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ABSTRACT

Sepsis is a leading cause of death and disability globally. Sepsis affects
millions of individuals per year and carries high morbidity and mortality
rates even if appropriate care is provided. In the United States, sepsis is
considered the most common cause of inpatient death, affecting 1.7 million
adults per year and contributing to 270 000 deaths. Globally, there were
an estimated 49 million cases of sepsis in 2017. The annual economic
burden from sepsis hospitalizations and post-acute care exceeds $60
billion. Despite advances in care, short-term mortality rates continue to
exceed 15%.

Combining antimicrobial stewardship with diagnostic stewardship enhances
sepsis management by improving recognition, treatment, and outcomes.
Key factors include early detection of sepsis leading to optimal timing and
initial choice of antimicrobials. Getting proper cultures and diagnostics
improves de-escalation opportunities. Antimicrobial de-escalation reduces
unnecessary broad-spectrum antimicrobials when the pathogen(s) and their
susceptibilities are identified. Lastly, determining the optimal duration of
antibiotic therapy based on diagnosis and clinical response. Over the past
two decades, numerous randomized controlled trials (RCTs) have
evaluated antibiotic durations for common clinical syndromes generally
demonstrating that shorter courses are as effective as longer ones. Shorter
treatment duration lowers risks of adverse drug reactions, multidrug
resistance, and Clostridioides difficile infection. In conclusion, stewardship is
not only compatible with sepsis care but also vital for better patient
outcomes.
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Introduction

Sepsis is a leading cause of death and disability
globally. ' Sepsis is defined as a dysregulated immune
response to infection affecting millions of individuals per
year and carries high morbidity and mortality rates even
if appropriate care is provided.23 In the United
States(US), sepsis is considered the most common cause of
inpatient death, affecting 1.7 million adults per year and
contributing to 270 000 deaths.# Globally, there were an
estimated 49 million cases of sepsis in 2017.7 The annual
economic burden from sepsis hospitalizations and post-
acute care exceeds $60 billion.> Despite advances in
care, short-term mortality rates continue to exceed 15%.°

Sepsis incidence and mortality rates varied significantly
by region. Furthermore, sepsis can be difficult to
accurately diagnose, is a diverse clinical syndrome, and
there is no gold standard for diagnosis. Assessing
infection and related organ dysfunction can be difficult
due to subjectivity.

Survivors are also at high risk for recurrent sepsis,
readmission, cognitive and functional impairment. 7 After
hospitalization, survivors can be too ill to return to their
homes or work and may require ongoing care in venues
such as skilled nursing facilities. In addition, cognitive
impairment and functional disability can be major
consequences, adding significantly to societal health care
costs and productivity. Iwashyna et al demonstrated that
severe sepsis in this older population was independently
associated with substantial and persistent new cognitive
impairment and functional disability among survivors.8

Over the past 3 decades, the Surviving Sepsis Campaign
(SSC) has released several guidelines aimed at
standardizing and improving the management of patients
with severe sepsis and septic shock. 9These guidelines
have helped raise sepsis awareness and triggered
numerous quality improvement initiatives around the
world. In 2013, the New York State Department of
Health began a mandatory state-wide initiative to
improve early recognition and treatment of severe sepsis
and septic shock.'© The initiative led to increased
compliance with sepsis-performance measures across
hospitals, which correlated with a decline in risk-adjusted
sepsis mortality. These results highlight the potential
impact of policy-driven quality improvement programs in
enhancing patient outcomes. The United States (US)
Centers for Medicare & Medicaid Services’(CMS) SEP-1
measure has also established sepsis as a national priority
for quality improvement. SEP-1 was first implemented in
October 2015 and requires hospitals to report their

bundled performance rates to CMS as part of the
Inpatient Quality Reporting Program. Initially a pay-for-
reporting measure, SEP-1 is now shifting to pay-for-
performance under CMS’s Value-Based Purchasing
program.

Although early antimicrobial therapy can be lifesaving in
patients with sepsis, unnecessary exposure to broad-
spectrum antimicrobials has been associated with
adverse effects and worse patient outcomes. '! In
addition, ~1/3 of patients with suspected sepsis are
ultimately diagnosed with a non-infectious or viral
condition. 2 Antimicrobial resistance (AMR) poses an
important global health challenge in the 21st century
which can be accelerated by overuse and misuse of
antimicrobial agents. 13 Given the growing AMR burden,
it is important that interventions combine infection
prevention, vaccination, and antimicrobial-diagnostic
stewardship to reduce inappropriate antimicrobial use.
The purpose of this paper is to review literature on the
role of early antimicrobial administration in sepsis
combined with effective antimicrobial and diagnostic
stewardship to improve outcomes and reduce unintended
consequences of overuse of broad-spectrum antimicrobial
agents.

Sepsis Definitions

An objective surveillance definition is crucial in making
meaningful comparisons, tracking quality improvement
efforts and outcomes. The recent task force proposed
Definitions for Sepsis and Septic Shock (Sepsis-3) defined
sepsis as “life-threatening organ dysfunction caused by a
dysregulated host response to infection™.2 The Sepsis-3
task force proposed criteria for sepsis that clinicians can
use for patients who may have sepsis defined as the
combination of suspected infection plus organ
dysfunction, quantified as an increase in Sequential
Organ Failure Assessment (SOFA) score by =2 points.
Many clinicians have now adopted Sepsis-3 operational
criteria for identifying sepsis. Others, however, including
CMS(SEP-1)(Table 1) still use the Second International
Consensus Definition (Sepsis-2), which defined severe
sepsis as suspected infection, at least 2 systemic
inflammatory response signs, and acute organ
dysfunction, quantified using specific thresholds per
organ.'4 Septic shock was defined as sepsis-induced
hypotension  persisting despite  adequate  fluid
resuscitation. The challenge is that both Sepsis-2 and
Sepsis-3 capture a heterogenous set of patients that vary
widely in their presentations, severity, and prognosis. In
addition clinicians have to determine if the dysregulation
was due to infection versus some other cause.!s

Table 1: The CMS Severe Sepsis/Septic Shock Management Bundle (SEP-1)

Severe Sepsis Bundle:

Septic Shock Bundle:

1. Measure lactate level within 3 h 5. 30 cc/kg crystalloid bolus (normal saline or lactated ringers) within
2. Blood cultures (prior to antibiotics) within 3 h of hypotension, initial lactate >4.0 mmol/L, or clinician
3h documentation of septic shock
3. Broad spectrum antibiotics within 3 h 6. Vasopressors to target mean arterial pressure 265 mmHg within 6
4. Remeasure lactate if initial lactate h if there is persistent hypotension after >30 cc/kg crystalloid bolus
elevated (>2.0 mmol/L) within 6 h 7. Document repeat volume status and tissue perfusion assessment
within 6 h:

e Repeat focused exam: vital signs, cardiopulmonary, capillary
refill, pulse and skin findings, OR
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e 2 of the following: Measure central venous pressure, central
venous oxygen saturation, bedside cardiovascular ultrasound, or
passive leg raise or fluid challenge

Hospital discharge diagnosis codes using administrative
data are commonly used to track sepsis outcomes within
hospitals.'617 Sepsis diagnosis codes are also used for
quality analyses and reporting, including screening cases
to review for adherence to the CMS Severe Sepsis/
Septic Shock Early Management Bundle (SEP-1). The
accuracy of administrative definitions relative to medical
record reviews also varies substantially.'® In addition the
use of administrative data for tracking sepsis trends is
highly susceptible to bias from changing diagnosis and
coding practices over time.!?

Recognizing the need for a more objective measure to
track sepsis incidence and outcomes, in 2018 the US
Centers for Disease Control and Prevention (CDC)
created an adult sepsis event (ASE) tool kit, which includes
a validated definition that can be implemented using

Table 2: CDC Adult Sepsis Event Criteria

Presumed Serious Infection +

Blood Culture Order

-+

New Antibiotic (within +2 days)

-+

Antibiotics Continued for 24 Days*

*<4 antibiotic days allowed if patient dies, is
made CMO, or is discharged to hospice or
another hospital

electronic health record (EHR) data and supporting
materials to help hospitals create and maintain a robust,
EHR-based sepsis surveillance operation.# (Table 2) The
ASE definition was based on the Sepsis-3 framework of
suspected infection with concurrent organ dysfunction but
optimized for simplicity and reproducibility across
institutions. An ASE is defined as (1) presumed serious
infection, signified by obtained blood cultures and >4
consecutive days of antibiotics (or up until 1 day before
death, discharge to hospice, transfer to another acute
care hospital, or transition to comfort measures) starting
within 2 calendar days of when blood cultures were
obtained, plus (2) evidence of concurrent organ
dysfunction, signified by any of 6 binary indicators of
cardiovascular, pulmonary, renal, hepatic, coagulation,
or perfusion dysfunction.

Acute Organ Dysfunction (eSOFA)

Vasopressor initiation

Mechanical ventilation initiation
Lactate = 2.0 mmol/L

T2x in Creatinine, or 150% in eGFR
T2x in Bilirubin to 22.0 mg/dL

150% in Platelets to <100

Baseline laboratory values defined as best during
hospitalization (or during +/-2 dayv infection window
for hospital-onset infection)

Hospital-Onset Adult Sepsis Event = All Criteria Met on Hospital Day =3

www.cdc.gov /sepsis /clinicaltools

The ASE definition was developed by a CDC Prevention
Epicenters Program funded consortium that estimated the
US national burden of sepsis by applying these criteria
to EHR data from a large and diverse set of hospitals.
The definition was validated using medical record
reviews and found to have superior sensitivity and similar
positive predictive value compared with sepsis diagnosis
codes for identifying cases meeting Sepsis-3 criteria.¢

The very wide spectrum of illnesses captured by current
sepsis operational criteria are problematic because
clinicians and regulators have been taught to treat all
sepsis patients in a common fashion with immediate
broad-spectrum antibiotics, and for those with
hypotension and/or elevated lactates, high volume
intravenous fluids. Regulators and quality improvement
advocates reinforce and accelerate this perception
through public reporting and pay-for-performance
metrics that penalize clinicians and hospitals for failing to
administer these interventions within 3 hours of
recognizing possible sepsis. The rest of this paper will

focus on diagnostic and antimicrobial stewardship and
how together they can improve sepsis care.

Diagnostic and Antimicrobial Stewardship
The goals of diagnostic stewardship is to ensure the
selection of the right test for the right patient at the right
time.(Table 3 and Figure 1) In addition, excellence in
diagnostic stewardship should reduce unnecessary testing
and overdiagnosis/misdiagnoses and reduce delays.
Both underutilization and overutilization of diagnostic
tests are important as well as optimizing the timing of test
ordering and reporting. Underutilization of appropriate
diagnostic testing can lead to unnecessary diagnostic
delays, diagnostic uncertainty, increased unnecessary
empirical antimicrobial use, longer hospitalization or
worse patient outcomes due to missed diagnoses.20 The
goals of antimicrobial stewardship on the other hand is to
ensure the right interpretation to guide the prescription
for the right antimicrobial therapy at the right time.(Table
3) Both diagnostic and antimicrobial stewardship are
required to optimize use of resources and outcomes.
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Table 3:
Goals of
Diagnostic Stewardship Antimicrobial Stewardship
* Select theright test for the * Right interpretation

right patient * Right antimicrobial selection

* Generate accurate, clinically « Right time

relevant results at theright ]
time * Improve patient outcomes

* Reduce unnecessary

* Improve clinical outcomes e ,
antimicrobial use

* Reduce costs

Diagnostic
Excellence

Reduce Prevent
unnecessary d?;grr:)ostt?c missed,
testing and stewardship delayed and

overdiagnosis misdiagnosis

Figure 1: The Agency for Healthcare Research and Quality (AHRQ) Safety Program for Improving Antibiotic Use was
convened to improve antibiotic prescribing practices by combining adaptive change theories and evidence-based
diagnostic and antimicrobial practices. The program incorporated what was called the 4 moments of antibiotic decision
making to improve antibiotic prescribing. 2! (Figure 2)

Narrow or Stop

3@ Therapy

Figure 2
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Moment 1 inquires whether the patient has an infection
necessitating antibiotic treatment. This moment s
designed to counter the knee jerk tendency in clinical
settings to prescribe antibiotics in response to nonspecific
symptoms—such as fever or altered mental status—
without first fully assessing whether the patient’s condition
is due to an infection or a noninfectious cause.

Timely and appropriate antibiotic administration is the
intervention most likely to improve outcomes in patients
with bacterial sepsis and are thus strongly emphasized
by practice guidelines and quality improvement
initiatives. 22 The necessity of timely antibiotics for
patients with possible sepsis needs to be balanced
against their potential adverse effects including adverse
drug effects and selection for antibiotic-resistant
organisms, particularly for patients who turn out to have
non-bacterial or non-infectious conditions that present
similarly to sepsis.’’:23 In fact approximately one third of
patients treated with an antibacterial antibiotic for
possible sepsis are later found to have a viral infection
or a non-infectious condition.'224 This challenge is
potentiated by the difficulty in accurately diagnosing
sepsis when patients first present because the signs and
symptoms of sepsis are often non-specific and clinicians
may need time to make an accurate diagnosis.?2:24.25

Moment 2 asks has the clinician ordered appropriate
cultures and other diagnostics before starting antibiotics
and what empiric therapy should | initiate?
Recommendations to immediately treat all patients with
sepsis with broad-spectrum antibiotics are controversial.
The most recent surviving sepsis guidelines recommend
immediate broad-spectrum antibiotics for all patients
with possible sepsis.? They recommend for adults with
possible septic shock or a high likelihood of sepsis to
administer antimicrobials immediately, ideally within one
hour of recognition. The guidelines go on to say for adults
with possible sepsis without shock the administration of
antimicrobials should be administered within 3 hours from
the time of sepsis recognition. In a recent study, Pak et al
found in an adjusted model that each hour in
antimicrobial administration from 1-6 hours was
associated with significantly higher mortality in patients
with suspected septic shock, but not in patients with
suspected sepsis or infection alone. Another recent study
reported on treating 600 patients with broad-spectrum
antibiotics for possible sepsis. After review 1 in 3 most
likely did not have a bacterial infection, 80% with
bacterial infections treatment were overly broader than
necessary, and 1 in 6 developed antibiotic-associated
complications. In a previous study with large electronic
datasets, researchers found that fewer than 10% of
patients treated for suspected sepsis were infected with
resistant organisms. ' In addition, this study also found
that both inadequate and unnecessarily broad empiric
antibiotics were associated with higher mortality. Clinical
decision support has been shown to reduce empiric
broad-spectrum antimicrobial use in hospitalized patients
with urinary tract infections and pneumonia by estimating
multi-drug-resistant organism (MDRO) risk at order entry.
26,27 Until widely available clinicians should use the site of
infection, the expected pathogen(s), local antibiograms,
and history of MDROs in selecting empiric antimicrobials
for patients with sepsis.

The interval between antibiotic order and administration
is also a clinically meaningful and objective measure
associated with sepsis outcomes independent of overall
time-to-antibiotics.2829 B-lactam and vancomycin are
often used for empiric sepsis treatment, despite MRSA
being a rare cause of sepsis.30 Vancomycin administration
delays B-lactam administration especially in patients with
limited IV access due to its prolonged infusion time. B-
lactams, by contrast, are rapidly infused or given IV push,
are active against more pathogens than vancomycin, and
better tolerated. Two recent observational studies
demonstrated that administering B-lactams before
vancomycin is associated with improved outcomes.30.3!

Moment 2 also emphasizes diagnostic testing which
includes blood cultures, biomarker testing and rapid
assays to identify pathogens and antimicrobial genes if
available as well as appropriate imaging. Appropriate
and timely specimen collection is critical. Failing to obtain
appropriate cultures if accessible—such as blood or urine
cultures—before  starting antibiotics can create
diagnostic uncertainty which can lead to prolonged
unnecessary broad spectrum antimicrobial therapy. Poor
quality specimens should be rejected and recollected.
Optimizing blood culture use is important both to ensure
true bacteremia is identified, particularly in patients with
sepsis, and to reduce harms associated with unnecessary
blood cultures, which can lead to treatment of false
positive results(contaminants) and false-negative if drawn
after starting antibiotics. This will result in delays in
hospital discharge and increased healthcare costs.32 Two
blood culture sets should be obtained by separate
venipunctures to optimize adequate volume and yield.
The American Society for Microbiology (ASM) panel
suggests using molecular diagnostics to rapidly identify
the organism and antibiotic resistance markers which can
inform more targeted therapy in combination with active
communication by antimicrobial stewardship personnel. 33

Perhaps the most common site of overdiagnosis and
overtreatment occurs in the setting of asymptomatic
bacteriuria  (ASB). The incidence of ASB varies
significantly from 5—15% in healthy individuals to 30—
60% amongst elderly patients. 34Antimicrobial therapy
for ASB is exceedingly common, occurring in upwards of
50% of cases documented in clinical literature.35 In a 43-
hospital cohort study of patients presenting to the
emergency department(ED) with positive urine cultures
but no documented signs or symptoms of a UTI, 74.4%
received antimicrobial therapy.3¢ Once antimicrobials
are started, they often continued into patients’ hospital
stay for at least 3 days; this was associated with longer
hospitalization and adverse drug events. Therefore, urine
should only be collected for patients with urinary
symptoms such as dysuria and flank pain. Replace
standalone urine culture with a urinalysis with reflex
culture only if urine has significant pyuria (>10 WBC per
high power field [hpf]). Both together have been shown
to reduce unnecessary urine cultures and inappropriate
treatment especially for patients with asymptomatic
bacterivria. Inappropriate practices include standard
orders for urine for emergency department (ED)
evaluation, hospital admission, inpatient preoperative
screening, and assessment of altered mental or falls
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without systemic signs of infection. Lastly, you should not
order a wurine culture due to changes in urine
characteristics alone such as cloudy urine or odor.37

Biomarker-guided approaches have attracted great
interest as potential tools for reducing antimicrobial use.
Procalcitonin (PCT) has been the most extensively studied
in both critically ill and noncritically ill patients, both for
initiation and discontinuation of therapy. In 2019 an
international expert consensus on optimized clinical use
was published. 38The group agreed that there is strong
evidence that PCT-guided antimicrobial stewardship
supports decisions on initiation and duration of antibiotic
treatment in patients with sepsis. Levels of PCT can help
to discriminate bacterial from viral disease and have
been shown to lead to decreased rates of antibiotic
prescriptions safely and early discontinuation of therapy.
PCT expression is upregulated with bacterial pathogens
and PCT expression is downregulated in patients with
viral infections. PCT also decreases once the bacterial
infection is controlled and thus provides information about
response to infection (see Moment 4). Because sepsis
patients have a high risk and time to treatment is crucial,
PCT has mainly been used for early discontinuation of
treatment, rather than for guiding initial empiric
treatment.

A rapid test often overlooked is the gram stain. It is used
to differentiate two large groups of bacteria based on
their different cell wall components. Gram stain can
distinguish between Gram-positive and Gram-negative
groups by coloring these cells violet or pink. Gram-
positive bacteria stain violet due to the thick
peptidoglycan layer in the cell wall. Whereas Gram-
negative bacteria stain  pink due to the thin
peptidoglycan layer. This technique also allows the
determination of cell morphology, size, and cell
arrangement. If you have body fluid from an infected
site, a gram stain can provide useful preliminary
information. An example would be from a patient who
comes in with a draining leg abscess. If the gram stain
shows gram-positive cocci in clusters that would indicate
the patient probably has a Staphylococcus(S) aureus
infection. The clinician would start an antibiotic
empirically which covers both methicillin-resistant S aureus
(MRSA) and methicillin sensitive S aureus (MSSA) until
sensitivities are available; however, if the gram stain
showed gram-positive cocci in chains the most likely
organism would be a Streptococcal species so you would
start with a penicillin or first-generation cephalosporin.

A detailed discussion on the role of molecular diagnostics
in the management of sepsis is beyond the scope of this
paper, but a detailed discussion can be found in the
papers by Candel et al. and Eubank et al 39 40

Lastly, it should not be forgotten that approximately one-
third of sepsis patients require procedural source control,
and early intervention is associated with lower
mortality.4! Source control may include drainage of an
abscess, debriding infected necrotic tissue, or removal of
a potentially infected device.

Movement 2 underscores the important role of
antimicrobial and diagnostic stewardship to guide more
judicious use of broad-spectrum antibiotics for empiric
sepsis treatment.

Moment 3 emphasizes the importance of daily review to
reassess therapy. Can | stop antibiotics2 Can | narrow
therapy or change from IV to oral therapy? Once the
pathogen(s) and susceptibilities are known, antimicrobial
de-escalation-i.e., stopping an antimicrobial that is no
longer necessary (in case of combination therapy) or
changing an antimicrobial to narrow the spectrum is
critical. Studies have demonstrated that discontinuing
anti-MRSA or antipseudomonal agents by day 3 in
patients whose cultures are positive for organisms that do
not require these agents is associated with similar or
better outcomes compared to continued broad-spectrum
use.“2 Improved outcomes result from reduced antibiotic-
associated toxicities, decrease antimicrobial resistance,
and less gut microbiome disruption.

Moment 4 focuses on determining the optimal duration of
antibiotic therapy based on diagnosis and clinical
response. Traditionally, antimicrobial durations have
been longer than necessary—often based more on
opinion rather than evidence. Determining the optimal
duration of antimicrobial therapy in patients with sepsis
is a complex decision that must account for multiple
factors. These include infecting pathogen, infection site,
illness severity, host immune status, source control, drug
choice, renal and hepatic function, and clinical trajectory.
Over the past two decades, numerous randomized
controlled trials (RCTs) have evaluated antibiotic
durations for specific infections including pneumonia,
intra-abdominal infections, urinary tract infections, and
bacteremia, generally demonstrating that shorter courses
are as effective as longer ones.#3 (Table 4)These
infections account for over half of inpatient antibiotic use,
so tailoring duration has significant implications for
patient safety.

Table 4: Infections Where Short-Course Therapy is Equivalent to Longer Course

Days of Treatment
Short-Course Long-Course

Community-acquired pneumonia 3-5 7-10
Ventilator-associated Pneumonia <8 10-15
Pyelonephritis -7 10-14
Intraabdominal infection™® 4 10

Acute exacerbation COPD <5 >7

Cellulitis 5-6 10
Gram-negative bacteremia 7 10-14

* with source control
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If optimal duration of therapy is unclear and if PCT is
available using PCT along with clinical evaluation to
decide when to discontinue antimicrobials in adults with
an initial diagnosis of sepsis or septic shock can be very
useful. PCT results protocol strongly support stopping
antibiotics if PCT <0.5 ug/I or based on PCT fall >80%
from baseline. The SAPS trial (2016) enrolled 1,546 ICU
patients with suspected infection in 15 hospitals in the
Netherlands and used a similar threshold for stopping
antibiotics (<0.5 Pg/L or >80% decrease from peak).
The SAPS investigators reported that PCT use led to a
significant reduction in antibiotic duration (5 vs 7 days,
p<0.0001) and significantly lower 28-day (20% vs
25%) and 1-year mortality.#4 The recently published
ADAPT-Sepsis trial provides additional data on use PCT
guided antimicrobial duration. 45 The ADAPT-Sepsis trial
found that PCT-guided care significantly reduced the
duration of antibiotic therapy within 28 days of
randomization compared to standard care (mean
duration 9.8 vs 10.7 days( p=0.01), while 28-day
mortality was non-inferior based on a 5.4% safety
margin (20.9% for PCT-guided care vs 19.4% for
standard care, absolute difference 1.6%, 95% CI -2.2-
5.3%). CRP is less effective than PCT for guiding
antibiotic discontinuation. If hospitals choose to implement
PCT-guided strategies in patients with sepsis, |
recommend focusing on antibiotic discontinuation rather
than initiation. Successful implementation should be
supported by clinician education, ideally integrated with
clinical decision support tools and oversight and
integration with antimicrobial stewardship programs.

Combining diagnostic and antimicrobial stewardship
programs using the four moments helps clinicians make
evidence-based decisions, crucial for evaluating and
treating septic patients.

Conclusion

There is an urgent need to improve recognition and
treatment of patients with sepsis. Effective sepsis
management and antimicrobial stewardship are essential
to optimize patient outcomes and minimize adverse
events in patient with sepsis. Effective sepsis treatment
should consider the potential risk of overuse and misuse
of antimicrobial therapy balancing to quickly respond to
patients with suspected sepsis, especially septic shock.
Timely effective antimicrobial treatment has been shown
to reduce morbidity and mortality. Integrating an
effective antimicrobial stewardship approach enables:
(1) optimal timing and appropriate antimicrobials in
patients with sepsis; (2) antimicrobial de-escalation
reducing unnecessary broad-spectrum antimicrobials
when the pathogen(s) and their susceptibilities are
identified-antimicrobial de-escalation or modification to
narrow the spectrum should be implemented if
appropriate; (3) appropriate duration of therapy in
patients with sepsis-every extra dose and day of
antimicrobial therapy increases adverse events; and (4)
if available use of rapid diagnostics and biomarkers to
improve diagnostic accuracy and treatment duration.
Therefore, stewardship is not only compatible with sepsis
care but vital for better patient outcomes.
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