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Abstract. Effect of flurbiprofen on the postoperative cogni-
tion and inflammatory cytokines in elderly patients after hip 
arthroplasty was investigated. Elderly patients undergoing 
replacement of total hip were randomly divided into three 
groups of equal size (n=60). A control group (control) 
received no treatment before or at the end of surgery. The 
other two groups, PRE and INTRA, received 50 mg flurbi-
profen intravenously 15 min before the surgery and 30 min 
before the end of surgery, respectively. The pain score was 
evaluated by a visual analog scale (VAS) at the following 
time-points: 24 h before surgery (T0), and 3 h (T1), 12 h 
(T2) and 24 h (T3) after surgery. Peripheral venous blood 
was collected at T0, T1, T2 and T3. Cognitive function was 
assessed by mini-mental state examination (MMSE) at the 
time of T0, T1, T2 and T3. The serum concentration of tumor 
necrosis factor α (TNF‑α), interleukin-1β (IL-1β), IL-6, 
and Cox-2 were measured using enzyme linked immuno-
sorbent assay (ELISA). The VAS scores and the release of 
pro-inflammatory cytokines in the PRE and INTRA groups 
were less than those in the control group at T1, T2 and T3. 
The MMSE scores in PRE and INTRA groups were signifi-
cantly higher than those in the control group at T1, T2 and 
T3. The PRE group showed a lower VAS score, release of 
pro-inflammatory cytokines and higher MMSE scores at T1, 
T2 and T3 than the control and INTRA groups. Intravenous 
flurbiprofen administration reduces postoperative pain and 
flammatory response after hip arthroplasty. Moreover, flur-
biprofen is more effective when given preoperatively than 
intraoperatively.

Introduction

Hip arthroplasty patients suffering from intense pain is 
thought to prolong mobilization and hospitalization. It would 
be of value to identify good postoperative analgesia, which 
may help reduce pain‑related multiple problems including 
anxiety, emergency agitation, and lack of confidence in 
medical team. Different modes of preoperative, intraop-
erative and postoperative local analgesic administration have 
been described in a variety of surgical procedures, such as 
tangential excision surgery (1), abdominal hysterectomy (2), 
orthopaedic surgery (3), and thoracotomy (4). However, few 
studies have described pre- and intraoperative analgesia 
for hip arthroplasty. Pre-and postoperative administration 
of valdecoxib reduces the amount of morphine required 
for postoperative pain relief and provides greater analgesic 
efficacy compared with morphine alone in orthopedic 
surgery patients  (5). Intraoperative high-volume local 
infiltration analgesia with ropivacaine 0.2% provided no 
additional reduction in acute pain after total hip arthroplasty 
when combined with oral analgesic regimen consisting of 
acetaminophen, celecoxib, and gabapentin  (6), but more 
documentation is needed.

Postoperative cognitive decline (POCD) is a common and 
impactful outcome of surgical procedures in elderly patients (7). 
It was thought to be associated with cardiac surgery although 
40% of patients were affected after non‑cardiac surgical proce-
dures. POCD can last for a long period of time; from a few 
days to a few years. Patients over 60 reported an incidence 
of 25.8% at one week post-surgery and 9.9% at three weeks 
post-surgery (8). The pathophysiology and causative mecha-
nisms for POCD are poorly understood. Risk factors include 
advanced age, preoperative cognitive function, a second 
operation, length of the operation, respiratory complications 
and postoperative infection (9). Thus, POCD is an important 
concern for the patients with surgery.

Inflammatory state characterized by the release of both 
pro- and anti-inflammatory cytokines is involved in the occur-
rence of POCD (10). Increased levels of pro-inflammatory 
cytokines are also associated with a higher incidence of post-
operative infections and respiratory failure (11). Considerable 
evidence suggests a correlation between POCD and factors, 
such as tumor necrosis factor α (TNF-α), interleukelin-1β 
(IL-1β), and IL-6 (12,13). However, direct evidence showing a 
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relationship between POCD and pro-inflammatory cytokines 
is lamentably absent from the literature.

Nonsteroidal anti-inflammatory drug (NSAID) with high 
affinity to the site of surgical incision and inflammatory 
tissues provides postoperative pain relief after different types 
of surgery (14). The aims of this study were to evaluate the 
postoperative pain, cognitive function and serum levels of 
pro-inflammatory cytokines in patients undergoing hip arthro-
plasty surgery with pre- or intraoperative flurbiprofen.

Patients and methods

Selection of patients. One hundred and eighty patients under-
going hip arthroplasty surgery from June, 2014 to March, 
2016 were involved in this study. The patients were obtained 
from The Second People's Hospital of Nantong (Nantong, 
China). The inclusion criteria were: i) American Society of 
Anesthesiologists (ASA) I-II and ii) age >70 years. The exclu-
sion criteria were: i) patients with a history of gastric ulcer and 
duodenal ulcer, ii) patients with a history of allergic reaction 
to flurbiprofen, iii) patients with severe hepatic and renal func-
tional disorders, iv) patients with ischemic heart disease, and 
v) patients with general and local infections.

This randomized and double-blind clinical study was 
approved by the Ethics Committee of The Second People's 
Hospital of Nantong, and informed consent was obtained from 
the patients prior to study enrollment.

Study design. The patients undergoing hip arthroplasty surgery 
were randomly divided into three groups (n=60 in each group). 
The control group received no treatment before or at the end 
of surgery. The PRE group received 50 mg flurbiprofen (Taide 
Pharmaceutical Co., Beijing, China) intravenously 15 min 
before surgery. The INTRA group received flurbiprofen 
30 min before the end of surgery.

Anesthesia and analgesia procedures. General anesthesia 
was induced by intravenous administration of 0.05 mg/kg 
midazolam, 0.3 µg/kg sufentanil, 0.3 mg/kg etomidate, and 
0.1 mg/kg vecuronium bromide. Anesthesia was maintained 
with continuous infusion of 1-3% sevoflurane, 0.5-1 mg/kg/h 
propofol, 1-2 µg/kg/h sufentanil and additional 10 µg/kg atro-
pine and 40 µg/kg neostigmine as required after the surgery. 
The drug doses were adjusted according to the change of 
hemodynamics.

Assessment of pain score and cognitive function. A physician 
who was blinded to the group assignment assessed sponta-
neous postsurgical pain intensity at rest using a 10-cm visual 
analog scale (VAS), anchored at ‘no pain’ and ‘worst pain I 
can imagine’, at 24 h before surgery (T0), and 3 h (T1), 12 h 
(T2) and 24 h (T3) after surgery. Another physician who was 
blinded to the group assignment assessed cognitive function 
at T0, T1, T2 and T3 using mini-mental state examination 
(MMSE). A score of 24 out of a possible 30 was considered 
the cut-off score for POCD (15).

Determination of the levels of systemic pro-inflammatory 
cytokines. Blood samples were collected at the time of T0, 
T1, T2 and T3 to measure serum TNF-α, IL-1β, IL-6, and 

cyclooxygenase-2 (Cox-2) levels. Peripheral venous blood 
samples were collected and then centrifuged at 1,000 x g at 
4˚C for 10 min, and serum samples were obtained. Serum 
pro-inflammatory cytokines TNF-α, IL-1β, IL-6, and Cox-2 
levels were measured, using the commercially available 
human ELISA kit (Jiancheng Technology Co., Ltd., Nanjing, 
China) as described. All steps involved were according to the 
manufacturers' protocol.

Statistical analysis. Parametric results were expressed as 
mean ± standard deviation for each group. Statistical analysis 
was performed with SPSS software, version 17.0 (SPSS, Inc., 
Chicago, IL, USA). Student's t-test and one-way ANOVA 
followed by Turkey's post hoc test were used for the assess-
ment among the groups. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Patient characteristics. In total, 180 patients were involved in 
the present study. As shown in Table I, there were no significant 
differences in the three groups in terms of sex, age, weight, 
height, and operation time.

VAS scores. VAS data are presented in Table II. The results 
showed there were no significant differences among the 
control, PRE and INTRA groups at 24 h before surgery (T0). 
VAS scores in groups PRE and INTRA were significantly 
decreased compared to that in control group at 3 (T1), 12 (T2) 
and 24 h (T3) after surgery, and the VAS score in the PRE 

Table I. General data of the three groups (mean ± standard 
deviation).
 
	 Control	 PRE	 INTRA
Items	 (n=60)	 (n=60)	 (n=60)
 
Sex (F/M)	 28/32	 22/38	 24/36
Age (years)	 75.2±5.3	 78.3±6.1	 76.1±5.9
Weight (kg)	 59.6±8.7	 61.5±5.4	 62.8±7.6
Height (cm)	 164.3±7.5	 162.8±5.8	 161.9±6.4
Operation time (min)	 118.3±20.5	 123.7±22.9	 112.1±24.7
 

Table II. VAS score among the three groups (mean ± standard 
deviation).

	 Control	 PRE	 INTRA
Items	 (n=60)	 (n=60)	 (n=60)

T0	 1.0±0.5	 1.3±0.2	 1.5±0.3
T1	 5.9±0.8	 3.2±0.4b,c	 4.3±0.5a

T2	 4.8±0.5	 2.7±0.4b,c	 3.5±0.2a

T3	 3.5±0.5	 1.8±0.3b,c	 2.5±0.3a

aP<0.05, bP<0.01 vs. control group; cP<0.05 vs. INTRA group. VAS, 
visual analog scale.
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group was significantly lower than that in the INTRA group 
at the time of T1, T2 and T3.

MMSE scores. To further investigate the efficacy of flur-
biprofen, we assessed the cognitive function by MMSE. As 
shown in Table III, there was no significant difference among 
the three groups at T0. The MMSE scores at T1, T2 and T3 in 
PRE and INTRA group were significantly higher than that in 
the control group, and the MMSE score in the PRE group was 
significantly higher than that in the INTRA group at the time 
of T1, T2 and T3.

Serum levels of pro-inflammatory cytokines. We investigated 
the anti-inflammatory effects of flurbiprofen in patients 
undergoing hip arthroplasty surgery. As shown in Fig. 1A-D, 
postoperative increases in serum TNF-α, IL-1β, IL-6 and 

Cox-2 concentrations were observed among the three groups. 
Serum TNF-α, IL-1β, IL-6 and Cox-2 levels did not differ 
significantly in T0 among the three groups. However, TNF-α, 
IL-1β, IL-6 and Cox-2 levels were significantly decreased in 
the PRE and INTRA groups compared to that in the control 
group, and the pro-inflammatory cytokines were significantly 
lower in the PRE group than that in the INTRA group at the 
time of T1, T2 and T3.

Discussion

Previous studies reported attentional dysfunction as sensitive 
and prominent characteristics of POCD (16). The clinical 
significance of POCD is evidenced by the impact that daily 
activities confers particularly on the elderly patients (17). The 
cohort study confirms that there is a significantly increased 
incident of cognitive dysfunction in patients over 70 under-
going non-cardiac surgery, and emphasized by the evidence 
that preoperative or intraoperative intravenous administration 
of flurbiprofen reduces the level of cognitive dysfunction at 
3, 12 and 24 h after hip arthroplasty surgery. In line with 
our findings that a greater level of cognitive dysfunction is 
still observed after 52 weeks in people over 60 undergoing 
abdominal or orthopaedic surgery in comparison to age-
matched controls (3). Despite the persistent impact of POCD 
on mortality and welfare of patients was not included in the 
present study the cognitive impairment was indeed observed 
during the period of 24 h after surgery, highlighting the clinical 
importance of POCD and its long time impact on cognition in 
the patients with non-cardiac surgery.

VAS scoring is a simple and commonly used method for 
evaluating variations in pain intensity in the early postoperative 

Table III. MMSE score in the three groups (mean ± standard 
deviation).

	 Control	 PRE	 INTRA
Items	 (n=60)	 (n=60)	 (n=60)

T0	 28.9±1.2	 29.5±0.8	 28.1±1.4
T1	 20.4±0.8	 24.8±0.9b,c	 23.1±0.5a

T2	 21.1±0.9	 26.8±1.3b,c	 24.1±0.8a

T3	 22.8±1.3	 28.8±1.4b,c	 25.7±1.2a

aP<0.05, bP<0.01 vs. control group; cP<0.05 vs. INTRA group. 
MMSE, mini-mental state examination.

Figure 1. Serum levels of pro-inflammatory cytokines among the three groups (mean ± standard deviation). Serum levels of pro-inflammatory cytokines 
including TNF-α (A), IL-1β (B), IL-6 (C) and Cox-2 (D) were measured by ELISA. *P<0.05, **P<0.01 vs. control group; #P<0.05 vs. INTRA group. TNF‑α, 
tumor necrosis factor α; IL-1β, interleukin-1β; Cox-2, cyclooxygenase-2.
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period. VAS scoring was used for evaluating postoperative 
pain in different studies, including total hip arthroplasty (14), 
spinal fusion (18), abdominal (19), and minor gynecological 
surgery (20). In the present study, postoperative VAS scores 
were significantly increased compared with preoperative 
controls, while preoperative or intraoperative flurbiprofen 
administration reduced postoperative pain induced by 
surgery after 3, 12 and 24 h, which is in line with a previous 
study (21). MMSE is a brief test of cognitive impairment used 
widely to screen for dementia. The original test, developed by 
Folstein et al, includes questions about orientation, attention, 
recall, and language (22). In the present study, the MMSE 
measure was used to analyze the level of cognitive decline and 
similar to the previous study that postoperative MMSE scores 
were significantly decreased compared with preoperative 
controls, while preoperative or intraoperative flurbiprofen 
administration improved POCD evidenced by increased 
MMSE scores induced by surgery after 3, 12 and 24 h (23).

Pro-inflammatory cytokine response induced by surgical 
damage has been reported and is thought to provide a source 
of postoperative sensory signals and induce central sensitiza-
tion (24). Moreover, a meta-analysis strengthens the clinical 
evidence that POCD is accompanied by a peripheral inflam-
matory reaction (13). IL-6 and TNF-α are major mediators 
of the acute-phase protein response to tissue damage caused 
by surgical intervention. Furthermore, it has been reported 
that postoperative IL-6 levels correlate with postoperative 
complications and mortality, and might have contribution to the 
occurrence of POCD (13). IL-1β is a pro-inflammatory cytokine 
that contributes to neuro-inflammation in many central nervous 
system (CNS) disorders (25). Studies have shown that Cox-2 
inhibitor impeded neuro-inflammation and induced ameliora-
tion of cognitive function in patients with Alzheimer disease, 
suggesting a critical role of Cox-2 in driving the pathogenesis 
of cognitive decline after surgery (26). In the present study, 
the concentrations of TNF-α, IL-1β, IL-6 and Cox-2 increased 
significantly in the patients after hip arthroplasty surgery 
compared to before. There was a significant increase in TNF-α, 
IL-1β, IL-6 and Cox-2 concentration at 3  h after surgery, 
although IL-1β protein was significantly increased at 24 h after 
surgery and no increase in protein expression of TNF-α (27). 
Importantly, preoperative or intraoperative flurbiprofen admin-
istration reduced the increase in the concentrations of TNF-α, 
IL-1β, IL-6 and Cox-2 induced by surgery after 3, 12 and 24 h.

Although some clinical studies have conflicting results 
regarding the efficacy of preemptive analgesia, it is to give a 
first dose of analgesics before pain stimulation and has been 
regarded as a new concept to enhance the postoperative anal-
gesia. Flurbiprofen, an injectable NSAID, is an effective and 
safe analgesic providing postoperative pain relief after different 
surgery. However, the efficacy of pre‑emptive analgesia with 
NSAID remains disputed. Preoperative administration of 
piroxicam sublingually would reduce postoperative pain 
and opioid requirements more than would postoperative 
piroxicam (28). Nimesulide is a well-tolerated oral anti-inflam-
matory drug with a superior analgesic activity compared with 
naproxen and placebo after out-patient orthopedic surgery (29). 
Moreover, a combination of paracetamol and an NSAID may 
offer superior analgesia compared with either drug alone (30). 
Intravenous flurbiprofen reduces postoperative rescue analgesic 

requirement after abdominal hysterectomy, and is more effec-
tive when given before than after surgery (2). In the present 
study, we consider that flurbiprofen reduced the postoperative 
pain and the occurrence of POCD evidenced by increased 
MMSE scores after surgery through preoperative or intraopera-
tive administration. Importantly flurbiprofen is more effective 
when given preoperatively than intraoperatively. This is the first 
report that intraoperatively administrated flurbiprofen confers a 
postoperative pain relief for hip arthroplasty surgery, although 
the efficacy is less than preoperatively.

Other anti-postoperative pain effect of flurbiprofen, anti-
inflammatory response was also found in variety of studies 
and correlated with the occurrence of POCD. Zhang et al 
found that preoperative flurbiprofen can effectively inhibit 
pro-inflammatory cytokines, maintain the balance of cyto-
kines and reduce myocardiac injury, and be beneficial to 
patients with early rehabilitation after operation (31). Thus, we 
speculated that flurbiprofen is a suitable NSAID to induce a 
preemptive effect. Geng et al found that preoperative admin-
istration of flurbiprofen reduced the plasma levels of TNF-α 
and IL-6, and was further reduced by postoperative admin-
istration of flurbiprofen at 24 and 48 h after the operation (1). 
Consistent with the above findings, we found that preoperative 
or intraoperative administration of flurbiprofen, especially 
intraoperative flurbiprofen significantly decreased the concen-
trations of TNF-α, IL-1β, IL-6 and Cox-2 at 3, 12, and 24 h 
after surgery, indicating that analgesia with anti-inflammatory 
drug may contribute to the attenuation of the postoperative 
inflammatory response and prevent postoperative pain in 
patients undergoing hip arthroplasty.

We conclude that the preoperative or intraoperative intra-
venous administration of flurbiprofen is effective in reducing 
postoperative pain and the occurrence of POCD, as well as 
the concentrations of pro-inflammatory cytokines. Moreover, 
flurbiprofen is more effective when given preoperatively than 
intraoperatively.
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