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Why is the initial empirical antimicrobial therapy 
important in HAP/VAP? (Benefits vs. Harms)

• Development of future antibiotic resistance 

(Individual & Environmental) 

• Drug adverse effects 

• Costs

• Inappropriate Empiric Therapy(IET)

• Mortality

• Length of stay (LOS)

• Costs

Increasing Multi-Drug Resistant Organisms (MDROs)

Sicker patients in the hospital or ICU



Zaragoza, R., et al. (2020)

Pathogenesis of Nosocomial Pneumonia (HAP/VAP)



Wicky, P. H., et al. (2022) Talbot, G. H., et al. (2019)

Spectrum of Nosocomial pneumonia 

–different prognosis?



Zilberberg, M. D., et al. (2022)

Spectrum of Nosocomial pneumonia 

–different prognosis?
A Multicenter Retrospective Cohort Study, United States, 2014–2019



Zilberberg, M. D., et al. (2022)

Etiology of HAP/VAP

(Multicenter retrospective cohort study within Premier Research database)



Zaragoza, R., et al. (2020)

Etiology of HAP/VAP
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Etiology of HAP/VAP

Clinical and microbiological characteristics of adults with hospital-acquired pneumonia
: a 10-year prospective observational study in China 

(Chinese Antimicrobial Resistance Surveillance of Nosocomial Infections network, 2007–2016)

>

<

Yin, Y., et al. (2021) 



Etiology of HAP/VAP (Prevalence of MDRO)

Prevalence of CRAB, CRPA, CRE, and MRSA in HAP patients 
: a 10-year prospective observational study in China 

(Chinese Antimicrobial Resistance Surveillance of Nosocomial Infections network, 2007–2016)

CRAB

MRSA

CRPA

CRE

Yin, Y., et al. (2021) 



2019.7 ~ 2020 6
256 hospitals (340 units), Korea

(KONIS)

Kim, et al. (2021)

주요 폐렴 원인균

-그람음성막대균(80.2%), 그람양성알균(18.3%)
77.7%

-흔한 원인균 순위

• A. baumannii (31.6%)      41.9%
• K. pneumoniae (17.1%)    18.5%
• S. aureus (16.6%)            23.8% 
• P. aeruginosa (12.4%)        16.5%

전년도

전년도



KONIS (2017-2020)Lee, et al. KONIS (2017),

전국중환자실의료관련감염감시체계(KONIS) 운영결과

2017-2020

79.7 / 79.4 / 74.5 / 75.4

6.5  /   3.9  /  3.2  /  7.3

43.7 / 50.7 / 55.9 / 56.6

56.8 / 52.6 / 58.8 / 52.6

68.6 / 65.6 / 64.3 / 65.2

61.8 / 57.6 / 61.6 / 60.8

64.3 / 62.4 / 58.3 / 61.0

45.2 / 50.3 / 52.7 / 50.3

89.1 / 89.6 / 89.3 / 89.7

12.1 / 15.1 / 18.3 /  23.5Imipenem-resistant Klebsiella pneumoniae



Modified from Lee, et al. KONIS (2017)

전국중환자실의료관련감염감시체계(KONIS) 운영결과

2017-2020

77.3

89.4

77.3

89.4

2017-2020



2008-2009 (15 hospitals, Korea)
(Prospective multinational surveillance study in 73 hospitals, 10 Asian countries)

Chung, D. R., et al. (2011)

Etiology of HAP/VAP in Korea

<MDR rates in Asia>

S. Aureus        82.1% 
P. aeruginosa   42.8%
A. baumannii 82.0%
K. pneumoniae 44.7%

Risk factors for mortality
- VAP vs. HAP :       OR 1.433 (0.990-2.076),   p=0.057
- ICU vs. Non-ICU : OR 0.406 (0.284-0.581),   p<0.001
- S. aureus :          OR 0.640 (0.413-0.992),   p=0.046
- A. baumannii :      OR 1.303 (0.925-1.835),   p=0.130
- Discordant initial empirical antibiotic therapy : OR 1.542 (1.127-2.110), p=0.007



Chang, Y., et al. (2021)

The Distribution of Multidrug-resistant Microorganisms and Treatment Status of 
Hospital-acquired Pneumonia/Ventilator-associated Pneumonia in Adult Intensive Care Units

: A Prospective Cohort Observational Study

2012-2015 (5 hospitals, Korea)

97%
88%

41% 100%

MDR rate



Chang, Y., et al. (2021)



Ko, R. E., et al. (2021)

<MDR rates of most common pathogens>

1) 32.2% : Acinetobacter     (MDR 98.5%)
2) 17.1% : Pseudomonas     (MDR 83.3%)
3) 34.1% : Enterobacteriaceae (MDR 37.5%)

(16.6%: K. pneumoniae) 
4) 11.4% : S. aureus         (MRSA 79.2%)

2019 (13 hospitals, Korea)



Ko, R. E., et al. (2021)



Multidrug resistance, inappropriate empiric therapy, and hospital mortality
in Acinetobacter baumannii pneumonia and sepsis

MDR-AB → Inappropriate empiric therapy(IET) Inappropriate empiric therapy(IET) → Mortality

13.4% vs. 73.9% (PSM)
OR = 5.5 (3.6-8.4), p<0.001

15.0% vs. 27.8% (PSM)
OR = 1.85 (1.35-2.54), p<0.001

Zilberberg, M. D., et al. (2016)

Outcome of Inappropriate Empiric Therapy 



Carbapenem resistance, inappropriate empiric treatment, and outcomes
among patients hospitalized with Enterobacteriaceae UTI, pneumonia and sepsis

CRE → Inappropriate empiric therapy(IET)

13.1% vs. 55.8% (PSM)
RR = 4.27 (3.64-5.00), p<0.001

Outcome of Inappropriate Empiric Therapy 

Inappropriate empiric therapy(IET) → Mortality

10.5% vs. 11.9% (PSM)
OR = 1.13 (1.01-1.27), p<0.001

Inappropriate empiric therapy(IET) → LOS

9.6 vs. 14.6 days (PSM)
Excess days = 5.0 (4.4-5.6), p<0.001

Inappropriate empiric therapy(IET) → Costs

$22,005 vs. $32,837 (PSM)
Excess costs= $10,831 (9,254-12,409), p<0.001

Zilberberg, M. D., et al. (2017)



Zilberberg, M. D., et al. (2022)

Outcome of Inappropriate Empiric Therapy 
Inappropriate Empiric Therapy Impacts Complications and Hospital Resource Utilization 

Differentially Among Different Types of Bacterial Nosocomial Pneumonia: 
A Multicenter Retrospective Cohort Study, United States, 2014–2019

Zilberberg, M. D., et al. (2022)



2016-2017 USA vs. Europe guideline



2016 IDSA/ATS guideline

2016 USA guideline

Any of the following :
• a risk factor for antimicrobial resistance (Table 2.)
• in units where >10%–20% of S. aureus are MRSA 

> 10% of GNB are resistant to monotherapy
• in units where local antimicrobial susceptibility rates 
(or MDR prevalence) is not known

Goal : ≥ 95% of patient 
receiving appropriate empiric therapy

“…when implementing these recommendations, individual ICUs may elect to modify these thresholds….”

• All hospitals regularly generate and disseminate 
a local antibiogram, ideally one that is specific to 
their HAP or ICU population, if possible.

• Empiric treatment regimens be informed by the 
local distribution of pathogens associated with 
HAP/VAP and their antimicrobial susceptibilities.

• Update

, Structural lung disease (ie, bronchiectasis)

, Prior detection of MRSA

High risk of mortality in HAP
• Need for MV (vHAP)
• Septic shock 



If structural lung disease (ie, bronchiectasis) : dual anti-pseudomonal coverage

VAP

reserved for settings with high prevalence of MDR 
and local expertise in using this medication

Single anti-Pseudo(&MSSA) → Dual anti-Pseudo(&MSSA) → Triple (Dual anti-Pseudo + anti-MRSA)



Anti-MSSA & Pseudomonal antibiotics

Anti-MRSA antibotics

HAP

Need for MV (vHAP), Septic shock

Antibiotics(90d), 
MRSA > 20%, colonization

Colistin (x)

Single anti-Pseudo(&MSSA) → Dual (anti-Pseudo+ anti-MRSA) → Triple (Dual anti-Pseudo + anti-MRSA)



HAP/VAP 
: assess risk for MDR pathogens and mortality

Low MDR pathogen risk 
and 

low mortality risk#

High MDR pathogen risk 
and/or 

>15% mortality risk

Antibiotic monotherapy: 
Narrow-spectrum agents
against non-resistant GNB 

and MSSA

Single Gram-negative 
anti-pseudomonal agent 
[if active for >90% GNB] 
± MRSA therapy(>25%)

: Dual Gram-negative, 
anti-pseudomonal coverage 

(beta-lactam plus 
AG/FQ/AB:Colistin) 

± MRSA therapy(>25%)

No septic shock Septic shock

2017 ERS/ESCIM/ESCMID/ALAT guideline

2017 Europe guideline

Early or Late onset

(Early onset & Low MDR background)

Broad-spectrum agents targeting PA, AB and ESBL-PE

(Late onset, and/or High MDR or Acinetobacter background)

Imipenem, meropenem, 
cefepime, pip/tazo, 

levofloxacin or ceftazidime

Imipenem, meropenem, 
cefepime, pip/tazo, 

aztreonam or ceftazidime

Ertapenem, 
ceftriaxone, cefotaxime, 

moxifloxacin or levofloxacin



Bostwick, A. D., et al. (2019)

N=3,562
MRSA (184, 5.17%), R-GNR (82, 2.3%)

N=1199 (proven microbes, 33.66%)
MRSA (184, 15.3%), R-GNR (82, 6.8%)

2012-2015 US

Prevalence, 
median = 49%

Prevalence, 
median = 6.7%

IDSA CPG’s Empiric MRSA guidance (20% threshold)
: sensitivity 100%, specificity 0.03%
→ 94.81% potentially overtreated using 20% threshold

N=3,561
(99.97%)

N=1
(0.03%)



Ekren, P. K., et al. (2018)

Overtreated > Appropriate >  Undertreated

In a single center prospective cohort (6 ICUs)

High sensitivity, Low specificity, Very Low PPV for MRSA



Carbapenem-based empiric regimen

O'Donnell, J. N., et al. (2018)

Mortality

Development of 
resistance

in Pseudomonas 

OR 0.79 (0.57-1.11)

OR 2.64 (1.08-6.44)



Unpublished data

2019 (16 hospitals, Korea)

with fluoroquinolone(pip/tazo, cefepime)

Dual anti-Pseudomonal empiric combination



Unpublished data



Empirical combination therapy did not offer an additional benefit, as long as the isolate was susceptible to at least one agent.

Inappropriate vs. Appropriate empiric therapy (30-d mortality 43.8% vs. 21.5%, P=0.03)

Appropriate Empiric Combination therapy 
for Pseudomonas aeruginosa



Morbidity 
& 

Mortality

Antibiotic 
Resistance

Increase
Antibiotic resistance, Side effects

Increase
Mortality, LOS & Costs



Morbidity 
& 

Mortality

Antibiotic 
Resistance

Increase
Antibiotic resistance, Side effects

Increase
Mortality, LOS & Costs

Increase
Antibiotic resistance, Side effects



Consideration for 
the initial empiric antibiotics

• Severity of illness (Mortality risk)

-Organ failure, Shock

-HAP (NV-HAP, V-HAP), VAP ?

• Individual clinical factors

• Immune status

• Potential pathogen

• MDRO risk

(Hospital days, Antibiotic exposure, etc.)

• Local ecology of MDRO

• Colonization of MDRO

• Benefit vs. Harm

Narrow vs. Broad spectrum

G(-) vs. G(+) coverage

Anti-Pseudomonal coverage 

Anti-MRSA coverage

Single vs. Dual vs. Triple

Local ecology vs. Colonization

Non-toxic vs. Toxic drugs

Anti-ESBL-PE coverage

Old vs. New drugs

Bolus vs. Prolonged infusion

Anti-Carbapenem-R coverage



Zaragoza, R., et al. (2020)

Risk factors for MDRO-related infection



Risk factors for MDRO-related infection



Risk factors for MRSA HAP/VAP

2016 IDSA/ATS guideline

• Respiratory colonization/infection of MRSA in the previous 12 months OR 14.81 (CI 4.13-53.13), 
p<0.001

• Hospitalization in the last 90 days OR 2.41 (CI 1.21- 4.81), p=0.012
• Age OR 1.02 (CI 1.001-1.05), p=0.040

Parente, D. M., et al. (2018)

Guideline-induced MRSA overtreatment

NPV 91%, PPV 8% → anti-MRSA overtreatment
Ekren, P. K., et al. (2018)



Parente, D. M., et al. (2018)

MRSA nasal surveillance screening 
using either culture or PCR

Ranzani, O. T., et al. (2020) 

Gram stain morphology by high quality LRT 
sample at pneumonia diagnosis
- sputum, endotracheal aspirates, BAL



Local Ecology vs. Surveillance Culture(Colonization)



Empiric Colistin therapy for CRAB

Kim, T., et al. (2019).

<Prognostic factors of 28-d mortality (after PSM)>
• Vasopressor : OR 8.20 (2.50-26.85), p=0.01
• Previous CRAB colonization within a month before blood culture : OR 4.75 

(1.52-14.81), p=0.01
• Previous Fluoroquinolones at the time of blood culture : OR 3.25 (1.02-10.41), 

p=0.047
• Early Colistin therapy : OR 0.31 (0.11-0.88), p=0.03
• AKI during treatment after blood culture : OR 1.24 (0.86-1.80), p=0.27

<Prognostic factors of 14-d mortality>
• SOFA score ≥8 : OR 4.88 (2.41-9.87), p<0.001
• Vasopressor : OR 3.94 (1.83-8.47), p<001
• Pneumonia : OR 2.05 (1.05-4.02), p=0.040
• Early Colistin therapy : OR 0.32 (0.15-0.69), p=0.003
• AKI during treatment after blood culture : OR 2.31 (1.15-4.63), p=0.020

Early Intravenous Colistin Therapy as a Favorable Prognostic Factor for 28-day Mortality
in Patients with CRAB Bacteremia: a Multicenter Propensity Score-Matching Analysis

28-d mortality
61.4%

48.7%

65.6%



Empiric Combination therapy for CRAB

Park, S. Y., et al. (2019)

Survival of carbapenem-resistant Acinetobacter baumannii 
bacteremia: Colistin monotherapy vs. Colistin plus meropenem



Empiric Combination therapy for CRAB

Empiric combination therapy (2 or 3 agents) :
High dose ampicillin-sulbactam, minocycline, tigecycline, colistin, extended infusion meropenem, novel drug(cefiderocol)

Tamma, P. D., et al. IDSA (2022)



PK/PD – Prolonged infusion of empiric antibiotics targeting MDROs

→ Continuous infusion (over the entire dosing interval)  OR  Extended infusion (over three to four hours)

Beta-lactam antibiotics demonstrate a time-dependent effect on bacterial eradication.

A prolonged infusion may therefore improve microbiologic and clinical cure, 
especially for pathogens with high MICs.



Empiric Combination therapy for MDR P. aeruginosa

Carbapenem < Non-carbapenem beta-lactam < High-dose Non-carbapenem extended-infusion < Novel beta-lactam
(carbapenem resistance, CRPA)

Tamma, P. D., et al. IDSA (2022)



Tacconelli, E., et al. (2018) 

Global threats and burdens of MDRO HAP/VAP



Novel antibiotics for MDRO HAP/VAP

Chaïbi, K., et al. (2022)



식약처 허가(2017.4), 인정비급여(2018.5) 본인 부담







Empiric Combination therapy for DTP (Difficult to Treat P.aeruginosa)

Cefiderocol is recommended as an alternative treatment option.

Empiric Novel beta-lactam + Aminoglycosides combination → Definitive continued monotherapy

Non-susceptibility to all of the following: 
piperacillin-tazobactam, ceftazidime, cefepime, aztreonam, meropenem, imipenem-cilastatin, ciprofloxacin, and levofloxacin.

Tamma, P. D., et al. IDSA (2022)



Empiric algorithm for HAP/VAP in ICU         (The Far Future in Korea?)

Zaragoza, R., et al. (2020)



Colistin
(후콜리스티
메테이트주)



Linezolid
(자이복스주)



Antimicrobial therapy guidance
by Rapid Multiplex PCR

Rapid diagnosis of bacteria and resistance mechanisms



Renaud, C. and M. H. Kollef (2022). 

Rapid diagnosis of bacteria and resistance mechanisms



Rapid diagnosis of bacteria and resistance mechanisms



✓ Sensitivity & Specificity
✓ Predictive values
✓ Laboratory feasibility
✓ Cost
✓ Clinical impact
✓ On-demand or Batched
✓ Run time
✓ Result reporting time

✓ Clinical practice guidelines
- Modifying antimicrobials 

based on the test result
✓ Real-time decision support

Implementation of Rapid Molecular Infectious Disease Diagnostics
: the Role of Diagnostic and Antimicrobial Stewardship

Messacar, K., et al. (2017)

Narrow or Broad
Empiric antibiotic therapy

Early Appropriate 
definite antibiotic therapy



Morbidity 
& 

Mortality

Antibiotic 
Resistance

Increase
Antibiotic resistance, Side effects

Increase
Mortality, LOS & Costs



Adequate-
treatment

Morbidity 
& 

Mortality

Antibiotic 
ResistanceIndividualized 

Therapy

Antibiotic 
Stewardship

Decrease
Antibiotic resistance, Side effects

Decrease
Mortality, LOS & Costs



Summary (Initial Empiric antibiotics for HAP/VAP)

• Recent epidemiologic studies showed increasing MDR GNB pathogen and decreasing MRSA in 
Korea. 

• According to epidemiology, etiologic organism is not different between HAP and VAP.

• MDR increases IET (Inappropriate empiric therapy) and bad outcomes.

• Concerns on the future antibiotic resistance and drug toxicity should be considered.

• Routine anti-pseudomonal combination therapy (beta-lactam + FQ) didn’t show survival 
benefit in our study.

• Empirical combination therapy is indicated according to local ecology or surveillance cultures 
for the patients with very high risk of mortality.

• Development and Distribution of Newer antibiotics for MDRO are needed.

• If molecular diagnostics is used in practice, empiric therapy might be more accurate & rapid.

• Antimicrobial stewardship should be implemented to the daily practice of pulmonologists and 
intensivists to reduce the future resistance and improve patient’s outcome.



Host 
MDR risk factors

Epidemiology
-National

-Per Hospital
-Per Unit

Colonization

Mortality risk

Rapid molecular diagnostics

Clinical Practice Guideline

Newer antibiotics

Antibiotic stewardship

Ideal Empiric therapy 
in HAP/VAP?

-경청해주셔서 감사합니다-


