
Abstract. Background/Aim: Anti- and proinflammatory
cytokines and plasma high-sensitivity C-reactive protein (hs-
CRP) are used to assess inflammatory stress response (ISR)
following surgery. However, the serum IL-18 (interleukin-18)
cytokine values versus numeric rating scale (NRS) pain score and
number of analgesic doses (NAD) postoperatively are unknown.
Patients and Methods: Blood levels of six interleukins (IL-18, IL-
1ra, IL-6, IL-10, IL-1β, and IL-8) and hs-CRP were measured at
three time points; before operation (PRE), immediately after
operation (POP1), and six hours after operation (POP2) in 114
patients with cholelithiasis. Results: Following surgery, the blood
levels of hs-CRP and IL-1ra, IL-6, IL-10, and IL-1β cytokines
had a trend for increase (p<0.001 and p=0.014, respectively).
The serum IL-18 concentrations inversely correlated to NRS and
NAD during the first 24 h postoperatively. Conclusion:  The
correlation of IL-18 levels to NRS and NAD values supports the
hypothesis that ISR and pain are related.

Cytokines (CYTs) are cell-signaling molecules that aid cell-to-
cell communication and enhance the movement of human cells
towards sites of trauma, and inflammation (1). About 200
different CYTs has been reported, with multiple functions in
regulating acute phase response (APR), steering cell
growth/differentiation, activating antimicrobial defense and
regulating homeostasis. CYTs especially mediate innate

immunity and assist in the development of adaptive immunity
regulating white cell growth and differentiation. Interleukin-18
(IL-18) is a member of the IL-1 family of CYTs (1-3). IL-18
is also known as interferon-gamma inducing factor (IGFN-γ),
which in humans is encoded by the IL18-gene (2, 3). IL-18 can
modulate both innate and adaptive immunity and its
dysregulation can cause autoimmune or inflammatory diseases
(2, 3). IL-18 has also been found to increase amyloid-beta
production in human neurons in patients with Alzheimer’s
disease (4). Zhang et al. (5) suggested IL-18 as a biomarker of
early diabetic nephropathy in patients with type 2 diabetes
associated with enhanced urine protein excretion. APR proteins
and CYTs are thought to be early measures of inflammatory
stress response (ISR) induced by trauma. There is also
evidence suggesting that ISR and pain are related (6). Aspinen
et al. (7) reported in 2016 that the ISR in patients with
minilaparotomy cholecystectomy (MC) versus laparoscopic
cholecystectomy (LC) was equal based on the interleukin (IL)-
8, IL-10 and IL-1β values. Interestingly, Purdy et al. (6) found
a significant correlation in the NRS pain scores versus the
values of anti-inflammatory CYT IL-10 and pro-inflammatory
CYT IL-1β suggesting that ISR and pain are related in midline
laparotomy patients. However, the correlation of IL-18 and the
ISR in patients with LC versus MC is unknown. The aim of
this study was to assess the association between the ISR
biomarkers and patients’ pain experience and number of
analgesic doses (NAD) following surgery. 

Patients and Methods
The study was approved by the Ethics Committee of Kuopio
University Hospital District, Kuopio, Finland (DNRO 27/02/2013), it
was registered in the ClinicalTrials.gov database (ClinicalTrials.gov
Identifier: NCT01723540, Consort diagram, Figure 1), and was
conducted in accordance with the Declaration of Helsinki. The study
protocol and inclusion/exclusion criteria of the study patients are
detailed in previous reports by Saimanen et al. (8, 9).
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The blood samples were taken before surgery (PRE),
immediately after surgery (POP1) and 6 h post-operatively (POP2)
and centrifuged at 1,000 × g (2,900 rpm) for 15 min. The interleukin
assays were performed using ELISA methods from R&D Systems
(Minneapolis, MN, USA). The manufacturer’s intra-assay and the
inter-assay coefficient of variations for IL-18 were 2.5-3.1 % and
7.9-8.7%, respectively. The sensitivity of the other CYT assays were
detailed in previous reports by Aspinen et al. (7). Plasma high-
sensitivity C-reactive protein (hs-CRP) was analyzed with a Cobas
6000-analyzer (Roche Diagnostics, Penzberg, Germany). 

Data are presented as means and standard deviations or
frequencies and percentages, in Table I. In Table II and Table III,
the results of the laboratory measurements are presented as median

concentrations with interquartile range as distributions were right-
skewed. Differences in baseline characteristics between groups were
tested by the Fisher’s exact test and in the case of continuous data,
the analysis was performed using t-test. The blood CYT
concentrations and differences in MC and LC groups of patients
were tested by the Mann–Whitney U-test. The alterations between
time points were tested by the Wilcoxon signed rank test. In the
linear mixed effect (LME) analysis interleukin and hs-CRP blood
concentration were log transformed. The Pearson’s method was used
to test for correlation of IL-18 concentrations to NRS and NDA
values (Figure 2 and Figure 3). Data were analyzed using the IBM
SPSS statistical software (IBM SPSS Statistics for Windows,
version 26.0, IBM Corporation Armonk, NY, USA). 
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Figure 1. Study flowchart. 
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Table I. Clinical data. Data are mean (standard deviation) or number of cases.

Variable                                                                                   Minilaparotomy                                         Laparoscopy                                          p-Value
                                                                                                          n=60                                                         n=54

Age, years                                                                                   50.7 (13.2)                                               53.2 (13.1)                                            0.316
Sex male/female                                                                              11/49                                                        18/36                                                 0.066
Height, cm                                                                                   167.4 (7.6)                                               168.9 (9.9)                                            0.355
Weight, kg                                                                                   77.3 (14.4)                                               83.0 (17.4)                                            0.057
BMI, kg/m2                                                                                  27.6 (4.4)                                                 29.1 (5.6)                                             0.111
Operative time, min                                                                    70.0 (26.9)                                               70.1 (35.3)                                            0.976
Time in the operative room, min                                              120.4 (28.5)                                             127.1 (35.8)                                           0.287
Perioperative bleed, ml                                                                  41 (59)                                                     31 (39)                                               0.290
Conversion rate, n                                                                               3                                                               3                                                    1.000*
Length of the skin incision(s), mm                                            49.7 (12.1)                                               78.3 (22.7)                                          <0.001

BMI: Body mass index. t-test and *Fisher’s exact test were used.

Table III. The postoperative alteration in blood levels of hsCRP and
different cytokines measured in the groups combined (all patients).
Plasma levels were measured before operation (PRE), immediately after
operation (POP1) and 6 h after operation (POP2). Median
(interquartile range) values are shown. The Wilcoxon signed rank test
and linear mixed model was used.

Marker                          All patients                  Alteration            p-Value

IL-18 (pg/ml)                                                                                   0.061
  PRE                         155 (119-217)            PRE vs. POP1           0.068
  POP1                       154 (121-204)           POP1 vs. POP2          0.034
  POP2                       166 (129-222)
hs-CRP (mg/ml)                                                                             <0.001
  PRE                        1.95 (0.78-3.63)           PRE vs. POP1           0.104
  POP1                      1.95 (0.80-3.43)          POP1 vs. POP2        <0.001
  POP2                      3.50 (1.70-5.80)                       
IL-1ra (pg/ml)                                                                                <0.001
  PRE                         289 (210-427)            PRE vs. POP1         <0.001
  POP1                       384 (250-556)           POP1 vs. POP2          0.024
  POP2                       460 (292-815)
IL-6 (pg/ml)                                                                                    <0.001
  PRE                        3.11 (3.11-3.51)           PRE vs. POP1         <0.001
  POP1                      9.31 (4.88-17.9)          POP1 vs. POP2        <0.001
  POP2                      11.2 (7.62-27.2)                       
IL-10 (pg/ml)                                                                                 <0.001
  PRE                        0.77 (0.77-0.77)           PRE vs. POP1         <0.001
  POP1                      1.69 (0.77-3.61)          POP1 vs. POP2        <0.001
  POP2                      0.77 (0.77-0.98)                       
IL-1β (pg/ml)                                                                                  0.014
  PRE                        0.13 (0.12-0.33)           PRE vs. POP1           0.660
  POP1                      0.12 (0.12-0.24)          POP1 vs. POP2          0.210
  POP2                      0.12 (0.12-0.17)                       
IL-8 (pg/ml)                                                                                     0.076
  PRE                        5.47 (4.30-6.74)           PRE vs. POP1           0.077
  POP1                      5.67 (4.29-8.20)          POP1 vs. POP2          0.863
  POP2                      5.50 (4.17-8.16)                       

Linear mixed model p-values for time effect between different time
points are in bold.

Table II. Changes in blood levels of hsCRP and different cytokines were
measured before operation (PRE), immediately after operation (POP1)
and 6 h after operation (POP2) in minilaparotomy (MC) and
laparoscopic cholecystectomy (LC). Values are median (interquartile
range). Mann–Whitney U-test and linear mixed model was used. 

Marker                               MC                             LC                   p-Value

IL-18 (pg/ml)                                                                                  0.088
  PRE                         149 (114-193)           167 (124-244)            0.151
  POP1                       149 (116-182)           163 (133-219)            0.131
  POP2                       155 (111-191)            181 (148-242)            0.034
hs-CRP (mg/ml)                                                                              0.033
  PRE                       1.87 (0.95-3.35)        2.05 (0.63-3.98)          0.799
  POP1                     1.95 (0.88-3.10)        1.95 (0.70-3.70)          0.820
  POP2                     4.10 (2.05-6.35)        2.80 (1.28-4.88)          0.162
IL-1ra (pg/ml)                                                                                 0.042
 PRE                         258 (221-368)           310 (202-691)            0.369

  POP1                       366 (251-511)           435 (241-643)            0.482
  POP2                       460 (330-987)           462 (233-596)            0.184
IL-6 (pg/ml)                                                                                    0.080
  PRE                       3.11 (3.11-3.15)         3.11 (3.11-3.59)          0.802
  POP1                     14.1 (5.04-23.5)        7.42 (4.77-10.9)          0.027
  POP2                     17.5 (8.80-35.7)        8.61 (7.31-19.5)          0.015
IL-10 (pg/ml)                                                                                  0.414
  PRE                       0.77 (0.77-0.77)        0.77 (0.77-0.77)          0.691
  POP1                     1.19 (0.77-3.38)        1.76 (0.77-4.42)          0.505
  POP2                     0.77 (0.77-1.54)        0.77 (0.77-0.77)          0.177
IL-1β (pg/ml)                                                                                 0.813
  PRE                       0.16 (0.12-0.34)        0.12 (0.12-0.31)          0.698
  POP1                     0.12 (0.12-0.25)        0.12 (0.12-0.23)          0.729
  POP2                     0.12 (0.12-0.17)        0.12 (0.12-0.17)          0.608
IL-8 (pg/ml)                                                                                    0.065
  PRE                       5.06 (3.75-6.02)        6.24 (4.64-8.08)          0.005
  POP1                     4.74 (3.59-7.94)        5.76 (4.60-8.31)          0.258
  POP2                     4.97 (3.78-8.12)        5.85 (4.58-8.27)          0.218

Linear mixed model p-values for interaction time between MC and LC
groups are in bold.



Results

The basic patient data of the study. In the MC group there
were 60 patients (49 females and 11 males) versus 54 patients
in the LC group (36 females and 18 males, Figure 1), with the
mean (SD) age of 50.7 (13.2) years versus 53.2 (13.1) years.
There were no significant differences between the MC and LC
study groups in mean age, mean height (167.4 and 168.9),
mean weight (77.3 and 83.0), mean body mass index (BMI,
27.6 and 29.1), operative time (70 and 70.1 min), time in the
operative room (120.4 and 127.1 min), perioperative bleed (41
and 31 ml) or conversion rate (3 and 3). Interestingly, the
surgical incision was significantly shorter in the MC than in
the LC group (49.7 mm and 78.3 mm, p<0.001, Table I).

The APR in MC versus LC patients. The median biomarker
concentrations between MC and LC groups were equal.
Changes in blood hs-CRP and interleukin concentrations
preoperatively and following surgery in different time points
between MC and LC patients are shown in Table II. IL-18,
hs-CRP, IL-1ra, IL-6, and IL-10 had a trend for increase
following surgery in MC and LC patients and the LME
interaction time between MC and LC groups was statistically
significantly different for hs-CRP and IL-1ra biomarkers
(p=0.033 and p=0.042, respectively, Table II). In all patients,
the LME time-effect between different time points was
statistically significantly different for hs-CRP, IL-1ra, IL-6,
IL-10 and IL-1β biomarkers (p<0.001, p<0.001, p<0.001,
p<0.001 and p=0.014, respectively, Table III). 

The IL-18 cytokine versus NRS and NAD. IL-18 concentrations
correlated significantly to IL-1ra concentrations (r=0.153,
p=0.03). However, there were no significant correlations in
Pearson’s method in between IL-18 concentrations and hs-CRP,
IL-ra, IL-6, IL-10, and IL-1β concentrations. There was a
significant inverse correlation between IL-18 concentrations
and NRS pain scores during the first 24 h following surgery
(r=–0.173, p=0.020, Figure 2) and a significant inverse
correlation between the median IL-18 concentrations and NAD
in all patients (r=–0.255, p=0.002, Figure 3). 

Discussion 

The pain following surgery is the main negative effect
associated with surgical procedure. Postoperative pain after
cholecystectomy derives from irritation of multiple origins:
the peritoneum, abdominal wall, and abdominal viscera. The
modern treatment of pain following surgery includes regional
pain blocks, paracetamol, nonsteroidal anti-inflammatory
drugs (NSAIDs), and opioid analgesics (6). In addition,
enhanced recovery after surgery protocols (ERAS) are
increasingly used in surgical patients and these programs
warrant effective pain treatment that promote early
mobilization of the patient (10). It is evident that appropriate
pain control is necessary as cholecystectomy decreases
pulmonary function by as much as 30% even when effective
pain management is administered (11). Future goals include
the development of peripherally restricted opioid agonists,
selective targeting of opioid-containing immune cells to sites
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Figure 2. Scatter plots of the blood IL-18 concentration versus pain
assessed using a 11-point numeric rating scale (NRS; 0=no pain;
10=most pain) at 24 h postoperatively (NRS) (r=–0.173, p=0.020).

Figure 3. Scatter plots of blood IL-18 concentration versus number of
analgesic doses (NAD) during 24 h postoperatively (r=–0.255,
p=0.002).



of trauma, and the augmentation of peripheral ligand and
receptor synthesis. The main aim is to avoid harmful side
effects of available opioid analgesics such as respiratory
depression, cognitive impairment, addiction, gastrointestinal
bleeding, and thromboembolic complications (12).

Presently, there is evidence suggesting that ISR and pain
are related. Purdy et al. (6) found a correlation between NRS
pain scores and blood values of anti-inflammatory IL-10 and
pro-inflammatory IL-1β, suggesting that ISR and pain are
related in midline laparotomy patients. However, the
correlation of IL-18 and ISR in patients with LC or MC is
unknown. The aim of our study was to assess the correlation
between the ISR and patients’ pain experience and NAD. The
present study showed that the ISR in LC and MC groups was
quite similar based on the blood levels of IL-1ra and IL-10,
an anti-inflammatory CYT preventing tissue damage caused
by ISR and IL-1β, a proinflammatory acute-phase protein. A
new finding in the present work is the slightly higher relative
elevation in the mean concentrations of IL-18 and IL-8
postoperatively in the LC group. Although, the median
concentrations of hs-CRP did increase in the LC group, the
plasma levels of hs-CRP were doubled in the MC group at six
hours following surgery compared to baseline. In addition, the
LME p-values for interaction time between the MC and LC
study groups in hs-CRP and IL-1ra biomarkers were
statistically significant. As the median values of IL-1ra are
several folds higher than other CYTs, even quite small relative
alterations in median values could be reliably detected. Plasma
levels of Il-6, a proinflammatory CYT, were increased in both
groups, but the increase was 6-fold in the MC group compared
to 3-fold increase in the LC group at six hours after surgery.
The blood levels of hs-CRP and six interleukins (IL-18, IL-
1ra, IL-6, IL-8, IL-10, IL-1β) measured at three time points;
before operation (PRE), immediately after operation (POP1)
and six hours after operation (POP2) were log-transformed to
avoid showing right skewed values (Table II). 

The hypothesis that the ISR and pain could associate is
based mostly on suggested interactions between opioid ligands
and receptors. Inflammation activates the opioid receptors on
peripheral sensory neurons and leads to local production of
endogenous opioid substances (1-3, 12). These findings have
interesting implications for the development of safer
analgesics, where modern treatment can communicate with
peripheral sensory neurons to modulate pain. Future strategies
take in to account that medication should be particularly active
in local pathology rather than producing a suppression of the
central nervous system, as with classical opioid analgesics. It
is possible that in the future, specific CYTs or antagonists will
be developed to act as blockers of the hyperexcitability in the
sensory neurons (12, 13). Interestingly, Palat et al. found (13),
that blockade of IL-18 signaling diminished neuropathic pain
and enhanced the efficacy of the opioid analgesics morphine
and buprenorphine.

In conclusion, our results suggest that the ISR for
cholecystectomy in MC and LC patients was quite equal
based on the interleukin and hs-CRP values. A novel finding
in the present study is that IL-18, a member of the IL-1
family of CYTs, correlates to NRS pain scores and NAD in
cholecystectomy patients. The correlation in IL-18 levels to
NRS and NAD values supports the hypothesis that the ISR
and pain are related.
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