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• CAP: 
• Antibiotics duration (JAMA Intern Med. 2016;176(9):1257-1265)

• Steroid in CAP (Cochrane Database Syst Rev. 2017 Dec 13;12:CD007720)

• (Clin Infect Dis. 2018 Jan 18;66(3):346-354)

• Risk of heart failure (BMJ. 2017;356:j413) 

• HAP/VAP: 
• ATS guideline 2016 (Clin Infect Dis. 2016; 63: e61–e111)

• ERS guideline 2017 (Eur Respir J. 2017; 50: 1700582)



CAP
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ATS/IDSA 2007 guideline

• Multicenter, noninferiority randomized clinical trial 
• From January 1, 2012, through August 31, 2013 in Spain. 
• A total of 312 hospitalized patients diagnosed as having CAP
• Intervention group vs. control group
• Primary outcome: Clinical success rate at days 10 and 30 

CAP-related symptoms at days 5 and 10
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• IDSA/ATS recommendations for duration of antibiotic 
treatment based on clinical stability criteria (minimum 5 days) 
can be safely implemented in hospitalized patients with CAP



Cochrane Database Syst Rev. 2017 Dec 13;12:CD007720.

17 RCTs comprising a total of 2264 participants
Adults: 13 RCTs, ~ 2000 patients



JAMA. 2015;313(7):677-686 • Severe CAP and a high inflammatory response (CRP >150 mg/L)
• IV methylprednisolone 0.5 mg/kg/12 hours vs placebo 5일, 36

시간 이내 투여
• Less treatment failure 

• Steroid group (8 patients [13%]) vs placebo group (18 
patients [31%]),

• OR, 0.34 [95% CI, 0.14 to 0.87]; P = 0.02

• In-hospital mortality did not differ between the 2 groups

Lancet 2015; 385: 1511–18
• CAP
• Prednisone 50 mg daily vs placebo for 7 days
• Shorter time to clinical stability 

• Steroid group (3·0 days) than in the placebo group (4·4 
days; HR 1·33, 95% CI 1·15–1·50, P<0·0001)



Cochrane Database Syst Rev. 2017 Dec 13;12:CD007720.



Death from any cause, 
radiographic progression or 
clinical instability at day 5-8

Cochrane Database Syst Rev. 2017 Dec 13;12:CD007720.
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• Corticosteroid therapy reduced mortality and morbidity in 
adults with severe CAP

• Corticosteroid therapy reduced morbidity, but not
mortality, for adults with non-severe CAP 

• Corticosteroid therapy was associated with more adverse 
events, especially hyperglycemia, but the harms did not seem 
to outweigh the benefits.



Clin Infect Dis. 2018 Jan 18;66(3):346-354

Individual patient data meta-analysis
1506 individual patients in 6 trials
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Recurrent pneumonia, other infection, pleuritic pain, adverse cardiovascular event, or diarrhea
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The difference in rehospitalizations was 
due predominantly to patients with nonsevere CAP





• Adjunct corticosteroids for patients hospitalized with CAP
• Reduce time to clinical stability 

• Reduce length of hospital stay by approximately 1 day 
(predominantly severe CAP) 

• Without a significant effect on overall mortality

• But with an increased risk for CAP-related rehospitalization
(predominantly non-severe CAP) and hyperglycemia.



• Low dose (~40mg), short course (3-7days) systemic 
corticosteroids should be considered for hospitalized adults 
with severe CAP.



DT Eurich et al. BMJ 2017;356:j413 

• Six hospitals and seven emergency departments in Edmonton, Alberta, 
Canada, 2000-02. 

• Cohort study, prospectively recruited

• 4988 : CAP w/o history of HF 

• 23060 : controls matched on age, sex, and setting of treatment 
(inpatient or outpatient) with up to five adults without pneumonia

• Outcome: Risk of hospital admission for HF up to 2012



DT Eurich et al. BMJ 2017;356:j413 
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• Pneumonia increases systematic oxidative stress and 
inflammatory markers (eg, circulatory cytokines)

•  Increased risk of thrombogenesis, destabilization of 
atherosclerotic plaques, and endothelial dysfunction

• Increased rates of ischaemic heart disease, atrial fibrillation, 
and reduced ventricular function 

• Even in those with young adults, less severe pneumonia

• Over the long term



HAP/VAP



Kalil et al. Clin Infect Dis 2016; 63: e61–e111



Torres et al. Eur Respir J 2017; 50: 1700582



Changes from previous guidelines

• HCAP excluded

• Early vs late onset  MDR risk high vs low, mortality risk high 
vs low 

• Microbiological methods to diagnose

• Emphasis on use of local antibiograms

• 2 empirical antipseudomonal agents for only high risk pts

• Duration of treatment : 7-8 days



HCAP excluded

• HCAP are not at high risk for MDR pathogens

• Underlying patient characteristics are also important 
independent determinants of risk for MDR pathogens

• Recommendations regarding MDROs should be based on 
validated risk factors and not just healthcare exposure

Antimicrob Agents Chemother. 2014;58:5262-8



Early vs late onset  MDR high vs low risk

Torres et al. Eur Respir J 2017; 50: 1700582



Risk factor of MDR

• ATS:

• Previous antibiotic use, 

• Prolonged hospital stay (>5 days 
of hospitalisation) 

• Septic shock

• ARDS

• Acute renal replacement therapy

• ERS:

• Previous antibiotic use, 

• Recent prolonged hospital stay 
(>5 days of hospitalisation) 

• Hospital settings with high rates 
(>25%) of MDR pathogens,

• Previous MDR colonization



Risk factor of MDR

• ATS: • ERS:

• Previous antibiotic use, 

• Recent prolonged hospital stay 
(>5 days of hospitalisation) 

• Hospital settings with high rates 
(>25%) of MDR pathogens,

• Previous MDR colonization

• Previous antibiotic use, 

• Prolonged hospital stay 

(>5 days of hospitalisation) 

• Septic shock

• ARDS

• Acute renal replacement therapy



Microbiological methods to diagnose

>104 CFU/mL

>103 CFU/mL

>104 CFU/mL



Microbiological methods to diagnose

• ATS: non invasive sampling with semiquantative culture 
(weak,low)
• Invasive quantative cultures -> below the diagnostic threshold for 

VAP -> antibiotics be withheld rather than continued (weak, low)

• ERS: distal quantative or proximal quantative or qualative
culture (strong, low)
• More antibiotic-free days in the invasive sampling group (5.0 days vs 

2.2 days; P < .001) (Fagon et al. Ann Intern Med. 2000;132:621-630)



Treatment
• 2 empirical antipseudomonal agents for only high risk pts

• ATS:

High risk of mortality
• Ventilator support
• Septic shock

High risk of MDR
• Previous antibiotic use, 
• Prolonged hospital stay 

(>5 days of hospitalisation) 
• Septic shock
• ARDS
• Acute RRT

• ERS:

High risk of mortality
• Septic shock  

High risk of MDR
• Previous antibiotic use, 

• Recent prolonged hospital stay 
(>5 days of hospitalisation) 

• Hospital settings with high rates 
(>25%) of MDR pathogens,

• Previous MDR colonization



Kalil et al. Clin Infect Dis 2016; 63: e61–e111

• ATS



High risk x
MRSA risk x

Pipera-tazo

Cefepime

Levofloxacin

Imi/meropenem

High risk x
MRSA risk o

Piper-tazo

Cefepime
/ceftazidime

Levo/ciprofloxacin

Imi/meropenem

aztreonam

Vancomycin
linezolid

2 antipseudomonal 
(avoid 2 b-lactams)

Piper-tazo

Cefepime /ceftazidime

Levo/ciprofloxacin

Imi/meropenem

Amikacin/gentamicin/to
bramycin

aztreonam

High risk o
MRSA risk o

Vancomycin
linezolid

Kalil et al. Clin Infect Dis 2016; 63: e61–e111

• ATS

MSSA cover

Pseudomonas: 
• Not high risk, dst known -> 

monotherapy
• High risk -> combination
• Aminoglycoside mono-> x

High risk MDR:
• Previous antibiotic use, 
• >5 days of 

hospitalisation
• Septic shock
• ARDS
• Acute RRT

+

+

• >10% G(-) are 
resistant to 
monotherapy

• Increasing the 
likelihood of G(-) 
infection :Structural 
lung disease

High risk of 
mortality:
• Ventilator

support,
• Septic shock

MRSA risk: 
• IV anti within 

90days, 
• >20% of 

S.aureus, 
• Previous 

detection of 
MRSA 



• ATS
Strong, low-very low

Kalil et al. Clin Infect Dis 2016; 63: e61–e111



• ERS

Torres et al. Eur Respir J 2017; 50: 1700582



• ERS

Strong, lowWeak, very low

MSSA, non 
resistant G(-)

Piper-tazo

Cefepime /ceftazidime

Levofloxacin

Imi/meropenem

Torres et al. Eur Respir J 2017; 50: 1700582

Ertapenem

Ceftriaxone

Cefotaxime

Moxifloxacin

Levofloxacin

Dual anti 
pseudomonal
coverage

High MDR risk
• high rates (>25%) of 

MDR pathogens setting 
• previous antibiotic use, 
• recent >5 days of 

hospitalisation
• previous MDR 

colonization

MRSA ICU >25% 
of S.aureus, 
MRSA coverage

Low MDR, 
low mortality 

risk

High MDR and/or 
High mortality risk

Septic Shock

• Septic shock (-)
• Single-effective 

against >90% of 
Gram (-) according 
to the local 
antibiogram



Treatment: HAP/VAP caused by CRAB

• ATS: 
• IV polymyxin (colistin or polymyxin B) (strong, low) 

• Adjunctive inhaled colistin (weak, low)

• No adjuctive rifampin (weak, moderate)

• No tigecycline (strong, low)



Treatment: de-escalation

• ATS: 
• Suggest de-escalated rather than fixed (weak, low)

• ERS: 
• If initial combination therapy is started, 

• Continuing with a single agent based on culture results 

• Only consider maintaining definitive combination treatment based on 
sensitivities in patients with extensively drug-resistant (weak, low)



Treatment: others

• ATS: 
• Guided by Local Antibiotic-Resistance Data

• VAT, we suggest not providing antibiotic therapy (weak, low)

• Antibiotic dosing be determined using PK/PD data, rather than the 
manufacturer’s prescribing information (weak, low)



Treatment: duration
• ATS: 

• 7-day (strong, moderate)

• ERS: 
• 7–8-day course (Weak , moderate)

• Also includes patients with nonfermenting
Gram-negatives, Acinetobacter spp. and MRSA with a good response

Torres et al. Eur Respir J 2017; 50: 1700582

cystic fibrosis, empyema, 
lung abscess, cavitation 

or necrotizing 
pneumonia 



Treatment: discontinuation

• ATS: PCT levels plus clinical criteria > clinical criteria alone 
(weak,low) 
• (It is not known if the benefits of using PCT levels to determine 

whether or not to discontinue antibiotic therapy exist in settings 
where standard antimicrobial therapy for VAP is already 7 days or 
less)

• ERS: do not recommend the routine PCT measurement
• When the anticipated duration is 7–8 days. (strong, moderate)



Use of biomarkers

• ATS: 진단
• PCT, sTREM-1 + Clinical Criteria < Clinical Criteria alone (weak, low) 

• CRP, CPIS + Clinical Criteria < Clinical Criteria alone (strong, moderate) 

• ERS: 치료 반응
• Bedside clinical assessment [체온, 가래양, purulence, CXR, WBC, 

PaO2/FIO2, CPIS, ODIN, SOFA, SAPS II and APACHE II]> CRP, PCT, copeptin, 
MR-proANP (Strong, moderate)



Take home message

• CAP: 
• 치료기간-최소 5일 &임상적 안정 보일 때 까지
• Steroid: controversy가 있으나 일부 severe CAP에서 benefit
• Risk of HF: non severe/young patients에도 long term하게 영향

• HAP/VAP
• MDR/mortality risk에 따라 empirical therapy에 차이, risk가 있는 경우

에만 double coverage
• Local antibiogram을 참고, sensitivity에 따라 anti 조정
• 치료 기간은 7-8일
• Biomarker보다는 임상적 판단이 중요
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