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Introduction

Community-acquired pneumonia (CAP), a common infection, 
could occur in all ages. The annual incidence of CAP is ranged 

from 5-11 per 1,000 population per year, and the incidence 
is more higher in elderly patients (1). Some previous studies 
reported that the risk of pneumonia increases markedly with 
age, and CAP had become one of the leading causes of death 
in elderly patients and the first reason for death from infection 
diseases (2-4), which now remains a more high-profile area of 
health care.

The elderly CAP patients with many concomitant diseases are 
easier to progress to severe CAP (SCAP) and difficult to cure, 
because these non-specific symptoms causing not to be evaluated 
the illness severity accurately in early stage delay the timely and 
effective treatment. It was reported that the morbidity of SCAP 
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ranged from 5% to 35% with the mortality ranging from 20% to 
50% (5,6). Therefore, SCAP deserves more attention [severity 
monitoring and prognosis assessment in early stage, mechanical 
ventilation (MV), and so on] because it has been one of the 
common causes leading to death in aged patients.

A ssessment of  disease sever it y  i s  impor tant  in the 
management of CAP patients, guiding therapeutic options, 
improving prognosis in Intensive Care Unit (ICU). With 
increasing incidence of CAP, several scoring models have been 
developed in an attempt to accurately predict outcomes for CAP 
patients, which were used to decide various nursing grades and 
guide both general management and antibiotic treatment by a 
series of related clinical and laboratory features (7) for initial 
antibiotic administration is of great importance for prognosis of 
CAP (8).

In recent decades, CURB-65 score (9) and Pneumonia 
Severity Index (PSI) (10,11) have been regularly conducted to 
make risk stratification and assess the prognosis of patients with 
CAP, and APACHE II is one of the most widely used scoring 
systems for predicting mortality of patients in the ICU (12). In 
clinical practice, we find that the higher plasma N-terminal pro 
B-type natriuretic peptide (proBNP) levels the aged patients 
with CAP have, the worse prognosis they could have. Some 
studies had documented that plasma proBNP as a promising 
biomarker not only have an important role in predicting the 
prognosis and mortality of chronic heart failure (13,14), but also 
was extensively used to provide risk stratification and predict 
mortality for patients with CAP (15-17).

The purposes of this study were to compare the ability of 
proBNP and the three scoring models (CURB-65, PSI, and 
APACHE II) on assessing the predictive accuracy for three 
clinical outcomes (severity evaluation, need for invasive 
mechanical ventilation, and 28-day mortality) of the aged 
patients with CAP admitted to ICU, and to evaluate the 
prognostic factors.

Materials and methods

Subjects

In this retrospective study, a total of 240 consecutive recruited 
patients, who were aged ≥65 years old with a diagnosis of CAP 
at admission to the Emergency Intensive Care Unit (EICU) and 
Respiratory Intensive Care Unit (RICU) of the Chinese People’s 
Liberation Army (PLA) General Hospital, was analyzed from 
Jan 2011 to April 2013.

The study design was approved by the Clinical Ethics 
Committee of the Chinese PLA General Hospital. All of the 
patients or their family members were sufficiently informed the 
study details, and then signed informed consent forms upon 
admission to ICU.

Diagnosis of CAP and SCAP

The clinical diagnosis of CAP was defined as the presence of a new 
infiltrate on the chest X-ray together with symptoms and signs of a 
lower respiratory tract infection in a patient who was not hospitalized 
or other healthcare facility in the previous 14 days (18,19). 
The symptoms and signs of a lower respiratory tract infection 
included: white blood cell (WBC) >10×109/L or <4×109/L,  
fever (>38 ℃) or hypothermia (<36 ℃), new cough with or 
without purulent sputum, chest discomfort or dyspnea and signs 
of consolidation of lung tissue (20).

SCAP was defined as CAP associated with the presence of the 
following one major or two or more minor criteria: major criteria 
(PH <7.30 and systolic blood pressure <90 mmHg) and minor 
criteria (age >80 years old, respiratory rate ≥30 breaths/min, 
blood urea nitrogen >30 mg/dL, PaO2/FiO2 ≤250, Multilobar/
bilateral infiltrates and altered mental status) (21).

All patients were treated with standard antibiotic therapy 
according to British Thoracic Society guidelines (22).

Exclusion criteria

We excluded (I) age <65 years old; (II) patients with the evidence 
for diagnosis of hospital-acquired pneumonia, or who were admitted 
to the hospital in the previous 14 days, and the onset of pneumonia 
symptoms was beyond 48hrs after admission (23); (III) infiltrate on 
the chest X-ray followed by: obstructive pneumonia resulting from 
malignancy, pulmonary edema, pulmonary embolism, noninfectious 
pneumonia (e.g., lupus pneumonitis), and so on; (IV) patients with 
severe immunosuppression, such as human immunodeficiency 
virus (HIV) infection, neutropenia <1×109/L, and taking immune-
suppressing drugs (24).

Introduction of scoring models

The CURB-65 scoring model developed by Dr. Lim, consists 
of five indexes: confusion, BUN >7 mmol/L, respiratory  
rate >30 breaths/min, systolic blood pressure <90 mmHg and/
or diastolic blood pressure ≤60 mmHg, and age ≥65 yr. One 
point was allocated to each variable present and patients were 
stratified into different mortality risk groups (9).

PSI scoring model was introduced in 1997 following a 
multicenter study in over 50,000 inpatients and has a good ability 
of severity assessment. It consists of 20 variables in four categories 
including demographics, comorbidity, physical exam findings, and 
laboratory and radiographic findings. It results in five class point 
scoring systems reflecting an increasing risk of mortality (10).

APACHE II scoring model proposed by Dr. Knaus, uses 
a point score upon initial value of 12 routine physiologic 
measurements, age, and previous health status to provide a 
general measure of severity of disease (12).
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Data collection

Clinical data of 240 elderly patients with CAP were collected 
and analyzed retrospectively, including the basic information 
(e.g., age, gender, and underlying diseases), diagnosis upon 
ICU admission, worst vital signs (e.g., temperature, breathing 
rate, heart rate, and blood pressure) and laboratory tests (e.g., 
proBNP, bilirubin, creatinine, and electrolytes, and so on) 
within 24 hours after admission to ICU, time of ICU stay, and 
the clinical outcomes. CURB-65, PSI, and APACHE II scores 
were calculated according to the above data. We measured 
NT-proBNP using a quantitative electrochemiluminescence 
immunoassay (Elecsys pro-BNP; Roche Diagnostic AG) 
according to the instructions of the kit manufacturer. The 
pathogens isolated and identif ied from sputum and/or 
bronchoalveolar lavage fluid (BALF) were recorded in the first 
three consecutive days after admission.

Outcomes measures

The primary clinical outcome of the study was observed including 
assessing severity, and predicting need for MV and 28-day 
mortality.

Statistical analysis

All data were analyzed using SPSS V.17 (SPSS, Inc., Chicago, 
Illinois, USA) for windows. Quantitative variables were 
expressed as mean ± standard deviation (SD) for normal 

distribution data and as medians (25th and 75th percentiles) for 
non-normal distribution data. Qualitative data were presented 
as frequencies and percentages. For continuous variables, the 
Student t-test was used to compare the data between the two 
groups and analysis of variance was employed to compare 
the three groups. The x2 tests were performed for qualitative 
variables. Receiver operating characteristic (ROC) curves were 
operated to evaluate candidate indicators with regards to the 
outcomes assessment of patients with CAP. Logistic regression 
analysis was performed to select the variables associated with the 
prognosis of patients. Two-side probabilities of less than 0.05 
were regarded as statistically significant.

Results

General characteristics

A total of 328 patients with CAP were admitted to EICU 
and RICU from Jan 2010 to April 2013 in our hospital. Of 
these, 88 patients were later excluded due to less than 65 yrs. 
The remaining 240 patients (73.2%), with the mean age of  
75±8 years old, 143 (59.6%) male, were enrolled. Based on  
28-day mortality, the 240 patients were grouped into 156 survivors 
(65%) and 84 non-survivors (35%); according to severity of the 
illness, these aged patients were divided into 80 SCAP patients 
(33%) and 160 non-SCAP (67%); based on need for MV, the 
enrolled patients were divided into 79 MV group (33%) and  
161 non-MV group (67%) (Figure 1).

The demographic and biochemical data of the enrolled 

Figure 1. Flow chart of patients enrollment into this study.

Inpatients with CAP 
in ICU (n=328)

Excluded Age <65 years  
old (n=88)

Elderly patients 
with CAP (n=240)

Survivors MV SCAP

n=156 n=84 n=79 n=161 n=160

Yes Yes YesNo No No

n=80

Prediction of three 
important outcomes
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patients are summarized in Table 1. Admission levels of 
NT-proBNP, CURB-65, PSI, and APACHE II scores were 
significantly higher in non-survivors, SCAP patients, and MV 
group compared to 28-day survivors, non-SCAP patients, and 
no-MV group, respectively (P<0.001).The length of ICU stay 
was remarkable longer in survivors than that in non-survivors 
(P<0.001) but not in requirement of MV patients (P=0.531) 
and in diagnosis as SCAP (P=0.085). And there was statistical 
difference in the mortality between MV and non-MV and 
between SCAP and non-SCAP patients (P<0.001). Statistical 
difference was not marked on age and underlying diseases.

Classification of pathogen

In an attempt to define which pathogen was the etiology of 

pneumonia, the pathogens were isolated and identified from 
sputum and/or BALF of the enrolled elderly patients with CAP. 
The etiology of CAP were classified into the following groups: 
(I) typical pathogens, such as streptococcus pneumoniae, 
Haemophilus influenzae, acinetobacter baumannii, and Klebsiella 
pneumoniae; (II) atypical pathogens, such as mycoplasma, 
chlamydia; (III) other pathogens, such as fungi, viral agents; 
(IV) unknown etiology. The incidence of the detected pathogens 
causing the elderly CAP is depicted in Figure 2.

Predictive value for three clinical outcomes in elderly CAP

Admission levels of proBNP, CURB-65, PSI, and APACHE 
II using receiver operator characteristic (ROC) curves for 
predicting 28-day mortality and need for MV, and severity 

Table 1. Clinical and biological data upon admission to the ICU of aged patients with CAP.

Characteristics

Prognosis of 28-day
P-value

Severity evaluation
P-value

Need for MV
P-value

Survivor 
(n=156)

Non-survivor 
(n=84)

SCAP  
(n=80)

No-SCAP 
(n=160)

Yes  
(n=79)

No  
(n=161)

Age (years) 75±7 77±8 0.057 77±8 75±8 0.063 76±8 75±8 0.314

Gender [n (%)]

Male 92 51 0.784 47 96 0.331 45 98 0.889

Female 64 33 33 64 34 63

Underlying diseases  
[n (%)]

Cerebrovascular 
disease

32 18 0.869 16 34 0.868 21 29 0.131

COPD 30 54 0.000 52 32 0.000 54 30 0.000

Cardiac functional 
insuffi-ciency

32 19 0.742 17 34 1.000 18 33 0.738

Diabetes 42 25 0.653 24 43 0.648 21 46 0.878

CKD 23 12 1.000 12 23 1.000 15 20 0.179

Immunosuppressed 15 7 0.818 7 15 1.000 6 16 0.640

LDH 223  
[181, 321]

318  
[211, 507]

0.000 281  
[178, 456]

232  
[184, 360]

0.303 279  
[185, 444]

233  
[184, 368]

0.263

proBNP 1,212  
[448, 3,982]

4,629  
[2,910, 14,865]

0.000 4,198  
[1,160, 14,982]

1,929  
[461, 4,700]

0.000 3,920  
[1,175, 11,600]

1,822  
[512, 4,830]

0.000

CURB-65 2 [1, 3] 3 [3, 4] 0.000 3 [3, 4] 2 [1, 3] 0.000 3 [3, 4] 2 [1, 3] 0.000

PSI 104±29 151±29 0.000 152±31 104±27 0.000 152±29 105±29 0.000

APACHE II 13±4 22±7 0.000 22±6 14±5 0.000 22±6 14±5 0.000

The length of ICU  
stay [days]

15 [10, 22] 11 [7, 15] 0.000 12 [7, 18] 14 [10, 21] 0.085 13 [7, 19] 13 [9, 20] 0.531

Mortality (n, %) 45 (56.3%) 39 (24.4%) 0.000 55 (69.6%) 29 (18.0%) 0.000

P-value represents the comparison between the survivors and non-survivors. COPD, Chronic obstructive pulmonary disease; CKD, chronic 
kidney disease; LDH, lactate dehydrogenase; proBNP, N-terminal pro B-type natriuretic peptide; PSI, Pneumonia Severity Index; APACHE II, 
Acute Physiology and Chronic Health Evaluation; MV, mechanical ventilation; SCAP, severe community-acquired pneumonia.
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assessment are shown in Figure 3.
Admission NT-proBNP, CURB-65, PSI, and APACHE II 

were compared for these ability to predict three important 
clinical outcomes in Table 2. PSI had the highest area under the 
curve (AUC) and specificity for the three outcomes considered 
(AUC was 0.868, specificity was 0.906 for 28-day mortality; 

AUC was 0.864, specificity was 0.831 for requirement of MV; 
and AUC was 0.888, specificity was 0.894 for identifying SCAP). 

NT-proBNP had the highest sensitivity of 0.987 but lowest 
specificity of 0.468 on prediction of mortality, while the highest 
sensitivity of 0.903 but lowest specificity of 0.415 on predicting 
need for MV. And APACHE II scoring model with the highest 

Figure 2. The pie-chart of etiology in elderly patients with CAP.
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unknown 56.7%

chlamydia 1.2%

mixed infection 5.3%Fungi 2.9%Virus 1.2%

Figure 3. The receiver operating characteristic (ROC) curves of admission levels of proBNP, CURB-65, PSI, and APACHE II scores for elderly 
patients with CAP [(A) the ROC curves for severity assessment in patients; (B) the ROC curves for predicting need for mechanical ventilation in 
patients; (C) the ROC curves for predicting 28-day mortality in patients].
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sensitivity of 0.890 was used to identify SCAP in Table 2.
 

Logistic regression analysis for the related factors affecting the 
prognosis of the elderly patients with CAP

Based on the 28-day mortality, the enrolled patients were 
divided into survival group and non-survival group. In logistic 
regression analysis, only three indicators were associated with 
the prognosis of the elderly patients suffering from CAP: systolic 
blood pressure, PSI and APACHE II scores, with the odd ratio 
(OR) values of 0.986, 1.249, and 1.019, respectively in Table 3.

Discussion

CAP is recognized as one of the main diseases in elderly people, 
frequently associated with sepsis and with high morbidity 
and mortality (25). Decreased immune function in seniors 
may be one of the leading causes to the development of CAP, 
which remains a serious and costly illness all over the world, 
including developed countries (26). Severity assessment is an 
increasing important component of the management of CAP 

to assist physicians in predicting outcome of the disease upon 
presentation to reduce CAP-related mortality (23). BNP has 
been documented as a reliable marker for identification of sepsis-
induced myocardial depression and risk stratification and predict 
mortality for patients with CAP (15,17,27). And proBNP levels 
in plasma were found to predict short-term mortality in patients 
with CAP (28).

The present study documented that both plasma NT-proBNP 
and the three scoring models (CURB-65, PSI, and APACHE II)  
can evaluate severity, and predict need for MV and 28-day 
mortality. The PSI scoring models performed excellently in 
predicting the three clinical outcomes with the largest AUC and 
the highest specificity, and PSI has been confirmed as a powerful 
tool to classify and predict the mortality risk in patients with 
pneumonia from different population (10,22), but it does not 
allow for individual predictions, and easily to be affected by 
subjective judgment of doctors.

In our study, NT-proBNP levels were significantly higher 
in non-survivors, MV group, and SCAP patients compared 
to 28-day survivors, no-MV group, and non-SCAP patients, 
respectively, with the highest sensitivity but lowest specificity 

Table 3. Logistic regression analysis for possible risk factors of prognosis of aged patients with CAP in ICU.

Variable B S.E. Wald P-value OR
95% CI

Lower Upper

Systolic blood pressure –0.014 0.007 4.029 0.045 0.886 0.802 0.975

PSI 0.019 0.008 5.315 0.021 1.019 1.003 1.036

APACHE II 0.222 0.055 16.246 0.000 1.249 1.121 1.391

Table 2. Predictive value of admission BNP, CURB-65, PSI, and, APACHE II in aged patients with CAP.

Cut-off Se Sp AUC
95%CI

P-value
Lower Upper 

Severity evaluation

BNP 3506.0 0.575 0.709 0.676 0.601 0.750 <0.001

CURB-65 3.0 0.767 0.674 0.794 0.733 0.856 <0.001

PSI 143.0 0.699 0.894 0.888 0.843 0.933 <0.001

APACHE II 16.0 0.890 0.716 0.851 0.796 0.905 <0.001

Prediction of the need for mechanical ventilation

BNP 1001.0 0.903 0.415 0.655 0.580 0.730 <0.001

CURB-65 3.0 0.806 0.690 0.791 0.726 0.855 <0.001

PSI 140.0 0.722 0.831 0.864 0.814 0.914 <0.001

APACHE II 19.0 0.708 0.873 0.826 0.768 0.855 <0.001

Prediction of 28-day mortality

BNP 1001.0 0.987 0.468 0.774 0.713 0.836 <0.001

CURB-65 3.0 0.813 0.705 0.810 0.749 0.871 <0.001

PSI 130.0 0.800 0.906 0.868 0.820 0.916 <0.001

APACHE II 20.0 0.747 0.799 0.860 0.800 0.921 <0.001
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on prediction of mortality and need for MV in aged patients 
suffering from CAP, but it was inferior to PSI. This result was 
inconsistent with previous study. Dr. Kim documented that the 
performance of NT-proBNP was comparable to those of PSI and 
CURB-65 in predicting mortality of CAP (28).

Dr. Fine conducted a meta-analysis about the prognosis of 
CAP and proposed that the high mortality for hospitalized CAP 
may be related to its morbidity in those with different serious  
co-morbidities and the aged (11). In our study, only COPD 
existed difference with statistical signif icance between  
28 survivors and non-survivors, but was not associated with 
prognosis by logistic regression analysis. Partly because this 
was a small sample size and single-center study leading to 
minor difference cannot detect, and partly because the enrolled 
patients’ condition were more severe when admitted to ICU 
covering the effect of age and underlying diseases on prognosis.

In our study, CURB-65 was documented to be less accurate 
than PSI and APACHE II scoring models. Nevertheless, as 
a moderate indictor to predict the three clinical outcomes of 
elderly patients with CAP, CURB-65 with the biggest advantage 
of its simplicity and handleability in comparison with the PSI 
and APACHE II, is for used in outpatients with CAP.

All the enrolled scoring systems contain admission blood 
pressure variable, which is considered to be associated with 
prognosis of patients with CAP. Hypotension is a positive factor 
for increasing mortality, and had been confirmed by fine using 
meta-analysis (11). The logistic regression analysis in our study 
pointed out systolic blood pressure was a protective factor for 
prognosis indicating that the higher systolic blood pressure is, 
the better the prognosis will be. Of course, the very high blood 
pressure is unfavorable to the prognosis. In additional, the PSI 
and APACHE II scores as risk factors for prognosis of elderly 
patients with CAP were proposed in the study. As effective 
indexes for assessing severity of disease, the more severe the 
disease, the higher the scores, and the patient’s condition is more 
imminent.

CAP as  a  sensit ive  and st imulat ing stressor  to  the 
cardiovascular system in aged through increased peripheral 
vascular resistance to increase cardiac workload. Additionally, 
some pro-inflammatory substances such as lipopolysaccharides, 
TNF-α, and even endotoxin, could decrease cardiac function by 
altering cardiac loading condition (29). ProBNP is vasoactive 
hormones secreted from cardiac myocytes, and its plasma levels 
increased with the extent of cardiac stress. So plasmas proBNP 
could be a more sensitive indicator for CAP-induced cardiac 
dysfunction, and will be a promising barker on prediction of 
mortality and need for MV, and severity evaluation in CAP 
patients. These findings should be validated by some larger multi-
centers studies.

The strength of this study is that all the participants focused 
in our study were aged patients (≥65 years old), who had specific 

clinical features of their own. Through comparing the admission 
NT-proBNP, CURB-65 scores, PSI scores, and APACHE II 
scores, we found the four predictors were good at predicting the 
clinical outcomes of elderly patients suffering from CAP. And 
there was few studies about investigating admission proBNP on 
predicting 28-day mortality, and this is the firstly reported the 
value of proBNP in assessing the severity of CAP and predicting 
need for MV.

Admittedly, several objective factors should be considered in 
the interpretation of our study results: (I) study was based on the 
retrospective and observational design leading to ignore some 
low-influence factors; (II) the present study was conducted on 
relatively a less number of patients rather than large samples 
study. The small sample size in groups may be insufficient to 
detect minor difference; (III) the specific pathogens were 
isolated and detected from only 43.3% of aged patients with 
CAP, which restricted the full investigation of the pathogens in 
CAP. (IV) The overall mortality of enrolled patients with CAP 
was obviously higher (35%) than other CAP-related studies 
such as by Man in which the mortality of CAP was 8.6% (24). 

Different degrees of severity of the enrolled CAP patients can 
affect the results of study.

Conclusions

The level of plasma proBNP and three scoring models (CURB-65,  
PSI, and APACHE II) within 24 hrs after admission to ICU 
can make assessment of severity, and predict need for MV and  
28-day mortality in the elderly patients with CAP, and PSI scores 
was the best predictor. CURB-65 score with the advantages 
of simplicity could help clinicians determine hospital or ICU 
admission or not for outpatients management. And physiological 
level of systolic blood pressure is the protection factor in 
prognosis. Further studies are required to confirm these results.
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