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ABSTRACT 
 

 

 

Background 
Ventilator-associated pneumonia (VAP) is a  type  of 

nosocomial pneumonia that occurs in patients who receive 

mechanical ventilation (MV). According to the International 

Nosocomial Infection Control Consortium (INICC), the overall 

rate of VAP is 13.6 per 1,000 ventilator days. The incidence 

varies according to the patient group and hospital setting. The 

incidence of VAP ranges from 13–51 per 1,000 ventilation 

days. Early diagnosis of VAP with appropriate antibiotic 

therapy can reduce the emergence of resistant organisms. 

 
Method 
The aim of this review was to provide an overview of the 

incidence, risk factors, aetiology, pathogenesis,  treatment, 

and prevention of VAP. A literature search for VAP was done 

through the PUBMED/MEDLINE database. This review outlines 

VAP’s risk factors, diagnostic methods, associated organisms, 

and treatment modalities. 

 
Conclusion 
VAP is a common nosocomial infection associated with 

ventilated patients. The mortality associated with VAP is high. 

The organisms associated with VAP and their resistance 

pattern varies depending on the patient group and hospital 

setting.  The  diagnostic  methods  available  for  VAP  are   not 

universal; however, a proper infection control policy  with 

appropriate antibiotic usage can reduce the mortality rate 

among ventilated patients. 
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clinical pulmonary infection score 
 

What this review adds: 

1. What is known about this topic? 

VAP is a type of nosocomial pneumonia, which increases 

mortality rates among critically ill patients. 

 
2. What new information is offered in this review? 

This review gives an overview of the incidence, 

pathogenesis, risk factors, aetiology, treatment, and 

prevention of VAP. 

 
3. What  are  the  implications   for   research,   policy, 

or practice? 

Greater awareness of VAP’s risk factors, incidence, 

pathogenesis, and treatment can facilitate the creation of 

appropriate infection control measures to curb  VAP 

among critically ill patients. 
 

 

Background 

Ventilator-associated pneumonia (VAP) is a type of 

nosocomial pneumonia that occurs in patients who 

receive mechanical ventilation.
1 

VAP is usually acquired in 

the  hospital  setting  approximately  48–72  hours  after 

mechanical ventilation. The main aim of mechanical 

ventilation is to aid in gas exchange without causing 

trauma to the lungs. Unfortunately, MV can harm the 

lungs by the stress and strain developed in the lung. High 

pressure and volume can cause barotrauma and 

volutrauma to the lungs, which is followed by biotrauma 

and     atelectrauma.     According    to     the  International 

Nosocomial Infection Control Consortium (INICC), the 

overall rate of VAP is 13.6 per 1,000 ventilator days.
2 

The 

incidence varies according to the patient group and 

hospital setting. The incidence of VAP ranges from 13–51 

per   1,000   ventilation   days.
3     

The   mean    duration   of 
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occurrence of VAP is around 5–7 days. The mortality 

associated with VAP ranges from 24–76 per cent, and is even 

higher among critically ill patients.
4

 

 

VAP increases the patient stay in the ICU and indirectly 

increases the cost of patient management. Based on the time 

of onset of VAP, it can be divided into two types. Early-onset 

VAP occurs during the first four days of mechanical ventilation 

and is usually caused by antibiotic sensitive bacteria. Late- 

onset VAP develops five or more days after initiation of MV 

and is caused by multidrug-resistant (MDR) pathogens.
5 

Early 

diagnosis of VAP with appropriate antibiotic therapy can 

reduce the emergence of resistant organisms. 

 
Pathogenesis 
VAP occurs in patients who are ventilated either by an 

endotracheal tube or tracheostomy. Pneumonia is a host 

response to bacterial invasion. The normal physiology of the 

respiratory system is to clear the secretions from the larynx 

and pharynx either by mucociliary action or cough reflex. 

Mechanically ventilated patients are unconscious and there is 

no clearance of the secretions in the oropharynx. The defence 

mechanisms are also ineffective in patients with reduced 

immune response.
6 

The normal oral colonisers start increasing 

in number. These colonisers along with the secretions 

collected pass along the tracheal tube. It can form a biofilm 

and reach the distal airways leading to pneumonia.
7 

The 

organism reaching the distal airway then overcomes the host 

immune response. In addition, cofactors like  pulmonary 

edema and previous lung infections favour the bacterial 

multiplication. The source of infection in most patients with 

VAP is either the oral flora or bacteraemia. The other sources 

can be the stomach contents, ventilator circuits, humidifiers, 

and nebulisers.
8

 

 
Risk factors 
Many factors contribute to the development of VAP. The 

factors associated with the host response to the ventilation 

are called host factors. The other group, intervention factors, 

occur due to intervention. 

 
Host factors 

Trauma 

VAP cases include injured patients, who are at greater risk for 

VAP than medically ill patients. Rello et al. reported that the 

overall mortality rate was 19.8 per cent in this group.
9 

Similarly, Singh et al. reported that early VAP due to H. 

influenzae was significantly more common in trauma patients, 

compared with other surgical and postoperative patients. The 

reason was most of the healthy patients were H. influenzae 

carriers, and in patients with chronic illness, these organisms 

 

were replaced by resistant organisms.
10 

The microbes 

isolated from early- and late-onset VAP appear to be the 

same among injured patients and medically ill patients.
11

 

 
Post-surgical and burns patients 

Around one-third of post-surgical patients have  

associated pulmonary infiltrate. In a study conducted by 

Garibaldi et al., it was found that 17 per cent of 

postoperative patients had pneumonia.
12 

Longer duration 

of surgery and history of smoking are associated with an 

increase in development of VAP. Patients with serious 

burn injuries are at high risk for developing VAP. These 

patients are more prone if there is an inhalational injury 

or  if the patient  is intoxicated  at the time of admission.
13

 

The markers associated with VAP in these patients include 

low serum albumin concentration and a high score on the 

American Society of Anesthesiologists Physical Status 

Classification System.
12

 

 
Acute respiratory distress syndrome (ARDS) 

VAP is a common complication in patients with acute 

respiratory distress syndrome (ARDS) and lung injury. It is 

probably due to prolonged mechanical ventilation among 

these patients. Chastre et al. conducted a study on ARDS 

and its influence on VAP: they found that VAP occurred in 

55 per cent of patients with ARDS, as compared with 28 

per cent of patients without ARDS, due to prolonged 

ventilation in these patients  compared to   the  non-ARDS 

patients.
14  

In a study directed against diagnostic testing of 

ARDS patients with suspected VAP, it has been found that 

positive quantitative cultures confirmed VAP in 37–60 per 

cent of cases.
15 

Staphylococci and gram-negative bacilli 

were the most common bacterial isolates. Methicillin- 

resistant Staphylococcus aureus (MRSA) was significantly 

more common in patients with ARDS. 

 
Chronic obstructive pulmonary disease (COPD) 

COPD is recognised as a risk factor for the development of 

VAP. It may be due to the patient’s advanced age, high 

colonisation of lower airways, inhibition of mucociliary 

function due to cigarette smoking, the inability to 

generate an effective cough because of airflow 

obstruction, and the suppressive effects of corticosteroids 

on lung host defenses. When patients with COPD develop 

VAP, they are at increased risk for infection with H. 

influenzae, as well as Pseudomonas species, MRSA, and 

Aspergillus species.
16

 

 
Upper respiratory tract colonisation 

The oral cavity contains normal flora, which under certain 

circumstances can colonise in the upper respiratory tract. 

The endotracheal tube in place causes local trauma and 
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inflammation. It leads to colonisation of the upper respiratory 

tract and aspiration of the pathogens around the cuff.
5 

A high 

volume,  low  pressure  cuff  reduces  the  rate  to  20  per cent 

compared to a 56 per cent reduction with a low volume, high 

pressure cuff. The oropharyngeal secretions can be prevented 

from aspiration by continuous or intermittent suctioning. 

 
Enteral feeding 

Ventilated patients are given enteral feeding by a nasogastric 

tube. Enteral feeding increases the gastric secretions and pH, 

which leads to gram-negative bacilli colonising the stomach. 

This subsequently leads to aspiration of the stomach contents 

and hence pneumonia. To circumvent this condition trials 

were conducted comparing intermittent enteral feeding (IEF) 

and continuous enteral feeding (CEF). A randomised control 

study was conducted on 60 patients with CEF and IEF. It 

showed that though the IEF group showed a reduction in the 

gastric pH, around 80 per cent of patients were colonised in 

both groups.
17 

Another method of feeding critically ill patients 

is parenteral nutrition, but most clinicians prefer enteral 

nutrition to parenteral nutrition. Because parenteral nutrition 

is associated with infection of the access line, it is costly and 

also not as effective nutritionally as enteral formulations. 

 
Sinusitis 

Sinusitis is mostly associated with nasotracheal intubation. 

There are many studies comparing the risk of nosocomial 

sinusitis and the associated risk of VAP. VAP was more 

common in patients with infectious sinusitis, with 67 per cent 

of them developing lung infection following the diagnosis of 

sinusitis.
18

 

 
Biofilm 

Biofilm is a complex polysaccharide matrix that forms a slimy 

coating on the surface and within lumen of the endotracheal 

tube. Biofilm plays an important role in pathogenesis 

supporting colonisation of the endotracheal tube and 

facilitating repeated inoculation of the lower airway.
7 

Organisms are resistant to drugs when they are present within 

the biofilm. 

 
Intervention factors 

Duration of mechanical ventilation 

VAP is defined as pneumonia occurring after 48 hours of 

mechanical ventilation. This definition helps to distinguish 

hospital-acquired VAP from community-acquired infections 

that were incubating at the time of intubation but were not 

clinically evident until one to two days later. The duration of 

mechanical ventilation is an important risk factor for the 

development of VAP.
19 

Rello et al. reported a series of cases 

with very early-onset VAP occurring within the first 48 hours 

of intubation.
20  

Most of the very early-onset group of patients 

had been hospitalised for some period of time prior to 

intubation, or reintubated because of failed weaning 

attempts. This explains the substantial exposure to the 

critical care environment prior to the intubation. Duration 

of mechanical ventilation is associated with multiple drug- 

resistant pathogens. The risk factor for developing 

pseudomonas and MRSA is associated with duration of 

ventilation. It is reported  that  these infections constitute 

40 per cent in early-onset VAP and 60 per cent of late- 

onset VAP.
21 

Longer duration of ventilation is also 

associated with biofilm formation causing an increase in 

colonising bacteria. 

 
Frequent change in ventilator circuit 

The frequent change in ventilator circuit can lead to the 

development of VAP. In the past, ventilator circuits were 

not disposable. Critically ill patients on a ventilator for an 

extended period of time were put on the same ventilator 

circuit, which led to the development of VAP. Around 30 

per cent of cases in every 24-hour circuit change had a 

positive growth in culture compared to 32 per cent of 

cases in every 48-hour circuit change. Fink et al. 

conducted a study on extending ventilator circuit change 

interval beyond two days. They compared 48-hour circuit 

changes to 30-day circuit  changes,  with the longer circuit 

use being associated with lower VAP rates.
22 

The usage  of 

a single ventilator circuit is still controversial. The 

maximum duration of time that a circuit can be used  

safely is unknown. 

 
Type of circuit 

There are different types of circuits used in ventilators. 

Heat and moist exchange humidifiers (HMEs) or passive 

devices known as artificial noses can maintain heat and 

humidity. Heated wire circuits have the advantage of 

reduced condensate development, and therefore 

decreased need for breakage of circuit and reduced water 

usage. Heat and moist exchange humidifiers have many 

advantages over other humidifiers: they reduce water 

condensation and thereby prevent bacterial colonisation; 

the added advantage of HMEs are that the circuit need 

not  be  broken  either  to  remove  the  condensate  or  to 

aspirate        the       endotracheal       secretions.
23 

The 

contraindications for use of HMEs are that there is risk of 

airway occlusion from insufficient humidity, increased 

dead space in patients receiving lung protective 

ventilation, and small tidal volumes. These humidifiers are 

also inexpensive. Overall, use of HME reduces the risk of 

VAP. 
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Closed versus open ventilation 

The traditional method of suctioning is the open method in 

which a sterile catheter is introduced and secretions are 

aspirated. It is associated with hyperoxygenation and the 

patient has to be disconnected from the ventilator. 

Subsequently, closed suctioning systems were introduced, 

which have the advantage of maintenance of oxygenation, 

ventilator circuit, and positive end expiratory circuit. Closed 

suctioning systems also reduce contamination from the 

caregivers and environment; however, they have to be 

changed daily and are very costly. In earlier studies, closed 

circuit catheters demonstrated higher levels of catheter 

colonisation,
24 

which occurred because the saline used for 

cleaning the  catheter  was lavaged into the airway  along with 

the bacteria. The closed circuit reduces environmental 

contamination compared to the open technique.
25 

Closed 

circuits can be used safely but the maximum duration of time 

for which the circuits can be used safely is not known. Closed 

circuits have significantly reduced the cost of managing 

ventilated patients compared to patients treated using open 

suctioning systems.
26

 

 
Nasogastric tube 

Enteral feeding by nasogastric tube has a direct influence on 

gastroesophageal reflux (GER); it increases the GER among 

these groups of patients. Many studies have compared the 

site of enteral feeding and their advantages. A randomised 

controlled trial was conducted on the incidence of ventilator- 

associated pneumonia and success in nutrient delivery with 

gastric versus small intestinal feeding. It was found that there 

was no significant difference in the development of VAP 

between the two study groups.
27 

The magnitude of the 

condition was unaffected by fine bore tube. A study was 

conducted on the rate of VAP in stroke or head injury patients 

receiving early gastrostomy. It was found that patients with a 

nasogastric tube developed VAP more frequently compared to 

patients who had gastrostomy.
28

 

 
Prone position 

The position of the ventilated patient is a risk factor for the 

development of VAP. In addition to VAP, the patient’s position 

can also cause trauma to the lungs. In a mechanically 

ventilated patient in the supine position, the dorsal part of the 

lung goes into compression atelectasis and the ventral part 

under goes barotrauma. But when the patient is in the prone 

position, the dorsal part of the lung receives more air.
29 

This is 

an important reason for positioning mechanically ventilated 

patients prone. This has been proved by experiments 

conducted on rats. The advantage of lateral positioning is that 

it improves gas exchange, and reduces the development of 

gastroesophageal reflux. Lateral positioning of patients is  

done in such a way that the endotracheal tube end is below 

the level of the trachea and prevents lung infection by 

preventing gastric aspiration.
30

 

 
Tracheostomy 

Tracheostomy is typically performed in acute respiratory 

failure, wherein there is need for prolonged mechanical 

ventilation, or in those who cannot protect the airway 

because of facial injuries or an altered level of 

consciousness. The advantage of tracheostomy on 

reducing the incidence of VAP is controversial. In a 

multicentre study the rate of pneumonia was reduced 

among the patients on tracheostomy.
31 

Airway 

colonisation prior to the procedure appears to be a major 

risk factor for VAP after tracheostomy, particularly if fever 

is present and if continued sedation is necessary after the 

procedure. Tracheostomy is also an independent risk 

factor for VAP due to Stenotrophomonasmaltophilia. 

 
Reintubation 

Frequent reintubation is found to be a risk factor for VAP. 

The main cause for pneumonia associated with frequent 

reintubation is the aspiration of gastric contents: these 

patients have their nasogastric tube in place during 

reintubation, and their gastric contents are aspirated.
5 

Subglottic dysfunction and low levels of consciousness 

among ventilated patients is another risk associated with 

reintubation. 

 
Nasal intubation 

Nasal intubation followed by blockage of flow from nasal 

ostia is associated with nosocomial sinusitis. In a study 

comparing orotracheal intubation with nasotracheal 

intubation, there was no statistically significant difference 

in the incidence of VAP, though there was more sinusitis  

in the nasotracheal group.
32

 

 
Paralytic agents or sedation 

Paralytic agents or drugs associated with sedation 

increase the development of pneumonia. Paralytic agents 

are used in therapeutic procedures. In  patients 

undergoing bronchoscopy, Midazolam is used to relax the 

bronchial muscles. This can result in prolonged relaxation 

of those muscles and lead to aspiration of the secretions. 

Similarly, patients on sedative drugs aspirate the 

secretions and develop pneumonia. Independent risk 

factors for very early post-intubation VAP were the use of 

cardiopulmonary resuscitation and continuous sedation.
33

 

 
H2 blockers 

VAP has significantly increased among patients who 

receive stress ulcer prophylaxis. A direct relationship 

between    alkaline    gastric    pH    and    gastric   bacterial 
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colonisation has been demonstrated in several studies.
34 

Sucralfate appears to have a small protective effect against 

VAP because stress ulcer prophylactic medications that raise 

the gastric pH might themselves increase the incidence of 

pneumonia. This has also been proved by trials with and 

without the use of H2 blockers, which show an increase in VAP 

among those with H2 blockers. 

 
Transport out of ICU 

In a study conducted by A’Court et al., it was found that most 

patients had to be transported out of the ICU for conducting 

some procedures. It was found that 24 per cent of patients 

transported out of ICU developed VAP compared to 4 per cent 

confined to the ICU.
35

 

 
Microbiology of VAP 
There is an increase in aerobic gram-negative organisms 

among ventilated patients. Besides this, in the case of 

hospitalised patients, the nosocomial organisms and the 

organisms from the health worker and other patients can be 

transmitted to the patient. Microbial flora of hospitalised 

patients change drastically within a few days due to antibiotic 

administration. There is evidence that long hospital stays are 

associated with the emergence of resistant pathogens.
36

 

 
Gram-positive organisms 

Gram-positive organisms colonise the anterior nares and are 

important pathogens causing nosocomial infection and VAP. 

Methicillin-sensitive S. aureus (MSSA) is common among  

young patients, traumatic coma, and neurosurgical patients. 

Most gram-positive organisms are sensitive to penicillin, but 

there is an emergence of methicillin-resistant pathogens 

which are mostly community acquired.
37 

Risk factors for 

patients with MRSA include prior antibiotic treatment, COPD, 

longer duration of mechanical ventilation, steroid treatment, 

and prior bronchoscopy. Streptococcus pneumonia is another 

organism that can colonise the oral cavity. It is associated with 

development of VAP in the early days of intubation and is 

rapidly  cleared  following  antibiotic  therapy.
38  

Streptococcus 

pneumonia’s virulence is associated with the capsular 

polysaccharide. 

 
Gram-negative enteric pathogens 

Gram-negative enteric pathogens are aerobic gram-negative 

bacilli that are normal inhabitants of the  lower 

gastrointestinal tract. Antibiotic therapy and other infections 

can suppress the normal flora and increase the multiplication 

of these organisms. Escherichia coli and Klebsiella pneumoniae 

are the common pathogens isolated from ventilated patients. 

They are most commonly associated with extended spectrum 

beta lactamase (ESBL) and render the bacterium resistant to 

 

penicillin and cephalosporin antibiotics.
39 

The resistance  

to this group of drugs may be due to a variety of 

mechanisms other than ESBL production. It includes Amp- 

C beta-lactamase and metallo beta lactamase. In a study 

conducted by Joseph et al. from South India, 50 per cent 

of Escherichia coli and 67 per cent of Klebsiella 

pneumoniae  were ESBL producers.  Similarly, Amp-C beta 

lactamase was produced by 33 per cent of 

enterobacteriaceae.
40

 

 
Non-fermenters 

Pseudomonas infection is associated with risk factors like 

prolonged stay in the hospital, prior antibiotic therapy, 

and prolonged duration of mechanical ventilation. The 

virulence factors includes exotoxins  (EXO S,T,U,Y),   which 

are directly secreted into the cytoplasm of host cells using 

the type III secretion system.
41 

Acinetobacter species have 

low virulence, and the isolates are usually colonisers of 

the upper respiratory tract. Garnacho et al. reported that 

Acinetobacter VAP does not contribute to excess 

mortality. They showed no attributable mortality due to 

Acinetobacter-associated VAP, compared with a closely 

matched     control     group     of     patients     with     non- 

Acinetobacter VAP.
42 

These organisms readily spread from 

one patient to another by their ability to survive on 

inanimate objects and on healthcare workers’ hands. 

These organisms are associated with risk factors like 

aspiration, ARDS, neurosurgery, and poor hand washing. 

 
Other organisms causing VAP 

Anaerobic bacteria from the oropharynx can also play an 

important role in VAP, as has been reported in aspiration 

pneumonia in nonintubated patients. A prospective 

surveillance study was conducted among 26 consecutive 

mechanically ventilated patients. Among them 15 patients 

became colonised by 28 different anaerobic strains.
43 

Around 35 per cent of the cases of Legionnaires’ disease 

were reported to the Centers for  Disease  Control 

between   1980  and   1998.
44    

The  rate   of  Legionnaires’ 

disease varies considerably by geographic location. Sabria 

et al. found that most of the legionellae cases were due to 

water contamination. Casalta et al. identified four cases  

of diffuse pneumonia within several days of mechanical 

ventilation following vascular surgical procedures.
45 

Viral 

infections can be caused by common viruses like  

influenza, parainfluenza followed by herpes simplex virus 

and cytomegalovirus, adenovirus, respiratory syncytial 

virus rhinovirus, and metapneumovirus.
33,46  

Most 

reported cases of COPD patients on corticosteroid 

treatment are known to be at risk for invasive pulmonary 

aspergillosis. Candida infections are common in 

immunosuppressed patients. Around 24 per cent of  cases 
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are of non-infectious origin, and may be caused by atelectasis, 

chemical pneumonitis, pulmonary embolism, pulmonary 

contusion, pulmonary edema, and drug reaction.
47

 

 
Sampling 
Invasive technique 

There are different methods of sample collection for VAP, 

including both invasive and non-invasive techniques. 

Bronchoalveolar lavage (BAL) is an invasive technique used in 

diagnosis; it requires an expert so that a proper area is 

selected for sampling. The fiber optic bronchoscope (FOB) has 

to traverse the endotracheal tube, the tracheobronchial tree, 

and reach the distal airways. It can lead to contamination and 

limits the specificity. The complications associated with 

bronchoscopic techniques are hypoxaemia, cardiac 

arrhythmias, and bronchospasm. In  BAL a  million  alveoli  are 

sampled from 1ml of secretions from the lavage fluid.
48  

BAL 

samples, which collect 1ml of secretions in 10–100mL of 

effluent, represents 10
5 

to 10
6 

CFU/ml. Protected specimen 

brush (PSB) is another invasive technique used in the  

diagnosis of VAP; it consists of a double lumen catheter with 

PSB, which can be used to collect the lower respiratory tract 

sample. The major disadvantage is that it should not be used  

in patients with bleeding disorders; it is also associated with 

the  complication  of  pneumothorax.  PSB  collects  between 

0.001 and 0.01ml of secretions, the presence of greater than 

10
3 

bacteria in the originally diluted sample (1ml) actually 

represents 10
5 

to 10
6  

CFU/ml of pulmonary secretions.
49

 

 
Non-invasive technique 

Collection of samples by quantitative culture is simple, quick, 

and widely available. There is some evidence that this method 

has high false-positive rates in the diagnosis of VAP. In  

another study conducted by Torres et al. on non-invasive 

versus invasive microbial investigations in VAP, 76 patients 

with suspected VAP were randomly allocated to either an 

invasive or a non-invasive diagnostic strategy. The results 

showed that the invasive strategy had no benefit.
50 

They used 

a threshold of 10
5  

colony forming units/ml as a strategy to 

diagnose VAP. The disadvantage of the non-invasive strategy 

for diagnosis of VAP is its increased tendency for higher 

antibiotic usage. The threshold used in quantitative cultures 

for the diagnosis of VAP is 10
6 

CFU/ml for tracheal aspirates. 

The sensitivity and specificity also vary based on the alteration 

of the threshold.
51

 

 
Gram stain 

Gram stain plays a valid role in the diagnosis of VAP.  

According to Blot et al., gram-stained secretion of a patient 

without pus cells and bacteria on treatment has a negative 

predictive value of 94 per cent for VAP.
52  

The endotracheal 

aspirate (ETA) may be negative for culture once obtained 

at the onset of VAP, but gram stain helps to identify the 

morphotype of the organism as either gram-positive 

coccus or gram-negative bacilli, thus gram stain is 

sensitive but not specific for samples obtained from the 

bronchoscopic qualitative culture technique.  Timsit et  al. 

identified a good correlation between the gram stain and 

culture of BAL.
53 

Another study showed that direct grams 

have reduced the inappropriate antibiotic therapy from  

33 per cent to 12 per cent;
53 

further modified Giemsa 

staining is recommended as it offers better detection of 

intracellular bacteria, protozoa, and some fungal 

pathogens compared to gram staining. Around 5 per cent 

of BAL-obtained cells contain intracellular bacteria. 

 

Criteria for diagnosis 

Diagnosis of VAP is based on medical history and clinical 

examination. The clinical examination includes chest 

radiograph and systemic signs of infection. The chest 

radiograph is used to determine both lung parenchymal 

involvement and the presence of any pleural effusion or 

cavitation. The systemic signs are fever, leucocytosis, 

tachycardia, and some non-specific signs like release of 

cytokines. Fever of more than 38
o
C is an indication that a 

patient is developing VAP. Similarly, a leukocyte count of 

more than 11,000 cells/cu mm or less than 5,000/cu mm 

can help in diagnosis. Torres et al. conducted a study on 

the validation of different techniques for diagnosis of  

VAP. They reported a diagnostic rule for  VAP;  namely, 

that patients with infiltration in the chest radiograph 

along with any two of the following—fever greater than 

38.3
o
C, leukocytes more than 12 x 10

9
/ml, and purulent 

tracheobronchial secretions—had VAP. It had a sensitivity 

of 69 per cent and specificity of 75 per cent.
54 

In a study 

by Wunderink et al., it was found that when all four signs 

were taken into consideration it increased the specificity 

but lowered the sensitivity to 50 per cent.
55

 

 
In a study conducted by Pugin et al., they introduced the 

clinical pulmonary infection score (CPIS), a new scoring 

system that included the following variables:  

temperature, leukocyte count, volume and purulence of 

tracheal  secretions,  oxygenation,  chest  roentgenogram, 

and semi-quantitative analysis of the ETA, with gram 

stain.
56 

CPIS varies from 0–12. Patients with CPIS more 

than six were considered to be affected with  

pneumonia.
57 

Papzainand et al. conducted further studies 

and found that CPIS more than six had a sensitivity of 72– 

85 per cent and specificity of 85–91 per cent.
58 

This study 

had  its  own  drawbacks  like  difficulty  in  calculating the 
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semi-quantitative cultures. A CPIS of more than 6 is taken for 

development of pneumonia. 

 
The triggering receptor expressed on myeloid cells (TREM-1) is 

used as an immunological method of diagnosis of VAP. It was 

found to be an accurate method for diagnosis of fungal or 

bacterial pneumonia with sensitivity of 98 per cent and 

specificity of 90 per cent.
59 

Procalcitonin is another marker, 

which is increased in the case of bacterial sepsis. The 

sensitivity and specificity of procalcitonin is more compared 

with C–reactive protein.
60

 

 

Treatment 
Antimicrobials are synthetic derivatives of chemical 

substances; antibiotics are a subset of antimicrobials derived 

from living microbes. Some antibiotics bind irreversibly to the 

binding site and are called bacteriostatic. Aminoglycosides, 

fluroquinolones, polymixin, colistin, and cotrimoxazole are 

bacteriostatic. The action of drugs in tissues is based on the 

maximum concentration of the drug (Cmax) and the rate of 

clearance of the drug. A drug with concentration-dependent 

killing and prolonged post-antibiotic effect should be 

administered in large, infrequent doses to achieve maximum 

efficacy. Clinical studies have shown that adequate early 

antimicrobial  treatment  reduces  the   mortality   rate among 

VAP patients compared to patients receiving inadequate 

therapy.
61

 

 

The prevalence of antimicrobial resistance among VAP 

pathogens is steadily increasing. Both intrinsic resistance and 

acquired resistance to broadly used antimicrobial drugs are 

increasing.
62 

Staphylococcus resistance to methicillin has 

increased to 11 per cent and Klebsiellae resistance to third- 

generation cephalosporins has increased to 47 per cent.
63 

Pseudomonas resistance to imipenem, fluroquinolones, and 

third-generation cephalosporins has increased to 15, 9, and 20 

per cent, respectively. 

 
MRSA are resistant to other antimicrobial drugs—the drug of 

choice is vancomycin. Newer drugs like Linezolid are being 

used; these drugs have better tissue penetration and are 

bacteriostatic rather than bactericidal. Wunderink et al. 

conducted a study comparing vancomycin  with  Linezolid  and 

found that Linezolid has a therapeutic advantage compared to 

other drugs.
64 

Another established treatment for patients with 

MRSA is a double streptogramin combination quinupristin and 

dalfopristin. 

 
Imipenem seems to be the drug of choice unless there is a 

very high level of carbapenems resistance. Against highly 

carbapenem-resistant   Acinetobacter   strains,   rifampins  are 

used either as monotherapy or in combination with 

Imipenem or tobramycin. Colistin had little effect either 

singly    or    in    combination    with    rifampin    in vitro.
65

 

Ampicillin/sulbactam and cilastin/imipenem have 

equivalent efficacy for Acinetobacter spp. Intravenous 

colistin therapy has better results in patients with MDR 

Acinetobacter spp. and Pseudomonas spp. Tigecycline also 

has better results against carbapenem-resistant 

Acinetobacter spp. 

 
Optimal duration of antimicrobial therapy 

A minimum of 7–10 days treatment is recommended for 

hospital-acquired pneumonia and VAP caused by 

Haemophilus spp. and staphylococcal infections, and 14– 

21 days treatment for typical cases that are associated 

with MDR non-fermenting gram-negative bacilli.
66 

Short 

course treatment for three days is recommended for low- 

risk patients. Treatment can also be discontinued on the 

basis of clinical response. Rotating antimicrobial therapy 

seems to reduce the resistance of resistant strains for a 

particular drug. In a study it was shown that there is an 

improvement in patients  with resistance to  antimicrobial 

drugs     by     rotating     antibiotics.
67       

The     efficacy    of 

antimicrobial drugs depends on the concentration and 

persistence at the site of infection. Airway delivery of 

drugs can reduce systemic toxicity particularly for drugs 

such as aminoglycosides. Aerosolised gentamicin can 

achieve high concentrations and it is effective, unlike 

aerosolised     cephalosporins     at     preventing     biofilm 

formation in endotracheal tube.
68

 

 
De-escalation is a method of treatment that can be 

incorporated in patients with VAP. It refers to the use of 

aggressive broad-spectrum antimicrobials followed by 

narrowing or reducing the antimicrobial dose once the 

results of antimicrobial tests are available. The American 

Thoracic Society/Infectious Disease Society of America 

Guidelines advise starting on a broad-spectrum therapy 

for   the  VAP  patients  followed   by   de-escalation   to   a 

narrow-spectrum drug for the specific pathogen.
69

 

 
Prevention of VAP 

VAP can be prevented by following proper hand washing 

and using protective gloves. Host and intervention risk 

factors have to be monitored periodically to minimise the 

VAP rates. The main focus should be on reducing the 

aspiration of secretions and a proper antibiotic usage, 

thereby reducing the VAP rates. 
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Conclusion 
VAP is a common nosocomial infection associated with 

ventilated patients. The mortality associated with VAP is also 

high. The associated organisms and their resistance patterns 

vary depending on the patient group and hospital setting. 

Since the diagnostic method available for VAP is not universal, 

a proper infection control policy with appropriate antibiotic 

usage can reduce the mortality among ventilated patients. 
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