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Purpose: Flurbiprofen axetil (FA) is a potent non-steroidal anti-
inflammatory drug (NSAID). We examined the effects that peri-
operative intravenous administration of FA, combined with tho-
racic epidural anesthesia and postoperative patient-controlled 
epidural analgesia (PCEA), have on bowel function, postopera-
tive pain, and cytokine release, after open colorectal surgery.

Methods: This was a prospective, randomized, double-blind, 
placebo-controlled study. Forty patients were randomly as-
signed to one of two groups (n = 20 in each group). The FA 
group patients received FA 1 mg·kg–1 iv, 30 min before and six 
hours after skin incision; whereas the control group patients re-
ceived an equal volume of intralipid. Blood cytokine levels were 
measured before FA administration, at the end of surgery, and 
six hours and 24 hr postoperatively. All patients received post-
operative PCEA for pain control. Analgesic efficacy was evalu-
ated for 72 hr postoperatively using visual analogue scale (VAS) 
pain scores both at rest and during coughing. Gastrointestinal 
motility was recorded. Temperature and leukocyte count were 
measured preoperatively, and 24 hr postoperatively.

Results: The times to first bowel movement (87 ± 23 vs 105 
± 19 hr, P = 0.008) and first flatus (63 ± 16 vs 75 ± 11 hr,  
P = 0.01) were earlier in the FA group compared to the control 
group. For the first 24 hr, the pain scores in the FA group were 
also lower during coughing (P < 0.001 compared to control). 
The plasma concentrations of interleukin (IL)-6 and IL-8 in the 
FA group were lower, postoperatively (P < 0.01 and P < 0.05, 
respectively, compared to control). In contrast, the IL-10 levels 
were significantly increased at six hours, postoperatively, in the 
FA group (P = 0.009). The total leukocyte count and the inci-
dence of pyrexia were also lower in patients of the FA group (P 
= 0.001 and P = 0.006, respectively, compared to control). 

Conclusion: Flurbiprofen axetil may have an anti-inflammatory 
effect in major abdominal surgery. The combination of perioper-
ative intravenous FA, intraoperative thoracic epidural anesthesia, 
and postoperative PCEA facilitated recovery of bowel function, 
enhanced analgesia, and attenuated the cytokine response.
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Objectif : Le flurbiprofène axétil (FA) est un agent anti-
inflammatoire non stéroïdien (AINS) puissant. Nous avons évalué 
les effets d’une administration intraveineuse périopératoire de 
FA, en présence d’une anesthésie péridurale thoracique et d’une 
analgésie péridurale contrôlée par le patient (APCP) postopératoire, 
sur la fonction intestinale, la douleur postopératoire et la libération 
de cytokines à la suite d’une chirurgie colorectale ouverte.

Méthode : Nous avons mené une étude prospective, randomisée, 
à double insu et contrôlée par placebo. Quarante patients ont été 
randomisés dans deux groupes (n = 20 dans chaque groupe). Les 
patients du groupe FA ont reçu du FA 1 mg·kg–1 iv 30 min avant 
et six heures après l’incision de la peau ; les patients du groupe 
témoin ont, quant à eux, reçu un volume équivalent d’Intralipide. 
Les niveaux de cytokines plasmatiques ont été mesurés avant l’ad-
ministration de FA, à la fin de la chirurgie, et six et 24 h après 
l’opération. Tous les patients ont reçu une APCP pour le contrôle 
de la douleur. L’efficacité analgésique a été évaluée à 72 h après 
l’opération sur la base des scores de douleur sur une échelle visuelle 
analogue (EVA) au repos et à la toux. La motilité gastro-intestinale 
a été enregistrée. La température et la numération leucocytaire ont 
été mesurées avant l’opération et 24 h après l’opération. 
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Résultats : Les temps jusqu’à la première défécation (87 ± 23 vs 
105 ± 19 h, P = 0,008) et jusqu’aux premières flatuosités (63 ± 
16 vs 75 ± 11 h, P = 0,01) étaient plus courts dans le groupe FA 
que dans le groupe témoin. Durant les 24 premières heures, les sco-
res de douleur à la toux étaient également moindres dans le groupe 
FA (P < 0,001 par rapport au groupe témoin). Les concentrations 
plasmatiques d’interleukine (IL)-6 et IL-8 étaient plus basses dans 
le groupe FA après l’opération (P < 0,01 et P < 0,05, respecti-
vement, par rapport au groupe témoin). En revanche, les niveaux 
IL-10 étaient significativement plus élevés à six heures après l’opé-
ration dans le groupe FA (P = 0,009). La numération leucocytaire 
totale et l’incidence de pyrexie étaient également plus bas dans le 
groupe FA (P = 0,001 et P = 0,006, respectivement, par rapport 
au groupe témoin). 

Conclusion : Le flurbiprofène axétil pourrait avoir un effet anti-
inflammatoire lors de chirurgies abdominales majeures. La combi-
naison de FA intraveineux périopératoire, d’anesthésie péridurale 
thoracique peropératoire et d’APCP postopératoire a facilité le ré-
tablissement de la fonction intestinale, amélioré l’analgésie, et at-
ténué la sécrétion des cytokines.

CYTokINES are a heterogeneous group of 
proteins which modulate the inflammatory 
response after surgery. Interleukin (IL)-6 
and IL-8, released during inflammatory re-

sponses, could lead to prolonged hyperalgesia.1,2 Also, 
these pro-inflammatory cytokines could indirectly 
modulate pain by altering pain signal transmission via 
cytokine-induced release of neuroactive substances, 
such as nitric oxide, oxygen-free radicals, and excit-
atory amino acids.3 Meanwhile, the anti-inflammatory 
cytokines also increase during inflammation to main-
tain a homeostatic balance. Interleukin-10 is an acute 
inflammatory mediator which down-regulates IL-6 
and other pro-inflammatory cytokines through the 
transcription factor, nuclear kappa B.4 The balance of 
IL-6 and IL-10 is an important determinant of subse-
quent immune responses. 
 Colorectal surgery is associated with higher levels 
of IL-6 than many other operations5 and is frequently 
associated with postoperative ileus. Up-regulation of 
pro-inflammatory cytokines has been shown to con-
tribute to postoperative ileus.6,7 Accordingly, anesthet-
ic interventions that modulate inflammatory responses 
might decrease the incidence and the severity of such 
complications, thereby minimizing morbidity and 
mortality.
 Non-steroidal, anti-inflammatory drugs (NSAIDs) 
inhibit the synthesis of prostaglandins (PGs), both in 
the spinal cord and at the periphery, thus diminishing 

the hyperalgesia after surgical trauma.8,9 It is recom-
mended that NSAIDs be used in a multimodal anal-
gesic approach for the management of postoperative 
pain.10,11 Flurbiprofen axetil (FA), a non-selective 
cyclooxygenase (CoX) inhibitor, is composed of 
emulsified lipid microspheres that have a high affin-
ity to inflammatory tissues.12 It was reported that 
preoperative administration of FA could reduce post-
operative pain after hysterectomy,13 pulpectomy,14 

laparoscopic cholecystectomy,15 pediatric strabismus 
surgery,12 and spinal fusion surgery.16 Furthermore, 
flurbiprofen has been reported to protect against 
acute pancreatitis-associated lung injury and septic 
shock in rats.17,18 Recently, Takada et al.19 reported 
that premedication with flurbiprofen could suppress 
the local production of PG E2 during tourniquet 
ischemia, resulting in reduced early postoperative 
pain in patients undergoing knee surgery. However, 
there are few data concerning whether perioperative 
FA might attenuate the release of cytokines and, 
therefore, improve postoperative pain and bowel 
function in patients undergoing open colorectal  
surgery.
 Effective pain management is a prerequisite for the 
use of rehabilitation programs to accelerate recovery 
from surgery.20 The combination of thoracic epidural 
anesthesia and analgesia has been reported to reduce 
postoperative pain.21 Moreover, multimodal analgesia 
is regarded as the current trend in acute postopera-
tive pain management.22 In this randomized, double-
blind, placebo-controlled study, we sought to evaluate 
the effects of perioperative intravenous FA, in combi-
nation with intraoperative thoracic epidural anesthesia 
and postoperative patient-controlled epidural analgesia 
(PCEA), on bowel function, postoperative pain, and 
perioperative cytokine response, in patients undergo-
ing open colorectal surgery. It was hypothesized that 
intravenous FA would accelerate bowel function (time 
to first flatus and bowel movements) and enhance 
analgesia, while attenuating production of IL-6, IL-8, 
and IL-10 in the perioperative period.

Methods
Following approval of the study protocol by the Cancer 
Hospital, Fudan University Institutional Human Eth-
ics Committee, and having obtained written informed 
consent, 40 ASA physical status I or II patients, aged 
40–70 yr, undergoing elective surgery for colorectal 
cancer, were included in this prospective randomized, 
double-blind, placebo-controlled trial. The study was 
conducted over a period of five months, from october 
2006 to February 2007. Patients with a known allergy 
to NSAIDs, those who had received chemotherapy 
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and radiation prior to surgery, and anyone with a his-
tory of peptic ulceration, or renal, cardiac, endocrine, 
and/or hematological abnormalities were excluded. 
Patients who had received NSAIDs within 14 days 
before enrollment were also excluded. All surgical and 
anesthetic procedures were performed by the same 
team. Patients were familiarized with the visual ana-
logue scale (VAS) and were instructed to use a PCEA 
pump (Ambit, West Jordan, UT, USA).
 Patient randomization was established with the use 
of computer-generated codes. Allocation conceal-
ment was established by placing the randomization 
sequence in consecutively numbered, opaque enve-
lopes. The study was performed by three investigators 
in a double-blinded manner as follows: Each test solu-
tion was prepared in a syringe by the first investigator, 
who was also responsible for subject grouping. The 
second investigator, who was blinded to the type of 
test solution, performed the intravenous injection. 
The variables were recorded by the third investigator, 
who was blinded to the type of test solution. The FA 
group received 1 mg·kg–1 FA iv, 30 min before and 
six hours after skin incision, while the control group 
patients received intralipid intravenously as placebo.

Anesthesia and analgesia
The anesthetic regimen was standardized. All patients 
received a combined epidural/general technique. 
Central venous catheters were inserted before surgery. 
Patients received a volume preload with hydroxyethyl 
starch (6% HES130/0.4) 12–14 mL·kg–1. Under ster-
ile conditions, a thoracic epidural catheter was placed 
via the T9–12 interspace and was advanced 3–4 cm 
cephalad. A test dose of 1% lidocaine 3 mL, alone, was 
then given via the thoracic epidural catheter, followed 
by 0.5% ropivacaine 5 mL, to produce a bilateral seg-
mental sensory block to pinprick between the T6 and 
L2 dermatomes. The neuraxial block was maintained 
with 0.5% ropivacaine 4–8 mL·hr–1 throughout the 
surgical procedure.
 General anesthesia was induced with an intravenous 
injection of midazolam (0.03 mg·kg–1), fentanyl (2 
µg·kg–1), and propofol (1–2 mg·kg–1). Tracheal intu-
bation was facilitated with 0.1 mg·kg–1 vecuronium 
iv. Thereafter, no additional opioid was given. Ven-
tilation was mechanically controlled to maintain the 
partial pressure of expiratory carbon dioxide between 
30 and 35 mmHg. General anesthesia was maintained 
with isoflurane in oxygen. Isoflurane concentration 
was adjusted to maintain blood pressure and heart rate 
within 20% of respective baseline values. Vecuronium 
was used to maintain muscular blockade. Heart rate 
(by electrocardiography), Co2 production (by cap-

nography), arterial blood pressure, central venous 
pressure, and blood oxygen saturation (by pulse oxim-
etry) were monitored. Hypotension (systolic arterial 
blood pressure < 90 mmHg) was treated by increasing 
the rate of intravenous fluid infusion and by admin-
istering ephedrine 10 mg iv. At the end of surgery, 
residual, neuromuscular block was antagonized with 
neostigmine 40 µg·kg–1 and atropine 0.01 mg·kg–1 iv, 
and, when the patient resumed spontaneous ventila-
tion, the endotracheal tube was removed.
 Upon arrival in the postanesthesia care unit, patients 
were connected to the PCEA pump through the tho-
racic epidural catheter, and they received an initial 
loading dose of morphine 2 mg iv for pain relief. 
Patients in both groups received PCEA with morphine 
(0.025 mg·mL–1) and ropivacaine (0.125%) in 200 mL 
0.9% sodium chloride (bolus 2 mL, lockout time 20 
min, background infusion 3 mL·hr–1). The segmental 
sensory block was assessed on a daily basis by a blinded 
investigator testing by pinprick. The PCEA medica-
tion was discontinued on postoperative day three. A 
10-cm VAS (with endpoints labelled “no pain” and 
“worst possible pain”) was used to assess pain intensity 
at rest and during coughing at one, two, four, eight, 
24, 48, and 72 hr postoperatively. We also recorded 
bowel function (time to first flatus and first bowel 
movement) and the side effects related to morphine 
(drowsiness, dizziness, nausea, and vomiting) for 72 
hr postoperatively. Nausea was measured using a VAS 
(0 = no nausea, 10 = worst imaginable nausea) scoring 
system. A postoperative nausea and vomiting episode 
was defined as the occurrence of nausea (score 1–10), 
vomiting, or need for rescue antiemetic therapy. 

Perioperative care
All patients were instructed about the standard intra-
operative and postoperative care for their surgery. 
Routine mechanical bowel preparation consisted of a 
clear liquid diet and polyethylene glycol 3 L adminis-
tered the day prior to surgery. Antibiotic prophylaxis 
was provided with metronidazole 500 mg iv and cefo-
tiam 2 g iv, 30 min prior to skin incision. A nasogas-
tric tube was used in all patients 
 A Foley urinary bladder catheter was inserted after 
induction of general anesthesia. The catheter remained 
in situ until the epidural catheter was removed. After 
surgery, an intravenous infusion of Ringer’s lactate/
dextrose was started and continued for a minimum of 
48 hr. All patients were encouraged to mobilize on the 
first postoperative day and to progressively ambulate. 
Patients were only allowed sips of water during the 
first 24 postoperative hours. oral fluids were started as 
soon as the patients passed flatus. Nutritional supple-
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ments, provided in liquid form, consisted of up to 60 g  
of protein and 1,200 calories. The oral supplement 
was subsequently changed to either a semi-solid or 
a solid form, depending on the presence of bowel 
movement and the tolerance to diet (no vomiting or 
bowel distension).

Outcome measurements
The primary outcome measure was return of bowel 
function (time to first flatus and bowel movement). 
Secondary outcome measures included postoperative 
VAS pain scores, plasma levels of IL-6, IL-8, and  
IL-10, leukocyte count, and body temperature.
 Peripheral, venous blood samples were withdrawn 
ten minutes before FA infusion, at the end of surgery, 
and six hours and 24 hr, postoperatively. Blood was 
collected into EDTA (ethylenediaminetetraacetic acid) 
tubes and was immediately centrifuged at 3000 rpm 
for ten minutes at 4°C. Thereafter, plasma was stored 
at –20°C for future measurement. Plasma levels of  
IL-6, IL-8, and IL-10 were measured with commer-
cially available quantitative sandwich enzyme-linked 
immunosorbent assay kits (Quantikine; R&D Sys-
tems, Minneapolis, MN, USA). The sensitivities of 
the assays for IL-6, IL-8, and IL-10 were 2, 7, and 
15 pg·mL–1, respectively. The intraassay and interas-
say coefficients of variation of the immunoassay kits 
ranged from 5 to 10%, inclusive. 

Sample size and statistical analysis
The primary outcome measure of this study was the 

time to first bowel movement. The sample size was 
based upon previously published studies23,24 and, with 
an alpha level of 0.05 and a power of 80%, a minimum 
of 18 patients per group was required to detect a 
12-hr difference in the recovery of bowel movements 

between groups. Bowel function (time to first flatus 
and time to first bowel movements) was analyzed 
by Student’s t test. Visual analogue scale scores were 
compared using Student’s t test. Plasma levels of  
IL-6, IL-8, and IL-10, leukocyte count, and tem-
perature were compared using repeated-measures 
analysis of variance (ANoVA). With the exception of 
VAS pain scores, all data are presented as mean ± SD.  
P < 0.05 was considered statistically significant.

Results 
Forty-four patients undergoing elective surgery for 
colorectal cancer met the study inclusion criteria. Four 
patients declined participation, leaving 40 patients 
who were randomized and assigned in equal numbers 
to either group. All 40 patients completed the study 
protocol, and data from all subjects were included in 
the final analysis. 
 The groups were similar with respect to mean age, 
body weight, height, male/female ratio, and type and 
duration of surgery (Table I). The time intervals from 
surgery to the first flatus and the first bowel movement 
resumed between 12 hr and 18 hr earlier, on average,  
in the FA group vs the control group (P = 0.01, P = 
0.008, respectively. Table II). Intraoperative blood 
loss and the incidence of postoperative nausea and 
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FIGURE 1 Visual analogue scale (VAS) pain scores during coughing (A) and at rest (B). Resting VAS values were not significantly  
different between groups. Coughing VAS was significantly higher at one, two, four, eight and 24 hr in the control group compared  
with the FA group. Values are mean ± SD; *P < 0.001 compared with the FA group. FA = flurbiprofen axetil. 
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vomiting were similar in both groups (Table II). No 
patient suffered any adverse effects.
 All patients received an identical PCEA regimen. 
After surgery, segmental sensory blocks were main-
tained between the T7 and L1 dermatomes. There 
were no epidural failures (disconnection, leak, dis-
lodgement) during the postoperative period. The 
cumulative amounts of morphine and ropivacaine 
administered were 7 mg and 250 mg, respectively. 
Compared with the patients in the control group, 
those in the FA group experienced lower VAS scores 
during coughing at one, two, four, eight, and 24 hr, 
postoperatively (Figure 2A, Table III). However, 
there were no significant between-group differences 
in the VAS scores at rest (Figure 2B, Table III).
 Interleukin-6 increased during surgery and peaked 
at six hours postoperatively, in both groups (P < 
0.0001, Figure 3, Table IV). Interleukin-6 levels were 
lower (P < 0.01, Figure 3, Table IV) at the end of 
surgery, six hours and 24 hr postoperatively, in the FA 
group. At six hours postoperatively, IL-6 levels were 
significantly lower in the FA group compared with the 
control group (P = 0.004, Figure 3, Table IV).

 Interleukin-8 increased during surgery and peaked 
at the end of surgery in both groups (P < 0.0001,  
Figure 4, Table IV). Interleukin-8 levels were lower  
(P < 0.05, Figure 4, Table IV) at the end of surgery, 
six hours and 24 hr postoperatively, in the FA group. 
At the end of the surgery, IL-8 levels were significantly 
lower in the FA group compared with correspond-
ing values in the control group (P = 0.002, Figure 4, 
Table IV). 

TABLE I Demographic and clinical data

Control (n = 20) FA (n = 20)

Age (yr) 56 ± 9 53 ± 7
Gender (M/F) 11/9 12/8 
Body height (cm) 164 ± 8 165 ± 7
Body weight (kg) 62 ± 11 64 ± 7
ASA status (I/II) 8/12 11/9 
Type of surgery
Hemicolectomy (right) 8 7
Hemicolectomy (left) 6 8
Sigmoid colectomy 3 2
Anterior rectal resection 3 3
operation time (min) 133 ± 16 130 ± 16 

M = male; F = female; FA = flurbiprofen axetil. Values are mean ± 
SD except for gender, ASA status and type of surgery.

TABLE II Postoperative recovery of gastrointestinal  
function and adverse events

Control
(n = 20)

FA 
(n = 20)

P value

Time to first pass  
of flatus (hr)

75 ± 11 63 ± 16 0.01

Time to first bowel 
movements

105 ± 19 87 ± 23 0.01

Blood loss (mL) 216 ± 41 223 ± 49 0.61
Nausea (n) 7 8
Vomiting (n) 5 6

Values are mean ± SD. FA = flurbiprofen axetil.
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FIGURE 2 Mean plasma concentrations of interleukin (IL)-6.  
Values shown are mean ± SD. FA = flurbiprofen axetil; 0 =  
baseline; EoS = end of the surgery; 6 hr and 24 hr = six and 24 hr 
after surgery. *P < 0.0001, postoperative values vs baseline levels 
in both groups, †P < 0.01; FA vs control group.
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FIGURE 3 Mean plasma concentrations of interleukin (IL)-8.  
Values shown are mean ± SD. FA = flurbiprofen axetil; 0 = base-
line; EoS = end of the surgery; 6 hr and 24 hr = six and 24 hr 
after surgery. *P < 0.0001, postoperative values vs baseline levels 
in both groups. †P < 0.05, FA vs control group. ‡P < 0.0001, 
postoperative values vs baseline levels in control group.
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 Interleukin-10 also increased during surgery and 
peaked at six hours in both groups (P < 0.0001, Fig-
ure 5, Table IV). At six hours, IL-10 levels were sig-
nificantly higher in the FA group compared with those 
in the control group (P = 0.009, Figure 4, Table IV). 
 In both groups, at 24 hr after surgery, leukocyte 
count and body temperature were higher than before 
surgery and were significantly lower for patients in the 
FA group compared with those of control group (P = 
0.001 , P = 0.006 respectively, Table V).

Discussion
In the present study, perioperative intravenous admin-
istration of flurbiprofen axetil, combined with intraop-
erative administration of 0.5% ropivacaine via thoracic 
epidural, accelerated recovery of the bowel function, 
resulted in less severe postoperative pain, and attenu-
ated production of IL-6, IL-8, and IL-10.
 Previous studies reported that preoperative admin-
istration of FA reduces postoperative pain. our data 
also suggest that administration of FA as a multimodal 
analgesic adjuvant, can improve the overall quality of 
postoperative pain management. The improvement in 
pain control is likely the result of perioperative CoX 
inhibition.12–16,19 Reduction of PG synthesis would 
be expected to diminish nociceptor sensitization and 
inflammatory responses that normally accompany 
movement and stretching of injured tissues.25–27 The 
CoX selectivity of FA remains unclear, although it was 
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TABLE IV Effects of FA on cytokine plasma levels

Control (n = 20) FA (n = 20) P value

IL-6 (pg·mL–1)
0 5.04 ± 1.13 4.96 ± 1.20 0.847
EoS 39.86 ± 5.54* 33.03 ± 7.53* 0.002
6 hr 62.93 ± 9.12* 55.28 ± 6.15* 0.004
24 hr 24.61 ± 5.84* 19.38 ± 5.22* 0.005
IL-8 (pg·mL–1)
0 12.53 ± 3.50 12.36 ± 3.55 0.876
EoS 47.86 ± 8.45* 39.37 ± 8.06* 0.002
6 hr 31.38 ± 4.78* 28.03 ± 4.44* 0.027
24 hr 18.08 ± 3.48* 14.67 ± 4.75 0.013
IL-10 (pg·mL–1)
0 5.59 ± 1.22 5.77 ± 1.15 0.635
EoS 17.88 ± 5.0* 18.48 ± 5.06* 0.710
6 hr 15.90 ± 6.96* 31.65 ± 6.20* 0.009
24 hr 15.48 ± 4.82* 16.40 ± 5.78* 0.584

Data are mean ± SD. *P < 0.0001 vs baseline values. FA = flurbi-
profen axetil; 0 = baseline; EoS = end of the surgery; 6 hr and  
24 hr = six and 24 hr after surgery.

FIGURE 4 Mean plasma concentrations of interleukin (IL)-10.  
Values shown are mean ± SD. FA = flurbiprofen axetil; 0 = base-
line; EoS = end of the surgery; 6 hr and 24 hr = six and 24 hr 
after surgery. *P < 0.0001, postoperative values vs baseline levels 
in both groups. †P = 0.009, FA vs control group.

TABLE V Leukocyte count and temperature changes after 
surgery

Control (n = 20) FA (n = 20) P value

Leukocyte count 
(× 109 L–1)
Before surgery 6.2 ± 1.46 6.2 ± 1.22 0.92
24 hr 10.8 ± 1.88* 9.1 ± 1.02* 0.001
Temperature (°C)
Before surgery 36.9 ± 0.17 36.9 ± 0.14 0.66
24 hr 37.9 ± 0.39* 37.6 ± 0.38* 0.006

Values are mean ± SD. *Significantly higher than before surgery. 
P < 0.001; FA = flurbiprofen axetil.

TABLE III Visual analogue scale pain scores at rest and 
during coughing

Control (n = 20) FA (n = 20) P value

VAS at rest (cm)
1 hr
2 hr
4 hr
8 hr
24 hr
48 hr
72 hr
VAS during 
coughing(cm)
1 hr
2 hr
4 hr
8 hr
24 hr
48 hr
72 hr

0.4(0.3-0.5)
2.1(1.9-2.2)
2.6(2.4-2.9)
3.0(2.9-3.1)
2.2(2.0-2.3)
2.0(1.9-2.1)
1.8(1.7-1.9)

5.8(4.6-6.0)
6.0(5.7-6.3)
5.7(5.3-5.8)
5.2(4.9-5.3)
4.8(4.5-5.3)
4.1(4.0-4.5)
3.9(3.5-4.0)

0.4(0.4-0.5)
1.9(1.8-2.0)
2.3(2.2-2.5)
2.8(2.5-2.9)
2.1(1.9-2.2)
1.9(1.7-2.0)
1.7(1.6-1.9)

3.5(3.1-3.7)
4.0(3.8-4.2)
4.0(3.8-4.3)
3.9(3.8-4.0)
4.0(3.6-4.7)
4.1(3.7-4.2)
3.6(3.5-3.9)

1.0
0.70
0.69
0.49
0.45
0.47
0.69

< 0.001
< 0.001
< 0.001
< 0.001
0.001
0.71
0.58

Data are presented as median (interquartile range).  
FA = flurbiprofen axetil; VAS = visual analogue scale.
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speculated that FA might have an equivalent selectivity 
for CoX-1 and CoX-2.28 
 In the present study, the dose of FA was adopted 
on the basis of values reported in the literature.13,14 
Since the analgesic effect of FA usually begins 30 min 
after administration, with an elimination half-life of 
six hours, we administered FA 30 min before and six 
hours after skin incision in the FA group.
 Interleukin-6, a key pro-inflammatory cytokine, 
is produced in substantial quantities at the surgical 
wound29 and then enters the systemic circulation 
where its concentration correlates with the severity of 
surgery and the magnitude of tissue injury.5 Interleu-
kin-6 levels in the circulation are detectable within 60 
min after injury, peak at about four to six hours, and 
can persist for as long as ten days.30 Moreover, IL-
6 can induce peripheral and central nervous system 
sensitization leading to hyperalgesia.31Although some 
anesthetic agents may affect cytokine release, there is 
little evidence for clinically relevant modulation of 
the inflammatory response by anesthesia. Combined 
epidural/general anesthesia, as used in the present 
study, did not result in reduction of IL-6 concentra-
tion compared with general anesthesia alone.32,33 In 
this study, IL-6 increased in all patients during sur-
gery; however, peak concentrations were significantly 
lower in patients who received FA treatment. This 
may be a direct effect of FA, since both groups had 
a similar degree of tissue injury, with similar anes-
thetic and surgical management. Therefore, the effect 
of FA might account for the attenuation of IL-6  
production. 
 our results are consistent with other studies show-
ing attenuated IL-6 production in major surgery 
after NSAIDs administration.34,35 Flurbiprofen axetil 
has a high affinity to inflammatory tissues, and, in 
this regard, FA may behave differently from other 
NSAIDs. We plan to use other NSAIDs as active con-
trols in future studies.
 Interleukin-8 has the potential to recruit neutro-
phils and monocytes into the inflammatory site, thus 
accelerating inflammation.36 Its release and activity is 
temporally associated with IL-6 after surgery.30 Inter-
leukin-8 is the first endogenous mediator that is iden-
tified to evoke hyperalgesia in which the sympathetic 
nervous system is involved.2 Interleukin-8 is released 
by activated macrophages and endothelial cells and 
may act as a humoral link between tissue injury and 
sympathetic hyperalgesia. our results suggest that 
perioperative FA administration could decrease peri-
operative plasma levels of IL-8 and may provide more 
effective pain relief. In the present study, IL-6 and 
IL-8 levels were reduced by FA, but the extent of this 

reduction is relatively small compared with the overall 
response to surgery. This finding supports the concept 
that perioperative iv FA is able to attenuate, but not 
suppress, cytokine release. 
 It has been previously suggested that IL-10 has 
strong anti-inflammatory activities which increase dur-
ing major surgery.37 The present study demonstrates 
that the maximum value of IL-10 was achieved within 
six hours following surgery in the two groups, which 
correlated with the increase of IL-6 levels. Mean-
while, FA treatment increased IL-10 release at six 
hours after surgery, consistent with previous studies 
showing higher IL-10 production in major surgery 
after NSAID administration.34,35 There seems to be 
a negative feedback between PG synthesis and IL-10 
production. Prostaglandins played a key role in the 
induction of IL-10 in human monocytes, and, in turn, 
IL-10 inhibited PG production.38 Thus, the alteration 
of IL-10 concentration by NSAIDs seems to induce 
anti-inflammatory effects by inhibiting PG production 
through the IL-10 response. 
 Abdominal surgery is often accompanied by postop-
erative ileus. Despite its normally benign and self-limit-
ing character, it is associated with patient discomfort, 
prolonged hospitalization, and increased postoperative 
morbidity. Postoperative ileus also has a significant 
economic impact, since it results in approximately $1 
billion of additional expense in the United States each 
year.39 Flurbiprofen axetil is composed of emulsified 
lipid microspheres that have a high affinity to inflam-
matory tissues. Since inflammation plays a crucial role 
in postoperative ileus, intravenous FA may mediate its 
beneficial effects by promoting gastrointestinal motility 
and by targeting different steps within this inflamma-
tory cascade. In our study, perioperative administra-
tion of FA significantly attenuated the surgery-induced 
increase of IL-6 and IL-8. IL-6 cytokines are well 
known for their role in maintaining postoperative ileus 
and intestinal permeability disorders.5–7 The dimin-
ished cytokine response was associated with more rapid 
recovery of bowel function, as shown in the present 
study. The results are consistent with an after surgery, 
up-regulation and release of the pro-inflammatory 
cytokines that contribute to postoperative ileus.7 
 The attenuated rise in body temperature (0.3°C) 
observed in the FA group can be attributed to the 
antipyretic effect of NSAIDs. This effect on fever 
shows that perioperative, intravenous FA may reduce 
nitrogen losses after colorectal surgery. At 24 hr after 
surgery, leukocyte counts in the FA group were mildly 
reduced, but mean levels were well within the normal 
range. Flurbiprofen axetil may have an anti-inflamma-
tory effect in major abdominal surgery.
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 There are several limitations of the current study. 
First, we did not examine the opioid-sparing effect of 
FA. We focused on the effect of FA on bowel function 
and cytokine response. Secondly, we only measured 
cytokines over a 24-hr postoperative period. Compared 
to baseline values, the cytokine levels remained higher 
at the end of 24 hr. Cytokine concentrations may con-
tinue to decline for approximately 24–36 hr following 
surgery.5 Thirdly, our study only showed an analgesic 
benefit with FA for the first 24 hr postoperatively. 
Therefore, further studies would be required to evalu-
ate the optimal intravenous dosage of FA to provide  
continuous analgesia, early recovery of bowel function, 
and analgesic-sparing properties with minimal side  
effects.
 In conclusion, the combination of perioperative 
intravenous FA, intraoperative thoracic epidural anes-
thesia, and postoperative PCEA may provide faster 
recovery of bowel function and improve postoperative 
pain control, while attenuating production of IL-6, 
IL-8, and IL-10 in the perioperative period. These 
findings further support the role of FA, a non-selec-
tive CoX inhibitor, as part of a multimodal analgesic 
regimen. Flurbiprofen axetil may have an anti-inflam-
matory role in major abdominal surgery. Finally, we 
suggest that perioperative intravenous administration 
of FA, combined with thoracic epidural anesthesia and 
postoperative PCEA, may be a potential therapeutic 
strategy in fast-track rehabilitation programs.
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