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Pain Management in Pediatric Chronic Kidney Disease
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Pain is a common problem in children with chronic kidney disease (CKD); however, limited data exist
regarding its management. Although most pain is managed pharmacologically, in some instances non-
pharmacologic management can aid in safely ameliorating discomfort. Because of the accumulation of
toxic metabolites, many common pain medications have adverse effects on kidney function or altered
pharmacokinetics in the setting of CKD. Decreased clearance impacts safe dosing of analgesics. The pain
management of patients on renal replacement therapy requires an understanding of drug clearance due to
the different modalities of dialysis. This educational review highlights pain medications that are safe, albeit
often with adjusted dosing, as well as drugs best avoided in the management of pediatric kidney disease.
Acetaminophen should be used as a first-line therapy for pain management in children with CKD. Opioids

may be added to control moderate to severe pain. Although data are currently lacking, buprenorphine
holds promise as a potentially useful drug for the treatment of pain in pediatric patients with CKD. The
addition of adjuvant pain medications and non-pharmacologic therapies maybe also be helpful. Despite
these options, pain often remains difficult to treat in children with CKD.

ABBREVIATIONS APAP, acetaminophen; CKD, chronic kidney disease; ESRD, end-stage renal disease;
FDA, US Food and Drug Administration; NAPQI, N-acetyl-p-benzoquinone-imine; NSAIDs, non-steroidal
anti-inflammatory drugs; OCTN1, Organic cation transporter 1; PROMIS, Patient-Reported Outcomes
Measurement Information System; TCAs, tricyclic antidepressants
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Introduction

Chronic kidney disease (CKD) refers to irrevers-
ible damage to the kidneys. End-stage renal disease
(ESRD) is defined as CKD resulting in the need for
renal replacement therapy in the form of dialysis or
transplantation.' In 2003, the prevalence of pediatric
ESRD in the United States was estimated to be 102
per million, a number that will continue to increase as
therapies allow for longer survival.? CKD alters drug
metabolism because of 1) decreased absorption from
delayed gastric emptying, increased gastric pH, and
bowel wall edema; 2) increased volume of distribution
and decreased protein binding; 3) altered metabolism
with accumulation of active drug; and 4) decreased
elimination due to lower glomerular filtration rate and
decreased protein binding, leading to a higher inci-
dence of adverse effects.?

Pain is a subjective experience caused by nocicep-
tors sending signals to the brain meant to help us
avoid or decrease the severity of injury. Acute pain is
caused by thermal, mechanical, chemical, or inflam-
matory activation of nociceptive neurons.* Chronic
pain is generally defined as pain lasting longer than 3
months, or longer than the expected healing time for
an acute injury.® This pain can be caused by continued
inflammation, damage to neurons, or other mechanisms

not fully understood.*® Pain intensity can be mea-
sured using verbal input (McGills Pain Questionnaire),
visual scales (Wong-Baker faces) or numeric scales.
The Wong-Baker face pain rating scale is useful in the
pediatric population’

Recently, there has been interest in trying to quantify
the prevalence of pain in the pediatric CKD population.
Multiple groups have used the National Institutes of
Health’s Patient-Reported Outcomes Measurement
Information System (PROMIS), a validated and publicly
accessible question bank, to assess self-reported pain
in various diseases. In one study of more than 1000
children with chronic diseases in North Carolina and
Texas, almost half of the 384 children with CKD had
experienced pain in the past week that interfered with
their usual activities.® This was consistent across the
various stages of CKD. These results were echoed by a
survey of 233 children with CKD from 14 centers in the
United States also using the PROMIS question bank.®
This suggests proper pain management is an important
problem in this population and has substantial room
for improvement.

Medications recommended for pain managementin
adults with CKD include acetaminophen (APAP), trama-
dol, hydromorphone, methadone, fentanyl, gabapentin,
and oxycodone.® Although CKD in adults occurs mostly
because of diabetic nephropathy and hypertension, the
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etiology in children is commonly related to congenital
anomalies and glomerular diseases.® Additionally, in
children, development and maturation of the kidneys
can modify the pharmacokinetics of drugs and impact
drug response. The goal of this article is to discuss the
use of analgesic medications in children with kidney
disease. Unfortunately, there is a lack of data in chil-
dren, and the great majority of studies include only
adult patients. We extensively reviewed the literature,
including the mechanism of action, pharmacokinetics,
and safety profile of various medications, to determine
the medications and doses that are appropriate to use
in children with CKD.

Non-pharmacologic Therapy

Although most pain in the hospital is managed phar-
macologically, in some instances non-pharmacologic
management can aid in safely ameliorating discomfort.
Topical heat or cooling can help with muscle pain,
particularly after injury.* Prospective studies and small
randomized trials have suggested that mind-body
interventions, such as meditation, can help decrease
perception of pain" In cases where musculoskeletal
pain is a contributing factor, physical therapy can be
helpful for decreasing pain and improving quality of
life?”3 Although there may be some benefit, currently
there is insufficient evidence supporting the use of acu-
puncture for pain in patients with CKD.* In the pediatric
population, distraction techniques and involvement of
child-life specialists may help with the management
of pain.®

Recommended Analgesics

A variety of analgesics are recommended based on
severity of pain, conditions associated with the pain,
and organ function. Different analgesics may vary in
effectiveness depending on the specific characteristics
of an individual patient’s pain. For example, steroids
may help alleviate chronic inflammatory pain, whereas
antiepileptic drugs may be effective only for neuro-
pathic pain. Pain control in patients with CKD presents
challenges because many analgesics undergo renal
metabolism or elimination and thus must be dose
adjusted for these patients. The Table summarizes
recommended medications as well as renal dosing
adjustments.’s”

In 1986, the World Health Organization established
a 3-step ladder for pain management which has been
widely used in patients with CKD (Figure).®*® For mild
pain, they recommend the use of a non-opiate medica-
tion. For patients with moderate pain, lower-potency
opioids, including hydromorphone, hydrocodone, or
tramadol, may be added to a non-opioid. For severe
pain, the addition of higher-potency opioids is recom-
mended. At any step, adjuvants may be prescribed
depending on the etiology of the pain.

Non-opioids: Acetaminophen. The preferred medi-
cation for analgesia in patients with CKD unless other-
wise contraindicated is APAP. Although its mechanism
is not fully understood, APAP is believed to reduce
pain by inhibiting the cyclooxygenase isoenzyme at
the peroxidase site, ultimately resulting in a reduction
of prostaglandin production.® It is 20% to 50% protein
bound and undergoes hepatic metabolism, making ac-
cumulation to toxic concentrations or kidney damage
in the setting of CKD less likely*2° Some recent case
reports suggest that APAP may be dialyzable.?"?

Although some retrospective studies have suggested
an association between regular or large doses of APAP
and renal toxicity, other cohort studies have found that
chronic use of APAP does not correlate with decreased
kidney function.?*-25 In contrast, overdose of APAP is
associated with negative renal consequences. Acute
kidney injury can develop after overdose of APAP. Most
studies have reported rates to be 2% to 10%2°; however,
one adult study reported rates of 79% following severe
overdose.?®

APAP is thought to cause both liver and renal tubular
damage via the toxic metabolite N-acetyl-p-benzoqui-
none-imine (NAPQI), which is produced during APAP
metabolism via cytochrome P450 isoenzymes found in
both the liver and kidney. When APAP is administered at
therapeutic doses, less than 5% of APAP is metabolized
to NAPQI. Following overdose, however, depletion of
glutathione results in high levels of NAPQI® The harm-
ful consequences of overdose should be taken into
account when considering large-dose or long-term
APAP use. APAP is available in tablet/capsule, chewable
tablet, liquid, and injectable forms.

Opioids. Most opioids undergo hepatic biotransfor-
mation and are primarily eliminated by renal excretion.
Significant renal retention of active or toxic metabolites
can occur among advanced CKD patients and lead to
central nervous system and respiratory depression as
well as hypotension.*

Hydromorphone. Hydromorphone is a synthetic
morphine derivative that is significantly more potent
than morphine. It may be used as a second-line agent
for control of moderate pain. Hydromorphone is hepati-
cally metabolized to hydromorphone-3-glucuronide,
dihydromorphine, and dihydroisomorphine as well as
miniscule amounts of other metabolites. It is 20% pro-
tein bound.” All metabolites are renally excreted and
therefore accumulate in CKD. The area under the curve
for plasma concentration of hydromorphone has been
found to be 2-fold higher in patients with moderate
renal failure (estimated GFR, 40—-60 mL/min/1.73 m?),
and 4-fold higher in those with severe renal impair-
ment (estimated GFR, <30 mL/min/1.73 m2), compared
with those with normal renal function.?”-2° Thus, lower
starting doses with or without increased dosing inter-
vals may be needed depending on the degree of renal
impairment.?®>-*' Hydromorphone is 40% to 55% cleared

www.jppt.org

J Pediatr Pharmacol Ther 2018 Vol. 23 No. 3 193



Reis, A et al

Pain Management in Pediatric Chronic Kidney Disease

‘asealal alelpawiw| §

‘subis [eyA Jojuow {aljal uted azjwndo 0] palels|o} Se asealdu|
i5'(IP/Bw

ul suluneald wniss) / (siaswnuad ulybiay x €11°0) = Y499 a1aym ‘uonenbs zuemyds apispaq Ag paie|ndjed si Y499 Sy ‘uolduUNy [BUSI UO Paseq suoljed|paw Jo Buisop auiwialap 0} Y499 pajewnss asn
(uaipiiyd pun synpy

104 SauljapIng :81n(IbH [pudy ul buiquosald bnig s jjouoly pue auljuo dwodixa wodj Buisop ||y) ‘suonesipaw Buiguosald al1ojaq sadinosal ABojodewleyd 3nsuod ‘ABojodewleyd Jo ainjeu JIWRUAP 8y} UBAIS

/D10 ‘Od ‘SIsAIpIp [pauoliad ‘gd f2sop wnuwixpw pajdaddp ou ‘YN

fSNOUBADUI [ IDINISNWIDIIUI ‘W] SIUDJUI | SISAIDIPOWSY ‘GH ‘9104 UORDIYl IDINISWOIB ‘HH9) D10 UONDIYI IDINISWOID PAIDWIISS ‘Y493 AdDIoy] JuswadD|da.l [DUSI SNONURUOD ‘[ HyD USIPJIYD D S)USISS|oPD ‘v

uonounysAp

(VN) B Aauppy uo
(eujogelow /BW G00°0—-SZ00°0 ‘Al paseq asop (621 oL<
elep pajwi| dABOe (eq eve'g8l) 1y 9—¢g b Al (VN) B BunJess jo pue ow 93)
‘Axun elep pajwi| ‘Ajdxn 104) %0€< %0T 1y ¢ b:0d /Bw 510'0—-5£00°0 :Od %0G-%ST VN 8uoydiowolpAH
Bx/6w |'0-50°0 S8A  dd {0 aH 1o 09>
(eq L£662) 1A 2<)
elep oN elep oN elep oN %9€E yo-y b Bx1/6w Z'0-10 :0Od SUON 09<  9UOPOD0IPAH
Bx1/6ow |-G ad ‘o aH 4o o>
Bx/6ow G°1-G/£°0 SOA  1¥¥D 40 050l
elep pajwi| (e@ 6£t79€€) (esop 1ad Bow QG) (v )
elep oN a|qezAlelp 10N ‘AAuN %S8—%08 yy—zb Bx1/6ow z—| ‘Al SUON 06< [Aueiuag
elep pajwi| elep pajwi| (e@ 59/9t) 1#(VN) aMD Ul puswwWodal (1A 2<)
‘Aun  exep pauwil Axun ‘AAuUN %96 yo-vb B3/6oW 9—7 Al 10 I juauisnipe Buisop oN  aulydiousidng
dd 1o
yghb SEIN aH {o/pue Q}>
b (Rep/Bw 000Y
49 01 dn Aep/6x/6w G/ SOA 05-0L
a|qezAjelp (ea gor1sL) tasop 4ad Bw 000L) (V2
10N elep pajwi| ‘Ajexi %0E %0G—%0C yo-v b Bx/6w G1-0L :0Od SUON 1Yy uo o 0GZ usydoulwelady
A mmm_‘_._w 61 mco_ne___“>:o :MN__QK,_ ‘_me__-__Mwo_‘_os: BAIDIU (9soq@ wnuwixep]) [eniu P e (uoneindod
ad uiq d-ubiH  |euon jo} Ipuig uisjoid leAsdiu| a D) IBRIUL o snfpy Wy Aq siqesnddy)
ApqezAjeig Buisoq papuswiwoddy |eAlslul/@soq  uonoung Asuprny B6niq

L{@D) aseasig Asupiy d1uolyD ul soi1sabjeuy papusWWOoIay 40 Jusawisnipy asoq *a|qeL

www.jppt.org

194 J Pediatr Pharmacol Ther 2018 Vol. 23 No. 3



‘asealal alelpawiw| §

‘subis [eyA Jojuow {aljal uted aziwndo 0] palels|o} Se asealdu|
15 (1P/Bw

ul suluneald wniss) / (siaewnuad ulybiay x €11°0) = Y499 a1aym ‘uonenbs zuemyds apispaqg Ag paie|ndjed si Y499 Sy UolduUNy [BUSI UO pPaseq suoljed|paw Jo Buisop auiwialap 0} Y499 pajewnss asn
(uaipiiyd pun synpy

104 SauljapIng :81n[IbH [pudy Ul buiquosald bnig s jiouoly pue auljuo dwodixa wodj Buisop |y) ‘suonesipaw Buiguosald alojaq sadinosal ABojodewleyd 3nsuod ‘ABojodewleyd Jo ainjeu JIWRUAP 8y} UBAIS

D10 ‘Od ‘SIsAIpIp |pauoliad ‘gd f9sop wnuwixpw paidaddn ou ‘YN

fSNOUBADUI [ “IDINISNWIDIIUI ‘W] SIUDLUI ‘| SISAIDIPOWSY ‘GH ‘2104 UORDIYI IDINISWOIBL ‘HH9) D10 UONDIYI IDINISWOID PaIDWIISS ‘Y493 AdDIoy] JuswadD|da.l [DUSI SNONURUOD ‘[ H&D USIPJIYD D S)USISS|oPD ‘v

Pain Management in Pediatric Chronic Kidney Disease

Reis, A et al

(Aep/Bbw 002) Aouanbauy
sisAjeIp Joye asop uzb Bw 001-06 ‘:Od paseaiaq oe>
ajqejiere Y g b oy Aouenbauy (ea 18€€92) (Rep/Bw 00v) 814 £12)
elep oN 9SBaIO9P (%0EL  d|qezAjelp 10N %0¢C yo—yb Bw 001-05 :0d SUON 0g< |opewel|
asop
Bx/6w §'0-GZ0'0  1ensn Jo %05 oL>
asop
Bx/6w G/ 0-GLEOO |ensn 4o %G/ 05-0l
sisAjelp sisAlelp Jaye (Bw 0z :6%
asop |ensn J9)1e 2sop |ensn 2sop |ensn (eg 69£°S1E) 0G< ‘Bw QLG 63 0G>) (v D)
30 %0SG 9N 40 %0G 9AIB (%0€< 40 %05 9AID %S —%8E yo-y b Bx/6w '0-G0°0 :Od SUON 0G< 2UOP0AXQO
Aousnbayy
Iy vz-zl 2sealdsp
b uibaq ‘peo| oN ‘PpeO| ON  dd 40 dH {0 OL>
Aouanbayy
1y zl-8 2sealdsp
b uiBaq ‘peoj oN ‘peo| oN 6C
1y 8-9
b uiBaq ‘peoj oN SOA 0S—0€
a|qezAjelp (e@ est'60€) Iy zi—8 b usuyr iy (¥N)
10N eiep paywi Aixiun - ejqezAjelp 1oN %06—%S8 9—f b sasop y—¢ Bx/6w 1'0 :0d SUON 0G< (D) auopeyro\
A mmm_‘_._w 61 m:o_ne___“>:o :MN__QK,_ ‘_me__-__Mwo_‘_os: BAIDIU (9soq@ wnuwixep]) [eniu S EL LT (uopeindogd
ad HIlq d-UbiH |euory o Ipulg ui0id 1 | a IXe) [eniuj Jsusnipy /w ‘449 Aq aiqesiddy)
ApqezAjeig Buiso@ papuswiwoddy |eAlslul/@so@  uonoung Asuprny fniqg

(w02) (@MD) seasiq Asupiy d1uoIyD Ul sIsabjeuy PapUSWIWOIDY 4O uswisnipy 8soq ‘ajgel

J Pediatr Pharmacol Ther 2018 Vol. 23 No. 3 195

www.jppt.org



Pain Management in Pediatric Chronic Kidney Disease

Reis, A et al

Figure. Hierarchy of recommended analgesics for pain
control in pediatric chronic kidney disease.

MILD PAIN

Topical analgesics and/or acetaminophen
+/- adjuvant medications*

May consider NSAIDs in dialysis patients with no
residual renal functiont

MODERATE PAIN

Acetaminophen +/- lower potency opioids
(e.g., hydromorphone, hydrocodone, tramadol)
+/- adjuvant medications*

SEVERE PAIN

Acetaminophen plus high potency opioids
+/- adjuvant medications*

Adapted from The World Health Organization, Cancer Pain

Relief: With a Guide to Opioid Availability, 1996, and KDIGO

Guideline for Pain Management in CKD.® Tramadol should

not be used in children younger than 12 years as well as in

adolescents younger than 18 years after a tonsillectomy and

adenoidectomy.

NSAID, non-steroidal anti-inflammatory drugs

* Gabapentin, pregabalin, tricyclic antidepressants, others

* Analgesics to avoid: NSAIDs (in patients with early stages of
Chronic Kidney disease with some residual renal function),
morphine, codeine, meperidine, dextropropoxyphene

by hemodialysis.3? Case reports and small studies have
demonstrated safety and efficacy in adults with ESRD.
Although hydromorphone-3-glucuronide accumulates
in these patients, it has not been documented to cause
adverse effects.’%334 No data currently exist on the
safety and efficacy of hydromorphone in pediatric CKD
patients. Hydromorphone is available in tablet, supposi-
tory, liquid, and injectable forms.

Hydrocodone. Hydrocodone is a semisynthetic
opioid derived from codeine.?® It can be considered
as a second-line medication in the management of
moderate pain in patients with CKD.* It is 36% pro-
tein bound. Hydrocodone is hepatically metabolized
by CYP450 2D6 to hydromorphone, which has a
higher affinity for the mu opioid receptor compared
with hydrocodone. It undergoes N-demethylation via
CYP3A4 to its major metabolite, norhydrocodone;
and remaining metabolism occurs via other non-CYP
pathways.® It is excreted via urine. The concomitant

use of hydrocodone with cytochrome P450 3A4 inhibi-
tors may resultin an increase in plasma concentrations
of hydrocodone, which could increase adverse drug
effects, including respiratory depression. No data are
available on the clearance of hydrocodone by patients
who are undergoing dialysis. In the United States,
hydrocodone is currently only available as a tablet,
solution, or elixir. The hydrocodone-only extended-
release tablets should not be used in pediatric patients
with CKD.

Fentanyl. Fentanyl is a potent synthetic opioid with
a short half-life. It is primarily metabolized by the liver
to inactive metabolites (>99%). In healthy patients, it
is mostly excreted in the urine, with a small amount
excreted in the feces.®” Because of the high potency
of fentanyl, it should be used with caution in opiate-
naive patients.3® Case reports and molecular analysis
of fentanyl indicate that it is highly protein (80%—85%)
and lipid bound and unlikely to be cleared by dialysis.”
Rather than traditional clearance by diffusion or convec-
tion, itis hypothesized that the small amount of fentanyl
removed during dialysis is absorbed into the membrane
itself.3°-*' Data on the safety of fentanyl in patients with
renal dysfunction are conflicting. A small case series of
perioperative fentanyl use in patients with ESRD sug-
gested that fentanyl may be safe and effective.* How-
ever, a randomized, controlled trial of 8 adult patients
suggested that patients with the highest blood urea
nitrogen levels had the slowest fentanyl clearance, and
that this could be clinically correlated with the need for
postoperative respiratory support.*?> Despite this pos-
sibility, fentanyl is commonly used for pain management
in patients with CKD because of its effectiveness as an
analgesic and minimal dose adjustments needed for
patients with renal impairment. Long-term use of fen-
tanyl is associated with tachyphylaxis and hyperalgesia.
Hyperalgesia should be considered in patients with
uncontrolled pain despite escalating fentanyl doses.
Fentanyl is available in transdermal patch, nasal spray,
sublingual tablet, lozenge, and injectable forms. Cur-
rently, there are no recommendations about the safety
of transdermal fentanyl systems or other formulations
of fentanyl aside from intravenous in CKD.

Methadone. Methadone is a synthetic, long-acting
mu opioid agonist. It acts as a mu opioid receptor ago-
nist as well as an antagonist at the N-methyl-D-aspartate
receptor, and it has been used in refractory neuropathic
pain in many patients.*** It has a higher bioavailability
and a significantly longer half-life than either morphine
or hydromorphone.* It is 85% to 90% protein bound
and is metabolized in the liver to inactive metabolites,
which are excreted via both the urine and feces.” It
has been demonstrated that anuric patients are able
to effectively excrete methadone via the gut; however;
constipation, a common side effect of opioids, could
theoretically complicate this process. Methadone has
been studied in only small numbers of ESRD patients
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butis generally considered safe in adults with CKD with
careful titration while monitoring vital signs.3246 Of note,
methadone is not well removed by hemodialysis. Other
safety parameters to consider include the potential for
many drug interactions secondary to its metabolism by
cytochrome P450, as well as QTc prolongation which
may require close monitoring.*” Methadone is available
in tablet, dispersible tablet, liquid, and injectable forms.

Topical Analgesics

For musculoskeletal pain, analgesics in the form of
creams or sprays that can be applied topically with
limited systemic absorption may allow for pain re-
lief.*® Non-steroidal anti-inflammatory drugs (NSAIDs),
including diclofenac, ibuprofen, and ketoprofen, are
the most widely studied topical analgesics, and they
have demonstrated short-term efficacy greater than
placebo.* Topical NSAIDs may result in lower blood
levels and reduced systemic side effects compared
with oral administration.® Despite the lower serum
drug levels associated with topical therapy, insufficient
data exist regarding the safety of topical NSAIDs in any
patients with CKD, including children. Topical lidocaine,
capsaicin, and amitriptyline have limited evidence of
therapeutic effect.®°

Medications With Insufficient Evidence —

Buprenorphine. Buprenorphine is an effective, long-
acting opioid derivative that acts as a mixed-partial
agonist at mu opioid receptors. It is metabolized in
the liver to norbuprenorphine, buprenorphine-3-gluc-
uronide, and norbuprenorphine-3-glucuronide, which
are excreted mostly via bile and feces, and to a lesser
extent via urine.5"®? Although the metabolites have
lower receptor affinity than the mother compound, the
metabolites have been shown to have an antinocicep-
tive effect and cause some sedation, albeit while hav-
ing no effect on respiratory rate, in mice.®® In humans,
it has been shown to have a “ceiling” effect, with larger
doses above a certain threshold plateauing in clinical
effect. In healthy, opiate-naive adults challenged with
increasing doses of buprenorphine, respiratory rate
reached a floor level of approximately 12 breaths per
minute regardless of dose.** Single-dose buprenor-
phine has been shown to have similar pharmacokinet-
ics in renally impaired and healthy patients. In patients
with CKD given continuous infusion, there was some
increase in concentration of metabolites.>®* However,
in a 1-week-long study of 10 adults with ESRD on dialy-
sis, plasma levels of metabolites did not accumulate,
and no dose adjustment or adverse side effects were
noted.52 Buprenorphine and its metabolites are not
cleared by hemodialysis, allowing for steady plasma
levels and pain relief across dialysis sessions.5? This
suggests a favorable safety profile with lower risk of
life-threatening reactions with overdose for buprenor-

phine compared with other opiates. Although data in
children are lacking, the favorable safety profile in
adults suggests that buprenorphine may hold promise
as a useful drug for the treatment of pain in pediatric
patients with CKD. If needed, a consultation with a pain
specialist is recommended prior to using this medica-
tion in pediatric patients. Currently, buprenorphine is
only available in injectable form and as a sublingual
tablet, which makes chronic use in small children
challenging.

Oxycodone. Oxycodone is metabolized in the liver
and yields multiple metabolites, one of which is ac-
tive.%® It is 38% to 45% protein bound.” Although only
approximately 10% is excreted unchanged in the urine,
the half-life is unpredictably prolonged in patients with
CKD.%” There are case reports of patients on oxycodone
experiencing suppression of the central nervous sys-
tem with usual doses in the presence of renal failure.>®
Although the safety of oxycodone in healthy children
has been established, more research is necessary be-
fore the safety of oxycodone in pediatric CKD can be
confidently stated.®®® Oxycodone is available in tablet
and liquid forms.

Tramadol. Tramadol is a synthetic opioid derivative
that is metabolized by the liver and excreted by the
kidneys. Tramadol acts via multiple pathways to de-
crease pain, and although it is considered a similarly
strong analgesic as morphine, it has a comparatively
less potent effect at mu opioid receptors. Tramadol is
20% protein bound.” The lack of effect at mu recep-
tors and the low degree of protein binding decrease
the risk of side effects, such as respiratory depression
and hemodynamic instability, at large doses, and also
decrease (but do not eliminate) the potential for addic-
tion.®® Tramodol is a prodrug that is converted to active
metabolites by cytochrome P450 enzymes. Because
tramadol is renally excreted, the half-life may increase
up to 2-fold in patients with severe kidney disease. This
prolonged half-life can increase the risk of seizures
and respiratory depression. Tramadol can also cause
serotonin syndrome if taken in combination with other
drugs that increase serotonin concentrations.? It is
partially removed by hemodialysis. There is very limited
literature evaluating the use of tramadol in patients with
CKD. Tramadol is not approved by the US Food and
Drug Administration (FDA) for use in children because
it can lead to fatal respiratory depression. In September
2015, the FDA published a drug safety communication
warning that certain genetically predisposed children
could rapidly metabolize tramadol, leading to an ac-
cumulation of sedating metabolites and potentially
causing death.®" As per the FDA recommendations is-
sued in 2015, tramadol is now contraindicated for pain
management in all children younger than 12 years as
well as in adolescents younger than 18 years after a
tonsillectomy and adenoidectomy.®’ Tramadol is avail-
able as a tablet or suspension.
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Analgesics to Avoid

NSAIDs. NSAIDs are commonly used non-opioid
analgesics. They block prostaglandin synthesis, which
decreases perception of pain. However, the blockade of
prostaglandins causes adverse effects on the kidneys
by impairing autoregulation of renal blood flow, and
thus decreases glomerular filtration rate.*#62 In healthy
adults, they can worsen hypertension, which is often a
problem in patients with CKD.3 Given these concerns,
NSAIDs are generally considered to be contraindicated
in children with CKD. However, if needed they may be
an option for patients without any residual renal func-
tion. Additionally, NSAIDs should be avoided in patients
exposed to radiocontrast or those on other nephro-
toxic medications, including diuretics, angiotensin-
converting enzyme inhibitors, and angiotensin receptor
blockers.®* If NSAIDs must be used, short-acting agents
(e.g., ibuprofen, ketoprofen) are preferred. Aspirin has
analgesic and anti-inflammatory effects only at inter-
mediate and large doses. At larger doses, the chronic
use of aspirin leads to renal vasoconstriction, interstitial
nephritis, and decline in renal function.®>%¢ Further, the
use of aspirin has declined because of concern for asso-
ciation with Reye syndrome in children younger than 12
years.®” Sulindac and salsalate are weaker inhibitors of
prostaglandin synthesis and may have a renal-sparing
effect.® However, these have not been studied in the
pediatric population.

Morphine. Morphine is a well-studied opiate not
recommended for use in CKD.3* It is metabolized in
the liver to morphine-3-glucuronide and morphine-
6-glucuronide. Both of these metabolites are excreted
via the urine and can accumulate in patients with CKD.58
Morphine-6-glucuronide is an active metabolite, so its
accumulation in patients with CKD can have danger-
ous sedating effects.®® It crosses the blood-brain bar-
rier slowly, and its effects are not quickly reversed by
hemodialysis.>®

Codeine. Codeine is a prodrug that is converted to
active metabolites by cytochrome P450 enzymes. It
is an opioid that metabolizes to codeine glucuronide,
morphine, and morphine glucuronide. Its clearance
is decreased in patients with impaired kidney func-
tion and, because it is metabolized to morphine, it is
subject to the same risks of use in the setting of renal
impairment’® Furthermore, there have been serious
adverse events, including death, in children who have
a polymorphism in cytochrome P450, causing them to
be ultrarapid metabolizers. For this reason, codeine is
rarely used in any pediatric population. Recently the
FDA released a warning statement against the use
of codeine to treat pain or cough in children younger
than 12 years.”

Meperidine. Meperidine is a synthetic opioid which
is hepatically metabolized and renally excreted. Norme-
peridine, its major metabolite, accumulates in CKD and

causes central nervous system excitability, predispos-
ing patients to seizures. This effect is not reversible
by naloxone. Meperidine is a drug best avoided in
patients with CKD.”273 As of 2007 and 2016, the Institute
for Safe Medication Practices and the American Pain
Society, respectively, do not recommend meperidine
as an analgesic®

Dextropropoxyphene. Dextropropoxyphene is a
weak opioid that is no longer available in the United
States. It was briefly available as a combination analge-
sic with APAP, but its many side effects, drug-drug in-
teractions, weak analgesic properties, and potential for
abuse resulted in its removal from the US and European
Union markets. It is still available in some parts of the
world. Its main metabolite undergoes urinary excretion,
and buildup of both the drug and its metabolite in CKD
can cause fatal arrhythmias, respiratory toxicity, and
adverse neurologic symptoms./4’> Because of these
concerns, dextropropoxyphene is contraindicated in
patients with ESRD.

Adjuvant Medications

Benzodiazepines. Benzodiazepines are a class of
medication used for sedation and anxiolysis. Ben-
zodiazepines, such as midazolam, diazepam, and
lorazepam, are commonly used in children for non-
analgesic purposes, such as procedural sedation or
seizure control. However, they can also be used as an
ancillary to pain management in some circumstances.
Benzodiazepines have an indirect effect in pain control
related to their psychotropic properties.”® For example,
in adults, benzodiazepines are commonly prescribed
to dialysis patients for the treatment of anxiety, rest-
less leg syndrome, and/or insomnia. Studies from
1995-2002 have reported that 10% to 25% of adult
dialysis patients take benzodiazepines. For comparison,
use in the general population reportedly ranges from
2% 1o 6%.% Benzodiazepines work via stimulation of in-
hibitory y-aminobutyric acid receptors. They are highly
protein bound, hepatically metabolized, and renally
eliminated™? They are only partially cleared by dialysis
(approximately 50%).22 According to a study analyzing
the US Renal Data System from 1996-1997, the most
commonly prescribed benzodiazepines were temaze-
pam (not approved for use in children) and lorazepam.®

Benzodiazepines are classified in terms of their
elimination half-life: 1) short-acting, for example, mid-
azolam (median elimination half-life of 1-12 hours);
2) intermediate-acting, for example, lorazepam and
alprazolam (median elimination half-life of 12—40 hours);
and 3) long-acting, for example, diazepam (median
elimination half-life of 40—-250 hours). Longer-acting
benzodiazepines form active metabolites. Midazolam,
one of the short-acting benzodiazepines, produces no
active metabolites. However, diazepam produces the
active metabolites oxazepam, desmethyldiazepam,
and temazepam, which further increases the duration
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of drug action and should be a serious consideration in
patients with CKD. In general, benzodiazepines should
be used with caution in patients with renal dysfunction,
especially if used concomitantly with other medications
that cause respiratory depression."

Neuropathic Pain

Gabapentin. Gabapentin can be a useful non-opioid
analgesic for patients with neuropathic, as opposed to
inflammatory or musculoskeletal, pain.”” Gabapentin
helps with pain by modulating the release of excitatory
neurotransmitters It is predominantly excreted in the
urine, so the dose must be reduced in patients with kid-
ney disease. It is 3% protein bound and does not have
significant drug-drug interactions.>?* Approximately
35% is cleared by hemodialysis; clearance by peritoneal
dialysis is unknown.??526 Some genetic variability in
metabolism exists. Organic cation transporter 1(OCTN1)
contributes to active tubular secretion of gabapentin,
and this effect may be diminished or absent in indi-
viduals carrying the OCTN1-L503F polymorphism.?’
Although gabapentin can accumulate in patients on
dialysis and cause adverse effects, such as decreased
level of consciousness, ataxia, dizziness, myoclonus,
and confusion, side effects are uncommon.?* Although
gabapentin has not to our knowledge been studied in
pediatric CKD, it seems reasonable to extrapolate that
it would be safe based on the adult CKD data and the
knowledge that gabapentin is commonly used in other
pediatric populations.

Pregabalin. Pregabalin is an antiepileptic drug ap-
proved for use in neuropathic pain It is minimally
protein bound and mainly renally excreted in unme-
tabolized form. Clearance is proportional to creatinine
clearance, and dosages must be reduced in patients
with CKD.?® In adults, it can be a useful non-opioid ad-
junct for management of neuropathic pain as well as
other symptoms, such as restless leg syndrome and
pruritis, associated with CKD, if the dose is adjusted.
However, it is not approved for pediatric use and not
commonly used in this population.

Tricyclic Antidepressants. Tricyclic antidepressants
(TCAs) are a class of medication that, like gabapentin,
can be used for neuropathic pain. They reduce pain
via providing sodium channel blockade and reducing
norepinephrine and serotonin reuptake. With their an-
ticholinergic properties, they commonly cause adverse
side effects, such as orthostatic hypotension, urinary
retention, sedation, confusion, dry mouth, constipation,
weight gain, and cardiac conduction block.?® TCAs
are classified as either 1) tertiary amines, for example,
amitriptyline, imipramine, doxepin, trimipramine, and
clomipramine; or, 2) secondary amines, including de-
sipramine, nortriptyline, and protriotyline.’® The tertiary
amines generally cause more side effects. Both desip-
ramine and amitriptyline have been used for the man-
agement of neuropathic pain in CKD, with desipramine

resulting in less severe anticholinergic side effects than
amitriptyline.?® TCAs are highly protein bound." They are
hepatically metabolized by cytochrome P450, creating
a large potential for drug-drug interactions.?®3° TCAs
are renally excreted and have a markedly increased
half-life in patients with ESRD. They are not substantially
cleared by dialysis.>® Given these limitations, they are
not considered first-line medications for neuropathic
painin children or adults but can be considered if other
agents are unavailable or are unsuccessful.

Other Anticonvulsants. Carbamazepine and ox-
carbazepine stabilize voltage-gated sodium channels
and may be used as an adjuvant in neuropathic pain.
Carbamazepine is hepatically eliminated and does
not require renal dosing. Oxcarbazepine is hepatically
metabolized but renally eliminated. Dose adjustment is
recommended because its active metabolite can build
up in patients with reduced renal function.”®

Conclusions

Pain is a significant problem in pediatric patients
with CKD. Limited data exist regarding pain manage-
ment in these children. Most current recommendations
are based on adult studies. We consider APAP safe
as a first-line analgesic for pediatric CKD, whereas
morphine, codeine, meperidine, and NSAIDs are best
avoided. We would consider hydromorphone, hydro-
codone, and tramadol as medications for patients
with moderate pain. Fentanyl is a reasonable opiate
to consider in severe pain because it is nearly entirely
metabolized by the liver, and thus requires minimal
dose adjustments in patients with CKD. Its potency also
makes it an effective choice, although caution should
be exercised, particularly in children, because of the
potentially lethal effects of overdose. TCAs have some
evidence of safety but are less than ideal because of
their extensive side effect profile. Buprenorphine ap-
pears to be a promising drug for pain management in
CKD, although further research in pediatric populations
is necessary before use in pediatric CKD patients can
be recommended.

We extensively reviewed the literature to determine
the medications and doses that are appropriate to use
in children with CKD. However, children are not young
adults. When prescribing medications, we recommend
using a reliable pediatric reference source. Adjusting
dose of medications for age, size, and clinical context is
essential to administering drugs safely and effectively.®°
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