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Abstract: In patients suffering from moderate-to-severe chronic kidney disease (CKD) or 
end-stage renal disease (ESRD), subjected to hemodialysis (HD), pain is very common, but 
often underestimated. Opioids are still the mainstay of severe chronic pain management; 
however, their prescription in CKD and HD patients is still significantly low and pain is often 
under-treated. Altered pharmacokinetics and the lack of clinical trials on the use of opioids in 
patients with renal impairment increase physicians’ concerns in this specific population. This 
narrative review focused on the correct and safe use of opioids in patients with CKD and 
HD. Morphine and codeine are not recommended, because the accumulation of their 
metabolites may cause neurotoxic symptoms. Oxycodone and hydromorphone can be safely 
used, but adequate dosage adjustments are required in CKD. In dialyzed patients, these 
opioids should be considered as second-line agents and patients should be carefully mon
itored. According to different studies, buprenorphine and fentanyl could be considered first- 
line opioids in the management of pain in CKD; however, fentanyl is not appropriate in 
patients undergoing HD. Tapentadol does not need dosage adjustment in mild-to-moderate 
renal impairment conditions; however, no data are available on its use in ESRD. Opioid- 
related side effects may be exacerbated by common comorbidities in CKD patients. Opioid- 
induced constipation can be managed with peripherally-acting-μ-opioid-receptor-antagonists 
(PAMORA). Unlike the other PAMORA, naldemedine does not require any dose adjustment 
in CKD and HD patients. Accurate pain diagnosis, opioid titration and tailoring are manda
tory to minimize the risks and to improve the outcome of the analgesic therapy. 
Keywords: opioids, chronic kidney disease, pain, hemodialysis, neuropathic pain, 
PAMORA

Introduction
Chronic kidney disease (CKD) is an increasing health problem worldwide. Many 
elements, such as genetic or epigenetic factors,1,2 age population, economic, and 
social disadvantage,3 seem to have a relevant impact in the development of moderate- 
to-severe CKD. The increase in the average age of the world population that occurred 
in the latest years highlighted the complexity of geriatric patients’ management and 
the increasing number of patients suffering from CKD.4 Indeed, most of the new 
CKD diagnoses concern people ≥65 years, in which the increased risk of renal 
function impairment is mainly related to the age and to the presence of comorbidities, 
such as diabetes mellitus, hypertension, and heart failure.5–8 Nevertheless, the inci
dence of CKD in children is not negligible.9 The top causes of pediatric CKD are 
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generally represented by congenital abnormalities of kid
neys and urinary tract,10,11 even though recent evidence 
have also identified obesity as a relevant risk factor for 
CKD development in adolescents.12,13 Moreover, among 
cancer patients, renal impairment is quite common and is 
related to the cancer treatments and/or to the disease itself.14

Pain is a very common symptom among CKD patients,7 

with musculoskeletal pain being predominant. Patients with 
end-stage renal disease (ESRD) suffer from tremendous 
symptom burden15 and the prevalence of pain reaches 
about 70%.16 They often need supportive or palliative 
care, highlighting that in renal failure conditions the painful 
component is an aspect not to be underestimated.7,17-19 

Similarly, in children with CKD, pain, depression, anxiety, 
and fatigue are the most common complains.20

In the more advanced forms of renal failure, defined as 
ESRD, the substitution therapy, consisting of hemodialysis 
(HD), peritoneal dialysis, and kidney transplantation, may 
be necessary. In the last few years the number of patients 
receiving renal replacement therapy (RRT) has dramati
cally increased.21 In 2017, according to the ERA-EDTA 
Registry, in Europe, 127 ESRD patients per million people 
(pmp) began RRT, and the overall unadjusted prevalence 
of patients receiving RRT was 854 pmp.22 In the United 
States (US), according to the US Renal Data System 2019 
Annual Data report, the trend in prevalence of recognized 
CKD has dramatically increased in the last 20 years, with 
124,500 newly reported cases of ESRD in 2017, corre
sponding to a rate of 370.2 pmp in the US population. The 
prevalence of ESRD in 2017 was 2204 pmp, correspond
ing to about three times that recorded in Europe, with 
62.7% receiving HD therapy.23

Pain is one of the most common symptoms among 
patients undergoing HD, reaching a percentage of about 
90% of treated subjects.7,24-26 Over 50% of these patients 
experience moderate-to-severe pain, which often is not 
adequately managed; moreover, pain may be associated 
with other comorbidities that significantly affect quality 
of life, such as depression and altered sleep patterns. 
Patients undergoing HD also reported anxiety, drowsiness, 
fatigue, nausea, dry mouth, loss of appetite, itch, and 
breathlessness.21 Pain may render patients unable to 
endure full HD sessions and increases the likeliness of 
withdrawal from dialysis.27

Pain is often underestimated and undertreated in 
patients with CKD or ESRD.7 When pain intensity 
requires a strong analgesic, opioids are indicated in the 
pharmacological recommendations for pain management 

in CKD adults, as a part of the analgesic therapeutic plan.
7,9,28 However, in these specific patients, opioids may not 
exhibit the same safety profile as in the general population; 
therefore, there is still a lack of clinical consensus about 
their appropriate use in CKD subjects. Moreover, most of 
non-pain specialists may be unfamiliar with this kind of 
drugs and pain specialists are only occasionally involved 
in the management of these patients. Therefore, chronic 
pain in CKD and HD patients is often undertreated. 
According to the literature, almost 75% of HD patients 
with moderate to severe pain do not receive appropriate 
analgesia.29 Despite opioids are still a mainstay in the 
management of severe chronic pain, there are numerous 
barriers to their use in HD patients, such as fear about 
opioid-related adverse events, inadequate medical educa
tion, lack of training among nephrologists in pain manage
ment, and, finally, the paucity of clinical trials evaluating 
the use of opioids in HD patients.30

Unfortunately, the net result of the inadequate pain 
management by physicians is the increasing number of 
patients who use pain killers in auto-medication. Non- 
steroid anti-inflammatory drugs (NSAIDs) are the most 
commonly used medications without a prescription at 
home,7 with significantly increased risks for the health of 
CKD and HD patients.

Finally, renal failure is a common finding in the late 
stage of cancer disease; for this reason, oncologists often 
deal with CKD patients. Opioids continue to be the cor
nerstone of severe chronic pain management in cancer 
patients; therefore, a careful selection of most suitable 
molecule is mandatory to avoid unwanted side effects.31

The aim of this review is to provide a pharmacological 
and clinical update on the correct and safe use of opioids 
in CKD and HD patients.

Pharmacological Update on Opioid 
Analgesics in CKD
Exogenous opioids work as analgesics, by mimicking and 
potentiating a physiological endogenous modulating sys
tem, mediated by endorphins, and their activity on opioid 
receptors. Four seven-transmembrane G protein-coupled 
opioid receptors have been identified: µ (MOR), δ 
(DOR), k (KOR) and nociceptin opioid receptor (NOR or 
NOP). The four major families of endogenous ligands are: 
β-endorphins, enkephalins, dynorphins, and nociceptin/ 
orphaninFQ. Opioids inhibit neurotransmission by their 
activity on calcium and potassium channels. Opioid 
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receptors on the primary afferent fibers (PAF) prevent 
calcium influx in the first-order neuron and further release 
of excitatory neurotransmitters, such as glutamate and 
substance P. On the other side of the synaptic cleft, in 
the dorsal horn, opioid receptors are also expressed by 
second-order neurons, where they activate G protein 
gated inwardly rectifying potassium (GIRK) channels 
and induce post-synaptically hyperpolarization.32 The net 
result of these processes is an effective modulation of pain 
transmission and clinical relevant analgesia (Figure 1).

Opioids are conventionally distinguished into major 
opioids, also called “strong opioids”, which include mor
phine, oxycodone, hydromorphone, methadone, fentanyl, 
buprenorphine and tapentadol, and minor or “weak” opioids 
such as codeine and tramadol.33 Buprenorphine and tapenta
dol have been recently classified as “atypical” opioids, 
because of their pharmacological peculiarities, particularly 
pharmacodynamics, that make them different from all the 
other molecules included in the big family of “traditional 
opioids”.34,35

Renal failure strongly affects the pharmacokinetics of 
many drugs including opioids, with relevant effects on 
drug’s metabolites and the parent compound.7 For 
instance, geriatric patients showed decreased liver and 
kidney function together with alterations in the adipose 
tissue composition, which modify the opioid pharmacoki
netics and increase the risk of toxicity because of their 
metabolites accumulation.36 For all these reasons, the 
choice of an appropriate analgesic strategy for patients 
with advanced kidney disease appears to be quite complex.

One of the best available parameter of kidney function, to 
be used for drug and dose selection, is represented by the 
glomerular filtration rate (GFR), which is currently identified 
by the international guidelines as less than 60 mL/min per 
1.73 m2 in the CKD patients,37 and less than 15 mL/min per 
1.73 m2 in the ESRD patients.38 Albuminuria, defined as the 
albumin: creatine ratio (ACR) > 3 mg/mmol, is the marker of 
kidney damage that has been included in the last CKD 
classification for appropriate patient risk stratification.38 

Table 1 shows pharmacological characteristics of currently 
available opioids for chronic pain management.39,40 Table 2 

Figure 1 Mechanism of action of opioids on central sensitization. The dorsal root ganglion (DRG) is a group of cell bodies responsible for pain transmission from the 
primary afferent fibers (PAF), also known as nociceptors, and the central nervous system (CNS). Presynaptic neurons release glutamate, substance P, and calcitonin gene- 
related protein (CGRP) in the synaptic cleft. On the post-synaptic neurons, also named second order neurons, glutamate activate two main receptors: the α-amino-3- 
hydroxy-5-methyl-4-isoxazolepropionic acid receptor (AMPA) and N-methyl-D-aspartate (NMDA) receptor. The flow of positive charged ions, calcium (Ca2+) and sodium 
(Na+), through the NMDA and the AMPA receptors respectively, automatically leads pain signal to increase. Substance P, on the other hand, binds to the neurokinin-1 (NK- 
1) receptors, which leads to intracellular signaling that activate protein kinase C (PKC). This action removes the magnesium ion (Mg2+) that physiologically blocks NMDA 
receptors; therefore, substance P indirectly activates NMDA receptors and increases Ca2+ influx in the neurons, leading to increased neurotransmitter release. CGRP binds 
specific CGRP receptors on the second order neurons, leading to a change in receptor expression and function. All these mechanisms potentially contribute to central 
sensitization in chronic pain. Endogenous opioids and exogenous opioid agonists bind μ opioid receptors (MOR) in the pre- and post-synaptic neurons. Opioids close the 
voltage-gated calcium channels on the PAF and stop Ca2+ influx in the pre-synaptic neurons, where they reduce the release of glutamate, substance P, and CGRP. In addition 
to that, binding of MOR on the post-synaptic neurons activate and open potassium channels, leading to an outflow of potassium ions (K+) and cellular hyperpolarization. 
Hyperpolarized second order neurons become less sensitive to excitatory inputs.

Dovepress                                                                                                                                                          Coluzzi et al

Therapeutics and Clinical Risk Management 2020:16                                                                    submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
823

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Table 1 Pharmacology of Opioids for Chronic Pain Management39,40

Opioid Physico-Chemical Properties 40 Metabolism 39 Elimination 39

Vd (L/kg) PPB (%) MW (g/mol)

Buprenorphine 8.3 96 467.6 Extensive first-pass hepatic metabolism. 

Phase 1 metabolism via CYP3A4 and CYP3A5 to 
norbuprenorphine. 

Phase 2 metabolism via glucuronidation to the inactive 

compounds B3G and N3G

Metabolites are 

primarily eliminated via 
feces. 

Only 10–30% of the 

dose is excreted in 
urine.

Fentanyl citrate 4 80–85 336.5 Extensive hepatic metabolism into inactive 
metabolites. 

Phase 1 metabolism via CYP3A4 to norfentanyl (99%)

<7% excreted 
unchanged in the urine. 

<1% excreted 

unchanged in the feces.

Hydromorphone 

hydrochloride

1.22 7.1 321.8 Extensive first-pass hepatic metabolism (62%) 

Phase 2 metabolism: Glucuronidation via UGT2B7 to 
H3G with no analgesic activity (possibly causes 

neuroexcitation, agitation, and confusion) 

Minor Phase 1 metabolism via CYP3A4 and CYP2C9 
to norhydromorphone

Mainly eliminated 

through the urine as 
H3G. 

7% excreted unchanged 

in the urine. 
1% excreted unchanged 

in the feces.

Oxycodone 

hydrochloride

2.6 45 405.9 Phase 1 metabolism: 

-via CYP3A4 and CYP3A5 (N-demethylation) to 

noroxycodone, and then via CYP2D6 to 
noroxymorphone 

-via CYP2D6 (O-demethylation) to oxymorphone, and 

then via CYP3A4 to noroxymorphone

Mainly eliminated 

through the urine: 

23% unbound 
noroxycodone 

10% conjugated 

oxymorphone 
9% free and conjugated 

oxycodone 

<1% oxymorphone

Tramadol 3 20 299.8 Extensive first-pass hepatic metabolism 

Phase 1 metabolism: 
-via CYP3A4 and CYP2B6 (N-demethylation) to N- 

desmethyl-tramadol (M2) 

-via CYP2D6 (O-demethylation) to O- 
desmethyltramadol (M1)

90% excreted in the 

urine (30% as 
unchanged drug) 

10% excreted in the 

feces

Tapentadol 
hydrochloride

6.7 20 221.3 Phase 2 metabolism via glucuronidation (97%). 
Minor contribution of Phase 1 metabolism via 

CYP2C9 (13%) to N-desmethyl tapentadol and 

CYP2D6 (2%) to hydroxyl tapentadol. 
All metabolites are inactive.

99% renal excretion of 
tapentadol and its 

metabolites. 

3% excreted in urine as 
unchanged drug.

Methadone 2–6 60–90 309.5 Extensive first-pass hepatic metabolism into inactive 

metabolites. 

N-demethylation 
Metabolism by different CYP450 enzymes: 

CYP2C19, CYP3A7, and CYP2C8 preferentially 

metabolize (R)-methadone; CYP2B6, CYP2D6, and 
CYP2C18 preferentially metabolize (S)-methadone; 

CYP3A4 does not have an enantiomer preference

Excreted in the feces 

and urine after 

extensive 
biotransformation. 

20% excreted 

unchanged in the urine.

(Continued)
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resumes clinical information on their use in different stages 
of CKD and during HD.

Morphine is one of the most effective MOR agonist for 
the treatment of severe pain. It is still the first-choice drug 
in managing severe chronic cancer pain.31 In the liver, 
morphine is metabolized into two primary metabolites 
named 3 (M3G) and 6 glucuronide (M6G), which are 
eliminated via kidney pathways. In CKD condition, a 
significant renal retention of active or toxic metabolites 
occurs; for this reason, morphine is contraindicated in 
cases of renal failure, because the M6G accumulation 
may cause neurotoxic symptoms.7,41-43 Codeine is a pro
drug, which is metabolized in the liver into morphine 
through the action of cytochrome P450 2D6 (CYP2D6). 
Since codeine forms the same morphine metabolites 
excreted by kidney, it may evoke the same side effects in 
CKD patients.7,45 Moreover, the risk of neurotoxic symp
toms also depends by the patients’ genetic pattern, because 
subjects identified as ultra-rapid metabolizers may produce 
morphine very quickly.46 Therefore, an analgesic approach 
with morphine or codeine is not specifically recommended 
in patients with renal impairment. Based on this first 
evaluation, it is evident that the WHO analgesic ladder 
needs to be adapted for CKD patients,9,44 since morphine 
and codeine are not recommended for subjects with GFR 
value lower than 60 mL/min per 1.73 m2,34,41,47 and 
should not be used at all in ESRD subjects.28,48,49

Notwithstanding the contraindications related to the 
use of the above-mentioned opioids, the use of oxycodone, 

tramadol, hydromorphone or methadone is approved in 
this sub-population, but they need specific dosing 
adjustments.30 A dose reduction, a greater interval 
between doses, compared with classic analgesic regimens, 
and a careful monitoring of the patients are strongly 
recommended.7

For instance, given its greater liposolubility compared 
to morphine, oxycodone shows a faster action and a 
greater analgesic effect, thus it is widely used for chronic 
pain treatment. In fact, it seems to have a good analgesic 
efficacy in chronic pain conditions with minor hallucina
tion and mental confusion, as side effects.50 Samolsky 
Dekel et al51 tested the efficacy and safety of oxycodone 
treatment in two groups of dialyzed patients suffering from 
ESRD. Data reported in this study suggested the safety of 
using oxycodone in HD patients,51 even though it remains 
a second-line agent compared with other opioids endowed 
of safer renal profile.7,52 Oxycodone is likely to be 
removed during HD, because of its low molecular weight 
and limited volume of distribution. Indeed, although less 
than 10% is excreted unchanged in urine, oxycodone pre
scription, in CKD patients, needs careful monitoring: its 
hepatic metabolism produces multiple metabolites, includ
ing the noroxycodone and oxymorphone (further metabo
lized to noroxymorphone), which could accumulate in 
patients with renal failure, since oxycodone elimination 
is relatively impaired in ESRD patients.52 Peak plasma 
concentrations 50% higher than normal subjects have 
been observed in patients suffering from renal failure.53

Table 1 (Continued). 

Opioid Physico-Chemical Properties 40 Metabolism 39 Elimination 39

Vd (L/kg) PPB (%) MW (g/mol)

Morphine 
sulphate

3.2 35 758.8 Phase 2 metabolism via glucuronidation by UGT2B7 
(90%) to: 

-M3G without analgesic activity, but possibly 

neurotoxic 
-M6G with analgesic activity. 

Minor conversion to normorphine.

70–80% excreted in the 
urine 

10% excreted in the 

feces 
<10% excreted in urine 

as unchanged drug.

Codeine 2.6 7 406.4 Phase 2 metabolism via glucuronidation by UGT2B7 

and UGT2B4 (80%) to C6G 

Phase 1 metabolism: 
-via CYP3A4 (N-demethylation) to norcodeine (10%) 

without analgesic properties 

-via CYP2D6 (O-demethylation) to morphine (5–10%)

90% excreted by 

kidneys 

10% excreted in urine 
as unchanged drug.

Abbreviations: Vd, volume of distribution; PPB, plasma protein binding; WS, water solubility; MW, molecular weight; B3G, buprenorphine-3-glucuronide; N3G, 
norbuprenorphine-3-glucuronide; H3G, hydromorphone-3-glucuronide; H6G, hydromorphone-6-glucuronide; C6G, codeine-6-glucuronide. 
Notes: Green: safe use in CKD; Yellow: use with caution in CKD; Orange: not recommended in CKD
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Table 2 Clinical Use of Opioids for Chronic Pain Management in CKD and HD Patients28,30,39

Opioid Route of 
Administration

Starting 
Dosage

Indications Clinical Use in CKD30 Dializability and Clinical Use in HD28, 

39

Buprenorphine Transdermal 

patch 

7 days 
4 days

5–20 mcg/h 

≥ 35 mcg/h

Severe 

chronic pain

Safer profile. 

No dosage adjustment 

required at any stage of 
CKD.

Not removed by HD. 

No dosage adjustment required.

Fentanyl citrate Transdermal 
patch 

3 days

≥12 mcg/h Severe 
chronic pain

Safer profile. 
No clinically significant 

accumulation in CKD.

PK characteristics do not favor removal by 
HD. 

Clearance depends on filter, flow rate and 

type of dialysis. 
It could be absorbed by CT190 dialysis 

membranes.

Hydromorphone 

hydrochloride

Oral ≥4 mg OD Severe 

chronic pain 
(second line 

treatment)

Use with caution, with 

close monitoring. 
Dose adjustment required 

in renal failure*:
● Mild: 100% normal dose
● Moderate: 50% normal 

dose
● Severe: 25% normal 

doseIncrease dosing 

intervals as needed.

H3G accumulates between dialysis 

treatments. 
Easily dialyzed: 60% removed by HD. 

Sudden decreases in opioid concentrations 

may result in withdrawal symptoms. 
Post-dialysis supplemental dosing could be 

required, but no clinical data are available.

Oxycodone 

hydrochloride

Oral ≥5 mg BID Severe 

chronic pain 

(second line 
treatment)

Use with caution, with 

close monitoring. 

Dose adjustment required 
in renal failure:
● Mild: 50% normal dose
● Moderate: 25–50% nor

mal dose
● Severe: 

contraindicatedIncrease 
dosing intervals as 

needed.

Oxycodone and its active metabolite, 

noroxycodone, are removed by HD. 

Oxycodone has been used in dialysis- 
dependent patients, and it is well-tolerated, 

without need for opioid compensation.

Tramadol Oral ≥50 mg 

BID

Severe 

chronic pain 

(second line 
treatment)

Use with caution, with 

close monitoring. 

Dose adjustment required 
in renal failure:
● Mild: 100% normal dose
● Moderate: 50% normal 

dose
● Severe: 50% normal 

doseIncrease dosing 
intervals as needed.

Significantly removed by hemodialysis. 

Re-dosing after a HD session may be 

necessary.

Tapentadol 
hydrochloride

Oral ≥25 mg 
BID

Severe 
chronic pain 

(second line 

treatment)

No dose adjustment 
required for mild to 

moderate renal failure. 

No data available for 
severe CKD.

Data not available in HD. 
It is likely to be dialyzed to some extent, 

because of its low protein binding, low 

molecular weight, and average water 
solubility.

(Continued)
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With the regard to the use of the “weak opioid” trama
dol, it is relevant to point out that 90% is renally excreted 
and its half-life may increase up to twofold in CKD 
patients.44,54 Currently the use of tramadol for pain man
agement in children younger than 12 years is 
contraindicated.9 In contrast, elderly patients with GFR > 
30 mL/min per 1.73 m2 can assume tramadol and do not 
need dosage adjustments,55 even though those >75 years 
old should not exceed the dosage of 300 mg; whereas 
patients with a creatinine clearance <30 mL/min should 
be treated using the dose of 50–100 mg tramadol, increas
ing dosing interval with a maximum daily dose of 200 
mg.7,55 HD significantly removes tramadol, thus its admin
istration should be given after each HD session.7,56 Two 
case reports have been published on tramadol-induced 
respiratory depression in HD patients, both caused by 
accidental overdoses.30

Hydromorphone is about 5 times more potent than 
morphine and does not have the metabolite 6-glucuronide, 
which is responsible of the analgesic and central nervous 
system (CNS) depressive activity. A prospective, open- 
label, observational study conducted in 2008 showed that 
hydromorphone does not accumulate, probably because of 
its rapid conversion into hydromorphone-3-glucuronide 
(H3G) metabolite. Indeed, H3G could be accumulated in 
patients with low GFR (<10 mL/min/1.73 m2) causing 
myoclonus and delirium57,58 and, moreover, H3G can be 
accumulated between dialysis sessions probably triggering 
a greater sensory-type pain and a reduced duration of 
analgesia.59 Based on the experimental evidence, 

hydromorphone seems to be exempt from adverse effects 
when it is used at standard doses in the renal failure 
population53 and appear to be quite safe in dialyzed 
patients28,53,60, even though patients should be carefully 
monitored.7,28,61

Methadone, mainly used for maintenance treatment in 
opiate dependence, is excreted in the feces and it appears 
quite safe for the use in CKD condition, since plasma con
centrations in these patients are similar with those observed 
in control subjects.7,28,62 Moreover, methadone has moderate 
water solubility and low molecule weight suggesting that it 
can be poorly removed by hemodialysis.28,63

Patients with a severe impairment of glomerular filtra
tion can be treated with fentanyl, sufentanil, buprenor
phine, and tapentadol, which appear to have a safer renal 
profile.28,49,64

Fentanyl is mostly metabolized and eliminated in the 
liver and none of its metabolites seems to be active,65 even 
though some evidence suggests that the parental com
pound can be accumulated in CKD patients.28 Different 
studies demonstrated its safety profile in renal failure 
conditions,28,66,67 at least in the short term,28 highlighting 
that fentanyl infusion over 2 days have a satisfying pain 
control and does not promote adverse reactions.68 Because 
of high protein binding, high volume of distribution and 
low water solubility, fentanyl is not appropriate in dialyzed 
patients,28,69,70 as well as sufentanil. Transdermal fentanyl 
patches, however, have been successfully used in HD 
patients without significant side effects, even at high 
dose (up to 500 mcg/h) and for long-term therapy (up to 

Table 2 (Continued). 

Opioid Route of 
Administration

Starting 
Dosage

Indications Clinical Use in CKD30 Dializability and Clinical Use in HD28, 

39

Methadone Oral 1–2 mg 

BID

Severe 

chronic pain 
Mainly for 

MMT

Use only when other 

opioids are 
contraindicated. 

Dose reduction may be 

required in ESRD because 
its half-life is very 

long and unpredictable, 

therefore 
toxicity may be delayed

Methadone and its metabolites are not 

removed by HD. 
No supplemental doses are required after a 

HD session. 

Check Q-T interval. Arrhythmias may be 
exacerbated by potassium and magnesium 

reduction after HD.

Morphine sulphate Not recommended due to metabolites accumulation. To be avoided in CKD and HD patients.

Codeine Not recommended due to metabolites accumulation. To be avoided in CKD and HD patients.

Notes: *Mild: Creatinine Clearance 60 to < 90 mL/min; Moderate: Creatinine Clearance 30 to < 60 mL/min; Severe: Creatinine Clearance 15 to < 30 mL/min. Green: safe 
use in CKD; Yellow: use with caution in CKD; Orange: not recommended in CKD. 
Abbreviation: MMT, methadone maintenance treatment.
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3 years). These data come from a case series, while no 
specific clinical trials are available in HD patients.71

Buprenorphine appears to be particularly useful for the 
management of severe chronic pain in CKD patients,72,73 

firstly because it does not produce active metabolites that 
can be accumulated promoting toxic effects. Indeed, 
buprenorphine is metabolized in the liver producing two 
metabolites: buprenorphine-3-glucuronide (B3G) and nor
buprenorphine-3-glucuronide (N3G) which are mainly 
excreted via bile.74 Some studies evaluated whether renal 
dysfunction could have some effect on the buprenorphine 
clearance, showing that this parameter was similar in 
patients with normal and impaired renal function.7,72 

Moreover, the efficacy and safety of buprenorphine in 
severe renal dysfunction without dose adjustment make it 
well suited for chronic pain management in elderly and 
kidney impaired individuals including those requiring 
HD.71,75,76

The innovative analgesic drug tapentadol is a chemical 
entity endowed of dual and synergistic mechanisms of 
action: MOR receptor agonist and noradrenaline reuptake 
inhibitor (NRI) (MOR-NRI).77 Among the main features 
of this molecule, it is worth noting that its metabolism on 
Phase II produces inactive metabolites, which do not show 
analgesic activity, making this analgesic a safe and effi
cacy compound in patients with renal failure.78,79 Clinical 
trials on the tapentadol extended release (ER) formulation 
showed that, in the range of 100–200 mg twice daily, 
dosage adjustments are not required in mild-to-moderate 
renal impairment conditions.79 Long-term therapy did not 
show association with clinically significant changes in 
laboratory values, including hepatic and renal parameters.
80 Moreover, tapentadol ER is indicated as first choice 
opioid for the treatment of chronic painful diabetic neuro
pathy, which is a common comorbidity with CKD.5,7 No 
data are available on the use of tapentadol in ESRD and 
HD patients.

Epidemiology of Opioids Use in 
CKD and HD Patients
CKD and HD patients are often affected by severe chronic 
pain; therefore, they are expected to require strong analge
sics more frequently than other people.81 Notwithstanding 
this evidence, opioid use in CKD and HD patients is 
significantly lower than that recorded in the general popu
lation, probably because of concerns about reduced clear
ance and increased adverse effects.42

According to the clinical studies published between 
1995 and 2004, the prevalence of opioid use in HD 
patients in different countries ranged from 5% to 36%. In 
this percentage, patients with long-term dialysis were more 
likely to receive opioid prescriptions when they also 
exhibited cancer, cardiovascular disease, and psychiatric 
disorders.82

Using the 2006–2010 United States (US) Renal Data 
System information, over 20% (ranging from 9.5% to 
40.6%) of HD patients received chronic (≥90-day) opioid 
supply, and over 60% received at least one opioid pre
scription. Opioid prescription was positively correlated 
with gender (women), age (young or middle-aged), race 
(caucasic), social status (nursing home residents), disease 
(cancer), and pain-related hospitalizations. In 2010, hydro
codone (11.7%) and oxycodone (5.4%) were the most 
commonly prescribed opioids, followed by tramadol 
(2.5%) and propoxyphene (1.4%).83 This trend changed 
after the withdrawal of propoxyphene from the US market 
in 2010, with a significant increase in the use of more 
potent opioids.81

These “real life” data are confounding for physicians 
approaching patients with CKD. According to pharmaco
logical data, indeed, hydrocodone and oxycodone are not 
the first-line drugs for patients with severe renal impair
ment; however, as they are the most commonly prescribed 
opioids in the general population, accounting respectively 
for 51 and 16% of total prescriptions, they are also the 
most commonly used in HD patients.84 Conversely, bupre
norphine, which is considered the safest opioid to be used 
in HD patients, is completely absent in the US data.83

It is relevant to point out that most studies did not 
examine the reasons for analgesic drug prescription in 
this population. Only one over 10 studies, indeed, exam
ined the reasons for opioid prescription, where the muscu
loskeletal pain was the most common diagnosis (65%). 
Therefore, data on the prescribing appropriateness of 
opioids in patients suffering from CKD are lacking.

These observations reflect the urgent need for medical 
education in dialysis providers. Probably in the future, 
concerns about the use of NSAIDs and increased knowl
edge about pathophysiology of chronic pain will make 
physicians more confident with the use of major analgesics 
and opioid prescriptions, which are supposed to increase 
and to be more appropriated.

Finally, insufficient evidence exists on the safety and effi
cacy of opioids in pediatric CKD patients.9 In general, most 
opioids are only prescribed off-label in the pediatric setting and 
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approved molecules vary in Europe and in the US. In patients, 
younger than 12 years old, codeine prescription has been 
recently restricted by FDA and EMA; while tramadol is cur
rently contraindicated only in the US, while in Europe it is 
approved by EMA in children older than 1 year. Low dosage 
transdermal fentanyl is also used in children older than 2 years, 
while oxycodone has been approved by FDA, only in 2016, for 
use by children between 11 and 16 years old, when alternative 
treatments are not effective for adequate pain management. 
Transdermal buprenorphine has been used in children in the 
palliative care setting, but evidence is still very limited. 
Morphine and hydromorphone are not approved in the pedia
tric population in the US. Nowadays, in Europe, tapentadol 
oral solution is the only drug that underwent a specific multi- 
national pediatric development program in children aged 2 to 
<8 years, but it is still not approved in the US.85 All these 
limitations make the management of severe chronic pain in 
children very challenging for physicians.

Appropriate Opioid Use in CKD and 
HD Patients
The role of opioids in chronic pain management is well defined 
by clinical recommendations; however, the current opioid 
crisis recorded in the US rose the need for a better identification 
of a “rationale use of opioids”, particularly in chronic non- 
cancer pain management. The European situation is nowadays 
different compared with the opioid epidemic in the US.86 

However, general rules on the safe and appropriate opioid 
use have been introduced in the context of an adequate multi- 
disciplinary pain management87 (Table 3) and are also applic
able to the CKD setting.

CKD and HD patients certainly show greater fragility 
than the general population; however, few indications are 
currently available in literature on the proper use of 
opioids in this context. As for many other medications, 
the outcome of the analgesic treatment is directly related 
with the prescribing appropriateness.

Drug therapy appropriateness is primary based on the 
identification of the pathogenetic mechanism underlying 
pain. Physicians should be encouraged to make an accurate 
pain diagnosis, which includes not only pain intensity, but also 
pain quality. Chronic pain is the result of complex neuroplas
ticity phenomena that induce functional and structural modifi
cations of the central nervous system (CNS). Therefore, the use 
of central analgesics, such as opioids, in chronic pain manage
ment is essential to control such mechanisms underlying CNS 
plasticity.88 Identifying the etiology of pain, through an 

accurate physical examination, is a key factor for prescribing 
a mechanism-based treatment. Most chronic pain syndromes 
are, indeed, characterized by “mixed pain” for the coexistence 
of nociceptive and neuropathic components of pain. 
Neuropathic pain (NP) is often unresponsive to the traditional 
MOR agonists as a single therapy. When the neuropathic 
component is prevalent or exclusive, such as in patients suffer
ing from painful diabetic peripheral neuropathy (PDPN), first 
line drugs are anticonvulsants and antidepressants, while 
opioids should be used as an add-on therapy, only in those 
patients who do not respond to traditional adjuvants. 
Conversely, in nociceptive pain, opioids are highly effective, 
even when administered in mono-therapy, and represent the 
strongest available analgesics. Among strong analgesics, 
tapentadol, due to its dual mechanism of action, is considered 
the first-line opioid in patients with neuropathic pain condi
tions, which may be very common among CKD patients, such 
as PDPN,89 or mixed pain syndromes, such as back pain90 or 
cancer pain.91

Different conditions may cause chronic pain in CKD 
patients. Pain can be unrelated to the renal disease (mainly 
musculoskeletal pain conditions), may result from primary 
kidney disease, or may be a complication of HD therapy.30 

CKD patients exhibit a variety of painful conditions, which 
may be nociceptive or neuropathic in nature. Indeed, in these 
patients, nociceptive pain may include osteoarthritis,92 renal 
osteodystrophy, dialysis-related amyloid arthropathy,93 and 
kidney or liver capsule distension from autosomal dominant 
polycystic kidney disease (ADPKD).94 On the other hand, 
many CKD patients may suffer from NP conditions. Being 

Table 3 Safe and Appropriate Use of Opioids in Chronic Pain 
Management87

1 Patient should be selected and regularly assessed
2 Non-pain specialists need access to expert advice

3 Opioids should be prescribed by competent doctors

4 The correct dose is the lowest possible dose
5 Clear treatment goals should be agreed with the patients

6 Close on-going patient supervision is recommended to reassess 

the benefits and risks of continued therapy
7 Opioids should be tapered down or discontinued, if benefits do 

not outweigh risks

8 Patients and their families should be educated on safe opioid use 
and storage

9 Patients should be made aware of the potential for misuse, 

abuse and addiction
10 Signs of addictive behavior should be monitored and addressed

11 Opioids should be dispensed by competent pharmacists
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diabetes the most common reason of ESRD, PDPN is the most 
common NP syndrome among HD patients.5 Other patients 
may suffer from mixed chronic pain conditions, such as low 
back pain (LBP) and cancer pain. Conversely, dialysis-related 
amyloidosis (DRA) may cause both a NP condition, such as 
carpal tunnel syndrome,95 or a mainly nociceptive pain, such as 
frozen shoulder, caused by scapula-humeral peri-arthritis. 
Ischemic pain is also very common among HD patients, due 
to vasculitis and calciphylaxis, as the result of altered calcium 
and phosphate metabolism. In critical limb ischemia, invasive 
techniques of pain management, such as spinal cord stimula
tion (SCS) could be appropriate,96 but unfortunately data on 
HD patients are still lacking.

Intradialytic pain should be distinguished from other 
types of pain in CKD patients. It is mainly related to the 
vascular access. More recent the arteriovenous fistula 
(AVF), more common and severe is the pain associated 
with cannulation, steal syndrome and central vein 
stenosis.97 Headache and abdominal pain are also common 
during HD. Dialysis-related headache affects up to 50% of 
patients and resolves within 72 hours.98 The most common 
medication used for intradialytic pain is IV paracetamol.

Side Effects of Opioids in CKD and 
HD Patients
In chronic pain management, opioids tolerability is often 
affected by gastrointestinal side effects, such as nausea, 
vomiting, and constipation, and many other side effects, 
including dizziness, somnolence, urinary retention, dry 
mouth, and hormonal abnormalities.99

Respiratory depression is the most feared adverse event 
following opioids administration, because it can be life-threa
tening; however, it is very uncommon in chronic pain manage
ment, and is mainly related to pre-existing comorbidities, 
which may increase the risk, or to inadequate accidental 
doses. Among HD patients few cases have been described.30 

In emergency situations, when a patient breathing is slow- 
down or stopped due to an opioid overdose, naloxone can be 
administrated, at the initial dose of 0.4 mg to 2 mg IV, and 
repeated at 2 to 3 minute intervals, if desired response is not 
obtained. Naloxone is an opioid antagonist that temporarily 
stop the opioid effect and quickly restore normal breathing. 
However, due to the short half-life, the duration of action of 
some opioids may exceed that of naloxone; therefore, repeated 
doses may be needed and monitoring of vital parameters is 
strongly recommended.

Opioid induced constipation (OIC) is the most common 
and persistent side effect in opioid users. MOR are extensively 
distributed in the gastrointestinal (GE) tract and physiologi
cally modulate gut motility and water absorption. Opioids, by 
activating MOR in the enteric nervous system, significantly 
decrease gut motility, through the myenteric plexus, and inhibit 
ions and water secretion the GE lumen, through their activity in 
the submucosal plexus. Patients do not develop tolerance to 
OIC; therefore, it requires treatment over time. Beyond com
mon laxative drugs, in the last decade, peripherally-acting mu- 
opioid receptor antagonists (PAMORA) have been introduced 
in the market (Table 4). These compounds exert their antago
nist activity only in the enteric nervous system, because of their 
inability to cross the blood brain barrier.100

A few data are available on PAMORAs use in CKD 
patients. Naloxegol, a PEGylated derivative of naloxone, was 
generally well tolerated in patients with moderate or severe 
renal function, when administrated in the single 25 mg dose. 
Due to the low molecular weight, naloxegol is efficiently 
cleared by HD.101 However, in subjects with moderate to 
severe renal impairment, the starting dose should be reduced 
to 12.5 mg. Conversely, the pharmacokinetics of the naltrexone 
derivative, naldemedine, at the standard dose of 0.2 mg daily, 
in patients with mild, moderate or severe renal impairment, are 
comparable with those in normal subjects; therefore, dose 
adjustments are not required.100 Its use in a renal impairment 
subgroup analysis was effective and safe at the dosage of 0.2 
mg daily, consistent with the overall population.102 Naloxegol 
and naldemedine are orally administered and are primarily 
metabolized via CYP450 pathways. Physician should be 
aware that accumulated uremic toxins in CKD may down
regulate the CYP3A4 expression, which is the main enzyme 
for the metabolism of these PAMORA. CYP3A4 inducers or 
inhibitors could have clinically relevant effects on naloxegol 
and naldemedine;103 therefore, their concomitant use should be 
avoided. Methylnaltrexone, instead, is not metabolized by the 
CYP 450, but in patients with creatinine clearance <30 mL/ 
min, the dose should be reduced from 12 mg to 8 mg.103 

Methylnaltrexone is subcutaneously administrated in patients 
with advanced illness who are receiving palliative care, suffer
ing from OIC and non-responsive to traditional laxative 
therapies.

In HD patients, several other adverse events have been 
associated to chronic opioid therapy, although not necessarily 
related to these drugs. All opioids, indeed, have been reported 
to increase the risk of falls, fractures, and altered mental status, 
among HD patients. These effects have been observed also at 
lower doses and for other drugs commonly recommended in 
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guidelines.104 The relationship between opioids and risk of 
fracture is still object of investigation. Beside the increased 
risk of falls due to sedative effects of opioids, there are at least 
other two mechanisms that have been implicated in this pro
cess: firstly, opioids directly act on osteoblasts, by affecting the 
bone turnover; secondly, opioids are well known to inhibit the 
hypothalamic-pituitary axis (HPA) and to induce androgen 
deficiency.105 One of the possible effects of the HPA suppres
sion is the reduced bone mineral density observed in chronic 
opioid users and abusers.106 The opioid-related endocrinopa
thy could further worsen the low bone mass density, which is 
common in ESRD patients, especially those undergoing HD. 
Moreover, following fracture, opioids have been shown to 
have a negative effect on bone healing and to increase the 
risk of nonunion fracture.107

Moreover, all opioid drugs have been associated to 
increased mortality, dialysis discontinuation, and hospitaliza
tion. However, as a causal relationship has not been identified, 
it is reasonable to assume that patients with a worst general 
physical status more often require opioid use.83

Finally, in vulnerable patients, chronic opioid use may 
be associated with increased risk of dependence and abuse. 
The inadequate knowledge about the differences between 
tolerance, physical dependence, and psychological depen
dence, may be a further barrier to opioid prescription 
among non-pain specialists involved in the care of CKD 
patients. Appropriate definitions are useful for differentiat
ing aberrant behaviors, from common conditions that are 
expected during opioid treatment. Tolerance is a pharma
cological process due to a reduced sensitivity or number of 
opioid receptors, which leads to the need for increasing the 
dose to reach equal analgesia. Tolerance is also the 
mechanism by which some adverse events, such as nausea, 
vomiting, and dizziness, tend to disappear after the first 
days or weeks of opioid treatment. Physical dependence is 
the physiological adaption of the body to a drug, and it 
becomes clinically detectable when the opioid is abruptly 
withdrawn, without appropriate dose de-escalation. The 
clinical manifestation is the abstinence syndrome, includ
ing pupillary dilation, gastrointestinal disorders, agitation, 
and tachycardia. As the clinical feature can be shocking 
for the patient and for his family, they should be carefully 
advised that opioids must be administered according to the 
prescription and tapered-down or stopped only in accor
dance with the physician, through a de-escalation plan. 
Psychological dependence, or addiction, is uncommon 
among chronic pain patients, and is characterized by at 
least one aberrant behavior, such as compulsive use, 

impaired control over use, use despite harm, and craving.
108 Addiction is a disease with biological, neurological, 
genetic, and environmental sources of origin. Specific data 
on opioid abuse by CKD and HD patients are not available 
in literature. However, there are many studies that reported 
depression and anxiety in approximately one quarter of 
adults suffering from CKD.109 These data on the preva
lence of psychological diseases, in this specific setting, 
suggest attention in patient selection when initiating a 
treatment with opioids. Different risk tools have been 
proposed in literature, and could be used for patient selec
tion in challenging situations.110 Titration at the beginning 
of treatment to reach the minimal effective dose, tailoring 
the drug on the characteristics of the single subject, and 
eventually tapering the dose, if the opioid is not as effec
tive as expected, are three mandatory rules when mana
ging chronic pain with opioids.111 European Pain 
Federation clearly declared that inadequate and exagger
ated fears concerning the legitimate use of opioids for 
chronic pain management may result in unnecessary 
patient suffering.86

Combination Therapy with Opioids: 
Patient Safety Issues in CKD
Patients suffering from CKD and ESRD subjects under
going HD therapy are usually exposed to a significant 
number of different drugs. The risks of drug-drug interac
tions (DDI) in polymedicated patients is well known, 
particularly in CKD patients. Understanding the vulner
ability of this specific population is fundamental for avoid
ing undesired side effects.112

Most opioids, by instance, are metabolized by the 
CYP450 system, as shown in Table 1. The use of these 
drugs may lead to the risk of DDI, when co-administrated 
with CYP inducers or inhibitors.

DDI can be classified as significant, when co-adminis
tration of two drugs requires immediate medical interven
tion or possible life-threatening side effects; in this case, 
the association is contraindicated. DDI is defined minor or 
moderate, when they produce limited effects and do not 
require significant changes in therapy.113

Regarding opioids, most of the observed DDI are attri
butable to the Phase I metabolism via CYP450 isoen
zymes, which are also subject to inter-individual genetic 
variability. DDI may result in a significant increase of the 
drug concentration, enhancing analgesia, but also increas
ing the risk of opioid toxicity; or alternatively in the 
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reduction of the opioid plasma level; therefore, reducing 
the analgesic effect. Among drugs commonly used by 
CKD patients, calcium channel blockers, statins, and 
other cardiovascular drugs interact with CYP3A4; while 
beta-blockers, anti-arrhythmic, and glucocorticoids affect 
CYP2D6 activity.39

Moreover, combination therapy with opioids is often 
required for analgesic purposes. CKD or HD patients 
suffering from neuropathic or mixed pain are often pre
scribed with adjuvants (anticonvulsants or antidepressants) 
and traditional opioids.114

Gabapentinoids are the most commonly prescribed 
drugs for neuropathic pain syndromes. Although their 
metabolism is not linked to the CYP450 system, asso
ciation between gabapentin or pregabalin and opioids, 
such as tramadol, oxycodone, and methadone, may lead 
to major DDI in patients with renal dysfunction. This is 
a case of pharmacodynamics interaction, as co-adminis
tration of drugs with CNS depressive activity may result 
dangerous in such a frail population, such as CKD or 
ESRD patients. Moreover, they are primarily eliminated 
unchanged in the urine; therefore, their use in ESRD 
patients require adequate dose adjustments. Conversely, 
carbamazepine, which is the first-choice drug for tri
geminal neuralgia, is a potent enzyme inducer of various 
CYP450 and p-glycoprotein; therefore, possible DDI 
could be mostly related to the pharmacokinetic profiles 
of associated drugs. No dose adjustments are required in 
ESRD patients, as only 1–3% of carbamazepine is 
excreted unchanged in the urine.114

Tricyclic antidepressants, such as amitriptyline, and 
serotonin noradrenaline reuptake inhibitors (SNRIs), such 
as duloxetine and venlafaxine, are CYP2D6 substrates. 
These antidepressants are currently a first-choice therapy 
in neuropathic pain conditions, such as PDPN, which is 
very common among CKD and HD patients. Duloxetine 
should be avoided in severe renal failure (CrCl < 30 
mL/min).

Selective serotonin reuptake inhibitors (SSRIs), such as 
fluoxetine and paroxetine, are also CYP2D6 substrates. 
Conversely to TCAs and SNRIs, they are mainly used as 
antidepressants for treating depression in chronic pain 
patients, as they are not very effective as analgesic by 
themselves.

Altered metabolism of antidepressant drugs can result in 
serotonin syndrome. There are no specific tests for diagnosing 
serotonin syndrome; clinical diagnosis remains the gold stan
dard and it is based on altered mental status (agitation), 

heightened neuromuscular activity (spontaneous or inducible 
clonus, ocular clonus, tremor and hyperreflexia) and altered 
autonomic activity (diaphoresis and temperature >38°C). In 
ESRD patients, the risk of toxicity is increased by a reduced 
renal clearance of active serotoninergic agents. Tramadol is the 
most commonly involved opioid in the reported cases of 
serotonin syndrome, alone or in combination with other ser
otoninergic medications, because of its dual mechanism of 
action, including inhibition of 5-HT reuptake.115

Conversely, Tapentadol, due to a minimal-to-weak ser
otonin reuptake inhibitor activity is unlikely to cause ser
otonin syndrome. Few case reports have been reported in 
the post-marketing surveillance, when co-administrated 
with other serotoninergic medications, because of its 
weak ability to bind 5-HT2A receptors. On the other side, 
fentanyl, which theoretically is a pure MOR agonist, 
which is thought to not influence serotonin concentration, 
has been reported as the second most common opioid 
involved in serotonin syndromes, when co-administrated 
with serotoninergic drugs, including antidepressants and 
antiemetic medications. Fentanyl, indeed, has been 
recently shown to be a weak inhibitor of the serotonin 
transporter (SERT); therefore, it produces an efflux of 
serotonin. Moreover, it binds to 5-HT1A and 5-HT2A 

receptors.116

Finally, monoamine oxidase inhibitors (MAOIs), such as 
the antibiotics isoniazid or linezolid, used for severe infections, 
may also induce serotonin syndrome; therefore, their use 
should be avoided in patients using other serotoninergic 
medications.

According to these data, the risk of DDI should be always 
considered when managing chronic pain in CKD patients. In 
polymedicated patients, particularly, with mixed chronic pain 
syndromes, where traditional opioids may be ineffective, 
tapentadol could be considered the most promising opioid, 
for its dual activity on both neuropathic and nociceptive com
ponents of pain, for its nearly CYP450-free metabolism, and 
for its pharmacological characteristics, which make the drug 
suitable also for patients with mild to moderate CKD, without 
dosage adaptation.39

Conclusions
Pain is very common in CKD and HD patients, but most of 
these subjects are still undertreated. Adequate pain manage
ment is mandatory for a better quality of life and for ensuring 
regular and complete HD sessions. Non-pain specialists may 
be unfamiliar with different chronic pain syndromes and with 
safe and appropriate use of opioids. Given the high 
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prevalence of chronic pain, as suggested by recommenda
tions for general population, they should consider referral to 
pain specialists when pain is not adequately managed with 
standard analgesics. A multidisciplinary team should be 
involved in the management of vulnerable patients suffering 
from CKD or undergoing HD.

Implementation of medical education is the best solu
tion for overcoming current barriers to adequate pain 
management and to avoid physicians' concerns about 
opioid use. Unfortunately, the number of clinical trials 
available on the use of opioids in ESRD and HD patients 
is still limited, and extrapolating information by clinical 
studies on different populations may not be prudent. 
Therefore, further trials are warranted to evaluate the 
efficacy and safety of opioids in CKD and ESRD/HD 
patients.
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