.9%) .172 743 (61.1%) 204 (59.8%) .728 
Male gender 
 

878 (65.1%) 
 

266 (61.0%) 
 

.133 782 (64.3%) 
 

219 (64.2%) 
 

1.000 

Comorbidities 
    Chemotherapy 
    Steroids 
    Neutropenia 
    Other IS 
    Organ/marrow  
    HIV infection 
    IV drug 

 
110 (8.2%) 
83 (6.2%) 
39 (2.9%) 
80 (6.0%) 
47 (3.5%) 
21 (1.6%) 
63 (4.7%) 

 
30 (6.9%) 
32 (7.3%) 
15 (3.4%) 
25 (5.7%) 
24 (5.5%) 
5 (1.1%) 
23 (5.3%) 

 
.488 
.411 
.652 
1.000 
.078 
.668 
.707 

 
75 (6.2%) 
74 (6.1%) 
38 (3.1%) 
67 (5.5%) 
46 (3.8%) 
17 (1.4%) 
67 (5.5%) 

 
50 (14.7%) 
19 (5.6%) 
12 (3.5%) 
25 (7.3%) 
17 (5.0%) 
3 (.9%) 
11 (3.2%) 

 
<.001 
.852 
.845 
.276 
.397 
.592 
.130 

Healthcare 
acquisition 

942 (69.9%) 285 (65.4%) .087 793 (65.2%) 272 (79.8%) <.001 

Source of SAB 
    Catheter 
    Skin/soft tissue 
    IE 
    Respiratory 
    Osteoarticular 
    Unknown 
    High risk 

 
325 (24.1%) 
399 (29.6%) 
118 (8.8%) 
96 (7.1%) 
207 (15.4%) 
203 (15.1%) 
214 (15.9%) 

 
109 (25.0%) 
123 (28.2%) 
19 (4.4%) 
40 (9.2%) 
41 (9.4%) 
104 (23.9%) 
59 (13.5%) 

 
.755 
.622 
.004 
.194 
.002 
<.001 
0.269 

 
277 (22.8%) 
365 (30.0%) 
91 (7.5%) 
82 (6.7%) 
203 (16.7%) 
199 (16.4%) 
173 (14.2%) 

 
127 (37.2%) 
99 (29.0%) 
17 (5.0%) 
19 (5.6%) 
27 (7.9%) 
52 (15.2%) 
36 (10.6%) 

 
<.001 
.783 
.139 
.517 
<.001 
.685 
.097 

MRSA 291 (21.6%) 35 (8.0%) <.001 210 (17.3%) 57 (16.7%) .879 
ID evaluation 1150 (85.3%) 305 (70.1%) <.001 1022 (84.0%) 258 (75.7%) <.001 
Hemodynamics 
    Sepsis 
    Septic shock 
    Sepsis or 
shock 

 
640 (47.5%) 
364 (27.0%) 
1004 (74.5%) 

 
201 (46.1%) 
118 (27.1%) 
319 (73.2%) 

 
.598 
.808 
.629 

 
576 (47.3%) 
311 (25.6%) 
887 (72.9%) 

 
163 (47.8%) 
60 (17.6%) 
223 (65.4%) 

 
.107 
<.001 
.008 

Complicated SAB 595 (44.1%) 139 (31.9%) <.001 366 (30.1%) 232 (68.0%) <.001 
 596 

597 
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Supplementary Table E. Multivariable analysis of variables associated with 90-day mortality in patients with Staphylococcus aureus 598 

bloodstream infection according to performance of quality-of-care clinical indicators 599 

 600 
 Follow-up blood 

cultures before day 5 Echocardiography * Source control * Adequate targeted 
antimicrobial therapy Duration of therapy 

 aHR (95% CI) P aHR (95% CI) P aHR (95% CI) P aHR (95% CI) P aHR (95% CI) P 
Performance of the quality-of-care indicator .88 (.73-1.07) .206 .74 (.53-1.02) .070 .76 (.59-.99) .038 .73 (.60-.90) .002 .85 (.63-1.15) .286 
Performance of rest of the bundle .87 (.79-1.19) .770 1.42 (1.00-2.02) .052 1.03 (.83-1.29) .786 .99 (.81-1.22) .944 .87 (.66-1.14) .302 
Age ≥ 60 years 1.54 (1.23-1.92) .000 1.42 (1.00-2.02) .048 1.65 (1.25-2.18) .000 1.52 (1.22-1.88) .000 1.52 (1.15-2.02) .003 
Charlson index ≥ 2 points  1.97 (1.27-3.07) .003 1.40 (.76-2.60) .280 1.73 (1.03-2.91) .038 1.97 (1.28-3.04) .002 2.41 (1.34-4.33) .003 
Community acquisition 1.18 (.96-1.45) .117 1.14 (.82-1.57) .445 1.28 (.97-1.69) .080 1.19 (.97-1.46) .091 1.17 (.89-1.54) .255 
Source of infection 1.02 (.99-1.06) .231 .95 (.90-1.01) .074 1.00 (.95-1.06) .977 1.02 (.98-1.05) .355 1.02 (.97-1.07) .512 
Complicated bloodstream infection 1.26 (1.04-1.52) .019 ** ** 1.40 (1.11-1.76) .004 1.19 (.99-1.43) .061 .69 (.52-.90) .006 
Methicillin-resistant Staphylococcus aureus 1.15 (.92-1.42) .220 1.06 (.76-1.48) .738 1.23 (.95-1.60) .111 1.23 (.99-1.52) .057 1.04 (.78-1.40) .771 
Sepsis or septic shock 2.49 (1.92-3.24) .000 2.54 (1.65-3.91) .000 2.36 (1.73-3.20) .000 2.62 (2.02-3.39) .000 1.87 (1.39-2.52) .000 
High-risk center 1.30 (1.08-1.57) .005 1.04 (.77-1.41) .808 1.18 (.94-1.48) .153 1.37 (1.14-1.63) .001 1.07 (.84-1.37) .559 
Adequate empirical therapy .76 (.56-1.01) .060 .89 (.53-1.48) .643 .74 (.51-1.05) .093 .78 (.58-1.04) .085 1.02 (.66-1.58) .915 
* Echocardiography and source control were analyzed as time-dependent variables. ** Echocardiography was only considered in complicated cases. 601 
 602 
 603 

 604 
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Supplementary Table F. Checklist of items according to STROBE document. 605 

 606 
 Recommendation  Assessment in article  
Title and abstract  a) Indicate the study design 

with a commonly used term in 
the title or abstract  
b) Provide an informative and 
balanced summary in the 
abstract of what was done 
and what was found  

a) The type of study is 
indicated in the title 
b) The abstract gives a 
summary of the study 

Background/ 
rationale  

Explain the scientific 
background and rationale for 
the investigation being 
reported  
 

Background and 
rationale are reported 

Objectives  
 

State specific objectives, 
including any pre-specified 
hypotheses  

Aims are detailed in the 
Introduction 

Study design  Present key elements of study 
design early in the paper  

Key elements are 
reported 

Setting  
 

Describe the setting, 
locations, and relevant dates, 
including periods of 
recruitment, exposure, follow-
up, and data collection  

Setting is described 

Participants  
 

Give the eligibility criteria and 
the sources and methods of 
selection of participants. 
Describe methods of follow-
up 

Eligibility criteria, 
sources and methods of 
selection and methods 
of follow-up are 
described in the 
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Participants section 
Variables  
 

Clearly define all outcomes, 
exposures, predictors, 
potential confounders and 
effect modifiers. Give 
diagnostic criteria, if 
applicable  
 

Predictors and outcome 
variables are described. 
Possible confounders 
and modifiers are 
studied. 

Data sources/ 
measurement  
 

For each variable of interest, 
give sources of data and 
details of methods of 
assessment (measurement).  

Variables of interest are 
detailed 

Bias  
 

Describe any efforts to 
address potential sources of 
bias  
 

Efforts to address 
potential sources of bias 
are detailed in the 
Methods 

Study size  
 

Explain how the study size 
was arrived at  
 

No study size was 
calculated 

Quantitative 
variables  
 

Explain how quantitative 
variables were handled in the 
analyses. If applicable, 
describe which groupings 
were chosen and why  
 

Method of handling 
variables was reported 

Statistical methods  
 

(a) Describe all statistical 
methods, including those 
used to control for 
confounding  
b) Describe any methods 

a) Statistical methods 
were described 
b) Statistical methods 
were described 
c) Cases with missing 
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used to examine subgroups 
and interactions  
(c) Explain how missing data 
were addressed  
(d) If applicable, explain how 
loss to follow-up was 
addressed  
(e) Describe any sensitivity 
analyses  
 

data were eliminated 
d) Management of loss 
of follow-up cases is 
detailed 

Participants  
 

 Report numbers of 
individuals at each stage of 
study—eg numbers 
potentially eligible, examined 
for eligibility, confirmed 
eligible,  
 Give reasons for non-
participation at each stage.  

 Consider use of a flow 
diagram  

 

Number of participants 
is reported 

Descriptive data  
 

(a) Give characteristics of 
study participants (eg 
demographic, clinical, social) 
and information on exposures 
and potential confounders  
b) Indicate number of 
participants with missing data 
for each variable of interest  

a) Characteristics are 
reported and analysed 
b) Participants with 
missing data were 
eliminated 

Outcome data  
 

Report numbers of outcome 
events or summary measures 

Numbers are reported 
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over time  
 

Main results  
 

(a) Give unadjusted 
estimates and, if applicable, 
confounder-adjusted 
estimates and their precision 
(eg, 95% confidence interval). 
Make clear which 
confounders were adjusted 
for and why they were 
included  
(b) Report category 
boundaries when continuous 
variables were categorized  
c) If relevant, consider 
translating estimates of 
relative risk into absolute risk 
for a meaningful time period  
 

a) Estimates and their 
precision are reported 
b) Age and Charlson 
index were categorized 

Other analyses  
 

Report other analyses done—
eg analyses of subgroups and 
interactions, and sensitivity 
analyses  
 

All analyses done were 
reported 

Key results  
 

Summarise key results with 
reference to study objectives  
 

Key results are 
summarized 

Limitations  
 

Discuss limitations of the 
study, taking into account 
sources of potential bias or 

Limitations of the study 
are discussed 
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imprecision. Discuss both 
direction and magnitude of 
any potential bias  
 

Interpretation  
 

Give a cautious overall 
interpretation of results 
considering objectives, 
limitations, multiplicity of 
analyses, results from similar 
studies, and other relevant 
evidence  
 

Interpretation of the 
results was cautious 

Generalisability  
 

Discuss the generalisability 
(external validity) of the study 
results  
 

Generalisability is 
discussed 

Funding  
 

Give the source of funding 
and the role of the funders for 
the present study and, if 
applicable, for the original 
study on which the present 
article is based  
 

Funding is detailed 

 607 


