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Abstract. Serum procalcitonin (PCT) levels may be helpful 
for the diagnosis of infections during the perioperative period 
of arthroplasty. However, there is much debate in the literature 
regarding the appropriate cut-off value for different types of 
surgery and local bacterial infection. The present study aimed 
to evaluate serum PCT levels in patients undergoing arthro-
plasty and to determine the cut-off value that may represent 
perioperative pneumonia, urinary infections and superficial 
surgical site infections. The present retrospective study 
included a total of 500 patients treated between July 2014 
and August 2015. The case group contained 25 patients with 
perioperative infections (pneumonia, urinary and superficial 
surgical site infections), and the control group contained 
25 patients without any post-surgical complications. Serum 
levels of PCT and white blood cells (WBC) were measured 
pre-operatively (D0) and at post-operative D4, D6 and D8, and 
the sensitivity, specificity and predictive value of these param-
eters were assessed. Regarding the comparison of the mean 
PCT levels between the case and the control group, a signifi-
cant difference was seen at D8 (P=0.007), while no significant 
differences were observed at D0 (P=0.010), D4 (P=0.069) 
and D6 (P=0.093). No statistically significant differences in 
WBC levels between groups were observed for (P>0.01). In 
the control group, the PCT levels at D4 (0.062±0.020 ng/ml) 
were 2-fold of the mean baseline value, followed by a decrease 
until D6 (0.051±0.019 ng/ml) and a return close to the normal 
range by D8 (0.032±0.015 ng/ml). The PCT levels in the case 
group had rapidly increased on D4 (0.510±1.208 ng/ml). In 
contrast to the control group, they continuously increased on 

D6 (0.527±1.360 ng/ml) and D8 (0.686±1.117 ng/ml). From 
a clinical point of view, infection events were indicated in 
these patients during post-operative follow-up. For PCT, the 
area under the receiver operating characteristic curve (AUC) 
was 0.978 [95% confidence interval (CI), 0.933‑1.022], and for 
WBC, the AUC was 0.562 (95% CI, 0.398-0.0.726). Based on 
the above data, the PCT value was a significant predictor of 
infection (AUC>0.9). For PCT, the cut-off point of 0.0995 ng/ml 
was associated with a sensitivity of 96% and a specificity 
of 100%. However, WBC were not a significant predictor of 
infection (0.5<AUC<0.7), and the cut-off value of 7.05x109/l 
was associated with a sensitivity of 64% and a specificity of 
44%. In conclusion PCT was found to be a promising marker 
for diagnosing bacterial infections post- arthroplasty due to its 
high specificity. Based on the sensitivity and the specificity, 
detecting PCT may be more valuable than using WBC in the 
diagnosis of sepsis-associated pathological changes in the 
perioperative period.

Introduction

Postoperative infections associated with implants are one of the 
most challenging complications after arthroplasty; they may 
cause increased cost, hospitalization stays as well as mortality 
and morbidity rates (1). Any type of infection, including pneu-
monia, urinary tract infections (UTI) and superficial surgical 
site infections (SSI) should be cured during the perioperative 
period of arthroplasty and may lead to periprosthetic joint 
infection. Thus, it is crucial to detect any infections during the 
perioperative period of arthroplasty in order to rapidly initiate 
adequate antimicrobial therapy (2-4). In the diagnostic process 
for detecting a perioperative infection, one of the most impor-
tant steps is the analysis of laboratory biomarkers of infection. 
Biomarkers, such as white blood cell count (WBC), erythrocyte 
sedimentation rate (ESR) and C-reactive protein (CRP) may 
be used to aid in the diagnosis, therapeutic monitoring and risk 
stratification. However, these blood parameters lack sensitivity 
and specificity in discriminating inflammation due to a bacte-
rial infection from that of a surgical injury response (5-10). 
In addition, due to the low positivity rate of pus culture, this 
gold standard has low sensitivity. Thus, the search for real-
istic laboratory markers is essential. Previous studies have 
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reported that due to its high specificity, procalcitonin (PCT) is 
comparatively more useful for diagnosing bacterial infections, 
including sepsis, upper respiratory tract infections, pneu-
monia, pancreatitis, pyelonephritis and burns (11-13). PCT, the 
116-amino acid prohormone of calcitonin, is mainly produced 
as a precursor hormone of calcitonin by the neuroendocrine 
cells of the thyroid and lung; alternative pathological pathways 
in patients with inflammation and sepsis have been described. 
Bacterial endotoxins have been reported to release PCT directly 
into the circulation (14,15). PCT typically increases 2 to 4 h 
following an appropriate exposure such as sepsis (16-20); it 
reaches its peak after 6 h and has a half-life of 25-30 h (21,22). 
A rapid decline occurs following treatment or removal of the 
underlying trigger. Compared with CRP, which only reaches 
a maximum after 36 h (23,24), PCT may be detected sooner. 
The features of PCT suggests that detecting PCT levels may be 
better than WBC and CRP for differentiating between sepsis, 
aseptic inflammation and traumatic injury in certain clinical 
settings, particularly following orthopaedic surgery. However, 
only a small number of studies (25) have investigated the value 
of diagnosing perioperative infection by detecting PCT levels 
during the period of primary hip and knee arthroplasty and 
comparing them with other biomarkers, such as WBC. Thus, 
it appeared worthwhile to perform a study to determine the 
specificity and the sensitivity of the characteristics of PCT 
for diagnosing infections during the perioperative period of 
arthroplasty. As the serum levels of PCT and WBC are meas-
ured in all patients undergoing arthroplasty at our department, 
it was possible to perform a retrospective study. The present 
study aimed to evaluate the serum PCT levels in patients 
with perioperative infection following arthroplasty and to 
determine the cut-off value that it may represent. The present 
study hypothesized that the elevation of PCT levels in patients 
undergoing primary arthroplasty may help to detect periopera-
tive infections.

Patients and methods

Study design and inclusion criteria. The cohort analysis for 
this retrospective study was approved by the local Ethics 
Committee of Huizhou Municipal Central Hospital (Huizhou, 
China). Data were obtained from the hospital's electronic 
medical record system. Two patient cohorts who were treated 
between July 2014 and August 2015 at the Department of 
Orthopaedic Surgery (Huizhou Municipal Central Hospital, 
Huizhou, China) were enrolled. A consecutive series of 
patients undergoing primary hip and knee arthroplasty was 
retrospectively reviewed and all patients who developed post-
operative infections, including pneumonia and UTI occurring 
within two weeks and superficial SSI occurring within 30 days 
(case group) were included. A tourniquet was used during the 
knee surgery, and the duration was 60-90 min. Antiseptic 
agent (iodine) was used on all patients and sterile covering for 
preoperative skin preparation was performed; furthermore, 
the skin incisions were mended using the same method of 
suture. None of the patients of the present study received any 
postoperative blood transfusion.

The inclusion criteria for the case group diagnosis with 
pneumonia, UTI or superficial SSI. A diagnosis of pneu-
monia required a new pulmonary infiltrate at the time of 

hospitalization, and at least one of the following: New or 
increased cough, leukocytosis, leukopenia or left shift pattern 
on WBC count, and a body temperature of >37.8˚C or <35.6˚C. 
A diagnosis of UTI required at least one of the following symp-
toms, such as fever (>38˚C), dysuria, pollakiuria, suprapubic 
tenderness and having ≥105 colony-forming units/ml of one or 
two types of bacteria; for culture-negative patients, at least two 
of the above-mentioned symptoms and one of the seven criteria 
defined by the Centers for Disease Control and Prevention, such 
as nitrite test positivity and pyuria, were required for inclusion 
in the study (26). Asymptomatic patients were excluded. The 
diagnosis of a superficial SSI included an infection occurring 
within 30 days after the operation on a surgical site, except 
for deep incisional SSI and periprosthetic joint infections 
(PJI) (27,28). As presented in Table I, the classification of SSI 
categorizes the infection into three groups, namely superficial 
incisional, deep incisional and organ-space SSI (28).

A retrospective chart review was performed for each 
surgical site to identify patients who met the inclusion criteria 
for the case group. The control group was selected based on a 
randomization table to gather a matched number of patients 
from those treated during the same time span as the control 
group. Patients in the control group underwent primary hip 
and knee arthroplasty but did not develop any postoperative 
infection complications during the inpatient stay, in the first 
month after operation, and at the final 12‑24‑month follow‑up 
exam. Patients of the case and the control group were excluded 
from the study if they met one of the following exclusion 
criteria: Possible precondition for elevated inflammatory 
markers, including chronic inflammatory diseases, obesity 
(body mass index, >30 kg/m2), viral infections, malignan-
cies, heavy smoking, inflammation other than an orthopaedic 
infection (e.g., autoimmunity, intercurrent febrile infection) for 
the purpose of avoiding interference with other inflammatory 
processes, and patients with hepatic failure, or deficiencies of 
the kidneys or the immune system.

Based on the inclusion criteria, a total of 500 patients were 
reviewed to obtain 25 patients with perioperative infections in 
the case group, and 25 patients without any associated compli-
cations were enrolled in the control group. The mean levels of 
WBC and PCT were compared between these groups, and the 
sensitivity, specificity and predictive values of WBC and PCT 
were assessed.

Laboratory analyses. Blood samples for analysis had been 
collected at the following time-points: Preoperatively (D0) 
and on day 4 (D4), D6 and D8 post operation. Blood was taken 
from the cubital vein. Serum levels of PCT were measured 
using a KRYPTOR electrochemiluminescence immunoassay 
and a Cobas 8000 modular analyser (Roche Diagnostics 
GmbH, Mannheim, Germany) and WBC were measured using 
an XE-5000 automated hematology system (Sysmex Corp., 
Kobe, Japan) at the Institute of Clinical Chemistry of Huizhou 
Municipal Central Hospital (Huizhou, China).

Statistical analysis. Descriptive data analyses were performed 
using SPSS version 19.0 for Windows (IBM Corp., Armonk, 
NY, USA). Prior to assessing the association or difference, 
a one-Sample Kolmogorov-Smirnov test was used to assess 
descriptive values for normality. For comparing the difference 
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between two independent samples, the Mann-Whitney U-test 
was used if the descriptive statistics had an abnormal distribu-
tion; otherwise, the Student's t-test was used. For comparing the 
constituent ratio difference between two independent samples, 
Pearson's Chi-square test was used. A box plot was used to 
display the distribution range of PCT levels. Receiver operator 
characteristic (ROC) curves were generated to determine the 
best cut‑off values and to calculate individual specificity and 
sensitivity for PCT and WBC. P<0.01 was considered to indi-
cate a statistically significant difference.

Results

Patient characteristics. A total of 50 patients were included in 
the present retrospective cohort study. In the case group (n=25), 
4 patients had pneumonia, 7 had UTI and 14 had superficial 
SSI. Indwelling catheters occurred in 6 patients of the case 
group and 2 patients of the control group. Among the 7 patients 
with UTI, 4 had indwelling catheters. Of the 25 patients in the 
case group, 20 underwent total hip arthroplasty (THA) and 
the other 5 underwent total knee arthroplasty (TKA). Of the 
25 patients in the control group, 14 underwent THA and the 
other 11 underwent TKA. Except at D8 in the control group 
(P<0.01), no significant difference was identified in the PCT 
levels between patients who underwent THA and those who 
underwent TKA, including D0, D4, D6 and D8 (P>0.01). 
However, 5 patients required additional surgical debridement, 
and all of the 14 patients with SSI recovered following treat-
ments including prolonged hospital stay and antibiotics.

The patient demographics are provided in Table II. There 
were no significant differences in age (P=0.056), patient gender 
(P=0.508) or joint distribution (P=0.069) between the groups.

All data of the present study followed a normal distribu-
tion. Comparison of the means of the PCT levels between the 
case and the control group indicated a significant difference at 
D8 (P=0.007), while no significant difference was observed at 
D0 (P=0.01), D4 (P=0.069) and D6 (P=0.093). In addition, no 
statistical significance was observed regarding the differences 
in WBC levels between the two groups (P>0.01; Table III).

In the control group, the mean serum levels of PCT at D0 
(0.031±0.011 ng/ml) were in the normal range (0-0.05 ng/ml) 
and had increased by two-fold by D4 (0.062±0.020 ng/ml). 
However, it had rapidly decreased by D6 (0.051±0.019 ng/ml) 
and returned to the normal range on D8 (0.032±0.015 ng/ml; 
Fig. 1). Although the preoperative mean serum levels of PCT 
in the case group (0.121±0.166 ng/ml) were higher than those 
in the control group (0.031�0.011 ng�ml), no statistical signifi ‑(0.031�0.011 ng�ml), no statistical signifi ‑ ng�ml), no statistical signifi ‑), no statistical signifi ‑, no statistical signifi-
cance was observed. Similarly to those in the control group, 
the PCT levels in the case group had rapidly increased on D4 
(0.510±1.208 ng/ml); however, they continuously increased on 
D6 (0.527±1.360 ng/ml) and D8 (0.686±1.117 ng/ml; Fig. 2). 
From a clinical point of view, infection events were indicated 
in these patients during the postoperative period.

To measure the best cut-off values and calculate the 
individual specificity and sensitivity of PCT and WBC, ROC 
curves were generated (Fig. 3). A summary of the results is 
provided in Table IV. To compare the capability of the two 
biomarkers to distinguish between patients without infection 

Table I. Classification of SSI.

Type of SSI Definition

Superficial incisional SSI Infection involves only skin or subcutaneous tissue and at least one of the following:
 ‑Purulent drainage from the superficial incision, with or without laboratory result
 ‑Isolated microorganism from a culture of fluid or tissue
 -Pain, swelling, heat or redness at the surgical site
 ‑Diagnosis of superficial incisional SSI established by surgeon or attending physician
Deep incisional SSI Infection involves deep soft tissues such as fascia or muscle layer and at least one 
 of the following:
 -Purulent drainage from the deep incision but not from organ or organ space component
 - A deep incision spontaneously dehisces or is deliberately opened by a surgeon when 

the patient has at least one of the following signs: Fever (>38˚C), localized pain  
or tenderness

 - An abscess or other evidence of deep infection that is found on direct histopathological  
or radiological examination

 -Diagnosis of deep incisional SSI made by a surgeon or attending physician
Organ or space SSI Infection involves organs or spaces, other than the incision site and at least one 
 of the following: 
 -Purulent drainage from the organ or space
 ‑Isolated microorganism from a culture of fluid or tissue
 - An abscess or other evidence of deep infection that is found on direct examination  

or on histopathological or radiological examination
 -Diagnosis of organ/space SSI by a surgeon or attending physician

SSI, surgical site infection.
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from those with infection, the area under the curve (AUC) 
was calculated. For PCT, the AUC was 0.978 [95% confidence 
interval (CI), 0.933‑1.022]; for WBC, the AUC was 0.562 (95% 
CI, 0.398-0.0.726). Based on the above data, the PCT value 
was a significant predictor of infection (AUC>0.9). For PCT, 
the cut-off point of 0.0995 ng/ml was associated with a sensi-
tivity of 96% and a specificity of 100% (Fig. 3). At a cut-off 
of 0.526 ng/ml, PCT was found to be 36% sensitive and 100% 
specific in diagnosing infections. However, WBC was not a 
significant predictor of infection (0.5<AUC<0.7). A WBC 
value of 7.05x109/l was associated with a sensitivity of 64% 
and a specificity of 44%. For combining different parameters, 

the point with the minimal distance on the ROC curve was 
considered to be the optimal threshold. Obviously, PCT had a 
higher sensitivity and specificity compared with WBC.

Discussion

Any infections, including pneumonia, UTI and superficial 
SSI, are dangerous during the perioperative period of arthro-
plasty, as they may lead to the occurrence of PJI, a serious 
postoperative complication following arthroplasty (29-31). To 
prevent unnecessary PJI following perioperative infections, 
an early and correct diagnosis is important. The present study 

Figure 1. PCT serum levels at various perioperative time-points in the control 
group. Boxes indicate the median and interquartile range; whiskers indicate 
the highest and lowest values; circles indicate outliers. PCT, procalcitonin; 
D0, pre-surgery/baseline; D4, day 4 post-surgery.

Figure 2. PCT serum levels at various perioperative time-points in the case 
group. Boxes indicate the median and interquartile range; whiskers indicate the 
highest and lowest values; circles indicate outliers; asterisks indicate extreme 
outliers. PCT, procalcitonin; D0, pre-surgery/baseline; D4, day 4 post-surgery.

Table III. Descriptive statistics of parameters at various perioperative time-points.

 PCT (ng/ml) WBC (x109/l)
 --------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------
Group D0 D4 D6 D8 D0 D4 D6 D8

Case 0.121±0.166 0.510±1.208 0.527±1.360 0.686±1.117 7.556±3.037 7.932±2.266 8.336±2.777 8.148±2.013
Control 0.031±0.011 0.062±0.020 0.051±0.019 0.032±0.015 7.036±2.537 7.636±1.681 8.892±2.013 8.548±2.252
t-test 2.697 1.859 1.750 2.925 0.657 0.525 -0.811 -0.662
P-value 0.01 0.069 0.093 0.007 0.514 0.602 0.422 0.511

PCT, procalcitonin; WBC, white blood cells; D0, pre-surgery/baseline; D4, day 4 post-surgery.

Table II. Patient demographics.

Group Patients (n) Mean age (years) Sex (female/male) Hip/knee arthroplasty

Case 25 69.12±9.94 18/7 20/5
Control 25 63.28±11.13 20/5 14/11
t-test  1.956 0.439 3.309
P-value  0.056 0.508 0.069

Values are expressed as n or as the mean ± standard deviation.
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retrospectively analysed the plasma concentration of PCT and 
the WBC with regard to their sensitivity and specificity for 
detecting perioperative infections.

PCT, the 116-amino-acid prohormone of calcitonin, is 
mainly produced by the parafollicular cells of the thyroid in 
healthy individuals, while alternative pathological pathways 
have been described in patients with inflammation and sepsis. 
PCT is widely used as a diagnostic marker of sepsis and 
systemic inflammatory response syndrome (32), and has been 
demonstrated to be a more accurate marker for the detection of 
early postoperative infection after cardiac, intestinal and major 
neural surgeries compared with standard laboratory parameters, 
such as CRP and WBC (33-36). In these cases, inflammatory 
cytokines, such as tumor necrosis factor-α, interleukin-1β 

and fragments of cell walls or membranes of microbes, such 
as lipopolysaccharides or peptidoglycans, may induce PCT 
production. In the control group, the mean serum concentrations 
of PCT peaked at D4 and had decreased on D6 post surgery. 
Surgical trauma may have been the cause of the transient eleva-
tion of PCT. Due to the consistent and rapid increase in PCT 
levels post surgery in the case group, the PCT trend may be 
used as a marker for possible infection in the early postopera-
tive period. In the control group, none of the patients had any 
perioperative infection. The preoperative results in the control 
group convincingly demonstrated that aseptic pathological 
changes in hip and knee did not cause any significant increases 
in PCT. These findings indicated that a sudden elevation at D6 is 
suggestive of a bacterial infection; this was indicated in the case 
group, in which a sudden and continuous elevation of PCT levels 
was identified. In addition, the post‑operative levels of PCT in 
the case group were much higher than those commonly seen 
in the control group. In the case group, the most common type 
of infection was superficial SSI, which was seen in 14 patients 
(56%), while 7 patients (28%) had a UTI and 4 patients (16%) 
had pneumonia. Among the 7 patients with a UTI, 4 patients had 
indwelling catheters; therefore, an indwelling catheter was likely 
to be one of the factors causing UTI. Previous studies reported 
that 70-80% of complicated UTIs are attributable to indwelling 
catheters in the US (37), accounting for ~1 million cases per 
year (38). All of the infections were caused by various bacteria. 
Bacterial endotoxins have been reported to release PCT directly 
into the circulation (14,15). PCT increases at 2-4 h following an 
insult such as sepsis (16-20), reaches its peak after 6 h and has 
a half-life of 25-30 h (21,22). A rapid decline occurs following 
treatment or removal of the underlying trigger. Based on the 
results of the present study, the serum PCT levels continue to 
increase from D6 to D8 post surgery if an infection is present; 
therefore, any significant elevations of PCT at D6 may suggest 
the occurrence of infection or a different type of inflammation. 
Based on these results, attention should be paid on the SSI, the 
most common type of perioperative infection, and approaches 
to reduce the risk of SSI, including antimicrobial prophylaxis, 
preoperative optimization of anaemia and diabetes, preopera-
tive chlorhexidine washes and adjustment of operation duration 
should be pursued. In addition, routine use of an indwelling 
catheter is not recommended due to it being one of the factors 
causing UTI.

Figure 3. ROC curves for PCT and WBC. PCT, procalcitonin; WBC, white 
blood cells; ROC, receiver operating characteristic.

Table IV. Results of the receiver operating characteristic curve analysis.

Parameter AUC (95% CI) Cut‑off (ng�ml or 1�l) Sensitivity (%) Specificity (%)

PCT 0.978 (0.933-1.022) 0.0565 100 40
  0.059 96 48
  0.0995 96 100
  0.526 36 100
WBC 0.562 (0.398-0.726) 3.2x109 100 0
  7.05x109 64 44
  9.2x109 36 72
  10.9x109 8 100

PCT, procalcitonin; WBC, white blood cells; AUC, area under the receiver operating characteristic curve; CI, confidence interval.
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Although numerous studies have reported that the highest 
serum PCT values occur in patients with sepsis (32), they are 
also increased in inflammatory conditions, such as trauma 
following extensive surgery (25,39,40). In addition, unspecific or 
trauma-associated induction of PCT has been reported during the 
perioperative period. Thus, it is important to determine cut-off 
values suitable for different types of surgery and local bacte-
rial infections. In the present study, the kinetics of PCT were 
analysed in patients during the perioperative period of arthro-
plasty, including infection and aseptic cases. Previous studies 
suggested that PCT values of >2 ng/ml are strongly indicative 
of sepsis or severe bacterial infection, while these condition are 
unlikely if PCT levels are <0.5 ng/ml (41,42). Hügle et al (43) 
demonstrated that PCT has high sensitivity but low specificity at 
a cut-off value of 0.25 ng/ml. However, the present study identi-
fied that the cut‑off point of 0.0995 ng�ml was associated with 
the highest sensitivity (96%) and specificity (100%). In addition, 
other studies reported that PCT is a marker with poor sensi-
tivity but high specificity at a cut‑off of 0.5 ng�ml (22,44,45). 
Bottner et al (46) reported a high specificity (98%) but low 
sensitivity (33%) in the detection of deep chronic periprosthetic 
infection for PCT levels with a cut-off at 0.3 ng/ml. Similarly, 
in the present study, at a cut-off of 0.526 ng/ml, PCT had 36% 
sensitivity and 100% specificity for diagnosing infections. For 
any novel diagnostic marker, balancing sensitivity and speci-
ficity is essential. In the present study, 0.0995 ng�ml was taken 
as the cut-off for diagnosing perioperative infection.

Of note, the present study had several limitations. Data were 
collected retrospectively from a single centre, and the sample 
size was low for a study investigating perioperative infections 
in patients undergoing primary hip and knee arthroplasty.

In summary, the present study suggested that PCT is a 
promising marker for diagnosing bacterial infections due to its 
high specificity. Based on the sensitivity and the specificity of 
PCT, detecting PCT may be more valuable than using WBC in 
the diagnosis of septic pathological changes in the periopera-
tive period. Large retrospective studies analysing the serum 
PCT levels in patients with infections following primary hip 
and knee arthroplasty may provide further insight into the 
diagnostic value of PCT in the future.
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