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Abstract  

 
Background: Connected to the Ventilator Patients who develop pneumonia after 48 hours of intubation 

are considered to have developed pneumonia. It causes a lot of trouble and costs a lot of money because 

of things like hospital stays and deaths. It has been estimated that 3% of intubated patients develop VAP 

daily within the first five days. 

Material and Methods: This prospective observational study was carried out in the several Intensive 

Care Units at the tertiary referral center for pulmonary medicine in Tamil Nadu, Sri Sathya Sai Medical 

College and Hospital. Between July 2021 and June 2022, this research was conducted. 

Results: Since we wanted to learn the clinical and biological profile of VAP in our ICUs, we took these 

precautions to make sure none of the data we collected was tainted in any way. The patients in the study 

had a mean age of 45. The median time to develop ventilator-related pneumonia after intubation was 7 

days. On average, they spent 14 days in the hospital and spent a total of 23 days there. Procalcitonin 

levels were only checked in 59 individuals. One patient was released from the intensive care unit (ICU) 

before treatment was finished at their request. 

Conclusion: Later-onset VAP, or Late VAP, is more likely in ventilated patients who had normal chest 

x-rays at the time of intubation. Acinetobacter is the most prevalent microbe, followed by Pseudomonas 

and Klebsiella. The prevalence of resistant species over sensitive ones did not affect the results. 

Keywords: Pneumonia, biological profiles, prognostic markers, and risk factors 

 

Introduction 

After 48 hours of intubation, pneumonia in a patient is considered to be Ventilator-Associated 

Pneumonia (VAP). It causes a lot of trouble and costs a lot of money because of things like hospital stays 

and deaths [1, 2].   It has been estimated that 3% of intubated patients develop VAP daily within the first 

five days. Mortality rates are higher and multi-drug resistance bacteria are more likely to be the cause of 

late-onset VAP, defined as VAP that develops after 5 days of intubation. A patient is said to have VAP if 

they acquire pneumonia within 48 hours of intubation but had no symptoms of a lung infection 

beforehand [3, 4]. The lung parenchyma and the lower respiratory tract are invaded by microorganisms, 

leading to VAP. When the oro-pharynx and airways are compromised by endo-tracheal intubation and 

mechanical breathing, the body's first line of defense against microbial invasion is weakened [4-6]. 

Patients on mechanical ventilation in intensive care units around the world frequently experience 

ventilator-associated pneumonia (VAP). During their time intubated, about 28% of patients develop 

VAP. The worldwide incidence of VAPs has been studied extensively, and various estimates place it 

between 3% and 30%. The longer a patient is intubated, the greater their risk of getting VAP. VAP has a 

daily incidence rate of 3% for the first 5 days. Later VAP has been shown to increase the time a patient 

requires artificial ventilation from 10 days to 32 days in another investigation [5-7]. 

Another study found that patients with VAP stayed in the intensive care unit for a median of 21 days, 

while the control group stayed for a median of 15 days. When surviving pairs of patients with VAP were 

compared, it was found that their ICU stays were prolonged by a mean of 20 days. Trauma patients with 

pneumonia had longer hospital stays (43 days on average), ICU stays (20.5 days), and mechanical 

ventilation times (12 days) compared to their matched controls [8]. It's common for patients to develop 

VAP after surgery. About a third of the pulmonary infiltrates in intensive care unit patients are due to 

this. The incidence of VAP in the recovery period was found to be 17% in a research conducted in 1981. 
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Serum indices of severity of the main condition, such as low serum albumin, were linked to the onset of 

pneumonia. Smoking history, prolonged hospitalization prior to surgery, a lengthy operating time, and 

procedures performed on the thorax or abdomen were also identified as significant risk factors for 

postoperative pneumonia. Here we have another adult comparative study [9]. 

The study's goals are to collect data on the prevalence and incidence of VAP as well as its clinical and 

microbiological characteristics. Patients with VAP in the Medical/Surgical ICU, Surgical HDU, and 

Respiratory Medicine HDU will have their demographic and clinical information gathered, as well as 

their CPIS score, APACHE-II score, MOD score, and culture results from an endotracheal aspirate, 

bronchoalveolar lavage, or bronchial wash monitored. Patients will be tracked from the time they are 

admitted to the hospital until they are released so that mortality and outcomes can be assessed. Results 

from different intensive care units will be compared [10]. 

The researchers set out to learn more about the characteristics of patients with Ventilator-Associated 

Pneumonia by analyzing their clinical and microbiological data. The purpose of this research was to 

examine the clinical presentation of VAP in Indian intensive care units and hospital wards. With the goal 

of characterizing the VAP microbiome. The goal of this study is to compare the microbiologic profiles of 

intensive care units and hospital wards within the same medical facility. 

 

Material and Methods 

The Department of Pulmonary Medicine Sri Sathya Sai Medical College and Hospital, a tertiary referral 

facility in Tamil Nadu, is where this prospective observational study was carried out in multiple Intensive 

Care Units. Between July 2021 and June 2022, this study was conducted. 

 

Inclusion criteria 

 Patients intubated and admitted to the Intensive Care Unit. 

 Clinicoradiological evidence of pneumonia. 

 

Exclusion criteria 

 Pneumonia prior to intubation or within 48 hours after intubation. 

 Intubated externally. 

 Any anomalous opacity on chest x-ray at the time of intubation. 

 

A chest x-ray will be performed on any patient who presents with new symptoms such as fever, purulent 

discharges, leukocytosis, and a decrease in oxygen saturation. Patients will be considered for inclusion if 

a medical professional has diagnosed them with HAP. Modified CDC Criteria for 2014 will be used to 

make the diagnosis. Procalcitonin levels, microbiologic results of any respiratory and blood sample 

cultures, CPIS score, MOD score, and APACHE-II score will all be determined. They'll be monitored in 

the ICU/HDU and throughout their hospital stay until they're ready to go home. A clinically meaningful 

difference was defined as a difference of at least 2 intensive care unit (ICU) days or 4 hospital days. 

 

Statistical Methods 

The relationship between the continuous variables Procalcitonin, Modified CPIS Score, MOD Score, and 

APACHE-II Score at the time of diagnosis and the end result in VAP was determined using logistic 

regression analysis. Patients with VAP had their median and mean survival times analyzed, along with 

their correlations to procalcitonin levels, CPIS scores, MOD scores, and APACHE II scores at the time 

of diagnosis. Median values were compared using the Ranksum Test between 2 groups, and using the 

Kruskal-Wallis Test across the 3 intensive care units. ANOVA is used to compare the means of many 

variables among ICUs, while the T-test is used to compare the means of a single variable across two 

groups. 

 

Results 

The Medical, Surgical, and A-block Intensive Care Units each handled 1,000 intubated patients. Clinical 

suspicion of ventilator-associated pneumonia led to the examination of 150 individuals. Sixty-eight 

patients were included in the study because they met the Modified CDC criteria and the inclusion 

criteria, and they were tracked from the time they were admitted to the hospital until they were either 

released or died. Despite meeting the Modified CDC criteria for the diagnosis of Ventilator-Associated 

Pneumonia, patients with preexisting lung opacities were not included in the study. Since we wanted to 

learn the clinical and biological profile of VAP in our ICUs, we took these precautions to make sure none 

of the data we collected was tainted in any way. The patients in the study had a mean age of 45. The 

median time to develop ventilator-related pneumonia after intubation was 7 days. On average, they spent 

14 days in the hospital and spent a total of 23 days there. Procalcitonin levels were only checked in 59 

individuals. One patient was released from the intensive care unit (ICU) before treatment was finished at 

their request. Since the primary goal was to identify "prognostic factors towards the outcome," his data 

was excluded. 
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The median age of the surgical intensive care unit's patients was 45. The median time for VAP to appear 

was 7 days. There was an average of 15 days spent in the intensive care unit and an average of 22 days 

spent in the hospital. Patients in the Medical Intensive Care Unit had a median age of 46, a median 

duration of VAP of 6 days, a median duration of ICU stay of 15 days, and a median duration of 

hospitalization of 25 days. On average, patients in the AICU were 12 days old when VAP was diagnosed, 

9 days old when they left the ICU, and 15 days old overall. 

The median age is shown together with the standard deviation in brackets below the mean age to show 

the spread of ages. The median was used for the rest of the variables due to the large spread seen 

throughout the scales: hospital days, intensive care unit days, day of developing VAP, APCHE-III, 

MODS, Modified CPIS, and procalcitonin levels. Below the median value, in parentheses, are the 

minimum and maximum figures. 

 

Ratio of early and late VAPS 

 
Table 1: Comparison of early and late VAP across the 3 ICUs 

 

 Early VAP Late VAP 

AICU 1/5 6/7 

MICU 16/40 25/42 

SICU 10/30 21/30 

Total 30/79 50/79 

 

In all Intensive Care Units, the incidence of early VAP was significantly lower than that of late VAP. 

The values from each ICU were compared using an analysis of variance (ANOVA). There was no 

statistically significant difference in the rates of Early and Late VAP between the three ICU. 

 

Distribution of Sex 

 
Table 2: Cohort sex distribution throughout the various arms 

 

Sex AICU MICU SICU Total 

Female % (n) 16.00 35.00 52.00 40.00 

Male % (n) 84.00 65.00 48.00 60.00 

 

The three arms' sex distributions were compared using the ANOVA test, but no discernible differences 

were found. The cohort consisted of 47 men and 31 women. 

 

Percentage of patients who are immunocompromised 

The majority of the study participants had functioning immune systems. Immunocompromised 

individuals made up 11.54% of the study population. Immunosuppression was brought on by 

hematological cancers, disseminated cancers treated with chemotherapy, and failure of the liver and 

kidney cells. 

 

Mortality 

 
Table 3: Death rates in different ICUs 

 

Mortality AICU MICU SICU Total 

Death (n) 100 20 39.00 38.00 

Alive (n) 0 30 61.00 62.00 

 

The mortality of patients who had developed VAP in various ICUs was compared using the ANOVA 

test. In contrast to the mortality rates in the medical and surgical ICU, the mortality rate in the AICU was 

100%, which was remarkable. 

 

Bacteriological Profile 

45 out of 78 patients had evidence of the growth of numerous organisms in substantial amounts in the ET 

aspirate culture. 

 
Table 4: Common microorganisms in different ICUs 

 

 Pseudomonas Klebsiella Acinetobacter 

AICU 3/9 2/7 2/7 

MICU 14/64 6/62 31/62 

SICU 9/42 5/42 17/42 

Total 20/122 16/122 50/122 
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Regardless of whether the patients in the ICU had undergone surgery or not, the bacterial profile was 

essentially the same. Most commonly found were Ainetobacter spp., followed by pseudomonas, and 

finally Klebsiella. The bacteriological profile of the early and late VAP was same. When comparing the 

prevalence of resistant organisms across intensive care units (ICUs), no statistically significant variation 

was found using an analysis of variance (ANOVA) test. 

 

ICU, hospital stay, and mortality 

The median age is shown together with the standard deviation in brackets below the mean age to show 

the spread of ages. The median was used for the other variables due to the large spread seen across the 

APCHE-III, MODS, Modified CPIS, and Procalcitonin levels. Below the median value, in parentheses, 

are the minimum and maximum figures. Median values of scores and procalcitonin levels were compared 

using the Ranksum Test, and the mean 'age' of those who died and those who recovered was compared 

using the T-test. The median APACHE-III score for those who did not make it was 96, whereas it was 66 

for those who did. Those who passed away had a median MOD of 10, while those who made it had a 

score of 7. Both the APACHE-III and MOD scores varied significantly between the two groups. There 

was no statistically significant correlation between the modified CPIS score and procalcitonin 

concentrations. 

 

Procalcitonin 

 
Table 5: Mean procalcitonin levels in both the living and the dead 

 

 Mean 95% CI 

Mortality (n=24) 34.45 15.78-55.22 

Alive (n=35) 18.27 7.12-26.14 

 

Between those who succumbed to their illness and those who survived, the mean procalcitonin level was 

18.27 and 34.45, respectively. However, no statistically significant results were found. 

 
Table 6: Predictive value of procalcitonin at 4ng/dl 

 

Procalcitonin (ng/dl) Mortality Alive Total 

<4 9 16 24 

>4 15 19 35 

Total 24 35 59 

 

The researchers tested whether or not a procalcitonin level of 4 ng/dl might be used as a predictor of 

mortality. However, no noteworthy occurrences were recorded. The protein procalcitonin could not be 

separated from other risk factors for death. 

 

Discussion 

During the study period, patients with symptoms of Ventilator Associated Pneumonia who had been 

admitted and intubated at different ICUs were assessed. To achieve a diagnosis of VAP, we adapted the 

CDC's criteria. Only patients with confirmed cases of VAP were included in this analysis; those who had 

pulmonary opacities at the time of admission or intubation were ruled out. As a result, the true number of 

VAP cases may have been underestimated [11, 12]. At the time of VAP diagnosis, the patient's APACHE-

III score, MODS score, Modified CPIS score, and procalcitonin level were recorded. The study 

participants were followed up with until the day they were either released or passed away. The clinical 

and bacterial characteristics of the study population were investigated and researched at length. The 

procalcitonin levels and several other scores have been analyzed to see if they may be used as predictors 

of clinical outcome, including mortality and, for those who do survive, ICU and hospital length of stay. 

Clinical significance was arbitrarily set as a difference of 2 intensive care unit (ICU) days and 4 total 

hospital days. The patients in the study had a mean age of 45. Ventilator-associated pneumonia (VAP) 

often manifests itself 7 days after intubation. On average, they spent 14 days in the hospital and spent a 

total of 23 days there. Procalcitonin levels were only checked in 59 individuals. The ICU staff went 

against their better judgment and sent one patient home before treatment was finished. Therefore, he was 

excluded from the study's main purpose, which was to identify prognostic factors for the outcome [13, 14]. 

Patients with VAP in different ICUs had their mortality rates compared using an analysis of variance 

(ANOVA). When compared to the mortality rates in the medical and surgical ICU, the 100% mortality 

rate in the AICU stands out as particularly high. All six patients transferred from the AICU were 

extremely ill and in need of intensive care, with many of them suffering from disseminated or 

hematological malignancies and undergoing chemotherapy. Patients in AICU have a higher death rate 

than patients in other ICUs because their APACHE III scores are higher. The overall mortality rate was 

30.96%. This suggestion defines a drug-resistant organism as one that has developed resistance to three 

or more drug classes that are normally effective against that species. ET Aspirate from the cohort showed 
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a 91.03% growth rate of resistant microbes. When comparing the prevalence of resistant organisms 

across intensive care units (ICUs), no statistically significant variation was found using an analysis of 

variance (ANOVA) test [15-17]. 

The median age, mean age, APCHE-III score, Modified Combined Severity Index score, and 

procalcitonin levels were calculated, and they were analyzed to see if they could be used to predict the 

clinical outcome (death rate, length of intensive care unit stay, and overall hospital stay for those who 

survived). Since the range of scores and procalcitonin levels was large, the median was used. Median 

values of scores and procalcitonin levels were compared using the Ranksum Test, and the mean 'age' of 

those who died and those who recovered was compared using the T-test. The median APACHE-III score 

for those who did not make it was 96, whereas it was 66 for those who did. Those who passed away had 

a median MOD of 10, while those who made it had a score of 7. Both the APACHE-III and MOD scores 

varied significantly between the two groups. There was no statistically significant correlation between 

the modified CPIS score and procalcitonin concentrations [18-20]. 

Those who made it through the sickness had a mean procalcitonin level of 17.47, whereas those who died 

had a level of 35.36. But no significant statistical differences were found. The researchers tested whether 

or not a procalcitonin level of 4 ng/dl might be used as a predictor of mortality. However, no noteworthy 

occurrences were recorded. As a standalone indicator of mortality, procalcitonin came up short. Due to 

the inability to produce a definitive ROC curve, the median survival analysis, as well as the number of 

days spent in the intensive care unit and the hospital, were performed using an arbitrary threshold of 

4ng/dl, which was significantly higher than the cutoff of 1.5ng/dl in the prior research. Patients with a 

Procalcitonin level of less than 4 ng/dl had a median ICU survival of 37 days, while those with a 

Procalcitonin level of 4 ng/dl or more only survived for 16 days on average. The contrast, though, was 

noticeable from a medical standpoint [21-23]. 

Those with a procalcitonin level at diagnosis of less than 4ng/dl spent a median of 13 days in the 

intensive care unit, whereas those with a level of 4ng/dl or higher spent a median of 9.5 days; this 

difference was not statistically significant. There was no statistically significant difference in hospital 

stays between patients whose procalcitonin levels were below 4ng/dl at diagnosis and those whose levels 

were 4ng/dl or higher; the median stays for both groups were 26 days. Our study was unable to establish 

Procalcitonin as a predictor of prognosis in VAP patients, save for the median survival in terms of ICU 

days. Perhaps if procalcitonin levels had been tracked in real time, along with any subsequent increases 

or decreases in trend, a more accurate prediction could have been made [24-26]. 

There was no statistically significant difference in hospital length of stay between patients with an 

APACHE III score of less than 80 and those with a score of 80 or higher; nevertheless, the difference 

was clinically significant. Hospital stays were shorter for patients with lower APACHE III scores at 

diagnosis (19 days vs. 28.5); this difference was not statistically significant but clinically meaningful. A 

high APACHE III score was found to be an excellent predictor of survival in patients with ventilator-

associated pneumonia. Patients who lost their battle with illness had a mean mod CPIS score of 5.5, 

while those who pulled through had a score of 5.26. Neither group differed from the other in any 

meaningful way. The data were analyzed to see if a modified CPIS score of 6 or higher can be utilized as 

a mortality predictor. Antibiotic treatment can be discontinued in patients with ventilator-associated 

pneumonia if their CPIS score is less than 6. However, no statistically significant link was found [26-28]. 

 

Conclusion 

Later-onset VAP, or Late VAP, is more likely in ventilated patients who had normal chest x-rays at the 

time of intubation. Acinetobacter is the most prevalent microbe, followed by Pseudomonas and 

Klebsiella. The prevalence of resistant species over sensitive ones did not affect the results. The 

APACHE III score at the time of VAP diagnosis is an excellent predictor of mortality, length of intensive 

care unit admission, and overall hospital length of stay. A patient's median survival time in intensive care 

unit days can be predicted by their modified CPIS score at the time of diagnosis of VAP. A high MODS 

score at the time of VAP diagnosis is associated with a shorter median survival time in the intensive care 

unit. Being above 45 increases the likelihood of dying. It made no difference in terms of mortality 

whether the ET aspirate culture grew a resistant organism or multiple organisms, but polymicrobial 

infection will increase the ICU and hospital stay. Those who get VAP later in life are more likely to die 

from it. Although most Acinetobacter infections were resistant to more than 3 classes of first-line 

antimicrobial agents, they had a better outcome in terms of overall ICU and hospital lengths of stay. 
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