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Abstract

Background. Ventilator-associated pneumonia (VAP) is a major cause of morbidity and mortality in patients on
mechanical ventilation (MV). There is paucity of data in our country regarding incidence, crude mortality rate,
clinical profile, microbiological organism profile, mortality in early and late onset VAP and mortality as well as
appropriate antibiotic therapy in these patients.

Methods. The study involved patients above 15 years of age with clinical suspicion of VAP, receiving MV for more
than 48 hours in intensive care unit of our hospital. Patients were without evidence of pneumonia on admission.
Study patients were followed until they were successfully treated and discharged from the hospital or death.

Results. Out of 50 patients, 31 (62%) patients were in 4th to 6th decades of life. Incidence of VAP was 21% and
crude mortality rate was 42%. Due to neurological conditions, 22 (44%) patients required MYV. VAP developed in
38 (76%) patients within 15 days of initiation of MV. Mortality in late onset VAP was found to be twice as compared
to mortality in early onset VAP. Mortality in inappropriately treated patients was significantly higher than that
of appropriately treated patients.

Conclusions. The incidence of VAP increases with increase in duration of hospital stay. There is significant morbidity
and mortality in mechanically ventilated patients of VAP; if not treated appropriately early.
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Introduction there is microbiological difference in the commonly
isolated micro-organisms in these two groups. The
isolation of the causative organisms is imperative for
an appropriate therapy as there is strong evidence
of the adverse effect of inadequate empirical treatment
on outcome in patients of VAP.? The early and accurate
diagnosis of VAP is a challenge and requires a rational
and evidence-based medicine approach to institute

rational and optimal management and antibiotic therapy.

Ventilator-associated pneumonia (VAP) is a major
cause of significant morbidity and mortality in
patients receiving mchanical ventilation (MV) and is
one of the most common intensive care unit (ICU)-
acquired infections in mechanically ventilated
patients. VAP occurs in 8% to 28% of patients
mechanically ventilated for longer than 48 hours.!
Because of this large disease burden and the resultant

attributable morbidity and mortality, there is great The efficacy of diagnostic and preventive strategies

interest in accurately diagnosing, treating, and
preventing this complication. It has been observed
that more critically ill patients tend to develop VAP,
and there are patient-related, infection control-
related and intervention-related risk factors for VAP.
Most episodes of VAP are postulated due to aspiration
of oropharyngeal secretions containing potentially
pathogenic organisms. Aspiration of gastric
secretions may also contribute to a less extent.’

Ventilator-associated pneumonia is classified as
early-onset VAP and late-onset VAP depending on
the duration of MV at the time of onset of VAP and

is controversial. Diagnosis by invasive methods requires
considerable commitment of resources; but can
potentially reduce the cost of care in the long run; however,
mortality benefit from this approach has not been
demonstrated.* Prompt administration of appropriate
antibiotics seems to be the only intervention that alter
the outcome once the diagnosis is established.

Currently, there is no standard test for the
diagnosis of VAP and no standardised methodology
to exclude pulmonary infections in mechanically
ventilated patients with fever and multi-organ
dysfunction syndrome or multi-organ failure. Even
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the post-mortem histological diagnosis of VAP is
uncertain.® The bronchoscopic methods, viz.
bronchoalveolar lavage (BAL) and protected specimen
brush (PSB) are well established techniques and are
increasingly being widely accepted invasive diagnostic
techniques for identifying the aetiological pathogen of
VAP. Previously, the impracticability of bronchoscopic
methods in ICUs and also their cost had led to other
strategies in clinical use, such as non-bronchoscopic
techniques with catheters or mini-lavage.

It is extremenly vital to diagnose VAP accurately
and rapidly and to reduce mortality by initiating
appropriate treatment in these patinsts.

Material and Methods

The present study was carried out in a tertiary care
teaching hospital at Ahmedabad. Patients above the
age of 15 years, receiving MV for more than 48 hours
at ICU with clinical suspicion of VAP were evaluated.
All patients had no evidence of pneumonia on
admission. Details, like, age, gender, admission diagnosis,
indication for MV, details of clinical examination and
laboratory investigations (haemogram, serum
biochemistry) and radiological investigations (chest
radiograph) were noted for all the patients. Modified
baseline clinical pulmonary infection score (CPIS) was
calculated for each patient. Arterial blood gas analysis
was done, whenever possible.

Patients were monitored for the development of
VAP. Clinically suspected pneumonia was defined as
the presence of new and/or progressive infiltrate on
chest radiography with no other obvious cause and
the presence of any two of the following: (1)
temperature >38 °C or <36 °C, (2) white blood cell
count >11 x 10° /L or >4 x 10° /L and (3) purulent
tracheal secretions or change in the character of
tracheal secretions.®

Fiberoptic bronchoscopy was performed in all the
patients with clinically suspected pneumonia to
diagnose VAP. Bronchoalveolar lavage culture with
a threshold value of 10* cfu/mL or more was
considered positive and included in the study.” Out
of 94 clinically suspected cases of VAP, BAL culture
was positive in 50 (53%) cases.

The enrolled patients were followed up until they
were successfully treated and discharged from the
hospital or until death. Endotracheal intubation was
done to initiate MV and tracheostomy was done if
a patient required MV for prolonged period. The
patients were managed through invasive ventilators
(SERVO Ventilator 900c [Siemens-Elema, Sweden]).
The ventilators in our institution are equipped to
provide MV by different modes. Respiratory
physiotherapy was given by a trained
physiotherapist during the routine hours. The
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patients were weaned off from MV as per
standardised weaning protocols.®

Statistical Analysis

Data entry and data analysis was done by using MS
Excel 10 and EPI info 7.2 version. The tests used for
analysis were percentage (%) and Chi square test.

Results

In the present study, 50 patients of VAP were included.
The age of patients ranged from 16 to 72 years; 31
(62%) in the age group 41-60 years, 10 (20%) more
than 60 years and 3 (6%) were below 20 years. Out
of 50 patients, 37 (74%) were males. Neurological
conditions including Guillain-Barre syndrome,
cerebrovascular accident, meningitis, snake-bite were
the most common conditions for MV. Tropical issues
like, fulminant tetanus, organophosphurus poisoning
and cerebral malaria were the other common
indications for MV. In our ICU, only 8 (16%) patients
required MV due to respiratory disorders including
acute exacerbations of chronic obstructive pulmonary
disease, miliary tuberculosis and bronchial asthma.

The duration of MV at the time of onset of VAP
ranged from 3 days to 38 days. VAP developed within
15 days of the initiation of MV in 38 (76%) patients,
between 16 to 38 days in 12 (24%) patients. The onset
of VAP was most common during the first two weeks
of initiation of MV (Table 1).

Purulent tracheal secretions were observed in 35
(70%) patients, whereas fever was present in 33 (66%)
patients. Leucocytosis was observed in 38 (64%) and
leucopaenia in 2 (40%) patients. Crepitations or dullness
to percussion on chest examination was present in 10
(20%) patients and hypothermia in only one patient.

Table 1. Incidnece of ventilator-associated pneumonia with
relation to number of days of mechanical ventilation (MV).

Number of Days of MV Number of Patients (%)

3-5 7 (14)
6 - 10 20 (40)
11 - 15 11 (22)
16 - 20 6 (12)
21 - 25 3 (6)
26 - 30 1)
31 - 35 1)

> 36 1)

Total 50 (100)

The clinical pulmonary infection score (CPIS) was
based on six variables including temperature,
leucocyte count, tracheal secretions, chest radiograph
infiltrates, oxygenation (PaO, / FIO, ratio) and micro-
biological culture of the tracheal aspirates. The
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modified baseline CPIS was calculated using the first
five variables. Modified baseline CPIS >6 was present
in 43 (86%) patients and in 7 (14%) patients CPIS was
<6. Lowest modified baseline CPIS was 4 found in 3
(6%) patients and highest was 9 found in two (4%)
patients (Table 2).

Table 2. Modified baseline clinical pulmonary infection score (CPIS)
in patients with ventilator-associated pneumonia.

Modified Baseline CPIS Number of Patients (%)

4 3 (6)
5 4 (8)
6 23 (46)
7 13 (26)
8 5 (10)
9 2 (4)
10 0 (0)
Total 50 (100)

Microbiological profile of isolated organisms in
patients with VAP is presented in table 3. Among
Gram-negative bacilli, Pseudomonas aeruginosa (13
[23.2%]), Haemophilus influenzae (6 [10.7%]) and
Enterobacter (5 [8.9%]) were the leading aetiological
micro-organisms. Bacilli isolated were Escherichia coli,
Klebsiella pneumoniae, Serratia, Proteus and Acinetobacter.
Among gram-positive cocci, Staphylococcus aureus
(14 [25%]) was the leading aetiological micro-
organism and Streptococcus pneumoniae was isolated in
two (3.6%) cases. Of these, monomicrobial aetiology
was observed in 44/50 (88%) patients and
polymicrobial aetiology in 6/50 (12%) patients (Table 3).
Out of 16 cases of early onset VAP, Haemophilus
influenza, Methicillin-sensitive staphylococcus aureus,
Streptococcus pneumoniae were the leading aetiological
agents (Table 3). Out of 40 micro-organisms isolated
in late onset VAP, Pseudomonas, Methicillin-resistant
staphylococcus aureus, Enterobacter, Klebsiella pneumoniae
were the leading aetiological agents (Table 3).

In cases of early-onset VAP, four patients died
whereas out of 34 patients of late-onset VAP, 17 patients
died. Mortality rate in late-onset VAP (50%) was
significantly higher than that of early-onset VAP (25%).

Appropriate treatment is defined as administration
of antibiotic drugs that are active against all lower
respiratory isolates or those isolated in significant
concentration by invasive methods. Out of 32
appropriately treated patients, 10 died, whereas 11
patients died from 18 inappropriately treated
patients. Mortality in inappropriately treated
patients (61.1%) was significantly higher than that
of appropriately treated patients (31.3%).

Discussion

Ventilator-associated pneumonia is a common
complication in mechanically ventilated patients. Due
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Table 3. Microbiolocal profile of isolated organisms depending
on the duration of onset of ventilator-associated pneumonia.

Microorganisms Number of  Early-onset Late-onset
Organisms VAP VAP
Isolated No. (%) No. (%)
No. (%)

Gram Negative Bacilli

Pseudomonas 13 (23.2) 2 (3.6) 11 (19.6)

aeruginosa

Escherichia coli 2 (3.6) 0 (0) 2 (3.6)

Klebsiella 3 (5.3) 0 (0) 3 (5.4)

pneumoniae

Enterobacter 5 (8.9) 1 (1.8) 4 (7.1)

Serratia 2 (3.6) 0 (0) 2 (3.6)

Protens 2 (3.6) 0 (0) 2 (3.6)

Hemophilus 6 (10.7) 5 (8.9) 1 (1.8)

influenzae

Acinetobacter 2 (3.6) 0 (0) 2 (3.6)

Gram Positive Cocci

MSSA 6 (10.7) 5 (8.9) 1 (1.8)

MRSA 8 (14.3) 0 (0) 8 (14.3)

Streptococcus 2 (3.6) 2 (3.6) 0 (0)

pneumoniae

Others* 5 (8.9) 1 (1.8) 4 (7.1)

Total 56 (100) 16 (28.6) 40 (71.4)

*(1) Coagulase negative Staphylococcus aureus, (2) Citrobacter,
(3) Stenotrophomonas maltophilia, (4) Streptococcus species,
(5) Moraxella catarrhalis

Definition of abbreviations: VAP=Ventilator-associaed pneumonia,
MSSsA=Methicillin-sensitive staphylococcus aureus,
MRSA=Methicillin-resistant staphylococcus aureus

to large disease burden and morbidity and mortality
attributed to VAP, there is great interest in accurately
diagnosing, treating, and preventing this
complication. The bronchoscopy methods, like, BAL
and protected specimen brush (PSB) are well
standardised and widely accepted invasive
diagnostic techniques for identifying the aetiological
pathogen for VAP.

Incidence of VAP is defined as number of VAP cases
per 100 ventilated patients which depends on hospital
setting, diagnostic criteria used to confirm pneumonia,
mean duration of MV and underlying medical
conditions. In the present study, the incidence of VAP
is 21% which is in contrast with other studies.”** In
all these studies BAL or PSB was used as diagnostic
criteria for VAP. However, the high incidence of VAP
in the study by Kerver et al** (67%) is due to the use
of only clinical criteria to diagnose VAP.

In the present study, VAP developed within 15 days
of initiation of MV in 75% cases, in contrast with an
earlier study by Emad H. Ibrahim et al.”> However,
another study'® reported that 89.3% of their study
patients developed VAP within 15 days of initiation
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of MV. It is evident that the onset of VAP is most
common during the first 15 days of initiation of MV.

There were similar results with repect to other
variables, like purulent tracheal secretions, fever,
leucocytosis, rales or dullness to percussion on chest
examination, leucopaenia and hypothermia as
compared to the study by Camargo et al.'”

In a mechanically ventilated patient, if CPIS is >6,
the probability of VAP is high. In the present study,
we observed CPIS >6 in 43 (86%) of patients, which
is in contrast with other studies.'®?* However, if CPIS
is <6, it does not rule out VAP, as in the present study
7 (14%) patients had CPIS <6 who developed VAP.
Therefore, routine monitoring of CPIS of mechanically
ventilated patients may be done for suspicion of VAP.

The total number of isolated organisms is more
than the number of patients because some patients
had more than one isolate. Among Gram-negative
bacilli, Pseudomonas (23.2%), Haemophilus influenzae
(10.7%), Enterobacter (8.9%) were the leading
aetiological agents. Among Gram-positive cocci,
Staphylococcus aureus (25%) was the leading aetiological
agent. The micro-organisms profile observed in the
present study is comparable with other studies.?*

Pseudomonas aeruginosa and Staphylococcus aureus were
observed to be the major antibiotic resistant
pathogens. A total of 56 micro-organisms were
isolated in 50 cases of VAP. Polymicrobial VAP was
present in six (12%) patients in the present study, in
contrast with other studies.”?** However, Fagon et al*
reported polymicrobial VAP in 27.8% of their study
patients. Polymicrobial infection is usually a
combination of aerobic Gram-negative bacilli along
with Staphylococcus aureus or other Gram-positive
cocci. Presence of polymicrobial VAP requires
combination of antibiotics to cover all the micro-
organisms isolated.

Ventilator-associated pneumonia increases
mortality in mechanically ventilated patients.®'3
Mortality in inappropriately treated patients is
significantly higher than that of appropriately treated
patients. Overall mortality observed in the present
study was 61.1% in inappropriately treated patients
and 31.3% in appropriately treated patients.
However, in other studies,”? mortality in
inappropriately treated patients was reported to be
92%, 57%, 82%, 63%, respectively. It is extremely
imperative that treatment of VAP must be started
promptly with adequate and appropriate antibiotics
to reduce morbidity and mortality.

Mortality is high in late onset VAP (VAP developing
>7 days after initiation of MV) and low in early onset
VAP (VAP developing <7 days after initiation of MV).*
The difference of mortality in early- and late-onset VAP
may be due to difference of micro-organisms commonly
isolated in early- and late-onset VAP and their
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susceptibility to antibiotics. In the present study,
mortality in early and late onset VAP was 25% and 50%,
respectively, which is in contrast with other sutides.!”*!

Conclusions

Ventilator-associated pneumonia (VAP) is a common
complication in mechanically ventilated patients. All
necessary preventive measures must be taken to
reduce the incidence of VAP in intensive care unit.
Due to large disease burden and morbidity and
mortality attributed to VAP, there is great interest
in accurately diagnosing, treating, and preventing
this complication. VAP increases duration of hospital
stay, morbidity and mortality in mechanically
ventilated patients; if not treated appropriately early.
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