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1. Introduction

Ventilator-associated pneumonia (VAP) is the most common
nosocomial infection in patients receiving mechanical ventilation.
The mortality rate of VAP patients ranges from 14% to as high as
70%.1–3 Studies have confirmed that factors associated with
mortality are malignancy, inappropriate initial treatment, bacter-
emia, acute respiratory distress syndrome/acute lung injury, shock,
sepsis, disease severity, and the sepsis-related organ failure
score.1–4 Nevertheless, the accurate prediction of VAP mortality
based on these risk factors remains difficult.

The Acute Physiology and Chronic Health Evaluation (APACHE)
II is a severity-of-disease classification system. It was designed to
measure the severity of disease for adult patients admitted to the
intensive care unit (ICU).5 It has been confirmed that APACHE II is a
very useful instrument for the prediction of ICU mortality by the
clinician.6 The Clinical Pulmonary Infection Score (CPIS) was
developed as a surrogate tool to facilitate the clinical diagnosis of
VAP.7 Studies have also found the CPIS to be an early clinical
predictor of the outcome of VAP.8,9 However, it is still not known
which of these is the better tool for predicting mortality in patients
with VAP.

The objective of this study was to evaluate and compare the
predictive value of the APACHE II score and CPIS for 30-day
mortality in patients with VAP.
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S U M M A R Y

Objective: The aim of this study was to compare the Acute Physiology and Chronic Health Evaluation II

(APACHE II) score and the Clinical Pulmonary Infection Score (CPIS) for the prediction of 30-day mortality

in patients with ventilator-associated pneumonia (VAP).

Methods: A single-center, prospective cohort study design was employed between January 1, 2010 and

January 1, 2014. APACHE II and CPIS scores were determined on the day of VAP diagnosis. Discrimination

was tested using receiver-operating characteristic (ROC) curves and the areas under the curve (AUC).

Calibration was tested using the Hosmer–Lemeshow statistic.

Results: Of 135 patients with VAP, 39 died; the 30-day mortality was 28.9%. APACHE II and CPIS scores

were significantly higher in non-survivors compared to survivors (23.1 � 4.8 vs. 16.7 � 4.6, p < 0.001;

6.8 � 1.3 vs. 6.2 � 1.3, p = 0.016). APACHE II had excellent discrimination for predicting 30-day mortality in

patients with VAP, with AUC 0.808 (95% confidence interval (CI) 0.704–0.912, p < 0.001). However, the CPIS

score did not have discrimination power for predicting mortality, with AUC 0.612 (95% CI 0.485–0.739,

p = 0.083). The Hosmer–Lemeshow statistic showed good goodness-of-fit for observed 30-day mortality and

APACHE II expected mortality (Chi-square = 1.099, p = 0.785). However, CPIS expected 30-day mortality did

not fit the observed mortality (Chi-square = 6.72, p = 0.004).

Conclusions: These data suggest that APACHE II is useful for predicting 30-day mortality in patients with

VAP, but that the CPIS does not have good discrimination and calibration for predicting mortality.
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2. Methods

2.1. Study setting and design

This study was conducted at a university-affiliated hospital
serving a population of 7.74 million.

A single-center, prospective cohort study design was employed
between January 1, 2010 and January 1, 2014. The study was
approved by the Medicine Human Studies Committee of the
hospital, and the need for informed consent was waived.

Consecutive patients who stayed longer than 3 days in the
respiratory intensive care unit (RICU) and who developed VAP
were enrolled in the study. Patients younger than 18 years of age
and those with another source of infection or a malignancy were
excluded from the study.

2.2. Definition of VAP

VAP was defined based on a modification of the criteria
established by the American College of Chest Physicians.10 The
criteria require the occurrence of new and persistent radiographic
infiltrates in conjunction with two of the following: (1) a
temperature >38.5 8C or < 36.5 8C; (2) a white blood cell count
>12 � 109/l or <4 � 10>9/l; and/or (3) purulent tracheobronchial
secretions. Positive culture results from a protected specimen
brush (�103 CFU/ml), plugged telescopic catheter specimen (�103

CFU/ml), bronchoalveolar lavage fluid specimen (�104 CFU/ml), or
quantitative endotracheal aspirate (�105 CFU/ml) were also
considered positive for the diagnosis of VAP.

2.3. Data collection

The APACHE II and the CPIS scores were determined on the day
of VAP diagnosis. Demographic data, admission diagnosis of the
patients, duration of mechanical ventilation, length of RICU and
hospital stay, comorbidities, pathogens responsible for VAP, and
30-day mortality were also recorded.

2.4. Statistical analysis

First, the primary data analysis compared 30-day non-survivors
with survivors. Continuous variables were compared using the
Student’s t-test for normally distributed variables. The Chi-square or
Fisher’s exact test was used to compare categorical variables.
Second, the discrimination of non-survivors and survivors was
tested using receiver-operating characteristic (ROC) curves and by
evaluating the areas under the curve (AUC). APACHE II and CPIS were
categorized into classes by selecting the best cut-offs. Third,
calibration for comparing observed and predicted mortality was
tested using the Hosmer–Lemeshow test. Logistic regression

analysis was applied to estimate the predictive 30-day mortality
of APACHE II and the CPIS. A two-tailed p-value of <0.05 was
considered statistically significant. All analyses were performed
using IBM SPSS Statistics version 19.0 (IBM Corp., Armonk, NY, USA).

3. Results

3.1. Patient characteristics

During the study period, 761 patients were admitted to the
RICU and received mechanical ventilation. A total of 151 patients
(19.8%) were diagnosed with VAP. Sixteen patients were excluded,
11 due to another source of infection and five due to malignancy,
leaving 135 patients in the study cohort. Among these patients,
39 died within the 30 days after VAP diagnosis, giving a 30-day
mortality of 28.9%. A flow diagram of the patients included in the
study is given in Figure 1. The baseline characteristics of patients
grouped by their survival status are provided in Table 1. APACHE II
scores at the time of VAP diagnosis were significantly higher in
non-survivors compared with survivors (23.1 � 4.8 vs. 16.7 � 4.6; p

< 0.001). The CPIS were also significantly higher in non-survivors at
the time of VAP diagnosis (6.8 � 1.3 vs. 6.2 � 1.3; p = 0.016).

3.2. Discrimination for 30-day mortality

The AUC for APACHE II predicting 30-day mortality in patients
with VAP was 0.808 (95% confidence interval (CI) 0.704–0.912, p <

0.001); the AUC for CPIS was 0.612 (95% CI 0.485–0.739,
p = 0.083). ROC curves for the two scoring systems for predicting
30-day mortality are shown in Figure 2. Table 2 shows the
sensitivity and specificity values for the cut-off points of the two
scoring systems. APACHE II >25 on the day of VAP diagnosis had
high sensitivity (84.6%) and specificity (78.1%) in predicting
mortality, but CPIS >7 had moderate sensitivity (74.4%) and low
specificity (49.0%).

3.3. Calibration for 30-day mortality

Table 3 shows the observed mortality and the APACHE II score
expected 30-day mortality for patients with VAP. Table 4 shows
the observed mortality and CPIS expected mortality. The APACHE II
expected 30-day mortality was 29.9% and the CPIS expected
mortality was 35.9%. These are both higher than the observed
actual 30-day mortality of 28.9%. The Hosmer–Lemeshow statistic
showed good goodness-of-fit for observed 30-day mortality and
the APACHE II expected mortality (Chi-square = 1.099, p = 0.785).
However, the CPIS expected 30-day mortality did not fit the
observed mortality (Chi-square = 6.72, p = 0.004). Calibration
curves are shown in Figure 3.
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Figure 1. Flow diagram of patients included in the study.
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