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Incorporating Lung Ultrasound in Clinical Pulmonary
Infection Score as an Added Tool for Diagnosing Ventilator-
associated Pneumonia: A Prospective Observational Study
from a Tertiary Care Center
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ABSTRACT

Background: Clinical pulmonary infection score (CPIS) is an established diagnostic parameter for ventilator-associated pneumonia (VAP).
Lung ultrasound (LUS) is an evolving tool for diagnosing VAP. Various scores have been proposed for the diagnosis of VAP, taking LUS as a
parameter. We proposed whether replacing LUS with chest radiograph in CPIS criteria will add to the diagnosis of VAP. The current study was
done to evaluate the diagnostic accuracy of LUS alone and in combination with clinical and microbiological criteria for VAP by replacing chest
radiograph with LUS in CPIS.

Materials and methods: We conducted a prospective single-center observational study including 110 patients with suspected VAP to
investigate the diagnostic accuracy of LUS. Quantitative mini-bronchoalveolar lavage (mini-BAL) culture was considered the gold standard
for diagnosis of VAP. Here, the authors have explored the combination of LUS, clinical, and microbiology parameters for diagnosing VAP.
On replacing chest radiograph with LUS, sono-pulmonary infection score (SPIS) and modified SPIS (SPIS-mic, SPIS-cult) was formulated as
a substitute for CPIS.

Results: Overall LUS performance for VAP diagnosis was good with sensitivity, specificity, positive or negative predictive value, and positive or
negative likelihood ratios of 91.3%, 70%, 89%, 75%, 3, and 0.1, respectively. Adding microbiology culture to LUS increased diagnostic accuracy.
The areas under the curve for SPIS and modified SPIS were 0.808, 0.815, and 0.913, respectively.

Conclusion: The diagnosis of VAP requires agreement between clinical, microbiological, and radiological criteria. Replacing chest radiograph
with LUS in CPIS criteria (SPIS) increases diagnostic accuracy for VAP. Adding clinical and culture data to SPIS provided the highest diagnostic
accuracy. Clinical parameters along with lung ultrasound increase diagnostic accuracy for VAP.

Keywords: Air bronchogram, Clinical pulmonary infection score, Lung ultrasound, Mini-bronchoalveolar lavage, Ventilator-associated
pneumonia.
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INTRODUCTION

Ventilator-associated pneumonia (VAP) is the commonest
nosocomial infections in mechanically-ventilated patients. It can
be easily understood that VAP is associated with increased mortality,
morbidity, and extra healthcare costs.? Appropriate antibiotic
therapy in patients with VAP considerably improves outcomes,
making rapid identification of such patients an important clinical
goal. The clinical pulmonary infection score (CPIS) (without using
microbiologic data) or a modified CPIS (using microbiological
data; e.g., CPIS-mic, microscopy, CPIS-cult, culture) have also been
proposed to improve diagnostic accuracy. A CPIS > 6 is often
regarded as consistent with a diagnosis of pneumonia.> Ultrasound
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machine is the new stethoscope and its use has been extended
to various fields including bedside diagnosis of pneumothorax,
atelectasis, pleural effusion, and consolidation in mechanically
ventilated patients.*> At the bedside, it has the potential to replace
theroutine chest radiographs (CXR). In a retrospective study, a score
combining procalcitonin (PCT) report, along with LUS consolidation,
performed better than CPIS.5 Recently, in a prospective multicentric
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study, the authors have proposed a score-based diagnostic
approach in VAP using LUS, purulent secretions, and endotracheal
aspirate microscopy.” Lack of uniformity between the CPIS and
these new scores has led to ambiguity amongst the clinicians. We
hypothesis that replacing LUS with chest radiograph in CPIS criteria
will improve the diagnosis of VAP.

MATERIALS AND METHODS

Patient Selection and Study Design

The current observational study was prospectively conducted
over 18 months in a 20-bedded intensive care unit of a teaching
hospital located in North India. Approval from the ethics committee
of the institute was taken as per protocol. A total of 115 patients
with suspected clinical VAP were included in this study. Clinical
suspicion of VAP was done when the flowing criteria were met: at
least 48 hours of mechanical ventilation, CXR suggestive of new
or increased infiltrates, and at least two of the given four clinical
criteria: temperature > 38.5 °C (101 °F) or <36 °C (97 °F), total
leukocyte count > 10 000/uL or <4,000/uL, the partial pressure
of oxygen in arterial blood or inspired oxygen fraction (P/F)
ratio < 300, and purulent respiratory secretions. VAP diagnosis
was confirmed by positive results of mini-BAL quantitative culture
(>10* CFU/mL). Patients who did not meet the above criteria or were
already diagnosed with pneumonia and had any contraindication
to mini-BAL were excluded from the study. Of the 115 recruited
patients, five patients were later excluded due to incomplete data.
Informed written consent was obtained from close relatives in all
cases for LUS, respiratory sample collection, and the study.

USG Technique

Lung ultrasound was performed using a portable ultrasound unit
(Micro MaXXSonosite, Gurgaon, India) with a 3.5 MHz rounded
transducer within 12 hours of the point at which criteria were met
for suspected VAP. It was performed by a consultant radiologist
experienced in performing the same at least 250 times.

Lung USG was done to examine areas of abnormality by dividing
each hemithorax into three parts with the help of anterior and
posterior axillary lines. A horizontal line further divided these parts
into upper and lower quadrants, thus making six quadrants in each
hemithorax. Lung USG findings were reported as A-lines (normal
lung), B-lines (coalescent and non-coalescent), pleural effusions,
and consolidation (lobar, subpleural, and areas of dynamic air
bronchograms). The presence of dynamic air bronchogram within
areas of consolidation (inhomogeneous or tissue-like echotexture),
lobar or subpleural consolidation were considered diagnostic of
VAP on sonography (Figs 1 to 3).

Clinical pulmonary infection score (CPIS) and modified CPIS
(CPIS-mic; CPIS with positive microscopy of tracheal aspirate
and CPIS-cult; CPIS with a positive tracheal aspirate culture) are
well-accepted scores for diagnosing VAP in ICU settings. In this
study, LUS-based score was computed similar to CPIS, where we
replaced chest X-ray with LUS findings. We coined the score as
sono-pulmonary infection score (SPIS). First is the SPIS, where
we incorporated LUS finding instead of CXR finding of CPIS. We
assigned two points for > one area of dynamic air bronchogram.
One point was given for > two sub-pleural consolidation or
lobar consolidation areas or > one sub-pleural, and >one lobar
consolidation. Other parameters in SPIS were similar to CPIS. Similar
to modified CPIS, modified SPIS was also formulated. We needed
positive microscopy of tracheal aspirate and added one point to
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Table 1: Description of parameters of scores used in the study

SPIS (sono-pulmonary infection score) Points
Lung ultrasound (LUS)

No consolidation and dynamic air bronchogram on lung 0
ultrasound

>2 areas with subpleural consolidation or lobar 1
consolidation or >1 subpleural and >1 lobar consolidation

>1 area with dynamic air bronchogram 2
Purulent secretion

Absent or minimal 0
Non-purulent 1
Purulent 2
Endotracheal aspirate microscopy/culture

Negative microscopy/culture 0
Positive microscopy 1
Positive culture (same organism) 2
Temperature

<384 and >36.5 0
>38.5 1
>39 or <36 2
Leukocyte count/pL

>4 000 and <11 000 0
<4000 and >11 000 1
Oxygenation P/F

>240 or presence of ARDS 0
<240 or absence of ARDS 2
CPIS (clinical pulmonary infection score)

Temperature

<38.4 and >36.5 0
>38.5 1
>39 or <36 2
Leukocyte count/pL

>4000 and <11000 0
<4000 and >11000 1
Oxygenation

>240 or presence of ARDS 0
<240 or absence of ARDS 2
Tracheal secretion

Absent or minimal 0
Non-purulent 1
Purulent 2
Chest radiograph

No infiltrate 0
Patchy infiltrate 1
Localized infiltrate 2
Endotracheal aspirate microscopy/culture

Negative microscopy/culture 0
Positive microscopy 1
Positive culture (same organism) 2

ARDS, acute respiratory distress syndrome; positive microscopy result means
positive result on direct Gram stain examination of endotracheal aspirate.
Positive culture means positive result on the culture of endotracheal aspirate
with colony-forming unit >10°

SPIS and called as SPIS-mic. The culture report of tracheal aspirate
was added, and two points were given above SPIS, and it was called
SPIS-cult (Table 1).

Data Collection

Demographic characteristics and ICU prognostication scores, that
is, acute physiologic and chronic health evaluation (APACHE) Il

286

score and sequential organ dysfunction assessment (SOFA), were
recorded at admission. Clinical suspicion of VAP was taken as a
trigger for the collection of mini-BAL and endotracheal aspirate
samples for Gram stain and culture. At inclusion (clinical suspicion
of VAP), CXR reports were evaluated, LUS was done, respiratory
samples (both tracheal aspirate and mini-BAL) were collected by the
resident doctor, and respiratory therapist with standardized asepsis
technique. Variables for CPIS and SPIS were collected, and PCT was
sent. For CPIS-mic, CPIS-cult, SPIS-mic, SPIS-cult, microbiological
data of tracheal aspirate samples were taken into account. At
the time of patient inclusion, SOFA was recalculated. All these
were performed within 12 hours of clinical suspicion of VAP. We
considered a guideline-based diagnostic threshold of >104 CFU/mL
of amini-BAL sample as indicative of bacterial pneumonia and was
taken as a confirmed diagnosis of VAP. The number of mechanical
ventilator days, length of ICU, and hospital stay were calculated,
and at the patient’s discharge or death from ICU, we documented
them as survivors or non-survivors.

Mini-bronchoalveolar Lavage

Mini-bronchoalveolar lavage (mini-BAL) specimens were collected
by trained residents or respiratory therapists in conjunction with
a “catheter in catheter” technique with sterile normal saline. The
standard volume of saline instilled in mini-BAL procedures was
20 mL. Initial 10 mL were routinely discarded. The final segmental
placement of the mini-BAL catheter was blind. Samples were
studied for Gram stain and microbiological culture. Microscopy
report was usually available within 4-6 hours of sample dispatch.
In this study, we considered mini-BAL culture positive as the gold
standard for the diagnosis of VAP. We took mini-BAL culture as the
gold standard for VAP to avoid commensals from upper respiratory
flora and avoid contamination. European guidelines still prefer
quantitative culture diagnosed by mini-BAL culture as the gold
standard for VAP diagnosis.

Statistical Analysis

We included all possible suspected VAP cases during the study
period. Descriptive data were summarized as mean (SD), median
(interquartile range) for non-normal data, or number (%). Two
groups (mini-BAL culture-positive VAP and non-VAP) were
compared by using Mann-Whitney test for numerical data and
Fischer's exact test for categorical data. Sensitivity, specificity,
positive or negative predictive value, and positive or negative
likelihood ratios were calculated for CPIS, SPIS, LUS parameters,
CXR, and serum PCT. Results were expressed with 95% confidence
intervals (Cls). Receiver operating curves (ROC) were plotted with
the area under the curve for CPIS, CPIS-mic, CPIS-cult, SPIS, SPIS-
mic, and SPIC-cult.

REesuLTs

A total of 386 patients got admitted during the study period. One
hundred fifteen patients were initially enrolled for the study after
fulfilling the inclusion criteria. Data were analyzed for 110 patients
due toinadequate lung ultrasound (n = 2) and microbiology culture
findings (n = 3). Of the 110 patients, 80 patients had mini-BAL
culture-confirmed VAP that was considered the gold standard for
VAP diagnosis. The flowchart of patient distribution and outcome
is summarized in Figure 4.

Demographic data, that is, age, sex, type of patients (medical
or surgical), comorbidities, and previous hospital stay before
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|Tota| admissions = 386|
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Fig. 4: Flowchart showing patient screening, study inclusion, and outcome

Table 2: Patient characteristics and outcome of included patients

Mini-BAL culture-

Without mini-BAL culture-proven

Characteristics All patients (n=110) proven VAP (n = 80) VAP (n = 30) p-value
Age (years), mean + SD 47 £17.3 4745 +18.44 45.83 + 14.44 0.79
Male (n, %) 73 (66.4) 54 (67.5) 19 (63.3) 0.42
Types of admission: (n, %)

Medical 98 (89.1) 71(88.8) 27 (90) 0.58
Surgical 12(10.9) 9(11.3) 3(10)

Source of admission: (n, %)

Emergency 30(27.3) 20 (25.1) 10 (33.3)

ICU same hospital 20(18.2) 15(18.8) 5(16.7) 0.51
ICU other hospitals 45 (40.7) 34 (42.5) 11(36.6)

Ward same hospital 15 (3.6) 11(13.8) 4(13.3)

Comorbidities (n, %)

Nil 43 (39) 31(38.8) 12 (40)

DM 29 (26.4) 22 (22.5) 7 (23.3)

HTN 18(18.2) 14 (17.6) 6 (20)

CLD 3(2.7) 2(2.5) 1(3.3) 0.98
CKD 6 (5.5) 5(6.3) 1(3.3)

COPD 4(3.6) 3(3.8) 1(3.3)

CAD 2(1.8) 1(1.3) 1(3.3)

Hypothyroidism 3(2.7) 2(2.5) 1(3.3)

APACHE Il admission (mean =+ SD) 17.99 + 4.48 18.15 +4.72 17.57 +£3.82 0.40
SOFA (mean + SD)

D-admission 10.08 + 3.68 10.20 + 3.69 9.77 £ 3.69 0.68
D-inclusion 9.41 +3.94 9.69 +3.87 8.67 +4.08 0.39
Procalcitonin (ng/dL) (Median-IQR) (n = 98) 3.45(0.79-7.97) 3.8(0.85-13.8) 5.1(3.7-22.2) 0.10
CPIS (mean + SD) 517 +1.73 528 +1.62 471 +2.01 0.055
CPIS-mic 5.79 + 1.90 6.14 +1.73 4.86 +1.98 0.002
CPIS-cult 6.7 +2.10 7.34 + 1.66 54222 <0.001
Duration of LUS (min) 13.6+1.17 13.76 +1.19 13.25+1.15 0.35
SPIS (mean + SD) 5.07 + 1.69 559+ 135 375+ 1.73 <0.0001
SPIS-mic 5.78 + 1.96 6.4+ 1.53 4.10+2.04 <0.0001
SPIS-cult 6.80 +2.33 7.8+ 144 4.15+2.16 <0.0001
MV (days) (median-IQR) 16 (8.7-25) 20(13-28) 13.5(13-27) 0.03
LOS ICU (days) (median-IQR) 20(10.7-31) 22 (16-39) 16.5 (16-31) 0.15
LOS hospital (days) (median-IQR) 23.5 (12-40) 27 (21-40) 23 (16-42) 0.40
Survival at ICU discharge (n, %) 56 (50.1) 35(43.7) 21 (70) 0.018
ICU mortality (n, %) 54 (49.9) 45 (56.3) 9 (30)

APACHE I, acute physiology chronic health evaluation; CAD, coronary artery disease; CKD, chronic kidney disease; CLD, chronic liver disease; COPD,
chronic obstructive pulmonary disease; CPIS, clinical pulmonary infection score; DM, diabetes mellitus; HTN, hypertension; ICU, intensive care unit; LOS,
length of stay; MV, mechanical ventilation SOFA, sequential organ failure assessment; SPIS, sono-pulmonary infection score; VAP, ventilator-associated

pneumonia
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admission (other hospital ICU, same hospital other ICU or ward,
and emergency department) are represented in Table 2. APACHE
Il at admission was 18 in mini-BAL culture-confirmed VAP. SOFA
at inclusion was 9 in mini-BAL culture-confirmed VAP. Patients
with positive mini-BAL culture remained significantly more days
on mechanical ventilation than culture-negative (20 days vs 13
days, p = 0.03) and had more ICU mortality (56 vs 30%, p = 0.018).
Gram-negative organisms (88.7%) were the predominant finding
in culture growth, with Acinetobacter baumannii being the most
common organism, followed by Pseudomonas aeruginosa (Table 3).

Diagnostic accuracy of CXR, LUS, including individual findings,
and procalcitonin are described in Table 4. CXR 2 (localized
infiltrate on chest X-ray) had increased specificity and positive
predictive value to diagnose true VAP (mini-BAL culture-confirmed)

Table 3: Microbiological profile of sample from mini-BAL culture (n = 80)

Organism on positive mini-BAL fluid Days of study No (%)
Gram-negative organism 1(88.7%)
Acinetobacter baumannii 6 (45%)
Pseudomonas aeruginosa 7 (21.5%)
Klebsiella pneumoniae 2 (15%)
Escherichia coli 2 (2.5%)
Stenotrophomonas 2 (2.5%)
Others 2 (2.5%)
Gram-positive organism 5(6.3%)
Staphylococcus aureus 4 (5%)
Others 1(1.3%)
Fungus 4 (5%)

Notes: Seven mini-BAL specimens (8.2%) were positive for multiple
organisms

than diffuse infiltrate (CXR 1). LUS 2 (>1 area with dynamic air
bronchogram) had the highest specificity and positive predictive
value to diagnose VAP. Overall LUS performance for diagnosis
of VAP (microbiologically confirmed) is good with sensitivity,
specificity, positive or negative predictive value, and positive or
negative likelihood ratios of 91.3% (82.8-96.4), 70% (50.6-85.3), 89%
(80.2-94.9), 75% (55.1-89.3), 3 (1.8-5.3), 0.1 (0.1-0.3), respectively.
Serum PCT values > 1 ng/dL was found to be a poor predictor of VAP.

Diagnostic performances of scores combining clinical,
microbiological, and radiological data are described in Table 5. To
diagnose mini-BAL culture-confirmed VAP, CPIS > 6 had a positive
predictive value of 79.3%. CPIS with positive microscopy or culture
of endotracheal aspirate had an increased positive predictive
rate for definite diagnosis of VAP. SPIS > 6 had an 82.2% positive
predictive rate for diagnosis of VAP. The addition of microbiology
culture of tracheal aspirate along with LUS improved diagnostic
accuracy. SPIS-cult (SPIS with a positive culture of endotracheal
aspirate) had the highest specificity and positive predictive value
(90.9%) (Table 4).

Receiver operating characteristic curves (ROC) with areas under
the curve (AUC) for CPIS, CPIS-mic, CPIS-cult; SPIS, SPIS-mic, SPIS-
cult for diagnosis of VAP, are described in Table 6 and Figure 5. SPIS
alone had almost equivalent AUC as of CPIS-cult (0.80). Amongst
the combined score, SPIS-cult AUC yield was the highest (0.91).

Discussion

Lung ultrasound is an evolving added tool for the diagnosis of
VAP. For early diagnosis of VAP, various scoring systems have
been proposed, like CEPPIS (chest echography and procalcitonin
pulmonary infection score) and VPLUS (ventilator-associated
pneumonia lung ultrasound), which incorporated lung ultrasound
findings along with the clinical and microbiological culture of

Table 4: Performance of CXR, LUS, and procalcitonin at inclusion for diagnosis of VAP (mini-BAL culture-confirmed)

Parameters Sensitivity Specificity PPV NPV LR+ LR—

CXR 1 725(61.4-81.9) 26.7(12.3-459) 725(61.4-81.9) 26.7(12.3-459) 0.9(0.8-1.3) 1.03 (0.5-2.1)
CXR 2 27.5(18.1-38.6) 73.3(54.1-87.7) 73.3(54.1-87.7) 27.5(18.1-38.6) 1.03 (0.5-2.1) 0.9 (0.8-1.3)
LUS1 87.1(78-93.4) 6(34.9-75.6) 87.1(78-93.4) 6 (34.9-75.6) 9(1.3-3.1) 0.2 (0.1-0.4)
LUS 2 42.8(31.6-54.7) 91.7(61.5-99.8) 97.1(84.7-99.9) 0(10.4-32.9) 5.1(0.8-34.2) 0.62 (0.5-0.8)
LUS overall 91.3 (82.8-96.4) 70 (50.6-85.3) 89 (80.2-94.9) 5(55.1-89.3) 3(1.8-5.3) 0.1 (0.1-0.3)
Procalcitonin > 1 ng/dL (n=98) 59.7 (47.5-71.1) 15.4(4.4-37.9) 66.2 (53.4-77.4) 12.1(3.4-28.2) 0.7 (0.6-0.9) 2.6 (1-6.7)

Notes: Data are presented as % (95% Cl). CXR, chest X-ray; CXR 1, diffuse infiltrate; CXR 2, localized infiltrate; LR+, positive likelihood ratio; LR—, negative
likelihood ratio; LUS, lung ultrasound, LUS1, LUS 2 (Table 1 for detail); NPV, negative predictive value; PPV, positive predictive value; VAP, ventilator-

associated pneumonia

Table 5: Performance of CPIS, CPIS-mic, CPIS-cult, SPIS, SPIS-mic, and SPIS-cult at inclusion for diagnosis of VAP (mini-BAL culture confirmed)

Parameters Sensitivity% Specificity% PPV% NPV% LR+ LR-

CPIS>6 57.5 (45.9-68.5) 60 (40.6-77.3) 79.3 (66.6-88.8) 34.6 (21.9-49.1) 1.43 (0.89-2.32) 0.71(0.48-1.04)
CIPS mic>6 71.3(60.1-80.8) 60 (40.6-77.3) 82.6(71.7-90.7) 43.9 (28.5-60.3) 1.70(1.1-2.8) 0.48(0.3-0.8)
CPIScult>6 78.8 (68.2-87.1) 63.3 (43.9-80.1) 85.1(74.9-92.3) 3 (35.5-69.6) 2.15(1.3-3.5) 0.34(0.2-0.6)
SPIS>6 46.3 (35-57.8) 73.3(54.1-87.7) 82.2(67.9-92) 33.9(22.6-46.7) 1.37(0.9-3.3) 0.73(0.5-0.9)
SPIS mic > 6 77.5 (66.8-86.1) 76.7 (57.7-90.1) 89.9 (80.2-95.8) 56.1(39.8-71.5) 3.32(1.7-6.4) .3(0.2-0.5)
SPIS cult > 6 87.5(78.2-93.8) 76.7 (57.7-90.1) 90.9 (82.2-96.3) 69.7 (51.3-84.4) 3.8(1.9-7.2) 0.2 (0.1-0.3)

Notes: Data are presented as % (95% Cl). CPIS, clinical pulmonary infection score; LR+, positive likelihood ratio, LR—, negative likelihood ratio; LUS, lung

ultrasound; NPV, negative predictive value; PPV, positive predictive value; SPIS, sono-pulmonary infection score
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Fig. 5: Receiver operating characteristic (ROC) curves of CPIS, CPIC-mic,
CPIS-cult, SPIS, SPIS-mic, and SPIS-cult

Table 6: Receiver operating characteristic (ROC) AUCs of predictors for
VAP diagnosis

Predictors AUC SE 95% Cl p-value
CPIS 0.617 0.062 0.495-0.739 0.06
CPIS-mic 0.689 0.059 0.573-0.804 0.002
CPIS-cult 0.801 0.052 0.699-0.903 <0.0001
SPIS 0.808 0.051 0.707-0.908 <0.0001
SPIS-mic 0.815 0.051 0.714-0.915 <0.0001
SPIS-cult 0.913 0.038 0.839-0.988 <0.0001

AUC, area under curve; CPIS, clinical pulmonary infection score; CPIS-
mic, clinical pulmonary infection score with Gram stain; CPIS-cult, clinical
pulmonary infection score with culture; ROC, receiver operating charac-
teristic curve; SE, standard error; SPIS, sono-pulmonary infection score;
SPIS-mic, sono-pulmonary infection score with Gram stain; SPIS-cult,
sono-pulmonary infection score with culture

endotracheal aspirate for early diagnosis of VAP. CPIS score is the
most widely used clinic-microbiological score, which considers
chest radiograph findings as to the radiological criteria. Scores
like CEPPIS and VPLUS take into account LUS findings, though
they are ofimmense help but challenging to remember at bedside
and practice. We evaluated the feasibility of incorporating lung
ultrasound findings into the CPIS score and formulated the
SPIS score, where we used lung ultrasound instead of the chest
radiograph.

CPIS was first defined by Pugin et al. and demonstrated that
it had a high sensitivity (93%) and specificity (100%).% Later on,
Croce et al. evaluated CPIS and confirmed its sensitivity as 61%
and specificity as 43%.° Schurink et al. found sensitivity as 83%
and specificity as 17% using six parameters (incorporating culture-
modified CPIS), taking a threshold value of >6 for the evaluation
of CPIS.'® Further, studies comparing CPIS with a histological
diagnosis and BAL fluid-established diagnosis of VAP showed a
lower diagnostic performance compared with the original research,
with limited sensitivity and specificity.>' In our study, we found
sensitivity, specificity, PPV, NPV, and positive or negative likelihood
ratios of 57.5% (45.9-68.5), 60% (40.6-77.3), 79.3% (66.6-88.8),
34.6% (21.9-49.1), 1.43 (0.89-2.32), 0.71 (0.48-1.04) (Table 5),
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respectively with ROC area under the curve of 0.617 for a CPIS > 6
(Table 6). Microscopy and culture are incorporated in CPIS and is
commonly known as modified CPIS. Singh et al. used the CPIS as
a screening tool for decision-making regarding antibiotic therapy,
incorporating the Gram stain result.'? In our study, we noted that
adding microscopy (Gram stain) to CPIS did not improve any
diagnostic performance (CPIS AUC is 0.617 and CPIS-mic AUC is
0.689) but adding quantitative culture reportimproved accuracy of
diagnosis by increasing ROC area under the curve from 0.617-0.801.
Serum PCT level in suspected VAP can help improve diagnosis, but
as a single parameter, it is not reliable.

In the formulated SPIS score for the diagnosis of VAP, all other
parameters remaining the same as CPIS, we used lung ultrasound
instead of the chest radiograph. Studies have proven a limited
diagnostic performance of bedside portable CXR in critically ill
patients.’ In this study, we found CXR showing diffuse infiltration
has 72.5% (61.4-81.9), 26.7% (12.3-45.9) sensitivity and specificity,
respectively. Specificity improved in case of localized infiltration
but at the cost of low sensitivity (Table 4). Diagnosis of VAP by
computed tomography (CT) scan was carried out by Winer-Muram
et al. on ARDS patients. They found diagnostic accuracy improved
with the use of CT scans.' Limitations of CT scan, such as less readily
accessible, radiation hazards, needs transportation, and does not
give any specific findings of VAP except consolidation and air
bronchogram. To evaluate new infiltration, we need a baseline CT
scan.”® This evaluation of baseline information and new infiltration
can be easily performed by LUS at the bedside.”” Meta-analysis
supports the fact that LUS can diagnose community-acquired
pneumonia in the emergency department.'® For ICU patient’s
bedside, LUS is frequently used to detect pleural effusion, lung
consolidation, and AIS with good sensitivity and specificity. The
higher rate of detection from LUS, combined with its ease of use and
increasing accessibility, makes it a strong point of care diagnostic
tool. A combination of non-aerated lung tissues and dynamic
air bronchogram is the most characteristic sonographic feature
of inflammatory lung consolidation. Our study found sensitivity
and specificity of LUS as 91.3% (82.8-96.4) and 70% (50.6-85.3),
respectively, and is comparable to other studies.””2° LUS 2 (>1 area
with dynamic air bronchogram) had the highest specificity and
positive predictive value to diagnose VAP (Table 4).

The diagnosis of VAP requires agreement between clinical,
microbiological, and radiological criteria.?’ In a retrospective
study by Zagli et al., total leucocyte count was replaced by PCT.
They formulated a scale CEPPIS incorporating tracheal secretion,
PCT, the culture of tracheal secretion, LUS consolidation, and
oxygenation as different variables.® They found a CEPPIS > five
was significantly better in predicting VAP (OR, 23.78; sensitivity,
80.5%; specificity, 85.2%, and AUC 0.829) than a CPIS > 6. Serum
PCT level in suspected VAP can help improve diagnosis, but it is not
reliable as a single parameter. In our study, serum PCT was a poor
indicator of VAP with sensitivity and specificity of 59.7% (47.5-71.1)
and 15.4% (4.4-37), respectively. Mongodi et al. published a score-
based protocol ventilator-associated pneumonia lung ultrasound
(VPLUS) and VPLUS with positive Gram smear (VPLUS-Gram score)
for early diagnosis of VAP using ultrasound finding, microscopy
by Gram stain along with purulent tracheal aspirate.” Based on
VPLUS-gram, they recommend early initiation of antibiotics. Zagli
etal. performed lung ultrasound in the nonspecific period between
the third to the fifth day of ICU stay with the diagnosis based on
subpleural echo poor regions or tissue-like structures.® Mongodi
et al. have nicely described the ultrasound scoring system.” They
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have given utmostimportance to Gram stain examination and early
initiation of antibiotics. However, in their clinico-radiological and
microbiological VPLUS and VPLUS-Gram scores, purulent secretion
was assessed as the only clinical parameter that is subjective.

Our present study scoring system SPIS was formulated using
all the variables of CPIS, including lung ultrasound findings.
Microscopy by Gram stain and culture reports were used in
modified SPIS (SPIS-mic and SPIS-cult). SPIS > 6 had an 82.2%
positive predictive rate for diagnosis of VAP. The addition of
microbiology culture of tracheal aspirate along with LUS improved
diagnostic accuracy. SPIS-cult (SPIS with a positive culture of
endotracheal aspirate) had the highest specificity and positive
predictive value (90.9%) (Table 4). Our result suggests the best
AUROC for SPIS-cult (0.913).

We can start appropriate empirical antibiotics based on
clinical parameters and LUS, which generally takes 15 minutes
after obtaining the respiratory sample. Taking a sample from the
respiratory tract and getting a Gram stain report generally takes
3-6 hours. Our study showed the prevalence of gram-negative
organisms (88.7%). It may be clinically justified not to wait for
microscopy but to start early antibiotics in patients with suspected
VAP, evident by clinical and LUS findings. The Clinical and Laboratory
Standards Institute (CLSI) recommends establishing a unit-
specific antibiogram.?? This is of utmost importance, as bacterial
susceptibilities to antibiotics are subject to geographical variation,
which was recently highlighted by Becher et al.2® Novel methods
of rapid pathogen identification and their sensitivity testing may
enhance the likelihood of administering timely and appropriate
empirical antibiotic therapy.

Ours is the first study that evaluated the utility of lung
ultrasound for the diagnosis of VAP, incorporating LUS in the existing
CPIS score. Scores like CEPPIS and VPLUS proposed previously have
evaluated lung ultrasound’s utility as a tool for early VAP diagnosis.
SPIS, a modification of CPIS, can be of utility as a tool for accurate
VAP diagnosis, with advantages of easy to practice at the bedside
and no ambiguity amongst clinicians.

CoNcLUSION

Clinical, ultrasound, and microbiology-based scoring systems are
better than clinical decision-making for the early diagnosis of VAP. A
multi-centricrandomized trial with large sample size is warranted to
compare LUS-based scoring (SPIS and modified SPIS) with clinical-
based scoring (CPIS and modified CPIS).

LiMITATIONS

The significant limitations of our study are that it is a single-center
observational study. Large numbers of patients with mixed
population might provide better analysis. We did not perform daily
lung ultrasound. We considered quantitative mini-BAL culture as
a gold standard test, but nothing has yet been established as a
gold standard.
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