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Abstract

Objective: The current study aimed to characterize the variation of serum PCT and IL-6 levels and look
the specificity and the sensitivity in diagnosing pneumonia, urinary and superficial surgical site
infections during the perioperative period of primary hip and knee arthroplasty.
Methods: This observational study included 73 patients undergoing primary hip and knee arthroplasty.
Serum Procalcitonin (PCT), and Interleukin-6 (IL-6) were measured preoperatively (D0) and at
postoperative day 4 (D4) and day 6 (D6). The sensitivity, specificity and predictive values of PCT and
IL-6 were assessed.
Results: On comparison of the mean of PCT levels between infection group and non-infection group, a
significant difference was seen at D6 (day 6) (p<0.01), but with no significant difference for IL-6. For
PCT, the AUC was 0.967 (95% CI, 0.934-1.000), for IL-6 the AUC was 0.806 (95% CI, 0.754-0.859). The
PCT value was a significant predictor of infection (AUC>0.9). For PCT, the cut-off point of 0.1385 ng/ml
had a sensitivity of 93.3% and a specificity of 97.3%. However, the IL-6 was a less significant predictor
for infection (0.7<AUC<0.9). The IL-6 value of 30.215 pg/ml had a sensitivity of 77.8% and specificity of
71.3%.
Conclusions: It is valuable to monitor the variation trend of PCT and IL-6 as a marker for possible
infection in the early post-operative period. Detecting PCT may be more valuable than using IL-6 in the
diagnosis sepsis pathological changes in the perioperative period.
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Introduction
One of the major complications of total knee and hip joint
arthroplasty is periprosthetic joint infection, which complicates
revision arthroplasty in as many as 10%-20% of patients in
some series [1-4]. Any infections, including the pneumonia,
urinary and surgical site infections should be cured during the
perioperative period of arthroplasty, which may lead to the
occurrence of periprosthetic joint infection. So it is crucial to
detect any infections during the perioperative period of
arthroplasty in order to rapidly initiate adequate antimicrobial
therapy [5-7]. Biomarkers, such as C-Reactive Protein (CRP),
White Blood Cell count (WBC) and Erythrocyte Sedimentation
Rate (ESR) can be used to aid in diagnosis, therapeutic
monitoring, and risk stratification. However, these blood
parameters lack sensitivity and specificity in discriminating the
inflammation of bacterial infection from that of the surgical
injury response [8-13]. Numerous studies suggest that

Procalcitonin (PCT) has been shown to be a more accurate
marker in detection of early postoperative infection after
cardiac, intestinal and major neural surgeries compared to the
standard laboratory parameters, such as CRP and WBC
[14-17]. PCT, the 116-amino acid pro-hormone 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
were described. Bacterial endotoxin has been shown to release
PCT into the circulation directly [18,19]. It will increase 2-4 h
following an appropriate exposure such as sepsis [20-24], and
reaches its peak after 6 h and has a half-life of 25-30 h [25,26].
And then a rapid decline following treatment or removal of the
underlying trigger. Comparing with CRP, whose peaks only
after 36 h, PCT can be detected quicker. IL-6 (interleukin- 6) is
produced as an acute phase protein to stimulate immune
response by monocytes and macrophages [27,28]. Its serum
concentration is about 1 pg/ml in healthy subjects, but it
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increases rapidly in cases of inflammation, infection, and
traumatic injury. It may increase to 30-430 pg/mL for as long
as 3 d following total joint arthroplasty [11,29], rapidly returns
to normal value and is not elevated in patients with aseptic
loosening [30,31]. Serum IL-6 has been shown to be a valuable
and even more accurate marker than either the erythrocyte
sedimentation rate or the CRP level for the detection of chronic
PJI [11]. Disadvantages of IL-6 test are that it is non-specific
and may increase in response to several diseases with acute
inflammatory reactions.

However, there is much debate in the literature as to what cut-
off value they should represent in different types of surgery and
local bacterium infection. No studies have detected which
better biomarker is helping to the diagnosis of infections
around the perioperative period of primary hip and knee
arthroplasty. In the present study, we analyzed the kinetics of
PCT and IL-6 during the perioperative period of arthroplasty in
our institution, including pre-operations and post-operations.

The aim of the study was to characterize the baseline of the
two biochemical tests, helping to make the new cut-offs of
PCT and IL-6 during the perioperative period of arthroplasty,
and detected their difference during the perioperative period.
Secondary objectives included looking the specificity and the
sensitivity at the characteristics of PCT and IL-6 in diagnosing
infections during the perioperative period of arthroplasty.

We hypothesized that monitoring the variational trend of serum
PCT and IL-6 levels would help to detect any infections during
the perioperative period of arthroplasty, including pneumonia,
urinary and superficial surgical sites infections, to rapidly
initiate adequate antimicrobial therapy, which may reduce the
opportunity of deep surgical sites infection and periprosthetic
infection.

Materials and Methods

Patients
The study included 73 individuals (19 males and 54 females,
mean age 64.26 y, range 34.17-93) in our Orthopaedic

Department between Jan 2015 and Sep 2015. The arthroplasty
included primary total hip replacement and total knee
replacement.

Exclusion criteria were history of previous joint infection,
acute or chronic systemic inflammatory disease, pneumonia,
urinary infection, any skin and musculoskeletal system
infection, cardiac, renal (creatinine clearance<50 mL/min),
coagulopathy, malignoma and operative procedure within 3
months before admission.

At the end of the study, patients were divided into two groups:
Non-Infective group (Group 1) and Confirmed postoperative
infection group (Group 2) based on the below criteria. The
postoperative infections in Group 2 included pneumonia,
urinary tract infection occurring within 2 weeks and superficial
surgical sites infection occurring within 30 d. There were no
other postoperative complications except infections during the
inpatient stay, in the first month after operation, and at the final
follow-up of 12-20 months.

A diagnosis of pneumonia required a new pulmonary infiltrate
at time of hospitalization, and at least one of the following:
New or increased cough, leucocytosis, leukopenia, or left shift
pattern on white blood cell count, temperature>37.8°C, or
<35.6°C. A diagnosis of urinary tract infection required at least
one of the symptoms like fever (>38°C), dysuria, pollakiuria,
suprapubic tenderness and having ≥ 105 CFU/ml of one or two
types of bacteria or culture-negative patients having at least
two of the above-mentioned symptoms and one of the seven
criteria defined by Centers for Disease Control and Prevention
like nitrite test positivity, pyuria were included in the study
[32]. Asymptomatic patients were excluded.

The diagnosis of superficial surgical site infection included
infection that occurs within 30 d after the operation on surgical
site, excepted deep incisional Surgical Site Infection (SSI) and
Periprosthetic Joint Infections (PJI) [33,34].

The classification of SSI is shown on Table 1 [34].

Table 1. Classification of SSI.

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.

-On the surgical site: pain, swelling, heat or redness.

-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 examination, by histopathologic or radiologic examination.
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-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 by histopathologic or radiologic examination.

-Diagnosis of organ/space SSI by a surgeon or attending physician.

The study was approved by the local ethics committee.
Informed consent was obtained in all cases prior to enrolment.
Operational procedure comprised standardized unilateral
minimal invasive implantation of an un-cemented or cemented
total hip prosthesis based on the preoperative protocol through
a posterolateral approach, and cemented total knee prosthesis
through anterior midline approach. The surgery was performed
in operating rooms with vertical laminar flow and use of
helmet aspirator suits and double gloves. Skin was prepared
with alcohol and iodine lavage. Over 94% of hip and knee
surgeries were performed under spinal/epidural anesthesia at
our institution. Prophylactic antibiotics (Cefuroxime 1.5 g)
were given 1 h before surgery and every 8 h for 48 h
postoperatively. All patients received antithrombotic
prophylaxis with low molecular-weight heparin calcium
injection, 4100 AXaIU per day in hospital starting from 12 h
after surgery. Rivaroxaban, 10 mg per day, following outpatient
for 2 weeks.

Laboratory methods
Blood samples of all patients were obtained pre-operative and
on the 4th and 6th postoperative days. Serum levels of PCT and
IL-6 (KRYPTOR, ECLIA, Cobas 8000, Roce Diagnostics
GmbH, and Mannheim, Germany) were measured at the
Institute for Clinical Chemistry at Huizhou Municipal Central
Hospital.

Statistical analysis
Descriptive data analyses were carried out with Statistical
Package for Social Sciences software, version 19.0 for
Windows. Comparing the constituent ratio difference between
2-independent-samples, The Pearson chi-square was used.
Comparing the difference between 2-independent-samples, The
Mann-Whitney U-test was used if the variance was irregular,
otherwise the t-test would be used. Comparing the difference
between 2-Paired-samples. The Paired-samples T test would be
used. Using the Box-plot to show the distribution range of PCT
and IL-6 levels. Using the Receiver-Operator-Characteristics
(ROC) curves to measure the best cut-off values and calculated
individual specificity and sensitivity between PCT and IL-6.

Results
Infection was diagnosed in 9 (12.33%) of 73 patients and
involved the pneumonia (one), urinary (two) and superficial
surgical site infection (six). Other 64 patients haven’t showed

local or systemic complications during the period of
observation, such as fever or wound healing problems. The
patient demographics and details are given in Table 2. Though
uneven in number, there was no statistical difference in age
(p=0.563), patient gender (p=0.08) or joint distribution (p=1)
between the groups.

Table 2. Patient demographics.

Group n Mean age

(Mean ± standard
deviation)

Sex (Female/Male) Hip/Knee

Group 1 64 63.847 ± 10.189 50/14 39/25

Group 2 9 67.222 ± 16.438 4/5 5/4

t/χ2  -0.6 3.064 0

p  0.563 0.08 1

The preoperative PCT mean serum levels (0.045 ± 0.06 ng/ml)
were roughly in the normal range in group 1 (Table 3), with 54
patients (84%) had concentrations of PCT within the normal
range (0-0.05 ng/ml). In contrast, the preoperative IL-6 mean
serum levels (13.06 ± 18.57 pg/ml) were higher than the
normal range (0-7 pg/ml) (Table 3), with only 33 patients
(52%) had concentrations of IL-6 within the normal range.
Thereafter, the levels of PCT (0.086 ± 0.078) increased rapidly
on the fourth day (nearly 2-fold higher than baseline mean
values) (Table 3), and have significant difference with D0
(p<0.01, Table 4). However, it dropped rapidly on the sixth day
(0.061 ± 0.035 ng/ml) as returning close to the height of
normal range (Figure 1), and have no significant difference
with D0 (p>0.01, Table 4). Levels of IL-6 increased rapidly
and reaching a peak on the fourth day (29.73 ± 20.96 pg/ml),
and have significant difference with D0 (p<0.01, Table 4).
Then, the IL-6 declined on the sixth day (22.12 ± 17.62 pg/ml),
and still have significant difference with D0 (p<0.01, Table 4).
The same with the group1, levels of PCT and IL-6 in group 2
increased rapidly on the fourth day. Contrasting to the group 1,
levels of PCT and IL-6 in group 2 increased constantly on the
sixth day (Figure 2). From the clinical point of view, the
infection events can be found in these patients during
postoperative follow-up. On comparison of the mean of PCT
level between group 1 and group 2, a significant difference was
seen at D6 (day 6) (p<0.01), but with no significant difference
at D0 (day 0) and D4 (day 4) (p>0.01). However, by
comparing the mean of IL-6 level between group 1 and group
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2, no significant difference was seen at D0, D4 and D6 (day 6)
(p>0.01) (Table 3).

One patient showed a high-level PCT course with PCT peak
levels of 0.532 ng/ml at D4, but dropped to 0.197 ng/ml at D6
(Figure 1). From the clinical point of view these findings
cannot be explained; there were no clinical events in these
patients neither during the hospital stay or during the 12-month
postoperative follow-up. One patient, whose PCT level is
normal all days, but showed a high-level IL-6 course with peak

levels of 116.1 pg/ml at D0, then dropped to 43.37 pg/ml at D4
(Figure 2). Another patient, whose PCT level is also at low
levels, but showed a high-level IL-6 course with peak levels of
115.1 pg/ml at D4, and 113.7 pg/ml at D6, then dropped to
51.68 pg/ml at D8. There were no clinical events in these
patients neither during the hospital stay nor during the 12-
month postoperative follow-up. We think the high-level IL-6
course maybe associate with the aseptic inflammation, as a
serious knee synovitis was found in those knees.

Table 3. Descriptive statistics of parameter.

PCT (Mean ± standard deviation ) (ng/ml) IL-6 (Mean ± standard deviation ) (pg/ml) 

D0 D4 D6 D0 D4 D6

Group1 0.045 ± 0.06 0.086 ± 0.078 0.061 ± 0.035 13.06 ± 18.57 29.73 ± 20.96 22.12 ± 17.62

Group2 0.112 ± 0.177 1.113 ± 1.925 1.228 ± 2.16 12.56 ± 6.459 33.204 ± 7.753 45.279 ± 34.047

t/Z Z=-1.509 Z=-2.450 Z=-4.138 t=0.071 t=-0.943 t=-2.003

p-value 0.131 0.014 0 0.943 0.353 0.078

Table 4. Comparison test with D0.

 PCT IL-6

D4 D6 D4 D6

t Group 1 -3.577 -2.051 -5.3 -3.173

Group 2 -2.21 -4.018 -8.749 -2.71

p-value Group 1 0.001 0.04 0 0.002

Group 2 0.058 0.004 0 0.027

Figure 1. Course of PCT serum levels at day 0, day 4 and day 6.
(Group 1 and Group 2).

To measure the best cut-off values and calculated individual
specificity and sensitivity between PCT and IL-6, we used

Receiver-Operator-Characteristics (ROC) curves (Figure 3). A
summary of the results is given in Table 5. To compare the
capability of the two significant biomarkers to distinguish
patients without infection from patients with infection, the area
under the curve was calculated. For PCT, the area under the
curve was 0.967 (95% CI, 0.934-1.000), for IL-6 the area
under the curve was 0.806 (95% CI, 0.754-0.859). Based on
the data above, the PCT value was a significant predictor of
infection (AUC>0.9). For PCT, the cut-off point of 0.3325
ng/mL had a sensitivity of 84.4% and a specificity of 100%.
(Figure 3). At a cut-off of 0.1385 ng/mL, PCT is found to be
93.3% sensitive and 97.3% specific in diagnosing positive
infections. However, the IL-6 was a less significant predictor
for infection (0.7<AUC<0.9). The IL-6 value of 18.975 pg/ml
had a sensitivity of 100% and specificity of 48.3%. At a cut off
of 30.215 pg/ml, IL-6 is found    to    be  77.8%   sensitive   and
71.3% specific in diagnosing positive infections. For
combining different parameters, the point with the minimal
distance on the ROC curve was the optimal threshold.
Obviously, PCT has the higher sensitivity value and specificity
value compared with IL-6 (Figure 3).

Discussion
Any infections, including the pneumonia, urinary and
superficial surgical site infections will be dangerous during the
perioperative period of arthroplasty. As it may lead to the
occurrence of periprosthetic joint infection, which is a serious
postoperative complication following arthroplasty. [35-37].
Inflammatory biomarkers play a pivotal role in helping to find
the infections earlier. However, the lack of sensitivity and
specificity in discriminating the inflammation of infection from
that of acute phase response is a challenge in precise diagnosis
[10-13,38,39]. Recent research suggests that PCT and IL-6 are
more helpful in diagnosis of sepsis and Systemic Inflammatory
Response Syndrome (SIRS) and can be detected more accurate
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in early postoperative infection after major neural surgeries
compared to the standard laboratory parameters (such as CRP
and WBC) [14-17,40]. Previous studies have reported that, the
IL-6 levels increase rapidly after surgery, infection, and
traumatic injury, and may increase to 30-430 pg/mL for as long
as three days following total joint arthroplasty [11,29].
Comparing with previous studies, we found some different
characterization of the serum PCT and IL-6 levels during the
perioperative period of primary hip and knee arthroplasty. In
this study, we prospectively analyzed the sensitivity and
specificity of PCT and IL-6 for detecting perioperative
infections.

Figure 2. Course of IL-6 serum levels at day 0, day 4 and day 6.
(Group 1 and Group 2).

Figure 3. ROC curves of the markers measured.

(2) The cut-offs of PCT and IL-6 during the perioperative
period of arthroplasty and the predictive values in diagnosing
perioperative infection.

Our study has also suggested the possibility of using new cut-
offs to differentiate elevations in PCT and IL-6 due to aseptic
inflammatory reaction versus sepsis. Many researches have
demonstrated that PCT and IL-6 not only respond directly to
bacterial endotoxin, but also stimulated by non-infective
inflammation, such as surgical trauma, aseptic synovitis
[18,19,41-44]. So the cut-offs of PCT and IL-6 during the
perioperative period may be higher than the normal range.

Table 5. Cut-off values and calculated individual specificity and sensitivity between PCT and IL-6.

Parameter AUC (95% CI) Cut-Off Sensitivity (%) Specificity (%) Youden index

PCT 0.967

(0.934 to 1.000)

0.0635 ng/ml 100 54.4 0.54

0.1385 ng/ml 93.3 97.3 0.91

0.3325 ng/ml 84.4 100 0.84

IL-6 0.806

(0.754 to 0.859)

18.975 pg/ml 100 48.3 0.48

30.215 pg/ml 77.8 71.3 0.49

122.1 pg/ml 17.8 100 0.18

There is much debate as to what cut-off value of PCT
differentiates infection from the acute phase response [41,45].
Bottner et al. have reported in detection of deep chronic
periprosthetic infection with PCT levels>0.3 ng/mL while the
combination of IL-6 levels>12 ng/L [29]. Syed et al. have
reported that fifty patients (85%) had concentrations of PCT
within the normal range (<0.5 ng/ml) on days 1, 3 and 5 post-
operation, with PCT levels are not significantly elevated by the

trauma of total hip and knee arthroplasty [46]. Hogle et al. has
shown PCT as a highly sensitivity but low specificity at a cut-
off of 0.25 ng/ml [43]. However, we found that the cut-off
points of 0.3325 ng/ml had a highest sensitivity (84.4%) and
specificity (100%). Meanwhile, Stucker et al. have shown PCT
as a poorly sensitive marker with high specificity at a cut-off of
0.5 ng/ml [22,44,45]. Bottner et al. have reported the high
specificity (0.98) but low sensitivity (0.33) in detection of deep
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chronic periprosthetic infection with PCT levels>0.3 ng/mL
[46]. Similarly, in our study, at a cut off of 0.1385 ng/ml, PCT
is found to be 93.3% sensitive and 97.3% specific in
diagnosing positive infections.

In the current study, 0.1385 ng/m is taken as the cut-off for
PCT and 30.215 pg/ml is taken as the cut-off for IL-6 in
diagnosing perioperative infection, including the pneumonia,
urinary and superficial surgical site infection.

So, our study may be helpful in making the new cut-offs of
PCT and IL-6. Any significant elevations of PCT referring to
the new cut-off may suggest an occurrence of infection during
the perioperative period of arthroplasty.

Numerous researches have shown that PCT is elevated in cases
of bacterial infection or sepsis and levels are considerably
higher in bacterial infections than in viral infections [20,21,24].
PCT shows a favourable kinetic profile for use as a clinical
marker: it reaches its peak after 6 h and has a half-life of 25-30
h [26,47]. Some studies has reported that IL-6 is a sensitive
marker for bacterial infection after total hip arthroplasty
[29,48]. Its serum level increases rapidly after surgery, with a
peak after 3-6 h, and has a mean half-life of 15 h and decreases
rapidly to normal concentrations [48]. Some study shown
serum IL-6 level can increase from 1 pg/mL to 30-430 pg/mL
for as long as three days following total joint arthroplasty
[11,29]. It will reach the peak level two days after total joint
arthroplasty, then rapidly returns to normal value [30,31]. So
the elevation of the PCT and IL-6 levels causing by the
surgical trauma may nearly drop to the baseline level on day 4.
Based on our study, the serum PCT and IL-6 levels will keep
on dropping at day 6 if without local or systemic complications
during the period of observation, such as pneumonia, urinary
or surgical site infection. It means that any significant
elevations of PCT and IL-6 at day 6 may suggest an occurrence
of infection or other inflammation.

All patients undergoing arthroplasty were given intraoperative
antibiotics (most commonly intravenous Cefuroxime),
continued for 48 h postoperatively. So it is not easy occurring
infection during day 1 and day 2 postoperative. So, the
incidence of infection during the period following the stop
using antibiotics might be much more.

Perioperative superficial wound infections are more common
than deep prosthetic infection. The presence of a wound
infection has been identified as a significant risk factor for
development of prosthetic infection. So, it is critical to identify
a wound infection. We know that most incision bleeding
concentrate during the early postoperative period, which means
the presence of wound infection following the bleeding, may
occur during days 2-4. Meanwhile, the joint drainage tube,
being placed during arthroplasty, will be kept for 48 h
postoperative. It is therefore not surprising that deep infections
related with tube occurred within this period. In a word, based
on the characterize of perioperative period infection and the
variation of PCT and IL-6,we proposed that detecting PCT and
IL-6 on day 4 and day 6 may be more valuable in the diagnosis
asepsis pathological changes in the preoperative period.

In conclusion, our study shows the characteristic feature of
serum PCT and IL-6 levels during the perioperative period of
primary hip and knee arthroplasty. It is valuable monitoring the
variational trend of PCT and IL-6 as a marker for possible
infection in the early post-operative period. Detecting PCT
may be more valuable than using IL-6 in the diagnosis sepsis
pathological changes in the perioperative period. Meanwhile,
making the new cut-offs of PCT and IL-6 during the
perioperative period of arthroplasty may be helpful in
discriminating the inflammation of infection from that of acute
phase response.

Nevertheless, our study does have some limitations. Firstly, it
represents a single center experience with the number of
patients less than 100. Secondly, the study design was lack of
reference group with PJI. Thirdly, the patients with sepsis
pathological changes are only 9, which may increase sampling
error.
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