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Abstract
Background: Systemic inflammatory response plays pivotal
roles in the pathogenesis of organ dysfunction after cardiac
surgery with cardiopulmonary bypass (CPB). The aim of this
study was to investigate whether remifentanil has the
effects on the systemic inflammatory response induced by
cardiac surgery with CPB.

Methods: Sixty adult patients undergoing cardiac surgery
with CPB were randomly assigned to two groups: a
remifentanil (n=30) and a fentanyl group (n=30). The plasma
levels of IL-6, IL-8 and malondialdehyde (MDA) were
measured at preinduction (T1), just before aortic clamping
(T2), just before aortic declamping (T3), 5 (T4), 30 (T5), and
60 (T6) min after aortic declamping. Hemodynamic variables
serially recorded at that same times. Myocardial cell
damage as assessed by plasma level of creatine kinase-MB
(CK-MB) and troponin T were measured before and 24
hours after surgery.

Results: The levels of IL-6, IL-8 and MDA significantly
increased from just before aortic declamping in both
groups. In the remifentanil group, all of those were
significantly lower compared to the fentanyl group from just
before aortic declamping (P<0.05). The level of CK-MB and
troponin T significantly increased at 24 hours after surgery
than preoperative baseline in both groups. In the
remifentanil group, both were significantly lower than
fentanyl group at 24 hours after surgery.

Conclusion: Remifentanil attenuates systemic inflammatory
response more effectively than fentanyl in cardiac surgery
with CPB. The mechanism of its effects is likely to be
through proinflammatory cytokines (including IL-6, IL-8) and
oxidative stress mediator (MDA).

Keywords: Remifentanil; CPB; Inflammation; Cardiac
surgery

Introduction
The obligatory systemic inflammatory response to cardiac

surgery with cardiopulmonary bypass (CPB) has been associated
with significant perioperative and long-term morbidity and
mortality. Cardiac surgery with CPB initiates a profound systemic
inflammatory response, characterized by increased level of
inflammatory mediators and oxidative stress mediators which
have been shown to be correlated with the incidence of organ
dysfunction and adverse clinical outcome [1]. The pro-
inflammatory mediators such as tumor necrosis factor (TNF)-α,
interleukin (IL)-6 and IL-8 are associated with anti-inflammatory
mediators such as IL-10 and TGF-β [2]. However, the net effect of
these circulating inflammatory mediators seems to be distorted
as inhibition of innate immune cells, the molecular and cellular
mechanisms responsible for suppression of the immune system
after cardiac surgery with CPB [3]. In addition, generation of
reactive oxygen species (ROS) such as hydrogen peroxide,
superoxide and malondialdehyde occurs upon reperfusion
following CPB and these may be important contributors to tissue
injury [4]. Furthermore, post-CPB coronary endothelial
dysfunction appears to be partially mediated by ROS [5]. Opioids
have been widely used as anesthetic agents for various types of
surgery including cardiac surgery. Several studies found opioid
preconditioning had a protective effect on the postischemic
heart [6-8]. Also, exogenous activation of μ-opioid receptor has
been shown to ameliorate inflammation in experimental colitis
[9], supporting the concept that μ-opioid receptor agonists
might act as regulatory modulators of gut inflammatory
processes. However, no study has examined the direct role of
opioids in the expression of pro-inflammatory mediators
(including IL-6, and IL- 8) and malondialdehyde (MDA) in cardiac
surgery with CPB. These observations provided the background
for our hypothesis that exogenous opioids might attenuate the
inflammatory response induced by cardiac surgery with CPB. To
test our hypothesis, we used fentanyl and remifentanil as
anesthetic agents for cardiac surgery with CPB. The aim of our
study was to investigate the effect of exogenous administration
of opioids on the systemic inflammatory response induced by
cardiac surgery with CPB. We assessed the changes of pro-
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inflammatory mediators including IL-6, and IL-8, oxidative stress
mediator (MDA) and myocardial damage markers such as cardiac
troponin T and creatine kinase MB in the patients undergoing
cardiac surgery with CPB.

Materials and Methods

Patients and study protocol
The study was approved by Chonnam National University

Hospital’s Institutional Review Board and written informed
consent was obtained. This prospective, randomized study was
performed on 60 patients undergoing elective valve
replacement using CPB. Patients with ASA classification more
than 4, coronary disease requiring surgical revascularization,
unstable cardiac function with the need for medical or
mechanical inotropic supports, severe hepatic or renal disease,
malignancy, preexisting lung parenchymal disease and acute
inflammatory response were excluded. Patients were randomly
divided into either the fentanyl group (n=30) who received
fentanyl for anesthetic induction (3-10 µg/kg) and maintenance
(0.03-0.1 µg/kg/min), and the remifentanil group (n=30) who
received remifentanil for anesthetic induction (0.5-1.0 µg/kg)
and maintenance (0.05-0.1 µg/kg/min). Preanesthetic
medication included midazolam (0.1 mg/kg, PO) and famotidine
(0.3 mg/kg, IV). Anesthesia was induced with midazolam
(0.05-0.15 mg/kg, IV), fentanyl or remifentanil and tracheal
intubation were facilitated with rocuronium (0.8 mg/kg).
Patients were mechanically ventilated with 50% oxygen with air
to maintained normocarbic (PaCO2 35 ± 5 mmHg). Anesthesia
was maintained with sevoflurane (0.5-1 vol%), and fentanyl or
remifentanil. The cardiac surgeon and anesthesiologists were
blinded to group assignment. CPB was established using a two-
stage venous drainage and ascending aortic return. After
administration of heparin (300 IU/kg), standard CPB was started
with the priming volume. Body temperature was maintained
under mild hypothermia (32-33) with cold blood cardioplegic
solution. Pump flow rate was maintained at 2.0-2.5 L/min/m2 of
body surface area with mean arterial blood pressure of 50-80
mmHg using non-pulsatile flow. All patients underwent
continuous monitoring with radial artery and pulmonary artery
catheters about hemodynamic variables such as mean arterial
blood pressure, heart rate, mean pulmonary artery pressure,
central venous pressure, pulmonary capillary wedge pressure,
systemic vascular resistance and cardiac index were measured
continuously. Blood was sampled from the radial artery at the
following points: preinduction (T1), just before aortic clamping
(T2), just before aortic declamping (T3), 5 (T4), 30 (T5), and 60
(T6) minutes (min) after aortic declamping. Myocardial cell
damage as assessed by plasma level of troponin T and creatine
kinase-MB (CK-MB) were measured before and 24 hours after
surgery.

Determination of cytokines
Sampled blood was centrifuged at 3000 g for 10 min, and the

serum was separated and stored at -80 until assayed. In each
sample, immunoreactive IL-6, and IL-8 were quantified using
commercially available enzyme-linked immunoabsorbant assay

(ELISA) kits (R&D Systems, Minneapolis, MN, USA) in accordance
with the manufacturer’s instructions and as described previously
[10].

Determination of malondialdehyde (MDA)
Serum MDA levels, referred to as thiobarbituric acid-reactive

substance (TBARS), were measured according to the method
described previously [11]. A volume sample of 250 µl of plasma
was added to 35 µl of D/W and the color reaction was initiated
by the addition of 25 µl of sodium dodecyl sulfate (SDS) (8.1%,
W/V) and 190 µl of acetic acid (20%) in thiobarbituric acid (0.8%,
W/V). The mixture was heated in a boiling water bath for 40
min, until adducts were formed. After the samples were cooled,
the TBARS (pink complex color) were extracted with 0.6 ml of n-
butanol:Prydine (15:1). Butanal phase was separated by
centrifugation at 12000 rpm for 10 min. Aliquots of the n-
butanol phase were placed in a 96 well plate and read at 532 nm
in a microplate spectrophotometer reader.

Determination of troponin T and creatine kinase
with muscle and brain subunits (CK-MB)

Serum troponin T concentration was determined by the
Enzyme Immunoassay Method (Enzyme UN-Test Troponin T;
Roche Diagnostics, Tokyo, Japan). Normal values were < 0.25
ng/mL. The limit of detection was 0.11 ng/mL. Serum isoenzyme
of CK-MB concentration was determined by the ultraviolet
absorption spectrophotometry method (Merck auto CK-MB;
Kanto Chemical, Tokyo, Japan). Normal values were <25 IU/L.
The limit of detection was 0 IU/L.

Statistical analysis
Sample size was calculated using cardiac troponin levels at 24

hours after surgery as the primary outcome. A minimum
difference of 0.5 ng/mL between groups was considered
clinically significant. Based on the institutional result for patients
who underwent cardiac surgery, the standard deviation of
troponin level was 0.5. A sample size of at least 27 in each group
was required to achieve a power 0.95 and a 2-side α error of
0.05. Considering the 10% of drop-out rate, 30 patients in each
group were enrolled. All statistical analyses were performed
using SPSS (SPSS Inc., Chicago, IL, USA). Data were presented as
the number of patients or the mean ± SD. Normal distribution of
the data was determined by Shapiro-Wilk test. Demographic and
surgical data were analyzed by Mann-Whitney test. Change of
cytokines, MDA, cardiac enzymes and hemodynamic variables at
different time points were evaluated using repeated measure
ANOVA with Tukey post hoc test for normally distributed
variables and Friedman test with Duncan post hoc test for non-
normally distributed variables. P<0.05 was considered
statistically significant.

Results
Demographic and surgical data were not different between

the two groups (Table 1). The hemodynamic variables such as
MAP, HR, CI, PCWP and SVRI were similar in two groups during
the study period (Table 2). The required amount of inotropics,
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vasopressors and the number of units of blood products
transfused per transfused patients were not statistically
different between groups (not shown).

Table 1: Demographic and surgical data.

Fentanyl (n=30) Remifentanil (n=30)

Sex (M/F) 14/16 15/15

Age (yr) 55 ± 12 57 ± 11

Body weight (kg) 64.4 ± 10.7 60.1 ± 12.1

Height (cm) 163.5 ± 8.7 168.1 ± 7.1

Diabetes mellitus (n) 5 7

Hypertension (n) 11 12

Operation

MVR 16 12

AVR 11 14

DVR 3 2

Pre-operative LVEF (%)

Medications

ACE inhibitors (n) 10 11

Beta blocker (n) 5 5

Calcium channel blocker (n) 11 12

Diuretics (n) 17 18

Statins (n) 13 15

Duration of CPB (min) 122 ± 28.2 112 ± 36.5

Duration ACC (min) 84 ± 44.8 74 ± 41.7

Values are means ± SD or absolute numbers. MVR: mitral valve replacement; AVR: aortic valve replacement; DVR: double valve replacement; BW: body weight; LVEF:
left ventricular ejection fraction; CPB: cardiopulmonary bypass; ACC: aortic cross clamp.

Table 2: Hemodynamic data.

T1 T2 T3 T4 T5 T6

MAP (mmHg) F 86.2 ± 16.6 69.7 ± 9.2 69.7 ± 7.3 75.9 ± 16.5 67.7 ± 6.8 62.8 ± 4.3

R 93.4 ± 13.3 77.7 ± 15.6 62.5 ± 8.3 65.3 ± 12.7 75.3 ± 11.4 73.9 ± 17.5

HR (beats/min) F 84.5 ± 21.3 78 ± 15.5 - 104.8 ± 34.7 101.3 ± 20.2 107.6 ± 12.4

R 81.8 ± 16.3 83.6 ± 16.8 - 111.3 ± 33.8 106.9 ± 25.1 108.3 ± 21.8

CI (L/m2/min) F 3.2 ± 0.9 3.1 ± 0.8 - 2.9 ± 0.7 3 ± 0.9 2.9 ± 0.7

R 3.1 ± 0.8 3.3 ± 0.9 - 3.2 ± 0.8 3.1 ± 0.8 3 ± 0.6

PCWP (mmHg) F 24.1 ± 9.9 23.7 ± 1.8 - 22.9 ± 2.2 20 ± 2.1 22.5 ± 2.2

R 23.3 ± 3.1 25.5 ± 3.5 - 25 ± 4.4 22.2 ± 3.1 19.3 ± 2.1

SVRI
(dynes.sec/cm5/m2)

F 2980 ± 546 2664 ± 401 - 2484 ± 372 2571 ± 394 2762 ± 443

R 2957 ± 356 2872 ± 338 - 2379 ± 315 2487 ± 414 2581 ± 455
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Values represent means ± SD. F: fentanyl group (n=30); R: remifentanil group (n=30); MAP: mean arterial pressure; HR: heart rate; CI: cardiac index; PCWP: pulmonary
capillary wedge pressure; SVRI: systemic vascular resistance index; T1: preinduction; T2: just before aortic clamping; T3: just before aortic declamping; T4: 5 min after
aortic declamping; T5: 30 min after aortic declamping; T6: 60 min after aortic clamping. *: p<0.05 versus T1 values, **: p<0.05 versus Fentayl.

Figure 1: Effects of fentanyl and remifentanil on serum IL-6, 8 and MDA level. Serum IL-6, 8 and MDA were significantly elevated
at the pre-declamping and continued to increase. Remarkable differences were found between the two groups. (*P < 0.05,
compared pre-anesthetization group; †P <0.05 compared with fentanyl group.) Values are means ± SE.

Table 3: The change of serum cytokine and MDA.

T1 T2 T3 T4 T5 T6

IL-6

(pg/ml)

F 1.2 ± 0.6 6.8 ± 1.7 120.9 ± 20.2* 179.3 ± 22.1* 234.4 ± 30.6* 255.9 ± 31.0*

R 0.7 ± 0.2 4.9 ± 0.7 14.7 ± 2.5*† 98.6 ± 15.3*† 158.4 ± 17.8*† 162.3 ± 17.7*†

IL-8

(pg/ml)

F 0.8 ± 0.1 4.9 ± 1.7 42.7 ± 10.9* 54.5 ± 10.0* 66.2 ± 10.5* 113.4 ± 17.3*

R 0.7 ± 0.4 1.6 ± 0.5 7.5 ± 2.2*† 21.8 ± 4.9*† 37.7 ± 4.5*† 56.0 ± 10.8*†

MDA

(nmol/mg)

F 1.2 ± 0.4 1.8 ± 0.5 2.5 ± 0.7* 2.6 ± 0.4* 2.6 ± 0.8* 2.7 ± 1.0*

R 1.2 ± 0.2 1.8 ± 0.8 2.0 ± 0.3*† 2.2 ± 0.2*† 2.2 ± 0.3*† 2.0 ± 0.3*†

Values are means ± SD. F: fentanyl group (n=30), R: remifentanil group (n=30), IL: interleukin, MDA: malondialdehyde. T1: preinduction, T2: just before aortic clamping,
T3: just before aortic declamping, T4: 5 min after aortic declamping, T5: 30 min after aortic declamping, T6: 60 min after aortic declamping. *: p<0.05 versus T1 values, †:
p<0.05 versus Fentanyl.

The pattern of change in the serum IL-6, IL-8 and MDA level
within both groups was similar in the point of significant
increase just before aortic declamping compared with

preinduction (P<0.001). There were significant differences
between both groups just before aortic declamping: In the
remifentanil group, the serum IL-6, IL-8 and MDA level were
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measured at significantly lower levels compared with the
fentanyl group (P<0.05; Table 3, Figure1). The serum Troponin T
and CK-MB levels within both groups were significantly higher at

the 24 hours after surgery compared with the preoperative
baseline level (P<0.001), and were significantly lower in the
remifentanil group than fentanyl group (P<0.05; Table 4).

Table 4: The change of serum troponin T and CK-MB.

Fentanyl (n = 30) Remifentanil (n = 30)

Troponine T (ng/ml)

Pre-OP. 0.05 ± 0.0 0.05 ± 0.0

Post-OP. 1.01 ± 0.97* 0.4 ± 0.31*†

CK-MB (U/L)

Pre-OP. 9.0 ± 1.3 8.0 ± 1.5

Post-OP. 50.0 ± 1.6* 37.0 ± 13.7*†

Values are means ± SD. CK-MB: creatine kinase with muscle and brain subunits.
*: p< 0.05 versus Pre-Op. †: p < 0.05 versus Fentanyl.

Discussion
This study evaluated the effects of remifentanil and fentanyl

anesthesia on pro-inflammatory cytokines, oxidative stress
mediator and myocardial damage markers induced by cardiac
surgery using CPB. The remifentanil ameliorated IL-6, IL-8, MDA,
troponin T and CK-MB more than provided by fentanyl.

Our study showed that the levels of cytokines and oxidative
stress mediator such as MDA during CPB and after aortic
declamping (reperfusion) were significantly higher than those
pre inductions. The heart is inevitably faced with ischemia/
reperfusion injury during CPB and after aortic declamping. In
addition, inflammatory reaction occurs as a result of neutrophil
accumulation in the myocardium. The neutrophils that migrate
to the tissue as a result of the inflammatory process initiate the
tissue damage by triggering several reactions [12]. Neutrophils
that accumulate in the tissue secrete myeloperoxidase, which
produces hydroxychloride (HOCl). HOCl has a direct cytotoxic
effect and by inactivating a 1-protease inhibitor, it participates in
the production of collagenases and elastases from the
neutrophils [13,14]. The neutrophils in this environment favor
the secretion of proinflammatory cytokines such as IL-6, IL-8,
and TNF-α [14].

Cytokines are intracellular signaling molecules and elicit
important defense mechanisms. However, when the heart was
exposed to inflammation and I/R injury during cardiac surgery,
cytokines that enhance neutrophil accumulation in the critical
organs are excessively produced, and tissues are damaged when
elastase and oxygen free radicals are released from neutrophils.
Consequently, oxygen free radicals and various cytokines are
produced, thus exacerbating microcirculation and tissue damage
[15,16]. Excessive inflammatory cytokine production activates
neutrophils and enhances the expression of adhesion molecules
to exacerbate microcirculation and tissue damage [17].
Therefore, it is important to remove excess amounts of
cytokines and active oxygen radicals. In the present study,
remifentanil inhibited the increase of IL-6, IL-8 and MDA after
aortic declamping more than those of fentanyl. Although

fentanyl has been previously reported to suppress oxygen free
radicals and modulate pro inflammatory cytokines [18], the
present study is clinically significant because it is the first to
clarify the anticytokine and antioxidant activity of remifentanil in
a clinical situation. The results may be attributed that
remifentanil may be potentially useful therapeutic adjuncts
more than fentanyl regard to anti-inflammatory response and
free radical scavengers and believed to be an ideal anesthetic
that can be used safely.

Opioids have been widely used as anesthetic agents for
various types of surgery, including cardiac surgery. The primary
actions of opioids are analgesia and sedation. In addition to their
analgesic and sedative effects, opioids modulate the immune
response via opioid receptors expressed directly on the immune
cells themselves. Recently, it has been suggested that the kappa
opioid receptor system has a modulatory role in various
inflammatory diseases. The finding that opioid receptors are
expressed in numerous types of immune cells [19,20] gave the
first indication that opioids may have a direct effect on the
immune system. Also, both endogenous and exogenous opioids
alter antibody response, cell-mediated immunity, phagocytic
activity, chemotaxis, and respiratory burst responses of
neutrophils and mononuclear phagocytes [21,22]. Opioid-
induced cardioprotection and ischemic preconditioning (IPC)
seem to share a common pathway including protein kinase C
and mitochondrial adenosine triphosphate–sensitive potassium
(KATP) channels [23-25]. Remifentanil, an ultrashort-acting
opioiod, has been shown to trigger both immediate and delayed
cardiac preconditioning in the rat heart [26]. Our study
demonstrated that remifentanil has more effective action than
fentanyl on the decrease of cytokines and oxidative stress in the
cardiac surgery with CPB. The dosages of drugs, fentanyl and
remifentanil were used on the basis of clinical cardiac anesthesia
[27].

The elevation of cardiac biomarkers such as CK-MB and
cardiac troponin T after cardiac surgery has been shown to be a
good predictor of clinical outcomes. Most patients undergoing
cardiac procedures have some degree of postprocedural cardiac
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biomarker elevation, however, only significant elevations greater
than the normal range (i.e., 10-fold) have been associated with
poor outcomes [28]. In this study, both remifentanil and fentanyl
attenuated the elevation of troponin T and CK-MB after cardiac
surgery and the levels of postoperative cardiac enzymes in the
remifentanil group were kept significantly lower compared with
the fentanyl group. Similarly, Winterhalter et al. [29] reported
there was a trend towards lower CK-MB level in the remifentanil
group and statistically lower CK-MB and a trend towards lower
troponin T level.

There are several limitations to this study. First, it was not
possible to investigate control group which did not use opioid
because the use of opioid is standard anesthesia in cardiac
surgery. Therefore, only fentanyl and remifentanil groups were
compared. Second, clinically, postoperative outcomes such as
mortality, length of intensive care unit and postoperative
complications were not investigated. This study was not
primarily designed to assess these parameters. The
intraoperative laboratory examination and hemodynamic data
only were measured. It is imaginable that the benefit of
laboratory data as the meaning of lower myocardial damage will
be translated into better clinical outcome. Therefore, it will be
important to investigate clinical possibility. Third, in the design
of the experimental protocols, TNF-α was designed to be
measured at the same time when cytokines were measured. But
TNF-α was not found overall in some unexplained reasons.

Conclusion
In conclusion, in addition to its analgesic and sedative effects,

remifentanil attenuated inflammatory cytokine (IL-6, and IL-8),
oxidative stress mediator (MDA) and myocardial damage
markers (Troponin T and CK-MB) and appears to be a promising
and useful anesthetic agent for cardioprotection during cardiac
surgery with CPB.
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