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Objectives

• Highlight the importance and strategies for early diagnostics of 
infectious etiologies in critically ill patient

• Discuss the strategies to improve clinical decision making regarding 
antimicrobial dosing

• Understand the criteria for appropriate antibiotic selection 



Why detection of infection in critically ill patients is complex ?

• Patients are unable to communicate due to pain, agitation, 
encephalopathy, and/or intubation

• Typical signs of infection may be masked due to ongoing interventions
• Negative diagnostic workup is only valid for limited amount of time
• Atypical & opportunistic pathogens
• Fear of “missing” an infection leading to broad spectrum antibiotics 

Early Diagnosis of Infections in Critical Illness



Early Diagnosis of Infections in Critical Illness
• Observational study from 24 

emergency departments in Norway 
- 1559 patients with infection and 
at least two SIRS criteria

• Timeline of diagnostic procedures 
for recognizing sepsis in emergency 
departments

• Did not include severity of illness or 
source control attempt

Model-predicted 30-day all-cause mortality according to time to 
antibiotic treatment in minutes, adjusted for patient’s age, date of 

admission and presence of organ failure 

PLoS One. 2020;15(1):e0227652



D Delay: Time since respiratory symptoms onset, since antibiotic prophylaxis or 
treatment, since transplantation

I Immune deficiency: nature of immune defects and ongoing antibiotic 
prophylaxis

R Radiographic appearance: Consolidation, air bronchogram, nodules, interstitial 
pattern, pleural effusion, mediastinal mass, cardiomegaly, pericarditis

E Experience: the clinical experience of the ICU team and consultants

CT Better description of the radiographic patterns

Intensive Care Med 46, 298–314 (2020)



Microbiol Spectr. 2016;4(4):10

Timeline of opportunistic infections after 
allogeneic hematopoietic cell transplantation

Delay: 
Time since immune 
suppression 



Microbiol Spectr. 2016;4(4):10

Timeline of infections after solid organ 
transplantation

Delay: 
Time since immune 
suppression 



Immune 
deficiency



Radiological 
Changes in 

Critical Illness



Early Diagnostics of Common 
Infections in ICU

Clin Chest Med 43 (2022) 401–410



Diagnostics for Pulmonary 
Infections

• Point prevalence study of more than 13,000 ICU patients revealing pulmonary 
source of infection in 64% cases

• Mortality associated with pneumonia requiring ICU admission ranges from 15% to 
50%

• Rapid diagnostic test with turn around time of around 2 hr

• Upper respiratory tract testing is not sufficient to diagnose LRT viral infection in 
critically ill patients

Clin Chest Med 43 (2022) 401–410



Rapid Diagnostics for Pulmonary 
Infections

ANTIMICROBIAL RESISTANCE 
GENES:

Carbapenemases:
● IMP
● KPC
● NDM
● OXA-48-like
● VIM

ESBL:
● CTX-M



Rapid Diagnostics for Pulmonary 
Infections

Rapid NAAT based MRSA testing & empirical anti-MRSA therapy:

• NPV of MRSA nasal swab is noted as high as 99.2% but PPV ranging from 17% to 35%.

• MRSA PCR tests on BAL samples with sensitivity of 95.7%, specificity of 98.2%, and 
negative predictive value of 99.6% for detection of culture positive MRSA pneumonia

• RCT of antibiotic de-escalation based on the results of MRSA PCR tests on BAL 
samples compared with usual care revealed no adverse effects, shorter duration of 
anti-MRSA therapy with a trend to lower hospital mortality

Chest 2019;155(5):999–1007



Rapid Diagnostics for 
Bloodstream Infections

When should we suspect bloodstream infection?

• Disruption of anatomic barriers
• Presence of central venous catheters
• Immunosuppression
• Dialysis
• Parenteral nutrition



Rapid Diagnostics for 
Bloodstream Infections

NAATs
• From positive blood cultures include BioFire FilmArray BCID
• From blood directly, like T2-Biosystems NAATs and do not require  positive blood 

culture
• Need target-specific primers

Next-generation sequencing (Karius test)
• Capable of detecting more than 1000 bacteria, viruses, and fungi by 

sequencing of cell-free DNA, with results potentially available within 24 
hours

• Send-out test and associated lag time
• Febrile Neutropenia or culture negative endocarditis

Clin Chest Med 43 (2022) 401–410



Rapid Diagnostics for 
Bloodstream Infections

Matrix-assisted laser desorption ionization–time of-flight mass spectrometry 
(MALDI-TOF)



MALDI-TOF helps 
critically ill patients?

• Decrease time to 
organism identification 
by 1.5 days

• Identifying known and 
unknown organisms, 
unlike PCR where 
primers are required to 
identify  organism



Rapid Diagnosis of Intraabdominal 
Infections

• Septic Shock due to cholecystitis, cholangitis, infected pancreatitis, visceral perforation 
and resulting intra-abdominal fluid collections, infected grafts or mesh and peritonitis

• 16s rRNA sequencing and/or metagenomic shotgun sequencing not much helpful on 
intrabdominal fluid collections

• Multiplex gastrointestinal NAATs on stool sample with turn around time of 2-5 hrs, 
having 54% detection rate as compared to 18% with conventional culture

• CDI remains most common acute diarrheal illness in ICU with 20% of cases having 
fulminant disease

Clin Chest Med 43 (2022) 401–410



Rapid Diagnosis of Intraabdominal 
Infections

Clin Chest Med 43 (2022) 401–410



Rapid Detection of Meningitis

• Study based on 21,840 
individual FilmArray 
ME analyte tests

• Overall percentage of 
agreement with 
comparator test for 
positive targets was 
69.5% (98/141), 
agreement for the 
negative targets was 
>99.9% 
(21,693/21,699)

Journal of Clinical Microbiology Vol. 54(9), pp. 2251-2261



Rapid Detection of Meningitis

Clinical Infectious Diseases, 2023;, ciad306



Acute Ischemic Changes  and 
CNS Infection in Critical Illness 

Clinical Infectious Diseases, 2023;, ciad306



What is Appropriate Antibiotic?

Right 
Drug

Right 
Time

Right 
Dose

Right 
Bug

Right 
Duration





Application of PK-PD in medicine has been associated 
with better clinical outcome, suppression of resistance, 

and optimization of antibiotic use





PK-PD model with different modes of administration

Open Forum Infectious Diseases, 10(7) July 2023

β-lactam Antibiotics for 
Critically Ill Patients

• % fT > MIC has been 
considered as PK-PD index 
that best predicts the 
relationship between 
antibiotic exposure and 
killing for beta-lactam 
antibiotics



β-lactam Antibiotics for Critically Ill Patients

Clin Infect Dis. 2014;58(8):1072-1083

DALI Study: Defining Antibiotic Levels in Intensive Care Unit Patients

• Prospective, multinational PK
point-prevalence study 
including 8 β-lactam antibiotics

• 384 patients (65% males) 
across 68 hospitals with 
median APACHE II score of 18

• Of the 248 patients treated for 
infection, 16% did not achieve 
50% f T>MIC and these patients 
were 32% less likely to have a 
positive clinical outcome

Effect of PK/PD ratio at 50% of the dosing interval (ratio A) in 
interaction with APACHE II score on probability of positive 
clinical outcome for patients not receiving renal replacement 
therapy



Antibiotics. 2022; 11(9):1164.

Issue of the Tissue Distribution



Issue of the Tissue Distribution

• Desired tazobactam concentration in CSF is ~4 mg/liter, but currently utilized doses 
of tazobactam in commercially available combination formulation may not be 
effective in treating CNS infection

• Ceftriaxone is highly protein bound in the serum (83–96%), likely leading to the 
delayed entry in CSF, but provides benefit through a long half-life in both the serum 
and CSF providing higher level of AUCCSF:AUCserum ratio

• BBB penetration of ceftriaxone was unaffected by the use of steroids and has 
greater bactericidal activity in the CSF compared to ampicillin

Antibiotics (Basel). 2022;11(12):1843



Understanding Antimicrobial Resistance and 
Critical Illness  

Inducible Resistance of 
Bacterial Strain

• Exposure to antibiotics 
triggers increased 
production of Amp-C b-
lactamase enzymes and 
development of de-
repressed resistant 
mutants

• Enterobacter 
cloacae, Klebsiella 
aerogenes (formerly Ent
erobacter aerogenes), 
and Citrobacter freundii

Resistant Strains with 
Local Epidemic Outbreak

• Infection control 
• Impact on the antibiotic 

policy of ICU
• Major effect on the 

clinical course of 
patients with 
intermediate degrees of 
illness severity

Long ICU Stay, Broad 
Spectrum ABx, High 

Severity Score

• Multi-resistant strains
• (MRSA, P. aeruginosa, A. 

baumannii)
• Marker of severity
• Although it has a low 

effect on the final 
outcome of patient or 
on the antibiotic policy 
of ICU



Understanding Antimicrobial Resistance and 
Critical Illness  



Understanding Antimicrobial Resistance and 
Critical Illness  

Risk of MDR pathogens:

• Proven infection or colonization 
with antibiotic-resistant 
organisms within preceding year

• Local prevalence of Abx-resistant 
organisms in ICU

• Broad-spectrum Abx use within 
preceding 90 days

• Travel to a highly endemic 
country within the preceding 90 
days



Clinical Infectious Diseases, published: 18 July 2023

Determining empiric treatment for patient based on :

(1) Previous organisms identified from patient and associated antibiotic 
susceptibility data in the last six months

(2) Antibiotic exposures within past 30 days

(3) Local susceptibility patterns for most likely pathogens. 



Clinical Infectious Diseases, published: 18 July 2023

What are preferred antibiotics for the treatment of pyelonephritis and complicated UTI caused by ESBL-
Enterobacterales?

• Carbapenems are preferred agents, when resistance or toxicities prevent 
use of TMP-SMX or fluoroquinolones, or early in the treatment course if a 

patient is critically ill

What are preferred antibiotics for treatment of infections outside of urinary tract caused by ESBL-Enterobacterales?

• Carbapenem recommended as first-line treatment of ESBL infections 
outside of urinary tract

• Meropenem rather than ertapenem, as initial therapy in critically ill 
patients with ESBL-E due to known pharmacokinetic alterations in 

patients with critical illness resulting in significant decrease in serum 
half-life of Ertapenem



Clinical Infectious Diseases, published: 18 July 2023

What are preferred antibiotics for treatment of pyelonephritis and complicated UTI caused by CRE?

• Ceftazidime-avibactam, meropenem-vaborbactam, 
imipenem-cilastatin-relebactam, or cefiderocol can be 

preferred treatment options for pyelonephritis and cUTIs in 
critical illness

What are preferred antibiotics for treatment of infections outside of urinary tract caused by CRE ?

• Ceftazidime-avibactam, meropenem-vaborbactam, and 
imipenem-cilastatin-relebactam are preferred treatment 

options



Understanding Antimicrobial Resistance and 
Critical Illness  

J Pediatric Infect Dis Soc. 2019;8(3):251-260.

Green: Susceptibility 
anticipated to be 
>80%
Yellow: Susceptibility 
anticipated to be 
30% to 80%
Red: Intrinsic 
resistance or 
susceptibility 
anticipated to be 
<30%

Antimicrobial activity against carbapenem-resistant organisms



Take Home Points:

• Understanding the underlying immune deficiency and thorough clinico-
radiological evaluation can guide diagnostic strategy by targeting the most likely 
infectious agents in critically ill patient

• Timely utilization of novel non-invasive diagnostic tools can avoid clinical 
deterioration by early detection of pathogens

• Understanding of PK-PD and antimicrobial resistance patterns can guide 
appropriate antimicrobial dosing



Questions and Comments
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