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An approach to antibiotic treatment in patients with sepsis
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Abstract: Sepsis is a medical emergency and life-threatening condition due to a dysregulated host
response to infection, which is time-dependent and associated with unacceptably high mortality. Thus,
when treating suspicious or confirmed cases of sepsis, clinicians must initiate broad-spectrum antimicrobials
within the first hour of diagnosis. Optimizing antibiotic use is essential to ensure successful outcomes and
to reduce adverse antibiotic effects, as well as preventing drug resistance. All likely pathogens involved
should be considered to provide an appropriate antibiotic coverage. Clinicians must investigate on the
previous risk of multidrug-resistant (MDR) pathogens, and the principle of individualized dosing should
replace the principle of standard dosing. The loading dose is an initial higher dose of an antibiotic for all
patients, yet an individualized treatment approach for further doses should be implemented according to
pharmacokinetics (PK)/pharmacodynamics (PD) and the presence of renal/liver dysfunction. Extended or
continuous infusion of beta-lactams and therapeutic drug monitoring (TDM) can help to achieve therapeutic
levels of antimicrobials. Reevaluation of duration and appropriateness of treatment at regular intervals are
also necessary. De-escalation and shortened courses of antimicrobials must be considered for most patients,
except in some justified circumstances. Leadership, teamwork, antimicrobial stewardship (AS) frameworks,
guideline’s recommendations on the optimal duration of treatments, de-escalation, and novel diagnostic

stewardship approaches will help us to improve patients’ quality of care.
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Introduction recognition of the condition (3).

Despite significant advances in our understanding of

Sepsis is a medical emergency and a significant public sepsis pathophysiology, numerous clinical trials have failed

health problem that affects millions of people worldwide, to identify new therapies capable of modifying the course of

representing one of the leading causes of death (1). In
sepsis, a dysregulated host response to infection leads to
a potentially life-threatening condition caused by organ
dysfunction (2). In addition, the reported incidence of
sepsis is increasing, probably reflecting population aging,

potentially being affected by more comorbidities, and better
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the disease (4,5). It is of prime importance to acknowledge
sepsis as a medical emergency as, in the absence of any
definitive treatment, successful interventions involve the
timely control of infection and organ support (6). The
2016 Surviving Sepsis Campaign (SCC) guidelines strongly

recommend that the administration of intravenous broad-

7 Thorac Dis 2020;12(3):1007-1021 | http://dx.doi.org/10.21037/jtd.2020.01.47


https://crossmark.crossref.org/dialog/?doi=10.21037/jtd.2020.01.47

1008 Martinez et al. An approach to antibiotic treatment in patients with sepsis

Timely administration
Bactericidal
Adequate initial coverage for all likely pathogens
Assess the risk for multi-drug resistant pathogens
Consider Results of Rapid Diagnostic tests

Escalation or de-escalation and optimization
according assessment of microbiological results
Short duration for most patients

Adequate dosing (adequate MICs)
Adequate route: use intravenous administration
Ensure tissue penetration

Individualize further doses (PD & PK)
Altered fluid balance and third spacing
Altered protein binding
Augmented renal clearance
Critical illness renal/liver dysfunction

Figure 1 Practice peals for antibiotic treatment in sepsis. MICs, minimum inhibitory concentrations. PD, pharmacodynamics; PK,

pharmacokinetics.

spectrum antibiotics should be initiated as soon as possible,
preferably within an hour of sepsis recognition (7,8).

Several studies on sepsis and septic shock have shown
that delayed administration of antibiotics is associated
with detrimental outcomes (9-12). Beyond its apparent
benefits, broad-spectrum antibiotics can cause considerable
harm, including antibiotic-associated adverse events
and life-threatening complications due to antimicrobial
resistance (13-16).

The number of infections due to multidrug-resistant
(MDR) pathogens has dramatically increased worldwide,
thus limiting our therapeutic arsenal. Some estimates
suggest that antimicrobial resistance will be responsible
for around ten million deaths annually by 2050 (17).
Therefore, one of the main concerns on the management
of patients with sepsis and septic shock is the augmentation
of antimicrobial efficacy, while preventing the emergence
of resistant strains during treatment. In this context,
antimicrobial stewardship (AS) represents a meaningful
strategy for sepsis management, as it involves an in-
depth focus on multi-professional collaboration, as well
as the appropriateness, adequacy, and optimization of
antimicrobial therapy (18). Interdisciplinary AS teams
(e.g., including infectious disease specialists, pharmacists,
microbiologists) are becoming a standard of care for
patients with sepsis. AS has been defined as “the optimal
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selection, dosage, and duration of antimicrobial treatment that
results in the best clinical outcome for the treatment or prevention
of infection, with minimal toxicity to the patient and minimal
impact in subsequent resistance” (19). The best antimicrobial
therapy was defined by Joseph and Rodvold as the four D’s:
“right drug, right dose, de-escalation, and right duration” (20).

Antimicrobial pharmacokinetics (PK) and
pharmacodynamics (PD) are also important considerations
to improve treatment success. In critically ill patients,
the individualized dosing approach should replace the
standardized dosing approach. AS also implies de-escalation
(switching to or interruption of a drug class resulting in
a less broad spectrum of coverage) and shortening the
duration of treatment (Figure I).

In this review, the authors gathered the most relevant
evidence regarding antimicrobial management in sepsis,
focusing on timing, empiric antimicrobial selection, optimal
dosing, de-escalation, duration, and, accordingly, the
importance of implementing AS policies.

Timing of antimicrobial therapy

The central concept to keep in mind while reading
this paper is that sepsis is a severe and time-dependent
condition. Both the early administration of appropriate
antimicrobial therapy and effective source control are critical
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interventions to improve survival. In recent years, high-
quality evidence has demonstrated that protocolized care
and early resuscitation in sepsis are the best approaches to
reduce deaths (21-23). The 2016 SSC guidelines established
a set of recommendations or bundles, including the early
administration of intravenous broad-spectrum antimicrobial
agents within 1 hour or, even sooner, in patients with
sepsis and septic shock (5,6). Different scientific societies
give support for the importance of timing, as different
studies have pointed out the potential benefits of the early
initiation of appropriate antibiotic therapy (7,19,22,23).
Recent evidence has demonstrated the association between
bundle compliance and improved survival of patients
with sepsis and septic shock. As a consequence, different
medical organizations in the United States have adopted the
recommendations of the 2016 SSC as mandatory policies
(8,24,25). However, we position against any quality metric
or reimbursement policy that mandates slavish adherence to
a particular recommendation of the 2016 SSC guidelines,
as the implementation of available clinical tools should not
substitute clinical judgment (26).

There are many studies on the effects of delayed
administration of antibiotics in patients with sepsis and septic
shock (27-32). The first major analysis was conducted in
2006 by Kumar ez /. In their study, the authors performed
a retrospective analysis of 2,154 patients, showing that
administration of effective antimicrobial therapy within the
first hour of appearance of hypotension was associated with
the highest survival probability. The survival rate dropped
an average of 7.6% for each hour of antimicrobial delay
after hypotension onset (11). In a retrospective analysis
of 261 patients with sepsis and septic shock, Gaieski et al.
demonstrated that antibiotics significantly decreased
mortality when they were given within <1 vs. >1 hour from
triage and qualification for early-goal directed therapy (33).
In a prospective study of 291 patients with septic shock in
the emergency department (ED), Puskarich ez 4/. found that
delayed administration of antibiotics was associated with
increased mortality (34). In a systematic review, Sherwin ez /.
reported that administration antimicrobial therapy within
one hour of shock recognition had the most significant
benefit for reducing mortality (35). Some studies have
also found an association between longer elapsed times to
antimicrobial administration and worse outcomes, even in a
linear way (9,10,36-40). In a previous retrospective study of
17,990 patients in 165 intensive care units 1CU), Ferrer ez /.
showed that in-hospital mortality regularly increased with
hourly delays in antibiotic administration (9). The negative
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impact of delays was demonstrated, independently of the
severity of disease or hospital admission area. In a cluster-
randomized trial, the Medical Education for Sepsis Source
Control and Antibiotics (MEDUSA) study group evaluated
the effect of a multifaceted educational intervention to
improve antibiotic treatment on sepsis mortality. The authors
found a 2% increase in mortality for every hour of antibiotic
delay in more than 4,000 patients with sepsis and septic
shock (41). In 2017, in a large retrospective and multicenter
study of 35,000 patients with sepsis admitted to the ED, Liu
et al. reported that each elapsed hour between presentation
and antibiotic administration was associated with a 9%
increase in the mortality risk (10). The most significant
benefit of early antibiotic administration was observed in
patients with septic shock. In contrast to these findings, in the
Puskarich ez al’s study (34), the authors failed to demonstrate
a linear relationship between hourly delays from ED triage to
treatment and mortality.

The New York State Department of Health recently
reported the first record after the implementation of a
statewide mandate requiring protocolized sepsis care (36).
Among 49,331 patients at 149 hospitals, 40,696 (82.5%) had
the 3-hour bundle completed within 3 hours. Among patients
who had the 3-hour bundle completed within 12 hours, an
extended time to the initiation of antibiotics was associated
with higher risk-adjusted in-hospital mortality (OR,
1.04 per hour; 95% CI, 1.03-1.06; P<0.001); the linear
associations seemed to be stronger in patients with shock.
Peltan er al. published a retrospective study of 10,811 ED
patients with sepsis who were admitted to four hospitals (40).
After adjustment, each additional hour from ED arrival to
the first dose of antibiotics was associated with a 10% (95%
CI, 5-14%; P<0.001) increased odds of 1-year mortality.

Not only has delayed administration of antibiotics been
associated with increased mortality, but also other adverse
consequences. Increased patient’s length of stay (32,42), acute
lung injury (43), acute kidney injury (44), and worsening
organ dysfunction due to an exacerbated inflammatory
response are worrisome (45,46). In contrast with these results,
other studies have failed to demonstrate a benefit of early
antimicrobial therapy (47-51). In a prior meta-analysis of 11
studies, including data from >16,000 patients with sepsis and
septic shock, Sterling ez a/. found a non-significant difference
in mortality when comparing the administration of antibiotics
within 3 hours from ED triage, and within 1 hour from shock
recognition (52). This meta-analysis was questioned due
to high heterogeneity. In a more recent meta-analysis that
included 11 studies of patients with sepsis who arrived to the
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ED (53), Kalil ez 4l., found a significant reduction of 33% in
mortality when comparing immediate (within 1 hour) and
delayed (>1 hour) antibiotic administration [OR, 0.67 (95%
CL, 0.59-0.75)]. In a recent systematic review, Sherwin et al.
concluded that patients with sepsis and septic shock should
receive early and appropriate antibiotics during ED admission.
The highest reduction in mortality was observed in patients
with septic shock who received appropriate antimicrobial
therapy within 1 hour from sepsis recognition (35). A
randomized controlled open-label trial of 2,672 patients with
suspected sepsis first compared the effects of early pre-hospital
antibiotics and ED antibiotics (51). In this study, the authors
found that giving pre-hospital antibiotics shortened the time
to the first antibiotic dose by 96 minutes, but did not improve
mortality. The limitation of this study was the low mortality
rate reported (8%), given that more than 95% of patients had
an infection without sepsis or septic shock criteria. Of note,
this study suggests that clinicians should gather additional data
when facing infections without sepsis/septic shock criteria
before prescribing antimicrobials.

Despite mixed results, a substantial agreement exists
among international experts regarding the establishment
of earlier antimicrobial therapy in septic shock, and novel
concepts have been recently introduced. The “door-
to-needle” time of 60 min for antibiotic administration
has been proposed, reflecting global concerns regarding
establishing a time window for effective treatment after
sepsis recognition (13,54). Nevertheless, achieving an
effective application of institutional protocols administering
antimicrobials within 1 hour from presentation remains
challenging. Immediate medication availability, general
beliefs regarding sepsis severity and strict local policies
hamper initiatives aimed to encourage improvements in
quality of care. Moreover, according to the Infectious
Diseases Society of America (IDSA), stipulating an
aggressive, fixed-time period for antibiotic administration
may lead to deleterious consequences (55). Singer
questioned the “each hour delay” statement that promotes
clinicians’ compliance to time goals for antibiotic
administration, based on the risks associated with increasing
antimicrobial resistance and the probability of prescribing
broad-spectrum antibiotics in patients with sepsis-like
syndromes (13). Most experts and scientific societies agree
that if an infection cannot be ruled out in a patient with
acute organ failure or shock, it is understandable and
appropriate to administer broad-spectrum antibiotics as
soon as possible. Instead, if a patient presents with less
severe disease and an alternative diagnosis is most probable
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than infection, then a reasonable approach should be
gathering additional diagnostic data before administering
broad-spectrum antibiotics (14,15,56-58).

How to achieve the goal of timely antibiotic
administration

The main factors determining the success of antimicrobial
therapy in sepsis are both the early recognition of severe
infection and timely administration of appropriate antibiotic
therapy. For clinicians, the decision to attribute organ
dysfunction to infection is challenging and requires the
combination of vast clinical knowledge and competent
clinical judgment. According to the sepsis-3 definition
criteria (2), the Sequential Organ Failure Assessment
(SOFA) score is a useful tool to assess organ dysfunction. A
simplified score, the quick SOFA (q-SOFA) sore, can also
be applied to identify patients with infection and a high risk
of death (59).

Recently, Filbin er 4/. published a retrospective analysis
of adult patients with sepsis to address the feasibility of
achieving the 1-hour goal from ED triage to antibiotic
administration (60). This study showed that unspecific
symptoms at presentation, transfer from triage to non-
acute areas, and lower SOFA scores were the factors
independently associated with antibiotic delays. Other
studies have also analyzed patient-related factors and
internal policies interfering with the early administration of
antibiotics (61-63). In a previous study, Peltan ez a/. showed
that antibiotics were administered earlier in patients who
received pre-hospital emergency care and transferred to
the ED, in contrast to patients being transferred from
medical wards to the ED (62). In a recent prospective pre/
post quasi-experimental study conducted in a single ED,
Petit et al. found that the q-SOFA score at triage was poorly
sensitive for early sepsis detection, and did not improve
antibiotic timing or outcomes in patients admitted with
suspected bacterial infection (64). Antibiotics were more
frequently prescribed in patients with a q-SOFA >2 than
those patients with a q-SOFA <2. In addition, earlier
administration of antibiotics was observed in patients with
a q-SOFA >2, when comparing both groups. The effects of
implementing the sepsis-3 criteria on improving the early
detection and timely management of sepsis remain to be
seen. Shortly, novel technologies will improve the time to
diagnosis and optimal treatment selection for patients with
suspected sepsis.

The possible solutions for preventing antibiotic delays
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may include multi-professional (e.g., critical care physicians,
nurses, pharmacists, microbiologists, administrators),
cooperative and developing programs for improving sepsis
management. Educational and training programs aimed to
refine sepsis awareness and management have improved the
suitability of antimicrobial therapy in sepsis (51,65). The use
of automated electronic sepsis alert systems and improving
communication among hospital staff are also beneficial
(66-68). Hospital administrative structures and alignments
must be adapted to facilitate the performance of crucial
treatment interventions regardless of the patient’s location
and, preferably, before patients are planned to be transferred
to the ICU (69). In this sense, the implementation of an
institutional “sepsis code” protocol has attained excellent
results (70). Adequate antibiotic dispensing and immediate
availability of the most frequently used antibiotics should be
part of a pharmacy’s diligences (71). The availability of pre-
mixed antimicrobial preparations was evaluated to reduce the
time to administration of the first antimicrobial agent in the
ED (72).

Appropriateness of empiric antimicrobial
therapy

The prescription of an empiric antibiotic treatment
targeting the most probable pathogens involved is an
essential step to improve patient outcomes. There is a broad
literature on the detrimental impact and adverse outcomes of
inappropriate empiric therapy in sepsis (11,18,35,69,73-76).
Therefore, the 2016 SSC guidelines recommend that the
initial treatment should include a broad-spectrum antibiotic
(alone or in combination) that has activity against all likely
pathogens (7). Of note, the prescription of an inadequate
empiric therapy is prevailing, and occurs in 10% to 40% of
cases, depending on the incidence of MDR pathogens and
the degree of adherence to clinical guidelines (65,75-78).
The coexistence of delays and inadequacy of treatment have
been associated with lower survival rates.

Recent studies have shown that the best benefit from
adequate antibiotic treatment is obtained in patients with
higher severity-of-illness scores. Kumar et 4/. reported that
inappropriate empiric antimicrobial therapy was associated
with a 5-fold reduction in survival (from 55% to about
11%), in over 5,000 patients with septic shock (12). In a
prospective study of patients with septic shock and high
severity scores, with an average of three dysfunctional
organs, Suberviola Caifias et /. found that patients who
received inadequate antibiotics had significantly higher
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mortality rates compared with the patients who received
appropriate treatment (33.8% vs. 51.2%; P=0.03) (74). In an
interesting retrospective analysis of 2,594 patients, Vazquez-
Guillamet ez 4/. found that the number needed to treat with
appropriate antimicrobial therapy to prevent one patient
death was 4. All patients had severe sepsis or septic shock
and positive blood cultures to assess the appropriateness of
antimicrobial therapy (76).

Selecting an adequate empiric antimicrobial therapy
involves covering all likely microorganisms causing the
suspected source of infection. Patient- and pathogen-
related factors need to be considered when choosing an
initial antimicrobial therapy (18,79). Patient-related factors
should also be considered, such as age, weight, allergies, and
comorbidities. The presence of chronic organ dysfunction
(renal or hepatic dysfunction), immunosuppressive therapy,
and recent exposure to antimicrobials due to infection
or colonization must be addressed. Also, it is crucial to
determine the risk of MDR pathogens: prior antibiotic
exposure, prolonged hospital length of stay, recent
hospitalization, presence of invasive devices, local ecology
and resistance patterns, and previous colonization by
resistant pathogens (surveillance cultures) (18).

Different interventions have been proposed to
improve empiric antimicrobial therapy in patients with
sepsis. Computerized clinical decision support systems
(CCDSSs) or automated antibiotic alerts, infectious
diseases consultation, and local antibiotic prescription
guidelines are some examples (67,68,80). Recommended
empirical regimens of antibiotics should be developed
and continuously updated as part of local protocols in
every health care institution, in order to facilitate empiric
antimicrobial prescription practices, based on current
practice guidelines and incorporating local and national
ecology/resistance patterns (68).

Combination antibiotic therapy in sepsis and
septic shock

In the light of the increasing frequency of MDR pathogens,
combination antibiotic therapy is frequently recommended
to ensure broader antimicrobial spectrum and adequate
empiric coverage. Combination therapy is defined as the
use of two different classes of antibiotics with activity
against a single pathogen, mainly for two reasons: to
accelerate pathogen clearance and to warrant pathogen
susceptibility to treatment. Conversely, the main reasons for
choosing monotherapy are reducing antibiotic pressure, the
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appearance of new infections (superinfections), antibiotic
antagonism, reduced toxicity, and costs (81). The 2016 SSC
guidelines suggest an empiric combination therapy for the
initial management of septic shock (weak recommendation).
However, the guidelines disclose a recommendation against
the routine prescription of combination therapy in patients
without shock or bacteremia (7). Further, a consensus
committee of international experts recently reported
the research priorities for sepsis and septic shock and
acknowledged the lack of evidence on empiric antibiotic
combination therapy in sepsis or septic shock (82).

Studies on the success of combination therapy have found
mixed results, and there is a lack of well-powered randomized
controlled trials assessing this issue. Several observational
studies showed the superiority of combination therapy over
monotherapy in patients with sepsis and septic shock (83-87).
Besides, a propensity-matched analysis and a meta-analytic/
meta-regression study showed an association of combination
therapy with higher survival of the most severely ill patients,
who are affected by life-threatening infections with high-
risk of death. However, increased mortality was observed
in patients with low risk of death (88,89). A randomized,
parallel-group trial of 600 patients with sepsis or septic
shock found no superiority of combination treatment over
monotherapy in organ failure or mortality between the
two groups (90). In a meta-analysis of monotherapy versus
beta-lactam-aminoglycoside combination therapy in sepsis,
Paul ez al. found no differences in mortality. Higher rates
of side effects (mainly nephrotoxicity) were reported in the
combination group (91). In a setting in which local ecology
and resistance patterns showed a low prevalence of MDR
strains, a short course of empirical adjunctive gentamicin was
associated with an increased incidence of acute renal failure,
without a benefit in survival (92).

The IDSA supports the empiric use of two active agents
against gram-negative bacilli for the empiric treatment of
septic shock, to increase the chance of having at least one
active agent against the potential pathogen involved (56).
Recognizing the requirement to promote the judicious
use of antibiotics, the IDSA convened a workgroup to
address recommendations for appropriate antibiotic use
for the treatment of sepsis. For a total of 21 antibiotic class
combinations, ten were approved by the experts. Concerns
regarding increasing resistance and adequate coverage
of pathogens were cited as the reasons to choose such
combinations. Among the most important recommendations,
any combination with macrolides or ciprofloxacin, as well as
the specific combinations of aztreonam with cephalosporins
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and aminoglycosides with intravenous clindamycin were not
approved for the empiric treatment of sepsis (93).

Based on contradictory evidence, some experts support
using two antibiotics for the empiric treatment of patients
with septic shock and upon suspicion of infection with
a MDR pathogen. Nevertheless, after microbiological
isolation or favorable clinical response, treatment can be
narrowed into a tailored therapy of the shortest acceptable
duration, even with negative culture results (94). Well-
powered randomized controlled trials evaluating different
antibiotic combinations, and performed in different settings
should be conducted, to determine whether any specific
combination is superior over the others (82).

De-escalation of antimicrobial therapy

Narrowing empiric therapy to a tailored therapy is
considered essential for a successful antibiotic stewardship
program. De-escalation programs are focused on reducing
antimicrobial resistance and adverse drug-related events.
The 2016 SSC guidelines recommend that the antibiotic
spectrum should be narrowed when causing pathogens
and their antibiotic susceptibility are known, or when a
favorable clinical course is present (7).

There are several observational studies, and a meta-analysis
including a high number of patients, that have found de-
escalation therapy to be safe practice associated with lower
mortality rates in patients with severe sepsis and septic shock
(95-98). In an observational study of oncologic patients,
Mokart et al. reported that de-escalation was performed in 40%
of neutropenic patients; however, it had no adverse impact
on mortality (99). In this study, both the appropriateness of
empiric antibiotic treatment and compliance with clinical
guidelines were independently associated with the frequency
of de-escalation. In a randomized controlled trial, Leone et 4.
evaluated de-escalation in patients with sepsis. In this study
of 116 patients, the hospital length of stay was significantly
longer in the de-escalation group, though it did not affect the
mortality rate (100).

Even though antibiotic de-escalation has been recognized
as a safe practice, its implementation has been widely
variable among different settings (101). It is estimated that
both in the United States and Europe, only 11% to 55%
of treatments are de-escalated (102). In a previous study of
patients with ventilator-associated and pneumonia (VAP),
Niederman and Soulountsi evaluated the implementation
of a de-escalation strategy. In such study, the compliance
was variable (of around 23% to 74%) among participants,
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and the main barriers for de-escalation were: fear of patient
deterioration, fear of patients being colonized by other
microorganisms different from those initially isolated,
facing management strugglings when obtaining negative
culture results and the lack of local guidelines for de-
escalation (103).

Different tools have been developed in order to promote
de-escalation, in an attempt to eliminate those concerns
that hinder clinicians from implementing the best available
scientific evidence. Some of them include educational
programs to promote de-escalation among professionals,
novel microorganism identification techniques, and the
use of biomarkers to guide decisions. Several initiatives
promoting streamlining of antimicrobial therapy have been
implemented to increase the frequency of antibiotic de-
escalation (65,104). In the ABISS-Edusepsis study, which
included 2628 adult patients in 72 ICUs, the proportion of
patients who had de-escalation increased significantly from
16.3% t0 20.1% after an educational intervention consisting
of a multifaceted educational program on sepsis care (65).

Laboratory workup

Appropriate collection of cultures, from blood and the site
of infection, is essential. Blood cultures remain to be the
gold standard for the detection of bacteremia, and the 2016
SSC guidelines recommend that appropriate microbiologic
cultures should be obtained before starting antimicrobial
therapy (7). Pathogen detection allows antibiotic treatment
to be optimized, and sterilization of cultures can occur early
after the first dose of antimicrobial therapy. Sometimes,
obtaining blood cultures may delay antibiotic therapy
and adversely impact on patient outcomes. A prospective
study evaluated the sensitivity of blood cultures obtained
shortly after the initiation of antimicrobial therapy (105).
The findings of this study reinforce the recommendation
of taking blood cultures before starting antibiotic therapy.
When cultures cannot be obtained promptly, the decision
to prioritize the rapid administration of antimicrobials over
taking cultures should be individualized.

"The latency period between sample withdrawal and culture
results may be too long. In addition, obtaining adequate
samples may be difficult, and there is a significant proportion
of patients with negative results. Novel technologies, such
as the matrix-assisted laser desorption ionization-time of
flight (MALDI-TOF), mass spectrometry, and PCR-assays,
may improve appropriateness of antimicrobial therapy, by
reducing time to directed therapy and identifying resistant
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organisms rapidly. However, these methods are not widely
available and require an effort to translate improvements into
fast and adequate actions taken by clinicians. Of note, these
rapid diagnostic tests must be interpreted with caution and
should be combined with educational and AS programs. The
next-generation sequencing (NGS) technique, also known as
high-throughput sequencing, is a highly promising method
for pathogen identification. This technology allows for
sequencing of DNA and RNA of all likely pathogens much
more quickly and cheaply than the previously used Sanger
sequencing and will help to predict particular resistance
phenotypes. This method is not widely implemented in
clinical practice (106).

Duration of antimicrobial therapy

Prolonged duration of antimicrobial therapy is associated
with increased resistance, higher risk of drug-associated
adverse effects, and higher costs. Disregarding special
situations (e.g., infective endocarditis, gram-negative
meningitis, osteomyelitis, fungal infections), prolonged
antimicrobial therapy has not been demonstrated to be
beneficial. Reducing the duration of antibiotic treatment is
the most effective strategy to reduce antibiotic resistance: by
reducing the pressure on the endogenous flora and selection
of resistant strains (102).

Several clinical studies and meta-analyses on common
infections have shown that short treatments are safer than longer
treatments, without affecting treatment success (107-110).
In a review article on the duration of antimicrobial therapy
in critically ill patients, Zilahi et a/. concluded that shorter
antibiotic courses were effective and safe, although they
did not recommend a “one size fits all” approach for all
situations and specifies a set of recommendations (111).
Pugh et al. compared 8- vs. 5-day courses of antibiotic
therapy for VAP. Shorter courses of therapy increased
antibiotic-free days and reduced VAP infections caused
by MDR microorganisms, while not adversely affecting
mortality or treatment failure rates (112). Chotiprasitsakul
et al. demonstrated that shorter (6-10 days) versus extended
regimens (11-16 days) for Enterobacteriaceae bacteremia
had similar results, while a protective effect against MDR
gram-negative bacteria was observed (113). Short courses
of treatment for invasive meningococcal disease (4- vs.
7-day courses) were also successful without worsening the
risk of infection recurrences (114). In a trial of 539 patients
with intra-abdominal infection, Sawyer e 4l. evaluated a
predetermined length of antibiotic therapy versus standard
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practice for antimicrobial treatment of intra-abdominal
infections (108). In patients with effective source control, there
was no difference in outcomes comparing a 4-day course to
usual care (8 days). In a prospective randomized trial on VAP,
Chastre et al. compared 8 to 15 days of therapy (107). Patients
receiving shorter courses of therapy were less prone to have
resistant pathogens in recurrent pulmonary infections, and
there was no difference in mortality or length of ICU stay.

Nevertheless, in different circumstances, the duration
of therapy cannot be well-defined, as adjustments of
antimicrobial prescription mainly rely on effective
source control (115). Although initiation of antibiotics
may represent a difficult decision, stopping antibiotic
therapy often proves to be even more difficult in some
particular situations. Intra-abdominal infections or infected
necrotizing pancreatitis often present a complicated
clinical course. Effective control of infection cannot be
timely achieved in some cases, favoring the emergence of
antimicrobial resistance. Decisions on duration of antibiotic
therapy need to be individualized, being necessary to
consider different patient-related factors (e.g., severity of
illness, clinical response), the type of infection (e.g., source
control, deep-seated infection, MDR pathogens) and the
availability of diagnostic tools (e.g., clinical/laboratory
scores, biomarkers) (81).

Biomarkers to guide antimicrobial therapy in
sepsis

Currently, several biomarkers are used for diagnosis,
treatment management, and prognosis estimation in sepsis.
C-reactive protein (CRP) and procalcitonin (PCT) are
the most broadly studied. PCT is more specific than CRP
for bacterial infections, and its use has been proposed to
avoid the unnecessary use of antibiotics (116). The half-
life of PCT is around ~24 hours, and a progressive decrease
in plasma levels is associated with effective antibiotic
therapy. Several studies have evaluated the contribution
of algorithms guided by PCT plasma levels to reduce the
duration of antibiotic treatments without adversely affecting
clinical outcomes (117).

The beneficial effects of PCT-based algorithms have
been demonstrated in critically ill patients. However, in
patients with lower respiratory tract infections, the PCT-
guided approach may not be adequate (118). In the case
of sepsis and septic shock, PCT levels of <0.5 ng/mL or a
decrease of 80% of the highest PCT peak concentration
levels have been observed to be useful to support the
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clinical decision of stopping antibiotics while also predicting
favorable outcomes (119,120).

As it can be affected by other infection-like inflammatory
conditions, PCT is a non-specific biomarker of infection,
making its interpretation challenging when treating surgical
patients. A PCT-based algorithm was not observed to be
useful in a single-center study, including patients with
intraabdominal infection and septic shock (121). Garcia ez al.
demonstrated that PCT was useful to diagnose bacterial
infection in children undergoing on-pump cardiac surgery;
however, a higher PCT cut-off of 2 ng/mL was used, rather
than the classic cut-off for medical patients (122). CRP
also plays a role in AS programs. A recent trial, including
septic patients, found that CRP was as useful as PCT for
reducing antibiotic use, with no associated harms (123). In a
recent meta-analysis, the PCT-guided treatment algorithm
demonstrated a beneficial effect in terms of reducing
the duration of antibiotic treatment (7.35 vs. 8.85 days;
P<0.001) and even a trend in reducing the length of ICU
stay (11.09 vs. 11.91 days; P=0.329) with no adverse impact
on mortality (P=0.114) (124,125).

There are no relevant studies on the use of PCT to
support the decision to de-escalate antibiotics in critically ill
patients once culture results are available; therefore, it is not
reasonable to use PCT levels to reduce antibiotic spectrum.
Infection biomarkers are widely extended into daily clinical
practice to support antibiotic discontinuation in critically ill
patients with sepsis and septic shock. The use of biomarkers
provides an opportunity to improve patients’ care; however,
they do not substitute clinical judgment.

Dose optimization—antimicrobial PK and PD

Antibiotic efficacy is determined both by the prescription
of an optimal dose and the presence of adequate tissue
concentrations at the target site. Optimized antibiotic
dosing regimens to ensure therapeutic levels of
antimicrobials improve clinical results, minimize drug
toxicity and drug-resistance, and reduce mortality in
critically ill patients (125).

Ciritically ill patients present profound pathophysiological
changes and require interventions for organ support that
may produce significant alterations PK of antibiotics (126).
Abnormal volume distribution (capillary leak,
hypoalbuminemia), hyperdynamic circulation, and variations
in renal or liver function are the most relevant and frequent
pathophysiological mechanisms involved. Of note, antibiotic
concentration may be altered during renal replacement
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therapy (RRT) and extracorporeal membrane oxygenation
(ECMO) support techniques (127). These aspects result in
significant fluctuations of antibiotic concentrations within
the same patient, leading to unpredictable pharmacological
and toxicological effects. Therefore, using standard doses
can result in sub-optimal concentrations or even in drug
accumulation leading to drug toxicity (128).

During the initial phase of sepsis, there is an increase
in the distribution volume, which limits therapeutic
concentrations of hydrophilic antibiotics to be reached in
some tissues (129). Also, an increase in renal clearance can
be associated which an increase of drug elimination by the
kidneys (130-132). These alterations lead to the need for
increasing the loading dose of frequently used antibiotics
(beta-lactams, aminoglycosides, glycopeptides, colistin) in
sepsis. In a prospective study of 236 critical patients, 50% of
patients required an increase in the standard dose of beta-
lactam antibiotics after the first monitoring of antimicrobial
plasma levels (133). In a prospective multicenter study
of patients with sepsis and septic shock, Taccone et al.
demonstrated that conventional initial dosing for many
beta-lactams was insufficient to reach the PK/PD targets on
the first day (134). An initial dose of 1.5 times the standard
dose was suggested as a general approach (135).

As sepsis-associated multi-organ dysfunction progresses,
it generally follows a predictable course, with impaired
renal and hepatic function. Therefore, maintenance doses
are conditioned by the drug clearance route, and PD should
be considered due to the increasing number of MDR
pathogens.

The Defining Antibiotic Levels in Intensive care unit
patients (DALI) study (136), a large multicenter prospective
study conducted in 248 patients with severe infection
treated with beta-lactam antibiotics, found that one-fifth of
patients did not achieve the PK/PD targets, and 500-fold
differences in antibiotic blood concentrations were
observed. Even higher drug exposure was associated with
favorable clinical outcomes.

Of note, it is recommended not to reduce (or even
increase) standard antibiotic dosing in patients on
continuous renal replacement therapy (CRRT), since there
is no evidence of drug accumulation in such a scenario.
Higher doses and extended infusions of antibiotics are
desirable for most cases, particularly for the treatment of
MDR bacteria (127). There is a paucity of data regarding
antibiotic dosing in ECMO; in the meanwhile, standard
dosage regimens are recommended (81,127).

Several studies and a recent meta-analysis, including
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a RCT, found prolonged infusions of antibiotics to be
associated with lower mortality than short-term infusions
or intermittent-bolus dosing. The higher efficacy of beta-
lactam antibiotics for targeting MDR microorganisms have
been observed with prolonged infusions (127,137-140).
Similarly, prolonged infusions are better to achieve effective
PK/PD targets and reduce the toxicity of linezolid and
vancomycin (141,142). However, the evidence is conflicting
regarding the reduction of mortality rates (143).

An individualized approach for antibiotic dosing is
therefore required for patients with sepsis, and therapeutic
drug monitoring (TDM) contributes to valuable
information for that task. TDM has been well accepted for
monitoring antibiotics associated with higher toxicity, such
as aminoglycosides and glycopeptides (vancomycin). Recent
evidence also suggests beta-lactam TDM as a useful strategy
to optimize drug exposure (127). Roberts et al. proposed
that, in the future, it is likely that highly sophisticated
approaches using TDM combined with Bayesian forecasting
coupled with dosing software for accurate antibiotic dosing
may be applied (125).

Conclusions

Sepsis is a medical emergency with unacceptably high
mortality and adverse outcomes. In this context, appropriate
and timely antibiotic treatment is one of the cornerstones
of therapy to prevent deaths and life-threatening
complications. When treating suspicious or confirmed
cases of sepsis, clinicians must ensure the administration
a broad-spectrum antimicrobial within the first hour of
diagnosis to reduce the risk of death. Also, optimizing
antibiotic use is essential to ensure successful outcomes
and to reduce antibiotic-associated harm, and the spread of
antibiotic resistance. In this context, it is vital to consider
AS as an essential part of sepsis management. It implies
individualizing appropriate antimicrobial therapy. Hospitals
should develop, and update periodically, specific empirical
regimens for specific sites of infection, incorporating local
and national microbiology and resistance patterns based
on practice guidelines to facilitate empirical antimicrobial
prescription. Appropriate collection of cultures is essential
for antimicrobial sepsis management. AS also implies de-
escalation and shortening treatment duration. In critically
ill patients, an individual dosing approach should replace
the principle of standard dosing. Higher loading doses and
an extended or continuous perfusion of beta-lactam are
indicated for most patients. Continuous re-assessment of
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disease progression and adequate antibiotic therapy should
be incorporated as part of usual care for patients with sepsis.
Leadership, teamwork, AS frameworks, clinical guidelines
recommendations on the optimal duration of treatments,
de-escalation, PCT-based algorithms, and new diagnostic
stewardship approaches will help us to improve patients’
quality of care.
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