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Critically ill patients with sepsis or septic shock are at an increased risk of death. Early and aggressive interventions are essential for
improving clinical outcomes. There are a number of therapeutic and practical challenges in the management of antimicrobials in
patients with sepsis. These include the timely selection and administration of appropriate antimicrobials, significant physiological
alterations that can influence antimicrobial pharmacokinetics, and significant interpatient variability of antimicrobial concentra-
tions using standard dosing approaches. Understanding the impact of these factors on the probability of attaining pharmacokinetic-
pharmacodynamic target goals is essential to guide optimal therapy. Using rapid diagnostic technology could facilitate timely
selection of antimicrobials, and therapeutic drug monitoring would provide a more individualized dosing approach. Using an inter-
disciplinary sepsis team would also be beneficial in coordinating efforts to overcome the challenges encountered during this critical

period to ensure optimal care.
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Sepsis and septic shock are common syndromes in critically
ill patients in intensive care units (ICUs) as well as emergency
departments (EDs); their optimal management is multifaceted
and poses unique challenges to clinicians. The prevalence of
sepsis in different settings and the impact on mortality rates
are discussed in detail by other authors in this supplement.
Antimicrobial therapy is an essential component of the overall
management, and should be ideally targeted based on the un-
derlying cause of sepsis. However, the causes can vary widely
and are dependent on the demographics (eg, neonates, elderly
persons) as well as the underlying medical conditions of the pa-
tients (eg, comorbid conditions, recent surgery, and immuno-
suppression). The purpose of the current article is to provide
an overview of the underlying factors contributing to the com-
plexity of managing patients with sepsis, with special emphasis
on the selection and dosing of antimicrobial agents.

IMPACT OF TIMELY ADMINISTRATION
AND APPROPRIATE ANTIMICROBIALS ON
MORTALITY RATES

The initial management of sepsis and septic shock in-
volves a number of coordinated efforts, including aggressive
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resuscitation, identifying causes and pursuing source control,
optimizing hemodynamics, glycemic control, and timely ini-
tiation of empiric antimicrobial therapy. The Surviving Sepsis
Campaign updated its 2016 guidelines with a new sepsis
“hour-1 bundle;” with the recommendation to begin resusci-
tation and management immediately [1, 2]. Data suggest that
optimal outcomes are associated with early administration of
appropriate empiric intravenous antimicrobials after recogni-
tion of sepsis or septic shock [3-5]. Each hour of delay in ad-
ministration of appropriate antimicrobials is associated with
decreased survival. Kumar et al [3] found that initiation of
appropriate antimicrobials within the first hour after onset of
septic shock was associated with 79.9% survival to hospital dis-
charge. Survival dropped an average of 7.6% with every hour of
delay in appropriate administration of antimicrobials in the first
6 hours after the onset of hypotension.

A more recent retrospective study by Seymour et al [4] evalu-
ated the impact of adhering to a 3-hour sepsis bundle in pa-
tients with severe sepsis or septic shock in the ED. The authors
found an association between the time to administration of
antimicrobials and in-hospital mortality rate, with an odds ratio
(OR) of 1.04 per hour (95% confidence interval [CI], 1.03-1.06)
(P <.001). The odds of in-hospital mortality rate was 14%
higher among patients who received antimicrobials between
hours 3 and 12 (OR [95% CI], 1.14 [1.06-1.22]; P = .001) [4].
Liu et al [5] found similar results among patients with sepsis
who received antimicrobials within 6 hours after presentation
to the ED. The adjusted ORs (95% CIs) for in-hospital mor-
tality rate based on timing of antimicrobials after presentation
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were 1.09 per hour (1.00-1.19) (P =.046) for patients with
sepsis, 1.07 per hour (1.01-1.24) (P =.014) for those with se-
vere sepsis, and 1.14 per hour (1.06-1.23) (P =.001) for those
with septic shock. Definitions for sepsis severity in these studies
were based on prior international consensus guidelines [6].
Selection of empiric antimicrobial therapy must take into
consideration suspected source of infection, prevalent patho-
gens within the community or hospital, prior surveillance
and clinical culture data from the patient, resistance patterns
of prevalent pathogens, and the patient’s comorbid conditions,
including immune status. Inappropriate empiric therapy is as-
sociated with increased mortality rates in patients with septic
shock [7]; thus, broad-spectrum empiric antimicrobial therapy
is often warranted to ensure coverage against likely pathogen(s).
Numerous studies have found that prompt administration of
appropriate empiric antimicrobials is critical in achieving fa-
vorable outcomes [8-10]. In studies evaluating infections with
Pseudomonas and extended-spectrum P-lactamase-producing
Enterobacteriales, an appropriate empiric antimicrobial was
defined as administration of an antimicrobial regimen, within
24 hours of culture collection, that was active against the iden-
tified pathogen based on in vitro susceptibility testing [11].
In contrast, the Surviving Sepsis Campaign’s hour-1 bundle
recommendations promote the timely administration of em-
piric antimicrobials within 1 hour of presentation of sepsis
or septic shock [2]. In patients at risk for infection with a

multidrug-resistant pathogen, empiric combination therapy
using antimicrobials from >2 different classes (eg, -lactam with
an aminoglycoside) is recommended [11, 12]. Rapid molecular
diagnostics can assist in the rapid identification of pathogens
as well as important mechanisms of resistance, which may aid
in selecting of empiric antimicrobial therapy. Early de-escala-
tion of combination therapy is recommended based on clinical
response.

IMPACT OF PHYSIOLOGICAL ALTERATIONS ON
PHARMACOKINETICS IN CRITICALLY ILL PATIENTS

Critically ill patients undergo significant physiological alter-
ations that affect the pharmacokinetics (PK) of antimicrobials
based on their physiochemical properties (Table 1). These alter-
ations generally affect different PK processes, including absorp-
tion, distribution, metabolism, and elimination. In septic shock,
blood flow is preferentially shunted to vital organs, including
the brain and heart, whereas flow to other organs, including the
gastrointestinal tract or subcutaneous tissue, may be reduced
[13]. As a result, drug absorption may be altered in a hemody-
namically compromised patient (with hypotension and shock)
when administered via the gastrointestinal tract or subcutane-
ously. The literature evaluating the impact of various vasopres-
sors on splanchnic perfusion is conflicting [14]. Intravenously
administered drugs are recommended during the acute phase
of sepsis or septic shock to avoid these concerns.

Table 1. Physicochemical and Pharmacokinetic Characteristics of Antimicrobials Commonly Used to Treat Sepsis

Antimicrobial Hydrophilic Lipophilic Highly Protein Bound (>70%) Hepatic Metabolism Renal Elimination
Amikacin \V V
Azithromycin vV v

Aztreonam v v
Cefazolin N v
Cefepime v V
Ceftazidime N N
Ceftriaxone v v

Ciprofloxacin N
Clindamycin v v )

Daptomycin V \V V
Doripenem v vV
Doxycycline v v Vv

Ertapenem N V V
Gentamicin N v
Levofloxacin v
Linezolid N

Meropenem v V
Metronidazole V v

Minocycline v V Vv

Nafcillin v Vv

Oxacillin v N

Piperacillin-tazobactam v V
Tigecycline V v v

Tobramycin N v
Vancomycin v \V
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Several factors may influence the volume of distribution (Vd)
in a critically ill patient (Figure 1). Fluid balance is altered in
critically ill patients owing to aggressive fluid resuscitation in re-
sponse to hypotension and/or third spacing. These factors lead
toan increase in Vd, which in turn decrease plasma drug concen-
trations with standard dosing. This effect is more pronounced
with hydrophilic antimicrobials, including aminoglycosides,
B-lactams, glycopeptides, and lipopeptides [15, 16]. The in-
fluence of altered protein binding may be clinically important
on antimicrobial PK, particularly in highly protein-bound
antimicrobials (eg, cefazolin, ceftriaxone, ertapenem, and
daptomycin) [17]. Hypoalbuminemia is common in critically
ill patients and may lead to an increase in both Vd and elim-
ination of unbound acidic antimicrobials. In addition, as part
of the stress response during critical illness, patients may have
increased expression of another plasma protein, al-acid glyco-
protein. This acute-phase reactant may bind to basic drugs and
decrease free drug concentrations [13].

In sepsis or septic shock, hypoperfusion may lead to “shock
liver” and significant hepatic dysfunction. This may lead to al-
terations in hepatic enzyme activity as well as hepatic blood
flow, which influence drug metabolism and clearance, respec-
tively [13, 15].

Acute kidney injury (AKI) is a common manifestation in
critically ill patients, which leads to a decrease in glomerular
filtration rate (GFR). Because renal drug clearance is often pro-
portionally linked to GFR for hydrophilic drugs, modifications
to dosing regimen are warranted, depending on the degree of
renal impairment. However, it is important to note that dose
modifications should take into consideration not only the risk
of drug accumulation in AKI, but also the potential need for
increased loading doses in the setting of increased Vd. Given

that AKI may be transient during the initial phase of sepsis
or septic shock, deferring renal adjustment of antimicrobials
with a wide therapeutic index has been recommended [18].
In addition, treatment interventions with fluid resuscita-
tion and vasopressors can lead to an early increase in cardiac
output and enhance renal blood flow, thus augmenting renal
clearance in some patients [19]. Augmented renal clearance is
defined as a GFR of >130 mL/min and can increase the clear-
ance of antimicrobials primarily eliminated by the kidneys (eg,
B-lactams, aminoglycosides, and glycopeptides). Thus, patients
with augmented renal clearance may have suboptimal anti-
microbial exposure at standard doses and require dose modi-
fications [20].

During critical illness, using equations such as the Cockeroft-
Gault or the Modification of Diet in Renal Disease equation to
estimate renal function may be inaccurate given that they use
a single serum creatinine concentration. Critically ill patients
tend to have rapidly changing renal function; thus, alternative
approaches for assessment may be warranted. These include
the following: measuring urine creatinine and urine output;
measuring novel renal biomarkers, such as cystatin C; per-
forming therapeutic drug monitoring (TDM) for B-lactams or
other agents to assess clearance; and using a kinetic estimated
GFR equation, which takes into account the magnitude of
changes in serum creatinine relative to baseline [21, 22].

IMPACT OF MEDICAL (DEVICE) INTERVENTIONS ON
PK IN CRITICALLY ILL PATIENTS

Critically ill patients require prompt interventions which in-
clude not only administration of life-saving drugs, but often
mechanical support for failing organs. Some of these me-
chanical support devices alter the PK of antimicrobials and
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Figure 1.

Physiological alterations and the effects on antimicrobial pharmacokinetics. Abbreviations: AAG, a1-acid glycoprotein; ECMO, extracorporeal membrane oxygen-

ation; MV, mechanical ventilation; RRT, renal replacement therapy; Vd, volume of distribution.
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must be taken into account. Patients with sepsis or septic
shock often have severe AKI, requiring the initiation of renal
replacement therapy (RRT). Several RRT modalities are avail-
able, with the most common including continuous RRT, in-
termittent hemodialysis, or sustained low-efficiency dialysis.
The use of these RRT modalities help support renal func-
tion, but can also augment drug clearance. Drug clearance
can be highly variable owing to many factors, including mode
of dialysis, drug properties, degree of protein binding, type
of membrane, dialysate flow rate, and duration of dialysis.
An understanding of these factors is necessary to optimize
antimicrobial dosing, particularly because patients receiving
continuous RRT will often require higher doses due to extra-
corporeal drug clearance [23, 24].

Mechanical ventilation may be necessary in patients with
acute respiratory failure and may alter PK of antimicrobials.
Positive pressure ventilation may increase intrathoracic pres-
sure which in turn decreases venous return to the heart. As a
result, there is a decrease in cardiac output and increase in Vd
[25]. In addition, there is a subsequent decrease in renal and
hepatic blood flow, which may affect antimicrobial clearance
via these routes. Furthermore, atrial compression by distended
lungs may lead to a decreased release of a-atrial natriuretic
peptide. A decline in a-atrial natriuretic peptide levels con-
tributes to fluid retention, which may in turn increase Vd [26,
27]. Conflicting data have been reported on the effect of posi-
tive end-expiratory pressure. The use of positive end-expiratory
pressure in mechanical ventilation may be associated with an
increase in antidiuretic hormone secretion and subsequent fluid
retention [28, 29]; Vd may consequently be increased in these
patients.

The use of extracorporeal membrane oxygenation (ECMO)
has become more common in patients with severe respira-
tory and/or cardiac failure. Consequently, ECMO can fur-
ther increase the PK alterations of antimicrobials in critically
ill patients. The Vd may be increased in ECMO owing to
hemodilution or drug sequestration. Hydrophilic drugs are
more affected by fluid shifts and hemodilution when ECMO
is initiated; this may result in decreased systemic drug con-
centrations and therapeutic failure [30]. Lipophilic and highly
protein-bound drugs are more likely to be sequestered by the
ECMO circuits and oxygenator membrane [31]. Understanding
the physicochemical properties of antimicrobials can help de-
termine the influence of ECMO on their PK and, in turn, help
with designing an appropriate antimicrobial dosing regimen in
different clinical scenarios (Table 1).

ANTIMICROBIAL PK/PD PARAMETERS FOR OPTIMAL
EFFICACY

To optimize antimicrobial dosing, it is important to understand
the 3 most common PK-pharmacodynamic (PK/PD) indices
that best describe optimal efficacy. The 3 PK/PD indices include

fT > MIC, where fT indicates the time the free (unbound) anti-
microbial concentration remains above the minimum inhibi-
tory concentration (MIC) of the organism; C__/MIC, the ratio
between the maximum concentration of free drug and the MIC;
and AUC_, /MIC, the ratio between the total area under the
concentration-time curve (AUC) over a 24-hour period and the
MIC. Patients are more likely to have positive outcomes when
PK/PD targets associated with efficacy are achieved. PK/PD
target goals for different antimicrobial classes have been pro-
posed [32]. However, many factors may influence the proba-
bility of attaining these PK/PD targets during critical illness (eg,
significant pathophysiological changes affecting PK, pathogen
with MIC at or near breakpoint). Given the considerable varia-
tion in PK among critically ill patients, using a standard dosing
regimen in this population may lead to suboptimal dosing and
increase the risk for clinical failure or adverse effects.

DOSING STRATEGIES TO OPTIMIZE PK/PD OF
ANTIMICROBIALS

B-Lactams are commonly used in sepsis or septic shock, given
their broad spectrum of activity and wide therapeutic index. As
time-dependent antimicrobials, they exhibit improved PK/PD
profiles when the concentration is maintained above a threshold
(eg, MIC or multiples of MIC) for a longer duration. This can
be accomplished by more frequent dosing or extended or con-
tinuous infusions. However, the clinical impact of extended or
continuous infusions on clinical outcome is less clear.

A systematic review by Roberts and colleagues [33] evalu-
ated the clinical benefits of extended or continuous infusion
B-lactams. The authors included randomized controlled trials
along with relevant observational studies, and that found that
continuous- or extended-infusion B-lactams were not associ-
ated with significant improvement in clinical cure or mortality
rates in these studies [33]. However, they did note significant
benefits in 2 observational studies, particularly in critically
ill patients with Pseudomonas aeruginosa infections [34, 35].
A study by Arnold and colleagues [36] did not find a signifi-
cant benefit of prolonged versus intermittent infusion for the
empiric treatment of gram-negative infections in the ICU. The
authors postulated that perhaps there was no benefit due to
very few isolates with elevated MICs in their study. They also
acknowledged that an initial loading dose was not used before
beginning the prolonged infusion, which may delay the time
to target attainment [36]. These are important considerations
when determining who would most benefit from prolonged
infusion.

A 2018 systematic review and meta-analysis [37] compared
prolonged versus short-term infusion of antipseudomonal
B-lactams in patients with sepsis. The review included only
randomized, controlled trials and evaluated all-cause mortality
rate as the primary end point. Overall, prolonged infusion was
associated with a significantly lower all-cause mortality risk
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compared to short-term infusion. Furthermore, a subgroup
analysis found that studies using a loading dose in the pro-
longed arm had a significant reduction in mortality rate [37].
Despite inconsistent findings among available studies, there
may be an overall benefit of prolonged infusion of p-lactams
in a select population including critically ill patients or patients
with infections due to pathogens associated with high MICs
(38, 39].

A multicenter, randomized, controlled trial (BLING III) is
currently underway comparing continuous versus intermittent
infusion of B-lactams in the ICU and may definitively answer
whether prolonged infusion is associated with decreased mor-
tality rates compared with intermittent infusion [40]. Because
prolonged infusion is being implemented more widely, it is
important to emphasize the need for a loading dose to rap-
idly achieve target concentrations, which should be recom-
mended irrespective of renal function. Without a loading dose,
B-lactams administered by prolonged infusion may take hours
to reach adequate concentrations [41]. In critically ill patients,
this is particularly worrisome because timely administration of
appropriate antimicrobials and achievement of target PK/PD is
essential for favorable outcomes.

Vancomycin continues to be widely used for the treat-
ment of infections due to gram-positive organisms, including
methicillin-resistant Staphylococcus aureus (MRSA). The PK/
PD parameter that best predicts its efficacy is AUC, /MIC, with
a target of >400 mg « h/L associated with improved outcomes
[42]. Widespread availability and routine use of TDM for van-
comycin allows for individualization of vancomycin dosing
to achieve target AUC,,/MIC. Furthermore, several bayesian
dose-optimizing software are commercially available to aid in
estimating AUC with single or multiple vancomycin levels [43].
An update to the 2009 vancomycin guidelines is pending release
and is expected to provide more refined PK/PD targets and po-
tential dosing strategies to achieve them.

RENAL FUNCTION DURING EMPIRIC MANAGEMENT

Patients with sepsis or septic shock may present with signifi-
cant physiological changes, including AKI. Antimicrobial
dosing may be considerably influenced by renal function, and
any adjustments should be made thoughtfully. Dose adjustment
protocols for renal dysfunction are recommended per the man-
ufacturer labeling for many antimicrobials. However, these dose
adjustment recommendations are based on data from patients
enrolled in clinical trials with chronic kidney disease and may
not reflect the transient nature of AKI experienced during crit-
ical illness.

Crass and colleagues [18] evaluated patients with AKI on ad-
mission, as defined by the Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines [44]. They found that >50% of
patients with AKI on admission had resolution (defined as res-
olution of KDIGO criteria) within 48 hours. In patients with

moderate renal impairment on admission (creatinine clearance
or estimated GFR 30-50 mL/min/1.73 m?), 42.8%-45.9% of pa-
tients had improvement of renal function greater than 50 mL/
min/1.73 m®) by 48 hours. Based on these findings, the authors
suggested deferring dose adjustments of antimicrobials with a
wide therapeutic index (ie, f-lactams) until >48 hours after in-
itiation of therapy, when renal function is better characterized
[18]. Given the importance of achieving optimal antimicrobial
therapy within the first 48 hours in sepsis or septic shock, pre-
mature renal dose adjustment of antimicrobials may increase
the risk of suboptimal concentrations and poor outcomes [45].

INTERSUBJECT PK VARIATIONS AND THE ROLE OF
THERAPEUTIC DRUG MONITORING

During critical illness, there may be considerable variation
in antimicrobial concentrations from patient to patient and a
standard dosing approach may not fit all. The DALI study was
a prospective, multinational PK study that assessed whether
B-lactam antibiotic dosing in critically ill patients achieved
concentrations necessary for maximal activity and whether
this impacted patient outcomes. The primary PK/PD targets
in this study were 50% fT > MIC and 100% fT > MIC of the
dosing interval. The authors of this study found large variations
in B-lactam concentrations, with 16% of patients being treated
for infections not achieving the conservative PK/PD target of
>50% fT' > MIC. Of note, they found that a positive clinical
outcome was associated with a higher PK/PD ratio, which was
consistent with findings of other studies [46-48]. The findings
of this study reinforce the need to refine antimicrobial dosing
strategies in critically ill patients. Given the large variability in
these patients, a more individualized dosing approach may be
warranted to ensure optimal target PK/PD exposures.

TDM may be particularly useful in this critically ill popula-
tion, given the variability in antimicrobial concentrations ob-
served with standard dosing regimens. B-Lactams are generally
regarded as well-tolerated, so TDM has historically been lim-
ited to aminoglycosides and glycopeptides for toxicity moni-
toring. The adoption of TDM for B-lactams is not as widespread
and is not routinely available in most hospitals. However, given
our understanding of altered PK in critical illness, TDM may
be useful to maximize probability of target PK/PD attainment
and improve clinical outcomes with B-lactams [49]. An interna-
tional multicenter survey was conducted to examine the use of
B-lactam TDM in ICUs. The study included responses from 9
TDM-using ICUs, predominantly in Europe, and demonstrated
substantial variation in their TDM practices including the se-
lection of B-lactams for TDM, the patient population in which
TDM was performed, drug assay methods, PK/PD targets, and
dose adjustment strategies [50].

To obtain optimal B-lactam concentrations, appropriate dose
adjustments in response to TDM are necessary. Dose adjustment
strategies will need to consider patient-specific culture data (eg,
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MIC of pathogen and site of infection), PK/PD targets, and in-
itial method of drug administration (eg, intermittent vs pro-
longed infusion). Of note, dose adjustments based on TDM and
the MIC of the infecting pathogen should be done cautiously,
because MIC measurements are imperfect owing to inherent
assay variation. There may be a potential risk of underdosing a
patient if a single measured MIC happened to be on the lower
end of a range of MIC values observed, if testing had been per-
formed repeatedly. Thus, it may be prudent to increase the PK/
PD target of B-lactams to 100% fI' > MIC or multiples of MIC
in critically ill patients to account for possible variation in MIC
measurements [51]. Although there is currently not a formal
dosing nomogram for critically ill patients, an evidence-based,
pragmatic, adult dosing nomogram has been developed for this
population with validation studies underway; this may serve as
a useful tool until TDM becomes more readily available [45].

ROLE OF RAPID DIAGNOSTICTESTING IN
TREATMENT APPROACH

Given the critical nature of sepsis and septic shock, it is impera-
tive that appropriate antimicrobial therapy be initiated without
delay. There has been an increasing trend to adopt rapid diag-
nostic technology in routine clinical microbiology workups to
aid in quick identification of pathogens (please also see Perez
et al in this supplement). Several proprietary platforms for rapid
diagnostic testing have been approved for bacteremia, each with
different ranges of organisms and mechanisms of resistance
they could identify [52]. The ability to rapidly identify both the
infecting organism and presence of select antimicrobial resist-
ance markers enables improved guidance in selection of em-
piric antimicrobial therapy; this is particularly important when
escalation of therapy is warranted.

Although rapid diagnostic testing can help guide early anti-
microbial selection by providing information on presence of
antimicrobial resistance markers, most platforms do not rou-
tinely provide rapid antimicrobial susceptibility testing (AST)
or MICs. At this time, there is a single available commercial
platform with the ability to provide MIC and phenotypic AST
results for several antimicrobial agents targeting gram-posi-
tive and gram-negative organisms within 7 hours after positive
blood culture. Studies that have compared AST results from this
platform with routine AST methods (eg, broth microdilution
or disk diffusion) have found overall essential and categorical
agreement of >95% [53, 54]. The ability to provide rapid AST
and MICs is invaluable for early optimization of MIC-based
PK/PD dosing of antimicrobials in critically ill patients.

PRACTICAL ISSUES INTHE ICU ANDTHE ED

As discussed above, initial antimicrobial dose selection and
timely administration of the antimicrobial after recognition of
sepsis are essential aspects of sepsis management. Using order

sets in electronic medical records is a helpful method for en-
suring evidence-based dosing for septic patients, particularly in
the ED [55, 56]. Order sets that include both a one-time “stat”
loading dose linked to a maintenance dose can ensure timely
administration of an adequate initial dose regardless of renal
function, but they also provide a reminder to ensure that subse-
quent doses are not forgotten or delayed.

A retrospective analysis [57] of 828 patients with sepsis and
septic shock found that 1 in 3 patients experienced a delay in
receiving their second antimicrobial dose that was >25% of the
intended dosing interval, particularly with antimicrobials given
at 6-hour or 8-hour intervals. In an exploratory multivariable
analysis, major delays in administration of subsequent doses
was associated with an increased hospital mortality rate (OR,
1.61; 95% CI, 1.01-2.57) and mechanical ventilation (2.44;
1.27-4.69). The risk of delay in second doses was ironically
higher in patients who had initially received 3-hour sepsis
bundle-compliant care [57]. This study highlights the need for
interdisciplinary collaboration and coordination with phar-
macists, particularly between transitions in care for patients
with sepsis (eg, between the ED or the floor and the ICU) and
the need for electronic means (eg, electronic medical record
prompts) to ensure that optimal care continues outside the ini-
tial bundle time window.

Other means to facilitate timely, appropriately dosed
antimicrobials for septic patients include interdisciplinary
sepsis teams, easily accessible antimicrobials and potentially
concomitant administration of compatible broad-spectrum
agents in a single infusion bag. Compounded combina-
tion antimicrobial bags that contain broad-spectrum cov-
erage of MRSA, Pseudomonas, and Enterobacteriales can
facilitate timely antimicrobial administration. An evalua-
tion of the impact of a compounded bag containing 2 g of
cefepime and 1 g of vancomycin decreased the median time
to administration of antimicrobials from 135 to 72 min-
utes (P < .001), compared with conventional administration
of antimicrobials [58]. There are several limitations to this
strategy, however, one being the limitation of dosing options
with precompounded combinations, particularly for narrow
therapeutic index drugs such as vancomycin, for which a 1-g
dose may be an inadequate loading dose for many patients
based on body weight.

In addition, the compatibility of other antimicrobial com-
binations must be considered, because certain formulations of
piperacillin-tazobactam, a commonly used broad-spectrum
B-lactam for empiric sepsis therapy, have mixed data on stability
with vancomycin [59]. In a patient in whom empiric therapy for
both MRSA and Pseudomonas is being started, the broad-spec-
trum [-lactam (eg, cefepime or piperacillin-tazobactam)
should be administered first before the MRSA coverage (eg,
vancomycin) given its broader spectrum of activity and shorter
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infusion times for the initial dosing. The use of a combination
infusion bag may facilitate the administration time of both
antimicrobials but does slow the administration of the -lactam
to accommodate the vancomycin. If such a strategy is pursued,
the formulation of the combination bag requires expert input
regarding drug stability and compatibility and to ensure that the
chosen combination reflects local infection and drug resistance
patterns.

INNOVATIVE PRACTICE MODEL

Many institutions have initiated “code sepsis” teams to rapidly
respond to patients with suspected sepsis. Clinical pharmacists
on these teams can assist with the selection and dosing of in-
itial antimicrobials, initial weight-based fluid resuscitation,
and prompt bedside delivery of medications. One such team
demonstrated a significant reduction in time to initiation of
appropriate empiric antimicrobial therapy, by 48 minutes (de-
crease from 126 vs 78 minutes; P <.001) [60]. Improving ac-
cess to broad-spectrum antimicrobials by ensuring placement
in ED and ICU automated dispensing cabinets can also improve
timely administration. A retrospective evaluation of antimicro-
bial administration time in patients presenting with severe
sepsis to a community ED found that the mean time from order
to antimicrobial administration was reduced by 29 minutes
(55 vs 26 minutes, respectively; 95% CI, 12.5-45.19 minutes),
and the time from arrival to antimicrobial administration by
70 minutes (167 vs 97 minutes; 95% CI, 37.53-102.29 minutes)
when broad-spectrum antimicrobials were added to the auto-
mated dispensing cabinets [61].

It must be emphasized that early and rapid administration
of broad-spectrum antimicrobials empirically in sepsis should
be balanced by prompt de-escalation of antimicrobial therapy
based on culture results as well as diagnostic findings, to re-
duce selection pressure for resistant pathogens. A prospective,
observational study conducted in ICU patients admitted to a
hospital in Spain with severe sepsis and septic shock evalu-
ated the impact of antimicrobial de-escalation in 628 patients.
The initial antimicrobial regimen was de-escalated in 35% of
patients, with in-hospital mortality rates 27% in patients with
therapy de-escalation, 33% with no treatment change, and
43% with treatment escalation (P =.006); de-escalation was
actually found to be protective of in-hospital mortality rates
in the propensity-score adjusted multivariate regression anal-
ysis (OR, 0.55). When illness severity and other confounders
potentially associated with in-hospital mortality rates were
controlled for, de-escalation of antimicrobials was not only
safe but was also beneficial for patients [62]. Antimicrobial
stewardship programs should incorporate evaluation of em-
piric sepsis regimens to identify opportunities for de-escala-
tion based on cultures and diagnostic findings as part of their
routine practice.

CONCLUSIONS

The management of critically ill patients with sepsis or septic
shock is complex and must take into consideration multiple
factors in order to provide the most optimal care. Timely initi-
ation of appropriately dosed antimicrobial therapy is crucial in
the management of patients with sepsis. Using a sepsis order set
and improving access to broad-spectrum antimicrobials in the
ED and ICU can facilitate selection as well as prompt adminis-
tration of antimicrobials. A major challenge in the management
of critically ill patients involves the significant physiological
alterations that take place and can affect the PK properties of
antimicrobials. Standard dosing strategies in critically ill pa-
tients are unlikely to consistently achieve target PK/PD param-
eters for efficacy, specifically with B-lactams. This can lead to
an increased risk of both clinical failure and the development of
antimicrobial resistance. Implementing different dosing strat-
egies (eg, prolonged or continuous infusion, loading doses) may
help optimize the PK/PD of antimicrobials. Given the signif-
icant intersubject variability in antimicrobial concentrations,
using an individualized dosing approach with p-lactam TDM
would be advantageous once it is widely available.
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