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Patients with sepsis present across a spectrum of infection sites and severity of illnesses requiring complex decision making at the 
bedside as to when prompt antibiotics are indicated and which regimen is warranted. Many hemodynamically stable patients with 
sepsis and low acuity of illness may benefit from further work up before initiating therapy, whereas patients with septic shock war-
rant emergent broad-spectrum antibiotics. The precise empiric regimen is determined by assessing patient and epidemiological 
risk factors, likely source of infection based on presenting signs and symptoms, and severity of illness. Hospitals should implement 
quality improvement measures to aid in the rapid and accurate diagnosis of septic patients and to ensure antibiotics are given to pa-
tients in an expedited fashion after antibiotic order.
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It is estimated that there are 270  000 deaths a year in the 
United States due to sepsis and 35  000 deaths attributable 
to antibiotic resistance [1, 2]. Given the significant burden 
of sepsis, starting antibiotic therapy is a decision that clin-
icians face at the bedside on a daily basis, influenced by 
many different patient factors including presenting signs 
and symptoms, comorbidities, severity of illness, likelihood 
of infection, risk associated with delayed antibiotic therapy, 
and local epidemiology [3]. More simplistically, decisions on 
starting antibiotic therapy are a balance between the like-
lihood that a patient actually has infection and the poten-
tial harm that antibiotics could cause, such as Clostridioides 
difficile colitis, acute kidney injury, disruption of the gut 
microbiome, and development of antimicrobial resistance [4, 
5]. The global dissemination of antimicrobial resistance fur-
ther complicates empiric antibiotic therapy decisions and is 
an independent risk factor for inappropriate empiric therapy 
[6]. Antibiotic therapy for sepsis can be empiric or targeted, 
depending on the information available at the time of ini-
tial decision. Empiric therapy is generally defined as the in-
itial antibiotic regimen selected in the absence of definitive 
microbiological pathogen identification and susceptibility 

testing. This is opposed to targeted or definitive therapy that 
is the antibiotic regimen selected after pathogen identifica-
tion and susceptibility testing is completed. After initiation 
of empiric therapy and utilization of diagnostics testing to aid 
in identification of the causative pathogen, empiric therapy 
should be tailored to definitive regimens and/or stopped if 
the balance of evidence is that infection is unlikely. In this 
review, we will discuss the clinical impact of delayed or inap-
propriate antimicrobial therapy and the optimal strategy for  
choosing empiric antimicrobial regimens for patients 
with presumed sepsis in this current era of antimicrobial 
resistance.

TIME TO ANTIBIOTICS AND MORTALITY

Please refer to the paper by Weinberger et al [7] in this issue 
for a comprehensive review of the relationship between time 
to antibiotics and mortality. Timely administration of appro-
priate and effective antimicrobial therapy is a cornerstone of 
sepsis management. In 2006, a study of 2154 intensive care unit 
(ICU) subjects by Kumar et al [8] established the importance of 
antibiotic timing for the subpopulation of septic patients who 
have shock. Each hour delay in antibiotic administration from 
time of hypotension onset was associated with a mean decrease 
in survival of 7.6%. Multiple other studies have supported this 
finding including Ferrer et al [9] who conducted a retrospec-
tive analysis across 165 ICUs in Europe, the United States, and 
South America including 17  900 patients, 64% of which had 
septic shock, who received antibiotics after sepsis identifica-
tion. In this study, the adjusted odds of in-hospital mortality 
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increased from 1.00 to 1.52 as time to antibiotic administration 
increased from 0 to more than 6 hours (with 0–1 hour as the 
reference group) from time of triage.

The Center for Medicare and Medicaid Services (CMS) SEP-1 
bundle is intended to encourage healthcare systems to conform 
to consensus “best practices” to improve the outcome of sepsis 
and septic shock. Timeliness of antibiotics is an important part 
of the 3-hour bundle. The impact of similar bundles has been 
assessed in 2 large retrospective studies, both of which showed 
improved mortality with shorter time to antibiotics—a relation-
ship that was much stronger for patients with septic shock versus 
those with sepsis without shock [10, 11]. The only randomized 
controlled trial of antibiotic timing in patients with presumed 
sepsis was the PHANTASi trial, which compared the effects of 
early administration of antibiotics plus usual care (fluid resus-
citation and supplementary oxygen) in an ambulance during 
transport to hospitals in the Netherlands versus usual care alone 
[12]. Mortality at 28 days was 8% in the intervention group and 
8% in the usual care group (relative risk, 0.95; 95% confidence 
interval [CI], 0.74–1.24) despite antibiotics being prescribed a 
median of 26 minutes before arriving in the emergency depart-
ment (ED) in the intervention arm. However, the results should 
be interpreted with caution due to the low mortality rates in 
both groups. In addition, in the usual care group, antibiotics 
were still received on average within 1 hour of presentation to 
the ED, and there was likely an improvement in recognizing 
sepsis and time to antibiotics in these patients due to training of 
emergency medical services personnel.

Sepsis encompasses a very heterogeneous group of patients, 
some of whom will deteriorate quickly without antibiotics, and 
some of whom are quite stable and do not benefit from rapid 
administration of antibiotics [13]. The totality of data indicates 
that timeliness of antibiotic administration is an important as-
pect of management for patients with septic shock but not in-
variably for septic patients without shock. For some patients 
with sepsis but no shock, prompt antibiotic therapy is impor-
tant to optimize prognosis (eg, bacterial meningitis, purpura 
fulminans). For many other patients who are considered to have 
sepsis, there are adverse consequences associated with “rushing 
to judgment”. It should be noted that 32% of patients with sus-
pected sepsis have noninfectious mimics when additional data 
are collected [14]. Some of these patients could safely receive 
limited-spectrum antibiotic therapy rather than broad-spec-
trum therapy if additional information had been collected that 
permitted a more focused therapeutic plan.

IMPACT OF INAPPROPRIATE THERAPY ON 
MORTALITY

Initial antibiotic therapy in sepsis not only needs to be timely, 
but it needs to be appropriate. Definitions of appropriateness 
vary. From a prospective perspective, appropriateness can be 
defined as antimicrobial coverage that provides adequate in 

vitro activity against all likely pathogens at the clinical infection 
site of interest [15]. Although from a retrospective perspective, 
appropriate therapy could be defined as antimicrobial coverage 
that included in vitro activity against the causative organism. 
Kumar et al [16] retrospectively determined antibiotic appro-
priateness, defined as antimicrobials with in vitro activity for 
the isolated pathogen(s) or appropriate for the underlying clin-
ical syndrome if no pathogen was isolated, for 5715 patients 
with septic shock. Appropriate antibiotics were initiated in 
80.1% of cases, and survival rates were 52% compared to the 
19.8% who received inappropriate antibiotics who had a sur-
vival rate of 10.3% (odds ratio [OR], 9.45; 95% CI, 7.74–11.54; 
P < .0001) [16]. This effect remained highly associated with risk 
of death after adjusting for acute physiology and chronic health 
evaluation (APACHE) II score, comorbidities, hospital site, and 
other potential risk factors of death. Gaieski et al [17] evaluated 
261 patients with severe sepsis or septic shock undergoing early 
goal-directed therapy. After adjusting for potential confounders, 
mortality was significantly decreased when time from triage to 
appropriate antibiotic administration was less than or equal 
to 1 hour compared to more than 1 hour. Appropriateness of 
antibiotics was defined similarly to the Kumar et al [16] study 
as antibiotics for which the causative pathogens were sensitive 
in vitro or appropriate for the presumed site of infection in 
culture-negative sepsis.

GENERAL CONSIDERATIONS IN CHOOSING EMPIRIC 
REGIMENS

Before deciding on an empiric regimen for a patient presenting 
with concern for sepsis, providers must decide what the likely 
source of infection is, what the likely pathogens are, and how 
catastrophic the outcome would be if antibiotics were incor-
rectly withheld. After deciding that antibiotics should be admin-
istered, choice of the empiric regimen is the next decision. The 
Surviving Sepsis Campaign 2016 Guidelines for Management 
of Sepsis and Septic Shock recommend prescribing broad-spec-
trum antibiotic(s) in patients with sepsis, without factoring in 
the severity of outcome, ie, the consequences of withholding 
antibiotics if infection turned out to be the cause of the syn-
drome [18]. It is clear that for some syndromes, there is less 
urgency (ie, infiltrates on chest x-ray in a stable patient with 
predominantly viral symptoms and no underlying disease), 
and some syndromes seem almost certainly not to be due to 
infection.

Instead of universal broad-spectrum antibiotics, the specific 
antibiotic regimen should be determined using a more cerebral 
approach. This approach should include acquiring site-specific 
diagnostics including blood cultures, identifying the probable 
causative organism based on epidemiological and host risk 
factors, assessing severity of illness (sepsis with stable blood 
pressure versus septic shock), determining the likely site of in-
fection, characterizing the probability of a multidrug-resistant 
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infection, and weighing the consequences of failing to include 
an active regimen either immediately or, ultimately, in the in-
itial empiric choices. Patient factors include recent infectious 
exposures, evidence of pertinent colonization, comorbidities, 
indwelling devices, immunologic status, recent infections, and 
recent antibiotic exposure in the last 3 months. Furthermore, 
patient location at the time of acquisition is important to deter-
mine (community onset, long-term care exposure, or hospital 
onset) to help assess the likelihood of specific exposures that 
might be implicated in colonization or acquisition of an acute 
disease or resistant pathogen. In general, the empiric regimen 
focuses on bacterial pathogens, but treatable viruses, fungi, 
and protozoa should also be considered. When to include spe-
cific coverage for methicillin-resistant Staphylococcus aureus 
(MRSA), vancomycin-resistant Enterococcus (VRE), and highly 
resistant Gram-negatives will be discussed below. It is difficult 
to provide algorithms or tables that take all of these factors into 
account. Although clinical decision support tools that utilize 
patient-specific information to make antibiotic therapy predic-
tions are becoming available, clinical machine learning is still 
not standard of care in most institutions. Therefore, there is 
no clear substitute for clinical judgment that accounts for all 
known variables and risk factors when choosing an empiric an-
tibiotic regimen.

Site of Infection

The Infectious Disease Society of America (IDSA) has pub-
lished guidelines that provide recommendations for empiric 
therapy based on site and host immune status [19–25]. These 
recommendations are the basis for suggested regimens in 
Table 1. Several principles of empiric therapy are worth noting.

	1.	Local antibiograms should be utilized to guide empiric 
therapy. The use of antibiograms has been evaluated and has 
even been determined to be unit specific within hospitals and 
when utilized increase the likelihood that active agents will 
be prescribed [26, 27].

	2.	Risk factors for the likelihood of resistant infection should 
be evaluated including history of prior infection, known col-
onization, and ecologic data from the hospital and the com-
munity of origin.

	3.	Identification of infection sources that are removable or 
drainable is important for optimizing source control. In some 
cases, such as intravascular line infection and septic shock, 
removal of the indwelling line quickly can be lifesaving. 
Furthermore, it has been established that patients with an 
uncontrolled source of infection are at increased risk of mor-
tality [28–30].

	4.	Empiric regimens should have adequate tissue penetration 
for the likely site of infection. For example, piperacillin-
tazobactam should be avoided in patients with suspected 
central nervous system infection because tazobactam does 

not cross the blood-brain barrier. Tigecycline should be 
avoided for presumed bacteremia due to low serum concen-
trations. Daptomycin should be avoided for pneumonia due 
to drug inactivation by surfactant in the lungs.

Multidrug Therapy

Multidrug therapy, defined as more than 1 antibiotic, is com-
monly prescribed in patients with suspected or documented 
sepsis. The severity of the syndrome and consequences of late 
institution of appropriate therapy influence this decision. For 
patients who could have septic shock, there is no margin for 
error, and thus initial multidrug antimicrobial therapy should 
be prompt and cover all likely pathogens. For hemodynami-
cally stable patients with community-acquired pyelonephritis 
or pneumonia, a more targeted regimen often with a single 
agent or narrow spectrum agents is reasonable based on local 
epidemiology.

Some clinicians advocate for “combination therapy” or 
“double Gram-negative coverage”, defined here as more than 1 
drug with activity against the presumed pathogen. This strategy 
often includes 2 agents with different mechanisms of action 
but with a similar spectrum of activity. Theoretical benefits of 
double Gram-negative coverage include potential for syner-
gistic activity, more rapid pathogen clearance, and preventing 
development of antimicrobial resistance. A  recent prospec-
tive observational study of patients admitted to the ICU in the 
Netherlands with severe sepsis and septic shock demonstrated 
that short courses of adjunctive gentamicin (median duration 
of 2 days) was associated with an increased risk of renal failure 
but not with faster reversal of shock or improved survival com-
pared with standard therapy [31]. The results of this study have 
been questioned given concern for selection bias, infrequent 
resistance in the region, and the observation that only 4% of 
patients in both arms did not receive at least 1 in vitro active 
antibiotic [32]. However, this study may provide evidence that 
double Gram-negative coverage does not enhance efficacy, and 
any role of double Gram-negative coverage would be in broad-
ening activity. A  randomized clinical trial comparing empiric 
meropenem and ciprofloxacin versus meropenem alone for 
suspected ventilator-associated pneumonia (VAP) showed that 
there was no difference in outcomes between the 2 groups in a 
setting of low resistance. However, those that had infection due 
to Pseudomonas species, Acinetobacter species, and multidrug-
resistant Gram-negative bacilli were more likely to receive ade-
quate initial therapy and have microbiological clearance if they 
received meropenem and ciprofloxacin [33].

The current literature suggests that empiric combination 
therapy for Gram-negative organisms should be reserved for pa-
tients who are severely ill including patients with septic shock at 
increased risk of multidrug-resistant infections in whom initial 
in vitro-discordant antibiotic therapy (in vitro nonsusceptible) 
could have detrimental consequences. This recommendation is 
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Table 1.  Site-Specific Empiric Antibiotic Guideline Recommendationsa

Site of Infection Initial Empiric Therapy Other Considerations

Pulmonary  
  CAP [19]  

  HAP/VAP [20]

Multidrug therapy with a beta-lactam (ampicillin + 
sulbactam, ceftriaxone, or ceftaroline) and a mac-
rolide (azithromycin clarithromycin)  

Monotherapy with a respiratory fluoroquinolone 
(levofloxacin or moxifloxacin)  

Multidrug therapy with vancomycin or linezolid and 
piperacillin-tazobactam, cefepime, ceftazidime, 
imipenem, meropenem, or aztreonam 

Risk factors for MRSA and/or Pseudomonas aeruginosa: 
add vancomycin or linezolid for MRSA coverage; replace 
standard CAP therapy with pseudomonal coverage such 
as piperacillin-tazobactam, cefepime, meropenem, or 
imipenem  

Recommendation based on “local validation” of risk factors 
for community onset MRSA or P aeruginosa or prior iso-
lation of these organisms in the previous year, particularly 
from respiratory specimens  

Two antipseudomonal antibiotics from different classes (addi-
tion of fluoroquinolones, aminoglycosides, or polymyxins) 
if prior intravenous antibiotic use within 90 days for HAP/
VAP and septic shock at time of VAP, ARDS preceding VAP, 
5 or more days of hospitalization before VAP, or acute renal 
replacement therapy before VAP  

If prior colonization with carbapenem-resistant 
Enterobacteriales or KPC-producing organism ceftazidime-
avibactam and meropenem-vaborbactam should be con-
sidered but further efficacy data is needed  

Empiric regimens should be informed by local distribution of 
pathogens and their antimicrobial susceptibilities 

Central nervous system  
Healthcare-associated ventriculitis  

and meningitis [21]

  Meningitis [22]

Vancomycin and cefepime, ceftazidime or 
meropenem  

Vancomycin and ceftriaxone

Beta-lactam choice based on local in vitro susceptibility pat-
terns. If carbapenem-resistant Acinetobacter is suspected 
addition of meropenem and colistin or polymyxin B  

Age >50, alcohol abuse or immunocompromised: add am-
picillin  

Penetrating head trauma, CSF shunt or postneurosurgery 
vancomycin and cefepime, ceftazidime or meropenem  

Clinical presentation suggestive of Rickettsial or Ehrlichial 
disease add doxycycline

Skin and soft tissue  
Necrotizing fasciitis including Fournier  

gangrene [23]

Nonpurulent cellulitis/erysipelas  
(severe) [23]  

Purulent furuncle/ carbuncle/abscess  
(severe) [23]

Multidrug therapy with vancomycin or linezolid 
and piperacillin-tazobactam, a carbapenem, or 
ceftriaxone and metronidazole 

 
Vancomycin and piperacillin-tazobactam  

Vancomycin, daptomycin, linezolid, telavancin, or 
ceftaroline

Prompt surgical consultation is recommended for patient 
with aggressive infections associated with signs of sys-
temic toxicity or suspicion of necrotizing fasciitis or gas 
gangrene  

Emergent surgical inspection to rule out necrotizing process
  
Incision and drainage as indicated

Intra-abdominal  
Community onset extrabiliary  

(mild) [24] 

Community onset extrabiliary  
(severe) [24] 

Community onset  
biliary (mild to moderate) [24]  

Community onset biliary severe or  
cholangitis [24]

Cefoxitin, ertapenem, moxifloxacin, or tigecycline 

 
Imipenem-cilastatin, meropenem, doripenem or 

piperacillin-tazobactam 

 
Cefazolin, cefuroxime, or ceftriaxone  

Imipenem-cilastatin, meropenem, or piperacillin-
tazobactam, Levofloxacin or cefepime each in 
combination with metronidazole

Healthcare setting with high prevalence of ESBL-producing 
Enterobacteriales or >20% of Pseudomonas resistant 
to ceftazidime consider carbapenem or piperacillin-
tazobactam  

Healthcare associated: imipenem-cilastatin, meropenem, 
or piperacillin-tazobactam, levofloxacin or cefepime each 
along with metronidazole, vancomycin added to each 
regimen  

Empiric therapy should be driven by local microbiological data 
and source control performed as indicated

Genitourinary  
Acute pyelonephritis (IDSA  

archived) [25]
Ceftriaxone, trimethoprim-sulfamethoxazole, or 

ciprofloxacin
Requiring hospitalization: intravenous fluoroquinolone, 

aminoglycoside, extended-spectrum cephalosporin, 
extended-spectrum penicillin, or carbapenem with choice 
of agents based on local resistance data  

Do not use fluoroquinolone if >10% resistance prevalence or 
trimethoprim-sulfamethoxazole in areas of high resistance

Abbreviations: ARDS, acute respiratory distress syndrome; CAP, community acquired pneumonia; CSF, cerebrospinal fluid; ESBL, extended-spectrum beta-lactamase; HAP, hospital-acquired 
pneumonia; IDSA, Infectious Disease Society of America; KPC, Klebsiella pneumoniae carbapenemase; MRSA, methicillin-resistant Staphylococcus aureus; VAP, ventilator-associated 
pneumonia. 
aPlease see individual guidelines for further details. 
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in line with the IDSA guidelines for the treatment of hospital-
acquired pneumonia (HAP) and VAP, which recommend 
empirically prescribing 2 antipseudomonal antibiotics from 
different classes for the empiric treatment of VAP only in pa-
tients with risk factors for antimicrobial resistance at the time of 
diagnosis, including prior intravenous antibiotic use within the 
90 days, septic shock, preceding acute respiratory distress syn-
drome, hospitalization greater than 5 days, and acute renal re-
placement therapy before VAP onset or patients in units where 
>10% of Gram-negative isolates are resistant to an agent being 
considered for monotherapy [20]. Ultimately, the choice of 
which second agent should be guided by local antibiogram and 
epidemiological data. Highlighting this point is a retrospective 
analysis of patients admitted to a single hospital who developed 
HAP in which Gram-negative isolates resistant to piperacillin-
tazobactam or cefepime only had a 10% chance of having in 
vitro activity against ciprofloxacin compared with 80% for 
amikacin [34].

PATHOGEN-SPECIFIC CONSIDERATION FOR EMPIRIC 
THERAPY REGIMENS

Empiric Therapy for Methicillin-Resistant Staphylococcus aureus and 

Vancomycin-Resistant Enterococcus 

Failure to treat MRSA and VRE with empiric regimens for life-
threatening syndromes can lead to increased mortality. It is es-
timated that 7% of all patients in the United States are colonized 
with MRSA at any one time and 8.8% of patients admitted to 
the ICU are colonized with VRE [35, 36]. Risk factors for in-
fections due to MRSA include recent hospitalization, residence 
in long-term care facility, recent surgery, hemodialysis, prior 
antibiotic treatment, and high APACHE score [37]. When in-
fection due to MRSA is a concern in a hospitalized patient, the 
empiric regimen should include either vancomycin, linezolid, 
daptomycin, or ceftaroline. Pneumonia should never be treated 
with daptomycin due to inactivation by pulmonary surfactant, 
and there is also concern that linezolid may not be optimal for 
bacteremia given its bacteriostatic activity.

Risk factors for VRE colonization include immunosuppres-
sion, neutropenia, renal insufficiency, location in the ICU or 
oncology ward, and prior antimicrobial use [38, 39]. In a single-
center study of patients colonized with VRE, 13.4% of patients 
subsequently developed VRE bloodstream infections over a 
4-year period, with risk factors for subsequent bloodstream 
infection including vancomycin use, diabetes mellitus, gastro-
intestinal procedures, and acute renal failure [39]. Empiric re-
gimens for patients with concern for VRE should include either 
daptomycin or linezolid.

Empiric Therapy for Extend -Cephalosporin Resistant Gram-Negative Bacilli

It is estimated that up to 14% of healthy individuals globally 
are colonized with extended-spectrum beta-lactamase (ESBL) 
Enterobacteriales, with rates reaching above 40% in Asia and 

as low as 2% in the Americas but potentially rising [2, 40]. 
Risk factors to aid in the decision of when to prescribe em-
piric therapy with activity against ESBLs have been identified 
in a study that evaluated 1288 patients with bacteremia due to 
Escherichia coli or Klebsiella pneumoniae and ceftriaxone min-
imum inhibitory concentrations ≥2 μg/mL [41]. Using recur-
sive partitioning analysis, the top 5 predictors of ESBL-positive 
bacteremia were determined to be history of ESBL colonization 
or infection, chronic indwelling vascular hardware, age greater 
than 43  years, recent hospitalization in an ESBL high burden 
region (Latin America excluding the Caribbean, Middle East 
including Egypt, South Asia, China, and the Mediterranean), 
and ≥6  days of antibiotic exposure in the prior 6  months. 
Studies evaluating the development of infection caused by ESBL 
Enterobacteriales in those who are colonized with the same or-
ganisms have shown varying results. A study of patients with 
hematologic malignancy found that patients colonized with 
ESBL-producing E coli are 3.5 times more likely to develop bac-
teremia with the same strain than those who are not colonized, 
whereas another study estimated that prior colonization with a 
third-generation, cephalosporin-resistant Enterobacteriales had 
a positive predictive value of 7.4% for future bacteremia with 
the same organism and 34.4% for infection [42, 43].

A recent randomized control trial demonstrated improved 
outcomes for the definitive treatment of third-generation, 
cephalosporin-resistant E coli and K pneumoniae infection with 
carbapenems compared with piperacillin-tazobactam, providing 
inferential evidence that empiric carbapenems would be supe-
rior to β-lactam as empiric therapy [44]. A study that evaluated 
659 patients colonized with ESBL-producing Enterobacteriales 
with community-onset sepsis demonstrated that empiric 
carbapenem therapy was superior to noncarbapenem therapy 
in univariate analysis, but this finding did not remain signif-
icant after risk adjustment [45]. Ultimately, in patients where 
the preponderance of evidence demonstrates that a patient has a 
high likelihood of an infection with an ESBL-producing Gram-
negative organism, carbapenems should be the empiric agent of 
choice for the potential ESBL-producing organism.

Empiric Therapy for Carbapenem-Resistant Gram-Negative Bacilli

Prior colonization is often considered as a risk factor when de-
termining the need to empirically provide antibiotics with ac-
tivity against carbapenem-resistant Enterobacteriales (CRE). 
A  single-center study from Israel found that 7.6% of patients 
who had rectal colonization with a CRE developed a subse-
quent infection and 8.8% had a clinical culture with CRE [46]. 
In a multivariate analysis of matched controls who had positive 
CRE rectal screening, risk factors for a subsequent positive clin-
ical culture included ICU stay, central venous catheter, receipt 
of antibiotics, and diabetes mellitus. A similar study found that 
carbapenem-resistant K pneumoniae colonization was associ-
ated with a 9% chance of subsequent carbapenem-resistant K 
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pneumoniae infection with risk factors of infection including 
previous invasive procedure, diabetes mellitus, solid tumor, 
tracheostomy, urinary catheter insertion, and receipt of an 
antipseudomonal penicillin [47].

The Giannella risk score has been developed to predict the 
likelihood of carbapenem-resistant K pneumoniae bloodstream 
infection in patients who have rectal colonization [48]. This 
score includes admission to the ICU (2 points), invasive abdom-
inal procedures (3 points), chemotherapy/radiation therapy 
(4 points), and colonization at site besides stool (5 points per 
additional site). A  score of 2 points is associated with a 12% 
probability of CRE bloodstream infection, whereas a score of 12 
points is associated with 100% probability for CRE bloodstream 
infection.

After determining the likelihood that a patient has infec-
tion caused by a carbapenem-resistant Gram-negative or-
ganism, providers must choose the antibiotic regimen that 
has the highest probability of demonstrating in vitro activity. 
Many carbapenem-resistant Gram-negative infections remain 
susceptible to colistin, which has been shown to increase tox-
icity and not improve mortality when used empirically [49, 
50]. Currently, polymyxins could be considered (particularly 
when Acinetobacter baumannii infection is suspected) as part 
of a multidrug regimen, but emerging data suggest that novel 
β-lactam/β-lactamase agents have better safety profiles, and 
it is likely that these agents will have a more important future 
role in empiric therapy for high-risk patients [51, 52]. Recent 
real world evidence suggests that the β-lactam/β-lactamase in-
hibitor ceftazidime-avibactam is being used empirically [53]. 
Algorithms have been proposed for the empiric utilization of 
ceftazidime-avibactam for K pneumoniae carbapenemase-
producing Gram-negatives, and ceftolozane-tazobactam for 
carbapenem-resistance Pseudomonas aeruginosa, which ac-
count for severity of illness, comorbid risk factors, local epi-
demiology, and prior colonization have been proposed [54]. It 
remains to be seen how other novel antibiotics will be used in 
empiric settings such as meropenem-vaborbactam, imipenem-
relebactam, eravacycline, plazomicin, and cefiderocol. These 
investigations are important because outcomes of patients 
treated with ceftolozane-tazobactam are tied to the timing be-
tween initiation of the antibiotic and infection diagnosis [55]. 
Furthermore, it should be noted that eravacycline, plazomicin, 
and cefiderocol have a spectrum of activity that includes 
metallo-β-lactamase-producing organisms, making them po-
tentially useful empirically in patients with geographic and epi-
demiological risk factors for metallo-β-lactamase [56].

Empiric Antifungals

Candida is often a consideration in patients who need empiric 
treatment, especially when the patients are neutropenic or have 
some other relevant immunodeficiency. Other yeasts, including 
Histoplasma, Coccidioides, Blastomyces, and Cryptococcus, can 

present with life- threatening syndromes that merit empiric 
therapy. Molds can cause severe morbidity and significant 
mortality especially in immunosuppressed patients, but molds 
rarely cause septic shock and usually present subacutely.

Well established risk factors for Candida species infection 
include immunosuppressed status such as neutropenia, che-
motherapy, transplant, and chronic liver dysfunction, along 
with invasive vascular devices, total parenteral nutrition, recent 
abdominal surgery, high APACHE score, prolonged antibiotic 
exposure and hospitalization, and number of colonized sites  
[57, 58].

Based on knowledge that critical illness and degree of coloni-
zation increase the likelihood of Candida species infection, and 
lack of data demonstrating improved outcomes with empiric 
antifungal therapy, the EMPRICUS randomized control trial was 
performed [59]. In this multicenter study of nonneutropenic, 
critically ill patients who were colonized at multiple sites by a 
Candida species and developed ICU-acquired sepsis, routine 
empiric micafungin did not increase fungal infection-free sur-
vival at 28 days compared with placebo (hazard ratio, 1.35; 95% 
CI, 0.87–2.08). Furthermore, in patients with SOFA score >8, 
there was also no difference in 28-day fungal infection-free 
survival.

However, there are situations in which empiric antifungal 
therapy seems plausible and prudent, including esophageal and 
upper gastrointestinal tract perforation and infections of central 
lines being used for total parenteral nutrition. If the probability 
of infection from Candida species is high enough, or a patient 
is critically ill with risk factors and no other cause of fever is 
identified, empiric therapy with an echinocandin (caspofungin, 
micafungin, or anidulafungin) should be considered [60]. 
Guidelines should be consulted for optimal therapy for other 
yeast, but empiric liposomal amphotericin is almost always ad-
equate therapy for potential life-threatening fungal infection 
while more information and data are collected.

STRATEGIES TO REDUCE TIME TO INFUSION FOR 
ANTIBIOTICS

Prompt antimicrobial therapy for sepsis is a logical and plausible 
approach to improving outcomes for patients with sepsis, even if 
the data to date are most convincing only in the subpopulations 
with septic shock and certain specific syndromes such as bac-
terial meningitis. The time to antibiotic administration can be 
measured in a variety of ways: “time zero” can be defined as 
the time when the patient first presented to healthcare pro-
viders, the time when the first ominous vital signs or laboratory 
value became available, the time when a decision was made to 
treat the patient by entering an order for “stat” antibiotics, or 
time when diagnostics criteria for sepsis are met, although the 
latter can often be subjective. Reducing time to antimicrobial 
therapy for sepsis requires a multifaceted assessment of barriers 
including delayed recognition of sepsis, lack of optimization 
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of antimicrobial access, and improvement in administration 
technique.

Delayed recognition of sepsis and septic shock is a barrier 
to timely antibiotics and is associated with prolonged time to 
effective therapy and increased mortality [61–63]. Hospitals 
should have a performance improvement program to reduce 
the time from initial patient presentation to the administration 
of appropriate therapy for all patients who meet a screening 
definition of sepsis [64]. Commonly studied early warning or 
data-based recognition systems include Systemic Inflammatory 
Response Syndrome (SIRS), quick Sepsis-related Organ Failure 
Assessment (qSOFA), and National Early Warning system, each 
of which have varying degrees of sensitivity and specificity, re-
liance on laboratory results, along with ability to be fully auto-
mated from an electronic health record (EHR) [65].

The Targeted Real-time Early Warning Score (TREWScore) 
has been developed in ICU patients to predict development of 
septic shock and could potentially be used to identify patients 
at high risk for developing septic shock [66]. Another ma-
chine learning-based approach for recognizing severe sepsis 
was compared with standard of care EHR-based screening in a 
single-center study [67]. In this study, patients were randomly 
assigned to the control group (severe sepsis detector based on 
SIRS criteria and end-organ dysfunction) or intervention group 
(machine learning algorithm in addition to existing severe 
sepsis detector). Upon receiving an alert, patients were treated 
with a severe sepsis bundle. Implementation of the machine 
learning algorithm resulted in decrease in length of stay and a 
12.5% in-hospital mortality decrease (P = .015). However, there 
was no evaluation of how many patients were unnecessarily 
given broad-spectrum antimicrobial therapy.

Once sepsis has been identified, or is highly suspected, it is 
important to quantify time from antibiotic order to administra-
tion because the time of order entry is an indication that the cli-
nician has decided that antibiotics are necessary (regardless of 
how appropriately or inappropriately long their decision took). 
A retrospective analysis of 4429 patients diagnosed with sepsis 
in an ED at a large academic medical center found that the 
mean interval between presentation and first antibiotic order, 
which is the proxy used at the site for sepsis recognition, was 2.5 
hours, and then the median interval between order and infu-
sion initiation was an additional 1.3 hours [68]. Antimicrobial 
lead time (measured as the time from order to administration) 
of 3–6 hours was associated with an OR of 1.57 (95% CI, 1.26–
1.95; P < .001) for 28-day mortality and 1.36 (95% CI, 0.9–1.86; 
P = .06) for 6–12 hours. The magnitude and frequency of these 
delays between antibiotic order and antibiotic administration 
highlights an important quality improvement opportunity for 
hospitals to focus not only on enhancing sepsis recognition but 
also improving the logistics of getting antibiotics administered 
in a timely manner. Klompas and Rhee [69] have proposed 
that antibiotic order-to-infusion time for patients with septic 

shock could be a promising quality metric to improve the care 
of patients.

There are many strategies that can improve time to infu-
sion for the first dose of antibiotics in septic patients including 
improving access to antibiotics in EDs, floors, and ICUs and 
creating interdisciplinary teams that rapidly respond to patients 
with suspected sepsis. These teams, often part of a “code sepsis” 
response, typically include a clinical pharmacist on the team 
who either brings a sepsis kit that can provide prompt beside 
delivery of antibiotics and fluids for resuscitation or ensures 
initiation of antibiotics after blood cultures have been drawn 
within 1 hour of sepsis recognition. Code sepsis teams can pro-
vide a significant reduction in time to appropriate empiric an-
tibiotic therapy, as demonstrated by one such ED that reduced 
time to empiric antimicrobial prescription from 126 minutes to 
78 minutes after implementing an interdisciplinary code sepsis 
team in patients meeting the CMS case definition of sepsis for 
SEP-1 [70]. The team also improved appropriateness of initial 
antibiotic therapy, defined as an antibiotic regimen approved 
for the treatment of severe sepsis or septic shock according to 
the National Hospital Inpatient Quality Measures manual, by 
approximately 1 hour, presumably due to the expertise the team 
members had compared to other ED providers. With regards to 
acquiring blood cultures that are important to guide de-escala-
tion, antibiotics should not be delayed for substantial periods of 
time while antibiotics are obtained.

Hospitals should be encouraged to develop quality im-
provement projects to closely evaluate their current processes 
for delivering antibiotics to patients and to evaluate oppor-
tunities to decrease time between order and administration. 
A “low-hanging fruit” intervention is to ensure that commonly 
used antibiotics can be easily and quickly accessed in EDs and 
ICUs by storing doses in automated dispensing cabinets. Not 
all antibiotics are available in formulations that permit auto-
mated dispensing cabinet storage versus requiring preparation 
and dispensation from the pharmacy, so the decision of what to 
stock should be determined based on institutional sepsis proto-
cols using local antibiogram data in conjunction with consulta-
tion with pharmacists to determine what is feasible.

 Most commonly used antibiotics in sepsis are available as ei-
ther premixed bags or could be used with adaptor systems that 
allow nurses to mix powdered single-dose vials with diluents 
in a sterile, closed system, both of which facilitate storage in 
high-risk areas. Although this is a seemingly simple interven-
tion, there is potential for significant impact. A  single-center 
community ED demonstrated a mean door-to-antibiotic time 
from 167 minutes to 97 minutes when broad-spectrum empiric 
antibiotics were included in the ED automated dispensing cab-
inets [71].

First-dose antibiotic orders that originate from high-acuity 
areas such as EDs should be defaulted to a “stat” priority to en-
sure timely approval for pharmacist verification. Pharmacists 
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should be equipped with electronic tools to allow them to rap-
idly evaluate doses, allergies, and drug interactions so as not to 
delay time to order verification.

An essential education pearl for nursing staff is the order of 
administration of antibiotics in patients with sepsis or septic 
shock. Often patients are being started on broad-spectrum em-
piric therapy that provides coverage of MRSA and Pseudomonas 
species. In general, the regimen includes a broad-spectrum 
β-lactam (eg, piperacillin/tazobactam, cefepime, meropenem) 
plus an agent with MRSA coverage such as vancomycin. The 

β-lactam should be administered first before the MRSA cov-
erage given the broader spectrum activity and shorter infusion 
times for initial dosing.

A great deal of focus is given to the first dose of antibiotics 
in septic patients, but having a plan in place to prevent delays 
of subsequent doses is also needed. A  retrospective analysis of 
828 patients with sepsis and septic shock in an ED setting found 
that one third of patients experienced a delay in receiving their 
second antibiotic dose of greater than or equal to 25% of the in-
tended dosing interval, particularly with antibiotics given at more 

Table 2.  Commonly Used Antibiotics for Empiric Broad-Spectrum Coverage in Sepsis

Drugs With Broad-Spectrum Gram-Negative Coverage Including Pseudomonas 

Drug
Standard Dose for 

Sepsis Infusion Length
Renal Dose Adjustments 

Required? Stability After Reconstitution

Piperacillin/tazobactam 
[75]

4.5g IV q6h Initial dose: 30 minutes  
Subsequent doses: 30 minutes to 4 hours

Yes at CrCl <40 mL/min 24 hours at room temperature 
and up to 1 week refrig-
erated 

Ceftazidime [76] 2g IV q8h Initial dose: can be administered IV push over 3–5 
minutes or by intermittent infusion over 15 to 30 
minutes  

Subsequent doses: 30 minutes to 4 hours

Yes at CrCl <50 mL/min 12 hours at room temperature 
or 3 days under refrigeration

Cefepime [77, 78] 2g IV q8h Initial dose: can be administered IV push over 3–5 
minutes or by intermittent infusion over 30 minutes  

Subsequent doses: 30 minutes to 4 hours

Yes at CrCl <60 mL/min 24 hours at room temperature 
and up to 1 week 
refrigerated

Imipenem/cilastatin 
[79]

1g IV q6h Doses <500 mg should be infused over  
20–30 minutes doses >500 mg should be  
infused over 40–60 minutes

Yes at CrCl <60 mL/min 4 hours at room temperature 
and 24 hours under refrig-
eration 

Meropenem [80] 1–2g IV q8h Initial dose: doses up to 1g can be administered IV 
push over 3–5 minutes, or by intermittent infusion 
over 30 minutes  

Subsequent doses: 30 minutes to 3 hours

Yes at CrCl <50 mL/min 4 hours at room temperature 
(in SWFI or sodium chloride 
0.9%) or 24 hours under 
refrigeration

Ciprofloxacin [93] 400 mg IV q8h Infuse over 60 minutes Yes at CrCl <50 mL/min 14 days at room temperature 
or under refrigeration 

Levofloxacin [94] 750 mg IV q24h Doses ≤500 mg infuse over 60 minutes, 750 mg  
infuse over 90 minutes. Rapid infusion can lead to  
hypotension

Yes at CrCl <50 mL/min 72 hours at room temperature 
or 14 days under refriger-
ation

Drugs With Broad-Spectrum Gram-Positive Coverage Including MRSA

Vancomycin [81] 15 to 20 mg/kg IV 
q8–12h

Minimum infusion time of 60 minutes, with additional  
30 minutes added for each 500 mg beyond 
1000 mg  
(eg, administer 1000 mg over 60 minutes and 
1500 mg over 90 minutes)

Yes, at CrCl <90 mL/min 
and as guided by  
therapeutic drug 
monitoring

14 days under refrigeration 

Linezolid [82] 600 mg IV/PO q12h Over 30 to 120 minutes No Premade bags stable until 
expiration date on packaging 
when maintained in their 
overwrap

Daptomycin [83] (not 
for use in sepsis 
with suspected  
pulmonary source)

6 to 8 mg/kg IV q24h IV push over 2 minutes or IV infusion over 30 minutes Yes, at CrCl <30 mL/min 12 hours at room temperature 
and up to 48 hours under 
refrigeration

Ceftaroline [84] 600 mg IV q12h Infuse over 60 minutes Yes at CrCl <50 mL/min 6 hours at room temperature 
or within 24 hours under 
refrigeration 

Antifungal Agents     

Micafungin [95] 100 mg IV q24h Infuse over 60 minutes, more rapid infusions may  
result in more frequent histamine-mediated reactions

No 24 hours at room temperature

Caspofungin [96] 70 mg IV loading 
dose on day 1, 
then 50 mg daily 
thereafter

Infuse over 60 minutes, more rapid infusions may  
result in more frequent histamine-mediated reactions

No 24 hours at room temperature

Abbreviations: CrCl, creatinine clearance; IV, intravenous; MRSA, methicillin-resistant Staphylococcus aureus; PO, per os; SWFI, sterile water for injection.
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frequent dosing intervals (eg, every 6 or 8 hours) [72]. Antibiotics 
are often given as a single dose in the ED, but using symptom-
based treatment pathways or sepsis protocols and order-sets with 
scheduled antibiotics beyond the initial dose can (1) ensure that 
subsequent doses are given and (2) provide standardization to im-
prove appropriateness of antibiotic selection [73]. Other means of 
impacting timeliness of antibiotics include administering the in-
itial doses with faster infusion times; however, it should be noted 
that the primary decision in choosing an antibiotic should be its 
spectrum of activity and likelihood of in vitro activity over the 
rapidity in which it can be administered. Although prolonged 
infusions of β-lactams are known to improve pharmacokinetic/
pharmacodynamic target attainment, the initial doses should 
always be given as a bolus to ensure that time to peak concen-
trations are not delayed [74]. Table 2 demonstrates the standard 
infusion times for antibiotics commonly used in sepsis [75–84].

EMPIRIC ANTIBIOTIC DE-ESCALATION

After the initiation of empiric antibiotics, prescribers should re-
view the appropriateness of the antibiotic regimen chosen for 
opportunities to de-escalate or potentially even stop therapy. 
If the totality of diagnostic work suggests that the patient did 
not have sepsis and infection was unlikely, antibiotics should be 
discontinued. Antimicrobial stewardship program guidelines 
recommend a prescriber-led review of the antibiotic regimen 
that requires persuasive and enforced prompting of prescribers 
to achieve meaningful impact [85]. Examples of tools to aid 
prescribers to consider de-escalation include checklists, which 
when used in the ICU setting have resulted in reduced duration 
of antibiotic therapy, 72-hour antibiotics time-outs prompted 
by the HER, which have been shown to increase the rate of 
de-escalation, and antibiotic stop orders, which have been par-
ticularly helpful in stopping empiric vancomycin utilization 
[86–88]. In addition, de-escalation of antibiotics in patient who 
are determined to have culture-negative sepsis has been shown 
to be safe, including a study of critically ill surgical patients [89].

CONCLUSIONS

Sepsis is a syndrome that includes infection-related organ 
dysfunction that is not immediately life threatening, and 
infection-related organ dysfunction including shock that is 
immediately life threatening. For patients in whom the like-
lihood of infection is low, and the urgency of treatment is 
minimal, there are major advantages to avoiding a rush to 
judgment and obtaining serial observations and additional 
testing before initiating antibiotic therapy. Antibiotic therapy, 
even for a few doses, can lead to unnecessary cost, major tox-
icity, clinically important changes in microbial flora, and 
enhancement of drug resistance. For patients where the likeli-
hood of infection is high but acuity is low, there may be ample 
time to collect data so that the initial antimicrobial regimen 
is targeted rather than broad. For patients where the acuity 

is high, or the outcome is likely to be affected adversely by 
delayed therapy, it is appropriate and prudent for hospitals 
to develop systems in which patients are expeditiously rec-
ognized and promptly treated with an antimicrobial regimen 
that is broad enough to cover all plausibly likely pathogens.

Distinguishing patients who need urgent antibiotic therapy 
from those who do not requires clinical judgment. Empiric 
therapy for patient who are deemed to warrant therapy for sepsis 
should be based on patient risk factors including site of infec-
tion, severity of illness, and immunosuppression status along 
with epidemiological factors such as location of infection acqui-
sition (community vs healthcare setting) and antibiogram data. 
Infectious disease practitioners should play an active role in these 
decisions, because data would suggest that infectious disease 
consultation before bacteremia improves the chances of appro-
priate therapy [90, 91]. Improved rapid diagnostics will be im-
perative in the future to aid empiric therapy by decreasing time 
to appropriate therapy and decreasing unnecessary exposure 
to broad-spectrum antibiotics [92]. Finally, time to antibiotics, 
measured from order entry to initiation of patient infusion, is a 
parameter that all healthcare facilities can work to improve.
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