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A b s t r a c t

IInnttrroodduuccttiioonn:: This study investigates the course of blood cytokine levels and
CRP in patients with rheumatoid arthritis (RA) undergoing total knee replacement
(TKR). Additionally, we set out to examine the relationship between cytokines
IL-6, TGF-β1 and CRP and parameters such as body temperature, tourniquet
time and blood loss.
MMaatteerriiaall  aanndd  mmeetthhooddss:: The study concerns 40 patients with RA undergoing total
knee replacement (TKR). Operative and postoperative details were recorded,
including circulation, ventilation, body temperature, tourniquet time under
operation and postoperative blood loss. Peripheral vein blood was serially
sampled; the first was obtained before anaesthesia and next at 6, 12, 24, 36 h
after the end of surgery. IL-6, TGF-β1 and CRP were evaluated in blood and at
the same time body temperature (°C) was measured.
RReessuullttss:: In patients with RA undergoing TKR under regional anaesthesia, the
levels of IL-6 and TGF-β1 in the peripheral blood were not significantly changed
compared with the levels before operation. The rise of CRP protein concentration
was achieved at first 36 h postoperatively. No significant changes in serum IL-6,
TGF-β1 and CRP levels with regard to tourniquet time were found. The volume
of blood loss was not associated with changes in cytokine and CRP blood
concentrations either. A correlation between postoperative CPR levels and
temperature was found. The body temperature remained elevated up to 36 h
postoperatively.
CCoonncclluussiioonnss:: Our data indicate that high production of cytokines (IL-6, TGF-β1)
present in chronic inflammation prevents further enhancement of cytokine
synthesis triggered by surgery. The rise of CRP concentrations postoperatively
and the significant correlation between CRP and temperature were addressed.
The postoperative rise of temperature in the first 3 days following TKR may be
a normal physiological response.

KKeeyy  wwoorrddss:: inflammatory response, orthopaedic surgery, rheumatoid arthritis.

Introduction

Surgical stress is accompanied by changes in blood levels of certain
cytokines including interleukin-6 (IL-6) and transforming growth factor β
(TGF-β), an immunomodulatory cytokine. Surgical stress and ischae-
mia-reperfusion injury are pathophysiological mechanisms that may result
in activation of inflammatory cells and mediators. However, the magnitude
of the inflammatory response is roughly proportional to the severity
of surgery and the patient’s condition [1-3].
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The major circulating cytokine is interleukin-6,
which is synthesized by many cells, but particularly
those of the macrophage/monocyte series.

The functions of IL-6 are well known and include
stimulation of T and B lymphocytes, acute phase
protein synthesis in the liver and induction of fever
after trauma.

Transforming growth factor β1 (TGF-β1) is
a multifunctional peptide which controls prolife-
ration and functions of cells specific to bone such
as chondrocytes, osteoblasts, osteoclasts and
mesenchymal precursor cells [4]. Although TGF-β1
is known for its immune-suppressive and anti-
inflammatory properties, it is also capable
of promoting inflammation. Transforming growth
factor β1 is also known to be a powerful chemo-
attractant for neutrophils, lymphocytes and
monocytes in the earlier stages participating in
effective wound healing. Its activity in an 
anti-inflammatory manner in the later steps 
and chronic inflammation may be harmful to
the host [5-7].

C-reactive protein (CRP) is one of the acute
phase proteins that increase during systemic
inflammation. C-reactive protein is a well-known
screening parameter for monitoring postoperative
infectious complications.

The chronic inflammatory state is thought to
play a key role in stress response to surgery. There
is no evidence that chronic inflammatory state
can decrease the inflammatory response to
surgery, although further confirmatory studies are
needed. Recent developments in immunology and
surgery may help explain these disappointing
findings.

Rheumatoid arthritis (RA) is a chronic, inflam-
matory, systemic, autoimmune disease characte-
rized by sustained overproduction of cytokines.
Inflammatory diseases such as arthritis share some
clinical characteristics including degradation
of connective tissue and bone. Interleukin 6
together with tumour necrosis factor (TNF) and IL-1
have been shown to play pathological roles in RA.
Overproduction of IL-6 has been reported to be
pathologically involved in the rheumatic diseases
and, therefore, blockade of IL-6 actions may improve
the disease [8, 9]. Postoperative fever after surgery
is a normal inflammatory response but its source
and importance are unclear. Temperature in
the febrile range is a frequent occurrence in patients
after surgery. Characterization of the typical febrile
response after operation serves two purposes. First,
it may be part of the body’s response to surgery
mediated by inflammatory cytokines. Second, it
may be due to other sources, which are triggered
by an inflammatory process such as pneumonia,
atelectasis, wound infection, or urinary tract
infection. However, some studies have shown that

the presence of atelectasis does not correlate with
fever or wound infection [10, 11].

This study investigates the course of blood
cytokine levels and CRP in patients with RA
undergoing total knee replacement (TKR).
Additionally, we set out to examine the relationship
between cytokines IL-6, TGF-β1 and CRP and
parameters such as body temperature, tourniquet
time and blood loss.

Material and methods

The study population consisted of 40 patients
(35 women, 5 men) with a mean age of 58.9 ±8.5
years and with a primary diagnosis of RA
undergoing total knee replacement (TKR).

All patients were operated under spinal
anaesthesia. Standard monitoring including
continuous electrocardiogram, noninvasive automa-
ted blood pressure and pulse oximetry was applied.
Cardiovascular and respiratory monitoring was
continued in the first 24 h following surgery in
the postoperative care unit where patients were
transferred after the operation. Postoperative
analgesia was achieved using IV or SC opioids.
Perioperative fluid therapy used crystalloids and
colloids. All patients required transfusion and
received homologous blood. No cell saver and
reperfusion drain blood was given.

Patients on long-term steroids received
additional steroid doses during the postoperative
period in a predefined regimen. Thromboprophylaxis
was given as SC low-molecular weight heparin. All
patients were treated with an antibiotic during
observation. Exclusion criteria included an ASA
physical status greater than III, allergy to local
anaesthetics, contraindications to spinal
anaesthesia, and weight > 100 kg. A tourniquet was
used in all patients. The mean duration
of tourniquet time was 85 ±20 min. Tourniquet
pressure was 350 mm Hg. The blood loss and
transfusion were calculated after operation.
The blood loss was 674 ±152 ml. The blood
transfusion was 405 ml.

The duration of RA and Disease Activity Score 28
(DAS 28) was evaluated in all patients. The duration
of rheumatoid arthritis was 18.6 ±1.6 years. Disease
activity was assessed by the number of swollen and
tender joints, erythrocyte sedimentation rate (ESR,
mm/h) and VAS general health. Disease Activity
Score 28 (DAS 28) was calculated – mean 5.1 ±1.1.
No significant differences in cardiac and respiratory
values were found in the groups of patients with
regard to blood loss and tourniquet time.

During observations the normal physical
examination of the respiratory system was
performed in all patients. No patient had significant
tachycardia, tachypnoea or other symptoms
of atelectasis. Moreover, none of the patients
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complained of a sharp pain or burning sensation in
the urinary tract that might be a sign of infection
and no patient had documented wound
complications during observations.

Peripheral vein blood was serially sampled;
the first was obtained before anaesthesia and next
at 6, 12, 24, 36 h after the end of surgery. Vein blood
was collected in a 5 ml tube and it was stored at
–70°C after centrifugation of samples until further
analysis. The serum of IL-6, TGF-β1 and CRP was
determined. Serum CRP was determined rapidly

after obtaining samples. Patients’ axillary
temperature was obtained preoperatively and at 
6, 12, 24, 36 h after surgery. Peripheral vein blood
was serially sampled; the first was obtained before
anaesthesia and next at 6, 12, 24, 36 h after the end
of surgery. Concentrations of IL-6 and TGF-β1 in
the samples then were determined using
commercially available enzyme-linked immuno-
sorbent assays (ELISA) (R & D System). All assays
were carried out according to the manufacturer’s
instructions. The results of cytokine concentrations
are expressed in pg/ml. Serum C-reactive protein
(CRP) was identified on the following day using
the Vitros 250 Clinical Chemistry analyzer (Johnson
& Johnson) and it is expressed in mg/l.

Comparisons of mean cytokine, CRP and
temperature levels at the five different times were
done using a one- and a multi-way analysis of
variance (ANOVA). All statistical analyses were done
with Statgraphics and SPSS 14.0. A p-value less than
0.05 was considered as representing a statistically
significant relationship between the variables at 99%
confidence level. Data are expressed as mean ± SEM
(standard error of the mean).

The study was approved by the Institute Ethical
Committee and informed consent was obtained
from the patients.

Results

An analysis of perioperative changes in cytokine
concentrations and CRP in blood was done.
The increase in IL-6 blood levels 36 h postoperatively
was not statistically significant, in comparison to
the preoperative value (Figure 1). Taking into
consideration the range of IL-6 values, we may
conclude that the concentrations of IL-6 were kept
at similar levels after operation.

After operation blood TGF-β1 was lower
compared to the preoperative value, but
the concentrations did not decline significantly
(Figure 1). The postoperative concentrations of
TGF-β1 remained at similar levels. Before operation,
particularly high levels of blood cytokines were
detected in all patients. The data suggest that
surgical procedures did not have a major effect on
cytokine response.

The blood concentrations of CRP were found to
be significantly elevated during the course
of the study (Figure 2). The peak CRP value was
achieved at 36 h. The median perioperative CRP was
51 ±4 and the peak median value was 87 ±4.
The rise of CRP from the preoperative concentration
to 36 h after operation was significant (p < 0.0001).

The analysis of changes in cytokines and CRP at
predefined time is presented in Table I. ANOVA
analysis between the blood cytokine concentrations
and time demonstrated that the variables did not
change significantly with time (p > 0.05). The
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variables characterizing CRP levels changed
significantly with time (p < 0.0001).

The analysis of correlations between IL-6, TGF-β1
and CRP and temperature, blood loss and
tourniquet time is presented in Table II. There were
no significant changes in serum IL-6, TGF-β1 and
CRP levels observed with regard to tourniquet time.
The volume of blood loss also did not contribute to
changes in cytokine and CRP blood concentrations
(Table II).

The correlation coefficient < 0.5 indicates
a relatively weak relationship between the variables.
The results show a correlation between post-
operative CRP concentrations and temperature.
Correlations between the remaining parameters
with temperature, blood loss and tourniquet time
were not found. For clarity, only the postoperative
values of variables were used for that analysis.

The changes of CRP protein concentrations with
time are presented in Figure 3. The form of the pe-
rioperative CRP response curve was similar in
the temperature range 36-37.5°C, while a significant
rise of CRP level was found between temperatures
37.5 and 38°C. The numbers shown in Figure 3
presented.

The mean perioperative temperature in °C profile
for all patients is shown in Figure 4. In the posto-
perative period, a gradual increase of body
temperature was observed, which peaked at 36 h
at 37.6°C. The mean preoperative temperature
of 36.0°C was recorded in 4 (10%) patients.

Discussion

In normal conditions the immunological response
is characterized by release of cytokines, inflam-
matory mediators, and synthesis of acute-phase
proteins. In contrast, when the immune system is
disturbed by a chronic inflammatory process
the response to surgery may not be so pronounced.

An increase of postoperative temperature is
common after orthopaedic surgery and the source
of those changes could be either postoperative
infection or inflammatory response to surgery.
Postoperative pyrexia was defined as an axillary
temperature greater than 37°C on any or all of the
5 days after surgery. 

None of the patients studied had any symptoms
of infection from wounds or respiratory and urinary
tracts during observation and so the potential cause
of the presented temperature could be associated
with the inflammatory response. However, another
potential cause of fever is the transfusion of blood
[12, 13]. No correlations were found between
postoperative temperature and volume of blood
loss and blood transfusion (correlation coefficient
< 0.5) in our study. Our observations are in
agreement with the findings of other authors, who
demonstrated similar results with regard to sources
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of postoperative fever [14-16]. An interesting finding
was a difference in the number of patients who
developed pyrexia – in both studies pyrexia
developed in all patients. In contrast, 34 (85%)
patients in this series developed postoperative
pyrexia after knee arthroplasty. This finding might
suggest that these observations might also be
influenced by the time of evaluation, which was
longer (5 days) than in our study. No correlations
were found between postoperative temperature
and volume of blood loss and blood transfusion
(correlation coefficient < 0.5) in our study. In that
group of patients mean blood transfusion was
405 ml and blood loss was 674 ml. Therefore, a low
volume of blood loss and blood transfusion might
result in a lack of correlations between them and
temperature. Our finding suggest that a post-
operative rise of temperature in the first 3 days
following TKR may be a normal physiological
response and should not cause undue concern
about the presence of infection.

Cytokines including IL-6 and TGF-β1 are involved
in the acute stress reaction after surgery. Both
ischaemia with reperfusion injury and blood loss
following orthopaedic surgery may alter blood
concentrations of cytokines. The extent of
the operation also may be correlated with IL-6
concentrations, which was demonstrated in
patients who underwent a major surgical operation
[17, 18].

Both surgery and accidental trauma caused a rise
in serum IL-6 [19]. In patients who underwent
elective limb surgery with a tourniquet the rise in
IL-6 was shown within 8-20 h of reperfusion.
Therefore, in patients with multiple organ
dysfunction syndrome, the increase in serum IL-6
was demonstrated within 4-5 days after trauma,
and these increased serum cytokine levels were
correlated with increased levels of circulating
adhesion molecules [20].

We could not demonstrate any relevant
correlation between cytokines evaluated and other
variables such as body temperature, tourniquet
time and postoperative blood loss. There is
a suggestion that low volume of both blood loss
and blood transfusion could influence a lack
of correlations between parameters. The next cause
could be the short time of observations.

However, it is more difficult to explain how our
data relate to those of others who showed an
elevated number of cytokines after surgery [21-23].
One possible explanation could be that the studies
of other authors were done in patients without
disturbance of the immune system [24, 25]. This is
a relatively new finding and our study may confirm
the concept that although the nature of
the cytokine response is determined by surgery,
the chronic inflammatory state is capable

of modifying its extent. This concept is in agreement
with the study which showed that the abnormal
production of cytokines might negatively influence
immune responses after surgery [26].

Very high concentrations of cytokines should be
associated with destructive changes in joints which
needed surgery and with long-lasting and severe
rheumatoid arthritis in patients studied. In this
group of patients the mean time of RA was
18.6 years, and the mean value of DAS was 5.1.

Elevated serum IL-6 levels have been observed
and there have been correlations between serum
and clinical indices of RA [27, 28]. Serum IL-6 level
also correlated with ERS, CRP levels, and
the number of swollen joints [29]. Interleukin-6 has
a multifactorial role in the body’s response to injury
and it may also play a part in wound healing.
Additionally, IL-6 also might be a useful predictor
of postoperative infection and periprosthetic
infection in patients who have had a total knee
arthroplasty [30-32]. Therefore, the lack of
significant changes of IL-6 concentrations after
surgery may impede the early manifestation
of postoperative infection development.

High blood levels of IL-6 have been linked to risks
of several other conditions, too, such as
cardiovascular disease, type 2 diabetes, mental
health complications, and some cancers [33].

Interleukin-6 is consistently found in septic,
trauma and post-operative patients and correlated
well with the severity of sepsis or injury. Interleukin-6
is responsible for the fever and metabolic changes
in the acute phase. The persistent elevation of IL-6
was responsible for the post-operative unstable
clinical condition in the infected patients and it was
also related to a poor outcome in patients with adult
respiratory distress syndrome (ARDS) [34, 35]. High
concentrations of circulating IL-6 were found in
patients with septic shock and in trauma patients
but much higher concentrations of IL-6 were
detected in septic shock patients than in trauma
patients. Moreover, IL-6 concentrations were
significantly higher in non-survivor septic shock
patients than in non-survivor patients with sepsis,
septic shock and multiple organ dysfunction
syndrome [36-38].

Therefore, the impairment of immune responses
may demonstrate clinical importance; for example
it may be predictive of a delay in postoperative
recovery, predictive of infection, and may signal
a disturbance in wound healing.

The results of our study showed that neither
tourniquet time nor blood loss was responsible for
changes in concentrations of CRP after operation
in patients with RA. However, we found rela-
tionships between concentrations of CRP and body
temperature and significant rises of CRP protein
level after operation.
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Our observations of an increase in CRP levels
from pre-operation to post-operation are in
agreement with the findings of other authors, who
demonstrated rises in concentrations of CRP protein
postoperatively [39, 40].

Kragsbejerg et al. showed that during uncom-
plicated operations in patients without chronic
inflammatory state, high IL-6 concentrations were
present which may be responsible for high
concentrations of CRP protein [41]. Our data do not
confirm these results. That might be related to
the shorter time of observations and presence
of a chronic inflammatory process.

C-reactive protein is used as an indicator
of inflammatory processes. However, its expression
is unspecific and will increase after surgery.
C-reactive protein synthesis is induced promptly
after tissues are injured and elevated serum levels
can be detected after 24 to 72 h.

Serum concentrations of routinely used indicators
of the inflammatory response such as CRP are often
difficult to interpret when measured postoperatively
and give little guidance about the difference between
infective inflammation and inflammation caused by
the operation. However, it is unclear why; we could
not find a correlation between levels of CRP and blood
loss in these patients. One possible factor could be
the short observation period (36 vs. 72 h). Our finding
suggests that these changes might also be influenced
by the time of measurement, which could be too
short to demonstrate the changes in concentrations
of CRP protein followed by the blood loss.

However, opioids may also influence cytokine
production, but with regard to these patients with
RA we do not expect that the used opioids might
affect cytokine concentrations. The levels of cytokines
in blood were also very high before surgery.

Similarly, for the same reason – very high level
of cytokines in patients with RA – we do not think
that the present results might also be influenced
by regional anaesthesia.

However, our previous studies including other
groups of patients (with regard to type of operation
and number of observed patients) demonstrated
that surgical stress may cause some changes in
the inflammatory response [42, 43].

In addition, the studies performed in patients
without chronic inflammatory diseases showed
a weak relationship between serum IL-6 and type
of anaesthesia [44, 45].

In conclusion, data on the dynamic changes
of postoperative serum concentration of IL-6 and
TGF-β1 revealed the impaired response of
the immune system to surgical stress in patients with
chronic inflammatory state. The ability of a chronic
inflammatory process to modify the cytokines’
response to surgery may determine the outcome in
the postoperative period. In our study, the pattern

of cytokine production was consistent regardless
of the chronic inflammatory state. A rise of CRP
concentrations postoperatively and a significant
correlation between CRP and temperature were
observed. The postoperative rise of temperature in
the first 3 days following TKR may be a normal
physiological response.
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