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Summary and what's new in comparison with the previous sepsis
guideline

The Dutch Working Party on Antibiotic Policy (SWAB) in collaboration with the Dutch Society of Medical
Microbiology, the Netherlands Society of Internal Medicine, the Dutch Society for Intensive Care, the
Dutch Society for Surgery, the Dutch Society of Hospital Pharmacists and the Dutch Society of
Emergency Physicians, has updated the Dutch evidence-based guidelines on antibacterial therapy of
sepsis in adults.

These guidelines are written for adult patients with bacterial sepsis according to the Sepsis-3 criteria.l
Some causes of sepsis are not included, such as neutropenic sepsis, osteomyelitis, meningitis,
mediastinitis and endocarditis. We also did not provide recommendations on patients with sepsis and
intravascular prosthetic material or long-term central venous catheters.

The guideline is based on 10 population, intervention, comparison, and outcomes (PICO) questions
relevant for the Dutch clinical setting that the committee generated (Table 1). For each question we
performed evidence summaries, which were assessed using the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) system. Quality of evidence for clinically relevant
outcomes was graded from high to very low. The committee formulated recommendations after
structured discussions as strong or weak. When evidence could not be obtained, recommendations
were provided on the basis of opinions and experiences (good practice statements).

The 2026 SWAB sepsis guidelines were partially revised in comparison to the 2020 version. For the
revision of the guideline in 2026, we updated 5 chapters: chapters 1, 2 and 3 on causative bacterial
pathogens of sepsis in the Netherlands and their antibacterial resistance patterns; chapter 8 on the
optimal duration of antibiotic treatment, with a focus on patients with gram-negative bacteraemia;
and chapter 9 on pharmacokinetic / pharmacodynamic dosing considerations, with a focus on whether
prolonged use of beta-lactam antibiotics is superior to intermittent administration. In addition, we
removed chapter 7 on the approach to patients with sepsis and a suspected penicillin allergy, as the
SWAB guideline for the approach to suspected Antibiotic Allergy was developed in 2022, to which we
now refer in chapter 6.2 Based on this process, the guideline includes 56 recommendations on the
antibacterial management of sepsis in adults (see recommendations below).

The committee would like to underscore the difficulty of providing evidence-based recommendations
regarding ESBL coverage for patients with sepsis. In the Netherlands, the probability of the causative
pathogen producing ESBL enzymes is an important variable in the choice of empirical treatment. 3GCR-
E is often used as a proxy for ESBL-production. National surveillance data from 2024 showed that 9%
of Escherichia coli and 14% of Klebsiella pneumoniae blood isolates were resistant to 3™ generation
cephalosporins. However, Dutch research has shown that it is difficult to predict whether the causative
pathogen will be a 3GRC-E in a patient with sepsis and that in community-acquired sepsis, excluding
patients with prior 3GCR-E colonisation or infection, the risk of 3GCR-E involvement is very low. The
committee recommends to cover 3GCR-E in patients if prior (1-year) culture revealed 3GCR-E. In
patients without prior (1-year) cultures showing 3GCR-E the decision to empirically cover 3GCR-E
should be made on an individual patient basis taking into account multiple risk factors. Due to the
steep increase in ceftriaxone resistance in Klebsiella pneumoniae in blood cultures in 2024, we added
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a new recommendation in the update of the guidelines to consider antibacterial therapy escalation in
patients with persistent sepsis when K. pneumoniae is cultured, pending susceptibility results.

In current clinical practice the choice of empirical antibacterial treatment of sepsis differs considerably
between hospitals, varying from a third generation cephalosporin, piperacillin-tazobactam, a
combination of a second/third generation cephalosporin with short-term treatment with an
aminoglycoside, a combination of a second or third generation cephalosporin with a fluoroquinolone
to a carbapenem. The final choice is therefore dictated by the likelihood of involvement of a resistant
causative pathogen, by the desire to avoid the use of third-generation cephalosporins,
fluoroquinolones and/or carbapenems from an antibiotic stewardship perspective and by risks of
toxicity and other potential adverse events for the patient.

We therefore cannot provide strong recommendations on the best empirical treatment in sepsis based
on the currently available literature. We found only subtle differences between strategies on clinical
outcomes in studies that were also frequently not generalizable to the Dutch clinical setting. Every
strategy has advantages and disadvantages depending on the mentioned perspectives (resistance
epidemiology, pharmacokinetic/pharmacodynamic (PK/PD) properties, antibiotic stewardship,
adverse events). Consequently, the committee provided pragmatic suggestions for empirical
treatment choices in patients with sepsis based on current evidence, reported resistance rates
nationally, the antibiotic stewardship perspective and risk of adverse events.

In patients with sepsis, we generally recommend using a beta-lactam antibiotic covering the most likely
involved pathogens. Also, we recommend to cover pathogens in prior (1-year) relevant cultures in
general. We added suggestions on empirical therapy for Pseudomonas aeruginosa, Staphylococcus
aureus and Enterococcus spp.

Similarly, we provided pragmatic suggestions for the optimal timing to start empirical antibacterial
treatment in a patient with sepsis. Based on new studies, we were able to generally recommend on
shorter treatment durations of patients with sepsis in comparison with the previous guidelines. The
committee also underscores the responsibility of clinicians to de-escalate antibacterial therapy in
patients with sepsis, especially when very broad spectrum has been started. Due to toxicity concerns,
we strongly recommend to stop empirical aminoglycoside treatment after two days.

The previous SWAB sepsis guideline suggested an antibacterial treatment duration of 7 days for most
patients with gram-negative bacteremia. Recently supported by high-quality evidence, this has now
lead to a strong recommendation in the updated guidelines regarding the treatment duration for
patients with Enterobacterales bacteraemia, including sepsis.

Among recommendations on PK/PD considerations in patients with sepsis, we continue to recommend
prolonged use of beta-lactam antibiotics over intermittent dosing in critically ill patients with sepsis.
This recommendation is now supported by a stronger body of evidence compared with the evidence
available at the time of the previous guideline. Therapeutic drug monitoring is recommended for all
patients on aminoglycoside and vancomycin treatment.

A flow chart is provided in Figure 1 which summarizes the given recommendations on the empirical
antibacterial treatment of sepsis.
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196  Figure 1. Flow chart of guideline recommendations on empirical antibiotic treatment of sepsis
. — Neutropenic sepsis? . e
1. Does the patient have sepsis? ‘ —*| viral/ fungal infection? - » Outside scope guideline
Prosthetic material / long-term CVC?
Osteomyelitis / meningitis / mediastinits /
endocarditis?
2. What is the estimated risk of involvement of 3GCR-E? ‘
Low risk ‘ | Increasedrisk | High risk
Unknown focus [ : :
| Carbapenem-sparing strateqy: M_erppenem/ | 3. Other considerations
i L—»{ 2GC/3GC plus an aminoglycoside imipenem
q - (plus metronidazole when applicable) monotherapy
3¢ generation We recommend to take into account prior (1 year) relevant
cephalosporin™ clinical and screening cultures in the choice of empirical sepsis
therapy = Chapter 4
v
K - Non-carbapenem-sparing strategy See Table 7for
nown focus (e.g. when impaired renal function): it ti irical
o Meropenem/ imipenem el el No need for empirical anti-enterococcal therapy except for
i i monotherapy Chapter 6 selected cases > Chapter 4
Lung (CAP): ) Lung (VAP/HAP):
= SWAB CAP guideline > See Table 6 High likelihood of P. aruginosa involvement based on prior (1
year) relevant cultures = Table 6, chapter 6
Cholangtis: Abdomen (other):
3 generation 34 generation cephalosporin — -
cephalosporin + metronidazole | High likelihood of S. aureus involvement = Table 8, chapter 6 |
Risk assessment for the need to empirically treat 3GCR-E:
- - Increased risk: Individual risk estimation based on local prevalence of | Reported penicillin allergy = SWAB Antibictic Allergy guideline |
Skin and soft t]ssu’?*s* 3GCR-E, hospital-acquired/health-care associated versus community-
= Other guidelines acquired, prior (2 months) broad-spectrum antibiotic use, concurrent use of
SDD, prior (3 months) travel to a highly endemic courtry (see | Timing of empirical antibacterial therapy > Chapter 7 |
Urinary tract www.resistancemap. cddep. org) and prior (2 months) hospitalization abroad
= SWAB T uidelne High risk: patients with sepsis and prior (1 year) proven colonization or | e ———— |
infection with 3GCR-E 2 e
Central venous catheter
> see Table 6 Klebsiella pneumoniae sepsis, no susceptibility yet and ongoing sepsis: : : :
consider treatment escalation for 3GCR-E, pending susceptibility results. | Duration.of artibactenal therapy > Table 9, chapter 8 |
See Table 6 for alternative empirical treatment strategies
> Chapter 6 | Dosing strategies > Table 10, chapter 9 |
213 * For the diagnosis and non-antibiotic treatment of sepsis we refer to the Dutch guideline ‘Sepsis fase 1’.3 ** For this guideline 3GC includes ceftriaxone and cefotaxim and
214 does not include the anti-pseudomonal cephalosporin ceftazidime. *** Guidelines on skin and soft tissue infections.* > Abbreviations: 3GCR-E: 3rd generation cephalosporin-
215 resistant Enterobacterales; 2GC: second generation cephalosporin; 3GC: 3rd generation cephalosporin; SDD: selective decontamination of the digestive tract.
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Recommendations

| Causative bacterial pathogens in sepsis

Which patients are at risk for sepsis due to third-generation cephalosporin-resistant Enterobacterales

or P. geruginosa in the Netherlands? (chapter 3)

Recommendation

Strength

Quality of
evidence

1. We recommend empirical therapy against 3GCR-E in patients with sepsis
and prior (1 year) proven infection or colonization with 3GCR-E

Strong

Very low

2. We suggest that clinicians take into account the risk of 3GCR-E
involvement in sepsis on an individual patient basis to decide if empirical
antibacterial therapy against 3GCR-E is appropriate

Factors to guide this decision include local prevalence of 3GCR-E, if the
infection is hospital-acquired/health-care associated versus community-
acquired, prior (2 months) broad-spectrum antibiotic use, concurrent use
of SDD, prior (3 months) travel to a highly endemic country (see
https://resistancemap.cddep.org/) and prior (2 months) hospitalization

abroad

Weak

Very low

3. We suggest to consider escalation of antimicrobial therapy in patients
with persistent sepsis on 3rd generation cephalosporin treatment when a
relevant K. pneumoniae isolate has been cultured, pending susceptibility
results

Weak

Very low

4. We recommend empirical therapy against P. aeruginosa in patients with
sepsis and prior (1 year) infection or colonization with P. aeruginosa

Strong

Very low

Il Empirical antibacterial therapy in sepsis

What is the importance of appropriate empirical therapy in patients with sepsis? (chapter 4)

Recommendation Strength Quality of

evidence
5. We recommend empirical broad-spectrum antibacterial therapy for | Strong Moderate
patients presenting with sepsis to cover all pathogenic bacteria that are
likely to be involved
6. We recommend to take into account prior (1 year) resistance in relevant | Strong Very low
clinical and screenings cultures in the choice of empirical sepsis therapy
7. We recommend that empirical antibacterial therapy is guided by the | Strong Very low
local distribution of pathogens associated with sepsis and their
antimicrobial susceptibilities

7
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enterococcal involvement based on recent relevant cultures and those
with recent complicated intra-abdominal surgery or a suspected CVC

infection and substantial exposure to broad spectrum antibiotics

individual patients with sepsis, e.g. those who have a high likelihood of

8. We suggest empirical antibacterial therapy for patients presenting with | Weak Very low
sepsis to cover HRMO when these are likely to be involved

9. We suggest empirical antibacterial therapy covering anaerobic bacteria | Weak Very low
for patients presenting with sepsis and intra-abdominal infections of the

lower intestinal tract or necrotizing soft tissue infections

10. We generally suggest against routine empirical treatment of anaerobic | Weak Very low
bacteria in patients presenting with sepsis due to aspiration pneumonia,

unless empyema or a lung abscess is suspected

11. We generally recommend against routine empirical treatment of | Strong Moderate
enterococci in patients presenting with sepsis

12. We suggest that anti-enterococcal therapy could be considered in | Weak Very low

What is the effect of double active empirical antibacterial therapy compared to monotherapy in

patients with sepsis? (chapter 5)

therapy for patients with sepsis due to S. aureus infection not associated
to prosthetic material

Recommendation Strength Quality of
evidence

13. We recommend against routine double active empirical antibacterial | Strong Moderate

therapy* for patients with sepsis or septic shock.

14. We suggest that double active therapy is not routinely used as definite | Weak Very low

therapy for patients with sepsis due to P. aeruginosa infection

15. We suggest that double active therapy is not routinely used as definite | Weak Moderate

* We defined double active antibacterial therapy as treatment with two classes of antibiotics, both targeting the

known or suspected causing pathogen(s) (e.g., ceftriaxone and an aminoglycoside to target gram-negative

pathogens) and with the specific purpose to accelerate pathogen clearance rather than to broaden antimicrobial

coverage. Also frequently referred to as combination antibiotic therapy. Of note, the use of two antibiotics for

the increased likelihood of covering the causing agent (broadening the spectrum), or for covering multiple

causing agents (e.g., aerobic and anaerobic bacteria) was not included in the definition of double active therapy.

What is the optimal choice of empirical therapy in patients with sepsis in the Netherlands? (chapter 6)

Antibacterial therapy in patients with sepsis in general

Download from SWAB.nl | 2026-06-10 15:23
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evidence
16. In patients with sepsis, we generally recommend using a beta-lactam | Strong Moderate
antibiotic covering the most likely involved pathogens
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17. In patients with sepsis in general / with no obvious source of infection, | Weak Low
we suggest a 3rd generation cephalosporin (3GC). Alternative empirical

treatment strategies are listed in Table 6

18. In patients with sepsis due to HAP or VAP, we suggest that there are | Weak Low
equivalent empirical treatment strategies, listed in Table 6

19. In patients with sepsis due to cholangitis, we suggest a 3GC. Alternative | Weak Low
empirical treatment strategies are listed in Table 6

20. In patients with sepsis due to intra-abdominal infection, we suggest a | Weak Low
combination of a 3GC with metronidazole.

Alternative empirical treatment strategies are listed in Table 6

21. In patients with sepsis and a suspected CVC infection*, we recommend | Strong GPS
prompt removal of the line

22. In patients with sepsis and suspected CVC infection, we suggest | Weak GPS

empirical treatment with a 3GC** with gentamicin or high dose
ciprofloxacin
Alternative treatment strategies are listed in Table 6

23. For the empirical treatment of sepsis due to UTI, CAP and SSSI’s and for
patients with sepsis and suspected antibiotic allergy, we refer to other

guidelines®*”’

Antibacterial therapy in patients with sepsis and increased risk of involvement of 3GCR-E

* Recommendations for sepsis due to suspected long-term CVC's were not included in this guideline
** 3GC may be given in high dose for more optimal PK/PD for S. aureus infections in accordance to EUCAST

24. In patients with sepsis and high risk of involvement of 3GCR-E based on
prior (1 year) infection/colonization, we recommend meropenem or
imipenem as empirical antibacterial therapy.

Alternative strategies are listed in Table 7

Strong

Moderate

25. In patients with sepsis and increased risk of involvement of 3GCR-E but
no prior (1 year) infection/colonization, we suggest that a carbapenem-
sparing strategy (listed in Table 7) is acceptable

Weak

Very low

26. We cannot provide a recommendation for or against empirical or
definite treatment with piperacillin-tazobactam in patients with sepsis due
to chromosomal AmpC-producing Enterobacterales (such as Enterobacter,
Serratia, Citrobacter, Providencia and Morganella spp)

27. In patients with sepsis due to ESBL-producing Enterobacterales, we
recommend against piperacillin-tazobactam as definite antibacterial
therapy regardless of the in vitro susceptibility

Strong

Moderate

Antibacterial therapy in patients with sepsis and increased risk of involvement of Staphylococcus aureus

28. There is insufficient evidence to recommend against empirical use of
other beta-lactam antibiotics than flucloxacillin or cefazolin in patients
with sepsis in which S. aureus is a likely pathogen.

Empirical sepsis treatment strategies when there is a substantial risk of S.
aureus involvement are listed in Table 8
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29. For definite therapy of patients with sepsis due to S. aureus, we refer
to the Dutch guideline on S. aqureus bacteraemia.®

Il Timing and duration of antibacterial therapy in sepsis

What is the optimal timing of empirical antibacterial therapy in patients with sepsis? (chapter 7)

Recommendation

Strength

Quality of
evidence

30. In patients with sepsis or septic shock, we recommend that the
administration of antibacterial treatment should be initiated promptly
with health care systems working to reduce that time to as short a duration
as feasible

Strong

Low

What is the optimal duration of antibacterial treatment for sepsis? (chapter 8)

Recommendation

Strength

Quality of
evidence

31. For treatment duration of sepsis due to CAP, UTI, SSSI and of sepsis due
to S. aureus infection, we refer to other guidelines*®

32. We recommend source control interventions when possible to support
antibacterial treatment in patients with sepsis.

Strong

Low

33. We recommend that a four-day course of antibacterial treatment is
appropriate for patients with sepsis due to intra-abdominal infections
following effective source control and with favourable clinical response

Strong

Moderate

34. We suggest that shorter courses of antibacterial treatment (up to three
days) are appropriate in patients with sepsis and cholangitis following
adequate drainage of the biliary tree

Weak

Very low

35. We recommend that an antibacterial treatment duration of 7 days is
adequate for most patients with sepsis due to VAP

Strong

Moderate

36. We suggest that an antibacterial treatment duration of 7 days is
adequate for most patients with sepsis due to HAP

Weak

Very low

37. We suggest that an antibacterial treatment duration of 7 days at
maximum is adequate for most patients with sepsis due to suspected CVC
infection with gram-negative pathogens following removal of the CVC and
with favourable clinical response

Weak

Very low

38. We suggest that an antibacterial treatment duration of 0 to 7 days is
adequate for most patients with sepsis due to suspected CVC infection
with CNS or enterococci following removal of the CVC and with favourable
clinical response

Weak

GPS

39. We recommend that an antibacterial treatment duration of 7 days is
adequate for most patients with Enterobacterales bacteraemia, including
sepsis, unless the underlying diagnosis or lack of source control requires a

longer or shorter duration

Strong

Moderate-
high
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40. We suggest that an antibacterial treatment duration of
7 days is adequate for sepsis and septic shock without a clear focus in most
patients with favourable clinical response

Weak

Low

41. We recommend daily assessment for the need of antibacterial therapy
in patients with sepsis and to discontinue therapy when during follow-up
there is lack of clinical or microbiological evidence of infection

Strong

GPS

42. We suggest that procalcitonin levels are used to support shortening the
duration of antibacterial therapy in patients with sepsis if optimal duration
of antibiotic therapy is unclear

Weak

Moderate

43. We recommend to consider antibiotic de-escalation (resulting in
smaller spectrum antibiotics) in all patients on antibiotics for sepsis on a
daily basis and based on pathogen identification, sensitivities and risk of
adverse events

Strong

Very low

44. We recommend to stop empirical aminoglycoside therapy within a
maximum of two days

Strong

Low

45. We recommend to switch systemic antibiotic therapy from intravenous
to oral antibiotic therapy after 48 -72 hours on the basis of the clinical
condition and when oral treatment is feasible

Strong

Very low

IV Pharmacokinetic and pharmacodynamic considerations in sepsis

In patients with sepsis,

should we recommend pharmacokinetic/pharmacodynamic dosing

optimization for empirical antibacterial therapy? (chapter 9)

Recommendation Strength Quality of

evidence
46. In patients with sepsis, we suggest that dosing strategies of | Weak Low
antibacterial therapy be optimized based on accepted pharmacokinetic /
pharmacodynamic principles and specific drug properties (Table 10)
47. For adults with sepsis or septic shock treated on the intensive care unit, | Strong High
we recommend prolonged infusion of piperacillin-tazobactam or
carbapenems for maintenance (after an initial loading dose) rather than
bolus administration.
48. For adults with sepsis or septic shock treated on the intensive care unit, | Weak Low to
we suggest prolonged infusion rather than bolus administration for other moderate
beta-lactams such as cephalosporines/penicillins, taking their
pharmacokinetic properties into account.
49. In patients with sepsis, we recommend direct therapeutic drug | Strong GPS
monitoring (including either mid-dosing or both peak and through levels)
during aminoglycoside treatment in patients with sepsis and septic shock
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50. In patients with sepsis, we recommend therapeutic drug monitoring | Strong GPS
during vancomycin treatment in patients with sepsis and septic shock

51. In patients with sepsis, we suggest therapeutic drug monitoring when | Weak GPS
there are concerns on target attainment of other antibacterial drugs than

aminoglycoside and vancomycin (e.g. extreme body weight, augmented or

decreased renal clearance, hypoalbuminemia)

52. In patients with sepsis, we suggest continuous* infusion of vancomycin | Weak GPS
53. In patients with sepsis in whom ciprofloxacin is indicated, we suggest | Weak GPS

empirical ciprofloxacin three times daily 400 mg iv

* Continuous infusion includes one intermittent dose as a loading dose
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Introduction and methodology

General introduction

Sepsis is currently defined as life-threatening organ dysfunction caused by a dysregulated host
response to infection.” 1* 1 Sepsis and septic shock are common reasons for intensive care unit (ICU)
admission and have high mortality rates, even at long-term follow-up.>*° In 2004, the estimated
annual number of admissions for severe sepsis in Dutch ICU’s was 7700 to 9500.% The incidence of
sepsis may have risen in recent decennia, possibly due to ageing and increasing numbers of
immunocompromised patients.'> *> 2! Antibacterial therapy is an essential part of effective sepsis
treatment. Inappropriate or delayed antibacterial treatment in patients with sepsis and septic shock

are associated with increased morbidity and mortality.?%?’

The Dutch Working Party on Antibiotic Policy (SWAB), initiated by the Dutch Association of Internal
Medicine, the Dutch Society for Medical Microbiology and the Dutch Association of Hospital
Pharmacists, coordinates activities in the Netherlands with the aim to optimize antibiotic use, to
contain the development of antimicrobial resistance, and to limit the costs of antibiotic use. For this
purpose, SWAB develops evidence-based guidelines on antibiotic treatment, intended for the Dutch
situation. SWAB also yearly reports on the use of antibiotics and on trends in antimicrobial resistance
in The Netherlands in NethMap (available from www.swab.nl), in collaboration with the Centre for
Infectious Diseases Control, National Institute for Public Health and the Environment (Clb-RIVIM).?8

The general objective of the SWAB sepsis guideline is to guide medical professionals in empirical
antibacterial treatment for adults with sepsis and septic shock in hospitals in the Netherlands. The
current guidelines on empirical antibacterial therapy of sepsis in the Netherlands is an update of the
SWAB sepsis guidelines published in 2020.2° The first step for the update included the establishment
of a guideline committee with individuals from all relevant Dutch professional medical societies
involved in the care for adults with sepsis. The group included experts in the field of sepsis and
methodology.

Scope and target audience

The guideline articulates the prevailing professional standard in sepsis and contains general
recommendations for the antibacterial treatment of hospitalized adults. Sepsis is a complex syndrome
that can originate from multiple sites of infection. Patients with sepsis comprise a very heterogeneous
population and in the individual patient there are always nuances and uncertainties in the ultimate
diagnosis of sepsis. It is therefore possible that these recommendations are not applicable in an
individual patient case. The applicability of the guideline in clinical practice is the responsibility of the
treating physician. There may be facts or circumstances when non-adherence to the guideline is
desirable in the interest of good patient care.

We aimed to provide an overview of the quality of available evidence and give evidence-based
recommendations for empirical treatment of sepsis in adults (218 years old). We restricted the
guideline to the most important causes of sepsis. Pneumonia is the most common source of sepsis in
adults, followed by abdominal infections, urinary tract infections (UTI) and complicated skin and soft
tissue infections (SSTI).1* 16:30-32 |n addition, we included sepsis in general or of (yet) unknown origin
and a separate chapter on sepsis and suspected central venous catheter infection. The definitions used
in this guideline are specified in the next section.
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The SWAB sepsis guideline cannot be applied to children with sepsis nor to patients with sepsis due to
viral or fungal infections. For these infections we refer to the SWAB guideline on fungal infections®?
and guidelines on treating specific viral infections, like Influenza.?* Other populations that are excluded
from the guideline are patients with neutropenic fever or sepsis and patients with sepsis due to central
venous catheters for long term venous access (e.g. port-a-cath, Broviac). This guideline doesn’t include
recommendations on the diagnosis of sepsis; treatment of sepsis other than antibacterial treatment,
including interventions on source control; monitoring of sepsis; and care after recovery of sepsis. For
recommendations on these topics, we refer to the general Dutch sepsis guideline of which this SWAB
guideline is a component, initiated by the NIV, and of which the concept of the first phase was recently
distributed.?

The guideline committee defined the scope of the guideline and key questions to be answered. The
definite list of key questions was based on key questions in the previous version of the guideline and
priorities for clinical practice. Table 1 shows the final key questions. Questions covering interventions
were structured into the PICO format (Population; Intervention; Control; Outcomes, see appendix).

Guideline committee members were assigned to one or more key questions.

Table 1. Key questions SWAB guideline for empirical antibacterial therapy of sepsis in adults
| Causative bacterial pathogens in sepsis

1 Which bacteria are most  frequently isolated from patients with
sepsis in the Netherlands?

2 What are the resistance patterns of the most frequently isolated bacteria in patients with
sepsis in the Netherlands?

3 Which patients are at risk for sepsis due to third-generation cephalosporin-resistant
Enterobacterales (3GCR-E) or P. aeruginosa in the Netherlands?

| Empirical antibacterial therapy of sepsis
4 What is the importance of appropriate empirical therapy in patients with sepsis?

5 What is the effect of double active empirical antibacterial therapy compared to
monotherapy in patients with sepsis?

6 What is the optimal choice of empirical therapy in patients with sepsis in the Netherlands?
1} Timing and duration of antibacterial therapy in sepsis
7 What is the optimal timing of empirical antibacterial therapy in patients with sepsis?

8 What is the optimal duration of antibacterial treatment for sepsis?
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\} Pharmacokinetic and pharmacodynamic considerations in sepsis

9 In patients with sepsis, should we recommend pharmacokinetic/pharmacodynamic dosing
optimization for empirical antibacterial therapy?

Methodology

The guideline was written according to the Appraisal of Guidelines for Research & Evaluation (AGREE)
instrument.® In line with the AGREE instrument, the Guideline committee followed a guideline
development process comparable to that of the Infectious Diseases Society of America (IDSA), which
includes a systematic method of grading both the quality of evidence (very low, low, moderate, and
high) and the strength of the recommendation (weak or strong).®

Search strategy
In January 2017 the Surviving Sepsis Campaign International Guidelines for Management of Sepsis and

Septic Shock 2016 were published.?” In addition, several other international guidelines relevant to the
treatment of sepsis have been published recently, including the 2017 IDSA guideline on hospital-
acquired infections (HAP) and ventilator-associated infections (VAP) and the 2017 Surgical Infection
Society (SIS) guideline on intra-abdominal infections.®® 3° To prevent duplication of efforts we assessed
the quality of these guidelines using the Appraisal of Guidelines for Research & Evaluation (AGREE) Il
instrument.® The overall quality of the guidelines was high. We therefore used the literature included
in these guidelines for similar key questions and updated the literature since the search done by the
guidelines if necessary. We subsequently assessed if the evidence, grading of the evidence and
recommendations were applicable to the Dutch situation and patients with sepsis. If not, we
independently graded the evidence and developed recommendations as described below.

Several SWAB or other Dutch guidelines relevant for the treatment of sepsis have been published in
recent years, including the Dutch Society of Medical Microbiology (NVMM) concept guideline on S.
aureus bacteraemia (2019),% the SWAB guidelines on management of community-acquired pneumonia
(CAP, 2016),” “° invasive fungal infections (2017)3 and for antimicrobial stewardship (2016).** The
SWAB guideline on management of complicated urinary tract infections (2013) is currently being
updated.® The SWAB guideline on bacterial central nervous system infections (2012)° is older but still
adequate as judged by the SWAB executive board. The same holds true for the Dutch evidence-based
guideline on necrotizing soft tissue infections (2015) and the Dutch society of Dermatology and
Venereal Disease (NVDV) guideline on cellulitis and erysipelas (2013).* > Providing different
recommendations to established Dutch guidelines is not preferable as many will be updated before
the next update of the SWAB sepsis guideline. Therefore, relevant findings and recommendations in
the mentioned Dutch guidelines are summarized and referred to. Relevant new evidence was
mentioned only when it would change practice to patients with sepsis.

For questions not covered by the mentioned guidelines, we performed a search for systematic reviews
and included studies from relevant systematic reviews in PubMed, Embase and the Cochrane library.
When no systematic reviews were available we performed a search for randomized controlled trials
(RCT) in the same databases. Searches were either updated since the search in 2009 of the previous
SWAB sepsis guideline when applicable, or performed without a date limit. Two guideline members
and a clinical librarian set up the searches for systematic reviews and randomized controlled trials. The
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search strategy included synonyms for sepsis, the relevant study design and other appropriate
components of the population and intervention within the PICO question.

Studies were included on the basis of study design (RCT or systematic review), patient population,
appropriate intervention and control based on the key question. Studies were included when at least
50% of the patients were non-neutropenic adults with sepsis, bacteraemia or severe/complicated
infection (as defined by the study conductors) or when outcomes were reported separately for these
patients. We restricted to studies that included clinically relevant outcomes.*? In addition we included
studies reporting on the development of antibacterial drug resistance. We therefore included the
following outcome measures as defined by the conductors of individual studies:

1. Mortality: short-term mortality, long-term mortality (critically important outcome measure)

2. Morbidity: failure-free days, clinical cure, treatment failure, recurrence of infection, length of
ICU/hospital stay (important outcome measure)

3. Adverse consequences of therapy: superinfections with or without resistant micro-organisms
(important outcome measure); other adverse events; colonisation with resistant micro-
organisms

We did not include non-clinical, surrogate or economic outcome measures. Studies only reported in
languages other than English and Dutch were excluded.

For evidence on drug resistance in the Netherlands, the guideline committee used surveillance data
from 2017 in the NethMap annual report 2018.% For the update of the guideline, we updated NethMap
surveillance data with data from 2024.2%2 Reports of the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) guided the interpretation of susceptibility test results.**

Quality assessment of literature and formulation of recommendations

One guideline member performed quality assessment of the literature for individual key questions,
which was subsequently verified by other guideline members. The quality of evidence per outcome
variable was graded according to the GRADE (Grading of Recommendations Assessment, Development
and Evaluation) system, adopted by SWAB. Quality of evidence is determined by several factors, the
most important of these being study design (Figure 2).** The remaining factors (e.g. risk of bias) can
downgrade or upgrade the quality of evidence based on design. For example, an observational study
with a serious risk of bias is considered to have a very low quality of evidence. Also, if the number of
patients with sepsis in a study was not reported or very likely to be low, we downgraded based on
indirectness. The quality of evidence is indicated with a hyphen (-) when no evidence was obtained
from the literature. For readability purposes, we summarized quality of evidence for all clinically
relevant outcomes in the conclusions tables.

In the final step of the process recommendations were made. The strength of recommendations was
graded as Strong or Weak, taking the quality of evidence, patients’ values, resources and costs, and
the balance between benefits, harms and burdens into account (Figure 2).*® The SWAB Stewardship
Guideline committee and for example the WHO are of the opinion that a low quality of evidence does
not necessarily lead to a weak recommendation.?®* % For example, little evidence supports sepsis
removing the CVC in patients with sepsis and a suspected CVC infection, but the guideline committee
nevertheless strongly recommends to do it if possible. Likewise, strong evidence for a certain
intervention can sometimes nevertheless result in a weak recommendation. The reasons for the
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guideline committee to give strong or weak recommendations are discussed for each recommendation

405 in the section “Other considerations”, where applicable divided into patients’ values, resources and
406 costs, and the balance between benefits, harms and burdens. Notably, since cost is a variable that is
407  highly subjective to the setting and time of research, it was difficult to translate the effects of the
408 included studies to the current healthcare environment in the Netherlands.
409
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411 Figure 2 Overview of GRADE methodology. Approach and implications to rating the quality of
412  evidence and strength of recommendations using the Grading of Recommendations Assessment,
413  Development and Evaluation (GRADE) methodology??
414
415  When evidence could not be obtained, assigned guideline group members for the key question
416  proposed recommendations on the basis of opinions and experiences. These good practice statements
417  (GPS) were not graded using the GRADE approach and were developed according to criteria in Table
418 2%
419
420 Table 2. Criteria for the development of good practice statements (GPS)*®

A question applicable to any recommendation (but often violated in good practice statements)

1. Is the statement clear and actionable?
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Questions particular to good practice statements
2. Is the message really necessary in regard to actual health care practice?
3. After consideration of all relevant outcomes and potential downstream consequences,
will implementing the good practice statement result in large net positive consequences.
4. Is collecting and summarizing the evidence a poor use of a guideline panel's limited time
and energy (opportunity cost is large)?
5. Is there a well-documented clear and explicit rationale connecting the indirect evidence?
The answers to all questions 2 - 5 should be yes to proceed with a good practice statement.

Details on the literature search and evidence summaries were published in the appendix. Drafted
recommendations per key question were presented to the complete guideline working group and
consensus reached by discussion and voting. Preparation of the guideline text was carried out by a
multidisciplinary committee consisting of experts delegated from the professional societies, including
the NIV, NVMM, NVZA, NVIC, NVvH and NVSHA. We summarized the recommendations in one figure.
The draft guideline was subsequently submitted to the members of relevant professional societies for
external review. The guideline working group will adjust the guideline according to comments in the
external review through group discussion. The final version will be presented for formal approval to
the SWAB executive board, consisting of mandated representatives of the professional societies.

Implementation and dissemination of the guideline

The formal publication of the guideline will be announced to all relevant professional societies and
presented at relevant national conferences. The recommendations in the guideline are available online
at https://swabid.nl.

Conflicts of interest policy and funding

The SWAB employs strict guidelines with regard to potential conflicts of interests, as described in the
SWAB Format for Guideline Development (www.swab.nl). For the development of this guideline, the
SWAB was funded by the Dutch National Institute for Public Health and the Environment (Clb-RIVM).
See Table 3 for disclosures of the members of the Guideline committee.

Update

SWAB intends to revise their guidelines every 5 years. The potential need for earlier revisions will be
determined by the SWAB board at annual intervals, based on current literature. If necessary, the
guideline committee will be reconvened to discuss potential changes. Therefore, in 2031 or earlier if
necessary, the guideline will be re-evaluated.
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Definitions and abbreviations
Table 4. Definitions and abbreviations

Sepsis and infection
Sepsis

Septic shock

Bacteraemia

Central line-related
bloodstream infection
(CLABSI)

Highly Resistant
Microorganisms
(HRMO)

Hospital-acquired
pneumonia (HAP)
Ventilator-associated
pneumonia (VAP)
Place of acquisition
Community-acquired

ICU-acquired

Life-threatening organ dysfunction caused by a dysregulated host
response to infection!!. For the diagnosis and non-antibiotic treatment of
sepsis we refer to the Dutch guideline ‘Sepsis fase 1’.3

A subset of sepsis in which underlying circulatory, cellular, and metabolic
abnormalities are associated with a greater risk of mortality than sepsis
alone®®. Clinically defined as sepsis with persisting hypotension requiring
vasopressors to maintain the mean arterial pressure 265 mmHg, and with
a serum lactate >2 mmol/L.

Also called bloodstream infection, the presence of bacteria in the blood as
demonstrated by culture.

CLABSI is defined as bacteraemia / candidemia in a patient with an
intravascular catheter in situ with at least one positive blood culture
obtained from a peripheral vein, clinical manifestations of infection (i.e.
fever, chills, and/or hypotension), and no apparent source for the
bloodstream infection except the catheter. Bloodstream infections are
considered to be associated with a central line if the line was in use during
the 48-hour period before the development of the bloodstream
infection.*® >0

Enterobacterales, except Enterobacter cloacae, were considered HRMO if
they were resistant to cefotaxime/ceftriaxone and/or ceftazidime as
indicator agents for the production of Extended-spectrum beta-lactamase
(ESBL), or resistant to both fluoroquinolones and aminoglycosides. E.
cloacae was considered an HRMO if resistant to both fluoroquinolones and
aminoglycosides. P. aeruginosa was considered an HRMO if resistant to >3
antibacterial therapy groups among fluoroquinolones, aminoglycosides,
carbapenems, ceftazidime and piperacillin-tazobactam. Acinetobacter
spp. were considered HRMO when resistant to imipenem or meropenem
or resistance to both fluoroquinolones and aminoglycosides.**
Pneumonia not present at the time of hospital admission and occurring 48
hours or more after admission3®

Pneumonia occurring two days or more after start invasive mechanical
ventilation3®

Occurrence of infection outside of hospital or within two days of
admission, except for patients hospitalized in the past 30-90 days, residing

in nursing homes, receiving haemodialysis or having long-term
intravascular devices.
Acquired during stay in the ICU (two days or more)
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Nosocomial

Therapy

Antibiotic de-
escalation
Broad-spectrum
therapy

Definite therapy
Double active therapy

Empirical therapy

2nd generation
cephalosporin (2GC)
3rd generation
cephalosporin (3GC)

3GCR-E
PK/PD
SDD

Acquired during hospital stay (two days or more after admission) or
acquired within 30-90 days after hospital discharge, on haemodialysis,
residing in a nursing home or having long-term intravascular devices

Changing treatment to narrow-spectrum antibiotic or stop antibiotics as
soon as culture results are available.****

Use of one or more antibacterial agents with the specific intent of
broadening range of potential pathogens covered during empirical therapy
Therapy targeted to a specific pathogen after microbiologic identification

Antibacterial treatment with two classes of antibiotics, both targeting the
known or suspected causing pathogen(s) (e.g., ceftriaxone and an
aminoglycoside to target gram-negative pathogens) and with the specific
purpose to accelerate pathogen clearance rather than to broaden
antimicrobial coverage. Also frequently referred to as combination
antibiotic therapy. Of note, the use of two antibiotics for the increased
likelihood of covering the causing agent (broadening the spectrum), or for
covering multiple causing agents (e.g., aerobic and anaerobic bacteria) was
not included in the definition of double active therapy.

Initial therapy started in the absence of definitive microbiologic pathogen
identification

Antibacterial treatment class. In this guideline 2GC is equivalent to
intravenous cefuroxime

Antibacterial treatment class. In this guideline 3GC includes (intravenous)
ceftriaxone and cefotaxime and does not include the anti-pseudomonal
cephalosporin ceftazidime

Enterobacterales resistant to 3GC

Pharmacokinetic/pharmacodynamic

Selective decontamination of the digestive tract

*Sepsis criteria are derived from the 2016 Third International Consensus Definitions for Sepsis and Septic Shock

(Sepsis-3).% 1211 In these new sepsis definition the presence of organ dysfunction is central and a requirement;

until then organ dysfunction identified “severe” sepsis, a term that was abandoned in the Sepsis-3 definition.

**HRMO definitions are, In line with Nethmap, as defined by of the Working Group on Infection Prevention (WIP,

www.rivm.nl/Onderwerpen/W/Werkgroep Infectie Preventie WIP).

***Definition of antibiotic de-escalation in accordance with consensus guideline European Society of Clinical

Microbiology and Infectious Diseases (ESCMID) 2019: 1. Replacing broad-spectrum antimicrobials with agents of

a narrower spectrum or a lower ecological impact. or: 2. Stopping components of an antimicrobial combination.
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Key questions

I Causative bacterial pathogens in sepsis

Introduction

Chapter 1 and 2 summarize the epidemiology of bacterial pathogens involved in sepsis in the
Netherlands, and their resistance patterns. Chapter 3 identifies risk factors for Enterobacterales
resistant to 3rd generation cephalosporins or Pseudomonas.

1. Which bacteria are most frequently isolated from patients with sepsis in the
Netherlands?

Evidence summary

For the update of the guideline, we updated NethMap surveillance data with data from 2024 (Table
5).2 In addition, we added relevant results from a Dutch sepsis trial that was conducted since the
previous guideline version.

Reported pathogens in Dutch sepsis studies

A number of prospective studies reporting on the bacterial aetiology of sepsis in the Netherlands have
been published.”>® The PHANTASi trial was an open label RCT comparing the effect of early
administration of antibiotics in the ambulance to usual care in patients with sepsis (n=2672 patients;
primary results are discussed in chapter 7).°>* Most patients had severe sepsis (57%), a minority septic
shock (3.9%) and 9.5% of patients were admitted to the ICU. The most frequent suspected primary
sources of sepsis were pulmonary (55%), urinary tract (22%), abdominal (6.6%) and skin or soft tissue
(5.5%) infections. The remaining patients had infections at other sites (6.5%) or no infection (1.5%). In
patients in which cultures were taken gram-positive pathogens were identified in 21% (staphylococci
9.1%, streptococci 7.7%), gram-negative pathogens in 30% (E. coli 21%, other 9.6%), and fungal
pathogens in 3.4% of cases.

The Molecular Diagnosis and Risk Stratification of Sepsis (MARS) project prospectively included almost
7000 intensive care unit (ICU) patients between 2011 and 2014.5% >3 In a sub-cohort of 2579 patient
with sepsis, the most frequent suspected primary sources of sepsis were pulmonary (50%), abdominal
(16%), bloodstream (8.9%), urinary tract (6.3%), and skin or soft tissue (4.6%) infections.?? In a report
of 1060 patients of the MARS project with definite or probable infection and sepsis, gram-positive
pathogens were identified in 48%, gram-negative pathogens in 58% and fungal pathogens in 11% of
cases.> In some sepsis episodes multiple causative pathogens were isolated. The number of patients
with community-acquired versus healthcare-associated sepsis was not yet reported.

A retrospective cohort study from the Netherlands reported causes of sepsis in all patients in 2012
hospitalized in two university hospitals with a diagnosis of sepsis.>®> Among 252 patients, 60% had
severe sepsis or septic shock. The most common sources of sepsis were urinary tract infections (UTI;
30%) and respiratory tract infections (17%). In patients with severe sepsis or septic shock, source of
sepsis was predominantly intra-abdominal and the respiratory tract. E. coli was the most commonly
isolated pathogen. These data are in line with two earlier Dutch retrospective cohort studies in which
the aetiology of sepsis was described.*® >’
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From 2022 to 2023, a cluster-randomized cross-over trial (SAGA) was conducted in nine Dutch
hospitals, comparing cephalosporin monotherapy to cephalosporin plus aminoglycoside empirical
therapy in adults with severe community-acquired sepsis of unknown, suspected urinary tract or
abdominal origin.5® Adults with National Early Warning Score (NEWS) >5 presenting at the emergency
department were included and patients with known colonization with P. aeruginosa or third-
generation cephalosporin-resistant Enterobacterales were excluded. The study was stopped
prematurely. In 451 sepsis patients, source of sepsis was urinary tract in 49%, abdominal in 20% and
unknown in 31%. A secondary analysis described probable causative pathogens (Koekenbier et al, in
preparation). Probable causative pathogens were defined based on blood, deep tissue/pus, and urine
cultures obtained within 48 hours of admission. Among 472 patients with community-acquired sepsis,
270 (57%) had a probable causative pathogen identified. E. coli predominated (46%), followed by
Klebsiella species (excluding K. aerogenes, 11%) and anaerobes (8%). In 3.3% of patients, P. aeruginosa
was a probable pathogen (of which 44% was cultured from blood).

Nethmap surveillance data from blood cultures

NethMap 2025 reported for 2024 36,674 blood isolates from unselected hospital departments from
hospitalized patients.?® The majority (91%) of the blood isolates were derived from patients in the
general ward, while 9% came from ICU patients. The most frequently isolated micro-organisms from
blood were: other gram-positives (36% overall, 61% of ICU blood isolates), E. coli (21% overall, 6% of
ICU blood isolates), S. aureus (10% overall, 7% of ICU blood isolates), other Enterobacterales (6%
overall, 4% of ICU blood isolates), Enterococcus faecalis/faecium (5.8% overall, 13% of ICU blood
isolates) and Klebsiella pneumonia (4.3% overall, 1% of ICU isolates). P aeruginosa was isolated in 2%
of blood cultures. Of importance, NethMap doesn’t report other clinical characteristics, including the
site of infection, the proportion that was community-acquired or nosocomial, the clinical significance
and whether the patient suffered from sepsis. Also, it is unknown what the number of negative blood
cultures was.

Reported pathogens in sepsis due to HAP and VAP

In the MARS project, pathogens involved in sepsis due to HAP/VAP were S. aureus (17%),
Enterobacterales (15%), P. aeruginosa (10%) and H. influenzae (5%) [personal communication MJMB].
International data show somewhat different distributions of pathogens for sepsis due to HAP and VAP
compared to the Netherlands. The IDSA guideline on HAP and VAP performed a meta-analysis of
worldwide studies since 2000 on prevalence of pathogens of HAP and VAP.28 For HAP, they reported a
higher prevalence of non-glucose-fermenting gram-negative bacilli (19% of isolates, with
Pseudomonas species accounting for 13% and Acinetobacter species accounting for 4%). For VAP the
IDSA guideline reported worldwide prevalence data of VAP pathogens: S. aureus (20%—-30%), P.
aeruginosa (10%—20%), enteric gram-negative bacilli (20%—-40%), and Acinetobacter baumannii (5%—
10%). In contrast, NethMap reported 1% Acinetobacter species in sputum in ICU patients, suggesting
that HAP/VAP due to A. baumannii is below 1%.** In NethMap 2025, this percentage was not reported
separately for patients admitted to ICU. In patients admitted to inpatient departments (excl. intensive
care units), A. baumannii-calcoaceticus complex was cultured 91 times (0%) in respiratory samples.?®

Reported pathogens in sepsis due to intra-abdominal infection

23

Download from SWAB.nl | 2026-06-10 15:23



541
542
543
544
545
546
547
548
549
550
551

552

553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568

A large European study summarized causative pathogens of community-acquired and hospital-
associated complicated intra-abdominal infections (13% with sepsis).>® Overall, cultured pathogens
were E. coli (approximately 41%), enteric anaerobes (approximately 13%, mainly Bacteroides spp),
other Enterobacterales (approximately 13%), Enterococcus species (16%) and streptococci (6.6%).
Enterococcus spp were cultured in 12% of community-acquired infections and 24% of hospital-
associated infections. K. pneumoniae and P. aeruginosa were more common in hospital-acquired than
in community-acquired infections. The Surgical Infection Society (SIS) guideline reported that
anaerobic micro-organisms are more prevalent for sources of infection in the distal gastrointestinal
tract compared to the proximal gastrointestinal tract.>® A retrospective study from the Netherlands
reported only one bacteraemia with anaerobic bacteria among a total 80 patients with acute
cholangitis of which 46% had a positive blood culture.®®

Reported pathogens in sepsis due to suspected CVC infection

A search in the ISIS-AR database identified 506 CLABSI in 2017 (see appendix for search strategy).5! Of
these, CNS (56%) were the most common causative pathogen, followed by S. aureus (18%), gram-
negative bacteria (fermenting and non-fermenting) (13.6%) and Enterococcus spp (6.4%).

Another surveillance database (PREZIES) reported CLABSI in the Netherlands from 2012 to 2016.%% The
report showed CNS (67%) as the most commonly isolated causative pathogens, followed by gram-
negative bacteria (fermenters and non-fermenters. 8.9%), S. aureus (6.7%), Enterococcus faecium
(5.4%) and Candida albicans (4.7%).

Internationally, a recent US study on CLABSI in oncology patients reported the following pathogens:
gram-negative bacteria (23.9%), CNS (16.9%), Enterococcus spp (16.9%), Candida spp (16.1%) and S.
aureus (12.4%).% A large surveillance study on nosocomial bloodstream infections reported pathogens
of more than 70,000 CLABSI.** The most common pathogens were CNS (31.3%), gram negative bacteria
(26.8), S. aureus (20.2%), and Candida species (9.0%).

Conclusions

Conclusion Quality of evidence

A Dutch prospective study showed that in patients with sepsis and ICU | Moderate *
admission gram-positive pathogens were isolated in 48% and gram-
negative pathogens in 58% of patients

A Dutch randomized trial showed that in patients with community-onset | Moderate>?
sepsis gram-negative pathogens (mostly E. coli) were cultured in 30%
and gram-positive pathogens in 21% of patients

A secondary analysis of a Dutch multicenter trial (2022-2023) in patients | Moderate®® (Koekenbier
with community-acquired sepsis of unknown, urinary tract, or | etal, in preparation)
abdominal origin showed E. coli (46%), Klebsiella species (excluding K.
aerogenes, 11%) and anaerobes (8%) were most common probable
pathogens.

Dutch surveillance data from 2024 showed that the most frequently | Moderate?®
isolated micro-organisms from blood cultures were other gram-

positives (36%), E. coli (21%) and S. aureus (10%)
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A Dutch prospective study and pooled international data showed that | Moderate3®
the most frequently isolated micro-organisms in patients with sepsis
due to HAP or VAP and ICU admission were S. aureus, Enterobacterales
and P. aeruginosa

In contrast to pooled international data, Dutch surveillance data | Moderate® *
showed that A. baumannii is not frequently isolated in respiratory
culture of hospitalized patients

A European study showed that the most frequently isolated micro- | Very low®®
organisms in patient with sepsis due to intra-abdominal infections were
E. coli, enteric anaerobes, other Enterobacterales, Enterococcus species
and streptococci

Two Dutch surveillance databases showed that most frequently isolated | Moderate® 52
micro-organisms in patients with CLABSI were CNS, gram-negative
bacteria (fermenters and non-fermenters), S. aureus, Enterococcus spp

and Candida albicans

2. What are the resistance patterns of the most frequently isolated bacteria in
patients with sepsis in the Netherlands?

Evidence summary

For the update of the guideline, we updated percentages of antibacterial drug resistance of the most
frequent pathogens in blood cultures of patients in unselected departments in the Netherlands with
data from 2024 (Table 5).%8 In addition, we added relevant culture results from the Dutch SAGA trial
that was conducted since the previous guideline version and a post-hoc analysis of the Phantasi trial
that was reported in the previous guideline version.% 8 65

It should be noted that resistance rates in NethMap are based on the first isolate per species per
patient per year. Emergence of resistance within bacteria in individual patients, especially those
patients that stay longer in the hospital and those with recurrent infections, might therefore be higher
than reported here.

In 2024, S. aureus was cultured in 10% of positive blood cultures.?® Of these, 1.9% was resistant to
oxacillin, which was slightly higher compared to the 1% reported in the SWAB sepsis guideline 2020
based on Nethmap data from 2017.%

Amoxicillin-clavulanic acid resistance in E. coli blood isolates decreased from 37% in 2017 to 31% in
2024. For K. pneumoniae resistance increased minimally from 17% in 2017 to 18% in 2024.

Resistance to cephalosporins in E. coli increased between 2017 and 2024 according to NethMap
reports. Cefuroxime resistance in E. coli blood isolates increased from 12% to 13%, while ceftriaxone /
cefotaxime resistance increased from 6% to 9% of E. coli blood isolates. Ciprofloxacin resistance in E.
coli isolates from blood decreased from 14% to 13% between 2017 and 2024, while gentamicin
resistance increased from 4% to 5%. NethMap reported that in 2024 9% of E. coli blood isolates was
resistant to a third generation cephalosporin and/or harboured ESBL.
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Resistance to cephalosporins also generally increased in K. pneumoniae. In 2017, 14% and 10% of K.
pneumoniae blood isolates were resistant to 2" and 3™ generation cephalosporins respectively. In
2024 16% of first K. pneumoniae blood isolates were resistant to cefuroxime, while 14% showed
resistance to any third generation cephalosporin and/or harboured ESBL. In contrast, the year before
(2023), 8% of K. pneumoniae blood isolates were resistant to a 3™ generation cephalosporin.?®
Ciprofloxacin resistance in K. pneumoniae isolates from blood remained 14% between 2017 and 2024.
Gentamicin resistance increased from 5% in K. pneumoniae blood isolates in 2017 to 7% in 2024.

Occurrence of carbapenem resistance in all E. coli and K. pneumoniae isolates has remained stable
between 2017 to 2024. Among all E. coli and K. pneumoniae isolates with available meropenem or
imipenem MIC in 2024, 0.0% and 0.3% of isolates respectively had meropenem and/or imipenem
resistance. It should be noted that carbapenem resistance in blood isolates was higher than in all
isolates. Blood isolates showed carbapenem resistance in 0.1% and 0.7% for E. coli and K. pneumoniae
respectively.

For P. aeruginosa small increases in resistance to ceftazidime and piperacillin-tazobactam and a small
decrease in ciprofloxacin resistance has been observed. In 2017 2% of P. aeruginosa isolates from
blood were resistant to ceftazidime, while piperacillin-tazobactam resistance was found in 5% of
isolates and meropenem resistance in 1%. In 2024, these rates were 4%, 7% and 1% respectively.
Reported tobramycin and ciprofloxacin resistance was 1% and 9% in 2017. In 2024, these rates were 1
and 7% respectively.

One study within the MARS project (2011 — 2014) reported data on resistance within a subset of ICU
patients with non-pneumonia derived sepsis.®® Colonization or infection with resistant bacteria was
based on clinical and surveillance samples obtained in the period ranging from 2 days before until 2
days after ICU admission for sepsis. Percentages of resistance of specific drug-resistant bacteria in 648
patients were 10% for 3rd generation cephalosporins, 8% for ciprofloxacin, 6% for gentamicin, 2% for
piperacillin-tazobactam, and 0.5% for meropenem. A sub-analysis of the PHANTASI trial (2014-2016)
reported culture results in 2659 patients with suspected sepsis, transported by Emergency Medical
Services to 34 Dutch hospitals.> Among 1133 patients with any positive culture (43%), 12.9% had
ceftriaxone-resistant pathogens. It should be noted that the positive cultures included those from
respiratory tract materials, urine, wound swabs and rectal swabs and therefore may not be
representative for the causative pathogen of the sepsis episode. The most common ceftriaxone-
resistant organisms were Enterococcus faecalis, P. aeruginosa, and E. coli. Among 539 patients with
bacteremia (20%), inherently ceftriaxone-resistant organisms (Enterococcus species, P. aeruginosa)
accounted for approximately 8% of isolates. However, acquired resistance (e.g., ESBL-producing E. coli)
was not reported separately.

The secondary analysis of the Dutch SAGA trial also assessed appropriateness of empirical
cephalosporin-based treatment in adults with community-acquired sepsis of unknown, urinary tract,
or abdominal origin and excluding patients known to be colonized with P. aeruginosa or 3rd generation
cephalosporin-resistant Enterobacterales (Koekenbier et al, in preparation). Ceftriaxone susceptibility
in these sepsis patients was 96% for E. coli and 94% for Klebsiella species (excl. K. aerogenes), with
gentamicin susceptibility of 99-100%. Group 2 Enterobacterales (with inducible AmpC, n=16) were
largely ceftriaxone-susceptible (13/15, 87%; 1 missing) based on in vitro susceptibility. Twenty-six
probable pathogens (8%) were inherently resistant to ceftriaxone and cefuroxime: Enterococcus
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species (n=13), P. aeruginosa (n=9), Candida species (n=3), and Listeria (n=1). In 270 patients with a
probable causative pathogen, empirical treatment (including metronidazole in abdominal sepsis)
would be appropriate in 83% with ceftriaxone, 73% with cefuroxime, 86% with cefuroxime plus
gentamicin. When restricting the analysis of adequate empirical therapy to Enterobacterales, S.
aureus/S. lugdunensis, haemolytic streptococci, S. pneumoniae, and H. influenzae, empirical treatment
would be appropriate in 96% with ceftriaxone, 88% with cefuroxime and 99.6% with cefuroxime plus
gentamicin.
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Table 5. Percentage of growth and resistance of most frequent pathogens in blood cultures of patients in unselected departments in the Netherlands in

2024

E. coli

K. pneumoniae

P. mirabilis

E. cloacae

Other Enterobacterales
K. oxytoca
S. marcescens
M. morganii
E. aerogenes
C. freundii
C. koseri

P. aeruginosa

S. aureus

Other Gram-positives

blood

clavulanic acid?

culture
Amoxicillin-

21% 31%
4.3% 18%
1.3% 7%
1.5%

6%

1.3% 7%
0.8%

0.34%

0.4%

0.2%

0.3% 3%
2.2%

10% 1.9%
49%

Cefuroxime

13%

7%

£iiy 2
8888 &
9% 5%
14% 7%
0.4% 6%
3%

3% 0.4%
2%
5%

1.5%
3%

3% 0.8%

1.9% 0.8%

1 According to breakpoint for oral treatment of infections originating from the urinary tract.

Ciprofloxacin

13%

1%
4%
10%
3%
3%
0.8%
7%

2%

Cefuroxime +
gentamicin

Piperacillin-
tazobactam

S
X
N
X

13% 6%
0.6% 0.5%

8% 0%

3%

7%

1.9%

2 According to breakpoint for indications other than meningitis (for ciprofloxacin this only applies to Enterobacterales)
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~
X

11%

ciprofloxacin

0.6%

0.2%

Ceftriaxone/
cefuroxime +

1.9%
6%
0.2%

0%

0.8%

gentamicin

Ceftriaxone/
cefuroxime +

6%
10%
0.4%

0.2%

0%

ciprofloxacin
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Conclusions

Conclusion Quality of
evidence

A Dutch prospective study showed the following resistance patterns to causative | Moderate®®

bacteria in patients with sepsis admitted to the ICU (excluding pneumonia): 3rd

generation cephalosporins 10%, ciprofloxacin 8%, gentamicin 6%, piperacillin-

tazobactam 2%, and meropenem 0.5%

Dutch surveillance data from 2024 showed that risk of MRSA bacteraemiais low | Moderate?®

at 1.9% of all S. aureus bacteraemias in the Netherlands

Dutch surveillance data showed that in general, the risk of resistance to a third | Moderate?®

generation cephalosporin in blood cultures is increasing. In 2024, 9% of E. coli

and 14% of K. pneumoniae blood isolates were resistant to 3rd generation

cephalosporins and/or harboured ESBL

Dutch surveillance data from 2024 showed that prevalence of carbapenem | Moderate?®

resistance in all E. coli and K. pneumoniae blood isolates was 0.1% and 0.7%

A secondary analysis of a Dutch multicentre trial (2022-2023) in adults with | Moderate

community-acquired sepsis of unknown, urinary tract, or abdominal origin
(excluding patients known to be colonized with P. aeruginosa or 3rd generation
cephalosporin-resistant Enterobacterales) showed ceftriaxone susceptibility of
96% for E. coli and 94% for Klebsiella species, with gentamicin susceptibility of
99-100%. Appropriate empirical treatment for target sepsis pathogens was
achieved in 96% with ceftriaxone and 99.6% with cefuroxime plus gentamicin

(Koekenbier et
al, in
preparation)

Dutch surveillance data on antimicrobial resistance of specific pathogens for

empirical sepsis therapies are reported in Table 5

Moderate®
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3. Which patients are at risk for sepsis due to third-generation cephalosporin-
resistant Enterobacterales (3GCR-E) or P. aeruginosa in the Netherlands?

Evidence summary

Predictors for sepsis due to third-generation cephalosporin-resistant Enterobacterales (3GCR-E)

There were no systematic reviews that specifically summarized predictors for sepsis due to
Enterobacterales resistant to 3rd generation cephalosporins (3GCR-E) or HRMO.

One systematic review summarized colonization and risk of subsequent bacteraemia with ESBL-
producing Enterobacterales in patients with solid and haematological malignancies.®” The analysis
included ten studies, of which three European (Germany and Spain), and the majority of patients had
haematological malignancies. Patients colonized in surveillance cultures (mostly at admission) were 13
times more likely to develop a bacteraemia with an ESBL-producing Enterobacterales compared to
patients not colonized.

The previous version of the SWAB sepsis guideline suggested to start empirical therapy covering HRMO
in patients with known colonization with HRMO and those treated with 3™ generation cephalosporins
or fluoroquinolones in the prior 30 days.” These recommendations were externally validated by
Rottier et al. in a Dutch retrospective study within a tertiary hospital and a regional hospital.®® The
study included 9442 episodes in which blood cultures were drawn and iv antibacterial therapy was
started. The authors defined positive predictive values (PPV) of the SWAB sepsis guideline
recommendations to predict bacteraemia and any culture-positive infection with 3GCR-E. PPVs of prior
(90 days and 1 year) colonization with 3GCR-E were 7.4% and 6.1% for predicting bacteraemia and
34.4% and 28.2% for predicting any culture-positive infection with 3GCR-E. PPVs of prior (30 days)
treatment with cephalosporins or fluoroquinolones were 1.3% for predicting bacteraemia and 6.9%
for predicting any culture-positive infection with 3GCR-E. PPVs of both risk factors combined were
1.8% for bacteraemia and 9.7% for any culture-positive infection.

Another study from the same research group reported on an internally validated prediction tool for
community-onset and hospital-onset bacteraemia with 3GCR-E in patients suspected of serious gram-
negative infections, among eight hospitals in the Netherlands from 2008 - 2010.%° In this case-control
study, cases included all consecutive patients with 3GCR-E bacteraemia, while controls had other
infectious episodes and were matched on hospital, time and place of onset (community vs hospital).
The final risk prediction model for community-onset 3GCR-E bacteraemia included prior (1 year)
identification of 3GCR-E, suspected urinary source of bacteraemia, being immunocompromised, any
prior (2 months) use of antibiotics and older age (all associated with higher risk of bacteraemia with
3GCR-E). The model also included the lower respiratory tract as suspected source of bacteraemia as a
factor that decreased the risk of bacteraemia with 3GCR-E. A cut-off score proposed by the authors for
daily practice had 54.3% sensitivity and 87.3% specificity. For hospital-onset bacteraemia with 3GCR-
E, the final risk prediction model included renal disease, prior (1 year) identification of 3GCR-E, any
solid malignancy, signs of hypoperfusion, prior (1 month) surgical procedure, a central venous
catheter, prior (2 months) use of cephalosporins, longer length of stay (associated with a higher risk of
bacteraemia with 3GCR-E) and lower respiratory tract as suspected source of bacteraemia (associated
with a decreased risk of bacteraemia with 3GCR-E). The proposed cut-off score for daily practice had
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81.5% sensitivity and 73.5% specificity. Both prediction tools are currently being validated in other
hospitals worldwide with similar prevalences of 3GCR-E.”°

One observational study outside the Netherlands externally validated a prediction tool for infection
with ESBL-producing Enterobacterales on admission.”® In this study from the US, a prediction tool was
used that was developed in a previous Italian study from Tumbarello in 2011 to predict positive clinical
cultures with ESBL-producing Enterobacterales <48h of admission.”® This original prediction model was
developed within a retrospective case-control study of patients from one hospital and externally
validated in a retrospective case-control study of patients from two other hospitals. The model
included prior (3 months) antibiotic therapy with beta-lactams and/or fluoroquinolones, prior (12
months) hospitalization, transfer from another healthcare facility, Charlson Comorbidity Score of >4,
recent (30 day) history of urinary catheterization, age 270 years. The US study that validated the Italian
model was a retrospective case-control study in a single hospital. Cases had a positive culture with
ESBL-producing Enterobacterales in clinical samples <48h of hospitalization and clinical signs of
infection. The number of sepsis patients and general prevalence of ESBL-producing Enterobacterales
was not reported. Most clinical cultures were urine (76%) or blood (15%). The Italian model performed
well in the US cohort, but Charlson Comorbidity Score 24 and age 270 were not significantly associated
with cases. The proposed cut-off score within the Italian study had a sensitivity of 95% and specificity
of 47% in the US study.

Predictors for sepsis due to P. aeruginosa

There were no systematic reviews that specifically summarized predictors for sepsis due to P.
aeruginosa. One systematic review summarized predictors of community-onset P. aeruginosa
bacteraemia.”® Two included retrospective observational studies defined predictors in multivariate
analysis and in comparison to E. coli or other gram-negative bacteria bacteraemia. Predictors were
healthcare-associated infection, the presence of a urinary device or a central venous catheter, age>90,
neutropenia, presentation of septic shock and recent antibiotic use.

Conclusions

Conclusion Quality of

evidence
67

Pooled data in haematology/oncology patients showed that colonization (mostly | Very low
on admission) with ESBL-producing Enterobacterales was associated with an
increased risk of bacteraemia with ESBL-producing Enterobacterales

In an observational study of hospitalized patients in the Netherlands with | Very low®®

suspected serious infection, prior (1 year) colonization with Enterobacterales
resistant to 3™ generation cephalosporins (3GCR-E) had a PPV of 6.1% for
bacteraemia and 28.2% for any culture-positive infection with 3GCR-E

In an observational study of hospitalized patients in the Netherlands with | Very low®®

suspected serious infection with gram-negative bacteria, combining prior (90
days) colonization with 3GCR-E and/or prior (30 days) treatment with
cephalosporins or fluoroquinolones had a PPV of 1.8% for bacteraemia and 9.7%

for any culture-positive infection with 3GCR-E
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In an observational study of hospitalized patients in the Netherlands with | Very low®
suspected serious infection with gram-negative bacteria, an internally validated
risk prediction model* had 54.3% sensitivity and 87.3% specificity for predicting

community-onset bacteraemia with 3GCR-E

* including prior (1 year) identification of 3GCR-E, suspected urinary source of bacteraemia, being
immunocompromised, any prior (2 months) use of antibiotics, older age and the lower respiratory tract as
suspected source of bacteraemia

In an observational study of hospitalized patients in the Netherlands with | Very low®®

suspected serious infection with gram-negative bacteria, an internally validated
risk prediction model* had 81.5% sensitivity and 73.5% specificity for predicting
hospital-onset bacteraemia with 3GCR-E

* including renal disease, prior (1 year) identification of 3GCR-E, any solid malignancy, signs of hypoperfusion,

prior (1 month) surgical procedure, a central venous catheter, prior (2 months) use of cephalosporins, longer
length of stay and the lower respiratory tract as suspected source of bacteraemia

In an observational study of hospitalized patients in the US with community- | Very low”*

onset infections, an externally validated risk prediction model* had 95%
sensitivity and 47% specificity for predicting involvement of ESBL-producing
bacteria

* including prior (3 months) antibiotic therapy with beta-lactams and/or fluoroquinolones, prior (12 months)
hospitalization, transfer from another healthcare facility, Charlson Comorbidity Score of 24, recent (30 day)
history of urinary catheterization and age 270 years

In two observational studies of patients with community-onset gram-negative | Very low”®

bacteraemia, predictors for P. aeruginosa were healthcare-associated infection,
the presence of a urinary device or a central venous catheter, age>90,

neutropenia, presentation of septic shock and recent antibiotic use

Other considerations

The optimal choice of empirical therapy for sepsis includes a risk assessment on the involvement of
3GCR-E or P. aeruginosa as the causative pathogen in order to start the appropriate empirical therapy
(chapter 6) and to limit use of broad-spectrum antibacterial therapy as much as possible.

High quality studies with externally validated prediction tools in patients with sepsis and septic shock
are currently not available. Incidence of sepsis due to 3GCR-E may differ significantly in other countries
compared to the Netherlands and hamper the generalizability of many international studies for this
guideline. The retrospective validation of the previous SWAB sepsis guideline recommendations
showed low PPVs when using both prior colonization and cephalosporin/fluoroquinolone use in
predicting serious infection with 3GCR-E. However, prior 1 year and 3 months colonization
appropriately predicted culture-positive infection with these bacteria in 28% and 34% of patients. It
should be noted that the underlying study population were patients in whom a blood culture was
drawn and iv antibiotics were started. This was reflected in the relatively low number of positive blood
cultures (18% any bacteria, 8% Enterobacterales). The question remains how the predictors would
perform in patients fulfilling sepsis or septic shock criteria and therefore a higher likelihood of
bacteraemia.”® The same applies to the other study of Rottier et al. on the new proposed prediction
tool.® In addition, a considerable amount of Dutch patients with bacteraemia due to 3GCR-E were
excluded from both studies. The excluded patients developed bacteraemia after or during treatment
for another infection and may therefore have had a higher risk of bacteraemia with 3GCR-E.
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Other reported risk prediction models for ESBL-producing Enterobacterales bacteraemia have not yet
been externally validated.”>”® Without external validation it is difficult to estimate the performance of
these models in the Dutch situation. Also, several large epidemiological studies assessed single
predictors of antimicrobial resistance in serious infections. MacFadden et al. recently showed that in
patients with gram-negative bacteraemia, a prior (1 year) clinical culture with a gram-negative bacteria
resistant to the drug of interest had high specificity and positive predictive value for resistance and
should be a reason to choose another antibiotic.” A meta-analysis and retrospective cohort study also
found high positive predictive values of previous ESBL-producing Enterobacterales (ESBL-E)
colonization on the occurrence of subsequent infection due to ESBL-E and VAP due to ESBL-E

respectively.8% 8!

Based on currently available evidence, it is challenging to provide general recommendations on the
risk factors that should be used for the decision to start empirical therapy in sepsis directed to HRMO.
Findings are also conflicting and this is most likely due to the multifactorial nature of the risk of HRMO.
For example, use of 3™ generation cephalosporins or fluoroquinolones in the previous 30 days as
suggested by the previous SWAB sepsis guideline hardly improved appropriate therapy rates and was
associated with unnecessary use of carbapenem.®® In contrast, any use of antibiotics in the prior two
months (community-onset) and use of cephalosporins in the prior two months (hospital-onset) were
items in the Dutch prediction models on 3GCR-E bacteraemia.®® Also, in other studies previous
antibiotics were to some extent related to HRMO infection or colonization.®#* However, patients in
the intensive care unit (ICU) who receive selective decontamination of the digestive tract (SDD,
including a four days 3" generation cephalosporin treatment and frequent surveillance cultures) and
as a result have negative surveillance cultures, have a lower risk of bacteraemia due to HRMO.% This
further underscores the complexity of developing validated and clinically useful prediction scores to
help select which septic patient should get empirical therapy aimed against 3GCR-E in the Netherlands.

The international SSC guideline does not provide specific recommendations on the decision to start
empirical treatment against HRMO in patients with sepsis. The SWAB guideline committee decided
that some guidance in choices would be preferable. We concluded that prior (1 year) infection or

colonization is the strongest and most common risk factor predicting subsequent infection with 3GCR-
E.67' 69, 80, 81

Until high quality and externally validated prediction rules are available, the committee agreed that
clinicians should take several other factors into account on an individual patient basis to decide if
empirical antibacterial therapy against 3GCR-E patients with sepsis is appropriate. These include local
prevalence of 3GCR-E,® whether the sepsis is hospital-acquired,®® 7> 8 and to a lesser extent
healthcare-associated, versus community-acquired, whether the patient had prior (2 months)
treatment with antibiotics and whether or not the patient receives SDD.%% 7% 8 Finally, the committee
regarded the high rate of HRMO colonization in travellers and refugees from highly endemic countries
such as the Indian subcontinent as another risk factor to consider in the choice of empirical treatment
in patients with sepsis. As many travellers will not be colonized anymore after several months, we
suggested to include three months prior travel in the individual risk assessment, especially when the
patient travelled in a highly endemic country. Prevalence of HRMO per country is available online at
https://resistancemap.cddep.org/. The committee felt that risk of 3GCR-E involvement is especially

high in patients with sepsis who were recently hospitalized abroad for >24 hours. There is no strong
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evidence to support this statement, but it is in accordance to national infection prevention guidelines
on which patients to screen for HRMO.8 We therefore included this as a separate suggestion. Finally,
it is essential to realise the limitations of using risk factors for the decision to treat for 3GCR-E, to weigh
potential risk factors against the associated risk of overtreatment and to ensure antibiotic de-
escalation if possible (chapter 10).

Dutch surveillance data from 2024 revealed a concerning increase in K. pneumoniae blood isolates with
resistance to 3rd generation cephalosporins and/or ESBL production. After declining from 10% (2017)
to 8% (2023), resistance suddenly increased to 13% in 2024. Overall, 14% of K. pneumoniae blood
isolates demonstrated resistance to 3rd generation cephalosporins or ESBL production. The cause of
this sudden increase remains unknown. Carbapenem resistance was detected in 0.7% of K.
pneumoniae blood isolates in 2024. For the update of this guideline, the committee discussed whether
this increase in resistance should impact empirical sepsis treatment recommendations. Consensus was
reached that modification of current recommendations is not yet warranted, based on the following
considerations: (1) It is still a relatively rare pathogen: K. pneumoniae accounted for 4.3% of positive
blood cultures in 2024, significantly less than E. coliand S. aureus; (2) The trend is uncertain: it remains
unclear whether the current increase is temporary or permanent, given that resistance was still 8% in
2023; (3) K. pneumoniae is often a nosocomial infection: K. pneumoniae bacteraemia / sepsis is
hospital-acquired or healthcare-associated in a significant number of cases and would therefore often
already fall under recommendations for empirical therapy in patients with a high risk of 3GCR-E; (4)
Previous colonization: Some patients with 3GCR-K. pneumoniae sepsis will already be colonized with
the isolate and would therefore fall under recommendations for empirical therapy in patients
colonized with 3GCR-E. This final consideration was confirmed in a secondary analysis of the SAGA trial
(2022-2023), in which 94% of (probable) causative Klebsiella species (excl. K. aerogenes) was
susceptible to ceftriaxone in adults with community-acquired sepsis not previously colonised with
3GCR-E. The committee has nevertheless added the suggestion to the update of the guideline to
consider escalation of antimicrobial therapy in patients with persistent sepsis on 3rd generation
cephalosporin treatment when a relevant K. pneumoniae isolate has been cultured, pending
susceptibility results. In addition, the committee suggests that microbiologists and clinicians are aware
of the local resistance rates, especially for K. pneumoniae and adjust their empirical sepsis treatment
guidelines if needed.

With regards to the risk of sepsis due to P. aeruginosa, we found no Dutch or externally validated
studies on prediction rules for sepsis or severe infections due to P. aeruginosa. Based on 2024
Nethmap data, the a priori risk of a bloodstream infection with P. aeruginosa in the Netherlands is
relatively low: in 2% of positive blood cultures in hospitalized patients P. aeruginosa was identified
(chapter 2). Identified risk factors for P. aeruginosa are healthcare-associated infection, presence of a
urinary device or a central venous catheter, extreme old age, neutropenia, presentation with septic
shock and recent antibiotic use. However, the quality of this evidence is very low and no prediction
tools have been designed (nor validated) in this setting. A large French prospective ICU study showed
that almost all P. aeruginosa isolates of clinical infection were similar to isolates found in prior
screening cultures.?® Most clinical infections were VAP, followed by surgical site infections and
bacteraemia, but numbers were low. However, in the community-acquired setting, the secondary
analysis of the SAGA trial showed P. aeruginosa was still a probable pathogen in 3.3% of patients
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despite not being known to be colonised with P. aeruginosa in the year before (Koekenbier et al, in
preparation).

Described risk factors for sepsis due to P. aeruginosa overlap with risk factors for sepsis due to 3GCR-
E to a large extent. For the Dutch clinical setting, empirical therapy for 3GCR-E is generally effective for
P. aeruginosa infections. Until high quality studies are available, the committee suggests to empirically
cover P. aeruginosa in patients with sepsis when prior (1-year) cultures showed P. aeruginosa (chapter
4). In addition, we suggest to cover P. aeruginosa in patients with sepsis due to HAP/VAP or suspected
infected CVC infection (chapter 6a). The guideline committee does not make a recommendation for or
against the empirical coverage of P. aeruginosa in patients with sepsis of unknown origin or with a
source other than HAP/VAP or suspected infected CVC infection when no prior cultures are available
but the above-mentioned risk factors are present. This will depend on individual patient characteristics
and local epidemiology. For recommendations on antibacterial therapy in sepsis due to 3GCR-E or P.
aeruginosa, we refer to chapter 6.

Recommendations

Recommendation Strength Quality of
evidence
1. We recommend empirical therapy against 3GCR-E in patients with sepsis | Strong Very low

and prior (1 year) proven infection or colonization with 3GCR-E

2. We suggest that clinicians take into account the risk of 3GCR-E | Weak Very low
involvement in sepsis on an individual patient basis to decide if empirical
antibacterial therapy against 3GCR-E is appropriate

Factors to guide this decision include local prevalence of 3GCR-E, if the
infection is hospital-acquired/health-care associated versus community-
acquired, prior (2 months) broad-spectrum antibiotic use, concurrent use
of SDD, prior (3 months) travel to a highly endemic country (see
https://resistancemap.cddep.org/) and prior (2 months) hospitalization

abroad

3. We suggest to consider escalation of antimicrobial therapy in patients | Weak Very low
with persistent sepsis on 3rd generation cephalosporin treatment when a
relevant K. pneumoniae isolate has been cultured, pending susceptibility
results

4. We recommend empirical therapy against P. aeruginosa in patients with | Strong Very low
sepsis and prior (1 year) infection or colonization with P. aeruginosa
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I1 Empirical antibacterial therapy of sepsis

Introduction

The choice of empirical antibacterial treatment in sepsis depends on several factors. General factors
to consider are the site of infection, the bacteria that are potentially involved and the
pharmacokinetics of antibacterial agents. Other important factors are: previous culture results,
whether the infection is community acquired or healthcare associated, the degree to which a patient
is immunocompromised, other comorbidities and the presence of foreign material in the body. In
addition, it is essential to consider the local epidemiology and resistance patterns of pathogens
commonly involved in sepsis (chapter I). In chapter 4 to 6 we summarized the evidence on empirical
antibacterial therapy in patients with sepsis in general with a focus on the Netherlands. We included
the following topics: importance of appropriate empirical therapy (chapter 4), empirical monotherapy
versus double active therapy (chapter 5), and empirical therapy for sepsis due to the most common
causes of infection when there is no suspicion of involvement of Enterobacterales resistant to 3™
generation cephalosporins (3GCR-E, chapter 6a). In that chapter we also summarized evidence and
provided recommendations on empirical antibacterial therapy of sepsis and potential involvement of
specific micro-organisms: patients at risk of sepsis due to 3GCR-E (chapter 6b) and patients with sepsis
and risk of involvement of S. aureus (chapter 6c).

4. What is the importance of appropriate empirical therapy in patients with
sepsis?

Evidence summary

Appropriate empirical therapy in sepsis in general

Paul et al. performed a meta-analysis on the effect of appropriate empirical antibiotic therapy on 30-
day, all-cause mortality in adults with sepsis and microbiologically documented infection including 70
prospective studies.?’” Appropriate antibacterial therapy was defined as treatment matching in vitro
susceptibility of the cultured pathogen. Inappropriate therapy was associated with increased mortality
in most analyses. Among studies adjusting for comorbidity and sepsis severity, inappropriate therapy
was associated with higher mortality (OR 1.60; 95% Cl 1.37 to 1.86; 26 studies). Included studies had
low risk of bias, but there was considerable heterogeneity and some suggestion of publication bias.

Marquet et al. performed a meta-analysis of appropriate empirical antibacterial therapy in patients
with severe infections (defined as pneumonia, bacteraemia, sepsis, severe sepsis, or septic shock) on
mortality, length of stay and costs.?® A total of 27 high quality observational studies were included. The
meta-analysis showed that appropriate in-hospital empirical antibacterial therapy was associated with
reduced 30-day mortality (RR 0.71,95% Cl 0.62 - 0.82). Similar effect was found in the studies reporting
in-hospital mortality (RR 0.67, 95% Cl 0.56 - 0.80), but with high heterogeneity. Sensitivity analysis
showed that data were robust. Inappropriate antibacterial therapy was also associated with increased
costs and length of stay in some studies.

In line, another systematic review summarized the effect of inappropriate empirical therapy on

mortality in 39 studies on nosocomial infections with gram-negative bacteria.* Sites of infection were
respiratory, intra-abdominal, bloodstream, and urinary tract, and the majority studied patients with
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bacteraemia. Appropriate therapy was related to susceptibility and timeliness (administration of
therapy <24 to 72 hours) in 68% of studies and to susceptibility only in 20% of studies. Overall mortality
was lower when receiving appropriate antibacterial therapy (OR 0.38, 95% Cl 0.30-0.47), but with
significant heterogeneity (65%). Similar effect estimates were found for 14-day, 30-day mortality, as
well as for many subgroup analyses on overall mortality, including infections caused by Acinetobacter
spp. and Pseudomonas spp. and serious gram-negative infections.

Appropriate empirical therapy in sepsis due to HRMO

The impact of appropriate empirical therapy on severe infections due to HRMO has been assessed in
observational studies only. A meta-analysis on empirical therapy for bacteraemia with ESBL-producing
Enterobacterales showed a decreased risk of death with appropriate therapy (RR 0.44, 95%Cl 0.44 —
0.88).%2 The number of patients with sepsis was not reported and the analyses were not adjusted for
confounders. The previously described systematic review of 191 observational studies in >70,000,
mainly bacteraemic patients found that inappropriate empirical therapy was associated with higher
mortality.®® A meta-analysis assessing mortality in bacteraemia due to ESBL-producing
Enterobacterales compared to non-ESBL-producing Enterobacterales also assessed the effect of
inadequate empirical therapy on mortality.® Overall, mortality in ESBL-producing Enterobacterales
bacteraemia was increased. The odds ratio decreased when adjusted for inadequate empirical therapy.

Appropriate empirical therapy in sepsis due to anaerobic bacteria

We found no systematic reviews or RCTs assessing the effect of appropriate empirical therapy in sepsis
due to anaerobic bacteria in general. Also, there are no randomized studies available on the effect of
anti-anaerobic treatment in patients with sepsis due to suspected aspiration pneumonia. The 2017
Surgical Infection Society (SIS) guideline on intra-abdominal infections performed a systematic
literature search on appropriate empirical therapy in intra-abdominal infections.3® Five studies showed
that appropriate empirical therapy covering anaerobic bacteria reduced treatment failure and death
in mostly complicated intra-abdominal infections. The Dutch evidence-based guideline on necrotizing
soft tissue infections did not systematically search for evidence on anaerobic coverage in empirical
treatment.”

Appropriate empirical therapy in sepsis due to enterococci

In the previous SWAB sepsis guideline in 2010, evidence on the effect of empirical coverage of
enterococci in patients with intra-abdominal sepsis was summarized.? Eleven RCTs in patients with
complicated intra-abdominal infections showed that empirical regimens with antibiotic coverage of
enterococci was not associated with a better clinical outcome than regimens without coverage of
enterococci, although APACHE scores were generally low. Since then two more RCTs showed a similar
outcome, i.e. no difference in outcomes between a regimen with antibiotic coverage of enterococci
(tigecycline) compared to a regimen without coverage of enterococci (ceftriaxone and
metronidazole).®* % Most patients had APACHE scores < 10. The SWAB guideline on urinary tract
infections (UTI) did not systematically summarize the need to cover enterococci.® We found no RCTs
or systematic reviews comparing anti-enterococcal therapy in patients with sepsis and a suspected
CVC infection.

Conclusions
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Conclusion Quality of
evidence

Pooled data showed a large beneficial effect of appropriate empirical | Moderate to

antibacterial therapy on 30-day mortality, in-hospital mortality and cost in | very low?”9°

patients with severe infections

Pooled data showed that appropriate empirical antibacterial therapy reduces | Very low®!
all-cause mortality in patients with gram-negative infections, including the
subgroups with infection due to Acinetobacter spp. or Pseudomonas spp.

Pooled observational data showed a beneficial effect of appropriate empirical | Very low®?
antibacterial therapy reduces 30-day mortality in patients with bacteraemia with
ESBL-producing Enterobacterales

Pooled data showed that empirical anti-anaerobic therapy reduces treatment | Very low*
failure and mortality in patients with intra-abdominal infections

We found no RCTs or systematic reviews on the effect of anti-anaerobic therapy | -
in other causes of sepsis when anaerobic bacteria might be involved

Multiple RCTs showed that empirical anti-enterococcal therapy did not change | Moderate?® %%
treatment outcomes compared to no anti-enterococcal empirical therapy in
patients with complicated intra-abdominal infections

We found no RCTs or systematic reviews on the effect of anti-enterococcal | -

therapy in other causes of sepsis when Enterococcus spp. might be involved

Other considerations

The importance of appropriate empirical antibacterial therapy in patients with sepsis has been
supported by systematic reviews of observational studies only. The effect has been found rather
consistent and includes reduced mortality, costs and length of hospital stay. However, published
studies show large heterogeneity and there is a high risk of bias due to confounding. Heterogeneity
could relate to many factors, including type of infection, source control interventions, diagnostic
criteria, involved bacteria, efficacy of antibacterial treatment and immune status. Methodological
causes of heterogeneity could be different study designs, risks of bias, choice of statistical model and
adjustment for confounding factors.

Overall, the committee believes that the large and consistent benefits of appropriate empirical therapy
in serious infections are convincing. In those patients appropriate empirical therapy generally
outweighs potential harms of broader-spectrum empirical therapy, especially when resources and
logistics are optimized to stop or de-escalate in an early stage when feasible. Initial empirical therapy
in sepsis therefore needs to be broad enough to cover potentially involved pathogenic bacteria. This
recommendation is in line with the SSC guideline which states that all likely pathogens should be
covered.”’

As discussed, predicting which empirical therapy in sepsis is appropriate is complex and depends on
numerous factors, including local and national antimicrobial resistance data.** The question that

frequently arises is which threshold of antibiotic resistance should guide the decision to broaden the
empirical antibiotic treatment. There are no studies that have validated acceptable resistance
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prevalence cut-offs for antibacterial therapy for the empirical treatment of sepsis. Several studies have
aimed to predict the likelihood of bacteraemia in general or involvement of resistant pathogens in
patients with suspected infections, but cut-offs for acceptable likelihoods are generally not provided
(see also chapter 2).5% 75 76, 82,96 69,75, 76,82, 96 | addition, no formal resistance cut-offs for appropriate
empirical therapy specifically for sepsis have been defined. The annual NethMap report on surveillance
data of antibiotic resistance in the Netherlands generally use <10% resistance prevalence as a cut-off
for appropriateness of an antibiotic agent as empirical therapy. However, as discussed in the first
chapters, NethMap data cannot be directly extrapolated to patients with sepsis. In addition, it does
not take into account that in the empirical treatment setting when the causative pathogen is yet
unknown, the a priori chance of resistance is lower than the resistance prevalence of single pathogens
reported in national surveillance programs.®® However, as discussed in chapter 3, prior (1 year)
infection or colonization with a resistant gram-negative pathogen seems predictive and specific for
subsequent infections with gram-negative pathogens that have similar resistance.®” 7981 Thijs has
also been found for other pathogens such as MRSA.?” % The committee therefore settled to
recommend to take into account prior (1 year) relevant clinical and screenings cultures in the choice
of empirical sepsis therapy in general. We cannot recommend on a cut-off for resistance prevalence in
the choice of empirical antibacterial therapy. Importantly, local resistance rates of potentially involved
pathogens and their resistance is one of the key factors that should be taken into account in the choice
of empirical therapy of sepsis in general.

Studies in patients with sepsis due to HRMO are very scarce. As a result, the published meta-analyses
on the importance of appropriate empirical therapy in sepsis due to HRMO are often based on very
low quality data according to GRADE and are mainly based on patients with bacteraemia. In contrast
to the findings of the summarized meta-analyses, a Dutch retrospective study found no effect of
inappropriate therapy within 24 hour of onset in ESBL bacteraemia on 30-day mortality in 232
patients.”® Overall, in 42% of included patients the urinary tract was the source of the ESBL
bacteraemia. Separate data for 75 patients with severe sepsis or septic shock showed a trend towards
increased mortality rate of inappropriate therapy within 24 hour in univariate analysis, but not in
multivariate analysis. Other reports have also suggested that inappropriate therapy is not associated
with increased mortality in patients with ESBL-bacteraemia with an urinary source.’®® 91 With only
very limited data at hand, the committee suggests that until larger and prospective studies show
otherwise, initial appropriate empirical therapy is of similar importance in patients with sepsis due to
HRMO as in patients with sepsis in general.

With regards to appropriate empirical therapy of anaerobic bacterial pathogens in patients with sepsis
there is lack of studies, probably in part due to difficulties in culturing anaerobic bacteria. For intra-
abdominal infections, a limited number of studies showed improved outcomes when anaerobic
coverage isincluded in the empirical treatment. In line with the SIS guideline and The Dutch evidence-
based guideline on necrotizing soft tissue infections we therefore suggest anaerobic coverage in
patients with sepsis and likely involvement of anaerobic pathogens.* 3° Sources of anaerobic infection
include intra-abdominal infections, especially when related to the distal gastro-intestinal tract and
necrotizing soft tissue infections. For cholangitis, the guideline committee follows the SIS guideline on
intra-abdominal infections suggesting that anti-anaerobic therapy is generally not necessary.3* % An
exception are patients in whom a biliary-enteric anastomosis is present, in whom empirical therapy
with coverage of anaerobic bacteria can be considered. The need of anaerobic coverage in aspiration
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pneumonia remains controversial. The recent IDSA guideline on CAP summarized the evidence for
empirical treatment of anaerobic bacteria in patients with aspiration pneumonia.'®? Very low quality
evidence in hospitalized patients showed that anaerobic bacteria are not a frequent cause of aspiration
pneumonia. In addition, no studies were available on the added value of anaerobic treatment in
aspiration pneumonia. The IDSA guideline on CAP committee therefore suggests not to cover
anaerobic bacteria in aspiration pneumonia unless a long abscess or empyema is suspected. The SWAB
sepsis guideline committee agreed to follow this suggestion for HAP and VAP, as most data comes from
hospitalized patients.

Regarding the coverage of enterococci in the empirical therapy of sepsis, most trial data are from
patients with complicated intra-abdominal infections. Overall, empirical treatment strategies that
compared the inclusion or exclusion of anti-enterococcal treatment in these patients showed no
difference in clinical outcomes.® It should be noted however that most of these studies included
patients with community-acquired intra-abdominal infections who underwent source control, were
not severely immunocompromised and did not have severe sepsis. There is no clear evidence to
support or refute empirical anti-enterococcal treatment in hospital-acquired intra-abdominal
infections, patients that have no adequate source control, the severely immunocompromised and
patients with severe sepsis.®® For enterococcal bacteraemia, retrospective data showed that
appropriate antibacterial therapy (defined as treatment with in vitro activity for at least 6 days)
independently reduced mortality (OR 0.33, 95% Cl: 0.14 to 0.79).1% Another single-centre study found
any appropriate antibiotic as well as more days of iv amoxicillin as factors reducing mortality in
enterococcal bacteraemia.’®® However, a Danish population-wide study and a Japanese cohort study
did not find an association between initial appropriate empirical therapy for enterococci and 30-day
mortality.2% 1% |n the majority of cases in the Danish population-wide study, the infection was
hospital-acquired. The SIS guideline recommends to consider anti-enterococcal empirical therapy in
high-risk patients with community-acquired intra-abdominal infections and those with hospital-
acquired intra-abdominal infections, taking into account recent abdominal surgery, substantial recent
exposure to broad spectrum antibiotics and signs of sepsis and septic shock.>® The SWAB guideline on
UTI states that it is debatable if enterococci should be covered in the empirical therapy of UTI and
provides separate recommendations with and without covering E. faecalis. Based on the limited data
available, the committee suggests not to cover enterococci in empirical therapy in patients with sepsis
in general and most patients with community-acquired intra-abdominal infections. We suggest that
anti-enterococcal therapy could be considered in individual patients with sepsis, e.g. those who have
a high likelihood of enterococcal involvement based on recent relevant cultures and those with recent
complicated intra-abdominal surgery or a suspected CVC infection and substantial exposure to broad
spectrum antibiotics.

Recommendations

Recommendation Strength Quality of
evidence
5. We recommend empirical broad-spectrum antibacterial therapy for | Strong Moderate

patients presenting with sepsis to cover all pathogenic bacteria that are
likely to be involved
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6. We recommend to take into account prior (1 year) resistance in relevant | Strong Very low
clinical and screenings cultures in the choice of empirical sepsis therapy

7. We recommend that empirical antibacterial therapy is guided by the | Strong Very low
local distribution of pathogens associated with sepsis and their
antimicrobial susceptibilities

8. We suggest empirical antibacterial therapy for patients presenting with | Weak Very low
sepsis to cover HRMO when these are likely to be involved

9. We suggest empirical antibacterial therapy covering anaerobic bacteria | Weak Very low
for patients presenting with sepsis and intra-abdominal infections of the
lower intestinal tract or necrotizing soft tissue infections

10. We generally suggest against routine empirical treatment of anaerobic | Weak Very low
bacteria in patients presenting with sepsis due to aspiration pneumonia,
unless empyema or a lung abscess is suspected

11. We generally recommend against routine empirical treatment of | Strong Moderate
enterococci in patients presenting with sepsis

12. We suggest that anti-enterococcal therapy could be considered in | Weak Very low
individual patients with sepsis, e.g. those who have a high likelihood of
enterococcal involvement based on recent relevant cultures and those
with recent complicated intra-abdominal surgery or a suspected CVC

infection and substantial exposure to broad spectrum antibiotics

5. What is the effect of double active empirical antibacterial therapy compared
to monotherapy in patients with sepsis?

Double active empirical antibacterial therapy, also frequently referred to as combination antibiotic
therapy, is defined as antibacterial treatment with multiple classes of antibiotics, each targeting the
known or suspected causing pathogen(s) (e.g., ceftriaxone and an aminoglycoside to target gram-
negative pathogens) and with the specific purpose to accelerate pathogen clearance rather than to
broaden antimicrobial coverage. Since the previous SWAB sepsis guideline 2010, two meta-analysis
examined the effect of double active empirical antibiotic therapy compared to empirical monotherapy

107 severe sepsis or septic shock.1®® The Cochrane systematic review of Paul et

in patients with sepsis,
al. included 69 trials that compared treatment with a combination of a beta-lactam antibiotic and
aminoglycoside to beta-lactam antibiotic monotherapy in patients with sepsis.!%” Overall mortality in
all studies reporting on mortality was 10% (range 0 — 26%). In 23 trials the same beta-lactam was used
in the monotherapy and double active therapy group, and the meta-analysis showed no difference in
all-cause 30-day mortality (RR 0.97, 95% CI 0.73 to 1.30; 13 studies) and clinical failure in the first 30
days (RR 1.11, 95% Cl 0.95 to 1.29; 20 studies). In 43 trials a broader spectrum beta-lactam was used
in the monotherapy group, and there was non-significantly reduced all-cause 30-day mortality with
monotherapy (RR 0.85, 95% Cl 0.71 to 1.01) and a lower risk of clinical failure in the first 30 days (RR

0.75, 95% Cl 0.67 to 0.84). Subgroup analysis of patients with sepsis due to gram-negative bacteria
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showed similar results, although the subgroup of patients with P. aeruginosa infection was too small
to draw a conclusion. There was no difference in the rate of emergence of resistance. There was a
substantial lower risk of nephrotoxicity in the monotherapy group in general (RR 0.30, 95% Cl 0.23 to
0.39), but only five trials reported a once daily dosing schedule. In these trials, the RR for nephrotoxicity
was 0.17 (95% Cl 0.06 —0.53) in the monotherapy group compared to the double active therapy group
that received once daily dosing aminoglycosides.

The second meta-analysis on 13 RCTs restricted the analysis of double active therapy versus
monotherapy to adult ICU patients with severe sepsis or septic shock.’® SOFA scores were not
available, but >80% of included patients had APACHE Il scores >20. Overall mortality was 22% (6 —
33%). RCTs compared beta-lactam monotherapy to a double active therapy of a beta-lactam with an
aminoglycoside (7 RCTs) or quinolone (3 RCTs) or one of both (1 RCT). Four RCTs used the same beta-
lactam in both groups. There was no difference in mortality at longest follow-up (RR 1.11, 95% Cl 0.95
to 1.29; 11 studies, 2266 patients) or other relevant clinical outcomes such as nephrotoxicity. It was
not possible to perform the (pre-specified) subgroup analysis based on SOFA score or for patients with
shock versus patients without shock. In addition, no subgroup analysis was performed for studies with
the same beta-lactam in both groups or for patients with P. aeruginosa infections. The investigators
performed a trial sequential analysis showing that it is unlikely (<5%) that there would be a true relative
mortality difference between mono- and double active therapy of 20% or more.

One of the included RCTs in the meta-analysis mentioned here directly above had the best external
validity for this guideline as it included patients with severe sepsis and used the same treatment in
both arms.’® It compared meropenem monotherapy to meropenem and moxifloxacin double active
therapy in patients who met criteria of severe sepsis or septic shock in Germany between 2007 and
2010. Patients with recent carbapenem or quinolone treatment and those known to be colonized with
MRSA or VRE were excluded. Of the 600 patients randomized, 551 were included in the intention-to-
treat analysis. Mean SOFA and APACHE Il score were 9.5 and 21.6. Overall 28-day mortality was 22.9%
at day 28. Sites of infection were pulmonary (41%), intra-abdominal (38%), urogenital (12%) and SSTI
(10%), and 50% had nosocomial sepsis. In 35% of the patients sepsis was microbiologically confirmed
and included gram-positive bacteria in 53%, gram-negative bacteria in 49% and fungi (mainly Candida
spp.) in 29%. Pseudomonas spp. was cultured in 38 patients (7% of those with microbiologically
confirmed sepsis) in any material. The study showed no difference in mean SOFA score of double active
therapy compared to monotherapy in the first 14 days after inclusion (primary endpoint). In line, there
was no difference in 28-day mortality or 90-day mortality between both groups. Emergence of bacteria
resistant to meropenem at day 21 occurred significantly more often in the monotherapy group (n=9,
5.4%) compared to the double active therapy group (n=1, 1.3%). There was no difference in overall
number of adverse events or serious adverse events. Outcomes within the subgroup of patients with
P. aeruginosa infection were not reported.

The previous SWAB sepsis guideline described the meta-analysis of Safdar et al., which found a lower
mortality rate in patients treated with double active therapy in P. aeruginosa bacteraemia.''® The study
had considerable limitations, such as the inclusion of treatment arms with aminoglycoside
monotherapy. A more recent meta-analysis focussed on beta-lactam monotherapy versus beta-lactam
plus aminoglycoside or fluoroquinolone in P. aeruginosa infections.!! It included 19 studies (11
retrospective cohort studies, 8 RCTs) showing no additional effect of double active therapy on
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mortality, including after stratification for empirical or definite double active therapy. A subgroup
analysis for patients with severe infections or bacteraemia showed no benefit of definite double active
therapy on mortality in patients with severe infections (RR 0.96, 95% Cl 0.75—-1.24, heterogeneity not
reported) or bacteraemia (RR 0.95, 95% Cl 0.67—1.34). The subgroup analysis could not be performed
for the effect of empirical double active therapy on mortality. There was a significant benefit of
empirical double active therapy on clinical cure in all patients (RR 1.23, 95% ClI 1.05-1.43), but this
benefit disappeared when looking at RCTs separately. The authors reported many reasons for risk of
bias and concluded that no solid conclusions could be drawn regarding the comparative effectiveness
of double active versus monotherapy in P. aeruginosa infections. Similar findings were reported in
another meta-analysis reporting on mortality using appropriate empirical double active therapy versus

appropriate empirical monotherapy in P. aeruginosa bacteraemia.!*?

The Dutch guideline on S. aureus bacteraemia summarized evidence on double active therapy for this
indication.® Very low quality evidence showed no additional effect of adding aminoglycosides to anti-
staphylococcal penicillins versus anti-staphylococcal penicillin monotherapy on recurrence of
bacteraemia and mortality. Adding aminoglycosides to anti-staphylococcal penicillins increased the
risk of adverse events. A recent RCT on adjunctive rifampicin to anti-staphylococcal treatment (mostly
flucloxacillin or vancomycin) in patients with S. aureus bacteraemia and median SOFA score of 2 did
not show a benefit on the composite outcome of 12-week treatment failure, disease recurrence or
death (HR 0.96, 95% CI 0.68 — 1.35).'** There was a small, statistically significant reduction in disease
recurrences in patients treated with rifampicin in a post-hoc analysis (1 versus 4%), but the clinical
significance was unsure. Patients treated with rifampin more often suffered from adverse events and
drug interactions (HR 1.78, 95% Cl 1.20-2.65), but from a similar number of grade 3-4 adverse events
(HR 1.12, 95% CI 0.88-1.43).

Regarding pneumonia-derived sepsis, a Cochrane systematic review on the treatment of VAP could
not demonstrate a beneficial effect of combination antibacterial therapy compared to
monotherapy.!* Overall mortality in the four included RCTs was 20%. Antibiotic therapies evaluated
in these patients with VAP included ceftazidime/amikacin versus meropenem, ceftazidime plus
linezolid versus ceftobiprole, cefepime plus amikacin or levofloxacin versus cefepime and meropenem
plus ciprofloxacin versus meropenem. There was no additional effect of double active antibiotic
therapy compared to monotherapy for the treatment of VAP on mortality (4 RCTs, 2 of which used the
same beta-lactam in both groups). Another meta-analysis within the IDSA guideline on HAP and VAP
(see next chapter for more details) also could not demonstrate a beneficial effect of double active
antibiotic therapy compared to monotherapy for the treatment of VAP with regards to mortality,
clinical response, adverse events or acquired resistance.>® We did not find appropriate meta-analyses
on double active therapy specifically in patients with sepsis and an intra-abdominal focus.

Conclusions
Conclusion Quality of
evidence
Pooled data showed no additional effect of beta-lactam + aminoglycoside | Moderate to
double active therapy compared to the same or a different beta-lactam given | low?”’
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as monotherapy in patients with sepsis on all-cause mortality and clinical
failure

Pooled data showed an increased risk of clinical failure and nephrotoxicity for | Very low!%’
beta-lactam + aminoglycoside double active therapy compared to a different
beta-lactam given as monotherapy in patients with sepsis

Pooled data showed no additional effect of empirical double active therapy | Moderate to very
compared to empirical monotherapy on all-cause mortality, secondary | low!®
infections and emergence of resistance in patients with sepsis and septic shock

One randomized trial in patients with severe sepsis and septic shock showed | Moderate to
no additional effect of double active therapy of meropenem with moxifloxacin | low!®

compared to meropenem monotherapy on 28-day mortality, 90-day mortality,
and adverse events at the end of study

Emergence of resistance at day 21 occurred less often in the double active
therapy group compared to the monotherapy group

One randomized trial in patients with S. aureus bacteraemia showed no | Moderate!!?
additional effect of adjunctive rifampicin to anti-staphylococcal treatment
(mostly flucloxacillin or vancomycin) on 12-week treatment failure, disease
recurrence or death

One randomized trial in patients with S. aureus bacteraemia showed an | High to
increase in side effects of adjunctive rifampicin to anti-staphylococcal | moderate!3
treatment (mostly flucloxacillin or vancomycin), but no difference in serious

adverse events

Pooled data in patients with severe P. aeruginosa infections showed that there | Very low!%”- 111112
is insufficient data to draw conclusions on the effect of empirical double active
therapy of a beta-lactam plus aminoglycoside or fluoroquinolone compared to
beta-lactam monotherapy on mortality and clinical cure

Pooled data in patients with severe P. aeruginosa infections showed no | Very low!! 112
additional effect of definite double active therapy of a beta-lactam plus
aminoglycoside or fluoroquinolone compared to beta-lactam monotherapy on
mortality

Pooled data in patients with VAP showed no additional effect of double active | Low3® 114

antibacterial therapy compared to monotherapy on all-cause mortality

Other considerations

There has been a lively and ongoing debate about double active therapy including aminoglycosides in
patients with septic shock. The SSC guideline recommends to consider double active therapy in
patients with severe sepsis and septic shock based on a weak recommendation and moderate quality
evidence. This recommendation was largely based on two studies from Kumar et al. from 2010 with
important limitations.'*> 11® The first was a large retrospective study that indicated that there was a
substantial survival benefit in patients with septic shock treated with double active antibacterial
therapy.!'® The second study was a systematic review on the effects of double active therapy in severe
sepsis and septic shock.’®> A total of 50 studies, including RCTs, prospective and retrospective
observational studies, were included and showed there was no overall benefit of double active therapy
(OR 0.86; 95% confidence interval, 0.71 - 1.03) with large heterogeneity. Stratification of studies with
high (>25%) mortality in the monotherapy group showed a beneficial effect of double active therapy
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(OR0.54;95% Cl, 0.45 - 0.66). A subgroup analysis of critically ill patients and patients with septic shock
also showed better outcomes with double active therapy (OR 0.51; 95% Cl, 0.36 - 0.72). However, the
committee finds it questionable if studies within this subgroup were comparable and relevant to the
current guideline. All studies in the mentioned subgroup were observational (7 prospective, 5
retrospective) and mostly very small. We assessed the seven included prospective studies. Three

117-119

studies included only patients with CAP or pneumococcal bacteraemia, in another study the

majority of patients in the monotherapy group were treated with aminoglycoside monotherapy for

120 and in one study mainly cephalosporin or aminoglycoside monotherapy

Pseudomonas bacteraemia,
was administered for Enterobacter species.'?! The only large study on this subject which included over
2000 patients did not find any additional beneficial effect of double active therapy in gram-negative
bacteraemia.'?? The authors of the meta-analysis found no signs of publication bias, but other biases
were not assessed.!’> Of note, the SSC guideline graded the data from Kumar et al. as moderate quality
evidence based on observational studies with a strong association.?” In contrast, we graded the same
evidence as very low quality evidence based on observational studies with serious risk of bias,

imprecision and serious indirectness (data not shown).

A Dutch study of Ong et al. studied the effect of a short-course of adjunctive gentamicin on the
occurrence of renal failure, mortality and shock in 648 patients with severe sepsis and septic shock
admitted to two university hospital ICUs.%® Hospital A had a local antibiotic guideline recommending
short-term combination treatment of a 3™ generation cephalosporin with an aminoglycoside, while in
hospital B monotherapy with a 3 generation cephalosporin was standard of care. Combination
therapy with gentamicin (median dose 4.9 mg/kg, median duration of treatment 2 days) resulted in
more renal failure at day 14 after the start of treatment compared to monotherapy (multivariate
regression analysis: OR 1.39; 95% Cl 1.00 - 1.94). There was no significant different duration of shock
(OR 1.34; 95% Cl, 0.96—-1.86) and 14-day mortality (OR 1.41; 95% Cl, 0.94-2.12). Pre-defined sensitivity
analyses underlined the robustness of these results Confounding by indication did not seem to play a
major role as almost all patients with sepsis in hospital A received aminoglycosides irrespective of for
example renal function [personal communication JP and MJMB]. In both treatment groups and in both
ICUs 4 to 5% of patients received inappropriate empirical treatment based on in vitro antibiotic
resistance of isolated pathogens. Empirical carbapenem use was higher in the group not receiving
gentamicin (15%, versus 4% in the gentamicin group). Among the patients receiving gentamicin, 9% of
isolated pathogens was only susceptible to gentamicin.

With the newer meta-analyses of Paul et al., Sjovall et al., Vardakas et al., the landmark RCT of
Brunkhorst et al. and the described Dutch observational study of Ong et al., the guideline committee
concludes that the current evidence shows no benefits of empirical double active therapy in patients
with sepsis or septic shock on all-cause mortality.5® 107-19% 111 Thjg conclusion is in line with a recent
position statement of the IDSA.'2 In addition, available data in sepsis patients suggest that
aminoglycoside treatment in addition to a beta-lactam might lead to lower clinical cure rates and
higher rates of nephrotoxicity when compared to monotherapy (mostly a beta-lactam with broader
antibacterial spectrum).®® 197 Studies in other patient populations are in line with these findings. A
meta-analysis of RCTs comparing therapy of a beta-lactam with an aminoglycoside to beta-lactam
monotherapy in patients with any infection showed increased risk of nephrotoxicity without any
beneficial effect regarding mortality, clinical efficacy or development of resistance.!** Another
argument of using double active therapy has been with the goal to decrease the risk of antibiotic
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resistance development. The trial of Brunkhorst et al. showed a higher rate of resistance in the

199 but this effect could not be confirmed in a meta-analysis of

125

monotherapy group of meropenem,
RCTs reporting on emergence of antimicrobial resistance.

It should be mentioned that many of the older studies included in the described meta-analyses on
double active therapy with aminoglycosides administered aminoglycosides for the complete treatment
course and in multiple daily dosing schedules, making it difficult to generalize the outcomes to the
current daily practice of once daily dosing and short course aminoglycoside treatment. Other
limitations of the available literature are that most studies only had short follow-up and did not report
on patient relevant outcomes of nephrotoxicity.’®® A systematic review in non-sepsis patients
summarized the toxicity of a single dose of aminoglycoside therapy among 36 studies (RCTs and
observational).'?® Among 24107 patients that received a single dose of aminoglycoside (mainly as
preoperative prophylaxis), 2520 developed acute kidney injury, which was usually mild and reversible.
A meta-analysis was not possible due to large heterogeneity. In contrast, the study of Ong et al. showed
clinically relevant negative outcomes already after a median aminoglycoside treatment duration of
two days in patients with sepsis.®®

Based on summarized data the committee recommends against the use of double active therapy in
patients with sepsis, provided that the chosen single antibacterial agent is active against the most likely
pathogens involved. In contrast to the SSC guideline, we also recommend against double active therapy
in patients with severe sepsis and septic shock. It should be noted that we do not recommend against
the use of multiple antibacterial agents when the goal is to broaden the empirical treatment spectrum.

For sepsis due to P. aeruginosa, there is insufficient data from RCTs and systematic reviews to draw
conclusions on benefits and risks of empirical double active therapy. The described meta-analyses
showed no benefit of empirical double active therapy for P. aeruginosa infections in general, but
numbers were too small to perform a subgroup analysis for patients with sepsis or severe infections.1?”
11,112 A recent retrospective observational study of patients with septic shock and documented
monomicrobial bacteraemia suggested a beneficial effect on mortality of double active empirical
therapy compared to monotherapy in a subgroup of 61 patients with P. aeruginosa infections.*?” It was
not reported with which double active empirical regimens the patients with P. aeruginosa were
treated. Also, there was risk of confounding by indication in the analysis. Within the overall population
of this study there was no beneficial effect of double active therapy compared to monotherapy when
a beta-lactam was used in both groups. Other more recent observational studies of double active
therapy in P. aeruginosa bacteraemia showed no additional effect on mortality compared to
monotherapy.}?®13! One of these studies found a beneficial effect on mortality of double active therapy
in the subgroup of patients treated with ciprofloxacin-based double active therapy, but not in the
subgroup treated with tobramycin-based double active therapy.*® Limited evidence showed no
additional effect on mortality in patients with severe P. aeruginosa infections treated with definite
double active therapy. The committee concluded that although there is lack of good quality data, the
current evidence summary argues against the use of double active therapy as empirical and definite
antibacterial treatment for P. aeruginosa sepsis.

For sepsis due to S. aureus there is limited data suggesting that adding aminoglycosides to anti-
staphylococcal treatment has no benefits but may cause harm. Moderate quality evidence also doesn’t
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support the addition of rifampicin in patients with sepsis. In addition, in a large retrospective study in
964 patients, 53% of patients was treated with double active therapy and 59% of those with adjunctive
rifampicin. Double active therapy did not affect mortality, except for the subgroup of patients with

implanted foreign bodies or devices, which are outside the scope of this guideline.!3

Recommendations

Recommendation Strength Quality of
evidence
13. We recommend against routine double active empirical antibacterial | Strong Moderate

therapy* for patients with sepsis or septic shock.

14. We suggest that double active therapy is not routinely used as definite | Weak Very low
therapy for patients with sepsis due to P. aeruginosa infection

15. We suggest that double active therapy is not routinely used as definite | Weak Moderate
therapy for patients with sepsis due to S. aureus infection not associated

to prosthetic material

* We defined double active antibacterial therapy as treatment with two classes of antibiotics, both targeting the
known or suspected causing pathogen(s) (e.g., ceftriaxone and an aminoglycoside to target gram-negative
pathogens) and with the specific purpose to accelerate pathogen clearance rather than to broaden antimicrobial
coverage. Also frequently referred to as combination antibiotic therapy. Of note, the use of two antibiotics for
the increased likelihood of covering the causing agent (broadening the spectrum), or for covering multiple
causing agents (e.g., aerobic and anaerobic bacteria) was not included in the definition of double active therapy.

6. What is the optimal choice of empirical therapy in patients with sepsis in the
Netherlands?

6a. Antibacterial therapy in patients with sepsis in general

Evidence summary

Antibacterial therapy in patients with sepsis with unknown focus

We found no RCTs that specifically focus on empirical or definite antibacterial treatment of adults with
sepsis when there is no identified focus.

Antibacterial therapy in patients with sepsis due to HAP / VAP

The IDSA guideline on HAP and VAP performed a systematic review of 29 RCTs on the antibacterial
treatment of VAP.3® The number of patients with sepsis was not reported, but mortality was high
(average 21%, range 0 — 80%). There were no significant differences in mortality, clinical response,
acquired drug resistance, or adverse events for patients treated with a cephalosporin compared to a
non-cephalosporin or an antipseudomonal penicillin compared to a non-antipseudomonal penicillin.
Patients treated with a carbapenem had lower mortality rates compared to patients treated with a
non-carbapenem (RR 0.78; 95% Cl, 0.65-0.95). Antibacterial treatments in the non-carbapenem group
were a fluoroquinolone, ceftazidime, ceftazidime + an aminoglycoside, aztreonam, piperacillin-
tazobactam or tigecycline.® The meta-analysis comparing treatment with an aminoglycoside-
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containing regimen to a aminoglycoside-free regimen showed lower clinical response rates in patients
treated with a aminoglycoside-containing regimen (RR 0.82; 95% Cl, 0.71-0.95). The meta-analysis
comparing treatment with a quinolone-containing regimen to a quinolone-free regimen showed lower
rate of adverse events in patients treated with a quinolone-containing regimen (RR 0.88; 95% Cl, 0.78—
0.99) compared to a carbapenem-based regimen or another beta-lactam-based regimen. The
previously discussed systematic review by Arthur et al.'»* showed higher clinical cure in the
carbapenem group compared to tigecycline,'3 levofloxacin,** or piperacillin-tazobactam.*®

The IDSA guideline additionally performed a systematic review on empirical treatment of HAP.3® A
meta-analysis was only possible on four RCTs comparing a carbapenem versus piperacillin-tazobactam.
APACHE Il scores were <15, 13, 13 and 23 and overall mortality rates were 2,9, 14 and 38%. The meta-
analysis showed comparable mortality in both treatment groups (RR 0.94; 95% Cl, 0.66—1.34).

Antibacterial therapy in patients with sepsis due to intra-abdominal infection

Several systematic reviews have been executed to analyse outcomes of different antibacterial
treatment regimens in patients with complicated intra-abdominal infections.*¢1%° |n addition, the
previously mentioned guideline of the SIS summarized evidence on the efficacy and safety of beta-
lactams in intra-abdominal infection.®® For most of the included studies, the number of patients with
sepsis was not reported. Carbapenems were assessed in most (>30) RCTs, followed by a cephalosporin
plus metronidazole (21 RCTs) and piperacillin-tazobactam (14 RCTs). Overall, there were minimal
differences and no consistent differences in efficacy to comparator treatments in all these trials. One
systematic review reported a benefit of metronidazole-based therapy compared to carbapenem
treatment on mortality (OR 0.61; 95% Cl: 0.37-1.00) and clinical success (OR 1.63; 95% Cl: 1.08-2.45)
at the end of treatment, although the total number of events was very low.!*® Another systematic
review comparing clindamycin/aminoglycoside treatment to a broad-spectrum beta-lactam (with or
without beta-lactamase inhibitor) showed increased clinical cure in favour of beta-lactam treatment
(OR0.66; 95% Cl: 0.54—0.81).13¢ Overall there was no different rate of adverse events in both treatment
groups. However, the 18 trials reporting nephrotoxicity showed a substantially increased risk of
nephrotoxicity in the clindamycin/aminoglycoside treated patients (OR 3.7; 95% Cl: 2.09-6.57) and a
decreased risk of diarrhoea (OR 0.68, 95% Cl: 0.46—1.00) compared to beta-lactam treatment. Two
systematic reviews compared moxifloxacin to alternative treatments in patients with complicated
intra-abdominal infections.’3% 41 Qverall mortality was 3.8% and average APACHE Il scores 7 (range 2
— 13). Overall the studies found no differences in clinical cure and mortality between groups. The
intention-to-treat analysis within the subgroup of patients with secondary peritonitis showed a non-
significant trend towards lower clinical cure than the alternative treatment group (risk difference:-
3.96%; 95% Cl:- 8.54% to 0.61%).1*! Adverse events occurred more frequently in the moxifloxacin
group. Finally, an older systematic review comparing ciprofloxacin and metronidazole with beta-
lactam-based treatments in patients with intra-abdominal infections found that ciprofloxacin-based
treatment was associated with higher clinical cure rates than beta-lactam-based treatment (OR 1.69,
95% Cl 1.20-2.39).1%° Average APACHE Il score was reported in two studies and above 9.

Removal of central venous catheter (CVC) and antibacterial therapy in patients with sepsis and

suspected CVC infection
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We did not find RCTs or systematic reviews that addressed the question if CVC removal alone is
sufficient in patients with sepsis and suspected CVC infection. We also did not find RCTs or systematic
reviews comparing antibacterial therapy choices in patients with sepsis and a suspected CVC infection.

Antibacterial therapy in patients with sepsis in general
One meta-analysis compared treatment with beta-lactam/beta-lactamase inhibitors (BL/Bls) versus
carbapenems in patients with sepsis due to several causes.!*? Patients were adults or children and had

sepsis due to abdominal or pelvic infections (11 RCTs), febrile neutropenia (8) or pneumonia (7).
Overall mortality in all studies combined was 5% (0 to 14%). The general analysis and several subgroup
analyses showed no difference of effect on mortality, clinical failure at the end of treatment or
development of resistance. For adverse events overall there was no difference between the study
groups, but adverse events requiring discontinuation of the study drug occurred more often in the
BL/BI group (1.36, 95% CI 1.03-1.79, 15 trials, 5304 patients). There was a higher risk of diarrhoea in
the BL/BI group (RR 1.46, 95% Cl 1.25-1.70, 21 trials, 6579 patients). In contrast, Clostridium difficile-
associated diarrhoea (CDAD) occurred more frequently in the carbapenem group (RR 0.29, 95% ClI
0.10-0.87, 6 trials, 2002 patients). Seizures occurred significantly more frequently in the carbapenem
group when treated with imipenem (RR 0.21, 95% CI 0.05-0.93, 4 trials, 822 patients).

Conclusions
Conclusion Quality of
evidence
There are no trials or systematic reviews in patients with sepsis with unknown | -
focus available to conclude on the comparative effect of different antibiotic
classes
Pooled data showed no additional effect of treatment with a cephalosporin | Moderate to

compared to non-cephalosporin regimens on mortality, clinical cure, acquired | low*®

resistance and adverse events in patients with sepsis due to VAP

Pooled data showed no additional effect of treatment with anti-pseudomonal | Moderate to

penicillin compared to non-anti-pseudomonal regimens on mortality, clinical | low3®

cure and adverse events in patients with sepsis due to VAP

Pooled data showed decreased mortality of treatment with a carbapenem | Moderate to
compared to non-carbapenem regimens in patients with sepsis due to VAP. | low*®
There was no additional effect on clinical cure, acquired resistance and adverse

events

Pooled data showed no additional effect on mortality of treatment with a | Low to
aminoglycoside-containing regimen compared to non-aminoglycoside regimens | moderate3®

in patients with sepsis due to VAP. There were lower rates of clinical response in
the aminoglycoside-based regimens and no additional effect on adverse events

Pooled data showed no additional effect on mortality, clinical cure, acquired | Low to
resistance of treatment with a quinolone-containing regimen compared to non- | moderate3®
quinolone regimens in patients with sepsis due to VAP. There was a decreased
risk of adverse events with a quinolone-containing regimen

Pooled data showed no additional effect of treatment with a carbapenem | Low
compared to treatment with piperacillin-tazobactam on mortality in patients
with sepsis due to HAP
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Trial data showed similar effect of treatment with a cephalosporin + | Low®®

metronidazole, piperacillin-tazobactam or a carbapenem on clinical efficacy and
safety in patients with sepsis due to intra-abdominal infection

Pooled data showed lower mortality of treatment with metronidazole plus a | Low!3®

cephalosporin or quinolone compared to treatment with a carbapenem in
patients with sepsis due to intra-abdominal infection. There was no additional
effect on clinical success and adverse events

Pooled data showed increased clinical cure, a large decreased risk of | Very low to
nephrotoxicity and an increased risk of diarrhoea of empirical treatment with | low%®
broad-spectrum beta-lactam (with or without beta-lactamase inhibitor) versus
clindamycin plus aminoglycoside in patients with sepsis due to intra-abdominal

infection. There was no additional effect on mortality and other adverse events

Trial data showed a similar effect of monotherapy with carbapenems, | Low!¥’

tigecycline, piperacillin-tazobactam and ceftolozane-tazobactam on clinical cure
in patients with sepsis due to nosocomial intra-abdominal infections

Pooled data showed increased clinical cure of treatment with ciprofloxacin plus | Moderate to
metronidazole versus alternative treatments in patients with sepsis due to intra- | low*
abdominal infections. There was no additional effect on mortality and adverse

events

Pooled data showed higher rates of adverse events of treatment with | Low!3% %!

moxifloxacin versus beta-lactam based treatments in patients with sepsis due to
intra-abdominal infections. There was no additional effect on clinical cure and
mortality.

There are no RCTs or systematic reviews comparing the effect of removal of the | -
CVC to alternative strategies in patients with sepsis and suspected CVC infection

There are no RCTs or systematic reviews comparing antibiotic strategies in | -
patients with sepsis and suspected bacterial CVC infection

Pooled data in patients with sepsis due to several causes showed increased risk | Low to
of diarrhoea, but decreased risk of Clostridium difficile associated diarrhoea and | moderate’*
seizures of empirical treatment with BL/Bls compared to carbapenem
treatment. There was no additional effect on 30-day mortality, clinical cure,

adverse events in general and development of resistance

Other considerations

Providing evidence-based conclusions on empirical antibacterial therapy in sepsis is challenging.
Studies differ in their patient populations (severity of infection, source of infection, comorbidities,
availability of culture results, local antimicrobial resistance and MIC of involved bacteria), interventions
(dosing, additional antibacterial therapy, source control, timing of treatment) and outcomes (timing,
definition, outcome assessment). In particular, antimicrobial resistance is much lower in the
Netherlands compared to other countries and the number of Dutch patients in included trials is limited.
Another important consideration is that most trials and meta-analyses were not powered for
conclusions on the occurrence of adverse events including nephrotoxicity and the development of
antimicrobial resistance.
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Most trials in patients with severe infections used cephalosporins, carbapenems, piperacillin-
tazobactam and some fluoroquinolones, but outcomes in general did not consistently suggest that one
of these classes of antibiotics is considerably more effective than others in patients with sepsis. Within
the summarized evidence based on trials and meta-analyses, aminoglycoside-based regimens for
sepsis due to HAP or VAP were associated with lower rates of clinical response.®® For sepsis due to
intra-abdominal infections aminoglycoside monotherapy for the aerobic gram-negative pathogens was
less effective than beta-lactam treatment.’3® 43 The SSC guideline does not provide detailed
recommendations on the choice of empirical therapy in patients with sepsis, but they do state that in
the majority of patients with sepsis a broad-spectrum beta-lactam is most appropriate.®’

It is difficult to draw conclusions on aminoglycoside efficacy and toxicity for patients with sepsis.
Almost all trials available combined aminoglycosides with other antibiotics and were therefore
summarized and discussed in the chapter on double active therapy with aminoglycosides (chapter 5).
It was obvious from the described Dutch study by Ong et al that including aminoglycosides in the
empirical treatment of sepsis is carbapenem-sparing, but conversely leads to a significant number of
patients who are essentially treated with aminoglycoside monotherapy due to resistance to the beta-
lactam agent.’® Aminoglycoside monotherapy is generally not considered appropriate empirical
therapy for sepsis not originating from the urinary tract, although also on this topic there is lack of
data.’#

The committee concluded that based on the current data about efficacy and safety of beta-lactams,
the experience with beta-lactams and the large number of trials using a beta-lactam, beta-lactams are
most appropriate as empirical and definite therapy in the majority of patients with sepsis.

Based on the available literature, fluoroquinolones are acceptable alternatives when the risk of
fluoroquinolone resistance is considered low. However, clinicians should be aware that use of
fluoroquinolones has significant disadvantages regarding toxicity and development of resistance.4>-148
In the discussions on aminoglycoside-based treatment, several committee members had concerns
about aminoglycoside efficacy and adverse events, especially in patients with pre-existing impaired
renal function. In contrast, aminoglycoside-based treatment is current practice for empirical sepsis
treatment in many hospitals as a carbapenem-sparing strategy. The committee settled that current
(lack of) evidence supports short-term (i.e. maximum of two days) aminoglycoside treatment added to
a beta-lactam agent in patients with sepsis with the only purpose of increasing the empirical
antibacterial spectrum of activity until susceptibility results are available. This strategy is therefore

mainly applicable to gram-negative bacteria such as 3GCR-E or P. aeruginosa (chapter 6b).

There is no clear evidence-based guidance on how to define appropriate empirical therapy (chapter 4)
and it is difficult to predict a priori risk of the involved pathogen in patients with sepsis (chapter 3).
Early detection of the pathogen combined with direct guidance from the clinical microbiology
laboratory on choice of therapy could therefore be an important strategy to reduce inappropriate
empirical therapy and unnecessary broad-spectrum antibiotics in patients with sepsis.'*® Potential
interventions supporting this goal are improving the appropriate collection of clinical specimens,
decreasing time from collection of specimens to arrival in the microbiology lab, implementing rapid
pathogen identification and antimicrobial susceptibility testing techniques.'®® > However, studies on
efficacy of antimicrobial stewardship interventions in patients with sepsis are lacking.'>* >3 Although
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diagnosis of sepsis is no part of this guideline, the committee believes that optimizing early
identification of the involved pathogen is an important tool to improve early appropriate empirical
therapy and decrease unnecessarily broad-spectrum antibiotics in patients with sepsis. We therefore
suggest that local antimicrobial stewardship programs incorporate improvement of early diagnosis and
reporting of pathogens and susceptibility in patients with sepsis.

In current clinical practice the choice of empirical antibacterial treatment of sepsis differs considerably
between hospitals, e.g., a third generation cephalosporin, piperacillin-tazobactam, a combination of a
second/third generation cephalosporin with short-term aminoglycoside treatment, a combination of
a second or third generation cephalosporin with a fluoroquinolone, or a carbapenem. The final choice
is therefore dictated by the likelihood of involvement of a resistant causative pathogen, by the desire
to avoid the use of third-generation cephalosporins, fluoroquinolones and/or carbapenems from an
antibiotic stewardship perspective and by risks of toxicity and other potential adverse events for the
patient.

We therefore cannot provide strong recommendations on the best empirical treatment in sepsis based
on the currently available literature. We found only subtle differences between strategies in clinical
outcomes in studies that were frequently not generalizable to the Dutch clinical setting. Consequently,
the committee provided pragmatic suggestions for empirical treatment choices in patients with sepsis
based on current evidence, reported national resistance rates, the antibiotic stewardship perspective,
PK/PD considerations and risk of adverse events. Multiple options are more or less equivalent as long
as the empirical treatment is appropriate in covering the most likely pathogens. All strategies have
advantages and disadvantages depending on the three main perspectives (likelihood of optimally
targeting the right pathogen, antimicrobial stewardship, risk of adverse events). For recommendations
on empirical therapy of patients with sepsis, we used the following considerations. First, we defined
the most important pathogens that should be treated in patients with specific clinical syndromes, using
the data described in chapter 1 and including pharmacodynamics/pharmacokinetic considerations
(PK/PD, chapter 10). We subsequently defined which empirical treatment options would be
appropriate based on the national resistance data in blood culture pathogens, described in chapter 2
and the risk of involvement of 3GC-E, as described in chapter 3. We then defined alternative
treatments with larger disadvantages based on resistance, PK/PD, antimicrobial stewardship, toxicity
or other reasons. As an example, based on these considerations the committee considered amoxicillin-
clavulanic acid plus an aminoglycoside less appropriate empirical therapy for sepsis, based on the
combination of high resistance rates of Enterobacterales for amoxicillin-clavulanic acid, concerns
about efficacy and toxicity on aminoglycosides and PK/PD considerations of both amoxicillin-clavulanic
acid and aminoglycosides.

Hospitals could consider alternative empirical treatment options guided by local resistance rates or
when patients do not (yet) qualify for sepsis according to the sepsis-3 criteria.! Although this guideline
is intended for patients with sepsis, in reality the recommendations are frequently used for any patient
in which blood cultures are taken and iv antibiotic therapy is considered. We would like to underscore
that those patients are formally outside the scope of this guideline. For those patients, higher chances
of resistance might be accepted as our evidence summery on the need of appropriateness of empirical
therapy (chapter 4) was only focussed on patients with sepsis.
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In the current chapter 6a, recommendations are listed for sepsis patients at low risk of 3GCR-E (i.e. no
previous infection or colonization with 3GCR-E and a low estimated risk of 3GCR-E involvement. See
chapter 3, recommendations 1 and 2). Alternative treatment strategies are provided including in
patients with increased likelihood of involvement of P. aeruginosa (chapter 3, recommendation 3) or
enterococci (chapter 4, recommendation 11). In chapter 6b, empirical treatment recommendations
are provided for patients with sepsis at increased or high risk of involvement of 3GCR-E. In chapter 6c,
we provided additional recommendations on empirical therapy in patients with sepsis at increased risk
of S. aureus involvement. Recommendations are summarized in Figure 1 (Summary).

For definite treatment, we also refer to chapter 9 on duration of therapy in sepsis. Finally, it should be
noted that for empirical sepsis therapy PK/PD considerations apply (chapter 10).

Sepsis in general

For sepsis in general or no obvious source of infection and low estimated risk of 3GCR-E or P.
aeruginosa involvement, the committee agreed that the antibacterial spectrum should include S.
aureus, E. coli and haemolytic streptococci. The committee prefers a 3rd generation cephalosporin.
Alternative empirical choices are listed in Table 6.

Sepsis due to CAP
For empirical treatment of sepsis due to CAP, we refer to the 2016 SWAB guideline on CAP.%°

Sepsis due to HAP and VAP
For sepsis due to HAP and VAP the antibacterial spectrum should include S. aureus, Enterobacterales,

P. aeruginosa and H. influenzae. It should be noted that in the Netherlands the prevalence of VAP is
thought to be lower compared to other countries due to the frequent use of SDD in Dutch ICU patients.
In addition, in most patients with VAP the most likely pathogen and its resistance are known because
of the frequent surveillance cultures of the respiratory tract in patients on SDD. The number of patients
that need empirical therapy due to VAP will therefore be low. For sepsis due to HAP or VAP in patients
with unknown surveillance cultures or those not on SDD, we recommend a 2" or 3rd generation
cephalosporin plus high dose ciprofloxacin or piperacillin-tazobactam as empirical treatment.
Alternative empirical treatment options are listed in Table 6. As discussed in chapter 4, we generally
suggest against routine empirical treatment of anaerobic bacteria in patients with sepsis due to
aspiration pneumonia, unless empyema or a lung abscess is suspected.

Sepsis due to UTI
For empirical treatment of sepsis due to UTI, we refer to the SWAB guideline on complicated UTI.® The

2013 guideline is currently being updated.

Sepsis due to cholangitis

For sepsis due to cholangitis, empirical treatment should have activity primarily against E. coli and to a
lesser extent other Enterobacterales. Anaerobic coverage is suggested for patients with cholangitis
and biliary-enteric anastomosis (see chapter 4). The guideline committee therefore recommends a 3rd
generation cephalosporin and the addition of metronidazole for patients with biliary-enteric
anastomosis. Alternative treatments are listed in Table 6.
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Sepsis due to intra-abdominal infections

For sepsis due to other intra-abdominal infections empirical treatment should have activity against E.
coli, streptococci, anaerobes including Bacteroides spp and other Enterobacterales. The committee
therefore recommends a 3rd generation cephalosporin plus metronidazole. Alternative treatments
are listed in Table 6.

Sepsis due to skin and soft tissue infection

For empirical treatment of sepsis due to skin and soft tissue infection we refer to the NVDV guideline
on cellulitis and erysipelas (2013) and the Dutch evidence-based guideline on necrotizing soft tissue
infections.*>

Sepsis due to suspected CVC infection

For sepsis due to suspected CVC infection there is lack of high quality data. The previous SWAB sepsis
guideline did not provide general recommendations on catheter removal or empirical therapy for
patients with sepsis and suspected CVC infection.?® The IDSA and SSC guidelines provided strong
recommendations on the prompt removal of the line in the settings of sepsis, hemodynamic instability,
endocarditis or evidence of metastatic infection, persistent bacteraemia after 72 hours of antibacterial
therapy or infections due to S. aureus, P. aeruginosa, fungi or mycobacteria.?” > There is no high
quality data to support this recommendations, but the committee agreed on the assumption that
retaining a CVC in patients with suspected CVC infection under the mentioned circumstances is likely
similar to absence of source control with potential increased risk of adverse outcomes. We therefore
recommend prompt CVC removal in patients with suspected CVC infection and sepsis or septic shock.

Chapter 1 showed that in the Netherlands the most common pathogens of CLABSI are CNS, which
rarely cause complicated infection in patients without prosthetic valves or other intravascular
prosthetic material. In the setting of uncomplicated CLABSI with CNS and removal of the central line,
antibiotic treatment is therefore commonly withheld in The Netherlands. The committee agreed that
empirical therapy should cover S. aureus and gram-negative bacteria including P. aeruginosa in
patients with sepsis and suspected CVC infection. We suggest several equivalent treatment options in
Table 6.

In contrast to pooled international data, Dutch surveillance data showed that Enterococci occur in less
than 6 % as causative pathogens of suspected CVC infections. Based on chapter 4 and in line with the
IDSA guideline we agreed to suggest against empirical treatment of enterococci, unless there is a very
high suspicion of involvement in individual cases based on recent cultures. The same holds true for the
empirical coverage of CNS for CVC associated sepsis. An evidence summary on the question whether
patients with intravascular prosthetic material and sepsis due to suspected CVC infection should
receive empirical treatment covering Enterococci and CNS in order to prevent secondary intravascular
prosthetic material infection was outside the scope of this guideline. However, the committee agreed
that a vancomycin-based treatment could be considered in those patients and is suggested as an
alternative in Table 6.

It should be noted that treatment of infected long-term catheters such as Hickman, Port-a-cath,
Broviac and dialysis catheters are not covered in this guideline. Regarding the need for empirical use
of an echinocandin in patients with CVC associated sepsis, the committee refers to the SWAB
guidelines for the Management of Invasive Fungal Infections.

54

Download from SWAB.nl | 2026-06-10 15:23



1524
1525
1526
1527
1528
1529

1530
1531

Sepsis and reported penicillin allergy

The SWAB sepsis guidelines 2020 included a chapter with recommendations for patients with sepsis

and suspected penicillin allergy. In the 2026 update, we refer to the recommendations in the 2022

SWAB guideline for the approach to suspected Antibiotic Allergy.?

Recommendations

Recommendation Strength Quality of
evidence

16. In patients with sepsis, we generally recommend using a beta-lactam | Strong Moderate

antibiotic covering the most likely involved pathogens

17. In patients with sepsis in general / with no obvious source of infection, | Weak Low

we suggest a 3rd generation cephalosporin (3GC). Alternative empirical

treatment strategies are listed in Table 6

18. In patients with sepsis due to HAP or VAP, we suggest that there are | Weak Low

equivalent empirical treatment strategies, listed in Table 6

19. In patients with sepsis due to cholangitis, we suggest a 3GC. Alternative | Weak Low

empirical treatment strategies are listed in Table 6

20. In patients with sepsis due to intra-abdominal infection, we suggest a | Weak Low

combination of a 3GC with metronidazole.

Alternative empirical treatment strategies are listed in Table 6

21. In patients with sepsis and a suspected CVCinfection*, we recommend | Strong GPS

prompt removal of the line

22. In patients with sepsis and suspected CVC infection, we suggest | Weak GPS

empirical treatment with a 3GC** with gentamicin or high dose
ciprofloxacin
Alternative treatment strategies are listed in Table 6

23. For the empirical treatment of sepsis due to UTI, CAP and SSSI’s and for

patients with sepsis and suspected antibiotic allergy, we refer to other
2,47

guidelines

* Recommendations for sepsis due to suspected long-term CVC's were not included in this guideline

** 3GC may be given in high dose for more optimal PK/PD for S. aureus infections in accordance to EUCAST
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Table 6. Alternative empirical treatment strategies in sepsis and low estimated risk of involvement of 3GCR-E

Source

Unknown

HAP or VAP

Choice

qst

Alternative

Alternative

qst

15(

qst

Empirical treatment strategy

3GC

Piperacillin-tazobactam

2GC plus high dose
ciprofloxacin or an
aminoglycoside

3GC plus high dose
ciprofloxacin

Piperacillin-tazobactam

2GC plus high dose
ciprofloxacin

Advantages

Relatively small spectrum
Low risk of adverse events
Only beta-lactam component of therapy

Spectrum includes E. faecalis anaerobic
bacteria and P. aeruginosa
Only beta-lactam component of therapy

Spectrum includes P. aeruginosa
Potentially better S. aureus PK/PD of
beta-lactam component

Spectrum includes P. aeruginosa.
Potentially better Enterobacterales
PK/PD of beta-lactam component
(compared to 2GC)

Spectrum includes P. aeruginosa and
anaerobic bacteria
Only beta-lactam component of therapy

Spectrum includes P. aeruginosa.
Potentially better S. aureus PK/PD of
beta-lactam component (compared to
3GC)

Disadvantages

Potentially suboptimal S. aureus
PK/PD

Broader antibacterial spectrum
compared to 15t choice
Prolonged or continuous infusion
strongly recommended

Potentially less optimal
Enterobacterales PK/PD of beta-
lactam component

Potentially higher risk of adverse
events compared to 15t choice
TDM and max 2 day treatment for
aminoglycoside

No anaerobic coverage. Potentially
less optimal S. aureus PK/PD of beta-
lactam component (compared to
2GC)

Broader antibacterial spectrum

No anaerobic coverage. Potentially
less optimal Enterobacterales PK/PD
of beta-lactam component
(compared to 3GC)
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Note

High dose 3GC optional when
there is a higher likelihood of S.
aureus involvement

Optional when there is a higher
likelihood of anaerobic, P.
aeruginosa or enterococcal
involvement

Optional when there is a higher
likelihood of S. aureus infection or
P. aeruginosa involvement
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Cholangitis

Intra-
abdominal
infection

CVC infection
Multiple
equivalent
treatment
options

1st

Alternative

Alternative

qst

Alternative

qst

qst

3GC

Piperacillin-tazobactam

2GC/3GC plus high dose
ciprofloxacin or an
aminoglycoside

3GC plus metronidazole

Piperacillin-tazobactam

High dose 3GC plus high dose
ciprofloxacin or an
aminoglycoside

Piperacillin-tazobactam

Relatively small spectrum
Low risk of adverse events
Only beta-lactam component of therapy

Spectrum includes E. faecalis, anaerobic
bacteria and P. aeruginosa

Spectrum includes P. aeruginosa

Relatively small spectrum
Low risk of adverse events
Only beta-lactam component of therapy

Spectrum includes E. faecalis and P.
aeruginosa

Spectrum includes P. aeruginosa
Potentially better S. aureus PK/PD
(compared to regular 3GC dose)

Spectrum includes E. faecalis and P.
aeruginosa

No anaerobic or enterococcal
coverage.

Broader antibacterial spectrum
Prolonged or continuous infusion
strongly recommended

No anaerobic coverage
Potentially higher risk of adverse
events

TDM and max 2 day treatment for
aminoglycoside

Broader antibacterial spectrum
Prolonged or continuous infusion
strongly recommended

Risk of adverse events

TDM and max 2 day treatment for
aminoglycoside

Prolonged or continuous infusion
strongly recommended
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Addition of metronidazole in
patients with sepsis due to
cholangitis who have biliary-
enteric anastomosis

Optional when there is a higher
likelihood of anaerobic,
enterococcal or P. aeruginosa
involvement

Alternative treatment option to

3GC plus metronidazole in
patients with sepsis due to
cholangitis who have biliary-
enteric anastomosis
Optional when there is a higher
likelihood of P. aeruginosa
involvement

Addition of metronidazole in
patients with sepsis due to
cholangitis who have biliary-
enteric anastomosis

Optional when there is a higher
likelihood of P. aeruginosa or
enterococcal involvement
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qst

Alternative

Alternative

2GC plus high dose
ciprofloxacin or an
aminoglycoside

Flucloxacillin plus high dose
ciprofloxacin or
aminoglycoside

Vancomycin plus gram-
negative antibacterial
treatment

Spectrum includes P. aeruginosa
Potentially better S. aureus PK/PD of
beta-lactam component (compared to
regular 3GC dose)

Optimal S. aureus therapy

Spectrum includes coagulase-negative
Staphylococci, Enterococci

Potentially less optimal
Enterobacterales PK/PD of beta-
lactam component (compared to
3GC)

Risk of adverse events

TDM and max 2 day treatment for
aminoglycoside

No beta-lactam treatment of gram-
negative pathogens

Higher risk of adverse events
TDM and max 2 day treatment for
aminoglycoside

Potentially less optimal S. aureus
treatment
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Optional, especially when there is
a high likelihood of S. aureus
involvement

Optional when there is a high
likelihood of enterococcal
involvement or when the patient
has intravascular prosthetic
material at risk of secondary
infection with low virulent gram-
positive pathogens
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6b. Antibacterial therapy in patients with sepsis and increased risk of involvement of
3GCR-E

Evidence summary

A meta-analysis of 21 observational studies by Vardakas et al. compared all-cause mortality of
carbapenem treatment versus alternative antibiotics in patients with community-acquired and
healthcare-associated bacteraemia with ESBL-producing Enterobacterales.”? Alternative antibiotics
were beta-lactam/beta-lactamase inhibitors (BL/Bls), cephalosporins (mainly cefepime, which is
currently not registered in the Netherlands), fluoroquinolones and aminoglycosides. Five studies were
prospectively executed, 16 retrospectively. Studies were located in Asia (9 studies), Europe (6 studies)
or the US (4 studies). In total, 1584 patients were included and overall mortality was 20 percent. The
meta-analysis showed no difference in all-cause mortality between carbapenems and BL/BLIs for both
empirical (RR 0.91, 95% Cl 0.66—1.25) and definitive (RR 0.52, 95% Cl 0.23—-1.13) treatment of ESBL-
positive bacteraemia. Carbapenems were associated with lower mortality than cefepime for empirical
(RR0.51,95% Cl 0.32-0.82) and definitive (RR 0.34, 95% Cl 0.22—-0.52) treatment. Patients treated with
carbapenems had lower mortality compared to those treated with fluoroquinolones as empirical
treatment (RR 0.34, 0.19-0.62), but not as definitive treatment (RR 0.63, 95% Cl| 0.34-1.15). A
subgroup analysis for aminoglycoside-based treatment was not reported.

Another systematic review compared carbapenems to alternative antibiotics for the treatment of
bloodstream infections caused by Enterobacterales with intrinsic, chromosomally encoded AmpC
beta-lactamase (Enterobacter, Serratia, Citrobacter, Providencia, Morganella spp).'>® Eleven
observational studies that assessed all-cause mortality of empirical and/or definite therapy were
included. Alternative antibiotics were BL/Bls (piperacillin-tazobactam or ticarcillin-clavulanate),
cefepime and fluoroquinolones. The meta-analysis showed no significant difference in mortality
between BL/BLIs versus carbapenems for empirical therapy (OR 0.48; 95% Cl 0.14—1.60) or definitive
therapy (OR 0.87,95% Cl 0.32-2.36) and between cefepime versus carbapenems as empirical therapy
(0.60; 95% Cl 0.17-2.20) or as definitive therapy (OR 0.61; 95% ClI 0.27-1.38). Patients treated with
fluoroquinolones as definite treatment had lower odds of dying, probably reflecting the clinical
stability that allowed for the only oral therapy option.

One randomized open-label trial compared ertapenem to cefepime and piperacillin-tazobactam for
the treatment of febrile urinary tract infections due to ESBL-producing E. coli.**® Almost one-third of
patients had septic shock. Clinical success was defined as resolution of fever and symptoms of UTI
present at entry with no development of new symptoms. Assignment to cefepime was stopped
prematurely due to high failure rates (67% clinical failure in 6 patients). Piperacillin-tazobactam (n=33)
and ertapenem (n=33) were equally effective (94% clinical cure). In both groups two patients (6%) had
died at day 28.

A systematic review of observational studies summarized mortality of empirical treatment with a BL/BI
versus carbapenems in patients with bacteraemia due to ESBL-producing Enterobacterales.’™” Types

of BL/Bl included in the studies were not reported. Similar to Vardakas et al.,*? the authors found no
significant difference in mortality between treatment arms for empirical and definite treatment.
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The MERINO trial was an international, open-label, randomized controlled, non-inferiority trial
comparing definitive therapy with piperacillin-tazobactam to meropenem in patients with
bloodstream infections caused by ceftriaxone-resistant, piperacillin-tazobactam and meropenem
sensitive E. coli and K. pneumoniae.*® Bacteraemia originated from the urinary tract in 60% of patients,
86% of isolates was E. coli and 44% of infections was community-acquired. In 43% of patients a qSofa
score 22 was recorded. Phenotypic ESBL production was found in 86% of isolates, while AmpC genes
were found in 10.2% of isolates. The trial was stopped prematurely as it became very unlikely that
continuation of the trial would show non-inferiority of piperacillin-tazobactam. In 378 evaluable
patients 30-day all-cause mortality was 12.3% in patients treated with piperacillin-tazobactam and
3.7% in patients treated with meropenem (absolute risk difference 8.6%, 1-sided 97.5% CI - o= to 14.5,
number needed to harm: 12). Results were consistent in the per-protocol analysis, among pre-
specified subgroup analyses and in sensitivity analyses. There was no subgroup in which non-inferiority
was shown, including in the subgroup with UTI as the source of bacteraemia and the lowest mortality.
There were no significant differences between treatment arms on secondary outcomes including time
to clinical and microbiologic resolution of infection, clinical success day 4, microbiologic resolution of
infection and secondary infection with resistant MO or CDI. However, all showed a trend favouring
meropenem. There was no sign of increased risk of developing infections with resistant
microorganisms in the meropenem group, although numbers were small. AlImost all deaths were not
directly related to the primary infection.

A meta-analysis of Chen et al compared the effect of ceftazidime-avibactam or ceftolozane-
tazobactam to alternative treatment strategies for complicated intra-abdominal infections (clAl) or
complicated urinary tract infections (cUTI) with ceftazidime-resistant gram-negative bacteria or ESBL-
positive Enterobacterales.® Nine high quality RCTs assessing several clinical outcomes in patients with
clAl (5), cUTI (3) or both (1) were included. Overall mortality was 1.1%. There was no difference in
clinical treatment success between BL/BI treatment and comparator treatment in the overall analysis
(OR 1.07, 95%CI 0.80 — 1.44, 2934 patients). A subgroup analysis comparing BL/Bl to meropenem
showed no difference in clinical treatment success (OR 0.91, 95% CI: 0.65 — 1.26). Another subgroup
analysis in patients with cUTI showed higher chance of clinical treatment success of BL/BI in patients
treated for cUTI (OR 2.14, 95% Cl 1.06 — 4.31. Two trials with levofloxacin and imipenem as alternative
treatments). Patients treated with BL/BI had no significantly different mortality rate (OR 1.14, 95%ClI
0.90-1.44) or rate of adverse events (OR 1.07, 95%Cl 0.94 — 1.44) compared to alternative treatments,
including for subgroups of patients with clAl and cUTI. Three RCTs within the meta-analysis reported
on ceftolozane-tazobactam efficacy in patients with ESBL-positive Enterobacterales infection at
baseline in clAl (2 RCTs, comparing to meropenem) and cUTI (1 RCT, comparing to levofloxacin). Clinical
cure was higher in patients treated with ceftolozane-tazobactam (OR 2.89, 95% Cl 1.18 — 7.09, 172
patients), although this significant difference was only based on the trial in cUTI comparing to
levofloxacin. Popejoy et al. confirmed this finding separately based on pooled data on ESBL infections

in two of the three trials.160-162

We found no RCTs on the effect of empirical aminoglycosides-based therapy in patients with sepsis or
severe infections with 3GCR-E.
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Except for the mentioned RCT in the systematic review of Chen et al.,’>® there are no RCTs on the effect
of fluoroquinolones monotherapy in patients with sepsis or severe infections with 3GCR-E. Similarly,
no RCTs were found on the effect of definite therapy with trimethoprim/sulfamethoxazole of such
severe infections.

Conclusions

Conclusion Quality of
evidence

Pooled observational data in patients with bacteraemia due to ESBL-producing | Very low®
Enterobacterales show decreased mortality of empirical and definite treatment
with carbapenems compared to cefepime

Pooled observational data in patients with bacteraemia due to ESBL-producing | Very low®% %7
Enterobacterales showed no additional effect on mortality of empirical and
definite treatment with carbapenems compared to BL/BI

One RCT in patients with bacteraemia with ESBL-producing E. coli and K. | High®®
pneumoniae showed a large decrease in 30-day all-cause mortality of definite
treatment with meropenem compared to piperacillin-tazobactam

The same RCT showed no additional effect on adverse events and secondary

infections with resistant microorganisms or C. difficile Low?®®

Pooled observational data in patients with bacteraemia due to ESBL-producing | Very low®?
Enterobacterales showed decreased mortality of empirical treatment with
carbapenems compared to fluoroquinolones and no additional effect of definite
treatment with carbapenems compared to fluoroquinolones

There was insufficient data in patients with sepsis due to 3GCR-E to conclude on | -
the effect of empirical treatment with aminoglycoside-based therapy

Pooled observational data in patients with bacteraemia due to chromosomally- | Very low!®
encoded AmpC-producing Enterobacterales (such as Enterobacter, Serratia,
Citrobacter, Providencia and Morganella species) showed no additional effect on
mortality of empirical and definite treatment of carbapenems compared to BL/BI

Pooled data from RCTs in patients with complicated intra-abdominal and urinary | Low*

tract infections in general showed no additional effect on clinical cure, mortality
and adverse events of newer BL/Bl compared to alternative treatments (mainly
meropenem)

Pooled data from RCTs in patients with complicated intra-abdominal and urinary | Low'*

tract infections due to ESBL-producing Enterobacterales showed increased
clinical cure of ceftolozane-tazobactam compared to alternative treatments

(mainly levofloxacin)

Other considerations

Providing evidence-based recommendations for empirical treatment of sepsis caused by
Enterobacterales resistant to 3™ generation cephalosporins (3GCR-E) is complex. There is a lack of RCTs
focussing on sepsis due to HRMO only and available studies are heterogeneous and have considerable
limitations. Definitions and resistance testing of HRMO often differ between studies, in addition to the
already mentioned limitations in chapter 3. Apart from mortality other outcomes are hardly assessed.
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Carbapenems are not hydrolysed by ESBL and AmpC enzymes and are therefore generally considered
an appropriate choice for the treatment of severe infections with gram-negative bacteria producing
these enzymes. This is reflected by the available observational studies that compare alternative
treatments to carbapenems in patients with sepsis or bacteraemia due to 3GCR-E.** 1> 157 However,
the increasing use of carbapenems has been associated with increasing rates of carbapenem-
resistance worldwide and the wish to use carbapenem-sparing treatments for antimicrobial
stewardship purposes.t®

The efficacy of beta-lactam/beta-lactamase inhibitors (BL/Bls) has been of specific interest in clinical
practice, due to in vitro susceptibility of some 3GCR-E to these agents.'®® Three meta-analyses of
observational studies showed no suggestion that the older BL/Bls (mostly piperacillin-tazobactam) are
inferior compared to carbapenems for the treatment of bloodstream infections caused by bacteria
producing ESBL®* 7 or with chromosomal AmpC (such as Enterobacter, Serratia, Citrobacter,
Providencia and Morganella spp).t> 1% Also, the large European retrospective INCREMENT study
compared BL/BlI to carbapenem treatment in patients with bloodstream infections with ESBL-
producing Enterobacterales that had in vitro sensitivity to the BL/BI (according to CLSI).'®” The authors
found no difference in 14-day clinical cure and 30-day mortality between BL/Bl and carbapenem
treatment in their multivariate analysis. A similar post-hoc analysis of patients with ESBL-producing E.
coli bacteraemia from six prospective cohorts showed comparable 30-day mortality after empirical and
definite therapy with BL/BI (piperacillin-tazobactam or amoxicillin-clavulanic acid) compared to
carbapenems.’®* A case-control study of patients with bacteraemia due to Enterobacter, Serratia, or
Citrobacter species also found no differences in mortality and persistence of bacteraemia between
BL/BI and meropenem or cefepime treatment.'®® Importantly, there were differences in source and
severity of infection, in vitro susceptibilities and dosing strategies between the observational
studies.’®> 199 |n addition, some individual studies within the meta-analyses suggested increased

mortality in patients with ESBL bacteraemia and treatment with BL/BI compared to carbapenems.'’®-
172

Concerns about increased mortality in severe infections with 3GCR-E treated with a BL/BI versus
carbapenems have now been confirmed for E. coli and K. pneumoniae by the MERINO trial.»*® Although
guestions remain, the committee found the evidence on the difference in mortality convincing enough
to currently recommend against the use of BL/BI and specifically piperacillin-tazobactam for the
treatment of sepsis in patients at risk of or with proven involvement of 3GCR E. coli and K. pneumoniae.
This also counts for definite therapy of patients who have recovered clinically. As 86% of isolates
produced ESBL, it is very likely that the MERINO trial findings are generalizable to other ESBL-producing
Enterobacterales. Future trials should assess if specific subgroups of patients can be safely treated with
piperacillin-tazobactam. Suggested subgroups in the literature that could be treated with piperacillin-
tazobactam are patients with urinary source of infection,>® less severe infections, those infected with
isolates with low MICs, Enterobacterales with certain types of ESBL-genes, E. coli (versus Klebsiella
spp), or isolates that only produce chromosomally-encoded AmpC.16% 16

The MERINO trial did not support the suggestion that piperacillin-tazobactam use is safe in patients
with 3GCR-E bacteraemia and a urinary tract origin. In the primary analysis, the authors found no
association of mortality with piperacillin-tazobactam MIC (although numbers per MIC were low) or E.
coli vs K. pneumoniae infection. However, a post-hoc analysis of trial data included piperacillin-
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tazobactam MICs by broth microdilution (BMD) in the analyses.'”® It showed that with BMD 17.8% of
these bacteria would have been categorized as resistant to piperacillin-tazobactam according to
EUCAST criteria (breakpoint at MIC 8 mg/L) while 6.4% would be resistant according to the Clinical and
Laboratory Standards Institute from the US (CLSI, who have set the breakpoint at an MIC of 16 mg/L).
The microbiological modified intention to treat analysis of the MERINO trial data showed increased
mortality in patients with isolates with piperacillin-tazobactam BMD MICs > 16 mg/L (adjusted OR 2;
95% ClI 1.3 — 3.4). An important limitation of the MERINO trial is that drugs were administered in
intermittent dosing intervals. Prolonged infusion of beta-lactams, especially of piperacillin-tazobactam
could have influenced efficacy (see also chapter 10).

There are conflicting opinions in the literature whether piperacillin-tazobactam is a treatment option
for severe infections caused by Enterobacterales with chromosomally-producing AmpC.1®® There are
concerns that strains become resistant to piperacillin-tazobactam during therapy as is shown in vitro
and clinically with 3™ generation cephalosporins for Enterobacter bacteraemia.'’® However,
piperacillin-tazobactam is only a weak inducer of chromosomal AmpC compared to amoxicillin-
clavulanic acid and 3™ generation cephalosporins. There is only one study suggesting in vitro induction
of high-level AmpC production and there is no guidance by EUCAST on this topic. Observational studies
have concluded that piperacillin-tazobactam may be a treatment option in comparison to

carbapenems, but no randomized trials are available.>

For the newer BL/Bl's ceftazidime-avibactam and ceftolozane-tazobactam, the mentioned meta-
analysis of Chen et al. showed that there might be place for these treatments in intra-abdominal and
urinary tract infections caused by ESBL-producing Enterobacterales. However, sepsis patients were
hardly included. In addition, because of the activity of the newer BL/Bls against carbapenemase-
producing Enterobacterales (CPE), the general opinion of the committee was to reserve these agents

to the treatment of infections with CPE. Emergence of resistance to these agents has been reported.?”

176

Fluoroquinolones were less effective than carbapenems as empirical therapy in observational studies
on ESBL-producing Enterobacterales bacteraemia, while equally effective as definitive therapy.?? This
difference probably reflects again the importance of in vitro susceptibility of the strain. The previously
mentioned retrospective, European INCREMENT study on bacteraemia with ESBL-producing
Enterobacterales also compared outcomes of patients treated with aminoglycosides or
fluoroquinolones to patients treated with carbapenems.'’” Although numbers were very low, there
were no differences between treatments with regard to mortality, clinical failure and length of stay. In
ESBL-producing Enterobacterales, the prevalence of resistance to fluoroquinolones and
aminoglycosides have been found to be high in some publications.}’® Nethmap data presented in
chapter 2 showed that in the Netherlands approximately two third and one third of ESBL-producing E.
coli isolates in blood culture are fluoroquinolone and aminoglycoside resistant, respectively.

The previously discussed study of Ong et al. showed that a strategy preferring carbapenem over
aminoglycosides-based treatment in empirical treatment of 3GCR-E sepsis in the Dutch university ICU
setting led to an increase of carbapenem use of 9%. A carbapenem-based strategy in 3GCR-E sepsis
would therefore likely further increase carbapenem use in the Netherlands, which is unwanted from
an antibiotic stewardship perspective. It should be noted that that an aminoglycoside-based regimen
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may be a potentially less effective and more toxic strategy compared to carbapenem treatment in
patients with sepsis (chapter 6a). Also, approximately 1/3™ of ESBL-E in the Netherlands is resistant to
aminoglycosides (chapter 2). In conclusion, depending on the perspective, both strategies have
important limitations. In summary and as discussed in chapter 6a, the committee has concerns on
aminoglycoside efficacy and safety, but does support the use of short-term (max. two days), empirical
therapy including aminoglycosides as a carbapenem-sparing strategy.

Only very old reports and one recent observational studies have shown efficacy of definite therapy
trimethoprim/sulfamethoxazole in serious gram-negative infections, including due to ESBL and
chromosomal AmpC-producing Enterobacterales. No randomized trials are available.

Regarding empirical therapy in patients with sepsis the committee settled that in those patients with
a high risk of 3GCR-E involvement based on prior infection or colonization (chapter 3, recommendation
1), we suggest to treat with a carbapenem. This recommendation especially counts for those patients
with previous colonisation with ESBL-producing Enterobacterales that had co-resistance to
fluoroquinolones and aminoglycosides (versus other causes of 3GCR). Alternative treatment strategies
are listed in Table 7. We settled that from an antibiotic stewardship perspective a carbapenem-sparing
empirical treatment strategy for sepsis is reasonable in patients at increased risk of 3GCR-E
involvement, but no known prior (1 year) infection/colonization with 3GCR-E (chapter 3,
recommendation 2) . Potential empirical treatment strategies are listed in Table 7.

For definite therapy of patients with sepsis due to ESBL-producing Enterobacterales, the committee
recommends against the use of piperacillin-tazobactam, based on the current evidence from the
MERINO trial. The committee considers a carbapenem or ciprofloxacin as appropriate definite therapy
in case of proven susceptibility. Although there is lack of evidence, we agreed that
trimethoprim/sulfamethoxazole is an appropriate alternative as definite therapy in case of proven
susceptibility after clinical improvement. After discussion, the committee settled that no
recommendation can be given for or against empirical and definite piperacillin-tazobactam therapy in
sepsis due to chromosomal AmpC-producing Enterobacterales. For recommendations on antimicrobial
de-escalation, see chapter 10.

Recommendations

Recommendation Strength Quality of
evidence
24. In patients with sepsis and high risk of involvement of 3GCR-E based on | Strong Moderate

prior (1 year) infection/colonization, we recommend meropenem or
imipenem as empirical antibacterial therapy.
Alternative strategies are listed in Table 7

25. In patients with sepsis and increased risk of involvement of 3GCR-E but | Weak Very low
no prior (1 year) infection/colonization, we suggest that a carbapenem-
sparing strategy (listed in Table 7) is acceptable

26. We cannot provide a recommendation for or against empirical or | - -

definite treatment with piperacillin-tazobactam in patients with sepsis due
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to chromosomal AmpC-producing Enterobacterales (such as Enterobacter,
Serratia, Citrobacter, Providencia and Morganella spp)

27. In patients with sepsis due to ESBL-producing Enterobacterales, we | Strong Moderate
recommend against piperacillin-tazobactam as definite antibacterial
therapy regardless of the in vitro susceptibility
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Estimated risk of
involvement of 3GCR-E

Increased risk

High risk

Choice

Alternative

Alternative

Empirical treatment strategy

2GC/3GC plus an aminoglycoside
(plus metronidazole when
applicable)

Meropenem or imipenem

2GC/3GC plus high dose
ciprofloxacin (plus metronidazole
when applicable)

Meropenem or imipenem

2GC/3GC plus an aminoglycoside
(plus metronidazole when
applicable)

Advantages

Carbapenem-sparing
Fluoroquinolone-sparing

Only beta-lactam component of
sepsis therapy

Potentially lower toxicity profile,
especially in case of renal
insufficiency
Carbapenem-sparing
Aminoglycoside-sparing

Only beta-lactam component of
sepsis therapy

Potentially lower toxicity profile,
especially in case of renal
insufficiency

Carbapenem-sparing,
Fluoroquinolone-sparing

Download from SWAB.nl | 2026-06-10 15:23

Disadvantages

Potentially higher risk of adverse
events compared to other choices
TDM and max 2 day treatment for
aminoglycoside

Approximately 1/3" of ESBL-producing
Enterobacterales is resistant to
aminoglycosides

Very broad-spectrum

Approximately 2/3" of ESBL-producing
Enterobacterales is ciprofloxacin-
resistant

Risk of adverse events

Very broad-spectrum

Potentially higher risk of adverse
events compared to other choices
TDM and max 2 day treatment for
aminoglycoside

Approximately 1/31 of ESBL-producing
Enterobacterales is resistant to
aminoglycosides

Table 7. Alternative empirical treatment strategies in sepsis and increased or high estimated risk of involvement of 3GCR-E

Note

Equivalent treatment option
when there is no known renal
insufficiency

Equivalent treatment option

Optional when local ciprofloxacin
resistance allows its empirical use

Preferred treatment option,
especially when there was
previous resistance to
aminoglycosides or ciprofloxacin
or risk of toxicity (e.g. known
renal insufficiency)

Optional when local resistance
epidemiology allows, when there
is no sepsis (yet) and/or when the
previously cultured 3GCR-E was
susceptible
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Alternative

Alternative

2GC/3GC plus high dose

Carbapenem-sparing

ciprofloxacin (plus metronidazole = Aminoglycoside-sparing

when applicable)

Piperacillin-tazobactam

Carbapenem-sparing
Fluoroquinolone-sparing
Aminoglycoside-sparing

Download from SWAB.nl | 2026-06-10 15:23

Nationally, approximately 2/3r of
ESBL-producing Enterobacterales is
ciprofloxacin-resistant

Likely inferior in ESBL-producing 3GCR-
E sepsis

Optional when local ciprofloxacin
resistance allows its use and/or
when previously cultured 3GCR-E
was susceptible

Only optional when the
previously cultured 3GCR-E did
not produce ESBL and was
susceptible to piperacillin-
tazobactam
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6c¢. Antibacterial therapy in patients with sepsis and increased risk of involvement of
Staphylococcus aureus

Evidence summary

We found no systematic reviews comparing the effect of empirical broad-spectrum beta-lactams or
aminoglycoside treatment to empirical beta-lactam treatment specifically aimed at methicillin-
susceptible S. aureus (penicillinase-resistant penicillins and first generation cephalosporins) in patients
with sepsis that later turns out to be due to methicillin-susceptible S. aureus.

Conclusions

Conclusion Quality of
evidence

There are no RCTs or systematic reviews comparing empirical broad-spectrum | -
beta-lactams to empirical treatment specifically aimed at methicillin-susceptible
S. aureus (penicillinase-resistant penicillins and first generation cephalosporins)
in patients with sepsis that later turns out to be due to methicillin-susceptible S.
aureus

Other considerations

There is no high quality evidence available to provide guidance on the choice of empirical therapy in
patients with sepsis in which S. aureus is likely to be involved. In these patients broader spectrum
empirical therapy with optimal activity against S aureus is needed while awaiting culture results for
definite therapy. Some studies suggest that second or 3rd generation cephalosporins or beta-lactam
beta-lactamase inhibitors with or without aminoglycosides as empirical therapy are inferior compared

to antistaphylococcal penicillins or cefazolin,’ 18

while other studies support empirical therapy with
some of the other beta-lactams.®! Also for definite therapy with ceftriaxone for S. aureus bacteraemia,

only a handful retrospective studies with conflicting results are available.!8 182-18

The committee ultimately settled that until more high quality data is available, empirical treatment
options in patients with sepsis in which S. aureus is likely to be involved include all beta-lactams that
show in vitro susceptibility to S. aureus. Based on PK/PD principles and in line with EUCAST
recommendations, we suggest high dosing of ceftriaxone (two times daily 2 grams in normal renal
function) or cefotaxim (three times daily 2 grams in normal renal function) in patients with sepsis and
substantial risk of S. aureus involvement.’®” Alternative treatment strategies are listed in Table 8. The
committee settled that the clinician should decide on an individual patient basis which strategy is most
appropriate.

For definite therapy of S. aureus sepsis, we follow the NVMM guideline on S. aureus bacteraemia which
recommends flucloxacillin in patients with S. aureus bacteraemia with cefazolin as an alternative when

flucloxacillin is (relatively) contraindicated.®

Recommendations
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Recommendation Strength Quality of
evidence
28. There is insufficient evidence to recommend against empirical use of | - -
other beta-lactam antibiotics than flucloxacillin or cefazolin in patients
with sepsis in which S. aureus is a likely pathogen.
Empirical sepsis treatment strategies when there is a substantial risk of S.
aureus involvement are listed in Table 8
29. For definite therapy of patients with sepsis due to S. aureus, we refer
to the Dutch guideline on S. aureus bacteraemia.?
69
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Table 8. Alternative empirical treatment strategies in sepsis and suspected S. aureus involvement

Empirical treatment strategy

3GC high dose

Flucloxacillin-based therapy

3GC standard dose

Cefuroxime-based therapy

Piperacillin-tazobactam
Meropenem or imipenem

Vancomycin-based therapy

Advantages

Potentially better S. aureus PK/PD
compared to standard dose 3GC

Optimal S. aureus therapy

No difference in 3GCR-E dosing
compared to regular empirical
sepsis therapy

Potentially better S. aureus PK/PD
compared to 3GC standard dose

Download from SWAB.nl | 2026-06-10 15:23

Disadvantages

Clinicians may not be used to higher
dosing

Combined with ciprofloxacin or
aminoglycoside: no beta-lactam
treatment  for  gram-negative
pathogens; aminoglycoside: higher
risk of adverse events, TDM needed.
Combined with additional beta-
lactams: potentially high fluid loads

Potentially suboptimal S. aureus
PK/PD

Potentially less optimal
Enterobacterales PK/PD compared
to 3GC

Broad-spectrum

Very broad-spectrum

Potentially inferior treatment of S.
aureus (compared to flucloxacillin)
TDM needed

Note

In  accordance with  EUCAST
recommendation

Not in accordance with EUCAST

Primarily reserved for patients at
high risk of 3GCR-E

Optional when beta-lactams are
contra-indicated
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III Timing and duration of antibacterial therapy in sepsis

Introduction

In the previous edition of the SWAB sepsis guidelines, it was recommended to start antibacterial
therapy in adult patient with severe sepsis and septic shock as soon as possible, preferably within the
first hour of presentation. This recommendation is in line with the recommendations of the SSC
guidelines, including the recently updated hour-1 sepsis bundle stressing the importance of the first
golden hour and stating that antibacterial therapy should be started immediately for patients
presenting with sepsis or septic shock.?” 188 However, the importance of this one hour time frame is
currently being debated. In fact, the Infectious Diseases Society of America (IDSA) recently stated that
IDSA didn’t support the SSC recommendation on antibiotic timing in sepsis, particularly the formulation
of this fixed 1 hour time period within which antibiotics should be administered.? In chapter 8 we
summarized the available evidence on the topic.

Duration of antibacterial therapy in patients with sepsis and/or bacteraemia has historically been
based on expert opinion. In studies determining treatment duration practices for patients with
bacteraemia, patients were generally treated for 7 to 14 days, but with wide variation.'®%%! Longer
duration of antibacterial treatment is associated with development of antimicrobial resistance and
with adverse events, such as bacterial superinfections, Clostridium difficile infection and death.?9%7
Several studies have critically assessed if shorter duration of antibacterial treatment is as effective and
safe as longer duration in patients with sepsis. In chapter 9 we summarized evidence on the treatment
duration of sepsis in general or of unknown origin, specifically for gram-negative bacteraemia, and of
sepsis due to VAP/HAP, intra-abdominal infection and SSTI. In addition, we summarized evidence on

PCT-guided treatment duration and de-escalation in patients with sepsis.

7. What is the optimal timing of empirical antibacterial therapy in patients with
sepsis?

Evidence summary

Sterling et al. performed a systematic review and meta-analysis regarding the impact of timing of
antibiotic administration on outcome in severe sepsis and septic shock patients.'®® The review included
11 observational studies. A total of 16.178 patients were evaluable for the effect of antibiotic
administration within 3 hours after triage at the emergency department (ED). Patients who received
antibiotics more than 3 hours after ED triage had similar mortality rates compared to patients who
received antibiotics within 3 hours after ED triage (OR 1.16, 95% ClI 0.92 to 1.46). A total of 11.017
patients were evaluable for the effect of antibiotic administration within 1 hour after recognition of
severe sepsis/septic shock. Patients who received antibiotics more than 1 hour after severe
sepsis/shock recognition had similar mortality rates compared to patients who received antibiotics
within 1 hour of recognition (OR 1.46, 95% Cl 0.89 to 2.40), but with heterogeneity between studies.
A sensitivity analysis including 7074 patients showed no significantly increased mortality for each
additional hour delay in antibiotic administration from recognition of severe sepsis and septic shock.

After publication of the 2015 meta-analysis, one multicentre, open label, randomized trial was
published.>! The previously described PHANTASI trial by Alam et al. assessed the impact of prehospital
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antibiotic administration in 2698 patients with sepsis, including severe sepsis (58%) and septic shock
(4%). This Dutch multi-centre study compared the effects of early administration of antibiotics in the
ambulance with standard of care. The 28-day mortality was similar in the intervention and standard of
care group (RR 0.95 CI 0.74 — 1.24), regardless of the severity of sepsis. There were no differences in
ICU admissions, length of hospital stay and/or 90 day mortality, but readmission was less likely in the
intervention group (7 versus 10%, p<0.001). Reasons for re-admission were left unexplained in the
manuscript. Median time to antibiotic administration after ED arrival in the standard of care group
showed a non-significant decrease after training of the ED staff (93 minutes (IQR 39-140) before versus
70 minutes (IQR 36-128) after training, respectively, p 0.14).

Two key observational studies have been published after the 2015 meta-analysis.?® 2% Seymour et al.
retrospectively reviewed the influence of time to treatment of 49.331 patients with sepsis and septic
shock.' They showed that a more rapid completion of the 3-hour bundle of sepsis care was associated
with a lower risk-adjusted in-hospital mortality. Also, longer time to antibiotic initiation was associated
with an increased in-hospital mortality risk (OR 1.04 for each hour delay, 95% Cl 1.02 — 1.05). However,
this effect was only seen in those patients with septic shock who received vasopressors. The other
retrospective observational study by Liu et al. in 35.000 sepsis patients showed that the adjusted OR
for mortality based on each hour delay between antibiotic administration and ED registration was 1.09
(95% Cl 1.05 — 1.13).%%° Mortality increased with 0.3% for sepsis (95% ClI 0.01 — 0.6), 0.4% for severe
sepsis (95% Cl 0.1 — 0.8) and 1.8% for septic shock (95% CI 0.8 — 3) for each hour delay.

Conclusions

Conclusion Quality of
evidence

Pooled data in patients with sepsis showed no additional effect of antibiotic | Very low!®®
administration within 3 hours of ED triage or within 1 hour of severe
sepsis/septic shock recognition on mortality

One randomized trial in patients with sepsis showed no additional effect of pre- | Low>?

hospital antibiotic administration compared to usual care on 28-day mortality

Two large observational studies in patients with sepsis showed that longer time | Low!% 2%
to antibiotic administration was associated with increased mortality in patients
with septic shock.

Two large observational studies in patients with sepsis showed conflicting | Very low?!%% 2%
effects of longer time to antibiotic administration for patients with sepsis and

severe sepsis (excluding patients with septic shock)

Other considerations

The recommendation on timing of antibiotic therapy in patients with sepsis in the previous SWAB
sepsis guideline was mainly based on the results of the landmark study by Kumar et al. in 2006 showing
that each hour delay in antibiotic therapy resulted in an average decrease in survival of 7.6%.% Since
then, other retrospective observational studies underlined Kumar’s findings forming the basis for the
recently updated recommendations of the SSC guidelines.'® 19%-201 The one more recent meta-analysis,
which included the aforementioned observational studies, however did not show a significant
mortality benefit of administering antibiotics within 3 hours of ER triage or within 1 hour of shock
recognition in sepsis.’®® In line, the one randomized trial on this topic could not demonstrate an effect
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of faster (prehospital) antibiotic administration for sepsis on outcome in a Dutch setting.®! This study
however only included only a small number of patients with septic shock.

There are several limitations related to the observational character of most of these studies that are
important to consider when using the results to formulate recommendations on antibiotic timing in
sepsis. First of all, time zero is open to multiple interpretations and difficult to define as the exact onset
of infection is generally unknown. Studies use different definitions of time zero including time of
presentation to the ED, onset of hypotension or time of initiation of the sepsis bundle. Moreover, the
question is which endpoints are to be chosen, e.g. time to administration of the first antibiotic, of all
antibiotics or of antibiotics that are actually active in vitro. In any case, the exact time between the
onset of infection and antibiotic administration is variable, at least to some extent and therefore the
biological plausibility that each additional hour delay of antibiotic administration has such a huge
impact on survival could be argued.?®® Second, in most studies the appropriateness of the antibiotic
regimens is not taken into account. Although there is also considerable heterogeneity in definitions of
this parameter, information on whether the micro-organism cultured is susceptible to the empirical
broad spectrum antibiotic regimen chosen, is of importance when interpreting the impact of timing of
antibiotic administration in sepsis. It is of importance however to note that in a considerable part of
sepsis patients, no causative pathogen is identified and thus appropriateness of antibiotic regimens
cannot be assessed. Third, when considering the importance of rapid antibiotic administration, the
proportion of patients in which antibiotics were unjustified because of the absence of infection should
be taken into account. In this context, a recent Dutch study showed that only 57% of all patients
admitted to the ICU for presumed sepsis, were actually considered as having either probable or
definite infection meaning that a fair proportion of patients did not have an actual infection and
received unnecessary antibiotics.3? It is well known that antibiotic use has potential harmful
consequences such as infection with Clostridium difficile, side effects, allergies and the emergence of
drug resistance. A fourth drawback of observational studies is confounding by indication.?® On the one
hand, delay in antibiotic administration in patients with presumed sepsis could imply difficulties in the
diagnostic process as well as to the choice of empirical antibiotic regimen due to multi-drug resistance
in a complex patient. On the other hand, more rapid antibiotic administration could also be related to
disease severity as it is reasonable to assume that critically ill patients receive antibiotics at the earliest
possible, but perhaps at the cost of appropriateness as not enough time has been spent on reviewing
the medical and microbiological histories of the patient including valuable information on potential
drug-resistance and former allergic reactions.

Taken all of this into account, it seems reasonable to state that in the critically ill patients with septic
shock, there is little margin for error and therefore to administer antibiotics as soon as possible. This
is supported by the results of Seymour et al. and Liu et al. showing that the impact of antibiotic delay
was most pronounced in the patients with septic shock.?> 2% On the other hand, in patients with less
severe disease, rapid antibiotic administration should be weighed against the negative impact of
potentially unjustified antibiotic use when the patient turns out not to suffer from sepsis.'?% 202203 |
patients with less-severe disease there is often more time for gathering appropriate diagnostic
information and — in some cases — even prevent the administration of broad-spectrum antibiotics.

The SWAB sepsis guidelines committee therefore agreed to follow the view point of the IDSA arguing
against defining a fixed time point within which antibiotics should be administered under all
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circumstances in patients with sepsis and septic shock. In line with the results published by Alam et al.
on the impact of ED staff training on time to antibiotic administration and with the recent IDSA position
statement, the committee encourages the efforts to improve the process of antibiotic administration
once the decision is made by the physician to start antibiotic therapy in patients with presumed

sepsis.>l 123

Recommendations

Recommendation Strength Quality of
evidence
30. In patients with sepsis or septic shock, we recommend that the | Strong Low

administration of antibacterial treatment should be initiated promptly
with health care systems working to reduce that time to as short a duration
as feasible

8. What is the optimal duration of antibacterial treatment for sepsis?

Evidence summary
Antibacterial treatment duration in patients with sepsis

We found no RCTs on the optimal treatment duration in adults with sepsis of unknown origin, sepsis
due to cholangitis or sepsis due to suspected infected CVC. Several studies addressed optimal
treatment duration in patients with severe abdominal infections, VAP/HAP as well as patients with
gram-negative bacteraemia.

In 2015 a trial from the US on the appropriate duration of antibacterial therapy of intra-abdominal
infections was published.?®* The study compared a fixed duration of four days of antibiotics to
antibiotics until two days after resolution of symptoms with a maximum duration of 10 days in patients
with complicated intra-abdominal infection and adequate source control. Mean APACHE Il score was
10, although this score was not reflected in the overall low study mortality of 1%. There was no
difference between patients treated for four days and patients treated until two days after resolution
of symptoms (5-10 days) in the composite outcome of surgical-site infection, recurrent intra-
abdominal infection and 30-day mortality. There were no differences in the occurrence of adverse
events. Findings were consistent in two post-hoc analyses that focused on the subset of patients in
this cohort with sepsis and those with a high risk of treatment failure.?%> 206

The DURAPOP trial was a French multicentre, randomized, controlled unblinded study comparing an
antibacterial therapy duration of 8 days with 15 days following source control of postoperative intra-
abdominal infections (PIAl) in critically ill patients.?’” Of 236 patients included in the analysis, 62% had
a SAPS score >40, indicating severe infection, and 16% had secondary bacteraemia. Antibiotic
treatment choices, including de-escalation, were decided by the treating physician and in accordance
to national guidelines. The primary outcome was the number of antibiotic-free days, which was higher
in the shorter duration group than in the longer duration group (15 vs 12 days, respectively; P <
0.0001). There was no difference between groups in 45-day mortality or other secondary outcomes at
day 45 (ICU stay, hospital stay, emergence of multidrug-resistance (MDR) and reoperation rate). Pre-
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specified subgroup analysis suggested that in patients with Pseudomonas infection the risk of
emergence of and treated with longer treatment duration more frequently developed MDR compared
to those treated with a shorter duration.

Several meta-analysis studied short- versus long-duration of antibiotic regimens for VAP and HAP in
critically ill adults.?® 208 209 One of these was performed by the IDSA HAP/VAP guideline committee
which included additional information from the conductors of the individual RCTs.3® The majority of
studies included patients with sepsis, septic shock or severe illness, but data on sepsis patients were
not available separately. These meta-analysis showed that a fixed period of 7 to 8 days of antibiotic
treatment duration did not result in differences in 28-day mortality, clinical cure or incidence of
recurrent pneumonia when compared to a longer, 10 to 15 day antibiotic treatment duration. For the
subgroup of patients with VAP due to non-fermenting gram-negative bacilli, the meta-analysis showed
no difference between treatment duration groups in mortality, clinical cure and recurrences.

Two meta-analysis compared 7-day with 14-day antibiotic treatment in patients hospitalized with
gram-negative bacteraemia.?'% %! Lee et al. included four RCTs, resulting in 3729 patients with gram-
negative bacteraemia.?!° Their primary and only outcome was 90-day all-cause mortality. One included
study focused only on Enterobacterales bacteria ,2*? three studies allowed bacteraemia by all gram-
negative bacteria.?*3?!> The BALANCE trial, a large RCT including patients with bloodstream infections
across 74 hospitals in 7 countries, contributed 68,3% of the patients included in this systematic review
and meta-analysis.?*

Overall, 1817 of the included patients in the meta-analysis were men (48.7%) and 1912 women
(51.3%). The median age ranged from 67-79 years. Most infections were caused by species in the
Enterobacterales order (90.8%). The main causative pathogen was E. coli (63,3%), followed by
Klebsiella spp (19,6%) and Enterobacter spp (7,1%). The main source of bacteraemia was the urinary
tract (51,7%). Within 90 days, 226 patients (12.0%) receiving 7 days of antibiotics died compared with
253 (13.7%) receiving 14 days. No significant difference in 90-day all-cause mortality was found
between the 7-day and 14-day group (RR 0.91, 95% Crl, 0.69-1.22) in the intention to treat analysis,
with a 97.8% probability of noninferiority. The per protocol analysis showed similar results.

Turjeman et al. performed a similar meta-analysis?'!, including three of the RCTs.2!% 213 215 Thejr
primary outcome was 90-day all-cause mortality. No significant difference in mortality was found
between 7 and 14 days of treatment (OR 1.08, 95% Cl 0.73-1.58). In addition, no significant differences
were found for secondary outcomes, including relapse of bacteraemia (1.00, 0.50-1.97), length of
hospital stay (P = 0.78), readmission (0.96, 0.80-1.22) and infection complications (local complications:
1.62, 0.76-3.47; distant complications: 2.00, 0.18-22.08), and for adverse events or emergence of
resistance.

Two additional meta-analyses compared 7-day and 14-day antibiotic treatment in hospitalized patients
with bloodstream infections.?'® 217 78,2% of the total number of inclusions were patients with a gram-
negative bacteraemia. Similar results were found for the primary outcome 90-day all-cause mortality,
and for the secondary outcomes and safety outcomes. All systematic reviews had some concern for
bias due to deviation from the intended intervention, as is the case for open-label trials, but were
otherwise considered at low risk of bias. Also, wide confidence intervals were the result of small sample
sizes, especially for a number of the secondary outcomes.
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A recent randomized multicenter, open-label, non-inferiority trial performed by Arns et al., which was
not included in the above mentioned meta-analyses, compared 7-day with 14-day antimicrobial
therapy for patients with ICU-acquired severe infections by multidrug-resistant gram-negative
bacteraemia.?’® The trial was terminated prematurely due to low recruitment rate. A total of 106
patients were included, less than the planned 520 sample size. Most infections were of the respiratory
tract (68.9%) and caused by carbapenem-resistant Enterobacterales (39.6%). Clinical failure, defined
as death or relapse of infection at 28 days, occurred in 42.4% and 44.7% in 7- and 14-day groups,
respectively (risk difference - 2.3, 95% Cl, - 21.3 - 16.7). Non-inferiority could not be determined for
this patient group due to the low sample size.

For duration of treatment in patients with sepsis due to CAP, UTI, SSSI and CNS infection and of sepsis
due to S. aureus infection, we refer to other guidelines.*®

Procalcitonin (PCT)-guided antibiotic treatment duration

The SWAB guideline on antimicrobial stewardship recommends to consider PCT-guided antibiotic
treatment discontinuation in the ICU setting.3* Several RCTs, including a large trial in Dutch ICU’s,
demonstrated that PCT-guided antibiotic treatment can result in shorter antibiotic treatment duration
without an increase in length of hospital stay or mortality.*2!° An individual patient data meta-analysis
of 4482 critically-ill patients included in 11 trials compared PCT-guided antibiotic treatment to standard
of care in patients with severe infection.?”® Around 50% of included patients had a pulmonary focus
and almost 20% an intra-abdominal focus of sepsis. More than 70% of patients met sepsis-3 criteria
and studies were mostly European. Study protocols were similar and recommended discontinuation
of antibiotics if PCT decreased below 0.5 mg/L or more than 80% from peak level. Mortality was lower
in patients in the PCT-guided group compared to controls (21.1% versus 23.7%; adjusted OR 0.89, 95%
C10.80-0.99). Sepsis severity or focus did not change the effect on mortality. Patients with PCT-guided
treatment had a significantly shorter antibiotic treatment duration than controls (adjusted coefficient
-1.19 days, 95% Cl -1.73 to — 0.66). A second regular meta-analysis showed similar findings of PCT-
based discontinuation of antibiotics in critically ill patients.?’! Another individual patient data meta-
analysis from 523 patients in 13 trials compared PCT-guided antibiotic treatment to standard of care
in ICU patients with bacteraemia.??? In line with the previous meta-analysis, PCT-guided antibiotic
treatment duration resulted in shorter treatment duration compared to controls (—2.86 days; 95% Cl:
—4.88 to —0.84) with similar mortality rates in both groups (16.6% versus 20.0%). A final meta-analysis
found similar effects of PCT-guided discontinuation of treatment on mortality in critically ill patients,
but not in the subgroup of patients with sepsis.??® Also, this meta-analysis showed that the improved
mortality of the PCT-based strategy was mainly seen in studies that had lower protocol adherence or
used algorithms of PCT combined with CRP.

De-escalation

Several meta-analyses have summarized evidence on the effect of antibiotic de-escalation (ADE) in
patients with sepsis or severe infections.??*??” The most recent meta-analyses showed decreased
mortality in patients with ADE compared the control group.?2*2%® However, these reports included
observational studies in their analyses. Also, one meta-analysis clearly showed that patients with
clinical improvement and other parameters associated with lower risk of treatment failure had a
significantly higher likelihood of receiving ADE in the included studies, indicative of confounding by
indication.??> A subgroup analysis of patients with bacteraemia or severe sepsis found a non-significant
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lower mortality rate in the ADE group (adjusted OR 0.71; 95% Cl 0.47 — 1.05).2%* On the other hand, a
subgroup analysis restricted to the RCTs showed an almost significantly higher mortality rate in the
ADE group (OR 1.72; 95% Cl 0.97 — 3.07), although there was risk of bias and one RCT was on patients
with CAP.??* A French multicentre, non-blinded trial by Leone et al compared ADE to continuation of

empirical therapy among 116 ICU patients with severe sepsis.??® The study showed that ADE can be

associated with longer duration of ICU stay (primary outcome, mean difference 3.4; 95% Cl -1.7 to 8.5)

as well as an increase in superinfections. ADE did not affect 90-day mortality.

We found no studies that focussed on ADE in patients with sepsis in which no causative agent could

be identified.

Conclusions

Conclusion

Quality of
evidence

One randomized trial in patients with complicated intra-abdominal infections
and adequate source control showed no additional effect of a treatment
duration until two days after resolution of symptoms (5-10 days) compared to
a fixed four day treatment duration on a composite outcome of surgical-site
infection, recurrent intra-abdominal infection and 30-day mortality

Moderate?%4-206

One randomized trial in ICU patients with severe post-operative intra-
abdominal infections and adequate source control showed that a treatment
duration of 8 days led to more antibiotic-free days compared to a duration of
15 days, with no additional effect on 45-day mortality, length of stay,
emergence of MDR and reoperation rate

High to

moderate??’

There are no trials or systematic reviews in patients with sepsis and cholangitis
comparing shorter treatment duration to regular or longer treatment duration

There are no trials or systematic reviews in patients with sepsis and suspected
CVC infection comparing shorter treatment duration to regular or longer
treatment duration

Pooled RCT data in patients with gram-negative bacteraemia showed no
additional effect of 14 days of treatment duration compared to 7 days of
treatment duration on 90-day mortality

High212»215

Pooled RCT data in patients with gram-negative bacteraemia showed no
additional effect of 14 days of treatment duration compared to 7 days of
treatment duration on relapse of bacteraemia, length of hospital stay,
readmission rate and infection complications

Moderate?!%21>

One randomized trial in patients with ICU-acquired severe infections by
multidrug-resistant gram-negative bacteria was not able to determine non-
inferiority of 7-day compared to 14 days of treatment due to early termination
related to the low recruitment rate.

L0W218

Pooled data in critically ill patients with sepsis showed lower or similar mortality
rates and lower antibiotic treatment duration with procalcitonin-guided

antibiotic treatment duration compared to standard care

Moderate?20-223
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Pooled, adjusted observational data in patients with sepsis showed that | Very low??22

antibiotic de-escalation was not associated with higher mortality rates
compared to standard care

Pooled RCT data in patients with sepsis showed a non-significant increased | Low??*

mortality rate with antibiotic de-escalation compared to standard care

One RCT in patients with severe sepsis showed an increased length of ICU stay | Moderate??®

and more superinfections with antibiotic de-escalation compared to
continuation of empirical therapy. The data showed no effect on mortality.

There are no trials or systematic reviews in patients with sepsis and negative | -
cultures comparing antibiotic de-escalation to continuation of empirical therapy

Other considerations

Although there is some evidence available on antibacterial treatment duration, aggregation of
evidence for sepsis is complicated by heterogeneity on causes of bloodstream infections,
comorbidities, variety in choice, route and efficacy of antibiotics, causative micro-organisms and other
factors such as source control.?*# 22

Several meta-analyses,3® 29 209 gn RCT?!3 as well as a large propensity-adjusted observational study?®
consistently showed that shorter duration of treatment is as effective and safe as the traditional,
longer duration of treatment, in patient with sepsis. Similar results have been found in patients with
mild to moderate-severe CAP,” acute cholecystitis excluding sepsis,?! pyelonephritis, 22 uncomplicated

% non-perforated appendicitis,?** and bacteraemia.?® In line, indirect evidence from the

cellulitis,?
studies on PCT-guided discontinuation of antibacterial treatment in patients with sepsis in the ICU
setting also suggests that shorter antibacterial treatment duration is safe without a detrimental effect
on mortality.4¥ 219 220.236 These data, together with the potential adverse effects of antibiotic overuse,
strengthen the committee to support the SSC recommendation of shorter durations of antibiotic

therapy in most patients with sepsis.

We recommended shorter treatment duration of 1-3 days in patients with sepsis due to cholangitis or
cholecystitis following adequate source control.? This was supported by a Dutch observational study
and has been daily practice in many Dutch hospitals.®® Although there is lack of high quality evidence,
the committee is not aware of high clinical failure rates. We therefore still suggest to treat for 1-3 days
following adequate source control in patients with sepsis due to cholangitis. In 2026, a Dutch
randomized multicentre trial (COBRA) will report clinical outcomes of 1 day antibiotic treatment
compared to 4 to 7 days treatment in patients with acute cholangitis after adequate endoscopic biliary
drainage, including patients with bacteraemia (ClinicalTrials.gov: Identifier NCT05750966).

We agreed that the evidence supports a duration of 7 days in most patients with sepsis due to VAP,
and a duration of 4 days in most patients with sepsis due to intra-abdominal infections who have had
adequate source control. There is lack of evidence on optimal antibiotic treatment duration for sepsis
due to HAP.38 In line with the IDSA guideline on HAP and VAP, the SWAB sepsis committee felt that it
is reasonable to extrapolate evidence from trials with patients with VAP. We therefore agreed on a
weak recommendation for a treatment duration of 7 days for most patients with sepsis due to HAP.
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For sepsis due to suspected CVC infection there is no high quality evidence available on treatment
duration. The committee extrapolated from the RCT of Yahav et al. that for most patients with sepsis
due to CVC infection with Enterobacterales and following removal of the CVC and with favourable
clinical response a treatment duration of maximum 7 days is likely sufficient. This was supported by
recent evidence.?** For enterococci and CNS there is no available evidence but as discussed in chapter
6a, empirical treatment is often withheld and removal of the CVC might be sufficient. The committee
therefore settled to suggest 0 to 7 days for sepsis due to suspected CVC infection with CNS or
enterococci.

The previous SWAB sepsis guideline suggested that an antibacterial treatment duration of 7 days is
adequate for most patients with gram-negative bacteraemia, based on limited evidence. Recent high-
quality evidence supports a 7-day antibiotic treatment duration for most patients with gram-negative
bacteraemia, including sepsis. Studies do not focus on sepsis specifically, but 55% of patients included
in the BALANCE trial were admitted in the ICU at enrollment, accounting for one-third of the total
patient population. Subgroup analyses stratified according to admission in the ICU and APACHE II
scores showed no different results with respect to death by 90 days for these subgroups.
The majority of gram-negative infections was caused by Enterobacterales (90.8%). Evidence for other
gram negative pathogens, such as nonfermenters, is still limited. An ongoing trial in bloodstream
infections due to P.aeruginosa (SHORTEN-2 trial) will provide important complementary evidence
outside the dominant pathogens (ClinicalTrials.gov: Identifier NCT05210439).

For sepsis in general or of (yet) unknown focus, we agreed that for most patients with a favourable
clinical response, a treatment duration of 7 days will be sufficient - or can even be shortened - although
there is only indirect evidence to support this statement.?* 214 The committee also agreed that the
available evidence indirectly supports that source control is a fundamental component of sepsis
treatment, as discussed below.

Longer treatment durations are generally indicated in patients with insufficient source control
(abscesses that cannot be drained), and in patients with specific infections, e.g., suspected
endovascular infection (prosthetic heart valves or endovascular grafts), bone-and joint infection, men
with urinary tract infections and potential involvement of the prostate and SSSI.* > 237 Longer,
individualized courses may also be considered in patients who are severely immunocompromised and
patients with sepsis who have a slow clinical response. Of note however, slow clinical response should
also lead to additional work-up of a new or persistent focus of infection rather than to unsubstantiated
prolongation of antibiotics. Longer treatment duration is recommended in some infections due to
specific micro-organisms, such as in S. aureus CAP or bacteraemia.”® Other infections outside the scope
of this guideline that generally need longer antibiotic treatment are bone/joint infections,
mediastinitis, pleural empyema and endovascular infections.

The SWAB guideline on antimicrobial stewardship recommends to consider PCT-guided antibiotic
treatment discontinuation in the ICU setting.** More recent studies provide further support for the use
of PCT-guided treatment duration in critically-ill patients with sepsis as it decreases antibiotic
treatment duration with improved or similar survival compared to standard care.??>?2® A cost-
effectiveness analysis suggested that the additional costs of this strategy during hospitalization are
minimal (i.e. €65), although the cost-effectiveness on the long-term was unclear.?®® ° Questions
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remain however on the usefulness of a PCT-guided antibiotic management strategy in non-ICU sepsis
patients as well as patients in which a short course of antibiotics is already indicated, such as those
with sepsis due to an intra-abdominal infection. Also, with increasing antibiotic stewardship efforts
one could wonder if the positive effects of a PCT-guided antibiotic management strategy on total
antibiotic consumption will wane over time. And finally, PCT-testing will not be available in all hospitals
in the Netherlands. In line with the SWAB guideline on antimicrobial stewardship,*! we therefore gave
a weak recommendation to use PCT levels to support shortening the duration of antibacterial therapy
in patients with sepsis if the optimal duration of antibiotic therapy is unclear.

There are conflicting findings on the efficacy and safety of antibiotic de-escalation (ADE). Overall, there
is lack of high quality evidence on clinical outcomes of ADE. It is unknown if ADE is an acceptable
strategy in patients with sepsis in which no causative pathogen can be identified. Similarly, the effect
of ADE on the development of antibiotic resistance is only assessed retrospectively.?*® Definitions of
ADE differed among studies, further complicating the interpretation.??® Here we focused on ADE as a
strategy to change from broad to a smaller spectrum antibiotics, either by changing or stopping (one
of) the antibiotics.

The committee agreed with the SSC good practice statements recommending daily assessment for ADE
in patients with sepsis based on the potential harm associated with prolonged, unnecessary
antibiotics.?” The SWAB antimicrobial stewardship guideline provided a strong recommendation to de-
escalate antibiotic therapy as soon as culture results become available based on very low quality
evidence.” It should be noted that this guideline did not focus on patients with sepsis. An European
Society of Intensive Care Medicine (ESICM) and European Society of Clinical Microbiology and
Infectious Diseases (ESCMID) consensus statement recommends to perform ADE in critically ill patients
within 24 hours of definite culture results and in vitro susceptibility based on low quality evidence.?*

Within the SWAB sepsis guideline committee there was consensus that ADE is appropriate in many
clinical situations. Taken together, and in line with other relevant guidelines,>?°*! the committee
recommends to consider ADE in all patients who are on sepsis treatment, especially when culture
results become available, in patients beyond 48 hours of treatment and in patients treated with
antibiotics with high risk of adverse events of the empirical therapy, such as aminoglycosides. We also
suggest this would include patients in whom only limited or indirect cultures show no causative
pathogen. In contrast, with current conflicting evidence, including the negative outcomes of ADE in
one trial on ICU length of stay,??® the committee felt it is defendable not to perform ADE in individual
patients. Example situations include a remaining duration of therapy of only one or a few days or the
impossibility to switch from iv to oral antibiotic treatment.

Based on evidence summarized in chapters 5, 6a and 6b on aminoglycoside toxicity, the committee
agreed that duration of empirical aminoglycoside therapy for sepsis should normally not exceed two
days. We therefore recommend ADE in patients on empirical aminoglycoside therapy preferably within
a maximum of two days.

It should be noted that we did not perform an additional evidence summary on iv/oral switch in
patients with sepsis as this was done in the SWAB antimicrobial stewardship guideline.*! Only very low
quality data was available and we were not aware of newer trials or meta-analyses that would change
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the conclusions and level of evidence of the antimicrobial stewardship guideline. The SWAB sepsis
guideline committee decided to support the recommendation of the SWAB antimicrobial stewardship
guideline to switch systemic antibiotic therapy from intravenous to oral antibiotic therapy after 48 -72
hours on the basis of the clinical condition and when oral treatment is adequate.

Also in line with the SWAB antimicrobial stewardship guideline, we recommend that empirical
antibacterial therapy should be discontinued in patients who initially appeared to have sepsis, but
subsequently have limited clinical and microbiological evidence of infection.** We underscore that for
early diagnosis and fast de-escalation options appropriate cultures before start of the antibacterial
treatment are crucial. In addition the committee believes that a high turn-around time of tests in the
microbiology laboratory, timely reporting of susceptibility results and linkage of test results to
antimicrobial stewardship interventions should be improved where possible in order to maximize
efforts to give the most appropriate antibiotic treatment for patients with sepsis as soon as possible.**®

Recommendations

Recommendation Strength Quality of
evidence

31. For treatment duration of sepsis due to CAP, UTI, SSSI and of sepsis due
to S. aureus infection, we refer to other guidelines*®

32. We recommend source control interventions when possible to support | Strong Low
antibacterial treatment in patients with sepsis.

33. We recommend that a four-day course of antibacterial treatment is | Strong Moderate
appropriate for patients with sepsis due to intra-abdominal infections
following effective source control and with favourable clinical response

34. We suggest that shorter courses of antibacterial treatment (up to three | Weak Very low
days) are appropriate in patients with sepsis and cholangitis following
adequate drainage of the biliary tree

35. We recommend that an antibacterial treatment duration of 7 days is | Strong Moderate
adequate for most patients with sepsis due to VAP

36. We suggest that an antibacterial treatment duration of 7 days is | Weak Very low
adequate for most patients with sepsis due to HAP

37. We suggest that an antibacterial treatment duration of 7 days at | Weak Very low
maximum is adequate for most patients with sepsis due to suspected CVC
infection with gram-negative pathogens following removal of the CVC and
with favourable clinical response

38. We suggest that an antibacterial treatment duration of 0 to 7 days is | Weak GPS
adequate for most patients with sepsis due to suspected CVC infection
with CNS or enterococci following removal of the CVC and with favourable
clinical response

39. We recommend that an antibacterial treatment duration of 7 days is | Strong Moderate-

adequate for most patients with Enterobacterales bacteraemia, including high
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sepsis, unless the underlying diagnosis or lack of source control requires a
longer or shorter duration

40. We suggest that an antibacterial treatment duration of
7 days is adequate for sepsis and septic shock without a clear focus in most
patients with favourable clinical response

Weak Low

41. We recommend daily assessment for the need of antibacterial therapy
in patients with sepsis and to discontinue therapy when during follow-up
there is lack of clinical or microbiological evidence of infection

Strong GPS

42. We suggest that procalcitonin levels are used to support shortening the
duration of antibacterial therapy in patients with sepsis if optimal duration
of antibiotic therapy is unclear

Weak Moderate

43. We recommend to consider antibiotic de-escalation (resulting in
smaller spectrum antibiotics) in all patients on antibiotics for sepsis on a
daily basis and based on pathogen identification, sensitivities and risk of
adverse events

Strong Very low

44. We recommend to stop empirical aminoglycoside therapy within a
maximum of two days

Strong Low

45. We recommend to switch systemic antibiotic therapy from intravenous
to oral antibiotic therapy after 48 -72 hours on the basis of the clinical
condition and when oral treatment is feasible

Strong Very low

Table 9. Suggested antibacterial therapy duration in patients with sepsis
Focus of sepsis

Intra-abdominal infections, following effective source control and with

favourable clinical response

Cholangitis, following adequate drainage of the biliary tree
VAP

HAP

CVC infection with gram-negative pathogen, following removal of the CVC

and with favourable clinical response

CVC infection with CNS or enterococci, following removal of the CVC and

with favourable clinical response
No clear focus

Suggested antibacterial
treatment duration

Four days04207

Up to three days®°

Seven days3®
Seven days

Up to seven days?!3 214

Zero to seven days

Seven days?!3 214

9. In patients with sepsis, should we recommend pharmacokinetic /
pharmacodynamic dosing optimization for empirical antibacterial therapy?

Introduction
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Pharmacokinetics (PK) describe the time course of drug concentration in body fluids after
administration of a drug. This time course of drug concentration is dependent on the absorption,
distribution and elimination of the drug. Pharmacodynamics (PD) describe the relationship between
drug concentration in body fluids and its pharmacologic effect, i.e. antibacterial effects in the case of
antibacterial drugs. In vitro and in vivo studies indicate that certain antibacterial drug exposures over
time (i.e. PK) in relation to antibacterial effects of the drug (i.e. PD) are associated with clinical efficacy
of the drug.?*>?* These so-called PK/PD indices can differ among antibiotic classes. For beta-lactams,
clinical efficacy correlates with the percentage of time that the concentration of non-protein bound or
free fraction (%fT) of the drug in serum is higher than the minimally inhibitory concentration (MIC) of
the micro-organism (PK/PD index: %fT>MIC).?** Aminoglycosides have traditionally been considered as
concentration-dependent antibiotics with Cmax/MIC as the PK/PD index related to clinical efficacy.?*®
However, several reports suggest that aminoglycoside efficacy is related to both time and
concentration.?*”2° The PK/PD index that best describes this relation is the ratio of the area under the
concentration-time curve (AUC) and the MIC, i.e. AUC/MIC ratio. The PK/PD index in most other
antibiotics is also described by AUC/MIC ratio.?*

As discussed in earlier chapters, appropriate antibacterial treatment is associated with improved
survival of sepsis. However, many pathophysiological changes typical for sepsis patients can alter
pharmacokinetic properties of antibiotics and can lead to inadequate antibiotic concentrations when
using standard antibiotic dosing schedules.?*® 251255 These pathophysiologic changes include kidney
dysfunction, augmented renal clearing (that is the enhanced renal function sometimes seen in critically
ill patients), hypoalbuminemia and increased third space due to fluid therapy.?” 2*® Drug
concentrations of hydrophilic antibacterial agents (such as beta-lactams, aminoglycosides and
vancomycin) are generally more sensitive to pharmacokinetic changes in patients with sepsis than
lipophilic antibacterial agents (such as fluoroquinolones). In addition, patients with sepsis may
generally be at higher risk to be infected with bacteria with higher MICs in comparison to other

patients.?*®

For beta-lactams, increasing %fT>MIC can be achieved by increasing beta-lactam total dose, by
increasing the number of daily doses or by providing extended or continuous infusion. For
aminoglycosides, Cmax/MIC can be adjusted by the height of the dose. For vancomycin, optimal
fAUC/MIC could be reached with a loading dose and continuous infusion. The concentrations of
ciprofloxacin, as a lipophilic agent, are less influenced by PK changes in sepsis, but improved target
attainment for bacteria with higher MICs could be achieved by increasing the dosing frequency.
Obesity potentially alters PK-parameters as well.?% %7 Especially hydrophilic antibacterial agents,

including beta-lactams and vancomycin, may alter pharmacokinetics in critically ill, obese patients.?>®

In this chapter we summarized evidence on clinical effects of pharmacokinetic/pharmacodynamic
dosing optimization of empirical antibacterial therapy in patients with sepsis on the following
questions:
e |n patients with sepsis, should antibiotic dosing be based on PK/PD principles?
e |s extended or continuous infusion of B-lactam antibiotics superior to intermittent therapy in
patients with sepsis?
e What is the optimal empirical dose of aminoglycosides in patients with sepsis?
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e Is continuous infusion of glycopeptide antibiotics superior to intermittent therapy in patients
with sepsis?

e What is the optimal empirical dose of ciprofloxacin in patients with sepsis?

e Should we optimize doses in patients with obesity and sepsis?

PK/PD-based dosing

Falagas et al. performed a systematic review on the relation between MIC and outcome of infections
with susceptible gram-negative bacteria.®® Of the 13 observational studies included, 4 studies
reported on patients with bacteraemia only (all on beta-lactams) and 5 studies included patients with
nosocomial infections including bacteraemia (three on beta-lactams, two on tigecycline). Patients
infected with Enterobacterales with high MICs had higher all-cause mortality than patients infected
with strains with lower MICs (RR 2.03; 95% Cl: 1.05 — 3.92). There was no effect of MIC values on
treatment failures (RR 1.18; 95% Cl: 0.71 — 1.97). Among patients infected with non-fermentative
gram-negative bacteria, higher MICs were associated with higher all-cause mortality (RR, 2.39; 95% Cl,
1.19 — 4.81) and clinical failure (RR, 5.54; 95% Cl, 2.72 to 11.27).

Jacob et al. performed a meta-analysis on vancomycin MIC and clinical outcomes in patients with MRSA
infections. A subgroup analysis showed increased risk of clinical failure (RR 1.37; 95% CI: 1.09 — 1.73)
and mortality (RR 1.46; 95% Cl: 1.06 — 2.01) for MIC 21 mg/L compared to lower MICs in patients with
MRSA bacteraemia.?®

The IDSA guideline on HAP/VAP performed a systematic review of the value of PK/PD-optimized dosing
on clinical outcomes, with a focus on patients with HAP and VAP.3® PK/PD-optimized dosing decreased
mortality (12% vs 24%; RR, 0.49; 95% Cl, 0.34 - 0.72) and ICU length of stay (mean difference, -2.48
days; 95% Cl, —3.09 to -1.87 days). PK/PD-optimized dosing showed a benefit on clinical cure (81% vs
64%; RR, 1.40; 95% Cl, 1.16-1.69).

Use of prolonged infusion of beta-lactam antibiotics over intermittent infusion

Over the past two decades, numerous RCT have addressed the question whether prolonged beta-
lactam infusions (either extended or continuous infusion) lead to better clinical outcomes when
compared to intermittent infusion, which have been the basis for the previous SWAB sepsis guidelines
(2020) and the IDSA Surviving Sepsis Campaign guideline (2021) recommendations on this subject.?%
262 \We now performed a search for the period that was not included in these guidelines (2020-June
2025), as described in the supplement.

For the update of this guideline, we identified a recent systematic review and meta-analysis of 18 RCTs
including the large BLING Il and MERCY trials and one new RCT that we used for the current
recommendations.?®* 264 Since the systematic review used the GRADE system to rate the certainty of
evidence, we used this assessment and we did not create a new evidence table.

Summary of evidence

Abdul-Aziz et al. performed a systematic review and meta-analysis to determine whether prolonged
beta-lactam antibiotic infusions are associated with a reduced risk of death in critically ill adults with
sepsis or septic shock compared with intermittent infusions.?®® Prolonged infusion was defined as
either an extended infusion (intravenous beta-lactam antibiotic administration for 2 hours or longer
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during a dosing interval) or a continuous infusion (constant beta-lactam antibiotic administration that
could be administered as a sequential 6-, 8-, 12-, or 24-hour infusion). Intermittent infusion was
defined as intravenous beta-lactam antibiotic administration for fewer than 2 hours during a dosing
interval. Their primary outcome was all-cause 90-day mortality. Secondary outcomes were: ICU
mortality, ICU length of stay, clinical cure, microbiologic cure and adverse events. A total of 18
randomized controlled trials were included, resulting in 9108 critically ill adult participants with sepsis
or septic shock. The BLING Il trial contributed 77% of patients included in this meta-analysis.?®®

265275 piperacillin-tazobactam in 8 trials 25 267, 270, 272, 275-278

Meropenem was studied in 11 trials
cefepime in 3 trials 2% 279 280 tjcarcillin-clavulanate in 2 trials 2% 27>, and amoxicillin-clavulanate,
ampicillin-sulbactam, ceftriaxone, and imipenem-cilastatin in 1 trial each %7 %1 282 The pooled
estimated RR for all-cause 90-day mortality was 0.86 (95%-Cl 0.72-0.98) for prolonged beta-lactam
antibiotic infusions compared with intermittent infusions. The number needed to treat for prolonged
beta-lactam antibiotic infusions to prevent 1 death was 26 patients. This is comparable with the results
of the BLING Il trial, which showed a similar effect estimate but without statistical significance.?®®
Subgroup analyses showed no difference for meropenem vs piperacillin-tazobactam, culture-positive
vs culture-negative, gram-negative vs gram-positive infection, kidney replacement therapy vs no
kidney replacement therapy, lung infection vs other infections, sepsis vs septic shock and male vs
female patients. Use of prolonged infusion of beta-lactam antibiotic was moreover associated with a
reduced risk of ICU mortality and increase in clinical cure, whereas there was no difference in terms of
microbiological cure, adverse events or duration of ICU length of stay. Only one pilot study included in
this systematic review investigated clinical response for continuous versus intermittent infusion of
ceftriaxone, an antibiotic frequently used to treat sepsis in the Netherlands.?®? This study randomized
57 critically ill patients with sepsis on the intensive care unit in the Netherlands to either once-daily
bolus or continuous infusion of ceftriaxone. No overall statistically significant differences were found
in clinical outcomes between groups. However, among patients treated for >4 days, continuous
infusion was associated with better clinical outcomes.

We found one additional study that was not included in the systematic review. Khan et al. performed
a randomized trial in a South African ICU comparing 24-hour continuous infusion versus intermittent
bolus of beta-lactam antibiotics in 122 adults with sepsis.?®* Clinical cure by day 14 was achieved in
81% of continuous infusion patients and 74.1% of intermittent bolus patients (p=0.345), with no
significant differences in ICU length of stay or antibiotic duration. Mortality at day 90 was lower in the
continuous infusion group (RR 0.57, 95% Cl 0.32—1.01), but this did not reach statistical significance.

Optimal dose of aminoglycosides
There were no systematic reviews comparing doses of aminoglycosides in patients with sepsis. One
RCT compared 25 mg/kg to 15 mg/kg amikacin in patients with severe sepsis or septic shock presenting
in the emergency department.?® There was no difference in incidence of nephrotoxicity. The number
of events was, however, very low.

Several systematic reviews of randomized trials showed that once daily dosing is associated with lower

nephrotoxicity rates compared to multiple dosing, with similar or slightly improved clinical efficacy.?®*
287

Vancomycin continuous dosing
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A systematic review and meta-analysis of two RCTs and nine observational studies summarized
evidence on continuous versus intermittent infusion of vancomycin.?® Eight studies were in the ICU
setting and 6 studies included patients with MRSA infections. Five studies reported SAPS Il scores
(range: 13 —50).2% Seven studies reported vancomycin doses (including loading doses) and the authors
showed no difference in all-cause mortality of continuous versus intermittent infusion (RR 1.15, 95%
C10.85—1.54); nor in treatment failure (no meta-analysis done) between treatment groups. There was
a lower incidence of nephrotoxicity in patients treated with continuous infusion compared to those
treated with intermittent infusion of vancomycin (RR 0.61, 95% CI 0.47 — 0.80).

Optimal dose of ciprofloxacin

There were no systematic reviews or randomized controlled trials comparing doses of ciprofloxacin in
patients with sepsis. We did not systematically summarize PK/PD dosing optimization for other
fluoroquinolones.

Obesity

There were no systematic reviews nor randomized studies comparing the effect of PK/PD based dosing
to standard dosing of antibacterial agents in obese patients with sepsis. Only PK-parameters were
evaluated in critically ill obese patients.

Conclusions

Conclusion Quality of evidence
259, 260

Pooled data in patients with severe infections showed that higher MICs were | Low
associated with increased mortality
Pooled data in patients with sepsis due to HAP and VAP showed that PK/PD | Very low®®
based dosing (using TDM or extended infusion) was associated with

decreased mortality, increased clinical cure and decreased ICU length of stay
compared to dosing based on manufacturer’s information

Prolonged beta-lactam antibiotic infusion (extended or continuous) is | High?%
associated with a reduction in 90-day all-cause mortality and ICU mortality
compared with intermittent infusions in critically ill patients with sepsis or
septic shock. The benefit of prolonged infusion of beta-lactam antibiotic
therapy did not differ across antibiotic type, infection site, pathogen type,
presence of renal replacement therapy, or patient sex. Most research
focused on carbapenems and piperacillin-tazobactam.

One small RCT in patients with sepsis showed that continuous infusion of | Very low?®2
ceftriaxone was not associated with improved clinical cure

One RCT in patients with sepsis and septic shock showed that amikacin 25 | Low??

mg/kg was not associated with increased risk of nephrotoxicity compared to
15 mg/kg
Pooled observational data in critically ill patients showed lower | Very low?®

nephrotoxicity and similar mortality rates in continuous vancomycin infusion
compared to intermittent infusion of vancomycin

We found no RCTs or systematic reviews in patients with sepsis comparing | -
the effect of PK/PD-based ciprofloxacin dosing with standard dosing on
clinical outcomes
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We found no RCTs or systematic reviews in obese patients with sepsis | -
comparing the effect of PK/PD-based dosing with standard dosing on clinical

outcomes

Other considerations

As mentioned before summarizing evidence of antibacterial treatment in sepsis is challenging.
Additional challenges in summarizing evidence on PK/PD-based dosing in sepsis are potential
differences in PK/PD targets between antibiotics of the same class (for example, higher %fT>MIC
needed for cephalosporins compared to meropenem),?® differences in pharmacokinetic dosing
interventions (for example, extended or continuous beta-lactam infusion), different pharmacokinetic
characteristics between patients and within individual patients over time (for example, due to age,
obesity, changes in volume of distribution of the drug, changes in renal function), different or unknown
MICs of the causal bacteria and differences in reliability of MIC testing.

The committee agreed with the SSC guideline recommendation to adjust dosing based on PK/PD
principles and drug properties in patients with sepsis and septic shock.’” Evidence supports
pharmacokinetically optimized dosing strategies in patients with sepsis and septic shock, but this
approach is currently difficult to achieve due to lack of rapid therapeutic drug monitoring options
(TDM) for many antibacterial drugs. The high-quality evidence of the effect of prolonged infusion in
beta-lactams supports PK/PD-based dosing, but there is low quality or lack of evidence of the effect of
PK/PD-based dosing in general, and specifically of aminoglycosides, vancomycin and ciprofloxacin and
in obese patients on clinical outcomes. We felt that the available evidence as well as the many studies
reporting that PK/PD targets are not reached in sepsis or critically ill patients in general supports a
recommendation of PK/PD-based dosing.3”- 248 290-292 gince EUCAST recommendations on breakpoints
are generally accepted and based on PK/PD principles, we generally followed the EUCAST dosing
recommendations on doses in specific pathogens.*

TDM is not yet available in the Netherlands on a large scale for antibacterial drugs other than
aminoglycosides and vancomycin, including for beta-lactams. Due to lack of TDM possibilities for many
antibacterial drugs in the Netherlands, we cannot currently give a strong recommendation on TDM for
antibacterial therapy except for aminoglycosides and vancomycin. However, we do suggest to consider
TDM in patients with sepsis and septic shock when there are concerns on target attainment of other
antibacterial drugs than aminoglycoside and vancomycin and when TDM is possible.

Based on the evidence of clinical outcomes of prolonged infusion of beta-lactams in patients with
sepsis, the committee agreed to recommend this strategy for carbapenems and piperacillin-
tazobactam and to suggest it for other beta-lactams, taking their pharmacokinetic properties into
account. Prolonged infusion is feasible when adequate IV access and resources (e.g. availability of
infusion pumps) are available. Administration of an appropriate loading dose prior to initiating
prolonged infusion is essential to rapidly achieve therapeutic beta-lactam concentrations. In addition,
drug stability and compatibility with concomitant intravenous medications should be carefully
considered to preserve the effectiveness of antibiotic treatment. For example, some beta-lactams have
stability issues (e.g. amoxicillin and clavulanic acid), precluding 24 hour infusion preparations. For these
beta-lactam agents extended intermittent infusion would be appropriate. Of note, while most B-
lactams have a half-life of 1-2 hours and therefore often benefit from prolonged or continuous infusion
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to optimize pharmacokinetic targets, agents with longer half-lives—such as ceftriaxone (=8 hours)—
might theoretically achieve comparable pharmacodynamic exposure with intermittent twice-daily
dosing. In critically ill patients, however, the earlier described sepsis-related alterations in clearance
and volume of distribution make drug concentrations far less predictable. These mechanisms suggest
that even B-lactams with a long half-life may perform better when administered as prolonged infusion
rather than intermittent dosing in the ICU setting. A key challenge for future studies will be to identify
which subgroups benefit most from such optimization strategies, for example patients with
augmented renal clearance.?*3

Formulating recommendations on aminoglycoside dosing is complicated due to the wide range of
aminoglycoside concentrations found in patients with sepsis after low or high doses of
aminoglycosides.?®*2% This wide range results in a percentage of patients with subtherapeutic
concentrations (based on PK/PD models) and a percentage of patients with overexposure to the drug.
Overexposure to amikacin was associated with increased mortality in the observational study of Allou
et al in severe sepsis and septic shock patients.?** On the other hand, the authors showed that patients
reaching the PK/PD target had reduced mortality compared to those not reaching the target.?® PK/PD
models confirm difficulties of target attainment in aminoglycoside treatment, especially in infections
with bacteria with higher MICs.?*° Recently, EUCAST changed aminoglycoside breakpoints based on
PK/PD-based modelling after a general consultation round.?®’” EUCAST concluded that for serious
infections targets for efficacy cannot be reached and consequently do not provide breakpoints for
patients with systemic infections anymore. In those infections, EUCAST suggests that aminoglycosides
should be used in combination with other active therapy and provide aminoglycoside MIC's to
distinguish between bacteria with and without acquired resistance mechanisms. ** Based on the same
principles, EUCAST now advices against gentamicin for P. aeruginosa infections. Uncertainty of target
attainment and risk of toxicity are therefore a major disadvantage of aminoglycoside treatment of
patients with sepsis.

Two observational studies reported that active pharmacokinetic dosing (including information on
trough levels) was associated with increased clinical efficacy and decreased toxicity compared to
standard dosing.?®® 2°° Taking in mind the wide variation of aminoglycoside concentrations in patients
with sepsis, the committee recommends to implement individualized pharmacokinetic dosing,
including direct therapeutic drug monitoring of aminoglycosides in patients with sepsis, in order to
reduce subtherapeutic concentrations and overexposure to aminoglycosides. We suggest that either
mid-dosing or both peak and through concentrations are measured and that dosing is adjusted
according to the guidance of the clinical pharmacist. In the Netherlands, gentamicin and tobramycin
doses of 5 mg/kg are recommended in adults with infections in general by the NVZA.3® Doses of 6
mg/kg (tobramycin) or 6-7 mg/kg (gentamicin) are suggested for ICU patients or patients with sepsis.3®
EUCAST now suggests gentamicin and tobramycin doses of 6-7 mg/kg.** The SWAB guideline
committee did not reach consensus on the question if one should use higher initial aminoglycoside
dosing in patients with sepsis and septic shock because of lack of clinical data on toxicity in patients
treated with higher initial doses. Although the committee is concerned about the efficacy and toxicity
of aminoglycosides based on available clinical evidence and the suggestions based on PK/PD models
by EUCAST, we felt that at this point there is insufficient evidence to recommend against
aminoglycosides in patients with sepsis in general or against the specific use of empirical gentamicin
in patients with a higher likelihood of involvement of P. aeruginosa. In the coming years a large Dutch
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randomized controlled trial will assess the efficacy and safety of empirical aminoglycoside therapy in
patients with sepsis.

Regarding vancomycin, there is lack of high quality studies on optimal dosing of vancomycin.**! Very
low quality evidence suggests that continuous infusion could decrease the risk of nephrotoxicity in
patients with severe MRSA infections. There is no evidence on effect on other clinical outcomes. Also,
the clinical consequences of nephrotoxicity haven’t been studied. Use of TDM in general in vancomycin
is associated with improved clinical efficacy and reduced renal toxicity as was shown in mainly
observational studies in non-sepsis patient population.3®? One systematic review concluded that
continuous infusion of vancomycin may be cheaper and TDM easier to perform than intermittent
infusion.3® In the Netherlands, most patients treated with vancomycin are treated for infection with
coagulase negative staphylococci (CNS) or E. faecium which are less virulent than MRSA. Some patients
with S. aureus infections and contra-indications for beta-lactams may be treated with vancomycin.
Current practice in the Netherlands varies, with some hospitals providing continuous infusion, while
many provide intermittent dosing.3®® A practical advantage of continuous infusion is that drug
concentration can be measured any time after reaching steady state. Practical disadvantages for
continuous infusion could be the need for extra venous access and the incompatibility with other
medication. The SWAB guideline committee therefore agreed to suggest continuous infusion of
vancomycin in patients with sepsis. Since vancomycin TDM is widely available, we recommend
performing early TDM in patients with sepsis, i.e. 24 hour after the start.

For ciprofloxacin, several PK/PD studies have been published using clinical data of patients with
moderate to severe infections, septic shock and/or of critically ill patients. Although the studies used
different PK/PD targets, they show no concerns about ciprofloxacin target attainment of regular dosing
(two times 400 mg iv per 24h) when bacteria with MICs <0.125 mg/L are involved.3**3%7 |n contrast,
these and other studies showed it is difficult or impossible to reach the PK/PD target when bacteria
with MICs 0.5 mg/L are involved.3%3% Higher dosing (three times 400 mg iv per 24h) was only
moderately effective to increase target attainment when bacteria with MICs between 0.125 and 0.5
mg/L were involved. In a study of Enterobacterales bacteraemia three times daily ciprofloxacin dosing
increased percentage target attainment (defined as fAUC/MIC>250) for bacteria with MICs of 0.125
and 0.25 mg/L from approximately 70 to 95% and 10 to 40% respectively.3’’ Three times daily dosing
in a Dutch study of critically ill patients increased percentage target attainment (defined as
fAUC/MIC>125) for bacteria with MICs of 0.25 and 0.5 mg/L from approximately 95 to 100 and 40 to
70% respectively.3% Ciprofloxacin is generally well tolerated.?!° Ciprofloxacin in higher doses (three
times daily 400 mg iv) is also reported to be safe in small studies.3!% 31! EUCAST epidemiological cut-
offs (ECOFF) for most Enterobacterales are 0.125 mg/L and clinical breakpoints 0.25 mg/L.** Higher
ECOFFs are reported for Pseudomonas species (0.5 mg/L), Acinetobacter species (1 mg/L) and
Staphylococcus species (1 mg/L). Clinical breakpoints of these three species are therefore based on
high dose ciprofloxacin therapy (three times daily 400 mg iv) by EUCAST. In general, ciprofloxacin
monotherapy is not recommend as monotherapy for S. aureus infections.

Overall, the available evidence indicates that ciprofloxacin efficacy is mainly dependent of MIC of the
involved bacteria. The committee would like to emphasize that the available evidence shows
suboptimal target attainment of ciprofloxacin treatment when bacteria with MIC 0.5 mg/L or higher
are involved, even with higher dosing of ciprofloxacin. In patients with sepsis and risk of involvement

89

Download from SWAB.nl | 2026-06-10 15:23



2489
2490
2491
2492
2493
2494
2495
2496
2497
2498
2499
2500
2501
2502
2503
2504
2505
2506
2507
2508
2509
2510
2511
2512
2513
2514
2515
2516
2517
2518
2519
2520
2521
2522
2523

of bacteria with MIC 0.5 mg/L or higher, we therefore suggest against ciprofloxacin monotherapy as
the first therapy of choice. If local epidemiology is such that most Enterobacterales show MICs of 0.125
to 0.25 mg/L, the available evidence supports three times daily dosing. In line with EUCAST
recommendations, we support a three times daily dosing schedule for Pseudomonas, Acinetobacter
spp. and S. aureus infections, but prefer other antibiotic classes for initial therapy of patients with
sepsis due to these bacteria.**

Some observational studies in critically ill obese patients evaluating PK parameters are available 312318
One case-control study evaluated the differences in ceftazidime, piperacillin-tazobactam and
meropenem concentration between obese and non-obese patients. No major differences were
observed. The study showed that sepsis had a greater impact on differences in PK-parameters than
obesity itself.3*> This finding is consistent with an observational study in obese ICU patients defining
steady state meropenem concentrations.3'* It showed that although steady state volume of
distribution was increased, the standard dosing regimen achieved an adequate probability of target
attainment. Another prospective, observational study found that obese ICU patients were at risk of
overdosing.3!® However, the evidence for the validity of a piperacillin toxicity cut-off value is poor. Two
studies showed that underdosing of meropenem and piperacillin in obese critically ill patients may
result from augmented renal function during sepsis in obese patients, especially during intermittent

dosing.312313

One systematic review summarized a limited number of studies on pharmacokinetic parameters of
aminoglycosides in critically ill, obese patients.3!® Very limited data showed that dose adjustment and
TDM of aminoglycosides based on PK/PD principles may improve target attainment in critically ill,
obese patients. One retrospective study showed that obese ICU patients treated with continuous

vancomycin required lower maintenance dosing than non-obese patients.?’

The committee concluded that overall the limited evidence on beta-lactam pharmacokinetics in obese
patients with sepsis suggests that sepsis characteristics influence PK/PD parameters more than
obesity. Current data do not support a different approach of beta-lactam dosing in obese patients with
sepsis compared to non-obese patients. For aminoglycosides and vancomycin, the committee
concluded that the limited evidence supports dose adjustment in obese patients with sepsis. Similar
to non-obese patients, evidence supports TDM of aminoglycosides and vancomycin in obese patients
with sepsis.

Recommendations

Recommendation Strength Quality of
evidence
46. In patients with sepsis, we suggest that dosing strategies of | Weak Low

antibacterial therapy be optimized based on accepted pharmacokinetic /
pharmacodynamic principles and specific drug properties (Table 10)

47. For adults with sepsis or septic shock treated on the intensive care unit, | Strong High
we recommend prolonged infusion of piperacillin-tazobactam or
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carbapenems for maintenance (after an initial loading dose) rather than
bolus administration.

48. For adults with sepsis or septic shock treated on the intensive care unit,
we suggest prolonged infusion rather than bolus administration for other
beta-lactams such as cephalosporines/penicillins, taking their
pharmacokinetic properties into account.

Weak

Low to
moderate

49. In patients with sepsis, we recommend direct therapeutic drug
monitoring (including either mid-dosing or both peak and through levels)
during aminoglycoside treatment in patients with sepsis and septic shock

Strong

GPS

50. In patients with sepsis, we recommend therapeutic drug monitoring
during vancomycin treatment in patients with sepsis and septic shock

Strong

GPS

51. In patients with sepsis, we suggest therapeutic drug monitoring when
there are concerns on target attainment of other antibacterial drugs than
aminoglycoside and vancomycin (e.g. extreme body weight, augmented or
decreased renal clearance, hypoalbuminemia)

Weak

GPS

52. In patients with sepsis, we suggest continuous* infusion of vancomycin

Weak

GPS

53. In patients with sepsis in whom ciprofloxacin is indicated, we suggest
empirical ciprofloxacin three times daily 400 mg iv

Weak

GPS

* Continuous infusion includes one intermittent dose as a loading dose
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2527  Table 10. Recommended iv doses of empirical antibacterial treatment for sepsis

Antibacterial agent

Benzylpenicillin
Amoxicillin
Flucloxacillin

Amoxicillin-clavulanic acid
Piperacillin-tazobactam

Cefazolin

Cefuroxime

Ceftriaxone

Ceftazidime

Imipenem

Meropenem

Ciprofloxacin

Gentamicin

Tobramycin

Intermittent  dosing
(<60 min infusion)
6x 1 million IU

6x 1000 mg
6x 1000 mg

4x 1200 mg
4x 4500 mg

3x 1000 mg

3x 1500 mg
1x2000 mg

3x 2000 mg

4x 1000 mg

3x 1000 mg

3x 400 mg

1x 5 mg/kg**

1x 5 mg/kg**

Prolonged dosing (3-5
hour infusion)
6x 1 million IU

6x 1000 mg
6x 1000 mg

4x 1200 mg
4x 4500 mg

3x 1000 mg

3x 1500 mg
1x 2000 mg

3x 2000 mg (3 hour
infusion)
4x 1000 mg

3x 1000 mg (3 hour
infusion)
N.a

N.a.

N.a.

Continuous infusion + loading dose

6 million IU + 1 million IU loading dose
6000 mg + 1000 mg loading dose
6000 mg + 1000 mg loading dose

N.a.
18000 mg + 4500 mg loading dose

3000 mg + 1000 mg loading dose

4500 mg + 1500 mg loading dose
2000 mg + 2000 mg loading dose

6000 mg + 2000 mg loading dose

4000 mg + 1000 mg loading dose

3000 mg + 1000 mg loading dose

N.a.

N.a.
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Remarks

Higher doses optional up to 24 million IU per 24h*
Higher doses optional up to 12000 mg per 24h*

Higher doses optional up to 12000 mg per 24h*

3x 4500 mg when Pseudomonas is not involved*

Higher doses optional up to 6000 mg per 24h*

2x 2000 mg when S. aureus is involved*

3x 1000 mg or 3000 mg per 24h + 1000 mg loading dose
optional when Pseudomonas is not involved
4x 500 mg optional when Pseudomonas is not involved

Higher doses optional up to 6000 mg per 24h*

2x 400 mg when Pseudomonas is not involved*

1x 6-7 mg/kg may be indicated in sepsis due to
Enterobacterales *

Adjusted for adjusted body weight**

Immediate TDM recommended***

Should be given in combination with other antibacterial
therapy, generally a beta-lactam agent. Gentamicin may
be a suboptimal choice for P. aeruginosa based on PK/PD
models****

1x 6-7 mg/kg may be indicated in sepsis due to
Enterobacterales or Pseudomonas*

Adjusted for adjusted body weight**

Immediate TDM recommended***
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Should be given in combination with other antibacterial
therapy, generally a beta-lactam agent.****

Vancomycin 2-3x 15-20 mg/kg + N.a. 30-40 mg/kg + 15-20 mg/kg loading dose Adjusted for adjusted body weight**
25-30 mg/kg loading TDM recommended***
dose

Metronidazole 3x 500 mg N.a. N.a.

Trimethoprim-sulfamethoxazole 2x 960 mg N.a. N.a. Higher doses optional*

* See also EUCAST dosing table (http://www.eucast.org/) for guidance on which pathogens may require higher dosing and other relevant guidelines for
infections that require other dosages. In case of higher 24h doses a higher loading dose is indicated (i.e. one intermittent dose)

** Adjusted for adjusted body weight (ideal body weight + 0,4*(true body weight — ideal body weight. Ideal body weight: man: 50 kg + 0,9 * (cm > 150 cm);
woman: 45 kg + 0,9 * (cm > 150 cm). See https://tdm-monografie.org/

*** See https://tdm-monografie.org/

**** Since 2020 EUCAST doesn’t provide formal breakpoints for aminoglycosides in systemic infection (excluding UTI) with Enterobacterales, Pseudomonas,
Acinetobacter and Staphylococcus species anymore. EUCAST recommends that in systemic infections with these species, the aminoglycoside must be
supported by other active therapy. In addition, there are no breakpoints for gentamicin in any infection with Pseudomonas species anymore. See EUCAST

clinical breakpoints table and http://www.eucast.org/guidance_documents/.
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Appendix

Literature searches

1. Which bacteria are most frequently isolated from patients with sepsis in the
Netherlands?

For chapter 1 we searched for epidemiological studies on bacterial aetiology of sepsis and resistance
patterns. We focussed on studies from the Netherlands. We also used NethMap 2017 data and the
PREZIES database.*® NethMap is an annual report, published by the SWAB in collaboration with the
National Institute for Public Health and the Environment of the Netherlands (RIVM). It contains data
from ongoing surveillance of antibacterial agents and resistance among common human pathogens.

In addition, we requested information on pathogens causing central venous catheter infections from
the Dutch national AMR surveillance system (Infectious Diseases Surveillance Information System for
Antimicrobial Resistance or ISIS-AR).®! For this search, all 2017 cultures categorized as catheter tip or
blood were selected. Blood cultures (BC) taken from lines (documented as BC taken from a line) were
excluded. Central venous catheter infection was identified when a peripheral blood culture and a tip
culture were both positive within a maximum of one day difference (before or after) in the date of
taking the sample into process, growing the same microorganism. If a patient had more than one “set”
meeting this definition, only the first positive set was evaluated.

For the update of the guideline, we updated NethMap surveillance data with data from 2024.%8 In
addition, we added relevant results from Dutch sepsis trials that were conducted or reported since the
previous guideline version.

2. What are the resistance patterns of the most frequently isolated bacteria in
patients with sepsis in the Netherlands?

For chapter 2 we used studies from the Netherlands found for chapter 1a and NethMap data from
2017 and 2024.% In addition, we requested additional resistance data from the Dutch national AMR

surveillance system (Infectious Diseases Surveillance Information System for Antimicrobial Resistance
or ISIS-AR).%?
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3. Which patients are at risk for sepsis due to third-generation cephalosporin-
resistant Enterobacterales (3GCR-E) or P. aeruginosa in the Netherlands?

For chapter 3, we restricted the evidence summary to systematic reviews, externally validated
prediction rules and Dutch cohort studies on risk factors for sepsis or severe infections with
Enterobacterales resistant to third-generation cephalosporins (3GCR-E) or with P. aeruginosa. We also
included studies on HRMO (gram-negatives) in general and a large systematic review that assessed risk
factors for inappropriate empirical therapy.

We focussed our search on evidence on risk factors for sepsis due the HRMO that are most frequently
encountered in the Netherlands: Enterobacterales resistant to 3™ generation cephalosporins or shown
to harbour ESBL or AmpC genes. Sepsis due to these microorganisms would not be appropriately
treated with current general empirical therapy recommendations.?® We did not systematically search
for risk factors for sepsis due to other HRMOs, i.e. Enterobacterales resistant to both fluoroquinolones
and aminoglycosides, P. aeruginosa resistant to 23 antibacterial therapy groups (among
fluoroquinolones, aminoglycosides, carbapenems, ceftazidime and piperacillin-tazobactam) and
Acinetobacter spp. resistant to imipenem or meropenem or resistant to both fluoroquinolones and
aminoglycosides. Due to the low prevalence of sepsis due carbapenemase-producing gram-negative
bacteria, penicillin-resistant S. pneumoniae and N. meningitidis, MRSA or VRE in the Netherlands we

did not include studies on risk factors for sepsis due to these bacteria.** 319

4. What is the importance of appropriate empirical therapy in patients with
sepsis?

For this key question we used the literature and grading presented in the SSC 2016 guideline, IDSA
guideline on HAP/VAP and SIS guideline on intra-abdominal infections.3”° In addition, we referred to
the SWAB guideline on management of complicated urinary tract infections and the Dutch evidence-
based guideline on necrotizing soft tissue infections (2015).%° An additional search for relevant

studies on the topic led to five systematic reviews and two RCTs,8 909

5. What is the effect of double active empirical antibiotic therapy compared to
monotherapy in patients with sepsis?

For this key question we used the literature and grading presented in the SSC 2016 guideline, IDSA
guideline on HAP/VAP 3”38 |n addition, we referred to the Dutch guideline on S. qureus bacteraemia.?

An additional search for relevant studies on the topic led to three systematic reviews and one RCT.1%
112-114

6. What is the optimal choice of empirical therapy in patients with sepsis in The
Netherlands

For this key question we used the literature and grading presented in the SSC 2016 guideline, IDSA
guideline on HAP/VAP and SIS guideline on intra-abdominal infections.3”*® An additional search for
studies published since the searches of these guidelines led to 12 systematic reviews and two RCTs. %%

95

Download from SWAB.nl | 2026-06-10 15:23



2609
2610
2611
2612
2613
2614
2615
2616
2617
2618
2619
2620
2621

114, 136-140, 142, 155160 pye to the low prevalence of sepsis due to MRSA in the Netherlands we did not
include studies on empirical treatment of sepsis and risk of involvement of MRSA. We did not
summarize evidence on treatment of necrotizing pancreatitis and sepsis due to diabetic foot infection.

We additionally performed a search of all relevant studies published from June 2008 until October
2018 in MEDLINE and PubMed databases, for the following question:
e What is the optimal empirical therapy for a suspected central catheter infection?

All abstracts were screened for relevance. The specific search strategies are described in Table A. These
results were added to the literature presented in the IDSA Guideline 2009 for catheter related

infections.

Table A. Search strategy empirical therapy in sepsis due to suspected infected CVC

Search Query results | relevant
no.
1 "Catheter-Related Infections/diagnosis"[Mesh] AND "Terminology 3 1
as Topic"[Mesh] AND (Dutch[lang] OR English[lang])
“catheter related bloodstream infection defining [TIAB]” 10 1
((("Catheter-Related Infections/epidemiology"[Mesh]) OR 111 10

"Catheter-Related Infections/microbiology"[Mesh]) AND "Cross
Infection/microbiology"[Mesh]) AND
"Bacteremia/microbiology"[Mesh]

4 (("Catheter-Related Infections"[Mesh]) AND "Anti-Bacterial 18 0
Agents/therapeutic use"[Mesh]) AND "Clinical Trials as
Topic"[Mesh]

5 (("Catheter-Related Infections"[Mesh]) AND "Anti-Bacterial 29 1
Agents/therapeutic use"[Mesh]) AND "Randomized Controlled
Trial"[pt]

6 (("Catheter-Related Infections"[Mesh]) AND "Anti-Bacterial 25 1
Agents/therapeutic use"[Mesh]) AND "empiric"[TIAB]

7 (((("Catheter-Related Infections"[Mesh]) AND "Anti-Bacterial 7 0
Agents/therapeutic use"[Mesh]))) AND "Teicoplanin"[Mesh]

8 (((("catheter-Related Infections"[Mesh]) AND "Anti-Bacterial 8 0

Agents/therapeutic use"[Mesh]))) AND ("Prostheses and
Implants"[Mesh])

9 (((("Catheter-Related Infections"[Mesh]) AND "Anti-Bacterial 8 0
Agents/therapeutic use"[Mesh]))) AND "Prosthesis-Related
Infections"[Mesh]

10 (("Catheter-Related Infections"[Mesh])) AND "Prosthesis-Related 47 1
Infections"[Mesh]

11 "Catheter-Related Infections"[Mesh]) AND "Candidemia"[Mesh] 89 1

12 "Anti-Bacterial Agents/therapeutic use"[Mesh]) AND "tunneled 16 0
catheter"

13 "Anti-Bacterial Agents/therapeutic use"[Mesh] AND 65 0
"Hickman"[TIAB]

14 “Coagulase-Negative Staphylococci [tiab] and/or enterococci [tiab] 120 1

and joint infections [tiab]”
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For chapter 6b we focussed on evidence for treatment efficacy for sepsis due the HRMO that are most
frequently encountered in the Netherlands: Enterobacterales resistant to 3™ generation
cephalosporins or have shown to harbour ESBL or AmpC genes (3GCR-E). Sepsis due to these
microorganisms would not be appropriately treated with current general empirical therapy
recommendations.?’ We did not systematically search for risk factors for sepsis due to other HRMOs.
In addition, we did not systematically summarize antibacterial agents that are currently not easily
available in the Netherlands, such as ampicillin/sulbactam, cefoxitin, cefepime,
cefoperazone/sulbactam and doripenem.

For chapter 6¢c we performed a literature search on the efficacy and safety of empirical treatment with
3" generation cephalosporins in patients with sepsis due to S. aureus infections. For definite treatment
of sepsis due to S. aureus we refer to the NVMM guideline on S. aureus bacteraemia.

7. What is the optimal timing of empirical antibacterial therapy in patients with
sepsis?

For this key question, we used the literature as presented in the SSC 2016 guidelines, chapter on
antibacterial therapy.?” An additional search for studies published since the SSC guidelines led to one
RCT. In addition, we included two large landmark observational studies to our evidence summary.

8. What is the optimal duration of antibacterial treatment for sepsis?

For this key question, we used the literature presented in the SSC 2016 guideline, IDSA guideline on
HAP/VAP 2016 and SWAB guideline on antimicrobial stewardship 2016.37-3% 4! An additional search for
studies published since the SSC search for this question led to new meta-analyses on PCT-guided
antibiotic treatment duration.??>2%2 Also, a consensus statement on antimicrobial de-escalation in
critically ill patients from the European Society of Intensive Care Medicine (ESICM) and the European
Society of Clinical Microbiology and Infectious Diseases (ESCMID) was used for relevant literature on
de-escalation in patients with sepsis.?*

For the 2025 SWARB sepsis guideline update, we additionally performed a comprehensive search for
literature on the optimal antibacterial treatment duration in patients with gram-negative bacteraemia.
We searched for studies published since the literature search of the previous SWAB sepsis Guideline,
with the help of a Medical Information Retrieval Specialist. We searched Medline (Ovid) and Embase
(Ovid) for randomized controlled trials (RCTs) and systematic reviews and meta-analysis published
between January 2020 and August 2025.

P: Hospitalized adult patients with gram-negative bacteraemia

I: Treatment duration <7 days

C: Treatment duration >7 days

O: Mortality, readmission after discharge, relapse of bacteraemia
S: Systematic reviews, randomized controlled trials
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T: January 2020 - August 2025

We identified 861 RCTs and 510 systematic review and meta-analyses. After screening titles and
abstracts, eight studies were considered potentially relevant: four high quality RCTs [11-14] and four
high quality systematic review and meta-analyses [15-18]. Three systematic review and meta-analyses
covered four RCTs, including three RCTs identified in our search and the study performed by Yahav et
al [10], discussed in the previous guideline. One systematic review and meta-analysis included three
RCTs. [10,12,13] Since several systematic reviews used the GRADE system to rate the certainty of
evidence, we adopted the GRADE assessments as reported in these reviews.

9. In patients with sepsis, should we recommend pharmacokinetic /
pharmacodynamic dosing optimization for empirical antibacterial therapy?

For this key question we used the literature and grading presented in the SSC 2016 guideline and IDSA
guideline on HAP/VAP.3” 3 An additional search for studies published since the SSC search for this

question led to a clinical practice guideline and systematic review on vancomycin.28 301

For the 2025 SWAB sepsis guideline update, we additionally performed a comprehensive search for
literature comparing intermittent infusion versus prolonged infusion of beta-lactam antibiotics in
patients with sepsis. The search was done for the last 5 years (2020-June 2025), as our previous
guideline included studies until 2020. We used the Medline database.

P: Adults with sepsis

I: Prolonged infusion of intravenous beta-lactam antibiotics (antibiotic infused over at least half of the
dosing interval or continues infusion)

C: Intermittent infusion of beta-lactam antibiotics (infusion < 30 minutes)

O: Mortality <30 and <90 days after start of therapy, clinical improvement within 72 hours, ICU
admission, length of hospital stay, duration of antibiotic treatment, duration of IV antibiotic treatment,
duration of broad-spectrum antibiotic treatment

S: Systematic reviews, RCTs

T:2020-2025

Using this search, we identified 39 studies. After screening titles and abstracts, eight studies were
considered potentially relevant: five were systematic reviews and/or meta-analyses, and three were
randomized controlled trials (RCTs).

Following full-text review, we identified one systematic review [5] that included all relevant studies
cited in the remaining four systematic reviews. The other four reviews also included a few additional
RCTs; however, these involved patient populations outside our inclusion criteria (i.e., non-septic
patients or neonates/children) or focused on pharmacokinetic/pharmacodynamic outcomes.

Of the three RCTs, two were already included in the systematic review by Abdul-Aziz et al. For this
guideline, we therefore chose to include the systematic review by Abdul-Aziz et al. [5], supplemented
by the RCT conducted by Khan et al. [6].

98

Download from SWAB.nl | 2026-06-10 15:23






2707
2708
2709

2710
2711
2712
2713
2714
2715
2716
2717
2718
2719
2720
2721
2722
2723
2724
2725
2726
2727
2728
2729
2730
2731
2732
2733
2734
2735
2736
2737
2738
2739
2740
2741
2742
2743
2744
2745
2746
2747
2748
2749
2750
2751
2752
2753
2754
2755
2756

References

1. Seymour CW, Liu VX, lwashyna TJ, Brunkhorst FM, Rea TD, Scherag A, et al. Assessment of
Clinical Criteria for Sepsis: For the Third International Consensus Definitions for Sepsis and Septic
Shock (Sepsis-3). Jama. 2016;315(8):762-74.

2. Wijnakker R, van Maaren MS, Bode LGM, Bulatovic M, Hendriks BJC, Loogman MCM, et al.
The Dutch Working Party on Antibiotic Policy (SWAB) guideline for the approach to suspected
antibiotic allergy. Clin Microbiol Infect. 2023;29(7):863-75.

3. van Zanten AR, Sankatsing SU, de Regt MJ, Derde LP, Klijn A, Schellaars R, et al. Concept
guideline Sepsis fase 1. 2019.
4, de Jong VM, Boel CH, Boonstra O, Bouman CS, Janssen S. Necrotiserende wekedeleninfecties

2015 [updated 12—03-2018. Available from:
https://richtliinendatabase.nl/richtlijn/necrotiserende wekedeleninfecties/startpagina - nwdi.html.

5. Lavrijsen AP, Damstra RJ, van Dissel JT, Draijer LW, van Everdingen JJ, Go PM, et al. Richtlijn
cellulitis en erysipelas van de onderste extremiteiten 2013.
6. Geerlings SE, van Nieuwkoop C, van Haarst E, van Buren M, Knottnerus BJ, Stobberingh EE, et

al. SWAB Guidelines for Antimicrobial Therapy of Complicated Urinary Tract Infections in Adults 2013
[Available from:
https://www.swab.nl/swab/cms3.nsf/uploads/41949F6BDIEDI0EDC1257B7F00212560/SFILE/revise
d%20uti%20guideline%20FINAL%20010413.pdf.

7. Wiersinga WJ, Bonten MJ, Boersma WG, Jonkers RE, Aleva RM, Kullberg BJ, et al.
Management of community-acquired pneumonia in adults: 2016 guideline update from the Dutch
Working Party on Antibiotic Policy (SWAB) and Dutch Association of Chest Physicians (NVALT). Neth J
Med. 2018;76(1):4-13.

8. Verduin K, Ammerlaan H, Blaauw G, Bleeker-Rovers CP, van Drie-Pierik RJ, Ekkelenkamp M, et
al. Richtlijn Staphylococcus aureus bacteriémie 2019 (NVMM).
9. Brouwer MC, Heckenberg SG, van Well GT, Delwel EJ, Spanjaard L, van de Beek D, et al.

SWAB Guidelines on Antibacterial Therapy of Patients with Bacterial Central Nervous System

Infections 2012 [Available from:

https://www.swab.nl/swab/cms3.nsf/uploads/FE54A057082AA54CC1257A2B00293B1D/SFILE/SWAB
CNSguideline %20Junel2.pdf.

10. Shankar-Hari M, Phillips GS, Levy ML, Seymour CW, Liu VX, Deutschman CS, et al. Developing

a New Definition and Assessing New Clinical Criteria for Septic Shock: For the Third International

Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). Jama. 2016;315(8):775-87.

11. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M, et al. The Third

International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). Jama. 2016;315(8):801—

10.

12. Vincent JL, Marshall JC, Namendys-Silva SA, Francois B, Martin-Loeches |, Lipman J, et al.

Assessment of the worldwide burden of critical iliness: the intensive care over nations (ICON) audit.

Lancet Respir Med. 2014;2(5):380-6.

13. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, Pinsky MR. Epidemiology of

severe sepsis in the United States: analysis of incidence, outcome, and associated costs of care. Crit

Care Med. 2001;29(7):1303-10.

14. Finfer S, Bellomo R, Lipman J, French C, Dobb G, Myburgh J. Adult-population incidence of

severe sepsis in Australian and New Zealand intensive care units. Intensive Care Med.

2004;30(4):589-96.

15. Rhee C, Dantes R, Epstein L, Murphy DJ, Seymour CW, lwashyna TJ, et al. Incidence and

Trends of Sepsis in US Hospitals Using Clinical vs Claims Data, 2009-2014. Jama. 2017;318(13):1241-

9.

100

Download from SWAB.nl | 2026-06-10 15:23


https://richtlijnendatabase.nl/richtlijn/necrotiserende_wekedeleninfecties/startpagina_-_nwdi.html
https://www.swab.nl/swab/cms3.nsf/uploads/41949F6BD9ED10EDC1257B7F00212560/$FILE/revised%20uti%20guideline%20FINAL%20010413.pdf
https://www.swab.nl/swab/cms3.nsf/uploads/41949F6BD9ED10EDC1257B7F00212560/$FILE/revised%20uti%20guideline%20FINAL%20010413.pdf
https://www.swab.nl/swab/cms3.nsf/uploads/FE54A057082AA54CC1257A2B00293B1D/$FILE/SWAB_CNSguideline_%20June12.pdf
https://www.swab.nl/swab/cms3.nsf/uploads/FE54A057082AA54CC1257A2B00293B1D/$FILE/SWAB_CNSguideline_%20June12.pdf

2757
2758
2759
2760
2761
2762
2763
2764
2765
2766
2767
2768
2769
2770
2771
2772
2773
2774
2775
2776
2777
2778
2779
2780
2781
2782
2783
2784
2785
2786
2787
2788
2789
2790
2791
2792
2793
2794
2795
2796
2797
2798
2799
2800
2801
2802
2803
2804
2805
2806
2807

16. Vincent JL, Sakr Y, Sprung CL, Ranieri VM, Reinhart K, Gerlach H, et al. Sepsis in European
intensive care units: results of the SOAP study. Crit Care Med. 2006;34(2):344-53.

17. Davis JS, He V, Anstey NM, Condon JR. Long term outcomes following hospital admission for
sepsis using relative survival analysis: a prospective cohort study of 1,092 patients with 5 year follow
up. PLoS One. 2014;9(12):e112224.

18. Dreiher J, Almog Y, Sprung CL, Codish S, Klein M, Einav S, et al. Temporal trends in patient
characteristics and survival of intensive care admissions with sepsis: a multicenter analysis*. Critical
care medicine. 2012;40(3):855-60.

19. Paoli CJ, Reynolds MA, Sinha M, Gitlin M, Crouser E. Epidemiology and Costs of Sepsis in the
United States-An Analysis Based on Timing of Diagnosis and Severity Level. Crit Care Med.
2018;46(12):1889-97.

20. van Gestel A, Bakker J, Veraart CP, van Hout BA. Prevalence and incidence of severe sepsis in
Dutch intensive care units. Crit Care. 2004;8(4):R153-62.

21. Kadri SS, Rhee C, Strich JR, Morales MK, Hohmann S, Menchaca J, et al. Estimating Ten-Year
Trends in Septic Shock Incidence and Mortality in United States Academic Medical Centers Using
Clinical Data. Chest. 2017;151(2):278-85.

22. Barie PS, Hydo LJ, Shou J, Larone DH, Eachempati SR. Influence of antibiotic therapy on
mortality of critical surgical illness caused or complicated by infection. Surg Infect (Larchmt).
2005;6(1):41-54.

23. Kumar A, Ellis P, Arabi Y, Roberts D, Light B, Parrillo JE, et al. Initiation of inappropriate
antimicrobial therapy results in a fivefold reduction of survival in human septic shock. Chest.
2009;136(5):1237-48.

24. Ibrahim EH, Sherman G, Ward S, Fraser VJ, Kollef MH. The influence of inadequate
antimicrobial treatment of bloodstream infections on patient outcomes in the ICU setting. Chest.
2000;118(1):146-55.

25. Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S, et al. Duration of hypotension
before initiation of effective antimicrobial therapy is the critical determinant of survival in human
septic shock. Crit Care Med. 2006;34(6):1589-96.

26. Vazquez-Guillamet C, Scolari M, Zilberberg MD, Shorr AF, Micek ST, Kollef M. Using the
number needed to treat to assess appropriate antimicrobial therapy as a determinant of outcome in
severe sepsis and septic shock. Crit Care Med. 2014;42(11):2342-9.

27. Paul M, Shani V, Muchtar E, Kariv G, Robenshtok E, Leibovici L. Systematic review and meta-
analysis of the efficacy of appropriate empiric antibiotic therapy for sepsis. Antimicrob Agents
Chemother. 2010;54(11):4851-63.

28. NethMap One Health 2025 - Consumption of antimicrobial agents and antimicrobial
resistance in the Netherlands from a one health perspective. RIVM, SWAB, WBVR, 2025;
https://www.rivm.nl/publicaties/nethmap-one-health-2025.

29. Gyssens ICB, H. I.; Schippers, E. F.; van Assen, S.; Ang, C. W.; Sturm, P.; van der Meer, Y. G.;
Boermeester, M. A.; Schouten, J. A.; Pickkers, P.; Janssen, J. J. W. M.; Blijlevens, N. M. A. SWAB
guidelines for Antibacterial therapy of adult patients with Sepsis 2010 [Available from:
http://www.swab.nl/swab/cms3.nsf/uploads/65FB380648516FF2C125780F002C39E2/SFILE/swab se
psis_guideline_december 2010.pdf.

30. Leligdowicz A, Dodek PM, Norena M, Wong H, Kumar A, Kumar A. Association between
source of infection and hospital mortality in patients who have septic shock. Am J Respir Crit Care
Med. 2014;189(10):1204-13.

31. Angus DC, van der Poll T. Severe sepsis and septic shock. N Engl J Med. 2013;369(9):840-51.
32. Klein Klouwenberg PM, Cremer OL, van Vught LA, Ong DS, Frencken JF, Schultz MJ, et al.
Likelihood of infection in patients with presumed sepsis at the time of intensive care unit admission:
a cohort study. Crit Care. 2015;19:319.

33. Kullberg BJ, Blijlevens NM, Janssen JJ, Meis JF, Verweij PE, M. OLA, et al. SWAB Guidelines for
the Management of Invasive Fungal Infections 2017 [Available from:

101

Download from SWAB.nl | 2026-06-10 15:23


https://www.rivm.nl/publicaties/nethmap-one-health-2025
http://www.swab.nl/swab/cms3.nsf/uploads/65FB380648516FF2C125780F002C39E2/$FILE/swab_sepsis_guideline_december_2010.pdf
http://www.swab.nl/swab/cms3.nsf/uploads/65FB380648516FF2C125780F002C39E2/$FILE/swab_sepsis_guideline_december_2010.pdf

2808
2809
2810
2811
2812
2813
2814
2815
2816
2817
2818
2819
2820
2821
2822
2823
2824
2825
2826
2827
2828
2829
2830
2831
2832
2833
2834
2835
2836
2837
2838
2839
2840
2841
2842
2843
2844

2845
2846
2847
2848
2849
2850
2851
2852
2853
2854
2855
2856
2857

http://www.swab.nl/swab/cms3.nsf/uploads/3AA7A56CE879587BC12581F80061297F/SFILE/SWAB%
20Richtlijn%20Mycosen%202017%20(final).pdf.

34, van Dissel JT, Vossen A, Boucher CA, Fraaij PL, Prins JM, Koopmans M, et al. Richtlijn klinische
behandeling met antivirale therapie van opgenomen patient met Influenza. Seizoen 2012-2013
[updated 10—-01-2011. Available from: https://Ici.rivm.nl/sites/default/files/2017-
06/BehandelrichtlijnGriepv2.4.f.pdf

35. Brouwers MC, Kho ME, Browman GP, Burgers JS, Cluzeau F, Feder G, et al. AGREE Il
advancing guideline development, reporting and evaluation in health care. J Clin Epidemiol.
2010;63(12):1308-11.

36. Pappas PG, Kauffman CA, Andes DR, Clancy CJ, Marr KA, Ostrosky-Zeichner L, et al. Clinical
Practice Guideline for the Management of Candidiasis: 2016 Update by the Infectious Diseases
Society of America. Clin Infect Dis. 2016;62(4):e1-50.

37. Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli M, Ferrer R, et al. Surviving Sepsis
Campaign: International Guidelines for Management of Sepsis and Septic Shock: 2016. Crit Care Med.
2017;45(3):486-552.

38. Kalil AC, Metersky ML, Klompas M, Muscedere J, Sweeney DA, Palmer LB, et al. Management
of Adults With Hospital-acquired and Ventilator-associated Pneumonia: 2016 Clinical Practice
Guidelines by the Infectious Diseases Society of America and the American Thoracic Society. Clin
Infect Dis. 2016;63(5):e61-e111.

39. Mazuski JE, Tessier JM, May AK, Sawyer RG, Nadler EP, Rosengart MR, et al. The Surgical
Infection Society Revised Guidelines on the Management of Intra-Abdominal Infection. Surg Infect
(Larchmt). 2017;18(1):1-76.

40. Wiersinga WJ, Bonten MJ, Boersma WG, Jonkers RE, Aleva RM, Kullberg BJ, et al.
Management of Community-Acquired Pneumonia in Adults: 2016 Guideline Update From The Dutch
Working Party on Antibiotic Policy (SWAB) and Dutch Association of Chest Physicians (NVALT)
[Available from:
https://www.swab.nl/swab/cms3.nsf/uploads/6A6E127F9A2C1168C125816F004A013A/SFILE/CAP S
WAB 2017-DEF_R5.pdf.

41. Schuts EC, Hulscher ME, Mouton JW, Verduin CM, Cohen Stuart JW, Overdiek JW, et al.
SWAB Guidelines for Antimicrobial Stewardship 2016.

42. Marshall JC, Vincent JL, Guyatt G, Angus DC, Abraham E, Bernard G, et al. Outcome measures
for clinical research in sepsis: a report of the 2nd Cambridge Colloquium of the International Sepsis
Forum. Crit Care Med. 2005;33(8):1708-16.

43. NethMap 2018 - Consumption of antimicrobial agents and antimicrobial resistance among
medically important bacteria in the Netherlands in 2017.
44. The European Committee on Antimicrobial Susceptibility Testing. Breakpoint tables for

interpretation of MICs and zone

diameters. Version 8.0 2018 [Available from: http://www.eucast.org/clinical breakpoints/.

45, Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al. GRADE: an
emerging consensus on rating quality of evidence and strength of recommendations. Bmj.
2008;336(7650):924—6.

46. Galgiani JN, Ampel NM, Blair JE, Catanzaro A, Geertsma F, Hoover SE, et al. 2016 Infectious
Diseases Society of America (IDSA) Clinical Practice Guideline for the Treatment of
Coccidioidomycosis. Clin Infect Dis. 2016;63(6):e112—46.

47. Alexander PE, Gionfriddo MR, Li SA, Bero L, Stoltzfus RJ, Neumann |, et al. A number of
factors explain why WHO guideline developers make strong recommendations inconsistent with
GRADE guidance. J Clin Epidemiol. 2016;70:111-22.

48. Guyatt GH, Alonso-Coello P, Schunemann HJ, Djulbegovic B, Nothacker M, Lange S, et al.
Guideline panels should seldom make good practice statements: guidance from the GRADE Working
Group. J Clin Epidemiol. 2016;80:3-7.

102

Download from SWAB.nl | 2026-06-10 15:23


http://www.swab.nl/swab/cms3.nsf/uploads/3AA7A56CE879587BC12581F80061297F/$FILE/SWAB%20Richtlijn%20Mycosen%202017%20(final).pdf
http://www.swab.nl/swab/cms3.nsf/uploads/3AA7A56CE879587BC12581F80061297F/$FILE/SWAB%20Richtlijn%20Mycosen%202017%20(final).pdf
https://lci.rivm.nl/sites/default/files/2017-06/BehandelrichtlijnGriepv2.4.f.pdf
https://lci.rivm.nl/sites/default/files/2017-06/BehandelrichtlijnGriepv2.4.f.pdf
https://www.swab.nl/swab/cms3.nsf/uploads/6A6E127F9A2C1168C125816F004A013A/$FILE/CAP_SWAB_2017-DEF_R5.pdf
https://www.swab.nl/swab/cms3.nsf/uploads/6A6E127F9A2C1168C125816F004A013A/$FILE/CAP_SWAB_2017-DEF_R5.pdf
http://www.eucast.org/clinical_breakpoints/

2858
2859
2860
2861
2862
2863
2864
2865
2866
2867
2868
2869
2870
2871
2872
2873
2874
2875
2876
2877
2878
2879
2880
2881
2882
2883
2884
2885
2886
2887
2888
2889
2890
2891
2892
2893
2894
2895
2896
2897
2898
2899
2900
2901
2902
2903
2904
2905
2906
2907
2908

49, Hajjej Z, Nasri M, Sellami W, Gharsallah H, Labben |, Ferjani M. Incidence, risk factors and
microbiology of central vascular catheter-related bloodstream infection in an intensive care unit. J
Infect Chemother. 2014;20(3):163-8.

50. O'Grady NP, Alexander M, Burns LA, Patchen DE, Garland J, Heard SO, et al. Guidelines for
the Prevention of Intravascular Catheter-Related Infections. 2011.

51. Alam N, Oskam E, Stassen PM, Exter PV, van de Ven PM, Haak HR, et al. Prehospital
antibiotics in the ambulance for sepsis: a multicentre, open label, randomised trial. Lancet Respir
Med. 2018;6(1):40-50.

52. Klein Klouwenberg PM, Ong DS, Bos LD, de Beer FM, van Hooijdonk RT, Huson MA, et al.
Interobserver agreement of Centers for Disease Control and Prevention criteria for classifying
infections in critically ill patients. Crit Care Med. 2013;41(10):2373-8.

53. Klein Klouwenberg PM, van Mourik MS, Ong DS, Horn J, Schultz MJ, Cremer OL, et al.
Electronic implementation of a novel surveillance paradigm for ventilator-associated events.
Feasibility and validation. Am J Respir Crit Care Med. 2014;189(8):947-55.

54, Wiewel MA, Scicluna BP, van Vught LA, Hoogendijk AJ, Zwinderman AH, Lutter R, et al. The
host response in critically ill sepsis patients on statin therapy: a prospective observational study. Ann
Intensive Care. 2018;8(1):9.

55. van der Wekken LC, Alam N, Holleman F, van Exter P, Kramer MH, Nanayakkara PW.
Epidemiology of Sepsis and Its Recognition by Emergency Medical Services Personnel in the
Netherlands. Prehosp Emerg Care. 2016;20(1):90-6.

56. Bos MM, Smeets LS, Dumay |, de Jonge E. Bloodstream infections in patients with or without
cancer in a large community hospital. Infection. 2013;41(5):949-58.

57. Tromp M, Tjan DH, van Zanten AR, Gielen-Wijffels SE, Goekoop GJ, van den Boogaard M, et
al. The effects of implementation of the Surviving Sepsis Campaign in the Netherlands. Neth J Med.
2011;69(6):292-8.

58. Koekenbier EL, van den Eijnde SEJD, van der Linden PD, Oosterheert JJ, Sieswerda E, Vintcent
LEM, et al. Short-course aminoglycosides as adjunctive treatment in adults with sepsis: A post-hoc
analysis of a prematurely terminated cluster randomized trial. CMI Communications.
2025;2(2):105075.

59. Sartelli M, Catena F, Ansaloni L, Leppaniemi A, Taviloglu K, van Goor H, et al. Complicated
intra-abdominal infections in Europe: a comprehensive review of the CIAO study. World J Emerg
Surg. 2012;7(1):36.

60. van Lent AU, Bartelsman JF, Tytgat GN, Speelman P, Prins JM. Duration of antibiotic therapy
for cholangitis after successful endoscopic drainage of the biliary tract. Gastrointest Endosc.
2002;55(4):518-22.

61. Altorf-van der Kuil W, Schoffelen AF, de Greeff SC, Thijsen SF, Alblas HJ, Notermans DW, et al.
National laboratory-based surveillance system for antimicrobial resistance: a successful tool to
support the control of antimicrobial resistance in the Netherlands. Euro Surveill. 2017;22(46).

62. (PREZIES) PvZdS. Referentiecijfers 2012 t/m 2016: lijnsepsis. 2017 december.

63. See |, Freifeld AG, Magill SS. Causative Organisms and Associated Antimicrobial Resistance in
Healthcare-Associated, Central Line-Associated Bloodstream Infections From Oncology Settings,
2009-2012. Clin Infect Dis. 2016;62(10):1203-9.

64. Wisplinghoff H, Bischoff T, Tallent SM, Seifert H, Wenzel RP, Edmond MB. Nosocomial
bloodstream infections in US hospitals: analysis of 24,179 cases from a prospective nationwide
surveillance study. Clin Infect Dis. 2004;39(3):309-17.

65. Nannan Panday RS, Lammers EMJ, Alam N, Nanayakkara PWB. An overview of positive
cultures and clinical outcomes in septic patients: a sub-analysis of the Prehospital Antibiotics Against
Sepsis (PHANTASI) trial. Crit Care. 2019;23(1):182.

66. Ong DSY, Frencken JF, Klein Klouwenberg PMC, Juffermans N, van der Poll T, Bonten MJM, et
al. Short-Course Adjunctive Gentamicin as Empirical Therapy in Patients With Severe Sepsis and
Septic Shock: A Prospective Observational Cohort Study. Clin Infect Dis. 2017;64(12):1731-6.

103

Download from SWAB.nl | 2026-06-10 15:23



2909
2910
2911
2912
2913
2914
2915
2916
2917
2918
2919
2920
2921
2922
2923
2924
2925
2926
2927
2928
2929
2930
2931
2932
2933
2934
2935
2936
2937
2938
2939
2940
2941
2942
2943
2944
2945
2946
2947
2948
2949
2950
2951
2952
2953
2954
2955
2956
2957
2958

67. Alevizakos M, Karanika S, Detsis M, Mylonakis E. Colonisation with extended-spectrum beta-
lactamase-producing Enterobacteriaceae and risk for infection among patients with solid or
haematological malignancy: a systematic review and meta-analysis. Int J Antimicrob Agents.
2016;48(6):647-54.

68. Rottier WC, Bamberg YR, Dorigo-Zetsma JW, van der Linden PD, Ammerlaan HS, Bonten MJ.
Predictive value of prior colonization and antibiotic use for third-generation cephalosporin-resistant
enterobacteriaceae bacteremia in patients with sepsis. Clin Infect Dis. 2015;60(11):1622-30.

69. Rottier WC, van Werkhoven CH, Bamberg YRP, Dorigo-Zetsma JW, van de Garde EM, van
Hees BC, et al. Development of diagnostic prediction tools for bacteraemia caused by third-
generation cephalosporin-resistant enterobacteria in suspected bacterial infections: a nested case-
control study. Clin Microbiol Infect. 2018.

70. Bonten MJ. How to predict ESBL blood stream infections - Reflections on Infection Prevention
and Control 2017 [updated 11-04-2017. Available from:
https://reflectionsipc.com/2017/04/11/how-to-predict-esbl-bloodstream-infection/.

71. Johnson SW, Anderson DJ, May DB, Drew RH. Utility of a clinical risk factor scoring model in
predicting infection with extended-spectrum beta-lactamase-producing enterobacteriaceae on
hospital admission. Infect Control Hosp Epidemiol. 2013;34(4):385-92.

72. Tumbarello M, Trecarichi EM, Bassetti M, De Rosa FG, Spanu T, Di Meco E, et al. Identifying
patients harboring extended-spectrum-beta-lactamase-producing Enterobacteriaceae on hospital
admission: derivation and validation of a scoring system. Antimicrobial agents and chemotherapy.
2011;55(7):3485-90.

73. Rojas A, Palacios-Baena ZR, Lopez-Cortes LE, Rodriguez-Bano J. Rates, predictors and
mortality of community-onset bloodstream infections due to Pseudomonas aeruginosa: systematic
review and meta-analysis. Clin Microbiol Infect. 2019;25(8):964-70.

74. Coburn B, Morris AM, Tomlinson G, Detsky AS. Does this adult patient with suspected
bacteremia require blood cultures? Jama. 2012;308(5):502—-11.

75. Goodman KE, Lessler J, Cosgrove SE, Harris AD, Lautenbach E, Han JH, et al. A Clinical
Decision Tree to Predict Whether a Bacteremic Patient Is Infected With an Extended-Spectrum beta-
Lactamase-Producing Organism. Clinical infectious diseases : an official publication of the Infectious
Diseases Society of America. 2016;63(7):896—903.

76. Lee CH, Chu FY, Hsieh CC, Hong MY, Chi CH, Ko WC, et al. A simple scoring algorithm
predicting extended-spectrum beta-lactamase producers in adults with community-onset
monomicrobial Enterobacteriaceae bacteremia: Matters of frequent emergency department users.
Medicine (Baltimore). 2017;96(16):€6648.

77. Augustine MR, Testerman TL, Justo JA, Bookstaver PB, Kohn J, Albrecht H, et al. Clinical Risk
Score for Prediction of Extended-Spectrum beta-Lactamase-Producing Enterobacteriaceae in
Bloodstream Isolates. Infect Control Hosp Epidemiol. 2017;38(3):266—72.

78. Zahar JR, Lesprit P, Ruckly S, Eden A, Hikombo H, Bernard L, et al. Predominance of
healthcare-associated cases among episodes of community-onset bacteraemia due to extended-
spectrum beta-lactamase-producing Enterobacteriaceae. International journal of antimicrobial
agents. 2017;49(1):67-73.

79. MacFadden DR, Coburn B, Shah N, Robicsek A, Savage R, Elligsen M, et al. Utility of prior
cultures in predicting antibiotic resistance of bloodstream infections due to Gram-negative
pathogens: a multicentre observational cohort study. Clin Microbiol Infect. 2018;24(5):493-9.

80. Detsis M, Karanika S, Mylonakis E. ICU Acquisition Rate, Risk Factors, and Clinical Significance
of Digestive Tract Colonization With Extended-Spectrum Beta-Lactamase-Producing
Enterobacteriaceae: A Systematic Review and Meta-Analysis. Crit Care Med. 2017;45(4):705-14.
81. Bruyere R, Vigneron C, Bador J, Aho S, Toitot A, Quenot JP, et al. Significance of Prior
Digestive Colonization With Extended-Spectrum beta-Lactamase-Producing Enterobacteriaceae in
Patients With Ventilator-Associated Pneumonia. Crit Care Med. 2016;44(4):699-706.

104

Download from SWAB.nl | 2026-06-10 15:23


https://reflectionsipc.com/2017/04/11/how-to-predict-esbl-bloodstream-infection/

2959
2960
2961
2962
2963
2964
2965
2966
2967
2968
2969
2970
2971
2972
2973
2974
2975
2976
2977
2978
2979
2980
2981
2982
2983
2984
2985
2986
2987
2988
2989
2990
2991
2992
2993
2994
2995
2996
2997
2998
2999
3000
3001
3002
3003
3004
3005
3006
3007
3008
3009

82. Trecarichi EM, Cauda R, Tumbarello M. Detecting risk and predicting patient mortality in
patients with extended-spectrum beta-lactamase-producing Enterobacteriaceae bloodstream
infections. Future microbiology. 2012;7(10):1173-89.

83. Shah A, Justo JA, Bookstaver PB, Kohn J, Albrecht H, Al-Hasan MN. Application of
Fluoroquinolone Resistance Score in Management of Complicated Urinary Tract Infections.
Antimicrob Agents Chemother. 2017;61(5).

84. Karanika S, Karantanos T, Arvanitis M, Grigoras C, Mylonakis E. Fecal Colonization With
Extended-spectrum Beta-lactamase-Producing Enterobacteriaceae and Risk Factors Among Healthy
Individuals: A Systematic Review and Metaanalysis. Clinical infectious diseases : an official publication
of the Infectious Diseases Society of America. 2016;63(3):310-8.

85. de Smet AM, Kluytmans JA, Blok HE, Mascini EM, Benus RF, Bernards AT, et al. Selective
digestive tract decontamination and selective oropharyngeal decontamination and antibiotic
resistance in patients in intensive-care units: an open-label, clustered group-randomised, crossover
study. Lancet Infect Dis. 2011;11(5):372-80.

86. Carrara E, Pfeffer I, Zusman O, Leibovici L, Paul M. Determinants of inappropriate empirical
antibiotic treatment: systematic review and meta-analysis. International journal of antimicrobial
agents. 2018;51(4):548-53.

87. Cardoso T, Almeida M, Carratala J, Aragao |, Costa-Pereira A, Sarmento AE, et al.
Microbiology of healthcare-associated infections and the definition accuracy to predict infection by
potentially drug resistant pathogens: a systematic review. BMC Infect Dis. 2015;15:565.

88. Dutch Working party on Infection Prevention (WIP) - Highly resistant micro-organisms
(HRMO) in hospitals 2012 [

89. Cohen R, Babushkin F, Cohen S, Afraimov M, Shapiro M, Uda M, et al. A prospective survey of
Pseudomonas aeruginosa colonization and infection in the intensive care unit. Antimicrob Resist
Infect Control. 2017;6:7.

90. Marquet K, Liesenborgs A, Bergs J, Vleugels A, Claes N. Incidence and outcome of
inappropriate in-hospital empiric antibiotics for severe infection: a systematic review and meta-
analysis. Crit Care. 2015;19:63.

91. Raman G, Avendano E, Berger S, Menon V. Appropriate initial antibiotic therapy in
hospitalized patients with gram-negative infections: systematic review and meta-analysis. BMC Infect
Dis. 2015;15:395.

92. Vardakas KZ, Tansarli GS, Rafailidis Pl, Falagas ME. Carbapenems versus alternative
antibiotics for the treatment of bacteraemia due to Enterobacteriaceae producing extended-
spectrum beta-lactamases: a systematic review and meta-analysis. J Antimicrob Chemother.
2012;67(12):2793-803.

93. Rottier WC, Ammerlaan HS, Bonten MJ. Effects of confounders and intermediates on the
association of bacteraemia caused by extended-spectrum beta-lactamase-producing
Enterobacteriaceae and patient outcome: a meta-analysis. J Antimicrob Chemother.
2012;67(6):1311-20.

94, Quist N, Warren B, Leister-Tebbe H, Zito ET, Pedersen R, McGovern PC, et al. Efficacy of
tigecycline versus ceftriaxone plus metronidazole for the treatment of complicated intra-abdominal
infections: results from a randomized, controlled trial. Surg Infect (Larchmt). 2012;13(2):102-9.
95. Towfigh S, Pasternak J, Poirier A, Leister H, Babinchak T. A multicentre, open-label,
randomized comparative study of tigecycline versus ceftriaxone sodium plus metronidazole for the
treatment of hospitalized subjects with complicated intra-abdominal infections. Clin Microbiol Infect.
2010;16(8):1274-81.

96. Eliakim-Raz N, Bates DW, Leibovici L. Predicting bacteraemia in validated models--a
systematic review. Clin Microbiol Infect. 2015;21(4):295-301.

97. Butler-Laporte G, Cheng MP, Cheng AP, McDonald EG, Lee TC. Using MRSA Screening Tests
To Predict Methicillin Resistance in Staphylococcus aureus Bacteremia. Antimicrob Agents
Chemother. 2016;60(12):7444-8.

105

Download from SWAB.nl | 2026-06-10 15:23



3010
3011
3012
3013
3014
3015
3016
3017
3018
3019
3020
3021
3022
3023
3024
3025
3026
3027
3028
3029
3030
3031
3032
3033
3034
3035
3036
3037
3038
3039
3040
3041
3042
3043
3044
3045
3046
3047
3048
3049
3050
3051
3052
3053
3054
3055
3056
3057
3058
3059

98. MacFadden DR, Elligsen M, Robicsek A, Ricciuto DR, Daneman N. Utility of prior screening for
methicillin-resistant Staphylococcus aureus in predicting resistance of S. aureus infections. Cmaj.
2013;185(15):E725-30.

99. Frakking FN, Rottier WC, Dorigo-Zetsma JW, van Hattem JM, van Hees BC, Kluytmans JA, et
al. Appropriateness of empirical treatment and outcome in bacteremia caused by extended-
spectrum-beta-lactamase-producing bacteria. Antimicrob Agents Chemother. 2013;57(7):3092-9.
100. Ferrandez O, Grau S, Saballs P, Luque S, Terradas R, Salas E. [Mortality risk factors for
bloodstream infections caused by extended-spectrum beta-lactamase-producing microorganisms].
Rev Clin Esp. 2011;211(3):119-26

101. Rodriguez-Bano J, Navarro MD, Retamar P, Picon E, Pascual A. beta-Lactam/beta-lactam
inhibitor combinations for the treatment of bacteremia due to extended-spectrum beta-lactamase-
producing Escherichia coli: a post hoc analysis of prospective cohorts. Clin Infect Dis. 2012;54(2):167—-
74.

102. Metlay JP, Waterer GW, Long AC, Anzueto A, Brozek J, Crothers K, et al. Diagnosis and
Treatment of Adults with Community-acquired Pneumonia. An Official Clinical Practice Guideline of
the American Thoracic Society and Infectious Diseases Society of America. Am J Respir Crit Care Med.
2019;200(7):e45—e67.

103.  Suppli M, Aabenhus R, Harboe ZB, Andersen LP, Tvede M, Jensen JU. Mortality in
enterococcal bloodstream infections increases with inappropriate antimicrobial therapy. Clin
Microbiol Infect. 2011;17(7):1078-83.

104. McBride SJ, Upton A, Roberts SA. Clinical characteristics and outcomes of patients with
vancomycin-susceptible Enterococcus faecalis and Enterococcus faecium bacteraemia--a five-year
retrospective review. Eur J Clin Microbiol Infect Dis. 2010;29(1):107-14.

105.  Pinholt M, Ostergaard C, Arpi M, Bruun NE, Schonheyder HC, Gradel KO, et al. Incidence,
clinical characteristics and 30-day mortality of enterococcal bacteraemia in Denmark 2006-2009: a
population-based cohort study. Clin Microbiol Infect. 2014;20(2):145-51.

106.  Suzuki H, Hase R, Otsuka Y, Hosokawa N. A 10-year profile of enterococcal bloodstream
infections at a tertiary-care hospital in Japan. J Infect Chemother. 2017;23(6):390-3.

107. Paul M, Lador A, Grozinsky-Glasberg S, Leibovici L. Beta lactam antibiotic monotherapy
versus beta lactam-aminoglycoside antibiotic combination therapy for sepsis. Cochrane Database
Syst Rev. 2014(1):Cd003344.

108.  Sjovall F, Perner A, Hylander Moller M. Empirical mono- versus combination antibiotic
therapy in adult intensive care patients with severe sepsis - A systematic review with meta-analysis
and trial sequential analysis. J Infect. 2017;74(4):331-44.

109. Brunkhorst FM, Oppert M, Marx G, Bloos F, Ludewig K, Putensen C, et al. Effect of empirical
treatment with moxifloxacin and meropenem vs meropenem on sepsis-related organ dysfunction in
patients with severe sepsis: a randomized trial. Jama. 2012;307(22):2390-9.

110. Safdar N, Handelsman J, Maki DG. Does combination antimicrobial therapy reduce mortality
in Gram-negative bacteraemia? A meta-analysis. Lancet Infect Dis. 2004;4(8):519-27.

111.  Vardakas KZ, Tansarli GS, Bliziotis IA, Falagas ME. beta-Lactam plus aminoglycoside or
fluoroquinolone combination versus beta-lactam monotherapy for Pseudomonas aeruginosa
infections: a meta-analysis. Int J Antimicrob Agents. 2013;41(4):301-10.

112.  HuY,LiL, LiW, Xu H, He P, Yan X, et al. Combination antibiotic therapy versus monotherapy
for Pseudomonas aeruginosa bacteraemia: a meta-analysis of retrospective and prospective studies.
Int J Antimicrob Agents. 2013;42(6):492-6.

113. Thwaites GE, Scarborough M, Szubert A, Nsutebu E, Tilley R, Greig J, et al. Adjunctive
rifampicin for Staphylococcus aureus bacteraemia (ARREST): a multicentre, randomised, double-
blind, placebo-controlled trial. Lancet. 2018;391(10121):668-78.

114.  Arthur LE, Kizor RS, Selim AG, van Driel ML, Seoane L. Antibiotics for ventilator-associated
pneumonia. Cochrane Database Syst Rev. 2016;10:Cd004267.

106

Download from SWAB.nl | 2026-06-10 15:23



3060
3061
3062
3063
3064
3065
3066
3067
3068
3069
3070
3071
3072
3073
3074
3075
3076
3077
3078
3079
3080
3081
3082
3083
3084
3085
3086
3087
3088
3089
3090
3091
3092
3093
3094
3095
3096
3097
3098
3099
3100
3101
3102
3103
3104
3105
3106
3107
3108
3109
3110

115. Kumar A, Safdar N, Kethireddy S, Chateau D. A survival benefit of combination antibiotic
therapy for serious infections associated with sepsis and septic shock is contingent only on the risk of
death: a meta-analytic/meta-regression study. Crit Care Med. 2010;38(8):1651-64.

116. Kumar A, Zarychanski R, Light B, Parrillo J, Maki D, Simon D, et al. Early combination antibiotic
therapy yields improved survival compared with monotherapy in septic shock: a propensity-matched
analysis. Crit Care Med. 2010;38(9):1773-85.

117. Baddour LM, Yu VL, Klugman KP, Feldman C, Ortqvist A, Rello J, et al. Combination antibiotic
therapy lowers mortality among severely ill patients with pneumococcal bacteremia. Am J Respir Crit
Care Med. 2004;170(4):440-4.

118. Dwyer R, Ortqvist A, Aufwerber E, Henriques Normark B, Marrie TJ, Mufson MA, et al.
Addition of a macrolide to a ss-lactam in bacteremic pneumococcal pneumonia. Eur J Clin Microbiol
Infect Dis. 2006;25(8):518-21.

119. Rodriguez A, Mendia A, Sirvent JM, Barcenilla F, de la Torre-Prados MV, Sole-Violan J, et al.
Combination antibiotic therapy improves survival in patients with community-acquired pneumonia
and shock. Crit Care Med. 2007;35(6):1493-8.

120.  Hilf M, Yu VL, Sharp J, Zuravleff JJ, Korvick JA, Muder RR. Antibiotic therapy for Pseudomonas
aeruginosa bacteremia: outcome correlations in a prospective study of 200 patients. Am J Med.
1989;87(5):540-6.

121. Chow JW, Fine MJ, Shlaes DM, Quinn JP, Hooper DC, Johnson MP, et al. Enterobacter
bacteremia: clinical features and emergence of antibiotic resistance during therapy. Ann Intern Med.
1991;115(8):585-90.

122.  Leibovici L, Paul M, Poznanski O, Drucker M, Samra Z, Konigsberger H, et al. Monotherapy
versus beta-lactam-aminoglycoside combination treatment for gram-negative bacteremia: a
prospective, observational study. Antimicrob Agents Chemother. 1997;41(5):1127-33.

123. Infectious Diseases Society of America (IDSA) POSITION STATEMENT: Why IDSA Did Not
Endorse the Surviving Sepsis Campaign Guidelines. Clinical infectious diseases : an official publication
of the Infectious Diseases Society of America. 2018;66(10):1631-5.

124.  Marcus R, Paul M, Elphick H, Leibovici L. Clinical implications of beta-lactam-aminoglycoside
synergism: systematic review of randomised trials. Int J Antimicrob Agents. 2011;37(6):491-503.
125.  Bliziotis IA, Samonis G, Vardakas KZ, Chrysanthopoulou S, Falagas ME. Effect of
aminoglycoside and beta-lactam combination therapy versus beta-lactam monotherapy on the
emergence of antimicrobial resistance: a meta-analysis of randomized, controlled trials. Clin Infect
Dis. 2005;41(2):149-58.

126. Hayward RS, Harding J, Molloy R, Land L, Longcroft-Neal K, Moore D, et al. Adverse effects of
a single dose of gentamicin in adults: a systematic review. British journal of clinical pharmacology.
2018;84(2):223-38.

127. Ripa M, Rodriguez-Nunez O, Cardozo C, Naharro-Abellan A, Alimela M, Marco F, et al.
Influence of empirical double-active combination antimicrobial therapy compared with active
monotherapy on mortality in patients with septic shock: a propensity score-adjusted and matched
analysis. J Antimicrob Chemother. 2017;72(12):3443-52.

128. Bowers DR, Liew YX, Lye DC, Kwa AL, Hsu LY, Tam VH. Outcomes of appropriate empiric
combination versus monotherapy for Pseudomonas aeruginosa bacteremia. Antimicrob Agents
Chemother. 2013;57(3):1270-4.

129. KimYJ, Jun YH, Kim YR, Park KG, Park YJ, Kang JY, et al. Risk factors for mortality in patients
with Pseudomonas aeruginosa bacteremia; retrospective study of impact of combination
antimicrobial therapy. BMC Infect Dis. 2014;14:161.

130. Paulsson M, Granrot A, Ahl J, Tham J, Resman F, Riesbeck K, et al. Antimicrobial combination
treatment including ciprofloxacin decreased the mortality rate of Pseudomonas aeruginosa
bacteraemia: a retrospective cohort study. Eur J Clin Microbiol Infect Dis. 2017;36(7):1187-96.

131. PenaC, Suarez C, Ocampo-Sosa A, Murillas J, Almirante B, Pomar V, et al. Effect of adequate
single-drug vs combination antimicrobial therapy on mortality in Pseudomonas aeruginosa

107

Download from SWAB.nl | 2026-06-10 15:23



3111
3112
3113
3114
3115
3116
3117
3118
3119
3120
3121
3122
3123
3124
3125
3126
3127
3128
3129
3130
3131
3132
3133
3134
3135
3136
3137
3138
3139
3140
3141
3142
3143
3144
3145
3146
3147
3148
3149
3150
3151
3152
3153
3154
3155
3156
3157
3158
3159
3160
3161

bloodstream infections: a post Hoc analysis of a prospective cohort. Clin Infect Dis. 2013;57(2):208—
16.

132. Rieg$§, Joost |, Weiss V, Peyerl-Hoffmann G, Schneider C, Hellmich M, et al. Combination
antimicrobial therapy in patients with Staphylococcus aureus bacteraemia-a post hoc analysis in 964
prospectively evaluated patients. Clin Microbiol Infect. 2017;23(6):406.e1—.e8.

133.  Freire AT, Melnyk V, Kim MJ, Datsenko O, Dzyublik O, Glumcher F, et al. Comparison of
tigecycline with imipenem/cilastatin for the treatment of hospital-acquired pneumonia. Diagn
Microbiol Infect Dis. 2010;68(2):140-51.

134.  Shorr AF, Zadeikis N, Jackson WL, Ramage AS, Wu SC, Tennenberg AM, et al. Levofloxacin for
treatment of ventilator-associated pneumonia: a subgroup analysis from a randomized trial. Clin
Infect Dis. 2005;40 Suppl 2:5123-9.

135. Rea-Neto A, Niederman M, Lobo SM, Schroeder E, Lee M, Kaniga K, et al. Efficacy and safety
of doripenem versus piperacillin/tazobactam in nosocomial pneumonia: a randomized, open-label,
multicenter study. Curr Med Res Opin. 2008;24(7):2113-26.

136.  Falagas ME, Matthaiou DK, Karveli EA, Peppas G. Meta-analysis: randomized controlled trials
of clindamycin/aminoglycoside vs. beta-lactam monotherapy for the treatment of intra-abdominal
infections. Aliment Pharmacol Ther. 2007;25(5):537-56.

137. Golan Y. Empiric therapy for hospital-acquired, Gram-negative complicated intra-abdominal
infection and complicated urinary tract infections: a systematic literature review of current and
emerging treatment options. BMC Infect Dis. 2015;15:313.

138. Mikamo H, Yuasa A, Wada K, Crawford B, Sugimoto N. Optimal Treatment for Complicated
Intra-abdominal Infections in the Era of Antibiotic Resistance: A Systematic Review and Meta-
Analysis of the Efficacy and Safety of Combined Therapy With Metronidazole. Open Forum Infect Dis.
2016;3(3):0fw143.

139.  MuYP, Liu RL, Wang LQ, Deng X, Zhu N, Wei MD, et al. Moxifloxacin monotherapy for
treatment of complicated intra-abdominal infections: a meta-analysis of randomised controlled trials.
Int J Clin Pract. 2012;66(2):210-7.

140. Matthaiou DK, Peppas G, Bliziotis IA, Falagas ME. Ciprofloxacin/metronidazole versus beta-
lactam-based treatment of intra-abdominal infections: a meta-analysis of comparative trials.
International journal of antimicrobial agents. 2006;28(3):159-65.

141. De Waele JJ, Tellado JM, Weiss G, Alder J, Kruesmann F, Arvis P, et al. Efficacy and safety of
moxifloxacin in hospitalized patients with secondary peritonitis: pooled analysis of four randomized
phase Ill trials. Surg Infect (Larchmt). 2014;15(5):567-75.

142. ShiberS, Yahav D, Avni T, Leibovici L, Paul M. beta-Lactam/beta-lactamase inhibitors versus
carbapenems for the treatment of sepsis: systematic review and meta-analysis of randomized
controlled trials. J Antimicrob Chemother. 2015;70(1):41-7.

143.  Bailey JA, Virgo KS, DiPiro JT, Nathens AB, Sawyer RG, Mazuski JE. Aminoglycosides for intra-
abdominal infection: equal to the challenge? Surg Infect (Larchmt). 2002;3(4):315-35.

144. Vidal L, Gafter-Gvili A, Borok S, Fraser A, Leibovici L, Paul M. Efficacy and safety of
aminoglycoside monotherapy: systematic review and meta-analysis of randomized controlled trials. J
Antimicrob Chemother. 2007;60(2):247-57.

145. Disabling and potentially permanent side effects lead to suspension or restrictions of
quinolone and fluoroquinolone antibiotics. EMA/175398/2019.

146. Etminan M, Sodhi M, Ganjizadeh-Zavareh S, Carleton B, Kezouh A, Brophy JM. Oral
Fluoroquinolones and Risk of Mitral and Aortic Regurgitation. J Am Coll Cardiol. 2019;74(11):1444—
50.

147. Lee CC, Lee MG, Hsieh R, Porta L, Lee WC, Lee SH, et al. Oral Fluoroquinolone and the Risk of
Aortic Dissection. J Am Coll Cardiol. 2018;72(12):1369-78.

148. Yu X, Jiang DS, Wang J, Wang R, Chen T, Wang K, et al. Fluoroquinolone Use and the Risk of
Collagen-Associated Adverse Events: A Systematic Review and Meta-Analysis. Drug safety.
2019;42(9):1025-33.

108

Download from SWAB.nl | 2026-06-10 15:23



3162
3163
3164
3165
3166
3167
3168
3169
3170
3171
3172
3173
3174
3175
3176
3177
3178
3179
3180
3181
3182
3183
3184
3185
3186
3187
3188
3189
3190
3191
3192
3193
3194
3195
3196
3197
3198
3199
3200
3201
3202
3203
3204
3205
3206
3207
3208
3209
3210
3211
3212
3213

149. Morency-Potvin P, Schwartz DN, Weinstein RA. Antimicrobial Stewardship: How the
Microbiology Laboratory Can Right the Ship. Clin Microbiol Rev. 2017;30(1):381-407.

150. Buehler SS, Madison B, Snyder SR, Derzon JH, Cornish NE, Saubolle MA, et al. Effectiveness of
Practices To Increase Timeliness of Providing Targeted Therapy for Inpatients with Bloodstream
Infections: a Laboratory Medicine Best Practices Systematic Review and Meta-analysis. Clin Microbiol
Rev. 2016;29(1):59-103.

151.  Pliakos EE, Andreatos N, Shehadeh F, Ziakas PD, Mylonakis E. The Cost-Effectiveness of Rapid
Diagnostic Testing for the Diagnosis of Bloodstream Infections with or without Antimicrobial
Stewardship. Clin Microbiol Rev. 2018;31(3).

152.  Pulia MS, Redwood R, Sharp B. Antimicrobial Stewardship in the Management of Sepsis.
Emergency medicine clinics of North America. 2017;35(1):199-217.

153.  Pogue JM, Kaye KS, Cohen DA, Marchaim D. Appropriate antimicrobial therapy in the era of
multidrug-resistant human pathogens. Clinical microbiology and infection : the official publication of
the European Society of Clinical Microbiology and Infectious Diseases. 2015;21(4):302—-12.

154. Mermel LA, Allon M, Bouza E, Craven DE, Flynn P, O'Grady NP, et al. Clinical practice
guidelines for the diagnosis and management of intravascular catheter-related infection: 2009
Update by the Infectious Diseases Society of America. Clin Infect Dis. 2009;49(1):1-45.

155.  Harris PN, Wei JY, Shen AW, Abdile AA, Paynter S, Huxley RR, et al. Carbapenems versus
alternative antibiotics for the treatment of bloodstream infections caused by Enterobacter,
Citrobacter or Serratia species: a systematic review with meta-analysis. J Antimicrob Chemother.
2016;71(2):296-306.

156. Seo YB, Lee J, Kim YK, Lee SS, Lee JA, Kim HY, et al. Randomized controlled trial of piperacillin-
tazobactam, cefepime and ertapenem for the treatment of urinary tract infection caused by
extended-spectrum beta-lactamase-producing Escherichia coli. BMC Infect Dis. 2017;17(1):404.

157. Muhammed M, Flokas ME, Detsis M, Alevizakos M, Mylonakis E. Comparison Between
Carbapenems and beta-Lactam/beta-Lactamase Inhibitors in the Treatment for Bloodstream
Infections Caused by Extended-Spectrum beta-Lactamase-Producing Enterobacteriaceae: A
Systematic Review and Meta-Analysis. Open Forum Infect Dis. 2017;4(2):0fx099.

158.  Harris PNA, Tambyah PA, Lye DC, Mo Y, Lee TH, Yilmaz M, et al. Effect of Piperacillin-
Tazobactam vs Meropenem on 30-Day Mortality for Patients With E coli or Klebsiella pneumoniae
Bloodstream Infection and Ceftriaxone Resistance: A Randomized Clinical Trial. Jama.
2018;320(10):984-94.

159. Chen M, Zhang M, Huang P, Lin Q, Sun C, Zeng H, et al. Novel beta-lactam/beta-lactamase
inhibitors versus alternative antibiotics for the treatment of complicated intra-abdominal infection
and complicated urinary tract infection: a meta-analysis of randomized controlled trials. Expert Rev
Anti Infect Ther. 2018;16(2):111-20.

160. Popejoy MW, Paterson DL, Cloutier D, Huntington JA, Miller B, Bliss CA, et al. Efficacy of
ceftolozane/tazobactam against urinary tract and intra-abdominal infections caused by ESBL-
producing Escherichia coli and Klebsiella pneumoniae: a pooled analysis of Phase 3 clinical trials. J
Antimicrob Chemother. 2017;72(1):268-72.

161. Wagenlehner FM, Umeh O, Steenbergen J, Yuan G, Darouiche RO. Ceftolozane-tazobactam
compared with levofloxacin in the treatment of complicated urinary-tract infections, including
pyelonephritis: a randomised, double-blind, phase 3 trial (ASPECT-cUTI). Lancet.
2015;385(9981):1949-56.

162. Solomkin J, Hershberger E, Miller B, Popejoy M, Friedland I, Steenbergen J, et al.
Ceftolozane/Tazobactam Plus Metronidazole for Complicated Intra-abdominal Infections in an Era of
Multidrug Resistance: Results From a Randomized, Double-Blind, Phase 3 Trial (ASPECT-clAl). Clinical
infectious diseases : an official publication of the Infectious Diseases Society of America.
2015;60(10):1462-71.

163.  Harris PN, Ferguson JK. Antibiotic therapy for inducible AmpC beta-lactamase-producing
Gram-negative bacilli: what are the alternatives to carbapenems, quinolones and aminoglycosides?
International journal of antimicrobial agents. 2012;40(4):297-305.

109

Download from SWAB.nl | 2026-06-10 15:23



3214
3215
3216
3217
3218
3219
3220
3221
3222
3223
3224
3225
3226
3227
3228
3229
3230
3231
3232
3233
3234
3235
3236
3237
3238
3239
3240
3241
3242
3243
3244
3245
3246
3247
3248
3249
3250
3251
3252
3253
3254
3255
3256
3257
3258
3259
3260
3261
3262
3263
3264

164. Van Boeckel TP, Gandra S, Ashok A, Caudron Q, Grenfell BT, Levin SA, et al. Global antibiotic
consumption 2000 to 2010: an analysis of national pharmaceutical sales data. Lancet Infect Dis.
2014;14(8):742-50.

165. Schuetz AN, Reyes S, Tamma PD. Point-Counterpoint: Piperacillin-Tazobactam Should Be
Used To Treat Infections with Extended-Spectrum-Beta-Lactamase-Positive Organisms. J Clin
Microbiol. 2018;56(3).

166. Meini S, Tascini C, Cei M, Sozio E, Rossolini GM. AmpC beta-lactamase-producing
Enterobacterales: what a clinician should know. Infection. 2019;47(3):363—75.

167. Gutierrez-Gutierrez B, Perez-Galera S, Salamanca E, de Cueto M, Calbo E, Almirante B, et al. A
Multinational, Preregistered Cohort Study of beta-Lactam/beta-Lactamase Inhibitor Combinations for
Treatment of Bloodstream Infections Due to Extended-Spectrum-beta-Lactamase-Producing
Enterobacteriaceae. Antimicrob Agents Chemother. 2016;60(7):4159-69.

168. ChenglL, Nelson BC, Mehta M, Seval N, Park S, Giddins MJ, et al. Piperacillin-Tazobactam
versus Other Antibacterial Agents for Treatment of Bloodstream Infections Due to AmpC beta-
Lactamase-Producing Enterobacteriaceae. Antimicrobial agents and chemotherapy. 2017;61(6).

169. Tamma PD, Rodriguez-Bano J. The Use of Noncarbapenem beta-Lactams for the Treatment of
Extended-Spectrum beta-Lactamase Infections. Clinical infectious diseases : an official publication of
the Infectious Diseases Society of America. 2017;64(7):972—80.

170. Tamma PD, Han JH, Rock C, Harris AD, Lautenbach E, Hsu AJ, et al. Carbapenem therapy is
associated with improved survival compared with piperacillin-tazobactam for patients with
extended-spectrum beta-lactamase bacteremia. Clinical infectious diseases : an official publication of
the Infectious Diseases Society of America. 2015;60(9):1319-25.

171.  Ofer-Friedman H, Shefler C, Sharma S, Tirosh A, Tal-Jasper R, Kandipalli D, et al. Carbapenems
Versus Piperacillin-Tazobactam for Bloodstream Infections of Nonurinary Source Caused by
Extended-Spectrum Beta-Lactamase-Producing Enterobacteriaceae. Infect Control Hosp Epidemiol.
2015;36(8):981-5.

172.  Chaubey VP, Pitout JD, Dalton B, Ross T, Church DL, Gregson DB, et al. Clinical outcome of
empiric antimicrobial therapy of bacteremia due to extended-spectrum beta-lactamase producing
Escherichia coli and Klebsiella pneumoniae. BMC Res Notes. 2010;3:116.

173. Henderson A, Tambyah PA, Lye DC, Yilmaz M, Thamer A, Bassetti M, et al. P2468 Association
with 30-day mortality and MIC in patients treated with piperacillin/tazobactam for Escherichia coli
and Klebsiella pneumoniae bloodstream infections that are non-susceptible to ceftriaxone from
patients enrolled in the MERINO trial. ECCMID; Amsterdam, Netherlands2019.

174. Choi SH, Lee JE, Park SJ, Choi SH, Lee SO, Jeong JY, et al. Emergence of antibiotic resistance
during therapy for infections caused by Enterobacteriaceae producing AmpC beta-lactamase:
implications for antibiotic use. Antimicrob Agents Chemother. 2008;52(3):995-1000.

175.  Shields RK, Chen L, Cheng S, Chavda KD, Press EG, Snyder A, et al. Emergence of Ceftazidime-
Avibactam Resistance Due to Plasmid-Borne blaKPC-3 Mutations during Treatment of Carbapenem-
Resistant Klebsiella pneumoniae Infections. Antimicrob Agents Chemother. 2017;61(3).

176.  Haidar G, Philips NJ, Shields RK, Snyder D, Cheng S, Potoski BA, et al. Ceftolozane-Tazobactam
for the Treatment of Multidrug-Resistant Pseudomonas aeruginosa Infections: Clinical Effectiveness
and Evolution of Resistance. Clin Infect Dis. 2017;65(1):110-20.

177. Palacios-Baena ZR, Gutierrez-Gutierrez B, Calbo E, Almirante B, Viale P, Oliver A, et al. Empiric
Therapy With Carbapenem-Sparing Regimens for Bloodstream Infections due to Extended-Spectrum
beta-Lactamase-Producing Enterobacteriaceae: Results From the INCREMENT Cohort. Clin Infect Dis.
2017;65(10):1615-23.

178.  Paterson DL, Ko WC, Von Gottberg A, Mohapatra S, Casellas JM, Goossens H, et al. Antibiotic
therapy for Klebsiella pneumoniae bacteremia: implications of production of extended-spectrum
beta-lactamases. Clin Infect Dis. 2004;39(1):31-7.

179. Braquet P, Alla F, Cornu C, Goehringer F, Piroth L, Chirouze C, et al. Factors associated with 12
week case-fatality in Staphylococcus aureus bacteraemia: a prospective cohort study. Clinical

110

Download from SWAB.nl | 2026-06-10 15:23



3265
3266
3267
3268
3269
3270
3271
3272
3273
3274
3275
3276
3277
3278
3279
3280
3281
3282
3283
3284
3285
3286
3287
3288
3289
3290
3291
3292
3293
3294
3295
3296
3297
3298
3299
3300
3301
3302
3303
3304
3305
3306
3307
3308
3309
3310
3311
3312
3313
3314

microbiology and infection : the official publication of the European Society of Clinical Microbiology
and Infectious Diseases. 2016;22(11):948.e1-.e7.

180. Paul M, Zemer-Wassercug N, Talker O, Lishtzinsky Y, Lev B, Samra Z, et al. Are all beta-
lactams similarly effective in the treatment of metbhicillin-sensitive Staphylococcus aureus
bacteraemia? Clinical microbiology and infection : the official publication of the European Society of
Clinical Microbiology and Infectious Diseases. 2011;17(10):1581-6.

181. Forsblom E, Ruotsalainen E, Jarvinen A. Comparable Effectiveness of First Week Treatment
with Anti-Staphylococcal Penicillin versus Cephalosporin in Methicillin-Sensitive Staphylococcus
aureus Bacteremia: A Propensity-Score Adjusted Retrospective Study. PLoS One.
2016;11(11):e0167112.

182.  Patel UC, McKissic EL, Kasper D, Lentino JR, Pachucki CT, Lee T, et al. Outcomes of ceftriaxone
use compared to standard of therapy in methicillin susceptible staphylococcal aureus (MSSA)
bloodstream infections. International journal of clinical pharmacy. 2014;36(6):1282-9.

183.  Carr DR, Stiefel U, Bonomo RA, Burant CJ, Sims SV. A Comparison of Cefazolin Versus
Ceftriaxone for the Treatment of Methicillin-Susceptible Staphylococcus aureus Bacteremia in a
Tertiary Care VA Medical Center. Open forum infectious diseases. 2018;5(5):0fy089.

184. Lowe RA, Barber KE, Wagner JL, Bell-Harlan AM, Stover KR. Ceftriaxone for the Treatment of
Methicillin-susceptible Staphylococcus aureus Bacteremia: A Case Series. ] Pharmacol Pharmacother.
2017;8(3):140-4.

185. Wieland BW, Marcantoni JR, Bommarito KM, Warren DK, Marschall J. A retrospective
comparison of ceftriaxone versus oxacillin for osteoarticular infections due to methicillin-susceptible
Staphylococcus aureus. Clin Infect Dis. 2012;54(5):585-90.

186.  Winans SA, Luce AM, Hasbun R. Outpatient parenteral antimicrobial therapy for the
treatment of methicillin-susceptible Staphylococcus aureus: a comparison of cefazolin and
ceftriaxone. Infection. 2013;41(4):769-74.

187.  Zelenitsky SA, Beahm NP, lacovides H, Ariano RE, Zhanel G. Limitations of ceftriaxone
compared with cefazolin against MSSA: an integrated pharmacodynamic analysis. J Antimicrob
Chemother. 2018;73(7):1888-94.

188. Levy MM, Evans LE, Rhodes A. The Surviving Sepsis Campaign Bundle: 2018 Update. Critical
care medicine. 2018;46(6):997—-1000.

189. Corona A, Bertolini G, Lipman J, Wilson AP, Singer M. Antibiotic use and impact on outcome
from bacteraemic critical illness: the BActeraemia Study in Intensive Care (BASIC). J Antimicrob
Chemother. 2010;65(6):1276—85.

190. Daneman N, Rishu AH, Xiong W, Bagshaw SM, Dodek P, Hall R, et al. Duration of
Antimicrobial Treatment for Bacteremia in Canadian Critically Il Patients. Crit Care Med.
2016;44(2):256—-64.

191. Havey TC, Fowler RA, Pinto R, Elligsen M, Daneman N. Duration of antibiotic therapy for
critically ill patients with bloodstream infections: A retrospective cohort study. Can J Infect Dis Med
Microbiol. 2013;24(3):129-37.

192. Bell BG, Schellevis F, Stobberingh E, Goossens H, Pringle M. A systematic review and meta-
analysis of the effects of antibiotic consumption on antibiotic resistance. BMC Infect Dis. 2014;14:13.
193. Harbarth S, Samore MH, Lichtenberg D, Carmeli Y. Prolonged antibiotic prophylaxis after
cardiovascular surgery and its effect on surgical site infections and antimicrobial resistance.
Circulation. 2000;101(25):2916-21.

194. Riccio LM, Popovsky KA, Hranjec T, Politano AD, Rosenberger LH, Tura KC, et al. Association
of excessive duration of antibiotic therapy for intra-abdominal infection with subsequent extra-
abdominal infection and death: a study of 2,552 consecutive infections. Surg Infect (Larchmt).
2014;15(4):417-24.

195. Stevens V, Dumyati G, Fine LS, Fisher SG, van Wijngaarden E. Cumulative antibiotic exposures
over time and the risk of Clostridium difficile infection. Clin Infect Dis. 2011;53(1):42-8.

111

Download from SWAB.nl | 2026-06-10 15:23



3315
3316
3317
3318
3319
3320
3321
3322
3323
3324
3325
3326
3327
3328
3329
3330
3331
3332
3333
3334
3335
3336
3337
3338
3339
3340
3341
3342
3343
3344
3345
3346
3347
3348
3349
3350
3351
3352
3353
3354
3355
3356
3357
3358
3359
3360
3361
3362
3363
3364
3365
3366

196. Tacconelli E, De Angelis G, Cataldo MA, Mantengoli E, Spanu T, Pan A, et al. Antibiotic usage
and risk of colonization and infection with antibiotic-resistant bacteria: a hospital population-based
study. Antimicrob Agents Chemother. 2009;53(10):4264-9.

197. Teshome BF, Vouri SM, Hampton N, Kollef MH, Micek ST. Duration of Exposure to
Antipseudomonal beta-Lactam Antibiotics in the Critically Ill and Development of New Resistance.
Pharmacotherapy. 2019;39(3):261-70.

198.  Sterling SA, Miller WR, Pryor J, Puskarich MA, Jones AE. The Impact of Timing of Antibiotics
on Outcomes in Severe Sepsis and Septic Shock: A Systematic Review and Meta-Analysis. Crit Care
Med. 2015;43(9):1907-15.

199. Seymour CW, Gesten F, Prescott HC, Friedrich ME, lwashyna TJ, Phillips GS, et al. Time to
Treatment and Mortality during Mandated Emergency Care for Sepsis. N Engl J Med.
2017;376(23):2235-44.

200. Liu VX, Fielding-Singh V, Greene JD, Baker JM, Iwashyna TJ, Bhattacharya J, et al. The Timing
of Early Antibiotics and Hospital Mortality in Sepsis. Am J Respir Crit Care Med. 2017;196(7):856-63.
201.  Ferrer R, Martin-Loeches |, Phillips G, Osborn TM, Townsend S, Dellinger RP, et al. Empiric
antibiotic treatment reduces mortality in severe sepsis and septic shock from the first hour: results
from a guideline-based performance improvement program. Crit Care Med. 2014;42(8):1749-55.
202. Singer M. Antibiotics for Sepsis: Does Each Hour Really Count, or Is It Incestuous
Amplification? Am J Respir Crit Care Med. 2017;196(7):800-2.

203. Klompas M, Calandra T, Singer M. Antibiotics for Sepsis-Finding the Equilibrium. Jama.
2018;320(14):1433-4.

204. Sawyer RG, Claridge JA, Nathens AB, Rotstein OD, Duane TM, Evans HL, et al. Trial of short-
course antimicrobial therapy for intraabdominal infection. N Engl J Med. 2015;372(21):1996—-2005.
205.  Hassinger TE, Guidry CA, Rotstein OD, Duane TM, Evans HL, Cook CH, et al. Longer-Duration
Antimicrobial Therapy Does Not Prevent Treatment Failure in High-Risk Patients with Complicated
Intra-Abdominal Infections. Surg Infect (Larchmt). 2017;18(6):659—63.

206. Rattan R, Allen CJ, Sawyer RG, Askari R, Banton KL, Claridge JA, et al. Patients with
Complicated Intra-Abdominal Infection Presenting with Sepsis Do Not Require Longer Duration of
Antimicrobial Therapy. J Am Coll Surg. 2016;222(4):440-6.

207. Montravers P, Tubach F, Lescot T, Veber B, Esposito-Farese M, Seguin P, et al. Short-course
antibiotic therapy for critically ill patients treated for postoperative intra-abdominal infection: the
DURAPOP randomised clinical trial. Intensive Care Med. 2018;44(3):300-10.

208. Dimopoulos G, Poulakou G, Pneumatikos IA, Armaganidis A, Kollef MH, Matthaiou DK. Short-
vs long-duration antibiotic regimens for ventilator-associated pneumonia: a systematic review and
meta-analysis. Chest. 2013;144(6):1759-67.

209. PughR, Grant C, Cooke RP, Dempsey G. Short-course versus prolonged-course antibiotic
therapy for hospital-acquired pneumonia in critically ill adults. Cochrane Database Syst Rev.
2015(8):Cd007577.

210. LeeTC, Prosty CJ, Fralick M, Huttner A, McDonald EG, Molina J, et al. Seven vs Fourteen Days
of Antibiotics for Gram-Negative Bloodstream Infection: A Systematic Review and Noninferiority
Meta-Analysis. JAMA Netw Open. 2025;8(3):e251421.

211. Turjeman A, von Dach E, Molina J, Franceschini E, Koppel F, Yelin D, et al. Duration of
antibiotic treatment for Gram-negative bacteremia - Systematic review and individual participant
data (IPD) meta-analysis. EClinicalMedicine. 2023;55:101750.

212. Molina J, Montero-Mateos E, Praena-Segovia J, Leon-Jimenez E, Natera C, Lopez-Cortes LE, et
al. Seven-versus 14-day course of antibiotics for the treatment of bloodstream infections by
Enterobacterales: a randomized, controlled trial. Clin Microbiol Infect. 2022;28(4):550-7.

213.  Yahav D, Franceschini E, Koppel F, Turjeman A, Babich T, Bitterman R, et al. Seven versus
fourteen Days of Antibiotic Therapy for uncomplicated Gram-negative Bacteremia: a Non-inferiority
Randomized Controlled Trial. Clin Infect Dis. 2018.

214. Daneman N, Fowler RA, Investigators B. Antibiotic Treatment for 7 versus 14 Days in Patients
with Bloodstream Infections. Reply. N Engl J Med. 2025;393(1):100-1.

112

Download from SWAB.nl | 2026-06-10 15:23



3367
3368
3369
3370
3371
3372
3373
3374
3375
3376
3377
3378
3379
3380
3381
3382
3383
3384
3385
3386
3387
3388
3389
3390
3391
3392
3393
3394
3395
3396
3397
3398
3399
3400
3401
3402
3403
3404
3405
3406
3407
3408
3409
3410
3411
3412
3413
3414
3415
3416
3417

215.  von Dach E, Albrich WC, Brunel AS, Prendki V, Cuvelier C, Flury D, et al. Effect of C-Reactive
Protein-Guided Antibiotic Treatment Duration, 7-Day Treatment, or 14-Day Treatment on 30-Day
Clinical Failure Rate in Patients With Uncomplicated Gram-Negative Bacteremia: A Randomized
Clinical Trial. JAMA. 2020;323(21):2160-9.

216.  Prager M, Bergmann F, Pracher L, Copic D, Zessner-Spitzenberg J, Gelbenegger G, et al.
Antimicrobial treatment for 7 versus 14 days in patients with bacteremia: a meta-analysis of
randomized controlled trials. Infection. 2025;53(5):2159-68.

217.  Wu CW, Lai CC, Wu JY, Lee MC. Clinical outcomes and safety of 7-day versus 14-day antibiotic
therapy for bloodstream infections in adults: A systematic review and meta-analysis with trial
sequential analysis. J Infect Public Health. 2025;18(9):102852.

218.  Arns B, Kalil AC, Sorio GGL, Boschi E, Antonio ACP, Antonio JP, et al. Seven versus 14 days of
antimicrobial therapy for severe multidrug-resistant Gram-negative bacterial infections in intensive
care unit patients (OPTIMISE): a randomised, open-label, non-inferiority clinical trial. Crit Care.
2024;28(1):412.

219. delJongE, van Oers JA, Beishuizen A, Vos P, Vermeijden WJ, Haas LE, et al. Efficacy and safety
of procalcitonin guidance in reducing the duration of antibiotic treatment in critically ill patients: a
randomised, controlled, open-label trial. The Lancet Infectious diseases. 2016;16(7):819-27.

220. Wirz Y, Meier MA, Bouadma L, Luyt CE, Wolff M, Chastre J, et al. Effect of procalcitonin-
guided antibiotic treatment on clinical outcomes in intensive care unit patients with infection and
sepsis patients: a patient-level meta-analysis of randomized trials. Critical care (London, England).
2018;22(1):191.

221. Lam SW, Bauer SR, Fowler R, Duggal A. Systematic Review and Meta-Analysis of
Procalcitonin-Guidance Versus Usual Care for Antimicrobial Management in Critically lll Patients:
Focus on Subgroups Based on Antibiotic Initiation, Cessation, or Mixed Strategies. Crit Care Med.
2018;46(5):684—-90.

222.  Meier MA, Branche A, Neeser OL, Wirz Y, Haubitz S, Bouadma L, et al. Procalcitonin-guided
antibiotic treatment in patients with positive blood cultures: A patient-level meta-analysis of
randomized trials. Clin Infect Dis. 2018

223.  Pepper DJ, Sun J, Rhee C, Welsh J, Powers JH, 3rd, Danner RL, et al. Procalcitonin-Guided
Antibiotic Discontinuation and Mortality in Critically Il Adults: A Systematic Review and Meta-
analysis. Chest. 2019;155(6):1109-18.

224.  Paul M, Dickstein Y, Raz-Pasteur A. Antibiotic de-escalation for bloodstream infections and
pneumonia: systematic review and meta-analysis. Clin Microbiol Infect. 2016;22(12):960-7.

225. Tabah A, Cotta MO, Garnacho-Montero J, Schouten J, Roberts JA, Lipman J, et al. A
Systematic Review of the Definitions, Determinants, and Clinical Outcomes of Antimicrobial De-
escalation in the Intensive Care Unit. Clin Infect Dis. 2016;62(8):1009-17.

226. GuoY, Gao W, Yang H, Ma C, Sui S. De-escalation of empiric antibiotics in patients with
severe sepsis or septic shock: A meta-analysis. Heart & lung : the journal of critical care
2016;45(5):454-9.

227. Silva BN, Andriolo RB, Atallah AN, Salomao R. De-escalation of antimicrobial treatment for
adults with sepsis, severe sepsis or septic shock. The Cochrane database of systematic reviews.
2013(3):Cd007934.

228. Leone M, Bechis C, Baumstarck K, Lefrant JY, Albanese J, Jaber S, et al. De-escalation versus
continuation of empirical antimicrobial treatment in severe sepsis: a multicenter non-blinded
randomized noninferiority trial. Intensive Care Med. 2014;40(10):1399-408.

229. Martinez ML, Ferrer R, Torrents E, Guillamat-Prats R, Goma G, Suarez D, et al. Impact of
Source Control in Patients With Severe Sepsis and Septic Shock. Crit Care Med. 2017;45(1):11-9.
230. Chotiprasitsakul D, Han JH, Cosgrove SE, Harris AD, Lautenbach E, Conley AT, et al. Comparing
the Outcomes of Adults With Enterobacteriaceae Bacteremia Receiving Short-Course Versus
Prolonged-Course Antibiotic Therapy in a Multicenter, Propensity Score-Matched Cohort. Clin Infect
Dis. 2018;66(2):172-7.

113

Download from SWAB.nl | 2026-06-10 15:23



3418
3419
3420
3421
3422
3423
3424
3425
3426
3427
3428
3429
3430
3431
3432
3433
3434
3435
3436
3437
3438
3439
3440
3441
3442
3443
3444
3445
3446
3447
3448
3449
3450
3451
3452
3453
3454
3455
3456
3457
3458
3459
3460
3461
3462
3463
3464
3465
3466
3467

231. Regimbeau JM, Fuks D, Pautrat K, Mauvais F, Haccart V, Msika S, et al. Effect of postoperative
antibiotic administration on postoperative infection following cholecystectomy for acute calculous
cholecystitis: a randomized clinical trial. Jama. 2014;312(2):145-54.

232.  Eliakim-Raz N, Yahav D, Paul M, Leibovici L. Duration of antibiotic treatment for acute
pyelonephritis and septic urinary tract infection-- 7 days or less versus longer treatment: systematic
review and meta-analysis of randomized controlled trials. J Antimicrob Chemother.
2013;68(10):2183-91.

233.  Hepburn MJ, Dooley DP, Skidmore PJ, Ellis MW, Starnes WF, Hasewinkle WC. Comparison of
short-course (5 days) and standard (10 days) treatment for uncomplicated cellulitis. Arch Intern Med.
2004;164(15):1669-74.

234.  Mui LM, Ng CS, Wong SK, Lam YH, Fung TM, Fok KL, et al. Optimum duration of prophylactic
antibiotics in acute non-perforated appendicitis. ANZ J Surg. 2005;75(6):425-8.

235. Havey TC, Fowler RA, Daneman N. Duration of antibiotic therapy for bacteremia: a systematic
review and meta-analysis. Crit Care. 2011;15(6):R267.

236. lankova |, Thompson-Leduc P, Kirson NY, Rice B, Hey J, Krause A, et al. Efficacy and Safety of
Procalcitonin Guidance in Patients With Suspected or Confirmed Sepsis: A Systematic Review and
Meta-Analysis. Crit Care Med. 2018;46(5):691-8.

237. van Nieuwkoop C, van der Starre WE, Stalenhoef JE, van Aartrijk AM, van der Reijden TJ,
Vollaard AM, et al. Treatment duration of febrile urinary tract infection: a pragmatic randomized,
double-blind, placebo-controlled non-inferiority trial in men and women. BMC medicine.
2017;15(1):70.

238. Kip MMA, van Qers JA, Shajiei A, Beishuizen A, Berghuis AMS, Girbes AR, et al. Cost-
effectiveness of procalcitonin testing to guide antibiotic treatment duration in critically ill patients:
results from a randomised controlled multicentre trial in the Netherlands. Crit Care. 2018;22(1):293.
239. Westwood M, Ramaekers B, Whiting P, Tomini F, Joore M, Armstrong N, et al. Procalcitonin
testing to guide antibiotic therapy for the treatment of sepsis in intensive care settings and for
suspected bacterial infection in emergency department settings: a systematic review and cost-
effectiveness analysis. Health Technol Assess. 2015;19(96):v—xxv, 1-236.

240. De Bus L, Denys W, Catteeuw J, Gadeyne B, Vermeulen K, Boelens J, et al. Impact of de-
escalation of beta-lactam antibiotics on the emergence of antibiotic resistance in ICU patients: a
retrospective observational study. Intensive Care Med. 2016;42(6):1029-39.

241. Tabah A, Bassetti M, Kollef MH, Zahar JR, Paiva JA, Timsit JF, et al. Antimicrobial de-escalation
in critically ill patients: a position statement from a task force of the European Society of Intensive
Care Medicine (ESICM) and European Society of Clinical Microbiology and Infectious Diseases
(ESCMID) Critically Ill Patients Study Group (ESGCIP). Intensive Care Med. 2019.

242.  Ambrose PG, Bhavnani SM, Rubino CM, Louie A, Gumbo T, Forrest A, et al. Pharmacokinetics-
pharmacodynamics of antimicrobial therapy: it's not just for mice anymore. Clin Infect Dis.
2007;44(1):79-86.

243.  Mouton JW, Brown DF, Apfalter P, Canton R, Giske CG, Ivanova M, et al. The role of
pharmacokinetics/pharmacodynamics in setting clinical MIC breakpoints: the EUCAST approach. Clin
Microbiol Infect. 2012;18(3):E37-45.

244,  Scaglione F, Paraboni L. Influence of pharmacokinetics/pharmacodynamics of antibacterials
in their dosing regimen selection. Expert Rev Anti Infect Ther. 2006;4(3):479-90.

245.  MacVane SH, Kuti JL, Nicolau DP. Prolonging beta-lactam infusion: a review of the rationale
and evidence, and guidance for implementation. Int J Antimicrob Agents. 2014;43(2):105-13.

246.  Moore RD, Lietman PS, Smith CR. Clinical response to aminoglycoside therapy: importance of
the ratio of peak concentration to minimal inhibitory concentration. J Infect Dis. 1987;155(1):93-9.
247. Bland CM, Pai MP, Lodise TP. Reappraisal of Contemporary Pharmacokinetic and
Pharmacodynamic Principles for Informing Aminoglycoside Dosing. Pharmacotherapy.
2018;38(12):1229-38.

114

Download from SWAB.nl | 2026-06-10 15:23



3468
3469
3470
3471
3472
3473
3474
3475
3476
3477
3478
3479
3480
3481
3482
3483
3484
3485
3486
3487
3488
3489
3490
3491
3492
3493
3494
3495
3496
3497
3498
3499
3500
3501
3502
3503
3504
3505
3506
3507
3508
3509
3510
3511
3512
3513
3514
3515
3516
3517
3518
3519

248. Roberts JA, Abdul-Aziz MH, Lipman J, Mouton JW, Vinks AA, Felton TW, et al. Individualised
antibiotic dosing for patients who are critically ill: challenges and potential solutions. Lancet Infect
Dis. 2014;14(6):498-509.

249. Drusano GL, Ambrose PG, Bhavnani SM, Bertino JS, Nafziger AN, Louie A. Back to the future:
using aminoglycosides again and how to dose them optimally. Clin Infect Dis. 2007;45(6):753—60.
250. Pai MP, Rodvold KA. Aminoglycoside dosing in patients by kidney function and area under the
curve: the Sawchuk-Zaske dosing method revisited in the era of obesity. Diagn Microbiol Infect Dis.
2014;78(2):178-87.

251. Varghese JM, Roberts JA, Lipman J. Antimicrobial pharmacokinetic and pharmacodynamic
issues in the critically ill with severe sepsis and septic shock. Crit Care Clin. 2011;27(1):19-34.

252. Roberts JA, Webb S, Paterson D, Ho KM, Lipman J. A systematic review on clinical benefits of
continuous administration of beta-lactam antibiotics. Crit Care Med. 2009;37(6):2071-8.

253.  Goncalves-Pereira J, Povoa P. Antibiotics in critically ill patients: a systematic review of the
pharmacokinetics of beta-lactams. Crit Care. 2011;15(5):R206.

254.  Bos JC, van Hest RM, Misticio MC, Nunguiane G, Lang CN, Beirao JC, et al. Pharmacokinetics
and Pharmacodynamic Target Attainment of Benzylpenicillin in an Adult Severely Il Sub-Saharan
African Patient Population. Clin Infect Dis. 2018;66(8):1261-9.

255.  Bos JC, Prins JM, Misticio MC, Nunguiane G, Lang CN, Beirao JC, et al. Pharmacokinetics and
pharmacodynamic target attainment of ceftriaxone in adult severely ill sub-Saharan African patients:
a population pharmacokinetic modelling study. J Antimicrob Chemother. 2018;73(6):1620-9.

256. Smit C, De Hoogd S, Bruggemann RJM, Knibbe CAJ. Obesity and drug pharmacology: a review
of the influence of obesity on pharmacokinetic and pharmacodynamic parameters. Expert Opin Drug
Metab Toxicol. 2018;14(3):275-85.

257. Gonzalez-Muniesa P, Martinez-Gonzalez MA, Hu FB, Despres JP, Matsuzawa Y, Loos RJF, et al.
Obesity. Nat Rev Dis Primers. 2017;3:17034.

258.  Alobaid AS, Hites M, Lipman J, Taccone FS, Roberts JA. Effect of obesity on the
pharmacokinetics of antimicrobials in critically ill patients: A structured review. Int J Antimicrob
Agents. 2016;47(4):259-68.

259. Falagas ME, Tansarli GS, Rafailidis PI, Kapaskelis A, Vardakas KZ. Impact of antibiotic MIC on
infection outcome in patients with susceptible Gram-negative bacteria: a systematic review and
meta-analysis. Antimicrob Agents Chemother. 2012;56(8):4214-22.

260. Jacob JT, DiazGranados CA. High vancomycin minimum inhibitory concentration and clinical
outcomes in adults with methicillin-resistant Staphylococcus aureus infections: a meta-analysis. Int J
Infect Dis. 2013;17(2):e93—e100.

261. Sieswerda E, Bax HI, Hoogerwerf JJ, de Boer MGJ, Boermeester M, Bonten MJM, et al. The
2021 Dutch Working Party on Antibiotic Policy (SWAB) guidelines for empirical antibacterial therapy
of sepsis in adults. BMC Infect Dis. 2022;22(1):687.

262. Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM, French C, et al. Surviving
Sepsis Campaign: International Guidelines for Management of Sepsis and Septic Shock 2021. Crit
Care Med. 2021;49(11):e1063—-e143.

263.  Abdul-Aziz MH, Hammond NE, Brett SJ, Cotta MO, De Waele JJ, Devaux A, et al. Prolonged vs
Intermittent Infusions of beta-Lactam Antibiotics in Adults With Sepsis or Septic Shock: A Systematic
Review and Meta-Analysis. JAMA. 2024;332(8):638-48.

264. Khan AB, Abdul-Aziz MH, Hindle L, Lipman J, Simelela F, Omar S. Continuous versus
intermittent bolus dosing of beta-lactam antibiotics in a South African multi-disciplinary intensive
care unit: A randomized controlled trial. J Infect. 2025;90(5):106487.

265. Dulhunty JM, Brett SJ, De Waele JJ, Rajbhandari D, Billot L, Cotta MO, et al. Continuous vs
Intermittent beta-Lactam Antibiotic Infusions in Critically Il Patients With Sepsis: The BLING IlI
Randomized Clinical Trial. JAMA. 2024;332(8):629-37.

266. Monti G, Bradic N, Marzaroli M, Konkayev A, Fominskiy E, Kotani Y, et al. Continuous vs
Intermittent Meropenem Administration in Critically lll Patients With Sepsis: The MERCY Randomized
Clinical Trial. JAMA. 2023;330(2):141-51.

115

Download from SWAB.nl | 2026-06-10 15:23



3520
3521
3522
3523
3524
3525
3526
3527
3528
3529
3530
3531
3532
3533
3534
3535
3536
3537
3538
3539
3540
3541
3542
3543
3544
3545
3546
3547
3548
3549
3550
3551
3552
3553
3554
3555
3556
3557
3558
3559
3560
3561
3562
3563
3564
3565
3566
3567
3568
3569
3570
3571

267. Khan AB OS. Continuous vs intermittent beta-lactam dosing in critically ill patients with
sepsis: a randomized controlled trial. World Health Organization. Accessed May 2, 2024.
https://trialsearch.who.int/Trial2.aspx?TriallD=PACTR202009811610400. 2024.

268.  Roberts JA, Kirkpatrick CM, Roberts MS, Robertson TA, Dalley AJ, Lipman J. Meropenem
dosing in critically ill patients with sepsis and without renal dysfunction: intermittent bolus versus
continuous administration? Monte Carlo dosing simulations and subcutaneous tissue distribution. ]
Antimicrob Chemother. 2009;64(1):142-50.

269. Chytral, Stepan M, Benes J, Pelnar P, Zidkova A, Bergerova T, et al. Clinical and
microbiological efficacy of continuous versus intermittent application of meropenem in critically ill
patients: a randomized open-label controlled trial. Crit Care. 2012;16(3):R113.

270.  Dulhunty JM, Roberts JA, Davis JS, Webb SA, Bellomo R, Gomersall C, et al. Continuous
infusion of beta-lactam antibiotics in severe sepsis: a multicenter double-blind, randomized
controlled trial. Clin Infect Dis. 2013;56(2):236-44.

271.  Jamal JA, Mat-Nor MB, Mohamad-Nor FS, Udy AA, Wallis SC, Lipman J, et al.
Pharmacokinetics of meropenem in critically ill patients receiving continuous venovenous
haemofiltration: a randomised controlled trial of continuous infusion versus intermittent bolus
administration. Int J Antimicrob Agents. 2015;45(1):41-5.

272.  Abdul-Aziz MH, Sulaiman H, Mat-Nor MB, Rai V, Wong KK, Hasan MS, et al. Beta-Lactam
Infusion in Severe Sepsis (BLISS): a prospective, two-centre, open-labelled randomised controlled
trial of continuous versus intermittent beta-lactam infusion in critically ill patients with severe sepsis.
Intensive Care Med. 2016;42(10):1535-45.

273.  Zhao HY, GuJ, Lyu J, Liu D, Wang YT, Liu F, et al. Pharmacokinetic and Pharmacodynamic
Efficacies of Continuous versus Intermittent Administration of Meropenem in Patients with Severe
Sepsis and Septic Shock: A Prospective Randomized Pilot Study. Chin Med J (Engl).
2017;130(10):1139-45.

274. Saad SI AB, Shaboob EA, Abdelghany HH. . Continuous versus intermittent use of
meropenem in septic critically ill patients: a randomized controlled trail. Benha Med J.
2024;41(2):38-48. do0i:10.21608/bmfj.2023.247556.1949. 2024.

275.  Dulhunty JM, Roberts JA, Davis JS, Webb SA, Bellomo R, Gomersall C, et al. A Multicenter
Randomized Trial of Continuous versus Intermittent beta-Lactam Infusion in Severe Sepsis. Am J
Respir Crit Care Med. 2015;192(11):1298-305.

276. Rafati MR, Rouini MR, Mojtahedzadeh M, Najafi A, Tavakoli H, Gholami K, et al. Clinical
efficacy of continuous infusion of piperacillin compared with intermittent dosing in septic critically ill
patients. Int J Antimicrob Agents. 2006;28(2):122-7.

277. Roberts JA, Kirkpatrick CM, Roberts MS, Dalley AJ, Lipman J. First-dose and steady-state
population pharmacokinetics and pharmacodynamics of piperacillin by continuous or intermittent
dosing in critically ill patients with sepsis. Int J Antimicrob Agents. 2010;35(2):156—63.

278. Jamal JA, Roberts DM, Udy AA, Mat-Nor MB, Mohamad-Nor FS, Wallis SC, et al.
Pharmacokinetics of piperacillin in critically ill patients receiving continuous venovenous
haemofiltration: A randomised controlled trial of continuous infusion versus intermittent bolus
administration. Int J Antimicrob Agents. 2015;46(1):39-44.

279. Georges B, Conil JM, Cougot P, Decun JF, Archambaud M, Seguin T, et al. Cefepime in
critically ill patients: continuous infusion vs. an intermittent dosing regimen. Int J Clin Pharmacol
Ther. 2005;43(8):360-9.

280. Alvarez-Moreno CA, Nocua-Baez LC, Ortiz G, Torres JC, Montenegro G, Cervera W, et al.
Efficacy of Continuous vs. Intermittent Administration of Cefepime in Adult ICU Patients with Gram-
Negative Bacilli Bacteremia: A Randomized Double-Blind Clinical Study. Antibiotics (Basel).
2024;13(3).

281.  Mirjalili M, Zand F, Karimzadeh |, Masjedi M, Sabetian G, Mirzaei E, et al. The clinical and
paraclinical effectiveness of four-hour infusion vs. half-hour infusion of high-dose ampicillin-
sulbactam in treatment of critically ill patients with sepsis or septic shock: An assessor-blinded
randomized clinical trial. J Crit Care. 2023;73:154170.

116

Download from SWAB.nl | 2026-06-10 15:23


https://trialsearch.who.int/Trial2.aspx?TrialID=PACTR202009811610400

3572
3573
3574
3575
3576
3577
3578
3579
3580
3581
3582
3583
3584
3585
3586
3587
3588
3589
3590
3591
3592
3593
3594
3595
3596
3597
3598
3599
3600
3601
3602
3603
3604
3605
3606
3607
3608
3609
3610
3611
3612
3613
3614
3615
3616
3617
3618
3619
3620
3621
3622
3623

282. Roberts JA, Boots R, Rickard CM, Thomas P, Quinn J, Roberts DM, et al. Is continuous infusion
ceftriaxone better than once-a-day dosing in intensive care? A randomized controlled pilot study. J
Antimicrob Chemother. 2007;59(2):285-91.

283. De Winter S, Wauters J, Meersseman W, Verhaegen J, Van Wijngaerden E, Peetermans W, et
al. Higher versus standard amikacin single dose in emergency department patients with severe sepsis
and septic shock: a randomised controlled trial. International journal of antimicrobial agents.
2018;51(4):562-70.

284.  Ali MZ, Goetz MB. A meta-analysis of the relative efficacy and toxicity of single daily dosing
versus multiple daily dosing of aminoglycosides. Clin Infect Dis. 1997;24(5):796—809.

285.  Bailey TC, Little JR, Littenberg B, Reichley RM, Dunagan WC. A meta-analysis of extended-
interval dosing versus multiple daily dosing of aminoglycosides. Clin Infect Dis. 1997;24(5):786—95.
286. Barza M, loannidis JP, Cappelleri JC, Lau J. Single or multiple daily doses of aminoglycosides: a
meta-analysis. BMJ (Clinical research ed). 1996;312(7027):338-45.

287. Hatala R, Dinh T, Cook DJ. Once-daily aminoglycoside dosing in immunocompetent adults: a
meta-analysis. Annals of internal medicine. 1996;124(8):717-25.

288. Hao JJ, Chen H, Zhou JX. Continuous versus intermittent infusion of vancomycin in adult
patients: A systematic review and meta-analysis. International journal of antimicrobial agents.
2016;47(1):28-35.

289. Le GallJR, Lemeshow S, Saulnier F. A new Simplified Acute Physiology Score (SAPS Il) based
on a European/North American multicenter study. Jama. 1993;270(24):2957-63.

290. Blot S, Koulenti D, Akova M, Bassetti M, De Waele JJ, Dimopoulos G, et al. Does
contemporary vancomycin dosing achieve therapeutic targets in a heterogeneous clinical cohort of
critically ill patients? Data from the multinational DALI study. Crit Care. 2014;18(3):R99.

291. BakkeV, Sporsem H, Von der Lippe E, Nordoy |, Lao Y, Nyrerod HC, et al. Vancomycin levels
are frequently subtherapeutic in critically ill patients: a prospective observational study. Acta
Anaesthesiol Scand. 2017;61(6):627-35.

292. Taccone FS, Laterre PF, Dugernier T, Spapen H, Delattre |, Wittebole X, et al. Insufficient beta-
lactam concentrations in the early phase of severe sepsis and septic shock. Crit Care.
2010;14(4):R126.

293.  Wiersinga WJ, van Agtmael MA. Resolving the Dilemma on Continuous vs Intermittent -
Lactam Antibiotics in Sepsis. Jama. 2024;332(8):623-5.

294. Allou N, Bouteau A, Allyn J, Snauwaert A, Valance D, Jabot J, et al. Impact of a high loading
dose of amikacin in patients with severe sepsis or septic shock. Ann Intensive Care. 2016;6(1):106.
295. Allou N, Charifou Y, Augustin P, Galas T, Valance D, Corradi L, et al. A study to evaluate the
first dose of gentamicin needed to achieve a peak plasma concentration of 30 mg/l in patients
hospitalized for severe sepsis. Eur J Clin Microbiol Infect Dis. 2016;35(7):1187-93.

296. Hodiamont CJ, Janssen JM, de Jong MD, Mathot RA, Juffermans NP, van Hest RM.
Therapeutic Drug Monitoring of Gentamicin Peak Concentrations in Critically Ill Patients. Ther Drug
Monit. 2017;39(5):522-30.

297. General Consultation on Revision of Aminoglycoside Breakpoints 2019 [Available from:
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST files/Consultation/2019/General Consul
tation on Revision of Aminoglycoside Breakpoints May 2019.pdf.

298. Bartal C, Danon A, Schlaeffer F, Reisenberg K, Alkan M, Smoliakov R, et al. Pharmacokinetic
dosing of aminoglycosides: a controlled trial. Am J Med. 2003;114(3):194-8.

299. van Lent-Evers NA, Mathot RA, Geus WP, van Hout BA, Vinks AA. Impact of goal-oriented and
model-based clinical pharmacokinetic dosing of aminoglycosides on clinical outcome: a cost-
effectiveness analysis. Ther Drug Monit. 1999;21(1):63-73.

300. Therapeutic drug monitoring en PGx monografién. NVZA [Available from: https://tdm-
monografie.org/.

301. YeZK, Chen YL, Chen K, Zhang XL, Du GH, He B, et al. Therapeutic drug monitoring of
vancomycin: a guideline of the Division of Therapeutic Drug Monitoring, Chinese Pharmacological
Society. J Antimicrob Chemother. 2016;71(11):3020-5.

117

Download from SWAB.nl | 2026-06-10 15:23


http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Consultation/2019/General_Consultation_on_Revision_of_Aminoglycoside_Breakpoints_May_2019.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Consultation/2019/General_Consultation_on_Revision_of_Aminoglycoside_Breakpoints_May_2019.pdf
https://tdm-monografie.org/
https://tdm-monografie.org/

3624
3625
3626
3627
3628
3629
3630
3631
3632
3633
3634
3635
3636
3637
3638
3639
3640
3641
3642
3643
3644
3645
3646
3647
3648
3649
3650
3651
3652
3653
3654
3655
3656
3657
3658
3659
3660
3661
3662
3663
3664
3665
3666
3667
3668
3669
3670
3671
3672

3673

302. Ye ZK, Tang HL, Zhai SD. Benefits of therapeutic drug monitoring of vancomycin: a systematic
review and meta-analysis. PLoS One. 2013;8(10):e77169.

303. van Maarseveen EM, Man WH, Touw DJ, Bouma AW, van Zanten AR. [Continuous and
intermittent infusion of vancomycin equally effective: review of the literature]. Ned Tijdschr
Geneeskd. 2011;155(42):A2667.

304. Haeseker M, Stolk L, Nieman F, Hoebe C, Neef C, Bruggeman C, et al. The ciprofloxacin target
AUC : MIC ratio is not reached in hospitalized patients with the recommended dosing regimens. BrJ
Clin Pharmacol. 2013;75(1):180-5.

305. Roberts JA, Alobaid AS, Wallis SC, Perner A, Lipman J, Sjovall F. Defining optimal dosing of
ciprofloxacin in patients with septic shock. J Antimicrob Chemother. 2019;74(6):1662-9.

306. van Zanten AR, Polderman KH, van Geijlswijk IM, van der Meer GY, Schouten MA, Girbes AR.
Ciprofloxacin pharmacokinetics in critically ill patients: a prospective cohort study. J Crit Care.
2008;23(3):422-30.

307. Zelenitsky SA, Ariano RE. Support for higher ciprofloxacin AUC 24/MIC targets in treating
Enterobacteriaceae bloodstream infection. J Antimicrob Chemother. 2010;65(8):1725-32.

308. Szalek E, Tomczak H, Kaminska A, Grabowski T, Smuszkiewicz P, Matysiak K, et al.
Pharmacokinetics and pharmacodynamics of ciprofloxacin in critically ill patients after the first
intravenous administration of 400 mg. Adv Med Sci. 2012;57(2):217-23.

309. Zelenitsky S, Ariano R, Harding G, Forrest A. Evaluating ciprofloxacin dosing for Pseudomonas
aeruginosa infection by using clinical outcome-based Monte Carlo simulations. Antimicrob Agents
Chemother. 2005;49(10):4009-14.

310. Stahlmann R. Safety profile of the quinolones. J Antimicrob Chemother. 1990;26 Suppl D:31—
44,

311. Forrest A, Nix DE, Ballow CH, Goss TF, Birmingham MC, Schentag JJ. Pharmacodynamics of
intravenous ciprofloxacin in seriously ill patients. Antimicrobial agents and chemotherapy.
1993;37(5):1073-81.

312. Alobaid AS, Wallis SC, Jarrett P, Starr T, Stuart J, Lassig-Smith M, et al. Population
Pharmacokinetics of Piperacillin in Nonobese, Obese, and Morbidly Obese Critically Il Patients.
Antimicrob Agents Chemother. 2017;61(3).

313.  Alobaid AS, Wallis SC, Jarrett P, Starr T, Stuart J, Lassig-Smith M, et al. Effect of Obesity on the
Population Pharmacokinetics of Meropenem in Critically Ill Patients. Antimicrob Agents Chemother.
2016;60(8):4577-84.

314. Cheatham SC, Fleming MR, Healy DP, Chung EK, Shea KM, Humphrey ML, et al. Steady-state
pharmacokinetics and pharmacodynamics of meropenem in morbidly obese patients hospitalized in
an intensive care unit. J Clin Pharmacol. 2014;54(3):324-30.

315. Hites M, Taccone FS, Wolff F, Cotton F, Beumier M, De Backer D, et al. Case-control study of
drug monitoring of beta-lactams in obese critically ill patients. Antimicrob Agents Chemother.
2013;57(2):708-15.

316. Jung B, Mahul M, Breilh D, Legeron R, Signe J, Jean-Pierre H, et al. Repeated Piperacillin-
Tazobactam Plasma Concentration Measurements in Severely Obese Versus Nonobese Critically Il
Septic Patients and the Risk of Under- and Overdosing. Crit Care Med. 2017;45(5):e470—e8.

317. LinH, Yeh DD, Levine AR. Daily vancomycin dose requirements as a continuous infusion in
obese versus non-obese SICU patients. Crit Care. 2016;20(1):205.

318. Velissaris D, Karamouzos V, Marangos M, Pierrakos C, Karanikolas M. Pharmacokinetic
changes and dosing modification of aminoglycosides in critically ill obese patients: a literature
review. J Clin Med Res. 2014;6(4):227-33.

319. Vlek AL, Frentz D, Haenen A, Bootsma HJ, Notermans DW, Frakking FN, et al. Detection and
epidemiology of carbapenemase producing Enterobacteriaceae in the Netherlands in 2013-2014. Eur
J Clin Microbiol Infect Dis. 2016;35(7):1089-96.

118

Download from SWAB.nl | 2026-06-10 15:23



