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Background: Hospital-acquired pneumonia (HAP) is a common complication after abdominal surgery. The aim of this
study was to evaluate the role of procalcitonin (PCT) and C-reactive protein (CRP) as early biomarkers for the diagnosis
of postoperative HAP after abdominal surgery.

Methods: This study was conducted on 100 patients undergoing abdominal surgery. White blood cell counts, highest
body temperature, and serum levels of CRP and PCT were recorded preoperatively and daily postoperatively until post-
operative day (POD) 5. Chest radiography was performed preoperatively and daily postoperatively until POD 5.

Results: HAP was diagnosed in 14% of patients. Regarding the biomarkers studied after POD 1, CRP and PCT were
significantly higher in patients with HAP than in those without HAP (P < 0.05). On POD 2, PCT had higher sensitivity
and specificity (84% and 72%, respectively) than those for CPR (70% and 60%, respectively). The cut-off value of PCT on
POD 2 was 1.4 ng/ml. On POD 3, 4, and 5, the sensitivity and specificity of PCT and CRP were not significantly different.
Conclusions: PCT and CRP are accurate biomarkers for early prediction of postoperative HAP after abdominal surgery.
The diagnostic ability of PCT was significantly better than that of CRP on POD 2. After POD 2, the diagnostic ability was

not significantly different between the biomarkers.
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Introduction

Pulmonary complications after surgery are common and
contribute to the risk of morbidity and mortality of surgery with
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a longer hospital stay [1]. Early diagnosis of hospital-acquired
pneumonia (HAP) can limit the morbidity and mortality of
such conditions. Various biomarkers are evaluated for early
identification of this infection as C-reactive protein (CRP) and
procalcitonin (PCT). CRP is one member of the acute-phase
proteins used as a biomarker for the detection of inflammation,
tissue damage, and infection [2]. Thus, it is not a specific marker
for infection. However, several studies have shown that CRP is a
useful predictor for postoperative infectious complications [3,4].

The other biomarker, PCT, a precursor of calcitonin hor-
mone, is synthesized by C cells of the thyroid gland [5]. PCT
is known to be increased in bacterial infections, making it a
potential target for the early identification of various infections,
especially sepsis [6,7]. Moreover, it can be used for diagnosis of
bacterial pneumonia, especially associated with a ventilator [8].
Burns, severe trauma, and surgery are also known to increase

@ This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright (© the Korean Society of Anesthesiologists, 2017

Online access in http://ekja.org


http://crossmark.crossref.org/dialog/?doi=10.4097/kjae.2017.70.2.177&domain=pdf&date_stamp=2017-03-23

Procalcitonin as a biomarker for HAP

PCT levels, even in the absence of infection [9-11].

The aim of the present study was to evaluate the use of PCT
and CRP as biomarkers for the early diagnosis of postoperative
HAP and examine perioperative risk factors for HAP after ab-
dominal surgery.

Materials and Methods

A prospective observational study was conducted on 100
patients between August 2015 and July 2016. The study protocol
was approved by the Ethics Committee (MFM-IRB; R/16.03.47)
and patients provided written informed consent. Patients had
undergone elective abdominal surgery for upper-gastrointesti-
nal, hepato-pancreatico-biliary, or colorectal resections.

Patients with the following illnesses were excluded from the
study; patients who received immunosuppressants or long-term
corticosteroid therapy, those with a coexisting extrapulmonary
infection prior to or following surgery, those with mechanical
ventilation at the time of preoperative assessment, pregnant
women, and those with chronic renal insufficiency or liver dys-
function.

Metronidazole (500 mg i.v.) and cefamandole (2,000 mg
i.v.), prophylactic antibiotics, were administered 45 min before
surgery and were continued for up to 2 days after surgery in all
patients.

Recorded data included age, gender, body mass index (BMI),
American Society of Anesthesiologists (ASA) status, smoking
history, chronic obstructive pulmonary disease (COPD), asthma
and other co-morbidity history, type and duration of surgery,
length of intensive care unit (ICU), and hospital stay.

White blood cell count (WBC), highest measured body
temperature, and serum levels of CRP and PCT were recorded
preoperatively and daily postoperatively until postoperative day
(POD) 5.

Chest radiography was performed preoperatively and daily
until POD 5. Postoperatively, patients were evaluated daily for
symptoms of pneumonia. Patients with sustained elevation of
PCT and/or CRP were investigated according to clinical pre-
sentation for the diagnosis and exclusion of extrapulmonary
infective complications. When pneumonia was diagnosed, the
patients received 1.2 g amoxicillin and clavulanate (Augmentin,
Medical Union Pharmaceuticals- Egypt; under license from the
GlaxoSmithKline Group of Companies) every 8 h as empirical
antibiotic treatment until the results of sputum culture were re-
ceived. At this point, the treatment was adapted to the detected
pathogen(s).

Diagnosis of HAP was based on the appearance of new pul-
monary infiltrates on chest X-ray, with at least two of the fol-
lowing features: fever with a body temperature of > 38°C, white
blood cell count of > 11,000 or < 3,000 /mm?, or the presence of
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purulent sputum [12]. Full microbiological culture of sputum
samples was performed for identification of bacterial isolates.
Culture was considered positive if > 10° colony forming units/ml
were detected. Blood samples were separated and kept frozen at
—20°C for determination of CRP and PCT levels using enzyme-
linked immunosorbent assay (ELISA).

The primary goal of the present study was assessment of the
role of PCT in early prediction of HAP after major abdominal
surgery and comparing its diagnostic accuracy to that of CRP
based on analysis of serial daily postoperative serum PCT and
serum CRP from POD 1 to 5. The secondary goal was identifi-
cation of the perioperative risk factors for HAP after abdominal
surgery.

Enzyme-linked immunosorbent assay for PCT
(RayBio@;‘ Human Procalcitonin ELISA)

This assay uses monoclonal antibodies specific for PCT
coated on a plate. The samples and standards are pipetted to the
wells to bind to antibodies. After washing, biotinylated anti-hu-
man PCT antibody is added. A second wash is then performed
and antibody labeled with streptavidin is added. The wells are
again washed and a Tetramethylbenzidine substrate solution is
added to the wells, the color of which develops in proportion to
the amount of bound PCT. The stop solution changes the color
from blue to yellow, and the intensity of the color is measured at
450 nm.

Enzyme-linked immunosorbent assay for CRP
(Immunospec hsCRP ELISA)

This assay uses specific monoclonal antibodies for CRP in
solid immunoassay plates.

Statistical analysis

Calculation of the sample size was based on the diagnos-
tic accuracy of PCT and CRP to predict postoperative HAP.
Depending on the results of previous reports [13], 97 patients
would be needed to detect a 17% difference in the diagnostic
accuracy between PCT and CRP at an a error of 0.05 and with
a study power of 80%. Data were analyzed using SPSS statistics
software ver.16 (SPSS Inc., Chicago, IL, USA). The Kolmogorov-
Smirnov test was performed to verify the assumption of nor-
mality. Results are expressed as the mean + SD or median with
interquartile range for continuous variables, while categorical
variables are expressed as number (n) or percentage (%). Cat-
egorical data were compared between patients with and without
HAP based on the chi-square test (sex, ASA status, smoking sta-
tus, and surgical incision) or Fisher’s exact test (co-morbidities:
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COPD and asthma). Continuous data were compared using Stu-
dent’s t-test or the Mann-Whitney U test (CRP and PCT kinet-
ics). Intragroup changes in CRP and PCT kinetics were analyzed
using the Wilcoxon signed-rank test. The receiver operating
characteristic (ROC) curve and the value of the area under the
curve (AUC) were used to analyze the accuracy of PCT and CRP
as predictors for early diagnosis of HAP at POD 2, 3, 4, and 5.
AUC provided a direct measure of the diagnostic accuracy of
the test. AUC was compared using nonparametric method that
described by Hanley and McNeil [14]. The multivariate logistic
regression model was constructed to determine the risk factors
for the development of postoperative HAP. Univariate logistic
regression was performed to study the perioperative indepen-
dent factors associated with the development of HAP. Then mul-
tivariate logistic regression method was performed for variables
that were significant in the univariate logistic regression (P < 0.05).
Preoperative factors (age, sex, BMI, smoking status, and history
of COPD or asthma) and intraoperative factors (site of surgical
incision and duration of surgery) were included in the logistic
regression model. A two-tailed P value < 0.05 was considered
significant.

Results

A total of 100 patients undergoing major abdominal surgery
were prospectively enrolled in the study. Postoperative HAP was

Table 1. Perioperative Patient Characteristics
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diagnosed in 14 patients (14%). In total, 3, 7, and 4 patients were
diagnosed at POD 4, 5, and 6, respectively, with a median value
of POD 5. A comparison of demographic and perioperative data
between patients with postoperative HAP and those without is
shown in Table 1. Prolonged ICU stay (7 days) and hospital stay
(13 days) were significantly associated with the development of
postoperative HAP (P < 0.001).

Table 2 shows a summary of the univariate and multivariate
logistic regression analyses of perioperative independent fac-
tors associated with the development of postoperative HAP. The
studied significant risk factors were age > 60 years, smoking >
40 pack-years, upper or upper/lower abdominal incision, and
duration of surgery = 3 h (P = 0.001, 0.014, 0.011, and 0.031, re-
spectively).

The most common bacterial pathogens isolated in the present
study were Staphylococcus aureus (35.7%), followed by Pseudo-
monas aeruginosa (28.6%), E. coli (21.4%), and Klebsiella species
(14.3%).

Comparing patients with and without postoperative HAP, no
significant differences were detected in WBC count (cells/mm?)
either preoperatively or throughout the first 4 days postopera-
tively (Table 3).

CRP level changes

CRP levels in patients with and without postoperative HAP

HAP patients (n = 14) No HAP patients (n = 86) P value

Age (yr) 63+8 48+ 11 <0.001
Sex (M/F) 10/4 54/32 0.532
BMI (kg/m”) 28 +4 26+ 4 0.178
ASA 0.910

I 7 (50%) 46 (53.5%)

1I 5 (35.7%) 31 (36%)

111 2 (14.3%) 9 (10.5%)
COPD 2 (14.3%) 7 (8.1%) 0.609
Asthma 1(7.2%) 5 (5.8%) 1.000
Smoking

Current 8 (57.1%) 32 (37.2%) 0.158

Pack-years 38+6 22+6 <0.001
Surgical incision 0.036

Upper or upper/lower abdominal incision 12 (85.7%) 42 (48.84%)

Lower abdominal 1(7.1%) 15 (17.44%)

Laparoscopic surgery 1(7.1%) 29 (33.72%)
Duration of surgery (h) 3.8+0.7 29+05 <0.001
ICU stay (day) 7+3 5+1 <0.001
Hospital stay (day) 13+1 8+1 <0.001

Data are expressed as the mean + SD or number of patients (%). The used tests were the chi-square test, Fisher’s exact test, and t-test. HAP: hospital-
acquired pneumonia, ASA: American Society of Anesthesiologists, BMI: body mass index, COPD: chronic obstructive pulmonary disease, ICU:

intensive care unit.
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Table 2. Univariate and Multivariate Logistic Regression Analyses to Study the Risk Factors for Hospital-acquired Pneumonia after Major Abdominal

Surgery
Unadjusted (univariate) Adjusted (multivariate)
Risk factor
OR P value OR P value
Age > 60 yr 3.61(1.92-5.21) 0.001 3.11 (2.32-4.80) 0.001
Sex 1.24 (0.74-1.65) 0.235
BMI > 30 kg/mZ 1.31 (0.62-1.58) 0.352
Current smoking 1.43 (1.13-1.82) 0.032 1.63 (0.45-2.65) 0.524
Smoking > 40 pack-years 2.32(1.61-3.54) 0.002 2.19 (1.84-2.84) 0.014
COPD 2.60 (0.42-4.75) 0.412
Asthma 1.83 (0.74-2.34) 0.287
Upper or upper/lower abdominal incision 4.21 (2.45-6.75) 0.001 3.82(2.63-5.21) 0.011
Lower abdominal incision 2.14 (0.75-4.72) 0.328
Laparoscopic surgery 1.32 (0.63-2.10) 0.297
Duration of surgery (h) >3 h 2.62 (1.95-5.30) 0.001 2.41 (1.74-4.64) 0.031

Values are number (95% CI). OR: odd ratio, BMI: body mass index, COPD: chronic obstructive pulmonary disease.

Table 3. White Blood Cell Count and Temperature Changes

HAP patients No HAP patients P value
(n=14) (n=86)
WBC (cells/mm”)
Preoperative 7300 + 1300 7200 + 1600 0.813
POD 1 8500 + 1300 8200 £ 1700 0.532
POD 2 8300 + 1000 8100 + 1300 0.596
POD 3 8100 + 900 7900 + 1200 0.686
POD 4 8500 + 2300 7900 + 1200 0.092
POD 5 9900 + 2000 7500 + 1500 <0.001
Temp (°C)
Preoperative 36.9+0.1 36.9+0.2 0.820
POD 1 373£0.1 37.2£0.2 0.483
POD 2 37.1£0.1 37.1£0.2 0.743
POD 3 37.0£0.1 37.0£0.2 0.786
POD 4 37.1£0.5 37.0+0.2 0.080
POD 5 37.7£0.6 37.0+0.2 <0.001

Data are expressed as mean + SD. The t-test was used. HAP: hospital-
acquired pneumonia, WBC: white blood cell, Temp: temperature, POD:
postoperative day.

showed insignificant differences in preoperative values (P =
0.873). The levels increased significantly on POD 1 in patients
with and without postoperative HAP; the median values were
105 mg/L (interquartile range 80.0-122.5) and 92 mg/L (78.8-
110.0), with peaks on POD 2 at 165 mg/L (133.8-186.3) and
135 mg/L (112.8-154.0), respectively. From POD 3, CRP levels
decreased progressively in patients without postoperative HAP
until reaching a value of 57 mg/L (48.0-67.5) on POD 5. In pa-
tients with postoperative HAP, CRP levels remained increased
from POD 2. Comparison of the CRP levels between patients
with and without HAP revealed significant differences on POD 2,
3,4, and 5 (Fig. 1).
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Fig. 1. C-reactive protein (mg/L) changes in patients with and those
without postoperative hospital-acquired pneumonia (HAP) (presented
as the median). *Indicates significant difference between patients with
and those without postoperative HAP. "Indicates significant difference
compared to preoperative value of patients without postoperative
HAP. "Indicates significant difference compared to preoperative value
of patients with postoperative HAP. CRP: C-reactive protein, Pre-
op: preoperative, POD: postoperative day, HAP: hospital acquired
pneumonia.

PCT level changes

Preoperative PCT levels in patients with and without post-
operative HAP were not significantly different (P = 0.258). On
POD 1, PCT increased significantly in patients with and without
postoperative HAP, in whom it was 1.04 ng/ml (0.78-1.40) and
0.8 ng/ml (0.69-1.09), respectively, with no significant difference
between them (P = 0.153). In patients without postoperative
HAP, PCT level significantly decreased from POD 2 to 0.22 ng/
ml (0.18-0.30) on POD 5. In patients with postoperative HAP,
it increased on POD 2 to 1.52 ng/ml (1.17-1.91) and remained
elevated thereafter (Fig. 2).
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Fig. 2. Procalcitonin (ng/ml) changes in patients with and those without
postoperative hospital-acquired pneumonia (presented as the median).
*Indicates significant difference between patients with and those
without postoperative HAP. "Indicates significant difference compared
to preoperative value of patients without postoperative HAP. TIndicates
significant difference compared to preoperative value of patients with
postoperative HAP. PCT: procalcitonin, Pre-op: preoperative, POD:
postoperative day, HAP: hospital acquired pneumonia.

At the time of diagnosis of postoperative HAP, the median
CRP levels were 150 mg/L and 148.5 mg/L on POD 4 and POD
5, while the median PCT levels were 1.5 and 1.53 ng/ml, respec-
tively. ROC curves for the postoperative levels of PCT and CRP
are shown in Figs. 3 and 4. ROC curve analysis on POD 2 and
3 was used to assess the predictive value of CRP and PCT levels
for the early diagnosis of postoperative HAP, as the median day
for the diagnosis of postoperative HAP in our study was POD
5 (POD 4-6). On POD 2, AUC of PCT was 0.844 (95% CI:
0.765-0.895) with a sensitivity of 84%, specificity of 72%, and a
cut-off value of 1.4 ng/ml, while AUC of CRP was 0.716 (95%
CI: 0.658-0.874) with a sensitivity of 70%, specificity of 60%,
and a cut-oft value of 155 mg/L. On the same day, the diagnostic
accuracy of PCT was significantly better than that of CRP, AUC
of PCT was significantly higher than that of CRP (P = 0.018).
The diagnostic accuracy of PCT for postoperative HAP was not
significantly higher than that of CRP on POD 3, 4, and 5 (P =
0.584, 0.453, and 0.593, respectively). On POD 3, AUC values of
PCT and CRP were 0.895 (95% CI: 0.812-0.945, sensitivity 88%,
and specificity 75%) and 0.864 (95% CI: 0.785-0.897, sensitivity
84%, and specificity 73%), respectively (P = 0.584). The cut-off
values of PCT and CRP on POD 3 were 1.4 ng/ml and 145 mg/L,
respectively.

Discussion

In our study, postoperative HAP was reported in 14% of
patients. Postoperative pneumonia after abdominal surgery is
reported to range from 9 to 40% [15-17].

CRP is an acute-phase protein released from the liver after
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Fig. 3. The receiver operating characteristic curve for procalcitonin (ng/
ml) in postoperative days 2-5. PCT: procalcitonin.
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Fig. 4. The receiver operating characteristic curve for C-reactive protein
(mg/L) in postoperative days 2-5. CRP: C-reactive protein.

stimulation. Secretion begins 4-6 h after stimulation and peaks
around 48 h [2]. PCT can be detected in the circulation within 4
h after an adequate stimulus, with peak values at 8 h [18].

The results of our study showed that the diagnostic accuracy
of PCT was significantly better than that of CRP on POD 2 as
comparing the AUC. On POD 3, 4, and 5, there was no signifi-
cant difference between the diagnostic accuracy of PCT and
CRP. In our study, the median day for the diagnosis of postop-
erative HAP was POD 5 (range of 4-6 days). We considered the
analysis of AUC for CRP and PCT on POD 2 and 3 as a predic-
tor of the development of postoperative HAP. WBC count and
body temperature on POD 2 and 3 were not significantly differ-
ent between patients with and without postoperative HAP.

The results of our study showed that CRP increased post-
operatively and reached its peak in patients with and without
postoperative HAP on POD 2. After POD 2, CRP progressively
decreased in patients without postoperative HAP, while it re-
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mained elevated in patients with postoperative HAP. On POD
3, AUC of CRP was 0.864 with sensitivity of 84% and specificity
73%. The cut-off value for CRP was 145 mg/L on POD 3. CRP
has been proved to detect postoperative septic complications, es-
pecially if measured in a serial manner before and after abdomi-
nal or thoracic surgery [3,4]. Welsch et al. [19] in their study
on 383 patients with cancer rectum undergoing rectal resection
with primary anastomosis, they investigated the role of CRP in
the prediction of postoperative infectious complications. They
concluded that persistent elevation of CRP above 140 mg/L on
PODs 3-4 is considered a good predictive marker for postop-
erative infective complications. Korner et al. [20] concluded that
the persistent elevation of CRP after POD 3 with a cut-off value
of 190 mg/L should be investigated for intra-abdominal infec-
tion.

The results of our research showed that PCT increased in
patients with and without postoperative HAP on POD 1. After
POD 1, PCT progressively decreased in patients without postop-
erative HAP, while it was elevated in patients with postoperative
HAP. AUC of PCT was 0.844 with sensitivity of 84% and speci-
ficity of 72% on POD 2, and it was 0.895 with sensitivity of 88%
and specificity of 75% on POD 3, with cut-off values of 1.4 ng/
ml on both days.

PCT is produced at higher levels especially after gastroin-
testinal surgery. These elevated levels after abdominal surgery
could be attributed to the transient bacterial translocation from
the gastrointestinal tract due to malperfusion of the gut [11].
Oberhofer et al. [21] evaluated and compared the roles of peri-
operative CRP and PCT for the early detection of infective com-
plications after colorectal surgery. They documented that the
CRP level on POD 3 and PCT level on POD 2 had similar pre-
dictive values for the development of infectious complications,
with the best cut-off values of 99.0 mg/L for CRP and 1.34 ug/
L for PCT. The best diagnostic accuracy of postoperative CRP
and PCT was obtained on POD 5, as the median day of clinical
diagnosis of postoperative infections was POD 7 (range 5-14
days). Mokart et al. [22] explored the value of changes in serum
levels of interleukin 6, PCT, and CRP in the prediction of septic
complications in 50 patients undergoing major surgery for can-
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cer. They concluded that PCT and IL-6 are useful early markers
of subsequent postoperative sepsis in patients undergoing major
surgery for cancer. The cut-oft value of PCT on POD 1 in their
study was 1.1 ng/ml, with sensitivity of 81% and specificity of
72%. Previous studies reported that PCT is an accurate marker
for the early diagnosis of postoperative infective complication
[5-7,21] and ventilator-associated pneumonia [8]. On the other
hand, some studies concluded that PCT had no added benefit
in the prediction of postoperative infection [23]. Several studies
have compared PCT and CRP for the diagnosis of postoperative
infectious complications [5,21,24], and PCT is documented to
be more sensitive than CRP for the early detection of postopera-
tive septic complications after major surgery in some previous
studies [22,25]. However, CRP was proven to be more sensitive
than PCT in other studies [26].

The determination of risk factors associated with the de-
velopment of pneumonia in surgical patients can be used to
decrease the incidence of this complication. In the present study,
significant risk factors for the development of postoperative
HAP were age > 60 years, smoking > 40 pack-years, upper ab-
dominal incision and duration of surgery > 3 h. Several studies
have demonstrated that age > 55 [27,28], upper or upper/lower
abdominal incision [27], smoking history [29], and duration of
surgery more than 2.5 hours [28] correlated with postoperative
pulmonary complications.

In conclusion, PCT and CRP are accurate biomarkers for the
early prediction of postoperative HAP after abdominal surgery.
The diagnostic ability of PCT was significantly better than that
of CRP on POD 2. After POD 2, the diagnostic ability was not
significantly different between both biomarkers. Persistent el-
evation of PCT to a level higher than 1.4 ng/ml on POD 2 and 3,
and CRP levels higher than 145 mg/L on POD 3 after abdominal
surgery, may be suggestive of postoperative infectious complica-
tions. However, further studies are required to validate our find-
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