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ABSTRACT

Introduction: Ventilator-associated Pneumonia (VAP) is defined
as pneumonia occurring 48-72 hours after the initiation of invasive
Mechanical Ventilation (MV). It is diagnosed based on positive
endotracheal tube or tracheostomy secretions culture and new
or worsening infiltrates on a chest X-ray after 48 hours of MV. The
incidence and severity of VAP may differ between pulmonary and
non pulmonary groups due to variations in underlying diseases,
immune responses, and duration of ventilation.

Aim: To compare the incidence and other parameters of VAP
between pulmonary and non pulmonary indications of MV.

Materials and Methods: This cross-sectional study was
conducted from April 2023 to December 2024 on 126 VAP
patients who were on mechanical ventilation for different
indications in the RICU, MICU, and SICU at BLDE (Deemed
to be University) Shri BM Patil Medical College, Hospital, and
Research Centre, Vijayapura, Karnataka, India. Primarily, this
study included all patients who were on MV due to pulmonary
and non pulmonary indications during the study period. Inclusion
criteria included patients aged over 18 years, of either sex, and
willing to provide informed consent. A total of 254 patients who
were on MV for more than 48 hours were screened for VAP
based on clinical, microbiological, and radiological criteria for
diagnosis. Out of these, 126 patients were diagnosed with VAP,
63 due to pulmonary indications and 63 due to non pulmonary
indications. A chest X-ray was done immediately after
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intubation and repeated after 48 hours of MV for comparison.
Endotracheal/tracheostomy tube secretions were sent for culture
and sensitivity testing to isolate the organism and determine the
resistance pattern. Demographic factors such as age and sex
were studied and compared. Predictors of severity, such as the
Acute Physiology and Chronic Health Evaluation (APACHE Il
score) and Sequential Organ Failure Assessment (SOFA) score,
were calculated using ROC analysis and compared between
pulmonary and non pulmonary indications of MV.

Results: The mean age was significantly higher in the
pulmonary group (58+16.4 years) compared to the non
pulmonary group (49+18.0 years), and both groups showed a
male predominance, with 45 (71.4%) in the pulmonary group
and 48 (76.2%) in the non pulmonary group. The incidence of
VAP in pulmonary indications was 63/134 (47%), whereas for
non pulmonary indications, it was 63/120 (52.5%). The most
common organisms causing VAP are Acinetobacter baumannii
complex, followed by Klebsiella pneumoniae. Overall mortality
and improvement are higher in pulmonary cases compared to
non pulmonary cases. SOFA and APACHE Il scores are strong
predictors of mortality.

Conclusion: VAP is one of the most common ICU-acquired
infections and is associated with increased mortality and
morbidity. The data from this study can provide a reference for
the management of VAP and the early detection of high-risk
patients.

Keywords: Acute physiology and chronic health evaluation score, Incidence, Solid organ functional assessment score

INTRODUCTION

VAP is a significant nosocomial infection in patients undergoing MV,
contributing to increased morbidity, mortality, and healthcare burden
in Intensive Care Units (ICUs) [1,2]. The incidence of VAP varies from
9% to 27%, depending on patient demographics, ICU type, and
diagnostic criteria [3]. MV is utilised for both pulmonary conditions-
such as pneumonia, Acute Respiratory Distress Syndrome (ARDS),
and Chronic Obstructive Pulmonary Disease (COPD)-and non
pulmonary conditions, including Traumatic Brain Injury (TBI), stroke,
and sepsis. Several risk factors may predispose patients to either
colonisation of the respiratory tract with pathogenic microorganisms
and/or aspiration of contaminated secretions [4-7]. Notably, patients
with neurological illnesses are at a higher risk of VAP, with incidence
rates reaching up to 61% [2,8]. This susceptibility is attributed
to prolonged ventilation, impaired cough reflexes, and altered
consciousness. The growing challenge of Multidrug-Resistant
Organisms (MDROs), particularly Acinetobacter baumannii and
Klebsiella pneumoniae, complicates empirical therapy and increases
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mortality risk [9,10]. Identifying resistance patterns is crucial for
targeted antibiotic therapy and improved outcomes [11]. Severity
scoring systems such as the APACHE Il and SOFA are widely
employed to assess ICU prognosis and mortality risk [12,13].

Studies are lacking in comparisons of different parameters among
various indications of MV that develop VAP. The rationale of this
study is to compare the incidence, microbial profile, antibiotic
resistance, clinical outcomes, and predictive utility of APACHE I
and SOFA scores in VAP among patients ventilated for pulmonary
versus non pulmonary indications. The aim of the study is to
compare Ventilator-Associated Pneumonia between pulmonary and
non pulmonary indications of MV.

The primary objectives of the study are to compare the incidence
of VAP between pulmonary and non pulmonary indications for MV,
to identify the organism and its resistance pattern causing VAP in
the ICU, and to compare the outcomes of VAP between pulmonary
and non pulmonary indications for MV. The secondary objectives of
the study are to determine the predictive value of the following at
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diagnosis towards outcome and prognosis:
- APACHE-II
- SOFA score

MATERIALS AND METHODS

This cross-sectional study was conducted from April 2023 to
December 2024 on 126 VAP patients who were on mechanical
ventilation for different indications in the RICU, MICU, and SICU
at BLDE (Deemed to be University) Shri BM Patil Medical College,
Hospital, and Research Centre,Vijayapura, Karnataka, India.
Ethical clearance was obtained, with the IEC number BLDE (DU)/
IEC/871/2022-23.

Sample size calculation: Based on the expected VAP rates of 9%
to 27% [3] in India, the study required 63 participants per group
(totaling 126) with a 95% level of confidence and 5% absolute
precision [4]. A p-value of <0.05 will be considered statistically
significant. All statistical tests will be performed as two-tailed.
Randomisation was done using a lottery system, and the study
included 126 patients: 63 mechanically ventilated patients due to
pulmonary indications and 63 mechanically ventilated patients due
to non pulmonary indications. To calculate the incidence of VAP and
reach the sample size of 126 VAP cases, 254 patients who were on
MV for more than 48 hours were screened for VAP [Table/Fig-1].

A g the y, no. of patients requiring
mechanical ventilation for >48hss - 254

Pulmonary indications
for MV - 134

Non-pulmonary

| Paticnts with VAP - 126 | indications for MV - 120

| |

Pulmonary Noa-pulmonary

indications causing indications causing

VAP (n=63) VAP (n=63)
Discharge against Discharge against
medical advice (n=6) medical advice (n=24)
Referral to higher Referral to higher
centre (n=3) centre (n=2)

Total 37 patients were
analyzed for predicting the
outcome of VAP in non-
pulmonary indications

Total 54 patients were
analyzed for predicting the
outcome of VAP in
pulmonary indications

[Table/Fig-1]: Flowchart of patient screening, grouping by MV indications, and

evaluation for Ventilator-Associated Pneumonia (VAP).

Inclusion and Exclusion criteria: This study included patients over
the age of 18, regardless of gender, who provided informed consent.
Patients who were on MV for less than 48 hours, pregnant women,
and those younger than 18 years were excluded from the study.

All patients were monitored on a daily basis. A baseline chest
X-ray was taken at intubation and repeated after 48 hours. Any
new pulmonary infiltrates after 48 hours of MV, along with clinical
and microbiological findings, were considered diagnostic for VAP
according to the American Thoracic Society (ATS)/Infectious
Diseases Society of America (IDSA) guidelines [14]. Respiratory
samples from endotracheal tube or tracheostomy aspirates were
collected in suspected VAP cases and sent for culture. A positive
quantitative or qualitative bacterial culture resulting from endotracheal
aspirate (with a threshold growth of >105xCFU/mL taken as the
cut-off for endotracheal aspirate [15]) along with new-onset or
worsening infiltrates on chest X-ray after 48 hours of MV confirms
the diagnosis of VAP. Only patients meeting both radiological and
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microbiological criteria were classified as having VAP. Patients were
followed up until hospital discharge or death.

Demographic data (age, sex, smoking/alcohol history), clinical
characteristics, duration of MV, primary diagnosis, VAP occurrence,
and culture sensitivity patterns were recorded. Outcomes (death or
improvement) were noted. The APACHE Il and SOFA scores were
calculated on admission and used to assess severity and predict
mortality. The APACHE Il score includes age, temperature, mean
arterial pressure, heart rate, respiratory rate, oxygenation, pH,
sodium, potassium, creatinine, hematocrit, white cell count, and
GCS score, as well as any history of immunocompromise or organ
failure [Table/Fig-2] [12]. The SOFA score incorporates the PaO,/FiO,
ratio, platelet count, bilirubin, mean arterial pressure (or vasopressor
use), Glasgow Coma Scale (GCS) score, serum creatinine, and urine
output [Table/Fig-3] [13].

Score Mortality
0-4 4%
5-9 4%
10-14 15%
15-19 25%
20-24 40%
25-29 55%
30-34 75%
>34 85%

[Table/Fig-2]: Acute Physiology and Chronic Health Evaluation score Il (APACHE

Il) Mortality scoring system.

STATISTICAL ANALYSIS

Data were analysed using SPSS version 20. Continuous variables
were presented as mean+Standard Deviation (SD) or interquartile
ranges. Categorical variables were expressed as frequencies and
percentages. The Chi-square test was used to compare categorical
variables between the two groups. Receiver Operating Characteristic
(ROC) curve analysis was performed to assess the predictive validity
of APACHE Il and SOFA scores, with significance set at p<0.05.

RESULTS

The baseline demographic and clinical characteristics were largely
comparable between the two groups. The mean age was significantly
higher in the pulmonary group (58+16.4 years) compared to the non
pulmonary group (49+18.0 years, p=0.0256). Both groups showed
a male predominance: 45 (71.4%) in the pulmonary group versus
48 (76.2%) in the non pulmonary group (p=0.5449). There were no
significant differences in smoking history (39 (61.9%) vs. 35 (55.6%),
p=0.4709) or alcohol use 37 (58.7%) vs. 43 (68.3%), p=0.2688),
suggesting similar lifestyle factors across the groups [Table/Fig-4].

Among the 63 cases of pulmonary indications for MV in this study,
COPD was the most frequent aetiology at 16 (25.39%), followed
by community-acquired pneumonia at 12 (19.04%), and post-
Tuberculosis sequelae and pulmonary TB each at 9 (14.28%), as
shown in [Table/Fig-5]. In non pulmonary indications, Traumatic Brain
Injury (TBI) was the most frequent aetiology at 18 (28.57%), followed
by sepsis at 11 (17.46%) and stroke at 8 (12.70%) [Table/Fig-6].

The overall incidence rate of VAP in our study was 37.2% per
1000 ventilator days. VAP occurred in 52.5% (63/120) of patients
with non pulmonary indications and 47.0% (63/134) of those with
pulmonary indications, as shown in [Table/Fig-7]. Although the
difference is not statistically significant, the higher proportion of VAP
in the non pulmonary group suggests a potential need for enhanced
surveillance in this population.

The Acinetobacter baumannii complex was isolated in n=16 (25.39%)
of pulmonary cases and n=15 (23.80%) of non pulmonary cases, while
Klebsiella pneumoniae was isolated in n=14 (22.22%) of both groups.
A statistically significant difference was observed in the isolation of
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Variables 0 1 2 3 4
Respiratory Pao,/Fio, mmHg >400 <400 <300 <200 <100
Coagulation plateletsx1000/mm? >150 <150 <100 <50 <20
Liver bilirubin mg/dL <1.2 (<20) 1.2-1.9 (20-32) 2.0-5.9 (33-101) 6.0-11.9 (102-204) >12.0 (>204)
Dopamine<5 or Dopamine>5 or Dopamine>15 or
Cardiovascular hypotension No hypotension MAP <70 mmHg P . N N epinephrine<0.1 or epinephrine>0.1 or
dobutamine (any dose) . . N B : N
norepinephrine<0.1 norepinephrine>0.1
Central nervous system GCS 15 13-14 10-12 6-9 <6
Renal creatinine <1.2 (<110) 1.2-1.9 (110-170) 2.0-3.4 (171-299) 2.0-3.4 (171-299) >5.0 (>440)
OR urine output <500 mL/d <200 mL/d
[Table/Fig-3]: Sequential organ assessment score (SOFA) scoring system.
Pulmonary Non pulmonary Endotracheal tube Non p-value
Demographic indications indications for | Chi-square secretions/tracheostomy | Pulmonary pulmonary Chi- using
data for mv (n=63) p-value mv (n=63) test tube secretions culture indications | indications | square | Chi-square
i for MV for MV | test
Mean age+SD 58+16.4 years 49+18.03 organism or or value s
Acinetobacter baumanni
16 (25.39% 15 (23.80% 0.0424 =0.8368
2‘;?;2@ of male 45 0.5449 48 0.3666 complex ( ) ¢ ) P
Klebsiella pneumoniae 14 (22.22%) | 14 (22.22%) | 2.0161 p=1.000
Number of female 18 0.5449 15 0.366
patients ' ' Pseudomonas aeruginosa | 8 (12.69%) 4 (6.34%) 0 p=0.2266
Smoking 39 0.4709 35 0.5198 meggg)/a Spp pneumoniae 3 (4.76%) 6 (9.52%) 10684 | p=0.3013
Alcoholism 37 0.2688 43 1.2228
0 o) — |
[Table/Fig-4]: Baseline demographic and clinical characteristics. Staphylococeus aureus 4(6.34%) 6 (9.52%) 02066 | p=0.5115
MV: Mechanical Ventilation; *Statistically significant p-value<0.05; Chi-square test is applied Serratia marcescens 5 (7.93%) 0 0.1501 | p=0.0230*
Klebsiella aerogenes 2 (3.17%) 1 (1.58%) 1.462 p=0.6985
Pulmonary indications of Mechanical ventilation ) -
Acinetobacter baumannii 0 2 3.17% 20161 ~0.1556
 16(25.39%) (MDR) (8.17%) . p=0.
% 12(19.04%) )
E e 9(14.28%) 9(14.28%) Fl\;gcquc)/omonas aeruginosa 0 2 (3.17%) 1 p=0.1556
= 3(4.76%) Ao 2(3.12%
S 1(1.58%) 1(1.58%) 2(3-12%) Enterobacter ol
: . S o Cgrﬁg o e cbacas 1 (1.58%) 0 0.1501 | p=0.3173
Q N o i @ i <3 Q Q&
& «Q‘y e oé\ o o‘\\\ o o“i\ é(\ o
@ Q,Q'% ) O\&X\ O\g /\@3 oo\/ A 5 Escherichia coli 4 (6.34%) 3 (4.76%) 1 p=0.6985
9 N 2 2 N
- 0\3.0\ & *:Lq‘?g &> Escherichia coli (CRE) 0 1(1.58%) 51653 | p=0.3173
DIAGNOSIS AT THE TIME OF ADMISSION Klebsiella oxytoca 2 (3.17%) 3 (4.76%) 0.431 p=0.6494

[Table/Fig-5]: Diagnosis at the time of admission among pulmonary indications for
Mechanical Ventilation (MV).

Non-pulmonary indications for Mechanical

Ventilation
18(28.57%)

11(17.46%)

8(12.7%)
e 4(6.35%) 3(3.76%) 4(6-35%) 3(4.76%) 3(4.76%) 3(4.76%)

1(1.59%) 1(1.59%)

NO.OF PATIENTS

N J & J < Q L < &
& o SOOI R & O
ch > Q D & \\C?‘ QQ\‘?' & o@ o2
S 8
S € & & o S

N [ & O O 8 S
& S & 5 s &
< S & & N &

€ & & S
L ¥

DIAGNOSIS AT THE TIME OF ADMISSION

[Table/Fig-6]: Diagnosis at the time of admission among non pulmonary indica-

tions for Mechanical Ventilation (MV).

Patients
Patients without
Indications with VAP n (%) VAP n (%) Total (n)
Pulmonary 63 47.00% 71 53.00% 134
Non-pulmonary 63 52.50% 57 47.50% 120
Total 126 49.60% 128 50.40% 254

[Table/Fig-7]: Incidence of VAP among pulmonary and non pulmonary indications

of Mechanical Ventilation (MV).
VAP: Ventilator-associated pneumonia

Serratia marcescens, which was found only in the pulmonary group
(n=5; 7.93%, p=0.0230). Other organisms such as Pseudomonas
aeruginosa, Staphylococcus aureus, and Escherichia coli showed no
significant intergroup differences [Table/Fig-8].

Acinetobacter baumannii exhibited significantly higher resistance
in the non pulmonary group to Levofloxacin (73.33% vs. 18.75%,
p=0.0023), Amoxicillin/Clavulanic acid (66.6% vs. 18.75%, p=0.0020),
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Staphylococcus aureus 1(1.58%) 5(7.93%) | 2.7778 | p=0.0956

(MRSA)
Streptococcus pneumoniae | 3 (4.76%) 0 3.0488 | p=0.0808
Citrobacter freundi 0 1(1.58%) 1 p=0.3173

[Table/Fig-8]: Microorganisms isolated from ET/tracheostomy secretions in Venti-
lator Associated Pneumonia (VAP) cases.

MDRO: Multidrug-resistant organism; MDR: Multidrug-resistant; CRE: Carbapenem-resistant
Enterobacteriaceae; p<0.05 considered statistically significant and marked with asterisks; Chi-
square test is applied

and Trimethoprim/Sulfamethoxazole (86.66% vs. 31.25%, p=0.0018).
For Klebsiella pneumoniae, significantly higher resistance was
observed in the pulmonary group to Cefuroxime and Cefuroxime Axetil
(both p=0.001), as well as to Piperacillin/Tazobactam (p=0.0002).
Resistance to Imipenem was markedly higher in the non pulmonary
group (p=0.010), as shown in [Table/Fig-9]. These findings highlight
important intergroup differences in antibiotic resistance patterns,
which are critical for guiding empirical therapy.

A total of 35 patients were excluded from our study for various
reasons, including Discharge Against Medical Advice (DAMA) due
to financial issues, family matters, or referral to higher centers. Of
the 91 remaining patients, the overall mortality rate among VAP
patients in our study was 32 (25.3%), while improvement was
seen in 59 (46.8%) patients. This study showed a high mortality
rate in the pulmonary group (19 (30.1%)) compared to the non
pulmonary group (13 (20.6%)). Death due to Cardio-Pulmonary
Arrest (CPA) was significantly more frequent in pulmonary cases
(n=15; 28.8%, p=0.0002*), suggesting a greater impact of
respiratory compromise on mortality. Death due to sepsis was
more common in non pulmonary cases (N=11; 17.5%, p=0.05%),
emphasising the increased risk of systemic infections in non
pulmonary patients.



Manisha Pothireddy et al., VAP in Pulmonary versus Non pulmonary Cases www.jcdr.net

Acinetobacter baumanni complex Klebsiella pneumoniae
p-value using p-value using

Pulmonary Non pulmonary | Chi-square Chi-square Pulmonary Non pulmonary Chi-square Chi-square
Antibiotics n (%) n (%) value test n% n% value test
Amikacin 11 (68.75%) 13 (86.66%) 1.422 p=0.2331 6 (42.8%) 7 (560%) 0.144 p=0.701
Gentamycin 1(68.75%) 13 (86.66%) 1.422 p=0.2331 5 (35.7%) 5 (35.7%) 0.000 p=1.001
Cefoperazone/sulbactam 3 (18.75%) 7 (46.66%) 2.761 p=0.0966 8 (57.14%) 4 (28.57%) 2.333 p=0.132
Ceftriaxone 13 (81.25%) 13 (86.66%) 0.168 p=0.6820 13 (92.85%) 13(92.85%) 0.000 p=1.000
Ciprofloxacin 9 (56.25%) 13 (86.66%) 3.476 p=0.0622 5 (35.7%) 10 (71.42%) 3.590 p=0.061
Levofloxacin 3 (18.75%) 11 (73.33%) 9.314 p=0.0023* 3(21.4%) 9 (64.28%) 5.250 p=0.231
Cefuroxime 3(18.75%) 1(6.66%) 1.006 p=0.3159 8 (57.14%) 0 11.200 p=0.001*
Cefuroxime axetil 3(18.75%) 1(6.66%) 1.006 p=0.3159 8 (57.14%) 0 11.200 p=0.001*
Amoxicillin/clavulinic acid 2 (18.75%) 10 (66.6%) 9.574 p=0.0020* 3(21.4%) 10 (71.42%) 7.036 p=0.009*
Piperacillin/tazobactam 10 (62.5%) 12 (80%) 1.151 p=0.2834 1(78.5%) 1(7.14%) 14.583 p=0.0002*
Imipenem 15 (93.75%) 13 (86.66%) 0.444 p=0.5050 1(7.14%) 7 (560%) 6.300 p=0.01*
Meropenem 6 (100%) 14 (93.3%) 1.102 p=0.2938 12 (85.71%) 11(78.5%) 0.243 p=0.701
Trimethoprim/ 5 (31.25%) 3 (86.66%) 9.764 p=0.0018" 6 (42.8%) 5 (35.7%) 0.150 p=0.612
sulfamethoxazole
Tigecycline 1(6.25%) 0 0.969 p=0.3250 1(7.14%) 0 0.969 p=0.213

[Table/Fig-9]: Antibiotic resistance patterns of Acinetobacter baumannii and Klebsiella pneumoniae in pulmonary and non pulmonary indications of MV.

p-values<0.05 are statistically significant and marked with asterisks

Improvement rates were significantly higher in pulmonary cases (35 — . ROG Gurve i
(65.6%)) compared to non pulmonary cases (24 (38.1%)), which /
is statistically significant with p=0.05*, possibly reflecting a better o s 4 o :
treatment response for respiratory infections. An odds ratio of ‘ /
1.002 indicates that the likelihood of mortality is almost the same '

for both pulmonary and non pulmonary infections [Table/Fig-10]. o S By 7

Pulmonary “l / N /'/
indications Non pulmonary Total Odds Ratio ol ”[/
n (0/0) n (0/0) n (°/o) (OR) oo [ o os s e T3 o2 ot o8 o "

1-Specincity b 1. Specificity
19.(30.1%) 13 (20.6%) 32 (25.3%) Al Sy ot st
35 (55.5%) 24 (38%) 59 (46.8%)

[Table/Fig-10]: Clinical outcomes in pulmonary and non pulmonary Ventilator As-
sociated Pneumonia (VAP) cases. o8 / o8|

Death

1.002

ROC Curve

Improved ROC Curve

Patients who took Discharge Against Medical Advice (DAMA) or were lost to follow-up were
excluded. OR: 1.002; 95% Cl: 0.4173 to 2.4068 and p=0.9961 which indicates there is no
significant difference between mortality and improvement between two groups

These findings suggest that while the incidence and resistance
patterns may differ, the ultimate clinical outcomes of VAP were not ozf|
significantly influenced by the indication for MV. Both APACHE Il and
SOFA scores demonstrated stronger predictive accuracy for mortality L T T
in the non pulmonary group. The APACHE Il score had an Area Under C ,,W,_:f::rz
the Curve (AUC) of 0.841 (95% CI: 0.715-0.965), with a sensitivity of

100% and specificity of 54%. The SOFA score had an AUC of 0.846
(95% ClI: 0.721-0.971), with a sensitivity of 53% and specificity of
80%, indicating excellent discriminative power (p=0.001 for both). In

1-Specificity
d Diagenal segmants are prcduced by tis

[Table/Fig-11]: ROC curve of: a) APACHE 2 score in pulmonary indications;
b) APACHE 2 score in non pulmonary indications; ¢) SOFA score in pulmonary

indications; d) SOFA score in non pulmonary indications. Larger values of the test
variables indicate stronger evidence for a positive actual state.

contrast, the pulmonary group showed moderate predictive value, Scoring Cut-off AUC p- | Sensitivity | Specificity
with an APACHE Il AUC of 0.688 (p=0.024), sensitivity of 58%, and system Group | Score | (95%Cl) | value (%) (%)
specificity of 74%. The SOFA AUC was 0.626 (p=0.130), with a Pumorary | >28 | 5%648)8834) 0.024 58% 4%
sensitivity of 77% and specificity of 79% [Table/Fig-11,12]. These ;‘I\PACHE : :
L . . Non- 0.841 o 0
ﬂndmgls suggles‘t th.at both scoring systems‘are more reliable for oumonary | =18 | (0.715-0.985) | 00" 100% 54%
mortality prediction in non pulmonary VAP patients. 0,626
Pulmonary >8 (0_456_0795) 0.13 53% 80%

DISCUSSION SOFA ]

. " . Non >7 0846 10001 | 77% 79%
The VAP continues to be a critical concern among ICU patients pulmonary |~ (0.721-0.971) | ~

receiving MV, with considerable implications for patient outcomes
and healthcare burdens. In this study, we compared VAP incidence,
microbial patterns, antibiotic resistance, clinical outcomes, and the
predictive value of APACHE Il and SOFA scores between pulmonary
and non pulmonary indications for MV-a comparison that many
studies on VAP lack.

In our study, the mean age of VAP patients with pulmonary
indications for MV was 58+16.4 years, with 71.4% being males

[Table/Fig-12]: APACHE Il and SOFA Score comparison with ROC analysis in
pulmonary and non pulmonary Ventilator Associated Pneumonia (VAP) cases.

AUC: Area Under the ROC Curve; Cl: Confidence interval. AUC > 0.8 indicates strong predictive
ability; APACHE II: Acute physiology and chronic health evaluation score; SOFA: Sequential organ
functional assessment score

and 28.5% females. In comparison, a study conducted in 2023
by Mumtaz H et al., reported a mean age of 53.5 years for VAP
patients with pulmonary indications, with 64.8% being males [16].
In another study by Khilnan GC et al., the mean age of VAP patients
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with COPD was 62.45+8.32 years, with 58.8% being males [17].
The mean age for non pulmonary indications in our study was
49+18.083 years, which is nearly similar to a study by Battaglini D
et al., reported that a mean age of 54 years for non pulmonary VAP
patients, with 45.6% being males and 37.6% being females [18].

The overall VAP incidence in our study was 37.2% per 1000 ventilator
days. Our results demonstrated a higher incidence of VAP in non
pulmonary cases (52.5%) compared to pulmonary cases (47%),
which corresponds to similar findings in previous literature involving
trauma, surgical, and neurocritical care patients [18]. The incidence
of VAP in the pulmonary group in our study was 47%, resembling a
study conducted by Reyes LF et al., where 50.5% of 100 patients
developed VAP [19]. A growing body of research indicates that sex-
specific reactions to traumatic damage, which reflect variations in
immune function, may contribute to the gender gap in VAP incidence.
This impact seems to be connected to the negative effects of
testosterone and the positive benefits of estrogen.

The two most frequently isolated pathogens were the Gram-
negative organisms, namely Acinetobacter baumannii Complex and
Klebsiella pneumoniae, in both groups. Khelagi A et al., in 2017,
conducted a study in southern India examining the role that Gram-
negative bacteria play in VAP [20]. This aligns well with the current
study, which found that 2% of the bacteria were Gram-positive cocci
and 98% were Gram-negative bacilli. Serratia marcescens was
more prevalent in the pulmonary group, with 5 cases (p=0.0230),
which correlates with findings by Vetter L et al., who reported that
the majority of Serratia marcescens strains in the ICU were isolated
from respiratory samples [21].

Antibiotic  resistance patterns revealed significantly  higher
resistance in non pulmonary VAP cases, particularly for Levofloxacin
and Amoxicillin/Clavulanic acid among Acinetobacter, and
for Piperacilin/Tazobactam and Cefuroxime among Klebsiella
pneumoniae in pulmonary cases. Both Imipenem and Meropenem
showed high resistance rates in both groups, which correlates with
findings by Li Y et al., in 2024 [22]. These findings emphasise the
growing need for localised antibiograms and stewardship policies
to combat multidrug-resistant (MDR) organisms [23]. Tigecycline
sensitivity was observed in 62.5% of pulmonary cases and 100%
of non pulmonary cases (p=0.0018%). Patil P et al., reported that
Gram-negative bacteria, especially Acinetobacter baumannii, were
highly resistant to most antibiotics except tigecycline and colistin
[24]. Tigecycline was particularly effective in non pulmonary VAP
caused by Klebsiella pneumoniae. Similarly, Unver E et al., identified
tigecycline and amikacin as the most effective treatments for K.
pneumoniae infections [25].

This study showed a high mortality rate in the pulmonary group (19
cases, 30.1%) compared to the non pulmonary group (13 cases,
20.6%). In a similar study conducted by Rinaudo M et al., it was
demonstrated that the highest mortality is linked to COPD, with
rates ranging from 38% to 60% in patients with VAP [26]. Death
due to cardiopulmonary arrest was significantly more frequent
in pulmonary cases, suggesting a greater impact of respiratory
compromise on mortality, whereas death due to sepsis was more
common in non pulmonary cases, emphasising the increased risk
of systemic infections.

In patients with pulmonary conditions, prevention should focus on
optimising bronchial hygiene, utilising non-invasive ventilation where
appropriate, and implementing strict antibiotic stewardship due to
the higher risk of resistant colonisation. Conversely, non pulmonary
patients-particularly those with neurological impairments, trauma,
or postoperative status-may benefit more from interventions aimed
at reducing aspiration risk, such as head-of-bed elevation and
rigorous oral care with chlorhexidine. Early mobilisation, minimisation
of sedation, and careful avoidance of re-intubation are especially
critical in this group to shorten ventilation duration and reduce VAP
incidence. These distinct approaches underscore the importance
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of individualised prevention protocols based on the underlying
indication for MV.

A key strength of our study was the evaluation of the APACHE Il and
SOFA scoring systems. Among non pulmonary cases, APACHE |l
had a better predictive value for mortality with an AUC of 0.841,
while the SOFA score similarly showed strong performance with an
AUC of 0.846. Likewise, Zhou XY et al., found APACHE Il to be
stronger compared to CPIS in predicting 30-day mortality in VAP
patients [13]. These findings are consistent with those of Naved
SA et al.,, who demonstrated that higher APACHE Il scores were
associated with increased ICU mortality [27]. Gupta A et al., and
Sutiono AB et al., also reinforced the role of these scores in early
mortality prediction and triaging ICU care, particularly in resource-
limited settings [28,29].

Limitation(s)

The single-center nature of the study restricts the generalisability of
the findings to other settings with different patient populations and
ICU practices. Variations in clinical judgment and documentation
could have affected the accuracy of VAP diagnosis, particularly
given the subjective nature of radiological and clinical criteria.
Differences in baseline characteristics between patients intubated
for pulmonary versus non pulmonary reasons may have further
influenced the observed outcomes.

CONCLUSION(S)

The VAP was more common in patients with non pulmonary
indications for MV. This study highlights the need for close monitoring
of VAP in patients ventilated for non pulmonary indications, as they
exhibited a higher incidence despite lacking primary lung pathology.
The presence of multidrug-resistant pathogens reinforces the
importance of targeted antibiotic stewardship. Although mortality
was similar across groups, scoring systems like APACHE Il and
SOFA were more predictive in non pulmonary cases, suggesting
their value for early risk assessment and guiding timely clinical
interventions.
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