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Abstract
Introduction: Pneumonia is a common diagnosis in the
emergency department (ED). Some scoring systems such as
Confusion, Uremia, Respiratory Rate, Blood Pressure, Age>65
(CURB-65) are used to determine the severity of this disease.We
aimed to determine the best scoring system (CURB-65, serum
lactate+CURB-65, serumprocalcinonin+CURB-65) to predict the
severity and 30-day mortality of pneumonia patients admitted
to our ED. Methods: This study was planned as a prospective
study. 480 community-acquired pneumonia patients admitted
to our ED between February 1, 2020, and January 31, 2021,
were included. CURB-65 score, CURB-65+lactate levels, and
CURB65+procalcitonin levels were evaluated to predict disease
severity. Results: A total of 480 pneumonia patients, 281
(58.5%) men and 199 (41.5%) women, with a mean age of
61.7 ± 19.06 years, were included in the study. The sensitivity/
specificity pair and cut-off value of CURB-65 for 30-day mortal-
ity was 71.9/74.8%. These values were 68.5% and 61.9% for
CURB-65+lactate (cut-off = 17.50) and 78.1% and 90.7% for
CURB-65+procalcitonin (cut-off = 2.095). Discussion: Infectious

diseases such as pneumonia, urinary tract infection, and sepsis
are common reasons for ED presentations and may be fatal,
especially in the elderly population. In such infectious diseases,
it is difficult to predict the prognosis of the patients including
discharge, hospitalization service, mortality probability in the
EDs those are becoming much more crowded each day and
several scoring systems have been improved. In this study, the
highest sensitivity and specificity were determined in CURB-
65+procalcitonin. Conclusion: CURB-65 is superior to CURB-
65+lactate; however, CURB-65+procalcitonin is superior to
both in predicting 30-day mortality.

© 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Pneumonia is a common infectious disease with high
mortality andmorbidity. This diagnosis is one of the most
important reasons for hospitalization from the emer-
gency department (ED). Mortality ratio of hospitalized
patients is around 12% and 40% for intensive care unit
(ICU) patients [1].
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Although pneumonia diagnosis looks easy in the ED,
variety in the etiology, and clinic make the management
much more difficult [2]. In these patients, it is impor-
tant to predict or recognize the patients who are under
risk for acute respiratory failure [3]. Several scoring
systems have been improved such as confusion, uremia,
respiratory rate, blood pressure, age>65 (CURB-65),
and pneumonia severity index (PSI) to evaluate the
clinical status and predict the mortality of these pa-
tients [4, 5]. PSI predicts 30-day mortality but includes
20 variables, so its use is complicated and difficult in the
ED. CURB-65 score has been used as a safe predictor of
30-day mortality among patients with pneumonia for
many years. It also helps clinicians in making the
decision to admit or discharge such patients. CURB-
65 is easy and practical, but it is not much effective for
young patients [6].

Serum lactate levels have become a valuable marker for
predicting severity of infectious diseases, especially sepsis
[7]. Similarly, procalcitonin is known as a powerful serum
marker for infections and has been shown in pneumonia
studies [8]. In the literature, there is a lack of data on
serum lactate and CURB-65 combination to predict the
severity and prognosis of pneumonia [9]. In this study, we
aimed to determine the best scoring system (CURB-65,
serum lactate+CURB-65, serum procalcinonin+CURB-
65) to predict severity and 30-day mortality of pneumo-
nia patients presented to our ED.

Material and Methods

Study Design
After the ethics committee approval (Date: November 6, 2019,

Decision number: 598), in this prospective study, we included
480 community acquired pneumonia-diagnosed patients be-
tween 1 February 2020 and 31 January 2021 who were presented
to our ED. Written informed consent was obtained from all
patients to participate in this study. Demographic data, pre-
sentation complaint, vital signs, laboratory results (serum lac-
tate levels, blood urea nitrogen (BUN), procalcitonin,
C-reactive protein, white blood cell, initial CURB-65 score of
the patients were noted on the study form. The patients we
included in this study met one major of the American Thoracic
Society/Infectious Diseases Society of America (ATS/IDSA)
pneumonia criteria, such as septic shock, mechanical ventila-
tion support requirement, or met three minor criteria of res-
piratory rate ≥30 breaths/min, partial pressure of oxygen in the
arterial blood/fraction of inspired oxygen (PaO2/FiO2) ra-
tio ≤250, multilobulary infiltration, confusion, uremia, leuko-
penia, thrombocytopenia, hypothermia, hypotension requiring
aggressive fluid replacement. Pneumonia diagnosis of this
patient group was clarified with these criteria. Follow-up of
these patients was maintained from the hospital automation

system and government death system. It is recorded that
patients were hospitalized (ICU or clinics). Whether the pa-
tients were alive after 1 month, 3 months, and 1 year was called
by phone. The learned information was recorded. The causes of
death of deceased patients were recorded by learning from both
patient relatives and death notification systems (official state
records). Patients who refused to participate in the study,
patients under 18 years old, pregnant patients, immunosup-
pressed patients, and hospital-acquired pneumonia patients
were excluded from the study. In addition, patients with pos-
itive COVID-19 polymerase chain reaction test and/or lung
involvement compatible with COVID-19 pneumonia were ex-
cluded from the study.

CURB-65 Lactate and Procalcitonin Analysis
CURB-65+lactate value was calculated by adding lactate level to

CURB-65. In addition, CURB-65+procalcitonin value was calcu-
lated by adding procalcitonin value to CURB-65. Then, the power
of CURB-65, CURB-65+lactate, and CURB-65+procalcitonin val-
ues to predict 30-day mortality was analyzed. Lactate and pro-
calcitonin values added to CURB-65 were added as values obtained
from laboratory results.

Statistical Analyses
SPSS 23.0 (IBM Corp., Released 2015. IBM SPSS Statistics for

Windows, Version 23.0. Armonk, NY: IBM Corp.) was used for
statistical analyses of the patients’ data. Homogeneity of each
parameter was evaluated with Kolmogrow-Smirnow and
Shapiro-Wilks tests. Mean, median, and standard deviation
were calculated for definitive data. Mann-Whitney U test was
used for quantitative variables, and χ2 test was used for qualitative
variables. Spearman’s correlation test was used for correlations. In
the first step, categorical variables providing p < 0.05 in univariate
analysis were selected. Then, possible continuous variables with
p < 0.05, which could be important clinical determinants in
univariate analyses, were selected. Receiver operating character-
istics (ROC) analysis was used for determining the cut-off levels.
Sensitivity and specificity were calculated. Definitive statistics were
expressed as mean ± standard deviation and median (interquartile
range). The significance level for the p was 0.05 with 95% con-
fidence interval.

Results

We included 281 (58.5%) males and 199 (41.5%)
females, a total of 480 pneumonia patients with the
mean age of 61.7 ± 19.1. According to the presentation
symptoms; 224 patients had dyspnea (46.7%), 179
patients had cough (37.3%), 96 patients had (20.6%)
unconsciousness, 31 patients had feeding problems
(6.5%), 26 patients had chest pain (5.4%), 17 patients
had phlegm (3.5%), 10 patients had fatigue (2.1%), 9
patients had sore throat (1.9%), 8 patients had enteritis
(1.7%), 6 patients had (1.3%) flank pain (1.3%), 6
patients had nausea/vomiting (1.3%), 4 patients had
headache (0.6%), and 3 patients had hemoptysis (0.6%).
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Some of the patients had more than one symptom at the
same time (for example, dyspnea, and cough were seen
together).

When we considered the initial CURB-65 scores of
the patients, 160 (33.3%) patients’ scores were 0, 116
(24.2%) patients’ scores were 1, 96 (20%) patients’
scores were 2, 63 (13.1%) patients’ scores were 3, 38
(7.9%) patients’ scores were 4, and 7 (1.5%) patients
scores were 5. Three hundred and thirty-two (69%) of
the patients were hospitalized. Ninety-seven (20%) of
these patients were hospitalized in the ICU. Besides, 31
(6.5%) patients were discharged from the ED, and 117
(24.4%) patients were referred to other hospitals for
ICU bed insufficiency.

According to 30-day mortality, three hundred and two
(62.92%) patients survived and 178 (37.08%) patients
died, and mean ages of these patient groups were
56.4 ± 19.01 and 70.6 ± 15.54, respectively. When 1-
year mortality was evaluated, 302 (62.9%) patients sur-
vived at the end of 1 year. Three-month mortality ratio
was 28.1%.

Age was related with mortality in our study. Other
parameters of our study according to presence of mortal-
ity are given in Table 1.

We used ROC curve to analyze the 30-day mortality
prediction levels of CURB-65, CURB-65+lactate, CURB-
65+procalcitonin (Fig. 1; Table 2). AUC of CURB-
65+procalcitonin was the highest when compared with
others.

CURB-65 score values over 1.5 (cut-off) were 71.9%
sensitivity and 74.8% specificity for 30-day mortality.
These values were 68.5% and 61.9% for CURB-
65+lactate (cut-off = 17.50) and 78.1% and 90.7% for
CURB-65+procalcitonin (cut-off = 2.095).

Discussion

Infectious diseases such as pneumonia, urinary tract
infection, and sepsis are common reasons for ED presenta-
tions andmay be fatal, especially in the elderly population. In
such infectious diseases, it is difficult to predict the prognosis
of the patients including discharge, hospitalization service,
mortality probability in the EDs; those are becoming much
more crowded each day, and several scoring systems have
been improved. CURB-65 is themost reliable scoring system
with the highest sensitivity for pneumonia and usually used
by emergency clinicians. Similarly, PSI is also an effective
scoring system for pneumonia [10].

In this study, we added lactate and procalcitonin
values to the CURB-65 value, respectively. We

compared these values with the CURB-65 value.
The highest sensitivity and specificity were deter-
mined in CURB-65+procalcitonin. Increase in procal-
citonin seems to be a predictor of mortality in pneu-
monia patients. It was determined in the results of our
study that the specificity and sensitivity of this pre-
dictor reached higher values with the CURB-65 score.
Considering the value of procalcitonin together with
CURB-65 in pneumonia patients may help clinicians
more effectively in predicting the prognosis of
patients.

CURB-65 is a simple and widely used scoring system in
clinical practice [11]. Patients with a CURB-65 score >3
require ICU hospitalization [12].

According to the data we obtained in our study, we
found that when lactate value is added to the CURB-65
value, it predicts mortality less effectively than the CURB-
65 value. Serum lactate level is an important marker,
especially in sepsis patients, and it also helps to determine
the treatment goals of sepsis patients. It identifies tissue
hypoperfusion and is used as a guide to normalize lactate
level via fluid resuscitation [13]. Increment in serum
lactate level helps to predict tissue hypoperfusion, aerobic
glycolyse, and other reasons (liver failure, etc.). Increased
serum lactate levels are associated with worse poor prog-
nosis regardless of the source [14]. It is also stated that the
sensitivity and specificity of lactate alone are low [15]. The
blood samples of the patients included in the study were
performed during the first admission to the ED. Although
our patients were diagnosed with pneumonia, the fact that
the lactate value did not increase yet may be considered the
reason for the less effective CURB-65+lactate value.

In a 90-day mortality study of 2,099 community-
acquired pneumonia patients (mean age: 60) study,
CURB-65 and procalcitonin were evaluated. Mean
hospitalization length was 10 days and 90-day mortal-
ity ratio was 2.19%. Procalcitonin was an independent
predictor in that study and combined with CURB-65 to
predict 90-day mortality. They suggested that procal-
citonin was a good predictor for determining 90-day
mortality and prognosis of community-acquired pneu-
monia when compared with other prognostic models
(AUC = 0.900 and Youden index = 0.706) [8]. In our
study, mean age was 61.7 years, and 90-day mortality
ratio was 28.1%. Mortality ratio is around 1–5%, com-
munity acquired pneumonia out-patients, and this
ratio is 12% in hospitalized patients [16]. In a prospec-
tive cohort study, 90-day mortality ratio was 12.99%
[17]. This ratio is higher in developing countries [18].
But the condition of the hospital may be a determinant
factor for this ratio because third degree hospitals such
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as ours hospitalizes patients with much poorer clinical
status. Similarly, ICU hospitalization may be almost
dependent on the hospital’s condition. This decision
may vary between second- and third-degree hospitals
similar to difference between developed and developing
countries. In our study, 20.2% of our patients were
hospitalized in the ICU.

Similar to Song’s study, we can say that CURB-65 and
procalcitonin combination predicts mortality effectively
[8]. In our study, 160 patients’ scores were 0, 116 patients’
scores were 1, 96 patients’ scores were 2, 63 patients’
scores were 3, 38 patients’ scores were 4 and, 7 patients’
scores were 5. In Song’s study, just 2 of non-fatal patients’
CURB-65 scores were >3.

When we considered our and Song’s study according
to sensitivity and specificity, CURB-65 score values over

1.5 were 71.9% sensitive and 74.8% specific for 30-day
mortality. These values were 68.5% and 61.9% for CURB-
65+lactate (cut-off = 17.50) and 78.1% and 90.7% for
CURB-65+procalcitonin (cut-off = 2.095). Song sug-
gested that neutrophil to lymphocyte ratio and procalci-
tonin have similar sensitivity for 90-day mortality pre-
diction, but procalcitonin was more specific than neu/
lymph ratio, but CURB-65 was themost specific score [8].

Conclusion

We believe that clinicians can use CURB-65-procalci-
tone combination more effectively than CURB-65 as a
predictor of mortality in patients with community-
acquired pneumonia.

Table 1. Parameters of our study according to presence of mortality

Mortality N Median IQR U* p value

Age, years − 302 59 32 15,401 <0.001
+ 178 72 20

Fever, °C − 302 36.5 0.2 24,569.5 0.089
+ 178 36.5 0.5

Pulse, bpm − 302 90 20 20,791 <0.001
+ 178 98 32

Systolic blood pressure, mm Hg − 302 120 30 23,417 0.687
+ 178 120 40

Diastolic blood pressure, mm Hg − 302 80 10 21,060 <0.001
+ 178 70 20

Oxygen saturation (SpO2), % − 302 97 4 15,496.5 <0.001
+ 178 91.5 13

Respiratory rate, breaths/min − 302 19 8 20,546 <0.001
+ 178 20 9

CURB-65 − 302 1 2 11,577 <0.001
+ 178 2 2

Blood urea nitrogen, mg/dL − 302 31 19 12,132 <0.001
+ 178 58.5 67

Lactate, mg/dL − 302 14.5 9 17,737.5 <0.001
+ 178 19,5 18

Procalcitonin, µg/L − 97 0.05 0.07 620 <0.001
+ 32 0.305 1.67

C-reactive protein, mg/dL − 302 26.1 76,2 16,493.5 <0.001
+ 178 97.45 174.8

White blood cell, 103/µL − 300 9.5 6.3 19,435 <0.001
+ 175 12.2 8.3

Neutrophil − 300 6.6 5.8 18,222.5 <0.001
+ 175 9.5 7.2

Lymphocyte − 300 1.45 1.4 21,692 0.001
+ 176 1.0 1.2

Eosinophil − 302 0 0 26,461 0.637
+ 178 0 0

*Mann-Whitney U. IQR, interquartile range.
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Limitation of the Study
There are some limitations to our study. The first of

these is that this study is a single center experience.
Second, only patients with community-acquired pneu-
monia were included in the study. Results from multi-
center studies with more patients will be more important.
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Fig. 1. CURB-65 and Lactate/Procalcitonin mortality prediction graph.

Table 2. Mortality prediction ratios for *CURB-65, CURB-65+lactate, and CURB-65+procalcitonin

AUC (95% CI) Cut-off Specificity (%) Sensitivity (%) p value

CURB-65 0.871 (0.795–0.946) 1.5 74.8 71.9 <0.001
CURB65+lactate 0.705 (0.656–0.753) 17.50 61.9 68.5 <0.001
CURB65+procalcitonin 0.871 (0.795–0.946) 2.095 90.7 78.1 <0.001

*CURB-65: Confusion, Uremia, Respiratory Rate, Blood Pressure, Age>65. CI, confidence interval.
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