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Objectives: To analyse the adherence and impact of quality-of-care indicators (QCIs) in the management
of Staphylococcus aureus bloodstream infection in a prospective and multicentre cohort.
Methods: Analysis of the prospective, multicentre international S. Aureus Collaboration cohort of
S. Aureus bloodstream infection cases observed between January 2013 and April 2015. Multivariable
analysis was performed to evaluate the impact of adherence to QCIs on 90-day mortality.
Results: A total of 1784 cases were included. Overall, 90-day mortality was 29.9% and mean follow-up
period was 118 days. Adherence was 67% (n ¼ 1180/1762) for follow-up blood cultures, 31% (n ¼ 416/
1342) for early focus control, 77.6% (n ¼ 546/704) for performance of echocardiography, 75.5% (n ¼ 1348/
1784) for adequacy of targeted antimicrobial therapy, 88.6% (n ¼ 851/960) for adequacy of treatment
duration in non-complicated bloodstream infections and 61.2% (n ¼ 366/598) in complicated blood-
stream infections. Full bundle adherence was 18.4% (n ¼ 328/1784). After controlling for immortal time
bias and potential confounders, focus control (adjusted hazard ratio ¼ 0.76; 95% CI, 0.59e0.99; p 0.038)
and adequate targeted antimicrobial therapy (adjusted hazard ratio ¼ 0.75; 95% CI, 0.61e0.91; p 0.004)
were associated with low 90-day mortality.
Discussion: Adherence to QCIs in S. Aureus bloodstream infection did not reach expected rates. Apart
from the benefits of application as a bundle, focus control and adequate targeted therapy were inde-
pendently associated with low mortality. Francesc Escrihuela-Vidal, Clin Microbiol Infect 2023;29:498
© 2022 The Authors. Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology and

Infectious Diseases. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Bloodstream infections are the result of different and hetero-
geneous types of infection. For more than 20 years, a number of
published studies have demonstrated the association between
clinical management by infectious diseases specialists and better
adherence to clinical quality-of-care indicators (QCIs) [1].

In Staphylococcus aureus bloodstream infection (SAB), a sys-
tematic review and meta-analysis including 18 studies and 5337
patients showed that clinical management by infectious diseases
specialists was associated with lower 30- and 90-day mortality and
lower rates of relapse of SAB [2]. Clinical management and outcome
of SAB have beenwell studied, and adherence to five QCIs has been
shown to be associated with a favourable prognosis [3]. A struc-
tured intervention aimed at improving the implementation of
these QCIs, as a bundle, has been shown to provide additional
benefits in terms of mortality [4,5]. Surprisingly, their application is
heterogeneous and often worse than desired [6,7]. Finally, the
specific impact of adherence to each component of the bundle has
not been analysed in studies of sufficient sample size. Our objec-
tives were to analyse the rate of adherence and clinical impact of
each of these QCIs in a large multicentre international cohort of
patients with SAB.
Methods

Design

This analysis forms part of the International S. Aureus Collabo-
ration (ISAC) study, a prospective, international cohort study con-
ducted in 11 tertiary care hospitals in five countries: Germany (2
centres), Korea (1), Spain (2), Taiwan (1), and the United Kingdom
(5). Data pertaining to all the consecutive cases of SAB between 1
January 2013 and 30 April 2015 were collected. The study protocol
was registered in ClinicalTrials.gov in March 2014 (NCT02098850),
and details of the methods were also published [8].
Ethical approval

Ethical approval was obtained at each study centre in accordance
with local regulations. Informed consent from patients was sought
for follow-up visits. At some centres, the studywas conducted as part
of a service evaluation and informed consent was waived by the
Ethics Review Committee or relevant national authority.
Participants

Consecutive adult patients (18 years or older) with clinical signs
and/or symptoms of infection and monomicrobial bloodstream
infection due to S. aureus were prospectively included. Cases
where S. aureus was isolated together with another pathogen
considered to be a skin contaminant such as coagulase-negative
staphylococci, diphtheroids and other common skin contami-
nants, typically isolated from a single blood culture, were also
included. Only patients from centres with >25 SAB cases during
the study period were included to avoid potential selection bias.
Exclusion criteria were SAB in the previous 12 weeks and death
within �72 hours after the blood culture was taken to reduce
immortal time bias because management interventions were not
possible in these patients.

Patients were followed for up to 90 days. Whenever possible,
survival data were confirmed by the national death register data.
Patients lost during follow-up were censored at the date of their
last visit or the last known date of interaction with healthcare
system (if available).
Variables and definitions

The variables and definitions used in the present study were
published previously [8]. Data were prospectively collected by
medical staff and reviewed by an infectious disease physician or
clinical microbiologist.
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Table 1
Characteristics of patients with Staphylococcus aureus bloodstream infection (n¼ 1784), univariate analysis of variables associated with 90-day mortality, including quality-of-
care indicators and Cox regression model of variables associated with 90-day mortality in the general cohort

Total (percentage) Alive Death Hazard ratio (95% CI) p Adjusted hazard
ratio (95% CI)

p

Age
<60 y 665 (37.3%) 533 (80.2%) 132 (19.8%) Ref
>60 y 1119 (62.7%) 717 (64.1%) 402 (35.9%) 1.81 (1.52e2.15) 0.000 1.51 (1.21e1.90) 0.000

Gender
Female 640 (35.9%) 444 (69.4%) 196 (30.6%) Ref
Male 1144 (64.1%) 806 (70.5%) 338 (29.5%) 0.96 (0.83e1.12) 0.666 0.91 (0.76e1.09) 0.301

Charlson
<2 points 237 (13.3%) 211 (89.0%) 26 (11%) Ref
�2 points 1547 (86.7%) 1039 (67.2%) 508 (32.8%) 2.99 (2.07e4.33) 0.000 1.98 (1.27e3.10) 0.003

Comorbidities
Chemotherapy 140 (7.8%) 97 (69.3%) 43 (30.7%) 1.02 (0.78e1.32) 0.923 1.16 (0.81e1.66) 0.431
Steroids 115 (6.4%) 75 (65.2%) 40 (34.8%) 1.18 (0.91e1.53) 0.248 1.11 (0.79e1.56) 0.531
Neutropenia 54 (3.0%) 40 (74.1%) 14 (25.9%) 0.86 (0.55e1.36) 0.651 0.71 (0.39e1.31) 0.273
Other immunosuppressions (IS) 105 (5.9%) 72 (68.6%) 33 (31.4%) 1.05 (0.79-1.41) 0.742 1.18 (0.78e1.78) 0.437
Organ/marrow 71 (4.0%) 52 (73.2%) 19 (26.8%) 0.89 (0.60e1.32) 0.599 0.82 (0.48e1.41) 0.476
HIV infection 26 (1.5%) 19 (73.1%) 7 (26.9%) 0.90 (0.47e1.70) 0.831 1.24 (0.58e2.65) 0.588
I.V. drug 86 (4.8%) 71 (82.6%) 15 (17.4%) 0.57 (0.36e0.91) 0.010 1.08 (0.62e1.90) 0.790

Acquisition
Community 557 (31.2%) 414 (74.3%) 143 (25.7%) Ref 1.17 (0.96e1.45) 0.130
Healthcare 1227 (68.8%) 836 (68.1%) 391 (31.9%) 1.24 (1.05e1.46) 0.009

Dominant focus of S. aureus blood stream infection (SAB) 1.02 (0.99e1.06) 0.245
Catheter 434 (24.3%) 338 (77.9%) 96 (22.1%) 0.68 (0.56e0.83) 0.000
Skin/soft tissue 522 (29.3%) 383 (73.4%) 139 (26.6%) 0.85 (0.72e1.00) 0.053
Infective endocarditis (IE) 137 (7.7%) 89 (65.0%) 48 (35.0%) 1.19 (0.93e1.51) 0.175
Respiratory 136 (7.6%) 71 (52.2%) 65 (47.8%) 1.68 (1.39e2.03) 0.000
Osteoarticular 248 (13.9%) 191 (77.0%) 57 (23.0%) 0.74 (0.58e0.94) 0.010
Unknown 307 (17.2%) 179 (58.0%) 129 (42.0%) 1.53 (1.21e1.79) 0.000
High-risk a 273 (15.3%) 160 (58.6%) 113 (41.4%) 1.49 (1.26e1.75) 0.000

Resistance to methicillin
Methicillin susceptible Staphylococcus aureus (MSSA) 1458 (81.7%) 1043 (71.5%) 415 (28.5%) Ref
Methicillin resistant Staphylococcus aureus (MRSA) 326 (18.3%) 207 (63.5%) 119 (36.5%) 1.28 (1.09e1.51) 0.005 1.18 (0.96e1.46) 0.124

ID evaluation 0.85 (0.68e1.05) 0.132
Performed 1455 (81.6%) 1033 (71.0%) 422 (29.0%) Ref
Not performed 329 (18.4%) 217 (66.0%) 112 (34.0%) 1.17 (1.00e1.39) 0.072

Sepsis or septic shock 2.65 (2.04e3.44) 0.000
No sepsis or shock 461 (25.8%) 395 (85.7%) 66 (14.3%) Ref
Sepsis or shock present 1323 (74.2%) 855 (64.6%) 468 (35.4%) 2.47 (1.95e3.13) 0.000

Complicated SAB
Non-complicated 1050 (58.9%) 752 (71.6%) 298 (28.4%) Ref
Complicated 734 (41.1%) 498 (67.8%) 236 (32.2%) 1.13 (0.98e1.31) 0.092 1.16 (.97e1.40) 0.107

High-risk centre 1.34 (1.12e1.60) 0.002
No 1079 (60.5%) 626 (75.7%) 201 (24.3%) Ref
Yes 705 (39.5%) 624 (65.2%) 333 (34.8%) 1.43 (1.23e1.66) 0.000

Adequate empirical antimicrobial therapy 0.75 (0.56e1.00) 0.050
Yes 1634 (91.6%) 1152 (92.2%) 482 (90.3%) Ref
No 150 (8.4%) 98 (7.8%) 52 (9.7%) 1.18 (0.93e1.48) 0.193

Quality-of-care indicators
Follow-up culture
Not performed 582/1762 (33.0%) 405 (69.6%) 177 (30.4%) Ref
Performed 1180/1762 (66.9%) 845 (71.6%) 335 (28.4%) 0.93 (0.80e1.08) 0.410

Early focus control
Not performed 839/1342 (62.5%) 603 (71.9%) 236 (28.1%) Ref Ref
Early 416/1342 (31%) 323 (77.6%) 93 (22.4%) 0.79 (0.64e0.98) 0.033
Late 87/1342 (6.5%) 75 (86.2%) 12 (13.8%) 0.49 (0.29e0.84) 0.006

Echocardiography
Not performed 158/704 (22.4%) 101 (63.9%) 57 (36.1%) Ref Ref
�7 d 437/704 (62.1%) 316 (72.3%) 121 (27.7%) 0.76 (0.59e0.99) 0.061
>7 d 109/704 (15.5%) 81 (74.3%) 28 (25.7%) 0.71 (0.49e1.04) 0.097

Adequate targeted antimicrobial
No 436/1784 (24.4%) 291 (66.7%) 145 (33.3%) Ref
Yes 1348/1784 (75.5%) 959 (71.1%) 389 (28.9%) 0.86 (0.74e1.02) 0.090

Adequate duration of antimicrobial therapy
No 341/1558 (21.9%) 274 (80.4%) 67 (19.6%) Ref
Yes 1217/1558 (78.1%) 976 (80.2%) 241 (19.8%) 1.01 (0.79e1.28) 1.000

Adequate duration of antimicrobial therapy
(uncomplicated)
No 109/960 (11.4%) 80 (73.4%) 29 (26.6%) Ref
Yes 851/960 (88.6%) 672 (79.0%) 179 (21.0%) 0.79 (0.56e1.11) 0.228
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Table 1 (continued )

Total (percentage) Alive Death Hazard ratio (95% CI) p Adjusted hazard
ratio (95% CI)

p

Adequate duration of antimicrobial therapy
(complicated)
No 232/598 (38.8%) 194 (83.6%) 38 (16.4%) Ref
Yes 366/598 (61.2%) 304 (83.1%) 62 (16.9%) 1.03 (0.72e1.50) 0.947

MRSA, methicillin-resistant S. aureus; MSSA, methicillin-susceptible S. aureus; SAB, S. aureus bloodstream infection. aHigh-risk focus: endocarditis, central nervous system,
abdominal and respiratory [4,15].
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The primary outcome was overall 90-day mortality, based on
previous consensus definitions [9]. The main exposure variables
were the proportion of patients with adherence to the different QCI
among those in whom each specific QCI was feasible. The QCIs
collected included performance of follow-up blood cultures, early
focus control, performance of transthoracic or transoesophageal
echocardiography, adequate antimicrobial therapy [10], and
adequate duration of therapy [11]; their definitions and criteria for
being excluded from the denominators for each of them are pre-
sented in Table S1. The duration of therapy considered both intra-
venous and oral antimicrobials. Empirical treatment was
considered adequate according to in vitro activity of the antimi-
crobial used. For evaluation of treatment duration and to avoid
immortal time bias only patients who survived for at least 10 or
28 days were evaluated in non-complicated and complicated cases,
respectively. Landmark times were established for each QCI, and
analyses were performed only on those patients alive at day 5 (for
performance of follow-up blood cultures and focus control), day 7
(for performance of echocardiography), day 10 (for duration of
treatment in patients with uncomplicated SAB) and day 28 (for
duration of treatment in patients with complicated SAB). Adher-
ence to treatment duration was considered adequate in patients
who died while on treatment if the other QCIs were fulfilled.

Type of acquisition was defined according to Friedman's criteria
[12]. Severity of infection on the day the first blood culture was
positive was evaluated using the ‘Sepsis-related Organ Failure
Assessment’ score [13]. The focus of bloodstream infection was
defined according to the infectious disease physician's evaluation
and complementary microbiological results. In complex cases with
two or more possible foci, a hierarchical ranking was established to
assign the focus (dominant focus), as defined previously [14,15],
Table 2
Rate of adherence to quality-of-care indicators

Quality-of-care indicator Adherence

Follow-up blood culture
Performed

66.9% (1180/1762)

Early focus control
Performed early
Performed late
Not performed

31% (416/1342)
6.5% (87/1342)
62.5% (839/1342)

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

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

Adequate targeted antimicrobial therapy
Adequate
Adequate, MSSA
Adequate, MRSA

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

Treatment duration in uncomplicated SABa

Adequate
88.6% (851/960)

Treatment duration in complicated SABb

Adequate
61.2% (366/598)

MRSA, methicillin-resistant S. aureus; MSSA, methicillin-susceptible S. aureus; SAB, S. au
a Patients who survived for at least 10 days were included.
b Patients who survived for at least 28 days were included.
namely, endocarditis > osteoarticular > pneumonia > other deep
focus > surgical wound > skin and soft tissue > central venous
catheter > peripheral venous catheter. Persistent bloodstream
infection was defined as isolation of S. aureus with the same
phenotype in follow-up blood cultures after at least 48 hours of
treatment with an in vitro active intravenous drug. Septic metas-
tases were defined as diagnosis of a distant infection at a previously
sterile site.

For clinical decision-making purposes, SAB was considered
complicated if any of the following criteria were present: (a)
persistent bloodstream infection, (b) endocarditis, (c) metastatic
foci or a deep-seated focus such as osteoarticular infection or
visceral abscess, (d) and the presence of any device-related infec-
tion where the device could not be completely removed within the
first 3 days [16,17].
Statistical analysis

Univariate comparisons were performed using the chi-square or
Fisher tests for qualitative variables and the Student t test or Mann-
Whitney U test for continuous variables, as appropriate. Univariate
analyses of factors potentially associated with in-hospital (death
during index hospitalization) and 90-day mortality, including the
QCIs, were performed by univariate Cox regression. The adjusted
impact of each QCI on mortality was analysed in a two-step pro-
cedure. First, a general Cox regression model was performed to
identify variables associated with mortality. Second, variables with
a univariate p < 0.20 in that model were used to control for their
possible confounding effect on the impact of each QCI on mortality.
Because the populations for which each QCI could be evaluated
were different, to avoid immortal time bias, a model that included
Excluded patients and reasons

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

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

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

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

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

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

reus bloodstream infection.
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the dichotomous variable ‘performance of the rest of the bundle’
was built for each QCI. In addition to establishing landmark times,
the ‘performance of echocardiography’ and ‘focus control’ of QCIs
were analysed as time-dependent variables to avoid further
immortal time bias. Centres were grouped into low- and high-risk
on the basis of their 30-day mortalities using regression tree
analysis, and this variable was included in the multivariable
analysis to control for the effect of centre [8]. SPSS 18.0 software
(IBM SPSS, Chicago, IL, USA) and TreeNet software (Salford Sys-
tems) were used for statistical analysis.

Results

During the study period, 2021 eligible cases of SAB were
included. Fifty-nine patients from three hospitals were excluded
because the hospitals in question recruited fewer than 25 cases
over 2 years, 70 were excluded because of SAB in the previous
12 weeks, and 108 because they died in the first 72 hours.
Therefore, 1784 cases were included in the final analysis. There
were no missing data regarding relevant variables. There were 41
cases lost to 90-day follow-up, with a median time of follow-up of
28.5 days.

Patient characteristics are summarized in Table 1; the median
age was 65 years (interquartile range [IQR], 52e77), and 640
(35.9%) were women. The most frequent foci of SAB were skin and
soft tissue (522/1784 patients; 29.3%) and vascular catheter
infection (434/1784; 24.3%). Endocarditis was diagnosed in 137/
1784 cases (7.7%). The focus was unknown in 17.2% of cases (306/
1784), and the focus was microbiologically confirmed in 539/1784
(30.2%). Overall, 27% (482/1784) of the patients presented with
septic shock and 41.1% (734/1784) had complicated SAB. Empirical
treatment was considered adequate in 1634 of 1784 cases (91.6%).
In-hospital mortality was 20.9% (372/1784 cases) and 90-day
mortality was 29.9% (534/1784 cases); the latter was 32.2% (236/
734 cases) in patients with complicated bloodstream infection
and 28.4% (298/1049 cases) in those with uncomplicated blood-
stream infection. Mean follow-up for surviving patients was
118 days (IQR, 94e187).

Rates of adherence to the QCIs are shown in Table 2. The mean
treatment duration in patients with complicated bacteraemia not
adhering to the QCI was 16 days (IQR, 13e20). The full bundle was
adhered to in 18.4% of cases (328/1784).

In univariate analysis, early or late focus control and adequate
targeted therapy were associated with lower in-hospital mortal-
ity, whereas only early or late focus control was significantly
associated with a protective effect for 90-day mortality. Perfor-
mance of echocardiography (early or late) and appropriate tar-
geted therapy were nonsignificantly associated with low 90-day
mortality (Table 1).

The multivariable analysis is shown in Table 1. The following
variables showing p < 0.20 for their association with 90-day
mortality were potential confounders for the effect of QCI: age
�60 years old, Charlson index �2 points, community acquisition,
complicated bloodstream infection, methicillin-resistant S. aureus
infection, sepsis or septic shock, high-risk centre and adequate
empirical therapy. The dominant focus of infection was also
included because of its clinical relevance. Multivariable models
(one per QCI) were then built to provide an estimate of the impact
of each QCI on 90-day mortality, adjusted for the previously
identified general mortality predictors (Table 3 and Fig. 1). Focus
control (adjusted hazard ratio ¼ 0.76; 95% CI, 0.59e0.99; p 0.038)
and adequate targeted antimicrobial therapy (adjusted hazard
ratio ¼ 0.75; 95% CI, 0.61e0.91; p 0.004) were associated with low
90-day mortality, whereas follow-up blood cultures before day 5
and adequate duration of therapy were not. The estimate for the



Fig. 1. Multivariable analysis of variables associated with 90-day mortality among patients with Staphylococcus aureus bloodstream infection according to performance of quality-
of-care clinical indicators. * Multivariable analysis was performed including the following correcting variables: performance of the rest of the bundle, age �60 years, Charlson index
�2 points, community acquisition, focus of infection, complicated bloodstream infection, methicillin-resistant Staphylococcus aureus, sepsis or septic shock, high-risk centre, and
adequate empirical therapy. A detailed description can be found in Supplementary Table E.
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performance of echocardiography did not achieve statistical sig-
nificance although the upper limit of the confidence interval was
close to 1.

Discussion

Management of SAB is highly heterogeneous, even among in-
fectious disease physicians [7,18]. Adherence to a QCI bundle in the
management of SAB improves patient management and is associ-
ated with low mortality rates [4,19].

Several studies have shown that the involvement of an infec-
tious diseases specialist is associated with improved management
and outcomes in patients with SAB [2]; implementation of a
multimodal approach to SAB in the form of a ‘care bundle’ also
improves adherence to the current international recommendations
for the management of SAB and reduces 14- and 30-day mortality
[4,20]. Our aim was to analyse the specific impact on the prognosis
of patients with SAB of each QCI in the care bundle.

Adherence to the management recommendations was variable
and depended on the QCI in question. Focus control was ultimately
performed in only 37.5% of patients in whom it was formally indi-
cated. Adequacy of empirical treatment and duration of treatment
in uncomplicated SAB was considered correct in more than 90% of
cases. However, no follow-up blood cultures were performed in up
to 33% of patients, and almost 40% of complicated SAB cases
received less than 28 days of treatment. Overall adherence to the
bundle of care was 18.4%. These rates of adherence are significantly
lower than those previously reported, although this could also be
related to the arbitrary but strict time criteria established when
evaluating adherence to each individual QCI. We think that non-
adherence to clinical recommendations may be related to insuffi-
cient high-quality data supporting certain aspects of SAB man-
agement [7], as well as to differences in local practice.

Analysing the impact on outcome of each QCI is challenging for
different reasons. First, a particular QCImay not apply to all patients
(e.g. focus control is not possible for pneumonia except in the case
of empyema). Consequently, we excluded patients from the corre-
sponding QCI for specific analysis of that QCI. Second, they can be
applied at different times, which may lead to immortal time bias,
although their impact may also depend on how early they are
applied. To control for these, we excluded patients who died before
a specific landmark time and included them as time-dependent
variables when applicable. Finally, the impact of confounders,
including adherence to the other QCIs, was also controlled for by
multivariable analysis.
Focus control and adequate targeted antimicrobial therapy were
independently associated with a low risk of death in our analysis, a
result that is clinically sound. The estimate for performing echo-
cardiography was at the borderline of significance, although we
only considered it mandatory in patients with complicated SAB.
Broad spectrum antibiotics were considered non-adequate when
the predefined adequate antimicrobials were not administrated.
This could reflect a less than desired adherence to the corre-
sponding QCI.

Although we cannot rule out the influence of residual immortal
time bias, echocardiography results may also have some impact
with adaptation of certain aspects of treatment depending on the
results, particularly in patients diagnosed with endocarditis.
Finally, performing follow-up blood cultures and appropriate
duration of therapy were not significantly associated with mor-
tality; these interventions might be more closely related to the risk
of relapse or late complications. The fact that an independent
impact on mortality could not be demonstrated for some QCI
should not be interpreted as that they are not needed. Lack of
power and correlation with the effect of other QCI may partially
explain this. In addition, compliance with indicators such as
echocardiography or follow-up blood cultures do not have a direct
effect on mortality; however, their results could condition the
antibiotic duration or surgical management, situations that do
have a prognostic impact.

Our study has several limitations worth noting. We did not
collect some data, such as duration of fever, serum vancomycin
levels or details of the dosages of antimicrobials. Although the
definition of complicated bloodstream infection often includes
persistence of fever 72 hours after initiating effective antimicrobial
therapy and the presence of an osteoarticular device that cannot
be removed within the first 3 days, this information was not
available in our database. The absence of follow-up control blood
cultures causes underestimation of the true frequency of persis-
tent bacteraemia and consequently of complicated bacteraemia,
which may explain the relatively similar 90-day mortality rates
between patients with uncomplicated and complicated SAB.
Similarly, low adherence to echocardiography performance could
have lowered the rate of endocarditis diagnosis. Analysis of focus
control was not based on the individual characteristics of each
case, but was predefined according to the primary focus of infec-
tion [8]. Consequently, the rate of adherence to this QCI may be
underestimated owing to the possible inclusion of patients in
whom focus control was not indicated. Furthermore, it was not
possible to determine the influence of age and comorbidities on
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the final decision to perform focus control. Finally, residual
immortal time and confounding biases may have occurred despite
our best efforts. The strengths of the study are that it is prospective
and multicentre, with detailed definitions of adherence to quality-
of-care recommendations, and the efforts described above to
control for bias.

In conclusion, our results show that QCIs are applied in a het-
erogeneous manner, and that, beyond their impact as a bundle,
some of them seem to have a measurable independent impact on
mortality in patients with SAB.
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