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Introduction 
Sepsis is a dysregulated host immune response 
to infection resulting in acute injury to poten-
tially multiple organs. It is a major cause for 
morbidity and mortality worldwide (Rhodes 
et al. 2017). The majority of sepsis patients 
are from the community but the mortality 
and associated cost of caring for patients 
(>50,000 USD) are significantly higher with 
nosocomial sepsis (Paoli et al. 2018; Rhee et 
al. 2019; Fay et al. 2020). Surprisingly, even 
previously healthy patients admitted with 
sepsis have a higher short-term mortality 
compared to those with comorbid conditions 
(adjusted OR 1.99 [95% CI 1.87-2.13]) 
(Alrawashdeh et al. 2022). There has been 
an increase in sepsis related hospitalisations 
in U.S. Medicare beneficiaries from 2012-
2018 (Buchman et al. 2020). In that study, 
authors report that the long-term mortality 
from sepsis remains high despite advances 
in management over the last two decades 
(septic shock mortality at six months is 
approximately 60%) and the corresponding 
economic burden of skilled nursing care 
post discharge, increased over the six years 
of the study period (Buchman et al. 2020). 
 Bacterial infections of the lower respiratory 
tract are the most common cause of sepsis 
in ICU, although based on other risk factors, 

ICU sepsis is associated with a mortality rate >25%, with nosocomial infec-
tion most lethal, and community acquired infection more common. Optimal 
management requires identification of the site of infection (lung, abdomen 
and blood stream most commonly), a focus on the likely pathogens based on 
risk factors for resistance, and provision of timely and accurate therapy in 
the context of appropriate antimicrobial stewardship. 
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such as immunosuppression and exposure 
to antibiotics within 90 days, other patho-
gens including fungi and viruses can cause 
sepsis. Additional common sources of sepsis 
include intra-abdominal infections, blood 
stream infections, urinary tract infections, 
infected vascular access sites, and skin/soft 
tissue infection. Gram-negative pathogens 
are identified more commonly in cultures 
than gram-positives but over the last decade,  
the  percentage of multidrug resistant (MDR) 
bacterial isolates is on the rise worldwide 
(Vincent et al. 2020). The most common 
gram-negative pathogens include Klebsi-
ella species, E. coli, Pseudomonas species, 
Enterobacteriaceae, Proteus, Stenotrophomonas, 
Serratia and Acinetobacter species, whereas 
Gram-positive isolates include S. aureus, S. 
pneumoniae, and Enterococcus, and fungal 
microorganisms were Candida species and 
Aspergillus (Vincent et al. 2020). MDR 
pathogens including extended spectrum 
beta-lactamase (ESBL) enzyme and Amp 
C enzyme producing E. coli, Klebsiella and 
carbapenem-resistant Klebsiella and Acineto-
bacter, and methicillin-resistant Staphylococcus 
aureus (MRSA) are independently associated 
with a higher mortality in ICU compared to 
infections with other organisms (Vincent et 
al. 2020). Risk factors for MRSA include prior 
history of MRSA infection or colonisation, 
recent IV antibiotics, history of recurrent skin 
infections or chronic wounds, presence of 
invasive devices, haemodialysis, and recent 
hospitalisation within 90 days. The risk of 

30-day mortality is higher in patients with 
MDR pathogens and comorbid conditions, 
such as cirrhosis, immunosuppression 
or vascular disease but also in those who 
have received antibiotics, chemotherapy, 
wound care, dialysis, or surgery within the 
last 30 days prior to onset of sepsis (Fay et 
al. 2020). In this review, we focus on the 
antibacterial management of patients with 
sepsis admitted to ICU. 

Heterogeneity of Sepsis Syndrome
Recent analysis of big data including 64,000 
patients from three different clinical trials 
have shown that sepsis syndrome can be 
categorised into four different phenotypes 
based on demographics, laboratory values, 
and patterns of organ dysfunction, and this 
may have implications on clinical outcomes 
and mortality (Seymour et al. 2019). Gene 
expression profiling to detect the underly-
ing molecular responses and characterising 
early septic patients have shown five distinct 
endotypes, each based on 200 unique gene 
expression differences and distinct pathways: 
neutrophilic suppressive, inflammatory, 
innate-host-defense, interferon, and adap-
tive (Baghela et al. 2022). Of these, the 
neutrophilic suppressive and inflammatory 
endotypes have a propensity to develop 
severe infection. In another study, investi-
gators found significant differences in key 
immune and coagulation system pathways 
based on the source of infection but mortal-
ity differences were primarily dependent on 
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the source of infection with abdominal and 
respiratory infections having slightly higher 
ICU mortality (Peters-Sengers et al. 2022). 

Early Recognition Saves Lives
Surviving Sepsis Campaign 2016 guidelines 
emphasise early recognition of sepsis with a 
1-hour bundle and administration of early 
appropriate antibiotics plus effective source 
control (Rhodes et al. 2017). For every 
hour’s delay in antimicrobial administration 
over the first 6-hrs since diagnosis of septic 
shock, there is a 7.6% increased risk of death 
(Kumar et al. 2006). A recent meta-analysis 
investigating the impact of delay in appropri-
ate antibiotic therapy for hospitalised adult 
patients with bacterial infections showed 
significant reduction in treatment failure (OR 
0.33, 95% CI 0.16-0.66), reduced mortality 
rates (OR 0.44, 95% CI 0.38-0.50) and mean 
hospital costs in those who had appropriate 
antibiotics (Bassetti et al. 2020). Patients, 
who received discordant empiric antibiotic 
therapy based on susceptibility to bacterial 
isolates had an increased risk of mortality 
independent of microbial resistance, sepsis 
or septic shock (adjusted odds ratio 1.46 
[95% CI, 1.28–1.66]) (Kadri et al. 2021). The 
majority of discordant empirical antibiotic 
therapy and associated mortality were in 
patients with bloodstream infections caused 
by Staphylococcus aureus or Enterobacterales 
(Kadri et al. 2021). Data from a large study 
including 20,026 adults with suspected 
sepsis in 12 emergency departments showed 
that both delays in recognition of infection 
and administration of the antibiotics were 
associated with increased hospital mortality 
(Taylor et al. 2021).
 The above evidence highlights the impor-
tance of rapid recognition and need for 
broad-spectrum empirical antimicrobial 
therapy in patients with suspected sepsis, 
preferably within 6-hours but immediately 
in patients with septic shock. However, 
rampant use of broad-spectrum antibiotics 
in the absence of proven infection is a risk 
factor for development of antibiotic resistant 
pathogens and excess mortality (Teshome 
et al. 2020). Thus, antibiotic stewardship is 
a key element in the management of sepsis 
with a commitment to narrow and stop 
antimicrobials based on culture data during 

the hospital stay (Wunderink et al. 2020). 
Another potential opportunity is to develop 
rapid and cost-effective diagnostics for early 
identification of the causative pathogen and 
resistance testing of positive blood culture 
using multiplex technologies (She and 
Bender 2019). Multiplex PCR can detect 
common bloodstream pathogens within a 
few hours compared to conventional blood 
cultures. Several systems including Verigene 
and FilmArray are commercially available as 
an adjunct to the conventional microbiology 
methods, and are used to detect microbial 
resistance rapidly (De Angelis et al. 2020).     
 
 
 
 
 
 
 
 
 Recently, next-generation sequencing 
using microbial cell-free DNA has been 
shown to have better sensitivity in detect-
ing pathogens within hours compared to 
traditional blood culture in patients with 
a sepsis (Blauwkamp et al. 2019). Cost 
effectiveness models show incorporating 
molecular testing in emergency depart-
ment in patients with sepsis and septic 
shock would significantly impact patients 
receiving inappropriate antibiotic therapy 
with an incremental cost-effectiveness ratio 
of negative $7,302/death averted (Zacha-
rioudakis et al. 2019).   

Biomarkers and Host Response 
Markers of Sepsis
A different tactic would be to measure 
the host response to infection rather than 
direct pathogen detection by using sepsis 
biomarkers to aide in the decision to start 
or stop antibiotics. Several markers includ-
ing procalcitonin (PCT), C-reactive protein 
(CRP), soluble triggering receptors expressed 
on myeloid 1, proadrenomedullin, soluble 
urokinase plasminogen activator receptor 
and interleukin-6 have been studied in 
patients with sepsis (Masia et al. 2005; 
Kruger et al. 2008; Gunsolus et al. 2019). 
However, the currently available biomarkers 
lack discriminative diagnostic sensitivity on 

the decision to start empiric antibiotics in 
suspected sepsis and generally most societies 
endorse serial measurement for antibiotic 
stewardship efforts (Bouadma et al. 2010). 
In a patient-level meta-analysis, PCT guided 
antibiotic stewardship programme was able 
to significantly reduce days on antibiot-
ics compared to controls with significant 
improvement in mortality (aOR 0.89, 95% 
CI:0.8 - 0.99; p = 0.03) (Wirz et al. 2018). 
Thus, checking serial biomarkers such as 
PCT and CRP can be of valuable assistance 
along with clinical judgement on decision 
to help decide on duration of treatment. 
 Despite advances in diagnostics and risk 
stratification, almost 47% of patients with 
sepsis have a negative-culture and failure 
to identify the causative pathogen limits 
opportunities for modification/narrowing 
of antibiotic spectrum (Gupta et al. 2016). 
Transcriptomics, targeting host immune gene 
expression (mRNA) profiling in response 
to infection is another emerging field with 
superior diagnostic and prognostic value 
compared to serum biomarkers in patients 
with early sepsis (Gunsolus et al. 2019). 
SeptiCyte LAB is a continuous output of a 
four-mRNA; CEACAM4, LAMP1, PLA2G7, 
and PLAC8 (Immunexpress, Seattle, WA) 
that has FDA clearance for detection of 
sepsis from systemic inflammatory response 
syndrome. Increasing scores from 1-10 
shows a higher predilection for infectious 
cause independent of age, sex, race/ethnicity, 
clinical and other biomarkers, including PCT 
(Miller et al. 2018; Sweeney et al. 2016). In 
a study comparing 3-omics models based on 
host response, including Sepsis MetaScore, 
SeptiCyte and FAIM3:PLAC8 ratio, all three 
models showed good discriminative ability in 
distinguishing patients with sepsis (Maslove 
et al. 2019). Ultimately, the effectiveness of 
rapid diagnostics will depend on its ability 
to reduce days on broad-spectrum antibiot-
ics, prevent delay of appropriate antibiotics, 
reduce mortality, and length of stay. 

Antimicrobial Considerations
The 2021 Surviving Sepsis International 
guidelines recommend in adults with sepsis 
or septic shock at high risk of MRSA and 
MDR-gram negative organisms to start 
antibiotics with MRSA coverage and use two 

 antibiotic 
stewardship is a key 

element in the management 
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antimicrobials with gram-negative coverage 
for empiric coverage (Evans et al. 2021). 
However, the guidelines strongly advise 
against using MRSA coverage or dual gram-
negative coverage in patients with low risk 
for both organisms and once susceptibilities 
have been identified (Evans et al. 2021). In 
a recent meta-analysis and trial sequential 
analysis including thirteen studies, there 
was no difference in mortality or other 
patient-related outcomes between mono- vs. 
combination therapy (Sjovall et al. 2017). 
Consideration for targeted therapy should 
be made after assessment of risk factors for 
MDR pathogens including prior colonisation 
in the preceding year, local prevalence, broad-
spectrum antibiotic use within 90 days, use 
of selective digestive decontamination, type 
of infection – community vs. nosocomial, 
travel to highly endemic countries and 
hospitalisations abroad in the last 90 days 
(Evans et al. 2021). 
 On any given day, almost 70% of ICU 
patients receive empirical or targeted anti-
microbial therapy (Timsit et al. 2019). The 
hospital antibiogram can aid in selecting 
empiric antibiotic treatments with a higher 
chance of covering pathogens based on prior 
local knowledge and sensitivity. However, 
it is not always practical in achieving 90% 
coverage often based on antibiograms, as it 
might mean using restricted antibiotics more 
often driving resistance in the community. 
Therefore, empiric antibiotic choices should 
include risk factors related with antibiotic 
resistance such as comorbid conditions, 
recent exposure to healthcare, immunosup-
pression; type of infection: community vs. 
nosocomial; selection pressure from prior 
antibiotic use; colonisation with prior drug 
resistant pathogens; local epidemiology and 
infection prevention measures (Timsit et al. 
2019). Metagenomics with fast sequencing 
of nucleic acids of all bacterial pathogens and 
their resistance determinants in the future 
would aid with this workflow to limit dura-
tion and narrow spectrum to monotherapy.
 It is imperative to not only use the appro-
priate antimicrobial agent but to use the 
appropriate dose based on the pharmaco-
kinetic (PK)/dynamic (PD) properties, and 
for the optimal duration. Consideration 
should be given to the minimum inhibi-

tory concentration (MIC) of the pathogen, 
volume of distribution (usually high in 
patients with sepsis), augmented renal 
clearance (ARC), presence of renal or liver 
failure altering drug metabolism, physio-
chemical nature of the drug like hydrophilic/
lipophilic properties, use of organ support 
(continuous renal replacement therapy and 
extracorporeal membrane oxygenation) 
and the site of infection. Underdosing is 
common in sepsis due to large volume 
of distribution and ARC. Hence, an initial 
large bolus (1.5 x standard dose) loading 
dose is most often required in severe sepsis 

patients regardless of their organ func-
tion (De Backer et al. 2019). Beta-lactams 
work best with time-dependent killing and 
are usually administered in multiple daily 
doses or as a continuous infusion to keep 
the concentration above MIC, while other 
antibiotics such as aminoglycosides and 
quinolones exert their antimicrobial effects 
best by concentration-dependent killing and 
are usually administered with a single large 
daily dose. 
 Therapeutic Drug Monitoring (TDM) 
is another measure employed in ensuring 
appropriate and effective antibiotic use in 
severe sepsis patients due to the inherent flaws 
with prediction of PK/PD characteristics in 
this population (Timsit et al. 2020). TDM 
is especially beneficial for certain antibiotic 
classes and should be used with vancomy-
cin and aminoglycosides; however there 
is lack of evidence on adoption of regular 
TDM with use of beta-lactams (Timsit et al. 
2020). Antibiotics are also chosen based on 
the site of infection. Lipophilic drugs like 
quinolones provide high tissue concentra-
tions but hydrophilic antibiotics such as 

aminoglycosides do not penetrate into 
tissue space and remain extravascular but 
often enough to exert their antimicrobial 
effects (De Backer et al. 2019). 
 Another important aspect is appropri-
ate source control. Common scenarios 
include an obstructive stone in patients 
with sepsis related to urinary tract infec-
tion, cholecystitis with cholangitis, post 
pancreatitis infected phlegmon, skin and 
soft-tissue infections, infected intra-vascular 
or cardiac devices, empyema and surgical 
site infections. This should be followed by 
antimicrobial de-escalation (ADE) strategies 
that form the cornerstone for antibiotic 
stewardship programme to help reduce 
duration of antibiotics and emergence of 
MDR pathogens. ADE involves narrowing 
the spectrum of the initial antibiotic and/
or decreasing the number of agents (Tabah 
et al. 2020). The majority of patients with 
sepsis related to pneumonia or post operative 
intra-abdominal infections can be treated 
with short course 5–7-day treatment. The 
Surviving Sepsis 2021 guidelines gave a 
conditional weak recommendation for limit-
ing antibiotics to a short course in adults 
with an initial diagnosis of sepsis or septic 
shock and adequate source control (Evans et 
al. 2021). However, longer course might be 
needed with endocarditis and osteomyelitis, 
and certain MDR pathogens. 

Newer Antimicrobial Agents
Over the last decade several new and combi-
nation antibiotics have been developed to 
treat severe sepsis patients with resistant gram 
positive and negative pathogens. These include 
fifth generation cephalosporins, cephalospo-
rin/beta-lactam + beta-lactamase inhibitor 
regimens including ceftazidime-avibactam, 
ceftolozane-tazobactam, imipenem-rele-
bactam, meropenem-vaborbactam, and 
cefiderocol (Sjovall et al. 2017). In general, 
ceftolozane-tazobactam, ceftazidime-avibac-
tam and imipenem-relebactam are effective 
choices against highly drug resistant P. aeru-
ginosa, whereas with carbapenem-resistant 
Enterobacteriaceae, ceftazidime-avibactam, 
imipenem-relebactam, and meropenem-
vaborbactam are good options (Torres et al. 
2018; Kollef et al. 2019; Torres et al. 2019). 
Ceftazidime-avibactam and cefiderocol are 
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optimal choices for metallo-beta-lactamase 
producing pathogens (Tamma et al. 2020). 
Meropenem-vaborbactam has good activity 
against most gram-negative microorgan-
isms, including those with extended-spec-
trum beta-lactamases and K. pneumoniae 
carbapenemases and carbapenem-resistant 
Enterobacteriaceae (CRE) (Wunderink et al. 
2018). Imipenem-relebactam is another 
combination regimen effective against most 
gram-negative microorganisms (Titov et al. 
2020). Vancomycin, oxazolidinones (line-
zolid), telavancin, teicoplanin and strepto-
gramins retain good activity against MRSA 
infections. Ceftobiprole is a fifth-generation 
cephalosporin with extended spectrum 
activity against methicillin-sensitive S. aureus 
(MSSA), P. aeruginosa and Enterobacteriaceae, 
but limited efficacy against MRSA and ESBL 
producing gram negatives, and is not used 
in the United States (Cilloniz et al. 2019).  

Antimicrobial Preferences in 
Pneumonia and Intra-abdominal  
Infections
Lower respiratory tract infections, both 
community-acquired pneumonia (CAP) and 
nosocomial (hospital acquired pneumonia 
- HAP) and ventilator associated pneumonia 
(VAP) along with intra-abdominal infections 
form the bulk of sepsis in the ICU. The guide-
lines for CAP and nosocomial pneumonias 
were recently updated and they emphasise 
initial empiric antimicrobial therapy based 
on risk factors for MDR pathogens and local 
resistance patterns.  
 The 2019 American Thoracic Society/
Infectious Diseases Society of America (ATS/
IDSA) consensus CAP guidelines recommend 
that patients with severe pneumonia requir-
ing ICU admission, with no risk factors for 
MRSA or P. aeruginosa, be started on either a 
beta-lactam plus a macrolide or beta -lactam 
plus a respiratory fluoroquinolone (Metlay 
et al. 2019). Prior studies have shown a 
possible survival advantage in severe CAP 
patients with regimens containing a macrolide 
with its potential anti-inflammatory effects 
(Rodriguez et al. 2007; Sligl et al. 2014). 
However, a more recent systematic review 
found no difference in outcomes between 
either a beta-lactam plus macrolide or a beta-
lactam plus fluoroquinolone (Vardakas et al. 

2017). In general, monotherapy is avoided 
in severe CAP in the ICU as appropriate 
dosing and safety of any single agent has 
not been established. The 2019 ATS/IDSA 
guidelines recommend empiric MRSA and/or 
Pseudomonal coverage for CAP patients with 
risk factors for these pathogens, followed by 
de-escalation of therapy, if cultures return 
without growth of these organisms (Metlay 
et al. 2019). MRSA and Pseudomonas risks 
as described above are prior positive culture, 
recent hospitalisations and antibiotic expo-
sure within 90 days. In patients suspected of 
having P. aeruginosa, a two-drug regimen, 

using an anti-pseudomonal beta-lactam 
(cefepime, imipenem, meropenem, piper-
acillin/tazobactam) plus ciprofloxacin or 
levofloxacin is generally recommended. 
Another potential combination therapy will 
be with a three-drug regimen combining 
an anti-Pseudomonal beta-lactam plus an 
aminoglycoside plus either an intravenous 
anti-pneumococcal quinolone (moxifloxacin 
or levofloxacin) or a macrolide (Mandell et 
al. 2007). In patients with suspected MRSA, 
either vancomycin or linezolid is preferred.  
  Similarly, the 2016 ATS/IDSA HAP-
VAP guidelines also recommend empiric 
coverage based on MDR risk factors and 
local antibiogram (Kalil et al. 2016). The 
majority of patients should receive an initial 
empiric regimen that includes coverage for 
methicillin-sensitive S. aureus and gram 
negatives (e.g., piperacillin/tazobactam, 
cefepime, imipenem, meropenem, ceftolo-
zane/tazobactam). Additional consideration 
for antibiotics is based on MDR risk factors 
that include use of IV antibiotics within 90 
days, septic shock at the time of VAP, ARDS 
preceding VAP, at least five days of hospitali-
sation in the past 90 days, and requirement 
of acute renal replacement therapy prior to 
VAP onset. Two anti-Pseudomonal agents 
from different classes are recommended 
for VAP patients with at least one risk factor 

for resistant organisms and where the local 
prevalence of gram-negative resistance to a 
single anti-pseudomonal agent is not known 
or is >10% of gram-negative isolates (Kalil 
et al. 2016). Empiric therapy includes an 
aminoglycoside or an anti-Pseudomonal 
quinolone (high-dose ciprofloxacin or 
levofloxacin) and an anti-pseudomonal 
β-lactam such as cefepime, ceftazidime, 
ceftolozane/tazobactam, imipenem, merope-
nem, ceftazidime/avibactam, imipenem/
relebactam, or piperacillin/tazobactam. 
Newer combination antibiotics are effective 
with MDR pathogens. Ceftazidime-avibactam 
and ceftolozane-tazobactam are effective 
against most MDR gram-negatives (Torres 
et al. 2018; Kollef et al. 2019; Torres et al. 
2019). Meropenem-vaborbactam has good 
activity against most gram-negative micro-
organisms, including those with extended-
spectrum beta-lactamases and K. pneumoniae 
carbapenemases and carbapenem-resistant 
Enterobacteriaceae (Wunderink et al. 2018). 
Imipenem-relebactam is effective against 
most gram-negative microorganisms with 
a survival advantage in VAP patients (Titov 
et al. 2020). MRSA coverage should be 
included with at least one of these risk 
factors for antimicrobial resistance and where 
local prevalence of MRSA is not known, or 
is >10-20% of S. aureus isolates. In those 
patients a third agent is added using either 
linezolid or vancomycin.  
 After culture results become available 
and with clinical stability, de-escalation to  
a more narrow spectrum agent, reducing 
the number of antibiotics, stopping therapy 
altogether in patients not likely to have 
infection, and making efforts to reduce 
duration of therapy is recommended, and 
this has been shown to improve mortality 
and reduce the chance of secondary infection 
and antimicrobial resistance (Niederman 
2006). The majority of VAP patients can be 
treated with a short course of antibiotics 
up to eight days (Chastre et al. 2003). In 
patients with non-responding pneumo-
nia, inhaled colistin or aminoglycosides 
in addition to IV antibiotics can be used 
as an adjunct treatment with documented 
success (Kalil et al. 2016). HAP treatment 
guidelines are the same as for VAP, with the 
exception that MDR risk factors in HAP are 
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prior intravenous antibiotic use within 90 
days, or high risk for mortality.
 Patients with complicated intra-abdominal 
infection with sepsis and shock can be 
challenging since most infections are poly-
microbial, with both aerobic and anaero-

bic pathogens. Empirical therapy should 
include gram-negative with additional 
anaerobic coverage, using a beta-lactam/
beta-lactamase inhibitor combination or a 
carbapenem (Martin-Loeches et al. 2019). 
However, Enterococcus is a common pathogen 

in abdominal infections and is sometimes 
resistant to beta-lactams. In those patients, 
treatment is modified to include glyco-
peptides, oxazolidinones or carbapenems. 
Another consideration in ICU patients with 
complicated intra-abdominal infection 
is fungal infection with candidiasis and 
empirical antifungal therapy with azoles 
or echinocandins is generally initiated for 
severely ill patients (Martin-Loeches et al. 
2019). Appropriate source control with 
percutaneous drainage or open drainage 
should not be delayed. 

Conclusion
Sepsis is a common, heterogeneous, and life-
threatening condition. Successful treatment 
includes identification of high-risk patients 
and prompt use of empiric antimicrobial 
agents directed towards the likely site of 
infection and the common pathogens, with 
a clear understanding of underlying risk 
factors for MDR pathogens. This should be 
followed by a timely de-escalation strategy 
once further culture data and clinical stability 
are achieved, to promote responsible anti-
microbial stewardship. Further advances in 
rapid diagnostics and -omics technology will 
likely usher a personalised treatment option 
for sepsis based on endo/phenotypes. Key 
management principles are summarised 
in Table 1. 
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1.  Sepsis should be managed with prompt antibiotic therapy and source control. 

2.  Bacteria are more common than viruses and fungi as a cause of sepsis, with 
gram-negatives more frequent than gram-positives. Many bacteria are multidrug 
resistant (MDR), which should impact the choice of empiric therapy. 

3. Use of initial appropriate therapy reduces mortality, length of stay and cost, and  
 is chosen based on the suspected source of infection, the likelihood of MDR  
 pathogen infection, and consideration of local microbial susceptibility patterns. 

4. Biomarkers such as procalcitonin and C-reactive protein may have a role in anti 
 microbial stewardship, rather than in determining whether to start antibiotic  
 therapy in patients with sepsis. 

5.  Successful therapy requires the correct dose, often higher than usual in septic 
patients, who can have augmented renal clearance of antibiotics, along with  
alterations in volume of distribution, cardiac output and penetration to the site 
of infection. 

6. Empiric therapy for septic patients with pneumonia (CAP, HAP, VAP) should  
  never be with a single agent, and is based on risk factors for MDR pathogens. 

The most important risk factors to consider when choosing empiric therapy are 
local microbiology, recent use of broad spectrum antibiotics in the past 90 
days, recent hospitalisation for at least five days in the past 90 days, and prior 
colonisation or infection by MRSA or Pseudomonas aeruginosa. 

7. Complicated intra-abdominal infection (cIAI) is often polymicrobial, involving 
  gram-negatives, anaerobes and enterococci. Initial empiric therapy of septic 

patients should be with a beta-lactam/beta-lactamase inhibitor or a carbapenem, 
and in some patients, Candida species should be targeted with added coverage. 
Management also includes source control.

Table 1. Key Recommendations. Modified from Niederman et al. 2021  
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