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Abstract
Inflammatory arthritis is very commonly encountered in clinical practice and is on the rise due to inflammatory osteoarthritis

(OA) and gouty arthritis from an aging population (inflamaging) and increasing prevalence of metabolic syndrome. Common
therapeutic options used to manage the pain and inflammation includes oral non-steroidal anti-inflammatory drugs (NSAIDs), oral

steroids, intramuscular (IM) NSAIDs and intraarticular (IA) steroid injections. Due to the limitations of IA steroids, the use of IA

NSAIDs represents a useful therapeutic alternative in many patients with inflammatory arthritis, especially in those who recur after

IA steroids or failed to respond to oral NSAIDs or IA steroids. However, many rheumatologists and orthopaedic surgeons, especially
in my country, are still not aware of the therapeutic efficacy and role of IA NSAIDs. In this review, I summarised the currently available

clinical and experimental publications and studies concerning IA NSAIDs, including my own clinical experience and studies. The
administration of IA NSAIDs discussed will cover IA ketorolac, IA oxicams and IA parecoxib. Pertinent case examples to illustrate how
IA NSAIDs can play an important role in our daily management of patients with inflammatory arthritis will be given.
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Introduction
Inflammatory arthritis is very commonly encountered in clinical practice and is seen in various settings including inflammatory osteo-

arthritis (OA), gouty arthritis, rheumatoid arthritis, spondyloarthritis, reactive arthritis and post-arthroplasty synovitis. Common therapeutic options used to manage the pain and inflammation includes oral NSAIDs, oral steroids, intramuscular (IM) NSAIDs and intraarticu-

lar (IA) steroid injections. Each option is subjected to its limitations and side effects, including gastric intolerance with oral NSAIDs and

IA steroids [1]. And in many Asians arthritis patients who have poorly controlled diabetes, IA steroids may be a relative contraindication
as it can cause a transient hyperglycaemia episode.

The use of IA NSAIDs represents a useful therapeutic alternative in many patients with inflammatory arthritis. However, many

rheumatologists and orthopedic surgeons, especially in my country, are still not aware of the therapeutic efficacy and role of IA NSAIDs.
In this review, I would like to present the currently available clinical and experimental publications and studies concerning IA NSAIDs,

including my personal clinical experience and studies. The administration of IA NSAIDs will cover IA ketorolac, where there have been the
most number of studies published, IA parecoxib, IA piroxicam and IA tenoxicam and IA lornicam. I will be using pertinent case examples
to illustrate how IA NSAIDs can play an important role in our daily management of patients with inflammatory arthritis.
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In my clinical practice, I often encountered patients with persistent or recurrent knee pain despite IA steroid injections, which is the

first line treatment for inflammatory arthritis. In 2014, I began to enquire whether IA NSAIDs, beginning with IA ketorolac, would have
a role in the treatment of such patients with recurrent or persistent joint synovitis. Ketorolac has been shown to be an effective and safe
parental NSAID [2-4]. Hence, being a patient-oriented and solution-oriented physician and rheumatologist, I did some research into IA

NSAID injections for the treatment of inflammatory arthritis and concluded that there is strong scientific and clinical evidence for the
usage of IA NSAIDs.

Illustrative case example 1
AKH, 75/CHI/F with chronic left knee pain, worsened after fall 3 months ago, resulting to left knee effusion. Ultrasound of the left knee

showed Effusion 3+, Synovitis 2+ and Osteophytes (Figure 1 and 2). Left knee aspiration was done and IA ketorolac 30 mg was given. She
was reviewed a week later and the left knee pain improved. Follow-up viscosupplementation with IA hyaluronic acid (HA) Orthovisc was
given.

Figure 1: Ultrasound Left Knee-Effusion.

Figure 2: Ultrasound Left Knee-Synovitis.
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Although IA steroids have been the traditional and established treatment for inflammatory arthritis because of its potent anti-inflam-

matory effects, there have been some recent concerns about the chondrotoxicity of repeated long-term usage of IA steroid injections into
the joints. Initial studies showed long term steroid injections over a 2-year period to be safe, but subsequent studies showed cartilage

volume loss in patients who had repeated triamcinolone injections on MRI follow-up over 2 years [5,6]. Different steroids have different
effects on the chondrocytes in experimental studies and while methylprednisolone affects the chondrocytes cellular viability, ketorolac
does not [7,8]. Hence, the potential role of IA NSAIDs in the management of inflammatory may increase in the future.
Experimental studies of intra-articular NSAIDs joint injection

There have been several studies done in rats model of induced osteoarthritis with IA ketorolac, piroxicam and parecoxib, the first and

only cyclooxygenase-2 (COX-2) inhibitor available and IA ketorolac and lornoxicam in the rabbit knee joint.

The use of I/A ketorolac has been studied in animal models and shown to have no detrimental effects on the joints [9,10]. The local

tolerability of lornoxicam after single and repeated IA administration into the rabbit knee joint did not show signs of toxicity to the bone
or chondrotoxicity [11].

Su., et al. in their study also showed the safety of repeated I/A ketorolac and Hyaluronic Acid (HA) injections over a 4-week period

[12]. There were no pharmacokinetics interaction or toxicity seen. This was also confirmed by a similar study using IA piroxicam in the
rats OA model [13].

In terms of efficacy, IA piroxicam administration showed significant reduction in the rat knee swelling, corresponding to the reduc-

tion of prostaglandin E2 levels in the joint. Both IM and IA piroxicam led to rapid rise in the plasma piroxicam concentration, but the
systemic bioavailability of piroxicam was relatively lower compared to that after IM injection, indicating that the IA route provided a

higher piroxicam concentration in the local tissue [13]. Hence the therapeutic effect of IA administration was more effective in terms of
reduction in joint swelling and inflammatory levels compared to IM route. In the study with IA parecoxib, the excitatory amino acids levels
were significantly reduced and they were accompanied with suppression of synovial inflammation and a significant inhibition of cartilage
degeneration in the anterior cruciate ligament-transected knee in rats [14].

And in the studies where IA NSAIDs were combined with HA administration, there were no pharmacokinetic interactions, but on the

other hand, the anti-inflammatory and anti-nociceptive efficacies of IA piroxicam were synergistically increased upon co-treatment with
HA in the rat OA knee model [15].

The positive experimental studies have underlined the basis of the good outcome experience that have been seen in clinical practice.

When administered locally, high concentrations of NSAIDs can be achieved at the site of cell injury with a better outcome and local admin-

istration can lead to clinical benefits such as use of lower doses, lower subsequent systemic exposure and a reduced frequency of adverse
events [16].

Intra-articular ketorolac joint injection in clinical practice
Ketorolac, as an injectable non-narcotic analgesic, has been widely reported first in 1990, being effective for moderate-to severe pain

from post-surgical settings to renal colic and is as effective as morphine and had prolonged analgesic efficacy after a single dose, with a
good safety profile, even in the elderly patients [1-3].

IA ketorolac was first reported by Reuben., et al. in 1995, 14 years ago, for post-operative pain relief following outpatient knee

arthroscopy [17]. The group who received a combination of IA bupivacaine and IA ketorolac had decreased postoperative pain, a decreased
need for postoperative analgesics and an increased analgesic duration. Since then, there has been several reported studies where IA

ketorolac has been used as part of regional anesthesia for knee surgery in ACL reconstruction and gave superior analgesic control. And
in arthroscopic knee surgery, IA ketorolac enhances the analgesic efficacy of local anesthetics and reduced the use of systemic analgesics

with its concomitant side-effects avoided, as shown in several studies [18-23]. Probably though local anti-inflammatory and metabolic
effects, IA ketorolac provided better pain control and less dependence on opioid analgesics [24].
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The study by Proffen., et al. confirmed that there was no deleterious effect of IA ketorolac on musculoskeletal healing following

arthroscopic meniscus repair and that it could be used to harness its benefits of decreased narcotic requirement, decreased pain and
shorter length of hospital stay without negatively influencing the long-term outcome of the surgery [25].

In the setting of total knee replacement, IA ketorolac has been used successfully as part of a local pain control measure and avoiding

the complications of epidural anesthesia and nerve blocks that are often used in the regional anesthesia for pain control [26-28]. Also
the studies showed that the usage of IA ketorolac enabled patients to have better post knee arthroplasty recovery and walking distance.

In the setting of knee osteoarthritis, when IA ketorolac was combined with IA Hyaluronic Acid (HA) for OA knee, there was a more

rapid analgesic onset than IA HA alone without any adverse effects [29-30].

Having gathered enough evidence for the efficacy of IA ketorolac we did our own clinical study in January 2015 looking at the first 40

patients who had IA ketorolac injection and this presentation was made at the 49th Singapore-Malaysia Congress of Medicine Meeting that

was held in Singapore in 2015 [31]. More than 75% of the patients had been previously treated with IA steroids or failed oral NSAIDS. The

response rate was 90% and there were no adverse events from the IA ketorolac.

Following our clinical study, there have been several publications substantiating the role and efficacy of IA ketorolac in shoulder condi-

tions, hip arthritis and other joints as well besides the several publications elucidated to earlier on knee arthritis and surgery.

In the setting of shoulder arthritis, there are at least 5 publications related to the efficacy of IA ketorolac. Intra-articular ketorolac has

been shown to have superior post-surgical pain relief when combined with morphine and ropivacaine and improved patient satisfaction [32,33]. In another study, IA ketorolac was found to be superior to triamcinolone injection in patients with shoulder impingement

syndrome [34]. To add support to the usage of IA ketorolac, there were another 2 publications from our Asian colleagues confirming the
effectiveness of IA ketorolac. Akhtar., et al. from Pakistan showed that in the management of adhesive capsulitis, showing that IA ketorolac
was better than I/A HA in reduction of pain [35]. Xu., et al. from China demonstrated in their study that adding ketorolac to intra-articular

analgesia was a safe and effective method to improve pain relief after shoulder arthroscopy [36].

In the study on hip osteoarthritis, IA ketorolac was as effective as IA corticosteroid, with a good safety profile [37]. In another recent

study, IA ketorolac combined with hyaluronic acid injection for osteoarthritis of the thumb was better than HA alone, with a more rapid
onset of analgesic action [38].

In conclusion, there is a definite clinical role for IA ketorolac in management of the painful knee joint as alluded by the various publica-

tions, including my own clinical experiences. Over 25 publications have been summarized demonstrating that IA ketorolac as a safe and
effective therapeutic tool with good analgesic and anti-inflammatory efficacy.

Intraarticular oxicam NSAIDs in the treatment of inflammatory arthritis
There have been several clinical studies with IA oxicams, in particular IA piroxicam and tenoxicam. The advantage of oxicams being the

long elimination half life of up to 70 hours, with the exception of lornoxicam which has a short half life of 3 - 4 hours [39].

The analgesic efficacy was shown in 2 studies where IA piroxicam was used in the setting of post-knee arthroscopy and both studies

showed that the patients receiving IA piroxicam had lower pain scores and analgesic demand and no side effects. The analgesic efficacy
was most evident in the patients who have preoperative joint inflammation [40,41].

We did over own clinical study with IA piroxicam in 60 patients with inflammatory arthritis [42]. 72 joints were injected with IA piroxi-

cam and there was a 79.5% improvement rate and no adverse events were recorded. 2 brief patient examples are given for illustrative
purposes.

Illustrative case example 2
G D, 54/Ind/F with Inflammatory OA knees for 1 year and a history of Naproxen allergy presented with bilateral knee pain and swell-

ing. Ultrasound showed Effusion+, Synovitis 2+, Osteophytes (Figure 3). She was given IA piroxicam to the left knee with 60% reduction
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of the pain and followed-up IA HA Orthovisc combined with piroxicam (2nd dose) was given with further improvement. She had IA beta-

methasone on the right knee followed by IA piroxicam and HA Orthovisc. She had a good outcome at 2 months follow-up. No AE was noted.
IA tenoxicam was also studied in post-arthroscopic knee surgery analgesia with good efficacy and high patient satisfaction and could

be safely combined with bupivacaine, as in the other previously mentioned IA ketorolac studies [43]. In a similar study involving IA
lornoxicam in patients undergoing arthroscopic anterior cruciate ligament reconstruction, the combination of intraarticular ropivacaine,

morphine and lornoxicam was superior to control or to a combination of ropivacaine and morphine [44]. An interesting study of IA

lornoxicam in patients with RA, showed that weekly IA injections for 3 weeks relieved inflammatory knee pain and reduced synovitis and
effusion on serial ultrasound [45]. We concur with this experience in our RA patients with IA piroxicam.
Illustrative patient example 3

SL, 57/Ind/F with a h/o rheumatoid arthritis had Right knee pain and swelling for 1 month duration. Ultrasound of the knees showed

Synovitis 1+, Power Doppler +ve (Figure 3). IA piroxicam 20mg was given was completely resolution of the pain for 1 month on follow-up.

Figure 3: Ultrasound of the knee with RA showing synovitis.

Intraarticular parecoxib in the treatment of inflammatory arthritis
Parecoxib (Dynastat) is the only parental COX-2 Selective NSAID available in the market and developed by Pfizer [46]. Parecoxib,

a water soluble prodrug of the oral formulation of valdecoxib, is approximately 20,000fold more potent against COX-2 than COX-1. It

is the first and only injectable COX-2 inhibitor available. It is rapidly metabolized into the active form, with peak plasma valdecoxib

concentration occurring between 30min and 3.5 hour. Intramuscular (IM) parecoxib has been shown in several studies to be superior in

analgesic efficacy when compared with IM diclofenac and morphine, having a faster onset of action and a longer duration of effect. In the
study comparing diclofenac and parecoxib given pre-emptively in the setting of general surgery, those given parecoxib had 100% total
pain relief up to 12 hours compared to none in the diclofenac group [47].

Being a COX-2 selective NSAID, parecoxib has less gastric and renal side effects. The adverse event rates of 10% was I to placebo [48].

The efficacy of this drug has been well studied in several reports and in various settings including orthopaedic hip, spine and knee surgery
[49]. Parental parecoxib was associated with a significantly improved pain relief without an increase in adverse effects and many of the

studies were done in Asian patients [50-54]. In my clinical practice, I have used parecoxib without any cross-reactivity in patients who
were allergic to conventional non-COX-2 selective NSAIDs.
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The recently published pooled analysis of 28 trials and 10-year post-authorization data has conclusively shown a good efficacy and

safety profile [55]. Hence, the good results obtained can be extrapolated to the clinical setting for the treatment of moderate-to-severe
arthritis pain with IA parecoxib.

We were the first to present the clinical efficacy and safety of IA parecoxib at the Australian Rheumatology Associations 57th Annual

Scientific Meeting Poster, 2016. We reported our initial experience with 60 Asian patients using intra-articular injection of cyclooxygenase-2 inhibitor parecoxib in the treatment of inflammatory arthritis [56].

In our patient group, IA parecoxib was used alone in 62% of the patients, while in the remaining 38% of the patients, IA parecoxib was

combined with HA and/or steroids. 30% had complete resolution of the joint inflammation while 70% had improvement.

I present a patient example of the efficacy of IA parecoxib in a patient with recurrent knee inflammation due to gouty arthritis.
Illustrative patient example 4

RBD, a 37-year-old Malay man, who has a history of recurrent gouty knee arthritis since 2011. He had previous treatment with intra-

articular steroids injections in 2014 every 2 - 3 months. In 2015, he had recurrent knee inflammation since Jan, for which IA prednisolone
and IA brufencon were given in Jan and March. Uric Acid level was high at 11.3 mg/dl despite febuxostat. He had persistent knee pain and
required IA ketolorac 30 mg and IA piroxicam 20 mg injection. Ultrasound of Right knee showed effusion 3+ and synovitis 2+ and aspiration of 30 mls fluid done. IA piroxicam 20mg and betasol 1 ml were given. He had left knee pain and swelling 1 week later and had similar
knee aspiration and injection done (Figure 4 and 5).

2 weeks later in May 2015, he had similar attacks of knee inflammation for which IA parecoxib 40 mg were given to both knees. He

had weekly IA parecoxib 40 mg injections into both knees for 3 weeks until the knee synovitis and effusion subsided. For the 2nd half of
the year, he required an additional 3 more injections of IA parecoxib injections for control of his gouty flares due to noncompliance and
dietary indiscretion.

Figure 4: Ultrasound showing left knee effusion
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Figure 5: Left knee synovitis and tophi. Power doppler +ve.

Synovitis following total knee replacement is not uncommonly encountered in clinical practice. We were the first to report the success-

ful usage of IA parecoxib to treat the inflammatory arthritis following total knee arthroplasty in 8 Asian patients [57].

Our findings were echoed by our Chinese colleagues who reported similar superior outcomes with IA parecoxib in the treatment of

early knee OA compared with oral celecoxib and these were accompanied by a reduction in synovial fluid proinflammatory cytokines IL-6
and TNF-alpha and an increase in the concentration of the anti-inflammatory factor IL-10 [58].

Can intra-articular NSAIDs be used in combination with steroids or hyaluronic acid injections?
Yes. Several experimental studies have shown the synergistic effect of IA NSAIDs (piroxicam and ketorolac) with IA HA, without any

pharmacokinetic interactions. Lee., et al. were the first to report the rapid analgesic onset of IA HA plus ketorolac in OA knee [29]. In the
setting of inflammatory OA, I routinely combine IA NSAIDs with HA, as reported in the studies earlier with IA ketorolac, IA piroxicam and

IA parecoxib, with a good outcome [31,42,56]. In the 3 studies eluded to earlier, I have given successfully IA piroxicam combined with
HA in 38 patients, IA ketorolac together with HA in 22 patients and IA parecoxib combined with HA in 23 patients, a total of 83 patients

reported. In the ultrasound-guided hip injection case series, there were 2 patients who had IA parecoxib together HA Hyglan GF-20 and 3
patients with IA piroxicam combined HA with good outcomes [59].

For patients with severe joint effusions, usually the knees, I have safely used the combination of IA NSAIDs and steroids. In the 3 series

that I have reported, there were a total of 41 patients successfully treated with this IA combination. We were the first to report this clini-

cal success. In an experimental study on the in vitro anti-inflammatory effects of ketorolac and methylprednisolone, ketorolac showed a

1.4 - 2.5 fold reduction in cellular inflammation markers (E-selectin, vascular cell adhesion molecule and human leukocyte antigen DR)
over the control while methylprednisolone showed a 2.1 to 5.8-fold reduction [60]. While there has not been any studies on the synergistic

anti-inflammatory effects of NSAIDs and steroids, there may be possible mechanistic synergy as steroids inhibits the phospholipase A2
while NSAIDs inhibit the cyclo-oxygenase enzyme inside the inflamed joint. Hence in selected cases of severe inflammatory arthritis, IA
combination of steroids and NSAIDs may be used.
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After reviewing the various studies and also from our clinical experience with IA NSAIDs usage over the last 4 years, I propose that IA

NSAIDs can be used in selected patients with the following clinical scenarios:
1. Recurrent synovitis

2. Severe arthritis with severe pain

3. Recurrent joint inflammation despite I/A steroids

4. In patients when I/A steroids is relatively contraindicated

5. Patients who refuses IA steroid injections for fear of side-effects and chondrotoxicity
6. Severe joint effusions

7. Post-TKR synovitis [61,62]
8. Post-arthroscopic surgery

9. Combined with IA HA in inflammatory OA.

Conclusion

In this review, I have given a comprehensive summary of the experimental and clinical basis for IA NSAIDs and their efficacy and

usefulness in the treatment of inflammation arthritis and also post-surgical knee pain. IA NSAIDs has demonstrated good efficacy in a
variety of clinical settings, especially in inflammatory OA and even RA. IA NSAIDs is an additional armamentarium available that we as
clinicians managing patients daily with arthritis pain can use to effectively control inflammatory joint pain with a rapid onset of action

and minimal adverse effects. Patients can be relieved of their debilitating joint pain with a single IA NSAID injection due to immediate

local on-site action and drug retention rather than having to take a long course of oral NSAIDs or analgesics and avoid the side effects of
prolonged oral NSAIDs ingestion. In addition, there is no fear of chondrotoxicity with IA NSAIDs and on the other hand, the inhibition of
inflammatory prostaglandins by IA NSAIDs may be chondroprotective. Furthermore IA NSAIDs are readily available and inexpensive and
can be safety combined with IA HA with synergistic efficacy. In the light of all these advantages, I propose that IA NSAIDs be utilised as a
first or second line IA anti-inflammatory agent for the effective treatment of the painful inflamed joints.
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