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ABSTRACT

Pain is most common symptom associated with progressive disorder, chronic kidney disease (CKD), and is usually undertreated
during the early stages of CKD. So, present review was conducted to evaluate the challenges for the management of pain in CKD
patients and addresses the scope for considering Diclofenac as suitable alternative for pain management in CKD patient. The
database PubMed and Google Scholar were searched from 1970 to Dec 2020 for literature published in English and all studies,
review articles that examined the use of Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) in pain management in CKD patients were
included. Literatures revealed that there is a considerable challenge in appropriate management of pain in CKD patients include
understanding the altered pharmacokinetics and pharmacodynamics of analgesics in CKD patients and the risk of acute interstitial
nephritis. The shorter duration of analgesics is acceptable and considered to pose a low risk of acute interstitial nephritis in patients.
Considering that Diclofenac has a shorter half-life and high efficacy, it may be well tolerated in patients with CKD. The acceptance
of Diclofenac is partly attributed to being a potent COX-2 inhibitor with the lowest IC50 and its rapid onset of action at lowest
effective dose. In conclusion, diclofenac may be well tolerated in patients of renal impairment when used at lowest effective dose
for shortest dose duration. Diclofenac is worthy of consideration in mild to moderate cases of CKD. For effective pain management,
it is vital to evaluate the tolerability and efficacy of the available analgesics critically.
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Introduction procedures that require effective pain management. Pain

manifested in patients vary in severity and the types. Clinicians

Pain is one of the most common and distressing symptoms need to take cognizance of these aspects for pain management
for patients with chronic kidney disease (CKD) impacting the in CKD patients.l The literature reported >60-70% of pain
health-related quality of life and is usually undertreated.!'” prevalence among advanced and end-stage kidney disease

The disorder is associated with a progressive and gradual patients.! Also, in the last two decades, the role of primary
loss of kidney function that can result in end-stage renal healthcare has expanded in minimizing renal morbidity, which
disease (HSRD).P Literature suggests that 70% of patients  was earlier considered under the purview of specialists only.®
affected with the disease reported pain.*”! Additionally, CKD CKD management was integrated in primary healthcare for
patients with co-morbid conditions may undergo surgical early diagnosis, and management can be started to intercept

disease progtression and improve patient outcomes.’)
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the management of pain in CKD patients and potential role
of diclofenac in pain control while reducing the drug induced
complications. The research and development focus lacks in the
area of pain management in renal impairment. Scientific literature
demonstrates conflicting results on the impact of non-steroidal
anti-inflammatory drugs (NSAIDs) on the pain status of the
disease." This could be mainly due their focus on the late stages
of CKD and partly due to limitations in their methodology of
studies employed. The review aims to evaluate the challenges
in managing pain in CKD patients and addresses the scope for
considering Diclofenac as a suitable alternative.

Methods

The PubMed database and manual search of google scholar
were used to perform the literature search for this review. We
included articles published in ‘English’ language from the period
1970 to April 2020. The search was performed using keywords,
chronic kidney disease, analgesics, end-stage renal failure, WHO
analgesic ladder, WHO pain management, pain in chronic kidney
disease, CKD, CKD status, opioids, NSAIDs, cyclooxygenase
enzymes, COX enzymes, diclofenac safety, pharmacokinetics
of diclofenac, pharmacological properties of diclofenac, dosage
and formulations of diclofenac. The present review article is a
narrative review; hence entire PRISMA guidelines for reporting
systematic reviews were not followed. We screened articles based
on the titles and abstracts and include 72 articles to develop this
review.

Discussion

The considerable variation in prevalence is attributed to
demographic and socioeconomic factors, including age, sex,
genetic susceptibility, lifestyle, diet, and environment.P!'"’)
Increasing prevalence of diabetes and hypertension, resulting
in albuminuria, are the leading causes of CKD contributing to
increased prevalence in low and middle-income countties.!'"
Various studies using divergent methodologies have reported CKD
[15-18)

prevalence in Indian population ranging from 0.8% to 18%.

According to Kafkia e/ al, symptoms pertaining to pain are
more prevalent in stage 5 patients relative to cancer and are
associated with higher levels of moderate to severe pain.'’» CKD
patients have multiple factors that trigger pain, and management
varies balancing between efficacy and tolerability. The type of
pain can be ischemic, musculoskeletal, neuropathic, or due to
renal osteodystrophy® Davison’s e a/. (2003) suggests that
musculoskeletal pain is prevalent in over half of the patients equal
in severity to neuropathic and ischemic pain; 75% of the patients
report inadequate treatment.?!! Additionally, comorbidities such
as diabetes mellitus (DM) and peripheral vascular disease (PVD)
further aggravate the pain due to progressive peripheral
neuropathy or intermittent claudication.

About 37 to 50% of hemodialysis patients experience chronic
pain, of which 82% is moderate to severe in intensity. Pain
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in elderly dialysis patients is perceived as more challenging to
treat. It is prevalent in 42% of patients withdrawn from dialysis.
Generally, pain in hemodialysis patients is of different etiologies,
and musculoskeletal pain emerges to be the major cause.?# A
quantitative analysis of varying etiologies demonstrated that
musculoskeletal pain complaints were reported by 54% of
patients followed by cramps in 43%, headache in 19%, and chest
pain in 10% of patients.”! Figure 1 highlights the causes of pain
in CKD patients.?

WHO step-ladder approach for pain management
in CKD

According to the WHO step-wise pain management
scheme [Figure 2], NSAIDs/non-opioids are the first line of

25201 Ty severe

treatment for pain management in CKD patients.
CKD, in addition to the analgesics, despite serious concerns with
addiction and adverse side effects, opioids are considered but
with extreme caution.’? Current literature suggests NSAIDs
are not the only cause for progression of renal impairment.””
For any analgesic class considered for long term at cumulative
high dosages, there is a potential trade-off with balancing benefits

versus harmful side effects.*®!

Polycystic kidney disease 1.90%
Osteoporotic fracture 1.90%
Uremic Gout 5.70%
Osteodystrophy 7.50%
Malignancy 9.40%
Joint inflammations 9.40%

Degenerative joint disease 9.40%

Pain etiology

Neuropathic pain 18.90%

Dialysis-related pain 26.40%
Peripheral vascular disease 32.10%

Surgery 43.30%

Prevalence in CKD (%)
Vasculitis 4%
Destructive spondyloarthritis 8%
Carpal tunn21 synirome 14%
Flexior. defornity of the clbow 16%
Ecopis cakification 2%

Cramp: 29%

Pain Eticlogies

Flezor tenosynovitis | 29%
Arthralgia 31%
Myalgia 3%
Fibromyalga syndrome 51%

0% 10% 0% 30% 40% 50% 60%
m Prevalence in Hemodialysis Patients

Figure 1: Prevalence of pain etiologies in: 1a: CKD patients.?? Adapted
from Sakata RK et al. Revista Dor. 2014;15:224-9. 1b: Hemodialysis
patients.4 Adapted from Haroon MM et al. Int J Clin Rheumatol.
2018;13(5):7
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Acetaminophen is a centrally acting analgesic with no or least
impact on associated inflammatory component. Owing to
the mode of excretion, it is recommended in CKD patients.
Acetaminophen may be used for treating advanced CKD
patients with mild or low-grade pain, and its impact on CKD
is debatable.”” Studies have indicated a positive association
between CKD and acetaminophen.P"* Acetaminophen-induced
liver necrosis is well studied and overdose of acetaminophen

may result in both hepatic and renal failures.?**"

Opioids can be considered for pain management only when
other alternatives seem inadequate. All guidelines emphasize
the potential misuse and abuse of these drugs when used for
a longer period for chronic pain management.l”! Most opioids
undergo hepatic biotransformation and are primarily eliminated
by renal excretion. The toxic effects due to opioid drugs and its
metabolites often emerge after 48 h and demand re-evaluation
every 24-48 h following treatment.P” Especially in CKD patients,
the accumulation of opioids and their toxic metabolites remains
a serious concern as it may result in severe complications such
as myoclonus and seizures.”*** Therefore, careful monitoring
of renal function is required.

Accumulation of commonly used opioids like morphine,
oxycodone, etc., in advanced CKD patients can lead to profound
CNS and respiratory depression.’*** This could be disastrous for
CKD patients with associated metabolic acidosis since they depend
on respiratory compensation to maintain acid-base homeostasis.
Due to favorable pharmacokinetic profile posing less burden on
the kidneys, use of opioids like methadone and fentanyl may be
acceptable in CKD patents.”? However, caution is advised due

to lack of evidence on tolerability and efficacy in chronic pain.*”)

A take on NSAIDs in CKD patients

Prolonged use of NSAIDs is considered harmful for CKD
patients by most clinicians. Also, the clinical guidelines (KDIGO
2012) recommended to avoid used of NSAIDs in patients with
eGFR >30 mL/min/1.73 m* due to NSAID nephrotoxicity.
Literature states that NSAID nephrotoxicity in CKD patients is
confounded by factors like severity of underlying health conditions,
comorbidities, disease burden, and polypharmacy. Moreover,
most epidemiological studies were deficient with respect to the
stratification by CKD stage ot exclusion of advanced CKD.!”

Available literature disputes the significant association of
NSAIDs with progression of CKD to moderate and severe
cases. A review that summarizes the findings from 768 articles
suggested that NSAIDs administered at regular dosage are
well-tolerated; high-dose and long-term usage might be

one of the risk factors for CKD progression.!"”

I It suggests
that unless contraindicated, drugs like diclofenac with a

short plasma half-life (2 hours) at regular dosage need not

Non-opioid £ Adjuvant +
10- Strong opioid
9-
8-
Non-opioid ¢
o 7- Adjuvant £
'°‘ weak opioid E
8 6- Oxycodone (2)
c Hydromorphine (3.5-7.5)
‘s 5= Fentanyl/alfentanil (50-100)
a Methadone (10)
4- Buprenorphine (30-60)
Non-opioid +
3- Adjuvant +
Tramadol (0.2)
2- Step 1 Oxycodone with
Mild min acetaminophen
1=
0= Acetaminophen
NSAIDs,
Cox-2 inhibitors
Carbazepine,
Gabapentin
Pregablin,
Tricyclic antidepressants

Figure 2: Modified WHO analgesic ladder in patients with CKD.[®
Adapted from Parmar M et al. F1000Research. 2013;2(28)

be strictly avoided even in patients with moderate to severe
CKD. Long-acting NSAIDs (meloxicam, Piroxicam) with
half-life >12 h could inhibit renal vasodilator prostaglandins,
therefore, must be avoided to prevent significant reduction
in eGFR.I'T Accordingly, diclofenac with a shorter half-life
may be an option in CKD patients.""* Shorter dosing is
acceptable as it poses low risk of acute interstitial nephritis
in patients with eGFR <30, mL/min/1.73 m? where dialysis
is not needed. Besides, the longer duration can be considered
in aforementioned patients with regular monitoring for kidney
functions. In hemodialysis patients, the use of NSAIDs may also

be acceptable coupled with regular monitoring, -4

The above pointers suggest that cautious use of NSAIDs and
regular monitoring of renal functions may contribute towards

Table 1: Inhibitory action of NSAIDs against COX-1 or COX2 enzymes

Drug IC50 for COX-1 IC50 for COX-2 Ratio [COX-2:COX-1] References
Celecoxib 30 uM 50 nM 600:1 [48, 49]
300:1 152]
[53]
Indomethacin 0.42 uM 2.75 uM 1:7 (48, 49]
0.08 uM 1 uM 1:12 [53]
Diclofenac 0.06 uM 0.4 uM 7:1 [48, 49]
0.01 pM 0.03 uM 3:1 [51,54]
Journal of Family Medicine and Primary Care 2452 Volume 10 : Issue 7 : July 2021
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effective pain management in CKD patients.?*! Responsible
pain management strategy for CKD patients would therefore
comprise of careful selection of appropriate analgesic and
NSAIDs in low doses for shorter duration.

The different classes of NSAIDs comprise of drugs that could
selectively inhibit cyclooxygenase (COX) enzymes i.e., COX-1 or
COX-2 or both, giving rise to a spectrum of varying effectiveness
and adverse effects. Studies demonstrated the role of both COX-1
and 2 in renal homeostasis. Since constitutive COX-2 homeostatic
response has been observed in developing brain, kidney, and gut
tissues, selective COX-2 inhibitors pose serious adverse renal
effects.[ This has led to the withdrawal of most highly selective
COX-2 inhibitors, while others in the market come with a ‘black
box’ warning sign since 2015." This has resulted in reverting
the preference back to non-selective (ibuprofen, naproxen) and,
largely to partially selective diclofenac.

Diclofenac displays analgesic, anti-inflammatory, and anti-pyretic
properties. The remarkable acceptance of diclofenac is
attributable to being a potent COX-2 inhibitor while retaining
similar activity as some of other popular non-selective
NSAIDs.'4 Indomethacin has seven times greater selectivity
to COX-1 than COX-2." This high preponderance to inhibit
COX-1 over COX-2 enzymes lends Indomethacin with
significant adverse gastric irritation. The zz-vitro assays have
selectively quantified and compared the COX-2 dependent PGE2
formation by monocytes with that of end product of the COX-1
dependent pathway, thromboxane A2 (TXB2) formation by
platelets.1 These assays demonstrated that diclofenac inhibits
COX-2 enzyme with higher potency than COX-1 [Table 1]. This
inhibitory action was comparable to that of celecoxib, a potent
COX-2 inhibitor. The below table shows that a balanced and
optimal COX-2: COX-1 ratio puts Diclofenac in a different
context in terms of tolerability balanced with potent efficacy.

Pharmacokinetics profile of diclofenac in CKD
patients

Diclofenac has a short biological half-life of two hours and
fast elimination rate (mean elimination half-life 1.2-1.8 h).l""*
Diclofenac is metabolized into glucuronide and sulfate conjugates
and eliminated in urine and bile secretions. A minimal amount of
diclofenac (~1%) remains unchanged and excreted through renal
system.”¥ Since renal excretion is not the primary route for excretion,
renal burden imposed by diclofenac is not a significant concern.
Therefore, diclofenac at standard dosing may be well tolerated in
patients with renal dysfunction without other contraindications.

Diclofenac can diffuse into and out of the synovial fluid.
Diclofenac being an acetic acid derivative of NSAIDs, remains
highly bound to plasma proteins like albumin. Diclofenac gets
concentrated in the systemic circulation and inflammatory
response sites. The inflamed tissues pose a weakly acidic
environment, thereby reducing diclofenac interactions with
plasma proteins. Consequently, concentration of unbound

Journal of Family Medicine and Primary Care

diclofenac increases which can readily diffuse into the intracellular

155561 Tn a concentration

spaces and execute its target response.
gradient dependent manner, diffusion into the joint occurs when
plasma levels are higher than those in the synovial fluid. The
unique pKa of diclofenac renders higher persistent availability
at inflammation site (synovial fluid) than plasma. For instance,
Diclofenac sodium was detectable in synovial fluid for up to 11 h
following administration of 50-mg enteric-coated tablet and up to
25 h following administration of 100-mg slow-release tablet.?”*
This persistence at the site of inflammation and its inhibition
of COX-2 enzymes in the inflammatory cells contributes to
the prolonged therapeutic effect. Administration of high doses
could extend pharmacodynamic half-life, thus contributing to
the prolonged effect.”” The therapeutic effect of diclofenac is
evidenced as decreased levels of PGE2 in the synovial fluid and
of the inflammatory cytokines.[*¢!

Dosage of diclofenac compared to other NSAIDs

The IC50 values of diclofenac [Table 1] makes it efficient even at
lower doses. According to a study, efficacy of 150 mg of diclofenac
was comparable to 500 mg of naproxen and had lower adverse
teactions compared to most other NSAIDs. Of the different
NSAIDs studied, Indomethacin had the most effect on eGFR.I!

Diclofenac sodium is demonstrated to be more effective than
ibuprofen, and even at doses of 12.5 mg, it is as effective as
500 mg of paracetamol.*“!l Further, the advent of fast-acting
formulation, diclofenac potassium displays accelerated
absorption, fast relief, and requires much lower dose. The
chemical difference between diclofenac being an acetic acid
derivative to ibuprofen is a propionic acid derivative accounts
for greater ability of diclofenac to bind plasma proteins. Hence
diclofenac is considered to be a well-tolerated alternative in
managing pain and inflammation."”

Tolerability of diclofenac

Diclofenac is contraindicated in patients with known
hypersensitivity (e.g., anaphylactic reactions and severe skin

Table 2: Key pointers on role of Diclofenac in CKD

Diclofenac is both a COX-1 and COX-2 inhibitor with more potency
against COX-2.

The drug is metabolized and is excreted by both renal and bile mode with
only 2% of unchanged diclofenac.

Diclofenac diffuses into and out of the synovial fluid.

Pharmacokinetic property including its short plasma half-life, lowest

1C, and its prolonged action of one single dose makes it one among the
potent NSAIDs.

Different formulations for fast actions [Diclofenac K], varying doses of

enteric-coated Diclofenac Sodium, and sustained release make it more
patient-friendly.

Renal impairment with NSAIDs and Diclofenac is not solely attributed
to these drugs; but to patient’s underlying medical conditions and renal
function status.

Diclofenac may be well tolerated in renally impaired patients when used
at the lowest effective dose for the shortest dose duration.

COX-1 - Cyclooxygenase 1; COX-2 - Cyclooxygenase 2; NSAID - Nonsteroidal anti-inflammatory
drugs; IC- Inhibitory concentration
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reactions), with a history of asthma, urticaria, or other allergic-type
reactions after taking aspirin or other NSAIDs. Long-term
administration of diclofenac may result in renal papillary necrosis. In
susceptible patients, the effect of NSAIDs on renal prostaglandins
following administration may cause a dose-dependent adverse
reaction. The gastrointestinal complications are most common
side effects with NSAIDs including Diclofenacl Safety
warnings associated with diclofenac usage include cardiovascular
thrombotic events, gastrointestinal bleeding, ulceration and
perforation, hepatotoxicity, renal toxicity, and hyperkalemia. The
recommendation is to administer diclofenac at the lowest effective
dose for a shorter duration; however, diclofenac is contraindicated
in patients with eGFR <15.1!

Diclofenac formulations

Delayed- and extended-release forms of diclofenac sodium were
initially developed to reduce the dose with retained efficacy, and
to improve tolerability especially in chronic pain management. 6%
New drug products consisting of diclofenac potassium salt were
associated with faster absorption and rapid onset of pain relief.
Various pharmaceutical evolution of formulation of diclofenac
offers an additional advantage of dosage regulations. These
include immediate-release tablets, liquid-filled soft gel capsules,
and powder for oral solution.[ Table 2 presents the key
pointers on the role of diclofenac in CKD.

Challenges in pain management in CKD

The challenges like comorbid conditions leading to polypharmacy,
elderly age, and reduced GFR due to altered pharmacokinetics
of drugs, poses a challenge in appropriate pain management.
Some challenges are increased risk of toxicity, unwarranted drug
interactions, and adverse effects of analgesics. Occasionally, uremic
symptoms are confused with the adverse effects of analgesics
resulting in inappropriate withdrawal of pain medications. Further,
patients fail to seck medical attention until the pain becomes severe
and to some extent due to the cost of pain medications.

Another challenge is inadequate pain assessment by healthcare
providers or due to lack of staff time and training, The extent and
severity of the problem seem to be less recognized by the health
care providers mainly because of limited training to consider the
compromised course of drug and altered pharmacokinetics in
CKD patients.**"

Considering the need for pain management in the CKD patients,
the choice of analgesics after careful assessment of risk is
warranted. Some of the necessary steps include assessment of
the type of pain, underlying cause, intensity and duration of
pain, concomitant medications, and co-morbidities. Adjuvant
analgesics and non-pharmacological methods of pain control
should also be considered.

Some points to ponder

Effective management in CKD patients is challenging due to
altered pharmacodynamics and pharmacokinetic properties.
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However, pain in CKD patients requires early diagnosis and
therefore effective management. The current need of the
hour is to individualize pain management basis the patients’
underlying condition. The choice of the analgesic needs to be
made based on the efficacy, tolerability, duration of treatment,
and contraindications. NSAIDs are generally considered as first
line of treatment. However, many practitioners have concerns
about renal safety with NSAIDs. A recent report by Prof. Nicholas
Moore published in April 2020 highlights that renal effects of
NSAIDS are dose duration dependent; long-term usage may
be a risk factor for renal impairment. This is less certain for the
short-term use of lower doses, such as used to relieve common
pain.” For CKD patients, diclofenac emerges as a well-tolerated
alternative with an added advantage of potent efficacy. Less potent
analgesics than diclofenac, may be administered for a longer
duration for managing pain in CKD patients, pose adverse renal
effects. Administering diclofenac with shorter plasma half-life at
lowest effective dose for a shorter duration can be considered
as a promising option while monitoring for contraindications.

Managing pain in CKD patients can also be achieved through
shared decision-making process. A detailed consultation with
multiple specialties like nephrologists, orthopedics, surgeons,
etc., may help to be pre-emptive of adverse effects associated
with the available pharmacological options.

Implications for future research and clinical practice

The narrative review has been opted to cover the issues of
pain management and comprehensively discuss the role of
diclofenac in pain management. This review does not provide a
critical appraisal of the methodologies in existing literature and
conclusions pertaining to concerns with using diclofenac in CKD
patients. Further work in this regard is needed.
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