
Background: Up until now, the optimal strategy for postoperative pain management after 
total knee arthroplasty (TKA) remains to be elucidated.  

Objective: The current investigation aimed to examine the analgesic efficacy and the 
opioid sparing effects of intravenous parecoxib in combination with continuous femoral 
blockade. 

Study Design: Randomized, double-blind, prospective trial.

Setting: University hospital in the United Kingdom.

Methods: In total, 90 patients underwent TKA under subarachnoid anesthesia and 
received continuous femoral block initially as a bolus with 20 mL of ropivacaine 0.75%. 
Infusion of 0.2% on 10 mL/h followed. Patients were randomized into 2 groups. Group D 
and Group P received parecoxib and placebo, respectively at 12 hour time intervals. Visual 
analog scale (VAS) pain scores were obtained at different time intervals including 4, 8, 12, 24 
and 36 hours. The pain scores were measured with patients in a resting position. Morphine 
could also be administered with a patient controlled analgesia (PCA) pump if the specified 
analgesia was deemed inadequate (VAS > 5).

Results: None of the patients were withdrawn from the study. Parecoxib provided greater 
relief than placebo following TKA. The VAS pain scores measured at rest were statistically 
significantly lower in parecoxib-treated patients compared to the placebo group (P = 0.007) 
at 4 (P = 0.044), 12 (P = 0.001), and 24 hours (P = 0.012), postoperatively. Patients receiving 
parecoxib consumed less morphine at all time intervals than patients receiving placebo, 
with borderline statistical significance (P = 0.054). In each time period, all patients receiving 
continuous femoral block irrespectively of the treatment group, required low morphine 
doses. 

Limitations: Current protocol did not answer question as to functional recovery.

Conclusion: According to our findings intravenous parecoxib in combination with 
continuous femoral block provided superior analgesic efficacy and opioid sparing effects in 
patients undergoing TKA. 
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ditional forms of analgesia (23). 
Intravenous infusion of cyclooxygenase 2 (COX-2) 

antagonists could provide pain relief (24). The anal-
gesic effects of parecoxib administered preoperatively 
or during interventional techniques have been well 
established (25). Based on clinical trials, the first per-
ceptible analgesic effect of parecoxib occurs within 7 to 
13 minutes, with clinically meaningful analgesia dem-
onstrated within 23 – 39 minutes and a peak within 2 
hours following administration of 40 mg intravenously 
(26).

However, to our knowledge, the optimal strategy 
to provide paramount postoperative pain relief with 
minimal adverse effects following TKA remains contro-
versial. Subsequently, the current study was undertaken 
to investigate the analgesic efficacy and the opioid 
sparing effects of intravenous parecoxib in combination 
with continuous femoral block as a possible approach 
for superior TKA pain management. 

Methods 

Ethics Statement
Informed written consent was given by all the pa-

tients prior to enrollment in the study. The study was 
also reviewed and approved by the Institutional Re-
view Board and the Local Ethics Committee on human 
research and human studies at Aretaieion University 
Hospital with reference code S-138/15-06-10. Each pa-
tient was assigned a code and all data were analyzed 
anonymously.

Patients
A total of 90 patients were included in the study, 

all of whom underwent TKA under spinal anesthesia. 
Prior to this, all patients received continuous femoral 
nerve block under neurostimulation guidance. Patients 
were randomized in 2 groups: Group D consisted of 45 
patients who received the drug parecoxib intravenously 
in addition to femoral nerve block, and Group P con-
sisted of 45 patients who received a placebo drug (N/S 
0.9%) intravenously instead of parecoxib. 

The randomization process was performed on the 
morning of surgery, where patients were randomized 
to one of the 2 aforementioned groups using comput-
er-generated tables and sealed drawing-coded opaque 
envelopes. All drug solutions were prepared under 
aseptic conditions. All persons involved in the clinical 
care (surgeons, anaesthesiologists, and nurses) and all 
the patients remained blinded to the substance and the 

Currently, regardless of the advances in 
understanding the mechanisms underlying 
pain and the introduction of novel strategies, 

the ideal management of postoperative pain following 
total knee arthroplasty (TKA) remains to be elucidated. 
TKA is typically associated with moderate to severe 
postoperative pain (1,2), due to the rich innervation of 
the knee joint and the femoral, obturator, and sciatic 
nerves (3), delaying convalescence (4), prolonging 
hospitalization (5) and increasing patient discomfort, 
(6) or risks of postoperative complications (7,8). Failure 
to provide adequate analgesia impedes aggressive 
physiotherapy and rehabilitation (9).

Peripheral nerve blockade of one or more major 
nerves supplying the lower limb could theoretically 
provide effective analgesia (10). Unambiguously, con-
tinuous peripheral nerve blocks have been shown to be 
more efficient in postoperative analgesia and patient 
satisfaction, while offering few side effects and acceler-
ated functional recovery (11,12). Within this context, 
continuous femoral nerve block is frequently and ef-
ficiently used to provide postoperative analgesia and 
related advantages concerning final outcome following 
surgical procedures (13-15). Several reports suggested 
that an ultrasound (US)-guided single-injection femoral 
nerve block improved patient satisfaction and reduced 
consumption of morphine during the first 48 hours (16), 
prolonged surgical anesthesia and postoperative anal-
gesia (17,18), reduced rates of mechanical nerve injury 
(19), and resulted in low frequencies of neurological 
complications (20). However, according to Gandhi et al 
(21) catheter insertion without US monitoring might be 
more common due to its simplicity and the fact that it 
can be performed by a single operator. Alternatively, 
classic nerve stimulator guided peripheral nerve block 
has a very high efficiency, thus whether US-guided 
blocks will ever replace neurostimulation techniques re-
mains debatable especially when regional anesthesia is 
performed by specialists in the field (11,17). In order to 
minimize motor block in the postoperative period and 
maintain postoperative pain management, low concen-
trations of long-acting anesthetic solutions including 
ropivacaine are mostly used (1,22), although the opti-
mal concentration to maximize analgesia and minimize 
motor block remains unknown (1,23). Previous studies 
have confirmed that the effective postoperative pain 
management of this strategy is equivalent to continu-
ous epidural analgesia and continuous lumbar plexus 
block following TKA, with even fewer side effects (12). 
However, posterior knee pain frequently requires ad-
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treatment group assignment. 
Exclusion criteria for both groups included age 

younger than 40 years old or older than 80 years old; 
ASA > III, obesity (> 140 kg body weight); allergy to local 
anesthetics, history of dependence on opioids, contrain-
dications for subarachnoid anesthesia or femoral block 
(coagulopathy, local infection, pre-existing neurological 
problems, patient refusal); contraindications to the ad-
ministration of parecoxib, severe hepatic or renal dis-
ease (serum creatinine ≥ 1.7 mg/dl), insulin dependent 
diabetes mellitus, heart failure NY II-III classification, an-
gina, ischemic heart disease, gastrointestinal disorders, 
ulcers, or side effect(s) to parecoxib. 

Pain and Anxiety Visual Analog Scales 
Prior to continuous femoral nerve block, all pa-

tients were introduced to using a 10-cm visual analog 
scale (VAS) for procedural pain (0 = no pain at all to 10 
= worst pain imaginable). VAS pain scores at rest were 
obtained at different time intervals including 4, 8, 12, 
24, and 36 hours. The pain scores were measured with 
patients in a resting position. Pain was assessed both at 
rest and on a flexion of the knee by 60 degrees. 

Continuous Femoral Nerve Block under 
Neurostimulation Guidance

The local anesthetic agent lidocaine 1% (0.5 mg/kg) 
was used to achieve generous skin and subcutaneous 
tissue infiltration before the needle was inserted just 
inferior to the inguinal crease, aiming at approximately 
45 degrees cephalad. Simultaneously, sedation with 
intravenous midazolam 0.05 mg/kg was administered. 
By palpating the femoral artery, 1.5 cm to the outside 
and down, the femoral nerve was detected with cur-
rent intensity 0.5 – 1.5 mA and a frequency of 2 Hz. At 
the same time, the nerve stimulator was clipped to the 
proximal bare area of the needle and the needle was 
pushed further to penetrate the overlying tissues; the 
latter was done to ensure that the anesthetic agent 
would cross the tissues and reach the femoral nerve 
with the guidance of the nerve stimulator (muscle 
twitches). The neurostimulated catheter was advanced 
further in, while the intensity was decreased from 0.5 to 
0.2 mA, ensuring that there was still motor response at 
that point and also minimizing the risk of nerve damage 
due to accidental intraneural infiltration. This is charac-
teristic of the contraction of the quadriceps muscle and 
the movement of the patella “dancing patella” sign. 
The catheter was then introduced into the needle until 
the muscle twitches were resumed, at which point the 

catheter was gradually advanced beyond the tip of the 
needle, for a distance of approximately 3 – 5 cm, and 
secured subcutaneously using a 16 G cannula. Twenty  
mL of ropivacaine 0.75% were injected as a bolus single 
shot. Later, in recovery following TKA, a 200 mL pump 
would be connected to facilitate an infusion of 0.2% 
ropivacaine at 10 mL/h. The pump was connected when 
the level of sensory blockade had descended from the 
T12 level. The level of bilateral sensory and motor 
block was also checked with a pin-prick test. Criteria 
for withdrawal included catheter tip misplacement or 
moving, nonfunctional catheter, unpredictable occur-
rence of allergy, and occurrence of any illness which 
could potentially endanger the patient’s life.

Hemodynamics
Assessment of blood pressure, pulse rate, oxygen 

saturation, and numerical rating scale (NRS) were peri-
odically taken every 15 minutes intraoperatively and at 
15 minutes following the administration of parecoxib 
and at 4, 8, 12, 24, and 36 hour intervals following the 
surgical procedure. Morphine could also be adminis-
tered with a patient controlled analgesia (PCA) pump 
if the specified analgesia was deemed inadequate (VAS 
> 50). Side effects were also evaluated at the specified 
time intervals by asking the patients if they had any 
unwanted symptoms.

Statistical Analysis
Repeated ANOVA measures were performed for all 

time intervals at which VAS pain scores were obtained, 
i.e., at 4, 8, 12, 24, and 36 hours, using the Statistics 
program (IBM Corp. Released 2010. IBM SPSS Statistics 
for Windows, Version 19.0. Armonk, NY: IBM Corp.). 
Similarly, repeated ANOVA measures were carried out 
at the same time intervals to assess possible differences 
in the consumption of morphine between the 2 differ-
ently treated groups. Non-parametric Mann-Whitney 
test was performed to verify statistically significant 
differences between the 2 groups at time points 4, 12, 
and 24 hours post-operatively. 

Results

Patients
A total of 90 patients were randomized to placebo 

(n = 45) and parecoxib (n = 45). None of the patients 
were withdrawn from the study. The physical charac-
teristics of the study groups were comparable; most 
patients were female (83.3%) and all were Caucasians 
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(100%). There were no significant statistical differences 
between treatment groups regarding either the hemo-
dynamic variables perioperatively and postoperatively 
or the surgical procedure (surgery on right or left knee) 

and the duration of anesthesia. Patient clinical and 
surgical data are summarized in Table 1. A consort flow 
diagram for the study can be seen in Fig. 1. 

Table 1. Patient characteristics and surgical data.

Age  (yr) Weight (Kg) Duration of  anesthesia (min)

Parecoxib Group

Maximum 80 103 243

N 45 45 45

Mean 70.31 81.40 136.29

Placebo Group

Maximum 89 117 215

N 45 45 45

Mean 70.73 84.20 139.56

Statistic t = 0.293 t = 1.14 z = 0.46

P-value 0.77 0.259 0.645

Fig. 1. Consort flow diagram for the study.
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Pain Intensity
In general, parecoxib provided greater relief 

than placebo following TKA. The VAS pain scores 
measured at rest were statistically significantly 
lower in parecoxib-treated patients compared to 
the placebo group (P = 0.007) at 4 (P = 0.044), 12 (P 
= 0.001), and 24 hours (P = 0.012), postoperatively 
(Table 2, Fig. 2). At 8 and 36 hours, no statistical dif-
ferences where observed; P = 0.202 and P = 0.060, 
respectively. Of note, according to our data, at rest, 
the VAS scores were low at 4 hours, whereas they 
were at peak between 8 and 12 hours, postopera-
tively. Following 12 hours, the pain intensity gradu-
ally decreased. 

Morphine Consumption
Analysis of the morphine consumption demon-

strated that patients receiving parecoxib consumed 
less morphine at all time intervals than patients 
receiving placebo, with borderline statistical signifi-
cance (P = 0.054) (Fig. 3). Additionally, in each time 
period, all patients receiving continuous femoral 
block, irrespective of the treatment group, required 
low morphine doses. The incidence of morphine-

related complications was similar between the 2 groups. 
In total, related side effects were observed in 6/90 (6.67%) 
patients who received morphine. Patients experienced diz-
ziness (n = 1), drowsiness (n = 1), and itchiness (n = 4). No 
patient showed clinical evidence of local anesthetic toxic-
ity or long-term complications associated with the nerve 
blocks.

discussion 
Inadequate postoperative pain management follow-

ing TKA is of principal concern (1,23) with immediate im-
plications for patients’ recovery (4-6) and rehabilitation (7-

Fig. 2. Degree of  pain measured at rest using a 10-cm VAS. The Group D (n = 45) received parecoxib intravenously, whereas 
Group P (n = 45) received placebo, instead. 

VAS 
 4

VAS
8

VAS
12

VAS 
24

VAS 
36

Mann-
Whitney U

778,000 859,500 603,000 729,000 803,000

Wilcoxon W 1813,000 1894,500 1638,000 1764,000 1838,000

Z -2.016 -1.275 -3.425 -2.507 -1.882
Asymp. Sig.
(2-tailed) 0.044* 0.202 0.001* 0.012* 0.060

Table 2. Statistical analysis of  VAS pain scores at different time 
intervals.

* P < 0.05
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9,27). Subsequently, interventions that can accelerate 
rehabilitation might have a tremendous impact on the 
quality of life. Thus far, among the numerous analgesic 
approaches, the optimal techniques remain controver-
sial. It appears that the best way to assure a high success 
rate for postoperative analgesia is multimodal therapy 
(23,28-30). 

Multimodal therapy seems to decrease narcotic us-
age, improve pain scores, increase patient satisfaction, 
and enhance early recovery (31). It basically refers to 
the administration, via the same route or by different 
routes, of combination and often multiple analgesics at 
various time points during the perioperative period to 
provide superior analgesia and limit side effects and ad-
verse events (27,32-34). Multimodal analgesia modali-
ties include the synchronous administration of NSAIDs; 
acetaminophen; opioids via oral, IV, or spinal routes; 
and local anesthetics at the wound site via peripheral 
nerve or epidural blocks, intraperitoneally, or at the 
wound site as indicated by the extension of the surgi-
cal procedure (23,29,35). Recent clinical evidence has 
highlighted the potential benefits of infiltrating high 
volumes of local anesthetics around the soft tissues of 
replaced hip and knee joints (36). The technique can 
be used alone or in combination with other regional 

techniques and/or analgesic modalities as an important 
opioid-sparing component of multimodal strategy for 
treating postoperative pain (37). However, according to 
Banerjee and Rogers (38), although better pain relief 
in the immediate postoperative period with wound 
infiltration was succeeded following TKA, there was no 
definite evidence that this led to a reduction in opiate 
consumption or in hospital stay. This is also in line with 
Merritt et al (39) who recently suggested that wound 
infiltration affords a promising yet under-investigated 
method of postoperative pain control.

Regional anesthesia, and specifically the use of 
peripheral nerve blocks, represents valuable options 
for controlling perioperative pain of patients undergo-
ing TKA (39,40). Early mobilization and rehabilitation, 
improved patient satisfaction, and reduced length 
of stay have been accomplished by using regional 
anesthesia and therefore peripheral nerve blocks are 
becoming ever more popular (40). According to Vendi-
tolli et al (41) continuous peripheral nerve blocks and 
low dose intrathecal opioids afford the cornerstone of 
multimodal analgesia; nonetheless, overuse of opioids 
can be associated with troublesome complications in-
cluding depression, hemodynamic instability, nausea, 
vomiting, prolonged sedation, respiratory depression, 

Fig. 3. Morphine consumption between the 2 differently treated groups of  patients. The Group D (n = 45) received parecoxib 
intravenously, whereas Group P (n = 45) received placebo, instead. 
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and ileus among others (25,42-44). In addition, opioids 
may not be ideal for patients requiring physical therapy 
because excessive sedation may impede therapy (27). 
Selective COX-2 inhibitors are of proven analgesic ef-
ficacy in postoperative pain control (24,26) and their 
opioid-sparing role might lead to significant lessening 
of opioid-related side effects (45).  

Accordingly, well-coordinated perioperative pain 
management has been shown to increase patient satis-
faction with surgical procedures, to improve postopera-
tive quality of life, to decrease pain-related morbidity 
and hospital stays, as well as consequent medical costs 
related to surgery (46). Different modes of periopera-
tive analgesia have been described. In the current study, 
implementation of the aforementioned multimodal 
perioperative protocol, analgesic combination therapy 
with continuous femoral block with ropivacaine 0.2% 
and parecoxib intravenously and morphine by PCA as 
rescue therapy, achieved improved pain control and 
accomplished therapy goals with less narcotic consump-
tion and side effects following TKA and subsequently, 
led to better rehabilitation, increased range of motion 
and pain scores on mobilization (data not presented) 
and health-related quality of life, greater patient sat-
isfaction (data not presented), as well as less postop-
erative pain. Of note, whether the current protocol led 
to functional recovery remains unanswered, since such 
measurements were not performed and subsequently 
this could be considered as a potential limitation of our 
study.  

In the same context, the intensity of postoperative 
pain was assessed using the VAS pain scale. At rest, 
significantly higher VAS scores were recorded in pa-
tients belonging to the placebo group as compared to 
patients belonging to the parecoxib group at 4, 12, and 
24 hour time intervals. The latter observation might be 
a result of a placebo group patients’ attempt to avoid 
morphine-related side effects, and this is the reason 
why they did not increase their morphine dose by PCA. 

The VAS pain scores obtained between 4 and 8 
hours did not exhibit any significant disparities; how-
ever, this is somewhat anticipated, since it has been 
previously shown that patients who receive peripheral 
nerve blocks have significantly lower pain scores during 
the initial 8 hours following surgery (47). Placement of 
a femoral nerve catheter allows prolonged site-specific 
regional anesthesia (48) and favorable functional out-
come (12). In the present study, the use of ropivacaine, 
which is considered an amide-type local anesthetic (22), 
might have provided our patients with improved pain 

relief. The latter is in agreement with Leone et al (49), 
who confirmed that ropivacaine delivers long-lasting 
blocks. 

Parecoxib affords the first COX-2 available for 
parenteral administration, which may be given either 
intravenously or intramuscularly providing potential 
advantages over oral medication both in perioperative 
and postoperative settings (50,51). It is thought to be 
the only parenterally administered selective COX-2 in-
hibitor which has the most supportive data for its ben-
eficial effects (52). It has also been previously shown to 
be effective for the treatment of postoperative pain in 
various surgical operations (25,26), without increasing 
bleeding (53) or gastrointestinal toxicity (54,55). How-
ever, it has been reported to increase the risk of car-
diotoxic sequelae and atherothrombotic complications 
(56,57). In the current report, no evidence of bleeding, 
gastrointestinal, cardiovascular, or thromboembolic 
events were noted in any of the treatment groups 
following administration of parecoxib, as previously 
reported (53-57). In addition, no influence on the in-
traostious remodelling and bleeding affecting surgical 
outcomes post TKA were observed judging from the 
hemoglobin concentrations, postoperative transfusion 
requirements, radiology follow-up, and rehabilitation 
progression. These observations validate the safe usage 
of parecoxib. 

Previous reports also demonstrated that parecoxib 
administration following TKA resulted in a reduction 
in narcotic administration (8,58). We also attempted to 
ascertain whether parecoxib could reduce opioid con-
sumption and related side effects. For this reason, we 
endeavored to investigate the potential differences in 
morphine consumption between the parecoxib-treated 
and the placebo-treated groups. According to our find-
ings all patients received low morphine doses, irrespec-
tive of which treatment group they belonged to. Sub-
sequently, it seems likely that continuous femoral block 
with 0.2% ropivacaine infusions provided patients with 
a clinically relevant advantage, reducing postopera-
tive morphine consumption with limited relevant side 
effects. This is in line with previous studies that have 
associated continuous femoral nerve blockade, not only 
with improved postoperative pain relief (59), but also 
with significantly reduced postoperative consumption 
of morphine (59-61) and subsequently with less mor-
phine-related complications following TKA (60) and 
better recovery (61). In addition, the fact that patients 
receiving parecoxib consumed less morphine than pa-
tients receiving placebo corroborated our observations 
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conclusion

In summary, the current study seems to provide sig-
nificant insights into the potential use of intravenous 
parecoxib in combination with continuous femoral 
block with 0.2% ropivacaine for pain management and 
to offer additional data for developing optimal anal-
gesic strategies following TKA. Generally, there was 
good evidence that intravenous parecoxib in combina-
tion with continuous femoral block provided superior 
analgesic efficacy and opioid sparing effects in patients 

undergoing TKA.
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