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Sir William Osler 
Principles and Practice of  
Medicine 1901 

The most widespread and fatal of all the acute diseases, 
pneumonia, is now ‘’¢ƘŜ /ŀǇǘŀƛƴ ƻŦ ǘƘŜ aŜƴ ƻŦ ŘŜŀǘƘΩΩΧ 

More than a century later !!! 

 Most common cause of infection related mortality 
  in USA 
Å Affects 4000000 (4 million) adults per year 
• Rate is 8-15/1000 per year 
• 6th leading cause of death in USA 

National center of Health Statistics 1992 



Major changes during last two decades 
Niederman, M. S. Chest 2007;131:1205-1215 
 

Changing spectrum of etiologies (viruses, resistant 
microorganisms including MRSA) 

 

Increasing resistance of pathogens to antimicrobial drugs 

 

Increased number of people in elderly age group and  
immunosuppressed   



Community Acquired pneumonia 



Worsened 

Managed with Co-amoxiclav and 
azithromycin for 7 days 

Managed with Co-amoxiclav and 
azithromycin for 7 days 

After 72 
hours 

Improved 

25/Male, R/O Delhi 
Fever, Cough and Expectoration: 7d 

Came to OPD 

21/Male, of Indian origin r/o UK 
Fever, Cough and Expectoration: 7d 

Came to OPD 

Pneumonia AFB+ve:Tuberculosis 







Approach to a patient with Community Acquired Pneumonia 



Case-1 

A 73 yr old male, Never smoker, a known case of hypertension and diabetes, 
came to OPD with complaints of  

 

ÅFever and cough with expectoration since last 5 

Åshortness of breath since last 5 days with few episodes of desaturation 

ÅWife is a Medical doctor and recorded SpO2 of 89% on Room Air and 
brought him to hospital 

 

 

 



No h/o hospitalisation / iv antibiotics / recent travel 

VITALS: 
ÅBP- 140/90mmhg 

ÅPulse- 94/min 

ÅRespiratory rate- 21cycle/min 

Temperature- Febrile (101° F) 

SpO2 89% (recorded at home) 

SYSTEMIC EXAMINATION:  
ÅCVS- ,S1S2 Normal  

ÅRS- B/L AE+ 

ÅLeft basal crepts+ 

Abdomen- soft, non-tender 

TLC count(24/11/22)- 15190/cu mm  

 

 

24/11/2022 



 

Does a normal X-ray rule out community acquired 
pneumonia??? 

What are the indications of doing a CT Chest in 
community acquired pneumonia? 



J Community Hosp Intern Med Perspect. 2020; 10(1): 19ï24. 
Published online 2020 Jan 2. doi: 10.1080/20009666.2020.1711639                                                               PMCID: PMC7034517 
                                                                                                                                                                                  PMID: 32128054 

Characteristics of pneumonia with negative chest radiography in cases 
confirmed by computed tomography                   
Takatoshi Kitazawa,a Hisanao Yoshihara,a Kazunori Seo,a,b Yusuke Yoshino,a and Yasuo Otaa,c 
 
Å138 patients were divided into two groups, those whose infiltrates were present on CT but 

absent or inclusive on chest radiography [CR- group] and those whose infiltrates were 
present on both chest radiography and CT [CR+ group]. 

 

RESULTS: 

A total of 138 patients were included, with 58 patients in the CR- group and 80 patients in the 
CR+ group. Mean age was higher in the CR- group than in the CR+ group, and white blood cell 
counts and C-reactive protein (CRP) levels were lower in the CR- group than in the CR+ group. As 
for laterality of pneumonia infiltration, patients in the CR- group showed infiltration in the left 
lung more frequently than those in the CR+ group. 

 

In patients admitted with a clinical diagnosis of CAP, the initial chest radiograph lacks sensitivity 
and may not demonstrate parenchymal opacifications in 21% of patients. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7034517/?report=classic
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7034517/?report=classic
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7034517/?report=classic
https://doi.org/10.1080/20009666.2020.1711639
https://pubmed.ncbi.nlm.nih.gov/32128054
https://pubmed.ncbi.nlm.nih.gov/?term=Kitazawa T[Author]
https://pubmed.ncbi.nlm.nih.gov/?term=Kitazawa T[Author]
https://pubmed.ncbi.nlm.nih.gov/?term=Kitazawa T[Author]
https://pubmed.ncbi.nlm.nih.gov/?term=Yoshihara H[Author]
https://pubmed.ncbi.nlm.nih.gov/?term=Yoshihara H[Author]
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ÅSince X ray did not show active parenchymal lesions , NCCT Chest was done  

 

He was advised for CT chest, 

 

 

 

 

 

 

 

CT was s/o left lower lobe consolidation with tiny nodules 

 





INVESTIGATIONS: 

 

ÅTLC count: 

 

DATE VALUE 

24/11/2022 15.91 X 103 

Sputum Gram 
stain 

Inconclusive 

Sputum Culture Awaited 

BLOOD CULTURE negative 

URINE CULTURE negative 

H1N1 test negative 

PROCALCITONIN 0.7ng/ml 



 

 

 Microbiology & Laboratory evaluation 



BLOOD 
CULTURE 

SPUTUM 
CULTURE 

URINE 
ANTIGEN 

Procalcitonin 

Tests tor TB 

Bronchoscopy 



Diagnosis of Pneumonia 

Microbiology 

Å Sputum Gram Stain and culture  
Å Blood Culture 
Å Bronchoscopy 
Å Serology 
Å Urine antigen test  

S pneumonia & Legionella 
Å PCR for viral diseases  
Å Others 



Indian guideline, 2012 

a) Should be sent in all hospitalized patients (2A) 

b) Quality should be ensured for interpreting gram stain results (2A) 

c) Sputum for AFB should be sent as per RNTCP  guidelines for non-responders 

(2A) 

ÅSputum C/S and gram stain 
Å Yield of sputum cultures34-86% 

Å For pneumococcal pneumonia, Sensitivity  and Specificity of gram 
stain 15-100% and 11-100% 

Å Useful despite variable results 

  - Rapid results 

  - Helps narrow down the etiology 

Sputum examination 

IDSA/ATS guidelines 

Sputum samples should only be sent , 

 a) If good quality specimen can be obtained 

 b) If quality measures for collection, transport and   

     processing can be ensured 



Indian Guideline 

1. Obtain blood cultures in all 

hospitalized patients (2A) 

2. Not required in routine OPD 

management (2A) 

 

 

 

 

Blood Cultures 

ÅLow sensitivity, high 
specificity 

ÅYield between 5% to 33% 

ÅSystematic review (Afshar 
et al, 2009) 

Å True positive cultures in 0% 
to 14% 

Å Commonest organism 
isolated Pneumococcus 

Å Doesn’t change antibiotic 
decisions 

IDSA/ATS guidelines 

Obtain blood cultures only if 

i. Intensive care unit admission 

ii. Cavitary infiltrates 

iii. Leukopenia 

iv. Active alcohol abuse 

v. Chronic severe liver disease 

vi. Asplenia (anatomic or functional) 

vii. Positive pneumococcal UAT 

viii. Pleural effusion 

Gupta et al. Indian J Chest Dis Allied Sci 2012 



Newer tests 
 

ÅUrinary Antigen  
ÅStreptococcus and Gp 1 Legionella  
ÅSensitivity – 75%, Specificity - >95% 
ÅEarly(<15 min), no effect with antibiotics 

 

ÅSerological tests 
ÅIgM for Chlamydia and Mycoplasma 

 

ÅMolecular diagnostics 
ÅSensitive but no resistance pattern 
 and costly 

Indian Guidelines (2013) 
 

1. Legionella urinary antigen test is 
desirable in patients with severe CAP 

(1B) 
 

2. Pneumococcal antigen detection test is 
not required routinely for the 

management of CAP (2A). 
 

3. Investigations for atypical pathogens 
like Mycoplasma, Chlamydia, and viruses 

need not be routinely done (2A). 
 

4. Pneumococcal PCR is not 
recommended as a routine diagnostic test 

in patients with CAP (1A) 
 



Biomarkers 

ÅErythrocyte sedimentation rate(ESR) 

ÅC- Reactive Protein(CRP) 

ÅProcalcitonin(PCT) 

ÅTriggering receptor expressed on Myeloid cells(sTREM1) 





 

Should procalcitonin be done in hospitalized 
patients with   community acquired pneumonia 

Does procalcitonin help I in discriminating bacterial 
from viral and fungal aetiologies? 



Procalcitonin in LRTI Procalcitonin in LRTI 
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Statement 

Recommendation for baseline procalcitonin 

Baseline procalcitonin levels have not been consistently shown to reduce 
antibiotic exposure in community-acquired lower respiratory tract infections. 
Most guidelines recommend against withholding antibiotics in lower respiratory 
tract infections or CAP based on baseline procalcitonin.  

Baseline procalcitonin levels alone should not be used to withhold empiric 
antibiotic therapy in patients with LRTI and CAP.(1A) 
Based on clinical judgment, prompt initiation of optimal empiric antibiotic 
therapy is recommended in patients with LRTI including CAP. (1A) 

Khilnani GC et al. Guidelines for the use of Procalcitonin for Rational Use of Antibiotics. IJCCM 2022 (Accepted for publication) 

Should baseline procalcitonin values in community-acquired lower 
respiratory tract infections be used to decide antibiotic initiation? 
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Statement 

Recommendation for baseline procalcitonin 

In patients with community-acquired pneumonia, baseline procalcitonin alone 
has limited utility in clinical decision-making regarding the initiation of antibiotics. 
In clinical trials, procalcitonin measurements have been performed at 
randomization or emergency or hospital admission.  

Should not be routinely measured for initiation of antibiotics in all patients with 
CAP. (1A) 
Be obtained in severe CAP for subsequent de-escalation of antibiotics. (2A) 
If indicated, baseline serum procalcitonin should be preferably measured at 
admission. (3A) 

Khilnani GC et al. Guidelines for the use of Procalcitonin for Rational Use of Antibiotics. IJCCM 2022 (Accepted for publication) 

What is the utility and optimal timing of measurement of serum 
procalcitonin for antibiotic administration in CAP and other LRTIs? 
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Statement 

Recommendation for baseline procalcitonin 

Higher procalcitonin levels are strongly associated with typical bacterial 
infections. Baseline procalcitonin levels have varied sensitivity in differentiating 
bacterial and viral CAP. There are currently no established threshold values of 
procalcitonin to discriminate bacterial from viral pneumonia. 

Procalcitonin levels alone should not be used to differentiate between bacterial 
and viral etiology in patients with CAP. (1A) 

Khilnani GC et al. Guidelines for the use of Procalcitonin for Rational Use of Antibiotics. IJCCM 2022 (Accepted for publication) 

Can procalcitonin levels be used to differentiate between viral and 
bacterial etiology in community-acquired pneumonia? 



 

Should a Bronchoscopy be done in CAP Should a Bronchoscopy be done in CAP 



ÅThis study examined 88 hospitalized patients and compared the 
diagnostic yield of protected specimen brush (PSB) and 
bronchoalveolar lavage (BAL) in the immunocompetent patient with 
CAP with results obtained from conventional sputum cultures. 

 

ÅFollowed by the modification of initial empirical treatment based on 
the microbiological results. 

 Effrosyni  Manali, Antonios  Papadopoulos, Sotirios  Tsiodras, Vlasis Polychronopoulos, Helen Giamarellou  & Kyriaki  Kanellakopoulou  (2008) The impact on community 
acquired pneumonia empirical therapy of diagnostic bronchoscopic  techniques,  Scandinavian Journal of Infectious Diseases,  40:4, 286-
292, DOI: 10.1080/00365540701663373  

https://doi.org/10.1080/00365540701663373


ÅFibreoptic bronchoscopy with quantitative PSB and BAL cultures for 
common pathogens, mycobacteria and fungi was performed. 

 

ÅConventional sputum cultures were also obtained. PSB and BAL 
quantitative cultures added 26.1% and 36.4%, respectively, more 
microbiological documentation for CAP compared to conventional 
sputum cultures. 

 

Effrosyni  Manali, Antonios  Papadopoulos, Sotirios  Tsiodras, Vlasis Polychronopoulos, Helen Giamarellou  & Kyriaki  Kanellakopoulou  (2008) The impact on community 
acquired pneumonia empirical therapy of diagnostic bronchoscopic  techniques,  Scandinavian Journal of Infectious Diseases,  40:4, 286-
292, DOI: 10.1080/00365540701663373  

https://doi.org/10.1080/00365540701663373


Assessing Severity of CAP 







CRITERIA FOR DEFINING SEVERE CAP 

ÅSeptic shock with need for vasopressor 
ÅRespiratory failure requiring mechanical ventilation 

Major criteria (any 1) 

ÅConfusion 
ÅRR > 30 cycles/min 
ÅHypotension 
ÅHypothermia 
ÅPO2/Fio2 < 250 
ÅLeukopenia < 4000 cells/ul 
ÅUremia > 20mg/dl 
ÅLow platelet < 1,00,000 
ÅMulti lobar infiltrates 

Minor criteria(any 3) 

ATS/IDSA guidelines (2019) 



Case continued… 

Patient was started on antibiotics (Cefaparazone-sulbactum and 
Moxifloxacin). Based on clinical presentation and radiology 

ÅBronchoscopy was done: 

 

AFB microscopy ς negative 

Genexpert ς negative 

Gram stain – pus cells > 25/low power field. 

Pyogenic culture – no growth seen.  

 

 



 
What are common organisms in CAP? What are common organisms in CAP? 



Pneumococci Staphylococci 

Influenza virus Mycoplasma 

H. influenzae 

Chlamydia 

Major Culprits… 
Typical 

Atypical 



 
 Most common etiologies of   
community acquired pneumonia 

Patient type Etiology 

Outpatient Streptococcus pneumoniae 

Mycoplasma pneumoniae 

Haemophilus influenzae 

Chlamydophila pneumoniae 

Respiratory viruses 

Inpatient (non-ICU) S. Pneumoniae 

M. Pneumoniae 

C. Pneumoniae 

H. Influenzae 

Legionella species 

Aspiration 

Respiratory viruses 

Inpatient (ICU) S. Pneumoniae 

Staphylococcus aureus 

Legionella species 

Gram-negative bacilli 

H. influenzae IDSA/ATS Guidelines CID2007:44 (Suppl)27-
72 

http://127.0.0.1:1818/chaps/61FF2


Virus 

Influenza, Adenoviruses, Respiratory syncytial viruses, Parainfluenza viruses, 

Coronavirus, Hantavirus etc. 

Tubercular 

Fungal : Aspergillus, Fusarium etc. 

Parasitic 

Leptospira  

 
 
 

 



 CAP Microorganisms: AIIMS Study (2008-10) 
(n = 50)  

Organisms No. of patients 

Streptococcus  pneumoniae  11(22%) 

Chlamydophila pneumonia  10(20%) 

Mycoplasma pneumonia 4(8%) 

Mycobacterium tuberculosis 4(8%) 

Klebsiella  pneumonia 3(6%) 

Pseudomonas aeruginosa 3(6%) 

Parainfluenza 3 virus 
Influenza A virus 

2(4%) 
1(2%) 

Escherichia coli 1(2%) 

Staphylococcus aureus (CA-MRSA) 
 

1(2%) 



What should be initial choice of antibiotics in 
patients with CAP? 



Khilnani GC, Zirpe K, Hadda V, Mehta Y, Madan K, Kulkarni A, Mohan A, Dixit S, 
Guleria R, Bhattacharya P. Guidelines for Antibiotic Prescription in Intensive 
Care Unit. Indian Journal of Critical Care Medicine 2019;23(Suppl 1): S1-S63 

 
 Expert Committee: Arti Kapil, Pawan Tiwari, Saurabh Mittal, Dhruva Chaudhary, JC Suri, MK Daga, Yash Zaveri, 
 Suresh Rama Subban, Seema Sood, RK Mani, Narendra Rungta, Anirban Chaudhry, Rajesh Pandey, Neetu Jain, 
 Arvind Baronia, Jaya Kumar, Gyanendra Agarwal, Camilla Rodrigues, BK Rao, Deepak Govil, Sachin Gupta,  
Ashit Hegde, Pramod Garg, Sandeep Mahajan, Chand Wattal, Rajesh Chawla, Anjan Trikha, Prakash Shastri,  
Anil Gurnani, Rajesh Mishra, Rohit Bhatia, GC Khilnani, Kapil Zirpe, Vijay Hadda, Anant Mohan, Atul Kulkarni, 
 Karan Madan, Yatin Mehta, Subhal Dixit, Randeep Guleria, Pradeep Bhattacharya 



CHOICE OF ANTIBIOTICS 

INITIAL TREATMENT FOR OUT PATIENTS WITH CAP: 
STANDARD REGIMEN 

No comorbidities or risk factors for 
MRSA/ pseudomonas aeruginosa 

ÅAmoxycillin or 
ÅDoxycycline or 
ÅMacrolides (if local pneumococcal resistance is <25%) 

With comorbidities  Combination therapy with 
ÅAmoxycillin/clavulanate or 
ÅCephalosporins   + 
ÅMacrolides or 
ÅDoxycycline  

Or 
Monotherapy with 
ÅRespiratory fluroquinolones 

 



CHOICE OF ANTIBIOTICS 
INITIAL TREATMENT FOR INPATIENTS WITH CAP: 

STANDARD REGIMEN 

Without risk factors for MRSA/ pseudomonas Combination therapy with 
ÅBeta- lactams and macrolides 

OR 
Monotherapy with  
ÅRespiratory fluroquinolones 
If both macrolides and fluroquinolones are 
contraindicated 
Combination therapy with 
ÅBeta-lactam + 
ÅDoxycycline 



Q
u

es
ti

o
n

s 
Q

u
es

ti
o

n
s 

Evid
en

ce
 Statem

en
t o

r 
R

eco
m

m
en

d
atio

n
s 

Recommendation 

What should be the preferred combination therapy for CAP in ICU? What should be the preferred combination therapy for CAP in ICU? 

non-pseudomonal β-lactam (cefotaxime, ceftriaxone) or beta lactam with beta-
lactamase inhibitor  (amoxicillin–clavulanic acid), plus a macrolide (azithromycin or 
clarithromycin) (1A).  
For penicillin-allergic patients, respiratory fluoroquinolone (levofloxacin, moxifloxacin 
or ciprofloxacin) and aztreonam (3A) 

For empirical therapy in patients with CAP in ICU, should combination therapy be preferred 
over monotherapy? 
For empirical therapy in patients with CAP in ICU, should combination therapy be preferred 
over monotherapy? 

Patients with CAP requiring ICU admission should initially receive combination of 
empirical antimicrobial agents covering common causative organisms.  (2A) 

Recommendation 

If macrolides cannot be used, a fluoroquinolone may be used if no clinical suspicion 
of TB, after sending sputum or endotracheal aspirate samples to rule out 
tuberculosis. (3A) 

 Indian guidelines for antibiotic administration in ICU  Indian guidelines for antibiotic administration in ICU 



WHEN TO SUSPECT AN ANAEROBIC INFECTION AND 
PSEUDOMONAS 



Risk factors for anaerobic infection : 

 

ÅDysphagia  

ÅAltered sensorium 

ÅComa,  

ÅWitnessed aspiration,  

ÅPutrid discharge, 

ÅPresence of lung abscess,  

ÅEmpyema or  

ÅNecrotizing pneumonia. 



Risk factors for infection with Pseudomonas aeruginosa:  
 

ÅChronic pulmonary disease (chronic obstructive pulmonary disease, asthma, 
bronchiectasis) 

Å Frequent systemic corticosteroid use 

Å Prior antibiotic therapy 

Å Old age 

Å Immunocompromised states 

Å Enteral tube feeding,  

Å Cerebrovascular or cardiovascular disease.  

Å Prior antibiotic therapy is a risk factor for multidrug-resistant pseudomonal 
infection.  



WHEN TO SUSPECT COMMUNITY ACQUIRED MRSA ? 



Risk factors for MRSA in CAP:  
 

ÅClose contact with MRSA carrier or patient,  

ÅInfluenza,  

ÅPrisoners,  

ÅProfessional athletes,  

ÅArmy recruits,  

ÅMen having sex with men (MSM), intravenous (IV)  

ÅDrug abusers,  

ÅRegular sauna users 

ÅRecent antibiotic use.  

ÅMRSA pneumonia should be suspected after influenza or in previously healthy young 
patients, if there is cavitation or necrotizing pneumonia, along with rapid increase of 
pleural effusion, massive hemoptysis,neutropenia or erythematous rashes.  



SHOULD FLUOROQUINOLONES BE USED AS INITIAL TREATMENT FOR 
COMMUNITY ACQUIRED PNEUMONIA IN INDIA ? 



Status of quinolones and Linezolid in 
India 

Status of quinolones and Linezolid in 
India 
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Statement 

How should quinolones be used in severe CAP in India? How should quinolones be used in severe CAP in India? 

Recommendation 

For patients with severe CAP requiring ICU admission without risk 
factors for pseudomonal infection, a combination of beta-lactams 
along with macrolides is better as compared to beta-lactam 
fluoroquinolone combination in terms of mortality benefit and length 
of hospital stay.  

If macrolides cannot be used, a fluoroquinolone may be used if there 
is no clinical suspicion of tuberculosis, after sending sputum or 
endotracheal aspirate for AFB and Genexpert (3A). 

Khilnani GC et al.  Indian Journal of Critical Care Medicine 2019;23(Suppl 1): S1-S63 



BACK TO OUR CASE 



Sputum culture of the patient 



Case continued….. 

 

Patient was continued   on cefaperazone sulbactam and moxifloxacin for 7 
days 

According to culture sensitivity report, patient was de escalated to 
azithromycin and continued on cefaperazone. 

 

After 1 week of injectable  antibiotics, patients condition improved, follow 
up USG was done – which showed no pleural effusion. 

 

After a total of 7 days of injectable antibiotics, pt was switched to oral 
antiobitic - cefpodoxime clavulanate and pt was discharged. 
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Case continued… 
Patient came to OPD for follow up after 7 days of oral antibiotics. 

 

Patient’s symptoms had resolved. 

 

Follow up CT chest was done, which showed clearing of consolidation 
compared to past CT. 

 

02/12/2022 24/11/2022 



 

 

What is the role of Steroids in Severe CAP? 
 

What is the role of Steroids in Severe CAP? 



Role of Steroids 

1. No role  in non severe 
CAP 

2. Role in severe CAP with 
inflammation(CRP>15mg/d
L), septic shock or ARDS 

3. Mortality risk reduction 1 

4. Contraindications to be 
ruled out 

1. Siemieniuk RA et al. Corticosteroid therapy for patients hospitalized with communityacquired pneumonia: a 
systematic review and meta-analysis. Ann Intern Med. 2015;163:519–28. 
 



HOSPITAL ACQUIRED PNEUMONIA HOSPITAL ACQUIRED PNEUMONIA 



CAP 
• Pneumonia  in community setting i.e. acquired outside of hospitals or 

extended health care facilities 

HAP 
• Pneumonia 48 hours or more after admission 

• Not intubated at the time of admission 

VAP 

 

• Pneumonia more than 48–72 hours after endotracheal intubation 
 

Definition  

Am J Respir Crit Care Med 2005;171;388-416 



Nosocomial Pneumonia in ICU 

Non-ventilated Ventilated 

Incidence 

0.9/1000 patient days 

 

Mortality 

Crude mortality rate 20% 

 

20.6/1000 patient days 

3-21 fold higher risk 

 

71% 

Chest 2002;122:2115-21 



Case scenario 2  

Å 56 yr old gentleman 

Å Diagnosed c/o COPD with 

OSAS (AHI – 68.2/hr) 

Å Admitted with increased  

dyspnea and drowsiness – 3 

days 

Å Had Type 2 respiratory failure, 

started on NIV 



 After 24 hours 

ÅWorsening respiratory failure 

with progressive rise in CO2 

Å Deterioration in sensorium 

Å Intubated and mechanically 

ventilated 

ÅPt was started on ceftriaxone 

and azithromycin 



Å Day 3 worsening hypoxia  

Å Fever and new infiltrates on CXR 

Å Increasing inotrope requirement, 

Å  TLC 18300 

Å Mini BAL done 

Case scenario 2 



This Patient has Hospital Acquired Pneumonia 
(VAP) 

 

This Patient has Hospital Acquired Pneumonia 
(VAP) 
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Chest 2002;122:2115-21 

Impact of VAP   



Survival Curve in Cases (VAP) and Controls 
AIIMS study (G.C.Khilnani et al) 
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HAP/VAP Dx: Modified CDC Criteria 

Clinical 
suspicion 

Am J Respir Crit Care Med 2005;171;388-416 
Am J Infect Control 2008; 36: 309-32 

Semi 
quantitative 
cultures of 
sputum/ 
tracheal 
aspirates 

Two or more serial chest  
radiographs with  

New or progressive  
   and 

 persistent infiltrate  
Consolidation  

Cavitation  
  

Any two 
 

ÅFever (>38°C or >100.4°F) 

ÅLeucopenia (<4000 WBC/mm3)  

ÅLeukocytosis (>12,000 WBC/mm3)   

ÅFor adults >70 years old, altered mental 

status with no other recognized cause  

ÅNew onset of purulent sputum or change 

in character of sputum, or increased 

respiratory secretions, or increased 

suctioning requirements  

ÅRales or bronchial breath sounds  

ÅWorsening gas exchange 



The modified clinical pulmonary infection score 

CPIS Points 0 1 2 

Tracheal secretions Rare Abundant Abundant + purulent 

CXR  No infiltrate Diffused Localized 

Temperature, °C  >36.5 & <38.4  >38.5 and < 38.9  >39 or  <36 

TLC, per mm3 >4,000 & <11,000 <4000 or >11000 
< 4,000 

or  
> 11,000+ bands> 500 

PaO2/FiO2 > 240 or ARDS 
< 240 and no evidence of 

ARDS 

Microbiology Negative Positive 

Am J Respir Crit Care Med Vol 168. pp 173–179, 2003 

Score > 6 Ą good correlation with pneumonia 

Sensitivity 78-85% & Specificity 49-56% 

Score ≤6Ą good prediction to discontinue antibiotic therapy after 3 days 



D/D VAP 

Pneumothora
x 

Pneumothorax 

ARDS 



Collapse 



Fluid overload 



ILD 



ARDS 



Differential Diagnosis 

¶Atelectasis (Collapse of Lung) 

¶Pleural effusion 

¶Pulmonary embolism 

¶Cardiogenic Pulmonary oedema 

¶Lung cancer 

¶Pulmonary alveolar Haemorrhage 

 

 



 Microbiologic Diagnosis 



Microbiologic Diagnosis 

¶Tracheal Aspirate 

¶Mini BAL, Non-bronchoscopic BAL 

¶Bronchoscopy 

 



 Indian J Crit Care Med, 2011 



Mini BAL 
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Khilnani  GC et al Am J Respir Crit Care Med 2007 
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Methods Sensitivity  Specificity  PPV NPV Yield 

Endotracheal aspirate  55.6% 71.4% 83.3 38.5 52 

NBAL 83.3% 71.4% 

 

88.2 62.5 68 

Bronchoscopic BAL 

 

77.8% 71.8% 87.3 55.5 64 

Bronchoscopic PSB 94.9% 57.1% 85 80 80 

Indian Journal of Critical Care Medicine 2011 N= 25 



Am J Respir Crit Care Med 2005;171:388-416 

Procedure Threshold 
Sensitivity (%) Specificity (%) 

Range Mean Range Mean 

Tracheal Aspirate 106 cfu/ml 33-82 76+9 72-85 75+28 

BAL 104-105cfu/ml 42-93 73+18 45-100 82+19 

BAL 

Intracellular organism 

69+20 75+28 

PSB 103 33-100 66+19 50-100 90+15 

Non-bronchoscopic BAL 64-97 74-100 

Mini BAL 63-100 66-96 

Blind PSB 58-86 71-100 

 

AIIMS Study  Khilnani  GC et al Am J Respir Crit Care Med 2007 

 

Tracheal aspirate Qualitative 75 55 

BAL 104cfu/ml 77.85 71.83 

Bronchoscopic Brush 103 94.9 57.14 

Non-bronchoscopic BAL 104 83.3 71.43 





ÅHAP/VAP can be clinically defined by modified CDC criteria (2A) 

ÅSend lower respiratory tract samples and blood for cultures prior to antibiotics 

(1A) 

ÅAll HAP should be evaluated with good quality sputum analysis (3A) 

ÅSemi-quantitative cultures equally helpful for diagnosis (2A) 

ÅMini-BAL is a reasonable choice (2A) 

ÅManagement should not be delayed in unstable patients (UPP) 

ÅProcalcitonin >0.5 may distinguish infective vs. non-infective source 

ÅMay help in antibiotic discontinuation, not in diagnosis (2B) 

 

Approach to diagnosis: Recommendations 

Gupta et al. Indian J Chest Dis Allied Sci 2012 

Weak Recommendation, Low-quality Evidence!! 

‘’For patients with suspected HAP/VAP, we suggest using 

clinical criteria alone, rather than using CPIS, CRP or PCT, to 

decide whether or not to initiate antibiotic therapy’’ 

IDSA, 2016 



                               Treatment 



MORTALITY RATES ACCORDING TO INITIAL EMPIRIC ANTIBIOTIC THERAPY (AJRCCM 
2002;165:880) 
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Statement 

Recommendation 

Procalcitonin alone has limited utility for diagnosing or predicting  
outcome of hospital-acquired or ventilator-associated pneumonia. 
Baseline procalcitonin values may be used to aid clinical parameters for 
decision-making.  

Baseline procalcitonin levels alone should not be used to make the 
clinical decision regarding antibiotic initiation in patients with VAP and 
HAP (1A) 

Khilnani GC et al. Guidelines for the use of Procalcitonin for Rational Use of Antibiotics. IJCCM 2022 (Accepted for publication) 

Should procalcitonin levels be used to decide antibiotic initiation in HAP/VAP? 

Statement 

Recommendation 

Serial procalcitonin levels have been used in antibiotic de-escalation and 
antibiotic stewardship studies. Most studies have measured 
procalcitonin daily in critically ill and every 48 to 72 hours in stable 
patients. Most studies on VAP have done daily PCT. 

Serial serum procalcitonin level measurement, preferably every 48 
hours, should be used in antibiotic de-escalation. (UPP) 

How often should procalcitonin level be repeated after baseline in VAP and HAP? 



What are the common organisms causing VAP? 
 

What are risk factors for infection with MDR pathogens?  
 

What are the common organisms causing VAP? 
 

What are risk factors for infection with MDR pathogens?  
 



Indian Guidelines for Antibiotics in ICU Indian Guidelines for Antibiotics in ICU 
What are the common organisms causing VAP? What are the common organisms causing VAP? 

Globally m/c aerobic GNB, such as Acinetobacter, K. pneumoniae, P. 
aeruginosa, or GPC (e.g., S. aureus). 
India: GNBs (most common Acinetobacter, Klebsiella, Pseudomonas 
spp.) 
Mostly MDROs 
Microbiology and resistance varies by hospital, patient population, type 
of ICU 

Statement 
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What are risk factors for VAP due to MDR pathogens? What are risk factors for VAP due to MDR pathogens? 

Age > 60 years 
MV ≥ 7 days  
Prior antibiotic use within 3 months 
Severe sepsis/septic shock at time of VAP 
ARDS preceding VAP 
RRT prior to VAP 
Systemic corticosteroid therapy 

Statement 



What should be the initial empirical antimicrobial 
therapy in this case? 

What should be the initial empirical antimicrobial 
therapy in this case? 



115 

Recommendation 

ÁAmong patients with VAP who are not at high risk of MDR pathogens  and are in ICU with low 

prevalence of MRSA(<15%) and resistant gram negatives (<10%) 

üSingle antibiotic  active against both MSSA and pseudomonas is preferred over combination 
antibiotic 

 

[1A] 

 

ÁAmong patients with VAP who are not at high risk of MDR pathogens and are  in ICU with  high 

prevalence of resistant gram negatives (>15%) but low prevalence of MRSA(<10%) 

üTwo agents active against gram negative organism including pseudomonas aeruginosa is 
recommended 

[3A] 

üFluroquinolones and aminoglycoside should be cautiously used as monotherapy in VAP in our 
country or areas with high endemicity of tuberculosis 

[UPP] 

 

Indian Guidelines for Antibiotics in ICU Indian Guidelines for Antibiotics in ICU 

Khilnani GC et al.  Indian Journal of Critical Care Medicine 2019;23(Suppl 1): S1-S63 



Is there a role for upfront colistin in patients with VAP? Is there a role for upfront colistin in patients with VAP? 



Role of Colistin 

ÅColistin is not recommended for routine use as 
empirical agent in VAP however it may be used upfront 
in the ICUs if there is high prevalence of Carbapenem-
resistant Enterobacteriaceae(>20%) [UPP] 
 

Recommendation 

Role of Colistin as Empiric Therapy? Role of Colistin as Empiric Therapy? 

Antibiotics changed to cefoperazone sulbactam, levofloxacin Antibiotics changed to cefoperazone sulbactam, levofloxacin 



Current Scenario in Indian ICUs 

Antibiotics Klebiella pneumoniae 

Amikacin R 

Cefotaxime R 

Ceftazidime R 

Cefoperazone-sulbactam R 

Ciprofloxacin R 

Imipenem R 

Meropenem R 

Piperacillin Tazobactam R 

Colistin S 

Tigecycline S 

MiniBAL AST report 

How often you see resistant Klebsiella in your recent practice?  

Antibiotics modified; colistin added, levofloxacin stopped 



ÅDay 9: Patient afebrile,  

ÅFit for extubation 

ÅTLC 10000 

Case scenario 2 



What should be the optimal duration of treatment ? What should be the optimal duration of treatment ? 



ÅShort course ( 7-8 days) of antibiotic therapy should be used, in case of VAP with  good 
clinical response to therapy.[1A] 

 

ÅLonger duration (14 days) of antibiotic therapy should be considered, in case of VAP 
caused by NF-GNBs or is associated with severe immunodeficiency , structural lung 
disease (COPD, Bronchiectasis, ILD) , empyema, lung abcess, necrotizing pneumonia and  
inappropriate initial antimicrobial therapy.[3A] 

 

Recommendation 

Duration of Antibiotic therapy? Duration of Antibiotic therapy? 

Indian Guidelines for Antibiotics in ICU Indian Guidelines for Antibiotics in ICU 

Khilnani GC et al.  Indian Journal of Critical Care Medicine 2019;23(Suppl 1): S1-S63 



Antibiotic de-escalation 

Å Broad spectrum                         Narrow spectrum 

ÁAccording to sensitivity pattern 

Å Combination therapy                        Monotherapy 

Å Judicious de-escalation of antibiotics: 

ÁImproved or unaltered treatment outcomes 

ÁDecreased antimicrobial resistance 

ÁDecreased side effects 

ÁReduced overall costs 
 

Clin Chest Med 2011; 32: 517-34 
Crit Care Med 2007; 35:379-85 



Role of biomarkers (Procalcitonin for de-escalation) Role of biomarkers (Procalcitonin for de-escalation) 
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Statement 

Recommendation 

Procalcitonin-based antibiotic de-escalation has been associated with 
decreased antibiotic exposure and better outcomes without any 
significant increase in treatment failure. 

Procalcitonin should be used as a part of an antibiotic stewardship 
program for antibiotic de-escalation in  patients with VAP on antibiotics 
beyond 7 days (1A). 

Khilnani GC et al. Guidelines for the use of Procalcitonin for Rational Use of Antibiotics. IJCCM 2022 (Accepted for publication) 

Should procalcitonin be used for the de-escalation of antibiotics in patients with VAP/HAP? 

Statement 

Recommendation 

For procalcitonin, various studies have used absolute cutoffs of 0.5. 
Also, a decline of 80 to 90% from baseline has been. In CKD, cutoff of 0.5 
has been proposed. 

PCT< 0.5 ng/ml or a decline of 80% from baseline along with clinical 
criteria should be used for de-escalation in VAP and HAP (3A 
Decline of >80% from baseline and clinical criteria can be used for de-
escalation if baseline values are available. (UPP) 

What cutoff value of procalcitonin should be used to consider de-escalation of antibiotic therapy in VAP? 



ÅColistin and tobramycin nebulisation may be used as 

adjunct to intravenous antibiotics(2A)  

ÅFor MDR pathogens where toxicity is a concern 

ÅAcinetobacter and pseudomonas 

ÅShould not be used as monotherapy (2A) 

ÅShould be used concomitantly with IV antibiotics (2A) 

Aerosolized antibiotics 

Gupta et al. Indian J Chest Dis Allied Sci 2012 



Aerosolized antibiotics 

PRO 

ÅAntimicrobial agent 
quickly reach the infected location 

ÅBind to a target site 

ÅLesser systemic side effects 

ÅDetermining factors 
ÁParticle size (1-3 µm) 

ÁDelivery system 
 
 
 

CONS 

ÅVery limited data 

ÅHigh deposition in trachea, lesser in dense 
consolidation 

ÅMucus plug, secretions, bronchospasm, 
ventilator asynchrony all can hinder the 
deposition of inhaled antibiotics 

ÅMismatch between clinical and 
microbiological improvement 

Respir Care 2016;61(6):737–748 





ROLE OF INHALED ANTIBIOTIC 
THERAPY  

For patients with VAP due to gram-negative bacilli that are susceptible 
to only aminoglycosides or polymyxins (Colistin or polymyxin B), we 
suggest both inhaled and systemic antibiotics, rather than systemic 

antibiotics alone  

(weak recommendation, very low-quality evidence) !!!! 

 



PREVENTION OF VAP  



VAP BUNDLES 
 

Å8 practices:  
VHand hygiene 

VGlove and gown compliance 

VElevation of the head of the bed 

VOral care with chlorhexidine 

VMaintaining an ET cuff pressure >20 cm H20 

VOrogastric rather than nasogastric feeding tubes 

VAvoiding gastric over distention 

VEliminating nonessential tracheal suctioning 

 

ÅRate of VAP decreased from 23 to 13 VAP episodes per 1000 ventilator-
days 

ÅNo differences in total duration of mechanical ventilation or the ICU and 
hospital death rates 

 

 Bouadma L, et al. Long-term impact of a multifaceted prevention program on ventilator-associated pneumonia in a medical intensive 
care unit. Clin Infect Dis. 2010;51(10):1115 



 

Å5 interventions:  
VSemirecumbent position  

VStress ulcer prophylaxis 

VDVT prophylaxis 

VAdjustment of sedation 

VDaily assessment for extubation 

 

ÅTested in 112 ICUs with 550,800 ventilator-days  

ÅVAP rate declined from a median of 5.5 cases per 1000 ventilator-
days at baseline to a median of 0 cases at 16 to 18 months after 
implementation 

 

 

BerenholtzSM et al. Infect Control Hosp Epidemiol. 2011;32(4):305 
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