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Abstract 

Introduction: Patients with cirrhosis often present with pain as a common complaint. Pharmacological pain  

management safety depends on the excretion and metabolism of drugs by the kidney and the liver. The analgesic choice 

in cirrhotic patients can be tremendously challenging, especially in patients with hepatorenal syndrome, a potentially 

reversible renal impairment associated with an increased drug accumulation and a high risk of potential toxicity. Choice 

and dose of medications depend on various factors, including the severity of the condition, possible drug interactions, 

drug dependence, and liver transplant status. Ideally, medications should be titrated from the lowest effective dose to 

higher strength. This review aims to discuss the pharmacodynamic and pharmacokinetics of analgesics used in cirrhotic 

patients. The metabolism of each drug, route of administration, pathophysiology, and limitations of their use are  

discussed to better understand their implementation in patients with cirrhosis and HRS. For this purpose, we performed 

a systematic literature search in PubMed and Google Scholar. Articles were searched via search terms and keywords.  

Certain high potency opioids like Sufentanil, Fentanyl, Remifentanil, Oxymorphone, and Butorphanol can be used  

cautiously. Low potency opioids such as Pentazocine, Tramadol, Nalbuphine, and Tapentadol may also be considered 

with dose adjustments. Albeit less favorable, some other analgesic options include Gabapentin, Pregabalin,  

acetaminophen, Duloxetine, Venlafaxine, Fluoxetine, Topical Lidocaine, Capsaicin, and Clonidine. 

Methodology: A systematic literature search in PubMed and google scholar was conducted between March 5 and August 

10, 2021. Articles were searched via search terms and keywords relating to International Classification of Diseases:  

hepatorenal syndrome, pain, opioids, metabolism, renal clearance.  

Results: One thousand three hundred eighty-seven articles were identified from database searching. After removal of 

duplicates, 924 studies were screened for eligibility. After review of titles and abstracts, 665 studies were rejected for 

relevance reasons. Most of these studies were rejected because they were not relevant, did not meet search criteria,  

case-control article, case series articles, no English translation, articles did not mention adjustments in patients with liver 

or kidney disease. One hundred forty-two articles were used for the synthesis.  

Keywords: Pain; hepatorenal; opioids.  

Introduction and Background 

High potency opioids 

Sufentanil 

Sufentanil is a highly-protein-bound potent synthetic lipophilic opioid that is extensively metabolized by the liver. Ad-

ministered intravenously, intramuscularly, subcutaneously, intrathecally, or epidurally. Single-dose pharmacokinetics is 

not significantly altered in patients with cirrhosis, although the impact of continuous infusions and reduced protein 

binding can prolong the effect [12].  
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Biotransformation occurs through N-dealkylation, oxidative de-ethylation, oxidative demethylation, and aromatic hydrox-

ylation [13]. Pharmacokinetics are characterized by a short onset of action and a rapid increase in plasma concentration 

after bolus administration. In addition, sufentanil is rapidly eliminated; after an injection of 3 μg/kg, 98% of the amount 

injected was no longer detected in plasma after 30 min [14]. In a matched-pair analysis, the authors were able to show 

that the kinetics of a single dose of 3 μg/kg sufentanil in 12 patients with liver cirrhosis were not altered compared to 

healthy patients [15]. This drug has no active metabolites and is generally not expected to require dose adjustment in the 

presence of renal impairment [16]. Sufentanil can be used in patients with hepatorenal syndrome in a single dose and 

infusions. Regarding infusions, patients should be monitored cautiously [12]. 

Fentanyl 

Fentanyl is a highly fat-soluble, potent narcotic and analgesic, the effect of which is maximally pronounced after 2-4 

minutes when administered intravenously. Fentanyl is highly bound (85%) to plasma proteins. It is eliminated to a high 

degree when it passes through the liver (hepatic extraction rate 0.8-1.0); approximately 60% of the substance is metabo-

lized in the first passage. In the liver, conversion to inactive metabolites [4-N- (N-propionylanilo) piperidines and 4-N- (N

-hydroxypropionylanilo) piperidines]. These inactive metabolites are then renally excreted. The short duration of action 

depends on concentration, so repetitive doses lead to higher plasma levels and a longer duration of action  [17]. Accord-

ing to current research, the resulting metabolites may accumulate but are inactive and non-toxic [17]. The cytochrome 

P3A4 system is mainly involved in the metabolism of fentanyl. 

With adequate hepatic blood flow, the high hepatic extraction rate means that sufficient substance is broken down even 

with reduced enzyme activity. In a study on eight patients with low-grade liver cirrhosis, no significant changes in the 

pharmacokinetics of fentanyl regarding half-life, plasma clearance, and volume of distribution were found compared to 

control patients [18]. Therefore, no dose adjustment is necessary for a single bolus administration in patients with hepa-

torenal syndrome. In the case of a transdermal patch, the recommendation of only 50% of the initial dosage. In repeated 

administration, continuous infusion, or high doses, accumulation may result in a prolonged duration of action. Recom-

mend to proceed with caution [19]. 

Alfentanil  

Alfentanil is an ultra-short-acting opioid with a rapid onset of action of 5 minutes with an effect lasting about 30-60 

minutes. Approximately 88-92% binds to alpha-1 acid glycoprotein. Compared to fentanyl, alfentanil is less potent, with 

a smaller distribution volume and shorter half-life. The drug has no significant active metabolites. Alfentanil is character-

ized by a relatively low hepatic extraction rate (0.3-0.5) and is eliminated almost exclusively through the liver. Alfentanil 

is enzymatically dealkylated and demethylated in the hepatocytes, including CYP3A4. Only 1% passes through the kid-

neys unchanged and is excreted in the urine [18]. Alfentanil is metabolized by the cytochrome P450 (CYP) enzyme 3A4, 

the most common CYP enzyme in the human liver, and is involved in the metabolism of more than 50% of the drug. 

Therefore, like all drugs metabolized by this pathway, their levels can be influenced by many other medicines, which can 

accelerate or delay their metabolism. Meaning, that the effect of alfentanil should be closely monitored in terms of anal-

gesia and toxicity [20]. In patients with ethyl-toxic liver cirrhosis, the plasma clearance after alfentanil bolus administra-

tion of 50 µg/kg was significantly lower than in healthy volunteers. In addition, elimination of half-life and a free fraction 

of the drug in the plasma was increased in liver cirrhosis. Ashley et al. observed a lower significant plasma clearance of 

alfentanil in cirrhosis groups than in the control group. Based on these data, alfentanil does not seem recommended if 

hepatic metabolism is impaired [21,22]. Alfentanil is not recommended for use in patients with hepatorenal syndrome.  

Remifentanil 

Remifentanil is an ultra-short-acting synthetic drug and also a powerful agonist for μ receptors [23, 24]. It is available in 

the form of an intravenous drug. Unlike other opioids, Remifentanil has no hepatic metabolism  [24]. Remifentanil is a 

synthetic opioid with an ester linkage that allows for rapid hydrolysis by blood and tissue esterases; such hydrolysis 

leads to high clearance, rapid elimination, and recovery that is almost independent of the dose or duration of infu-

sions [25]. The duration of action of remifentanil has been found to be short, even in patients with renal or hepatic im-

pairment [26]. Predictably, the clearance and elimination of remifentanil are unchanged in patients with severe liver dis-

ease or in those undergoing liver transplantation [10,27]. In renal insufficiency, the pharmacokinetics of remifentanil do 

not change, although the half-life of its metabolites is slightly prolonged [28] Remifentanil is therefore a safe drug for 

patients with impaired kidney function. Remifentanil is recommended for use in patients with hepatorenal syndrome at 

the usual dose [29]. 
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Buprenorphine 

It is a partial mu-opioid receptor agonist and weakly antagonist at kappa and delta opioid receptors. Buprenorphine is 

one of the opioids approved for use as an alternative to methadone in the treatment of opioid dependence. In addition, it 

has also been used to control chronic pain. Because of its lipophilic nature, it has a high affinity and slowly dissociates 

from the mu-opioid receptor, resulting in a long duration of analgesic effect. It is metabolized through the liver by oxida-

tion into its active metabolite norbuprenorphine by CYP450 enzyme (VYP3A4), which is then glucuronidated. It has a 

high protein binding affinity of approximately 96%, mainly alpha and beta globulin [30]. Sublingual, transdermal, IM and 

oral formulations are the most common of administrations available. It undergoes high first-pass metabolism through 

oral route leading to 15% of bioavailability which is not enough to control pain, therefore this route of administration is 

not preferred. It begins to act in less than 5 minutes by the sublingual (SL) route. Bioavailability is 30% by SL, 70% by IM 

and 15% by transdermal. Transdermal formulation maintains therapeutic blood levels over a longer period hence 

providing longer pain control. Approximately 80 to 90 % of its elimination is by stools and 10 to 20 % by urine. There is 

also an enterohepatic recirculation that leads to the prolongation of its T ½. When GFR is lower, 10 ml/min, reduce the 

dose by 50% [30,31]. Unfortunately, no studies on buprenorphine are currently not available to determine whether the 

dose needs to be adjusted or whether the pharmacokinetics remain unchanged in hepatic impairment. Cases of hepatitis 

have been reported with buprenorphine use in patients with pre-existing liver dysfunction [32]. For these reasons bu-

prenorphine should be used cautiously in patients with hepatic disease. It is not recommended for use in patients with 

hepatorenal syndrome. 

Methadone 

It is metabolized by CY3A4 and 1A2 enzymes in the liver, so its clearance decreases in patients with severe hepatic insuf-

ficiency. It is excreted by faeces after transformation into inactive metabolites. Methadone is used to control severe pain, 

detoxification, and temporary treatment of drug dependence. It is available in oral, parenteral (IV, IM), suppositories, 

inhalation, and subcutaneous forms. Oral formulation is commonly used, with a half-life of 8 to 60 hours. The analgesic 

duration of methadone is 2 to 6 hours after the first dose and 3-6 hours after the repeated dose [33]. It has high protein 

binding affinity but has no toxic metabolites therefore it is best tolerated by patients with hepatic impairment  [31]. Re-

duced doses are needed in patients with hypoalbuminemia, as the methadone is strongly protein bound. Because the 

kidney is not involved with elimination, it can be safely used in patients with kidney disease. However, for patients with 

RFG<10, it is advised to start with lower doses and titration gradually until the desired pain control is achieved  [33]. 

While taking this medication, patients should look out for common side effects such as dizziness, constipation, forgetful-

ness, and impaired cognition, or confusion. The use of methadone for analgesia and not as maintenance treatment in pa-

tients with hepatic impairment has not been investigated. The disposition of methadone appears to be relatively unaf-

fected in renal impairment, thus its clearance should not be further reduced in the presence of hepatorenal syn-

drome [34]. However, due to the significant inter-individual variability of methadone pharmacokinetics and its long t1⁄

2, this drug should not be used as a first-line analgesic treatment in patients with liver disease. However, although meth-

adone is an attractive analgesic for patients with liver disease, its long half-life may lead to accumulation, which has re-

duced its use for pain management in severe liver disease [35]. Methadone is contraindicated in patients with severe 

liver diseases. We do not recommend it in patients with type 1 hepatorenal syndrome. Use cautiously in patients with 

HRS type 2.  

Oxymorphone 

Oxymorphone is a narcotic analgesic used to treat moderate to severe pain. Oxycodone is partially metabolized by cyto-

chrome P450 2D6 into oxymorphone. However, oxymorphone has a significantly longer half-life of approximately 7-9 

hours than oxycodone, with an average elimination half-life of 3.51 hours in one oral dose [36]. It is highly metabolized, 

mainly in the liver, and undergoes reduction or conjugation with glucuronic acid. Less than 1 % is excreted unchanged in 

the urine [16]. The drug has a rapid onset of action (as it is more lipid soluble than morphine), and duration of action is 

approximately 4-6 hours [16]. It can be given as oral, IV, IM or SubQ. In patients with creatinine clearance below 50mL/

min, start with the lowest dose of 5 mg and slow titration (naï ve opioid patients). Doses IV, IM and subcutaneous should 

be reduced and slowly titrated in the case of renal failure. The same dose reduction should be followed in the event of 

hepatic dysfunction [37]. The extended release of oxymorphone is no longer produced and it has been replaced by oxy-

contin (oxycodone extended release). Oxymorphone can be used in patients with hepatorenal syndrome, with appropri-

ate dose adjustment and with a close follow-up by an expert in pain management.  
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Butorphanol 

Butorphanol is a kappa opioid receptor and a partial opiate mu receptor agonist. It is metabolized hepatically to hydroxy 

butorphanol. It’s action peaks at around 0.5-1 hour (IM and IV) and 1-2 hours nasally. The drug can be administered IM, 

IV or intranasally [38]. The drug is 80% protein bound and is absorbed rapidly. It takes about 20-40 minutes to reach 

peak when given IM and 30-60 minutes when it is given nasally. The effects of the drug last about 3-4 hours when given 

IM and 4-5 hours when given intranasally. The drug is excreted mainly in urine (70-80%) and faeces (15%) [39]. The 

elimination half-life is approximately doubled, and the total body clearance is approximately one half in patients with 

creatinine clearance below 30 mL/minute. The elimination half-life is approximately tripled, and the total body clearance 

is approximately one half in the case of hepatic dysfunction. The drug is mainly metabolized in the liver, with extensive 

first-pass metabolism, resulting in oral bioavailability 5-17% [36]. Repeated doses should be in accordance with the ini-

tial dose in patients with hepatorenal syndrome. This medication can be used cautiously.  

Hydromorphone 

Hydromorphone is a semisynthetic opioid that undergoes important first-pass metabolism, resulting in low oral bioavail-

ability [40]. It is primarily metabolised by glucuronide conjugation to hydromorphone-3-glucuronide. Several other me-

tabolites are formed in smaller amounts: hydromorphone-3-glucoside, dihydromorphine, and unconjugated and conju-

gated dihydroisomorphine. In patients with moderate hepatic impairment, Cmax and AUC increased 4 times after admin-

istration of a single dose of oral immediate release hydromorphone. This increase was probably a consequence of re-

duced first-pass metabolism. The t1⁄2 of the drug in patients with hepatic impairment was equal to that of controls [41]. 

Based on the results, a reduction of hydromorphone dose with maintenance of the standard dosing interval is necessary 

in patients with moderate liver disease. Possible decreases in the metabolizing capacity of conjugating enzymes with the 

advancement of liver disease may lead to an increase in the t1⁄2 in patients with severe liver disease. However, no stud-

ies investigating the pharmacokinetics of hydromorphone in patients with severe liver disease are currently being un-

dertaken. In the presence of renal impairment, an accumulation of the neuroexcitatory metabolite hydromorphone-3-

glucuronide has been observed. [42,43,44]. Therefore, hydromorphone should be avoided in patients with hepatorenal 

syndrome.  

Oxycodone 

Oxycodone is a semisynthetic mu opioid agonist that has pharmacodynamic potency similar to morphine. Compared 

with morphine, oxycodone displays similar protein binding capacity but a higher oral bioavailability (60-87%). The me-

tabolism of oxycodone depends on oxidative enzymes, including CYP3A4 and CYP2D6, which transform oxycodone to 

noroxycodone and the active metabolite oxymorphone, respectively [31,45-47]. An impairment in oxycodone metabo-

lism in liver disease might occur because of decreased hepatic blood flow and/or decreased intrinsic clearance, since the 

metabolizing activity of oxidative enzymes is reduced in chronic liver disease. In this case, the formation of the active 

metabolite oxymorphone would be reduced, resulting in potentially lower analgesic effects as observed in poor CYP2D6 

metabolizers [11, 48, 49]. In advanced hepatic impairment, the maximum concentration of oxycodone increases by 40% 

and the immediate-release oxycodone half-life increases to 4.6-24.4 hours (average 14 hours; its usual half-life is ~3.5 

hours) [50]. Initial doses of oxycodone in patients with severe hepatic failure should be reduced to 30%-50% of the rec-

ommended starting dose. It is recommended to initiate therapy with lower doses and extended intervals, allowing for 

adequate time between doses to avoid accumulation and titration according to the patient's response. The oxycodone 

dosage for healthy patients whose opioid tolerance has been established is a single dose of 60mg per day  [50]. However, 

patients who have kidney disease should take a maximum of 20 mg in a day. This is also the case for patients with liver 

disease. Like the previous drug, oxycodone undergoes zero-order kinetics where a constant amount of the drug is elimi-

nated independently of the concentration [51,52]. The drug is meant to stay in the body for a specific time after which it 

is excreted. Oxycodone has increased oral bioavailability due to decreased first-pass effect and t 1/2 prolongation due to 

significant protein binding, which increases the risk for toxicity. Avoid ER formulations (oxycodone ER [OxyContin, 

Xtampza ER]) in patients with hepatorenal syndrome [16]. It may be used in patients with renal failure if closely moni-

tored but is considered a second-line agent both parent compound and metabolites are substantially renally excreted; 

oxymorphone, and oxycodone metabolite, and the parent compound accumulate in renal failure; dose adjustment is rec-

ommended [38]. 
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Low potency opioids 

Pentazocine  

Pentazocine, also known as narcotic, is an opioid medication for pain. This narcotic is used to treat moderate to severe 

pain in people older than 12 years. It can also be used in surgery as anesthesia. Pentazocine administration route is by 

injection intravenous, intramuscular, and subcutaneous [53]. Oral administration of pentazocine has less predictable 

response but is able to provide a similar degree of analgesia as compared to parenteral pentazocine [54]. 

The metabolism of pentazocine may differ between different patients. However, the average metabolic process of penta-

zocine is undergoing an extensive first-pass metabolism in the liver. After this process, the drug passes into the systemic 

circulation. The lipophilic nature of pentazocine helps them to get to their target tissues by crossing the cell membranes. 

The main site for the metabolism of pentazocine is the liver. The drug is also subject to zero-order kinetics where a con-

stant amount of the drug is eliminated regardless of the concentration.  

In patients with liver disease because of lower clearances and longer half-lives, pentazocine should be used and the dos-

age adjusted carefully. The bioavailability of pentazocine is greater in the cirrhotic compared to normal subjects. The 

increased bioavailability in the cirrhotic patients is a result of the lower first pass clearance after an oral dose of each 

drug, probably due to loss of hepatic enzyme activity and decrease in effective liver blood flow. The recommendation of 

Pond et al is that patients with severe liver disease receive 10-25% of the usual oral dose of pentazocine, because its half-

life is approximately double in cirrhotic patients. Otherwise, for multiple parenteral injections, the dosing interval would 

have to be doubled, or the doses reduced by approximately 50%, because of the decreased systemic clearance and pro-

longed half-life of the drug [55]. It can be used in patients with hepatorenal syndrome decreasing the dosage and increas-

ing the intervals of the medication. 

Meperidine 

Meperidine is a synthetic opioid with weak addictive properties compared to morphine. T1/2 is 2 to 4 hours and binds to 

70% protein [47,56]. Meperidine is converted to norpethidine through methylation, and pethidine acid through hydroly-

sis via CYP2B6 and CYP3A4. Norpethidine is responsible for 50% of the analgesic effect of Meperidine and has its effect 

on μ-opioid receptors. It is excreted primarily by the kidney in the form of glucuronic acid [57]. This pharmacodynamic is 

impaired in cirrhosis with or without renal insufficiency, particularly with repeated dose, due to decreased drug clear-

ance and/or increased oral bioavailability, at repeated doses [47]. Although meperidine production decreases in patients 

with cirrhosis with liver function impairment, the cumulative effect is the reason behind increased toxicity. Most com-

mon side effect noted is seizure and neurotoxicity, which is seen even at lower dosage in these patients  [57]. Due to in-

creased bioavailability of CNS toxic metabolite and increased bioavailability (T1/2 being 15-30 hours), Meperidine can 

precipitate hepatic encephalopathy and therefore should be avoided in patients with liver and renal issues  [47,56]. Me-

peridine should not be used with MAOI as it induces hyperpyrexia along with seizure delirium, respiratory depression, 

and neurotoxicity [58]. 

Codeine 

Codeine is a weak opioid analgesic and has a low affinity with μ opioid receptors. Codeine is also called 3-

methylmorphine as it is converted to Morphine, an active metabolite, by the CYP450 system (CYP2D6) and glucuronida-

tion [32]. Codeine induced liver injury and hepatic DNA damage via caspase 3-dependent signaling by suppressing hepat-

ic antioxidant status and enhancing free radical and TNF-α generation [56,57]. 90% of metabolites are excreted by the 

kidney and 10% by feces [47]. Due to impaired metabolism in hepatic failure patients, the analgesic effect of codeine is 

very unpredictable [32,47]. Moreover, due to the accumulation of its active metabolites, codeine can cause respiratory 

depression in these patients [31]. Therefore, codeine should be avoided in patients with hepatorenal syndrome and seek 

alternative medication.  

Dihydrocodeine  

This probably has similar elimination to codeine, and has been reported to cause prolonged sedation, reversible with 

naloxone. It has not been so intensively studied however and should be avoided in the presence of renal failure  [17, 

59]. No evidence was found to guide treatment in the presence of hepatic dysfunction. We do not recommend in patient 

with hepatorenal syndrome. 
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Morphine  

Morphine is metabolized by glucuronidation to two major metabolites, morphine-3-glucuronide (M3G) and morphine-6-

glucuronide (M6G). M6G is an active analgesic that is more potent than morphine, while M3G has no analgesic effect but 

contributes to neurotoxic side effects such as confusion. Morphine accumulation has been reported in liver disease which 

can result from decreased plasma clearance and/or increased elimination half-life of the parent drug [60]. The metabo-

lism of morphine is impaired significantly in patients with severe cirrhosis. Clinically significant results were high oral 

bioavailability and long elimination half-life. These results require a cautious oral and intravenous morphine in patients 

with severe end stage liver disease [61,62]. Morphine should be avoided in patients with hepatorenal syndrome due to 

increased risk of neurotoxicity resulting from morphine-3- glucuronide and morphine 6-glucuronide accumulation in 

severe renal impairment [31].  

Tramadol  

Tramadol undergoes more than 80% of liver metabolism. The biotransformation of tramadol to its main metabolite, O-

demethyl tramadol, is catalyzed by CYP2D6. Tramadol is characterized by a dual mechanism of action: modulation of the 

central monoaminergic pathways and m-opioid receptors agonist. Tramadol may be beneficial in intractable pain due to 

partial inhibition of serotonin reuptake [31,63]. Tramadol can cause less sedation and respiratory depression and has 

less potential for tolerance compared with other opioids, however, it lowers seizure threshold and can precipitate sero-

tonin syndrome when used with SSRIs or TCAs [64]. Although less pain relief in cirrhotic patients is expected due to re-

duced biotransformation, this has not been observed in clinical trials. In patients with liver cancer the duration of action 

is longer compared to healthy controls. Authors recommend tramadol 50 mg every 12 hours  [65]. Others have recom-

mended 25 mg every 8 hours in liver dysfunction [31]. Tramadol can be used in patients with hepatorenal syndrome 

considering dosage adjustment and strict side effects surveillance. Start with 50 mg every 12 hours and use extended 

dosing intervals [66]. 

Hydrocodone 

Hydrocodone belongs to the group of long acting or slow sustained release opioid analgesics. It is a semi-synthetic drug 

derived from codeine and is used as an analgesic antitussive [23, 67]. Its drug products are available only in oral form or 

in combination with non-opioid drugs such as acetaminophen. Even though hydrocodone has been available for clinical 

use in the US for long time. Its metabolism and kinetics are not fully understood. Its main metabolites are noridrocodone 

(via cytochrome P450 [CYP]3A4) and hydromorphone (through CYP2D6). The hydromorphone is more powerful and 

binds much more closely to the μ-opioid receptor than hydrocodone, and probably represents the active metabolite of 

the hydrocodone [68,69]. Hydrocodone dosage titration is limited due to its non-narcotic composition [11]. We do not 

recommend it in patients with hepatorenal syndrome.  

Levorphanol 

Is a potent opioid agonist, with a longer half-life compared to other opioids. It is considered step 3 opioid by WHO. It is a 

mu, delta, kappa, kappa 3 receptor agonist, potent NMDA antagonist and serotonin/norepinephrine reuptake inhibitor. 

Levorphanol is used in pain refractory to other opioids, pain in the elderly, neuropathic pain, opioid-induced hyperalge-

sia [70]. Its method of administration is via IV, subcutaneous and oral route with half-life of 11-30 hours when given via 

parenteral and oral route respectively. The metabolism of Levorphanol occurs through hepatic glucuronidation that pro-

duces levorphanol-3-glucornin and is excreted renally. Although it has a short half-life of approximately 11-16 hours, its 

duration of analgesic action is longer [71]. It begins to produce analgesia in 10-60 min after oral administration lasting 

for 6-15 hours with its peak plasma concentration reaching in 1 hour [72]. Levorphanol is five times more potent com-

pared to other opioids such as oxycodone and methadone when given orally and parentally. Prommer et al suggested 

that total daily dosage should be started at 1/15 to 1/12 of daily dosage oral morphine and change the dosages according 

to patient’s response [72]. The recommended dose via IV route is 1 mg with slow infusion, for subcutaneous, 1-2 mg that 

can be repeated in 6-8 hour as needed and for oral it is 2 mg [72]. Metabolism of Levorphanol occurs via hepatic glucu-

ronidation producing levorphanol-3-glucuronide which is an inactive metabolite. It has been suggested that the dose 

interval of Levorphanol should be increased in patients with hepatic insufficiency. Levorphanol has high affinity for pro-

tein binding and its metabolites are excreted renally, therefore it is advisable to increase the dose interval in patients 

with compromised kidneys [73]. Like methadone, levorphanol may cause urinary retention due to its anticholinergic 

adverse effects [72]. It is not current data that supports the levorphanol dosage adjustment in patients with liver and 

kidney impairment.  
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Nalbuphine 

It is a kappa opioid agonist and mu antagonist. It produces analgesic effects by its actions on kappa receptors [74]. Nalbu-

phine is one of the opioids that provides pain control with less nausea, itching, and respiratory depression. It is adminis-

tered through subcutaneous, IV and IM routes, with rapid onset of action within 15 minutes. Metabolized through hepat-

ic and renally eliminated. Recommended dose of Nalbuphine is 10 mg for 70 kg weight. Patients receiving Nalbuphine 

can experience certain side effects such as depression, confusion, faintness, changes in vitals, cramps and respiratory 

depression, dyspnea [75]. Nalbuphine is metabolized and eliminated by the liver and therefore its dose should be re-

duced in patients with hepatic dysfunction [76]. However, there is insufficient data to recommend this medication to pa-

tients with hepatorenal syndrome.  

Tapentadol  

Dual-acting analgesic molecules such as tapentadol have been used due to the mechanistic mode of action on the mu-

opioid receptor (MOR) agonism and noradrenaline reuptake inhibition receptor (NRI). The drug has been increasingly 

used to treat moderate to severe acute pain, neuropathic progression, and chronic pain [77-79]. Tapentadol is majorly 

metabolized through conjugation into inactive metabolites, tapentadol-O-glucuronide (55%) and tapentadol sulfate 

(15%). In addition, liver enzymes CYP2C9 & CYP2C19, and CYP2D6 metabolizes tapentadol (to a lesser degree) produc-

ing N-desmethyl tapentadol and hydroxyl tapentadol, respectively; before undergoing further conjugation. In addition, 

these metabolites have no analgesic effects [22]. First-order kinetics is the channel tapentadol follows during elimina-

tion. The kidneys exclusively excrete the drug and its metabolites, 69% is excreted in the form of conjugates, 27% as oth-

er metabolites, and 3% as unchanged drug. The half-life of oral tapentadol is approximately 4 hours, and clearance is 

1530±177ml/min, but research shows that these rates can be prolonged following dialysis and impaired liver func-

tion [78,79]. Tapentadol formulation is in oral tablets, doses consisting of 50, 75 and 100 mg. The recommendable dos-

age for tapentadol is 75 mg twice daily to a maximum of 650 mg every 4-6 hours. In the context of patients with acute 

renal impairment or severe chronic hepatic impairment, tapentadol should not be prescribed. Moreover, in aged pa-

tients, especially those with moderate hepatic impairment, the dose is reduced [22,46]. Tapentadol should be used with 

caution since both hepatic and renal functions are impaired during hepatorenal syndrome, there is no data of its usage in 

this population. Instead, the drug is safe for use in patients showing mild liver disease, but with caution in moderate 

chronic liver disease, starting with lower doses [46].  

Aspirin 

Aspirin irreversibly acetylates COX enzymes. COX-2 is an important enzyme responsible for producing renal prostaglan-

dins in charge of the augmentation of renal blood flow (RBF) and GFR (glomerular filtration rate) in situations of de-

creased actual or effective circulating volume. The main prostaglandins in the kidney are prostacyclin PGI2, PGE2, and 

PGF2α, which have a complex role. In a healthy population, COX inhibitors have negligible effects on renal hemodynam-

ics. However, volume-depleted states activate RAAS, and consequently, prostaglandins synthesis is increased to preserve 

RBF by decreasing preglomerular resistance. ASA-induced inhibition of prostaglandins-mediated vasodilation decreases 

the GFR significantly, increasing the risk for nephrotoxicity, AKI (Acute renal injury), hyperkalemia, renal tubular acido-

sis. In patients with CKD, RAAS persistent activation produces glomerular capillary hypertension, glomerular damage, 

extracellular matrix accumulation, reactive oxygen species, and endothelial dysfunction. Higher levels of prostaglandins 

are present in CKD to attenuate the RAAS effects and to aid in the perfusion of the remaining nephrons by afferent arteri-

ole vasodilation. Thus, in the presence of ASA, these protective mechanisms are shunted, worsening kidney impair-

ment [80, 81, 38]. There is limited data on ASA usage in this population. In general, salicylates should be avoided in pa-

tients with AKI due to the increased risk for hypervolemia and systemic vasoconstriction. If salicylates are used, this 

should be done cautiously and under special circumstances [80, 81, 38]. Salicylates are hepatotoxic in these patients 

since these drugs are mostly bio transformed through conjugation and CYP450 reactions, which increases its oral bioa-

vailability and plasma levels. There is a 2-fold increase in AUC (Area Under the Curve) of free salicylate, indicating an 

increased risk of salicylate toxicity in these patients [31]. ASA inhibits prostaglandins production in the kidneys and GI 

tract, worsening RAAS effects involving sodium retention, ascites, edema. Patients are more susceptible to gastrointesti-

nal bleeding due to decreased cytoprotective effect of COX-1 and thrombocytopenia caused by decreased synthesis of 

Thromboxane A2 [11, 31, 66, 82, 83]. Salicylates are known to cause prerenal AKI and ATI (acute tubular injury) in pa-

tients with deteriorating kidney function. The prostaglandin-inhibitory effect harshly decreases the renal blood flow 

worsening the already low glomerular perfusion. Salicylates are nephrotoxic drugs that cause tubule-interstitial kidney 

damage. Besides the nephrotoxic effects, Salicylates are hepatotoxic. ASA can't be metabolized by the liver, increasing its 

concentration to toxic levels. It is recommended to avoid NSAIDs in hepatorenal syndrome due to toxic effects in both 

liver and kidney in a population that already has deteriorating functions in these 2 key organs [84, 85]. 
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Non-steroidal anti-inflammatory drugs (NSAIDs) 

Non-steroidal anti-inflammatory drugs (NSAIDs) produce their analgesic effect by blocking cyclooxygenase, leading to 

inhibition of PGE2 and PGI2 production, which are responsible for mediating central and nociceptive responses [86]. The 

majority of NSAIDs undergo hepatic biotransformation and renal excretion as the primary routes of metabolism and 

elimination, respectively. Many NSAIDs are metabolized by the liver into inactive metabolites  [87]. NSAIDs undergo he-

patic transformation via various CYP450 enzymes, mainly CYP2C and CYP3A [86-89]. Most of them also undergo glucu-

ronidation in the liver [89]. Patients with cirrhosis may have decreased production of drug-binding proteins and may 

have normal or reduced CYZ activity. This results in alteration of the metabolism and bioavailability of NSAIDs in this 

subset of patients [11,89]. Furthermore, as most NSAIDs are highly protein-bound, the level of free NSAID plasma con-

centration in patients with cirrhosis is increased, requiring dose reduction [89]. An important adverse effect of NSAID 

use is hepatotoxicity. This is particularly important due to their widespread use, NSAIDs are responsible for approxi-

mately 10% of all cases of drug-induced hepatotoxicity. NSAID use is also a common cause of GI bleeding. In the context 

of patients with cirrhosis and portal hypertension, there is a significant correlation between NSAID use and the first vari-

ceal bleed, as demonstrated in a retrospective case study [36,89]. Due to the diminished synthesis of pro-aggregatory 

thromboxane A2 by platelets, these patients are also at increased risk of thrombocytopenia and coagulopathy [36]. The 

greater concern with NSAID use in cirrhotic patients with portal hypertension is the association of renal impairment, in 

particular hepatorenal syndrome. In cirrhosis, prostaglandins are required to counteract the reduction of perfusion to 

the kidneys due to the activation of the renin-angiotensin-aldosterone system and sympathetic system. NSAID mediated 

inhibition of prostaglandins in these patients, which can lead to profound reduction in renal perfusion, reduced GFR, and 

marked sodium retention [90].  

As a class, NSAIDs (including selective cox-2 inhibitors, the coxibs) have an inhibitory effect on the prostaglandins that 

play a crucial role in maintaining renal perfusion and filtration. This results in hypertension (or worsening of pre-

existing hypertension), fluid retention, and acute renal failure in severe cases. Factors that tend to exacerbate this effect 

are dehydration and pre-existing kidney dysfunction [88]. Afferent artery vasoconstriction leads to a reduction in GFR. 

Other renal adverse effects of NSAIDs include allergic reactions that can lead to tubulointerstitial nephritis, nephrotic 

syndromes- most commonly minimal change disease and membranous nephropathy, papillary necrosis, and several elec-

trolyte abnormalities including hyponatremia, hyperkalemia, and type 4 renal tubular acidosis [38]. The use of NSAIDs 

and selective cox-2 inhibitors should be avoided in the presence of acute kidney injury.  

Topical NSAIDs can provide adequate analgesia for both acute and chronic pain with limited systemic exposure as com-

pared to oral NSAIDs, thereby minimizing the systemic toxicities and related adverse effects  [38, 90, 91]. When pain is 

present in non-ulcerated soft tissues and joints, topical NSAIDs may be a suitable alternative to oral administration  [38, 

91]. Topical NSAIDs include diclofenac, ibuprofen, ketoprofen, and combination salicylates plus diethyl ether [38].  

Although serum concentrations of topical NSAIDs are lower than that of oral NSAIDs, they must still be used over small 

surface areas and not for prolonged durations to avoid systemic toxicity. There is a lack of evidence comparing topical 

and oral NSAIDs in terms of renal adverse effect profiles [91]. We do not recommend the use of NSAIDs in patient with 

hepatorenal syndrome 

Ketamine  

N-methyl-D-aspartate (NMDA) receptor antagonists like ketamine have been used noncompetitively to inhibit these re-

ceptors in the brain. Ketamine is a phencyclidine derivative, consisting of a mixture of (S)- Ketamine and (R)-Ketamine, 

being (S) isomer more potent. Ketamine has different clinical uses, anesthetic, analgesic (chronic and acute postoperative 

pain), antidepressant, and anti-inflammatory effects. This arylcyclohexylamine anesthetic has been increasingly used 

during short-term diagnostic and surgical procedures. Ketamine provides a similar analgesic effect as opioids but with 

mild respiratory depression [92]. Indeed, it has been used as a third-line drug in patients with opioid-resistant pain in 

palliative care and for chronic noncancer pain [93]. The liver primarily metabolizes ketamine into norketamine (active 

metabolite), mediated by the cytochrome p450 enzymes CYP2B6 and CYP3A4. It is metabolized via nitrogen demethyla-

tion with CYP3A4 majorly demethylating (S)-ketamine enantiomer, whereas CYP2B6 demethylates with equal efficacy 

both enantiomers, (S)- ketamine and (R)-Ketamine [92]. Norketamine undergoes hydroxylation to produce hydroxy-

norketamines and dehydronorketamine metabolites. The drug metabolites are subject to passive uptake into the brain to 

exert the anesthetic effect [92-94]. The kidneys primarily eliminate the drug in levels; 2% ketamine, 2% norketamine, 

and 16% dehydronorketamine. The 80% of the drug is eliminated via urine and bile as glucuronic acid-labile conjugates 

(hydroxynorketamines and dehydronorketamines) [92,93].  
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This study conducted with rats, the aim was to investigate the long-term and high dose administration of ketamine and 

the histological changes in the liver, they observe structural changes in the mitochondria and endoplasmic reticulum, 

concluding prolonged and high doses of ketamine cause hepatocellular toxicity and histological changes in the hepato-

cytes [95]. Some animal studies have shown Ketamine is related to liver damage and cystitis  [96]. In humans, the inci-

dence of hepatotoxicity and cystitis may be increased with higher doses and repeated exposure [97]. We do not recom-

mend the use of ketamine in patients with hepatorenal syndrome.  

Gabapentin 

Gabapentin, a structural analog of GABA, is an approved drug for neuropathic pain management in postherpetic neural-

gia (PHN) [98,99]. Initially approved as an anti-epileptic drug, it has been found useful as an off-label drug in other neu-

ropathic pain conditions and several other indications like fibromyalgia, restless leg syndrome, social anxiety disorder 

and vasomotor symptoms associated with menopause [98,99]. Its mechanism of action involves binding to voltage gated 

calcium channels in presynaptic membrane and modulation of excitatory and inhibitory neurotransmitter involved in 

nociception making it an effective pain management option [100]. Gabapentin is administered orally and is available in 

capsule, tablet or solution form. The extended-release preparations are administered with meals as food delays the ab-

sorptions in extended-release preparations thus helping the drug being absorbed more slowly and providing longer du-

ration of action [98,101]. The immediate release preparations can be used without regards to meals as there is no inter-

action with absorption in this type of preparations. Since it is a GABA analog, it has the same transporter receptors and 

its absorption is rapid, dose dependent and saturable. Its absorption follows zero order kinetics and it is non-

linear [101]. 

Gabapentin achieves peak concentration in plasma within 2 to 4 hours with immediate release preparations while the 

extended-release preparations are absorbed more slowly and takes about 8 hours to achieve peak concentration [101]. It 

is sparsely protein bound with rate as low as <3% and achieves volume of distribution 0.5 to 0.8. L per kg and has a high 

CSF concentration in the range of 20% of plasma concentration. It is not metabolized by liver or kidney. It does not inter-

act with any enzymes so does not alter metabolism of other drugs and it is excreted unchanged by kidney in the 

urine [101]. Gabapentin is not hepatically metabolized making it a good option to use for pain management in patients 

with hepatic impairment. Since it is renally excreted, the half-life varies according to renal function [98]. As a renally 

cleared drug, the dosage needs to be adjusted in renal impairment [98]. 

The initial dosage should be titrated as tolerated and effective in individual cases following adult dosage guidelines. Once 

initial titration is achieved, it should be adjusted as per CrCl measured by Cockcroft-Gault formula [98]. For Extended-

release preparations in patient with hepatorenal syndrome, gabapentin is not recommended. For Immediate-release 

preparations: Maintenance dose adjustment based on creatinine clearance [98]. 

 

 

 

 

 

 

 

 

The most concerning side effects of gabapentin are its CNS and respiratory depressant effects  [98]. Hepatorenal syn-

drome (HRS) patients already have altered mental status due to uremia and gabapentin can potentially enhance CNS de-

pression.  

Gabapentin, with no hepatic metabolism and enzyme inducing or inhibiting properties of it is a very suitable candidate 

for pain management in HRS. The dosage adjustment needed in renal impairment needs to be better studied and estab-

lished. Extended-release preparations are not useful for patients on dialysis, but immediate release preparations can be 

used and are better suited considering they achieve high plasma concentration more quickly. The CNS and respiratory 

depressive side effects though can be limiting factors and should be studied further before making it a first line drug. The 

pain-relieving effects can take up to a week to provide comfort to patients, making it a less favorable option for acute 

pain management. However, a few cases have reported pain relief in a couple of days and should be studied further. 
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Pregabalin  

Pregabalin, another structural analog of GABA like gabapentin, is an approved drug for pain management in various 

acute and chronic conditions like neuropathic pain, perioperative analgesia and postherpetic neuralgia (PHN)  [102,103]. 

It also useful in fibromyalgia. Its mechanism of action is similar to Gabapentin and involves binding to voltage gated calci-

um channels in presynaptic membrane and modulation of excitatory and inhibitory neurotransmitter involved in noci-

ception making it an effective pain management option [104]. However, pregabalin differs in pharmacodynamic and 

pharmacokinetic properties from gabapentin and it is considered to have better bioavailability and more consistent plas-

ma concentration level providing potentially superior therapeutic effect compared to gabapentin  [101]. Pregabalin is 

administered orally and is available in capsule, solution or extended-release solution forms. The extended-release and 

immediate release preparations are administered with food to increase bioavailability [102]. Pregabalin achieves peak 

concentration in plasma under one and a half hours [101]. It follows first order kinetics in absorption. It is not protein 

bound and achieves volume of distribution 0.5 L per kg. It is not metabolized by liver or kidney and excreted 90% un-

changed by kidney [101,102]. Since it is not hepatically or renally metabolized, pregabalin is a good option to use for pain 

management in patients with hepatic impairment and renal impairment. Since it is renally excreted, the half-life varies 

according to renal function and its dose needs adjustments in renal impairment. 

The initial dosage should be titrated as tolerated and effective in individual cases following adult dosage guidelines. The 

current guidelines recommend dosage based on GFR (ml/min) as below [22]. 

 

•  If GFR is <15 ml/min then it should be started at 25 mg daily in divided doses and then titrated as tolerated and need-

ed. 

• If GFR is 15-30 ml/min then the initial dose can be up to 50 mg daily in divided doses and then titrated as tolerated 

and needed. 

• If GFR is 30 - 60 ml/min then the dose should be initiated at 75 mg daily in divided doses and titrated as tolerated and 

needed. 

 

The most concerning side effects of pregabalin is development of angioedema and it warrants prompt discontinuation of 

the drug [102]. Another potential adverse effect is development of ascites which can be concerning in Hepatic dysfunc-

tion, but its rate is <1% and its risk should be assessed in individual cases [102]. There are some cases of hepatotoxicity 

reported with pregabalin, but it needs more research [105]. 

Pregabalin, with no hepatic metabolism and enzyme inducing or inhibiting properties of it, is a very suitable candidate 

for pain management in HRS. It needs dosage adjustment in renal impairment. It is superior to many drugs as it achieves 

good plasma concentration quickly after oral administration. The hepatotoxic potential should be studied further to de-

termine if it is an actual threat, in which case it will contradict its use in pain management in HRS.  The pain-relieving ef-

fects can take up to a week to provide comfort to patients, making it a less favorable option for acute pain management.   

Acetaminophen 

Acetaminophen is the active metabolite of phenacetin. It is a centrally acting cyclooxygenase inhibitor. The activation of 

descending serotonergic inhibitory pathways in the CNS is believed to cause analgesic effect [106]. The liver plays a ma-

jor role in paracetamol metabolism. Paracetamol is metabolized to non-toxic metabolites via sulfation and glucuronida-

tion. Only a small portion is metabolized by CYP2E1 producing N- acetyl-p-benzoquinone imine, which is a hepatotoxic 

substance. This toxic substance conjugates with glutathione and becomes non-toxic cysteine and mercapturic acid conju-

gates [89]. In patients with chronic liver disease, the half-life of paracetamol may increase. However, CYP450 content is 

not increased and there is sufficient glutathione to avoid hepatotoxicity. The current recommendation suggests low dose 

therapy (2-3 g/ day) is well tolerated in patients with liver cirrhosis. However, up to 4g/day is well tolerated by most 

cirrhotic patients in short-term, including those that consume regular alcohol [89]. Paracetamol overdoses cause hepato-

toxicity. It occurs due to formation of N-acetyl-p- benzoquinone imine that binds with hepatocytes causing tissue necro-

sis. This step is protected by endogenous glutathione unless there is depletion of tissue glutathione. Chronic liver disease 

patients are also at increased risk for hepatotoxicity, as paracetamol metabolism is decreased in patients with cirrhotic 

livers [107].  
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Acetaminophen is preferred non opioid analgesia in CKD who have nociceptive pain. It is extensively metabolized in the 

liver and only 2-5% of the therapeutic dose is excreted unchanged in the urine. Decreased GFR does not impact aceta-

minophen elimination [108]. It is recommended to limit daily doses to the above figure of 40mg/kg/day [16]. 

Some studies have shown that patients with alcoholic or non-alcoholic liver disease have lower levels of glutathi-

one [109,110]. However, in a review of the literature, Lauterburg stated that except for findings in chronic alcoholic pa-

tients, no evidence exists of a higher risk for adverse effects from paracetamol in patients in which low glutathione has 

been observed, for example, patients with chronic hepatitis C or non-alcoholic cirrhosis [111].  

IV formulation is contraindicated in patients with severe hepatic impairment or severe active liver disease. It is best to 

avoid acetaminophen in patients with advanced chronic liver disease or cirrhosis who are actively drinking alcohol, mal-

nourished, or receiving concomitant interacting medication. Some experts would limit the maximum dosage to less than 

or equal to 2g/day. However, low dose therapy (2 to 3g/day) is usually well tolerated in patients with chronic liver dis-

ease or cirrhosis in absence of other factors increasing the risk of acetaminophen-induced hepatotoxicity [106]. 

Recent reviews have concluded that paracetamol is a safe and effective first line agent in almost all patients regardless of 

liver disease etiology. Although the need for dose reduction in the healthy population seems largely unnecessary, it may 

be warranted in certain severe or decompensated hepatic disease states, particularly if patients are malnourished, are 

not eating or have a dry weight less than 50 kg. The prescribers should be encouraged to consider appropriate dosing for 

each individual patient, considering their underlying disease state and the pharmacological covariates [112].  

Acetaminophen is safe to use in kidney disease. Recent reviews suggest acetaminophen is safe and effective first line an-

algesic in almost all patients regardless of liver disease etiology. However, dose adjustment is warranted for some pa-

tients in certain severe or decompensated hepatic disease, particularly if patients are malnourished or have a dry weight 

of less than 50Kg [112].  

 

Neuropathic pain 

Cannabis  

The cannabis plant contains numerous phytocannabinoids, the most abundant being delta-9-tetrahydrocannabinol 

(THC), cannabidiol (CBD), cannabivarin, and cannabigerol [113]. Medical use of cannabis was authorized by 31 states of 

the USA, the District of Columbia, Guam and Puerto Rico, but not all programs are operational  [114]. Cannabis formula-

tions have been used medically to treat childhood epilepsy, especially refractory seizures, but its use in the management 

of pain has still been a controversial debate. A cannabis formulation containing equal proportions of THC and CBD has 

been medically approved to treat pain and muscle spasticity due to multiple sclerosis in Canada and 26 other countries. 

Still, it has been prohibited from use in the United States of America [113]. Pain receptors are located throughout the 

body, and the different pain sensations perceived by these receptors travel to the brain from peripheral nerves through 3 

main pathways. In experimental animals, Cannabinoids have shown positive results in blocking the pain sensations of 

the peripheral nerves, as there are abundant receptors for cannabinoids in the peripheral nerves. However, due to ethi-

cal and logistical barriers to conducting similar experiments on human volunteers, marijuana’s efficacy in neuropathic 

pain management is yet to be conclusively confirmed [115]. The most common methods of consumption of cannabis 

(medical or recreational) are smoking, inhaled vapors and oral routes of administration. Due to the poor solubility in 

water, intravenous administration of THC is very rarely used [116]. Transdermal routes for medical and cosmetic pur-

poses have shown no scientific evidence of any systemic pharmacologic activity [117]. Rapid absorption is achieved 

when consumed via smoking or inhaled vapors, with THC levels in plasma being detectable within seconds. It, therefore, 

results in rapid onset of action compared to the oral route (slowest onset of action) and causes more intense ef-

fects [118]. 

Metabolism of THC primarily occurs by the hepatic cytochrome P-450 isozymes 3A4 and 2C9 and is excreted mainly in 

feces (65-80%) and urine (20-35%). Due to the extensive storage of THC in the fatty tissues and subsequently slow re-

lease into the circulation, the drug test for THC and metabolites in urine and blood may test positive for several weeks 

after the last cannabis intake in chronic users [119-121]. Acute hepatotoxicity has not been associated with cannabis 

use [122]. Although its use in patients with moderate to severe hepatic impairment is not recommended, it is advised to 

use it with caution in patients with mild hepatic impairment. The impact of cannabis use on patients with kidney dys-

function is yet to be studied conclusively. THC, being a substrate for the CYP2C9 and CYP3A4 drug-metabolizing en-

zymes, has potential drug interactions with other medications [119,123]. We do not recommend its use in patients with 

hepatorenal syndrome.  
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Duloxetine 

Duloxetine is part of the serotonin norepinephrine reuptake inhibitors family which are widely used antidepres-

sants [124] as well as for diabetic neuropathy, it has not only been used for psychiatric conditions but also has been used 

for various pain conditions. Duloxetine has a three-ring chemical structure. Duloxetine has successfully been used in pa-

tients who suffer from CKD and ESRD [125]. Those patients who suffer from kidney disease have shown to have a de-

crease in clearance of duloxetine so therefore it is recommended that patients with CKD and ESRD reduce their dose by 

50% [125]. The route of administration for duloxetine is oral due to better absorption in the gut. The half-life of duloxe-

tine varies from person to person and has been reported to be 10-12 hours [124]. The bioavailability once ingested is 

around 50% [126]. It is metabolized by liver enzymes specifically P-450 isoenzymes. Studies have reported the time to 

peak plasma concentration which does vary when it comes to fed 10 hours, unfed; about 6 hours. The drug is cleared via 

hepatic and renal clearance however it is strongly advised against anyone with hepatic disease of any sort. However, 

those with kidney disease are able to tolerate it but the dose must be adjusted. The patients with kidney disease and GFR 

< 30 ml/min are not recommended to take duloxetine. Liver test abnormalities with ALT elevations above 3 times the 

upper limit of normal have been reported to occur in ~1% of patients on duloxetine, but elevations were usually self-

limited and did not require dose modification or discontinuation. Rare instances of acute, clinically apparent episodes of 

liver injury with marked liver enzyme elevations with or without jaundice have been reported in patients on duloxetine. 

The onset of injury is usually within 1 to 6 months and the pattern of serum enzyme elevations is usually hepatocellular, 

but mixed and cholestatic forms have also been described [105]. 

Venlafaxine 

Serotonin-norepinephrine reuptake inhibitors (SNRIs) like venlafaxine have been increasingly used for the treatment of 

neuropathic pain [31]. It is primarily metabolized by the liver into several inactive and one active metabolite mediated 

by CYP2D6 and to a lesser extent by CYP3A4 [31]. It is metabolized through O-demethylation via CYP2D6 into its active 

metabolite O-desmethylvenlafaxine [127,128]. This subjects it to drug - drug interactions with CYP2D6 inhibitors/

inducers and pharmacogenomic variability. Less than 5% of venlafaxine and about 30% of O-desmethylvenlafaxine are 

excreted renally [128]. Despite this, the half-life of both venlafaxine and O-desmethylvenlafaxine has shown to be signifi-

cantly prolonged in those with renal impairment and in those receiving dialysis [128]. Desvenlafaxine, the commercially 

available O-desmethyldesvenlafaxine metabolite, is about 45% excreted unchanged in the urine and about 55% metabo-

lized through phase II glucuronidation via UDP-glucuronosyltransferase enzymes [129,130]. This has also shown to have 

a prolonged half-life in those with renal impairment [129,131]. The usual recommended dose of venlafaxine for manag-

ing neuropathic pain is 37.5mg once or twice daily to a maximum of 225mg/day [127]. However, in the setting of renal 

impairment (GFR of 10-30mL/min), the dose should be reduced by 50%2. Similarly, in the setting of moderate hepatic 

impairment, the dose should be reduced by 50% [127]. This is because, in patients with moderate hepatic impairment, 

significant alterations were observed in the t1⁄2 (30% and 60% prolongation) and clearance (50% and 30% decrease) 

of venlafaxine and its active metabolite, respectively [31]. In patients with severe hepatic impairment, a decrease of up to 

90% was observed in venlafaxine clearance [31]. Since both hepatic and renal functions are significantly impaired in 

hepatorenal syndrome, a reduced dose of venlafaxine can be both potentially safe and beneficial in managing pain in 

these patients. Additionally, careful drug monitoring is required if this drug is prescribed concomitantly with an SSRI to 

prevent drug-drug interaction leading to serotonin syndrome. 

Fluoxetine 

Selective serotonin reuptake inhibitors (SSRIs) like fluoxetine have long been debated to have therapeutic potential for 

neuropathic pain. The exact mechanism of action of SSRIs in neuropathic pain management is unknown but researchers 

believe that it may be related in part to the presynaptic inhibition of the reuptake of serotonin and norepinephrine in 

pain inhibitory pathways, as well as peripheral mechanisms involving beta 2 adrenergic receptors and the opioid sys-

tem [132,133]. The pharmacological advantages of SSRIs result from this high selectivity for the serotonin receptor and 

the low or null affinity for all other types of receptors [134]. SSRIs increase synaptic serotonin by blocking the neuronal 

transport of it, which then leads to a stimulation of postsynaptic serotonin (5-HT) receptors such as 5-HT1B, 5-HT1D, 5-

HT3 and 5-HT2C [135]. Stimulation of different receptors leads to its analgesic effects [136]. Additionally, there is some 

evidence that the effect is also mediated through inhibition of noradrenaline rather than serotonergic reuptake  [137]. 

Furthermore, facilitatory actions of serotonin on 5HT3 receptors subserves pronociceptive function and therefore en-

hances pain [138,139]. Thus, SSRIs predictably result in poorer pain control. Smith et al. analyzed the existing literature 

to evaluate the efficacy of SSRIs in the treatment of chronic pain however, the results were conflicting  [140]. Similarly, a 

trial conducted on 46 patients on fluoxetine revealed improvement of fibromyalgia pain [141] but no apparent effect on 

diabetic nerve pain [142].  
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Another trial conducted on 98 patients with idiopathic facial pain found that fluoxetine was more effective than place-

bo [143]. A randomized, double-blind study comparing the efficacy of fluoxetine to other antidepressant in patients with 

postherpetic neuralgia showed that clinically meaningful pain relief (moderate or better) was least with fluoxetine (5/15 

patients) as compared with the other antidepressants [144]. Overall, there is some evidence for the effectiveness of 

fluoxetine in fibromyalgia, although a higher-than-normal dose may be required [135]. Fluoxetine is extensively metabo-

lized in the liver by demethylation which is carried out by the enzyme CYP2D6 to its primary active metabolite norfluox-

etine (desmethyl fluoxetine) [22]. About 60% of the drug and its active metabolite are excreted renally and therefore, 

patients on chronic treatment with severe renal failure should be monitored carefully. The usual recommended dose of 

fluoxetine is 20-60 mg depending on the indication [22]. However, in the setting of renal impairment (GFR < 10 mL/

min), a lower dose or less frequent dose should be used which can be subsequently increased according to the re-

sponse [22]. This is because the elimination half-life of both fluoxetine and norfluoxetine is 4-6 days [22]. Lastly, fluoxe-

tine can increase the risk of gastrointestinal bleeding from varices in patients with hepatic impairment and thus are not 

the first-choice treatment for neuropathic pain in such patients [145]. Thus, the burden lies on the treating physician to 

determine if the risks outweigh the benefits in starting a patient with hepatorenal syndrome on fluoxetine for pain con-

trol.  

Paroxetine  

It belongs to SSRIs- Selective Serotonin Reuptake Inhibitors group of drugs. It shows psychiatric effects due to an in-

crease in the serotonin levels in the brain by blocking the serotonin reuptake at the synaptic cleft in the CNS  [146]. 

Amongst the SSRIs class of drugs as well as all other antidepressants which are currently available, paroxetine is consid-

ered the most potent serotonin reuptake inhibitor [146]. The liver is the site for extensive metabolism to inactive metab-

olites for paroxetine. The elimination of the metabolites is via urine (64% of the dose) and feces (36% of the dose), which 

shows that it is eliminated by metabolism [22]. So, a longer half-life is seen in patients with hepatic impairment as com-

pared to healthy subjects. Therefore, in these patients, the drug concentration in plasma will be extremely higher com-

pared to healthy patients at a particular dose [147]. There were no significant changes in the laboratory tests of liver 

function by paroxetine administration up to 14 days (2 weeks) of drug initiation in patients with hepatic dysfunction or 

in healthy patients. Thus, in patients with hepatic dysfunction, paroxetine is safe to use if the dose used is lower in the 

dose range recommended for healthy patients without liver dysfunction [147]. Episodes of liver injury could occur with 

onset usually within 2-16 weeks or up to 1 year. It is not required to change the doses or stop the paroxetine therapy, 

because the elevation in serum aminotransferases levels that could occur is usually self-limited. Chances of acute liver 

failure or chronic liver injury are very rare [105]. Considering potential risk of accumulation, we do not advise its use in 

patients with hepatorenal syndrome.  

Valproic acid  

The metabolism of Valproic acid is impaired in hepatic disease. Decreased metabolism tends to increase the total serum 

level of valproic acid. The hepatic enzyme, CYP3A4, is affected in hepatocellular dysfunction, therefore, it is important to 

know the inductor/inhibitor profile of valproic acid [148]. Valproic acid is a wide-spectrum isoenzyme inhibitor that can 

increase its plasma concentration along with other drugs, causing toxicity. It has idiosyncratic effects which can lead to 

hepatotoxicity and Rey’s syndrome [148]. Valproate should be avoided in patients with known liver pathology [149]. In 

case of liver failure, protein binding capacity is lowered without changing hepatic intrinsic clearance, the total concentra-

tion of the drug will fall because the metabolism depends on the free fraction [148]. Conversely, drug concentration in-

creases when intrinsic clearance is reduced which causes toxicity. [148]  

 

Carbamazepine 

 

Carbamazepine is a lipophilic drug, metabolized in the liver to active metabolites including carbamazepine-10 and 11-

epoxide [22]. It is used for diabetic neuropathy. There have been reported cases of hepatotoxicity with carbamazepine, 

we do not recommend the medication in patients with hepatorenal syndrome.  

 

Nortriptyline, amitriptyline, desipramine and clomipramine  

 

These tricyclic antidepressants have been involved in liver damage and elevation of aminotransferases. These drugs have 

been commonly used for the treatment of depression, belongs to secondary amines tricyclic antidepressants which block 

serotonin and norepinephrine reuptake at synaptic cleft, but more potently blocks norepinephrine reuptake [150,151].  
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Off-label use of it has been seen in the management of neuropathic pain, irritable bowel syndrome, bulimia nervosa, 

overactive bladder, post-herpetic neuralgia, and ADHD [152]. In patients with diabetic neuropathy, cautious use of TCA 

drugs (desipramine, amitriptyline, nortriptyline) can be done for the management of neuropathic pain due to its higher 

risk of side effects [153]. It is extensively metabolized in the liver, predominantly by the CYP2D6 enzyme, thus producing 

toxic intermediates due to metabolism which could cause liver injury [105]. For this reason, it is not recommended in 

patients with hepatorenal syndrome.  

Topical Lidocaine  

Lidocaine is an amide-type local anesthetic with faster, longer-lasting effects; it is also a Class 1b antiarrhythmic agent 

used to depress ventricular arrhythmia. Moreover, it has antinociceptive, immune-modulating, and anti-inflammatory 

properties [154]. Lidocaine’s primary mechanism of action is through blockade of voltage-gated sodium channels 

(VGSCs) inhibiting action potentials generation in peripheral neurons [155]. Its absorption depends on the duration of 

application, dosage, route of administration, and surface area. It is rapidly absorbed after IV administration, and if a local 

anesthetic is applied on mucosal surfaces (tracheobronchial tree). When given IV, the volume of distribution is 0.6-4.5 L/

kg [154]. Lidocaine is approximately 60-80% bound to plasma protein alpha 1 acid glycoprotein; this glycoprotein is in-

creased in the presence of conditions such as cancer, surgery, trauma, myocardial infarction, smoking, and uremia; and 

decreased with the use of oral contraceptives. Lidocaine can diffuse lipophilic cell membranes in its uncharged (free) 

base form. It crosses the placenta and brain blood barrier by passive diffusion [22,156]. Lidocaine is metabolized rapidly 

by the cytochrome P450 system in the liver into monoethylglycinexylidide (MEGX) and glycinexylidide (GX), these are 

similar to lidocaine but less potent. Both key metabolites have longer half-lives than lidocaine and mostly contribute to 

the therapeutic and toxic effects of lidocaine. In conditions with decreased hepatic blood flow (such as congestive cardiac 

failure, chronic liver disease, hepatic insufficiency, and after acute myocardial infarction) the metabolism of lidocaine is 

reduced. Lidocaine and its metabolites are mainly renally excreted, only <10% of lidocaine is excreted unchanged in the 

urine. The primary metabolite in urine is a conjugate of 4-hydroxy-2,6-dimethylaniline. The half-life of lidocaine is 

around 100 min following IV administration. It follows linear pharmacokinetics [22,154,156]. The maximal safe total 

dosages for topical lidocaine are 300mg in a healthy 70 kg adult. Its peak anesthetic effect occurs within 2-5 minutes and 

its effect lasts for 30-45 minutes. Topical lidocaine has different presentations such as creams, patches, gels, and sprays. 

Lidocaine patches (usual concentration 1.8%-5%) are commonly used for neuropathic pain, these have low (3 to 5%) 

systemic absorption through the intact skin, not causing toxic blood levels, making it a good option in patients with 

chronic liver disease and or kidney dysfunction (hepatorenal syndrome). Mild warming of skin enhances the delivery of 

the drug into the skin. 1 to a maximum of 3 patches should be applied over the painful area for up to 12 consecutive 

hours in 24 hours, referred to in table 1. If local anesthetics are applied to mucous membranes or damaged skin this car-

ries systemic toxicity [156-159]. 

Capsaicin  

Capsaicin is an active ingredient in hot chili peppers. It is a transient receptor potential vanilloid 1 (TRPV1) receptor ago-

nist of small peripheral sensory nerves. Capsaicin depolarizes TRPV1 receptors, causing initially a burning sensation due 

to a transient period of hypersensitivity, and subsequently desensitization of nociceptive areas. Indeed, capsaicin is used 

for chronic pain from peripheral neuropathy and minor musculoskeletal pain. Other pharmacologic effects capsaicin has 

shown are its antineoplastic, and cardioprotective effects [160,161]. Capsaicinoids effects depend on the dose and time 

of exposure. A high dose of capsaicin for a long period causes peptic ulcers, GI cancers and worsens breast can-

cer. Systemic absorption of topical 8% patch is short, being its plasma concentration low and transient (Cmax of 1.86 ng 

ml-1 and mean elimination half-life of 1.64 h). Topical capsaicin has a longer elimination half-life compared to oral capsa-

icin (24.9 min) probably due to slow release from the patch to the skin. Capsaicin is metabolized rapidly (20 minutes) by 

the liver (CYP enzymes) but its metabolism in the skin is very slow (about 20 hours). In vitro hepatic metabolism, the 

most abundant metabolite was 16-hydroxycapsaicin, followed by 16,17-dehydrocapsaicin. In the skin, predominant me-

tabolites include vanillylamine and vanillic acid [162,163]. The topical capsaicin presentations with low concentrations 

(0.025-1%) such as creams, gels, lotions, and patches can be used for daily skin application.  The Capsaicin 8% patch 

(high concentration) follows a defined procedure performed by a health professional due to increased risk from unin-

tended exposure of capsaicin to mucous membranes. Maximum 4 patches can be applied for 30 or 60 minutes for up to 

12 weeks. High capsaicin concentration patch main advantages are the long-term pain relief effect, few systemic adverse 

effects due to poor absorption. Local side effects (erythema, burning sensation) are common but transient. Due to its low 

systemic plasma concentration, local capsaicin can be used in patients with cirrhosis, hepatorenal syndrome without 

dose adjustment [159, 160, 163, 164]. In table 1 we compared lidocaine patches vs capsaicin patches dosage and side 

effects.  

SVOA Neurology 

Pain Management in Patients with Hepatorenal Syndrome: A Literature Review  

https://www.cureus.com/publish/articles/88561-pain-management-in-patients-with-hepatorenal-syndrome-a-scoping-review/preview#references
https://www.cureus.com/publish/articles/88561-pain-management-in-patients-with-hepatorenal-syndrome-a-scoping-review/preview#references
https://www.cureus.com/publish/articles/88561-pain-management-in-patients-with-hepatorenal-syndrome-a-scoping-review/preview#references
https://www.cureus.com/publish/articles/88561-pain-management-in-patients-with-hepatorenal-syndrome-a-scoping-review/preview#references
https://www.cureus.com/publish/articles/88561-pain-management-in-patients-with-hepatorenal-syndrome-a-scoping-review/preview#table-anchor-353691
https://www.cureus.com/publish/articles/88561-pain-management-in-patients-with-hepatorenal-syndrome-a-scoping-review/preview#references
https://www.cureus.com/publish/articles/88561-pain-management-in-patients-with-hepatorenal-syndrome-a-scoping-review/preview#references
https://www.cureus.com/publish/articles/88561-pain-management-in-patients-with-hepatorenal-syndrome-a-scoping-review/preview#references
https://sciencevolks.com/neurology/


171 

 

Table 1: Comparison between topical lidocaine and capsaicin patches [157,161]. 

Source: Comparison between topical lidocaine and capsaicin patches obtained from "Topical lidocaine for neuropathic 

pain in adults (Review). Cochrane Database of Systematic Reviews" by Derry S, Wiffen PJ, Moore and "Systematic review 

of topical capsaicin for the treatment of chronic pain" by Mason L, Moore R, Derry S. 

 

Clonidine 

Alpha 2 agonists like clonidine act on the central αlpha 2 adrenoreceptors thereby reducing the sympathetic outflow to 

the body and prolonging pain control [165]. Almost 50% of clonidine is metabolized by the liver of which, 40-60% is ex-

creted unchanged by the kidneys [22]. This warrants a cautious approach to the initiation of clonidine in patients with 

significant renal dysfunction. Lowenthal et al. recommended individualizing dose according to patient response, as pa-

tients with advanced kidney impairment may also have impaired alpha-adrenergic responsiveness [166]. The usual rec-

ommended dose of clonidine is 50-100 mcg three times a day, to a maximum of 1.2 mg. It’s half-life is 10-20 hrs in pa-

tients with normal renal function and 41 hrs in the setting of end stage renal. As such, the plasma concentrations for a 

given dose of clonidine are 2-3 times higher in patients with severe renal impairment [22]. Despite this, it is interesting 

to note that even in the setting of renal impairment (GFR < 10 mL/min), a normal dose can be used. No dose adjustments 

are necessary in the case of hepatic impairment [166]. These attributes make this drug a potential option for pain man-

agement in medically challenging situations like hepatorenal syndrome where other commonly available analgesics need 

to be used with great caution. Additionally, the dose of clonidine can be modestly reduced when it is added to local anes-

thetics or used as an adjunct to narcotics for pain control [165]. Care should be taken to avoid potentially hazardous drug

-drug interactions with antidepressants, beta blockers, cyclosporin, and sympathomimetics. Lastly, a randomized con-

trolled trial (NCT03342950) was conducted to study the effects of topical clonidine and pentoxifylline on patients with 

neuropathic pain [167]. The outcomes measured were an analysis of pain relief and a change in the visual analogue scale 

score [167]. Once the results of this trial are made available, more concrete conclusions can be drawn regarding the ther-

apeutic potential of clonidine in neuropathic pain.  

 

Conclusions 

Pain management in patients with hepatorenal syndrome poses a unique challenge as most analgesics are metabolized 

by either the liver or the kidneys. The paucity of evidence-based guidelines for pain management in this patient popula-

tion often leads to under-treatment. Overall, initiation of drugs at a low dose, careful titration to achieve optimal efficacy 

with minimal side effects should be the goal. Certain high potency opioids like Sufentanil, Fentanyl, Remifentanil, Oxy-

morphone, and Butorphanol can be used cautiously. Low potency opioids such as Pentazocine, Tramadol, Nalbuphine, 

and Tapentadol may also be considered with dose adjustments. Albeit less favorable, but some other analgesic options 

include Gabapentin, Pregabalin, acetaminophen, Duloxetine, Venlafaxine, Fluoxetine, Topical Lidocaine, Capsaicin, and 

Clonidine. Further research into the administration of these agents will lead to more efficient and safer pain management 

in this setting. 
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Drug Dose Indication Side effects and risks 
Dose recommendation 

in hepatorenal  
syndrome 

Topical lido-
caine patch 

(1.8 % or 5%) 

1-3 patches applied to intact 
skin for up to 12 hr/day 

Peripheral  
neuropathic pain 

Local side effects: Pain,  
pruritus, erythema, and skin 

irritation 

No need for dose  
adjustment 

Topical  
Capsaicin 
patch (8%) 

1-4 patches applied to intact 
skin by health care  

profession for 30-60 minutes 
every 3 months 

Peripheral neuro-
pathic pain and mi-
nor musculoskeletal 

pain 

Local side effects: Pain, 
burning sensation,  
erythema. Transient  

increased blood pressure   

No need for dose  
adjustment 

https://www.cureus.com/publish/articles/88561-pain-management-in-patients-with-hepatorenal-syndrome-a-scoping-review/preview#references
https://www.cureus.com/publish/articles/88561-pain-management-in-patients-with-hepatorenal-syndrome-a-scoping-review/preview#references
https://www.cureus.com/publish/articles/88561-pain-management-in-patients-with-hepatorenal-syndrome-a-scoping-review/preview#references
https://www.cureus.com/publish/articles/88561-pain-management-in-patients-with-hepatorenal-syndrome-a-scoping-review/preview#references
https://www.cureus.com/publish/articles/88561-pain-management-in-patients-with-hepatorenal-syndrome-a-scoping-review/preview#references
https://www.cureus.com/publish/articles/88561-pain-management-in-patients-with-hepatorenal-syndrome-a-scoping-review/preview#references
https://sciencevolks.com/neurology/


172 

 

Conflict of Interest  

The authors declare no conflict of interest. 

References  

1. UpToDate: Hepatorenal Syndrome. (2013).  

2. Simonetto DA, Gines P, Kamath PS. Hepatorenal syndrome: pathophysiology, diagnosis, 

and management. BMJ. 2020,370:m2687.10.1136/bmj.m2687. 

3. Wadei HM, Mai ML, Ahsan N, et al.: Hepatorenal Syndrome: Pathophysiology and Management. CJASN Sept 2006,1

(5):1066-79. 10.2215/CJN.01340406. 

4. Platt JF, Ellis JH, Rubin JM, et al.: Renal duplex Doppler ultrasonography: a noninvasive predictor of kidney dysfunction 

and hepatorenal failure in liver disease. Hepatology. 1994,20(2):362-9. PMID: 8045497. 

5. Lenz K. Hepatorenal syndrome is central hypovolemia, a cardiac disease, or part of gradually developing multiorgan 
dysfunction? Hepatology. 2005,42(2):263-10.1002/hep.20832. 

6. Epstein M, Berk DP, Hollenberg NK, et al.: Renal failure in the patient with cirrhosis. The role of active vasoconstriction. 
Am J Med. 1970,49(2):175-85. 10.1016/s0002-9343(70)80073-0. 

7. Gine s A, Escorsell A, Gine s P, et al. Incidence, predictive factors, and prognosis of the hepatorenal syndrome in cirrho-
sis with ascites. Gastroenterology. 1993,105(1):229-36.10.1016/0016-5085(93)90031-7. 

8. Rossi S, Assis DN, Awsare M, et al.: Use of over-the-counter analgesics in patients with chronic liver disease: physicians' 
recommendations. Drug Saf. 2008,31(3):261-70. 10.2165/00002018-200831030-00007 

9. Lewis JH. The rational use of potentially hepatotoxic medications in patients with underlying liver disease. Expert Opin 

Drug Saf. 2002,1(2):159-72. 10.1517/14740338.1.2.159. 

10. Tegeder I, Lo tsch J, Geisslinger G. Pharmacokinetics of opioids in liver disease. Clin Pharmacokinet. 1999,37(1):17-40. 

10.2165/00003088-199937010-00002 

11. Candok N, Watt KD. Pain management in the cirrhotic patient: the clinical challenge. Mayo Clin Proc. 2010,85(5):451-

8. 10.4065/mcp.2009.0534 

12. Chauvin M, Ferrier C, Haberer JP, et al.: Sufentanil pharmacokinetics in patients with cirrhosis. Anesth Analg. 1989,68

(1):1-4. PMID: 2521279. 

13. Fahmy NR: Sufentanil: A review, in Opioids in Anesthesia. Estefanous FG (ed): Butterworth, Boston; 1984. 132-9. 

14. Bovill JG, Sebel PS, Blackburn CL, et al.: The pharmacokinetics of sufentanil in surgical patients. Anesthesiology. 

1984,61(5):502-6. 10.1097/00000542-198411000-00004. 

15. Monk JP, Beresford R, Ward A. Sufentanil. A review of its pharmacological properties and therapeutic use. Drugs. 

1988,36(3):286-313. 10.2165/00003495-198836030-00003 

16. Murphy EJ. Acute pain management pharmacology for the patient with concurrent renal or hepatic disease. Anaesth 

Intensive Care. 2005,33(3):311-22. 10.1177/0310057X0503300306. 

17. Davis G, Kingswood C, Street M. Pharmacokinetics of opioids in renal dysfunction. Clin Pharmacokinet. 1996,31

(6):410-22. 10.2165/00003088-199631060-00002.  

18. Haberer JP, Schoeffler P, Couderc E, et al.: Fentanyl pharmacokinetics in anaesthetized patients with cirrhosis. Br J 

Anaesth. 1982,54:1267–70. 10.1093/bja/54.12.1267. 

19. Hoetzel A, Ryan H, Schmidt R. Anesthetic considerations for the patient with liver disease. Curr Opin Anaesthesiol. 
2012,25(3):340–7. 10.1097/ACO.0b013e3283532b02. 

20. Ohno Y., Hisaka A., Suzuki H. General Framework for the Quantitative Prediction of CYP3A4-Mediated Oral Drug In-
teractions Based on the AUC Increase by Coadministration of Standard Drugs. Clin. Pharmacokinet. 2007;46:681–696. 

doi: 10.2165/00003088-200746080-00005. 

21. Bower S, Sear JW, Roy RC, et al.: Effects of different hepatic pathologies on disposition of alfentanil in anaesthetized 

patients. Br J Anaesth. 1992,68:462–5. 10.1093/bja/68.5.462 

22. Ashley C, Dunleavy A. The Renal Drug Handbook: The Ultimate Prescribing Guide for Renal Practitioners, 5th Edition. 

CRC Press. 2018. https://doi.org/10.1201/9780429460418  

23. Lewis JH, Stine JG. Review article: prescribing medications in patients with cirrhosis: a practical guide. AP and t. 
2013,37(12):1132 -56. 10.1111/apt.12324.  

SVOA Neurology 

Pain Management in Patients with Hepatorenal Syndrome: A Literature Review  

https://www.uptodate.com/contents/hepatorenalsyndrome?search=hepatorenal+syndrome&source=searchresult&selectedTitle=1~150&usagetype=default&displayrank=1.
https://sciencevolks.com/neurology/


173 

 

24. Servin FS: Remifentanil: an update. Curr Opin Anaesthesiol. 2003,16(4):367-72. 

10.1097/01.aco.0000084479.59960.3f. 

25. Duvaldestin P, Chauvin M, Lebrault C, et al: Effect of upper abdominal surgery and cirrhosis upon the pharmacokinet-

ics of methohexital. Acta Anaesthesiol Scand. 1991,35:159-63. 10.1111/j.1399-6576.1991.tb03265.x. 

26. L G Michelsen 1, C C Hug Jr. The pharmacokinetics of remifentanil. J Clin Anesth. 1996 

27. Navapurkar VU, Archer S, Gupta SK, et al.: Metabolism of remifentanil during liver transplantation. Br J Anaesth. 
1998,81:881-6. 10.1093/bja/81.6.881. 

28. Hoke JF, Shlugman D, Derschwitz M et al.: Pharmacokinetics anesthesiologists, and pharmacodynamics of remifentan-
il in persons with renal failure compared with healthy volunteers. Anesthesiology. 1997,87:533–41. 10.1097/00000542-

199604000-00008 

29. Dumont L, Picard V, Marti RA, et al.: Use of remifentanil in a patient with chronic hepatic failure. Br J Anaesth. 
1998,81:265-7. 10.1093/bja/81.2.265 

30. Elkader A, Sproule B.: Buprenorphine: clinical pharmacokinetics in the treatment of opioid dependence. Clin Pharma-
cokinet. 2005,44(7):661-80. 10.2165/00003088-200544070-00001. 

31. Bosilkovska M, Walder B, Besson M, et al.: Analgesics in patients with hepatic impairment: pharmacology and clinical 
implications. Drugs. 2012,72(12):1645-69. 10.2165/11635500-000000000-00000. 

32. Soleimanpour H, Safari S, Shahsavari Nia K, et al.: Opioid Drugs in Patients With Liver Disease: A Systematic Review. 
Hepat Mon. 2016,16(4):e32636. 10.5812/hepatmon.32636. 

33. Shyam Gelot, Engi Nakhla: Pharmacist: Opioid Dosing in Renal and Hepatic Impairment. US Pharm. 2014,39(8):34-8. 

34. Kreek MJ, Schecter AJ, Gutjahr CL, et al.: Methadone use in patients with chronic renal disease. Drug Alcohol Depend. 
1980,;5(3):197-205. 10.1016/0376-8716(80)90180-5. 

35. Matthew Klinge, Tami Coppler, Jane M. Liebschutz, Mohannad Dugum, et al. The assessment and management of pain-
in cirrhosis. Curr Hepatol Rep. 2018 Mar; 17(1): 42–51.10.1007/s11901-018-0389-7 

36. Imani F, Motavaf M, Safari S, et al.: The therapeutic use of analgesics in patients with liver cirrhosis: a literature re-
view and evidence-based recommendations. Hepat Mon. 2014,14(10):e23539. 10.5812/hepatmon.23539. 

37. Raouf M, Bettinger J, Wegrzyn EW, et al.: Pharmacotherapeutic Management of Neuropathic Pain in End-Stage Renal 

Disease. Kidney Dis (Basel). 2020,6(3):157-167. 10.1159/000504299. 

38. Phuong Chi Pham, Kathy Khaing, Theodore M. Sievers, Phuong Mai Pham, et al. 2017 update on pain management in 

patients with chronic kidney disease. Clinical Kidney Journal, 2017, vol. 10, no. 5, 688–697. doi: 10.1093/ckj/sfx080 

39. KD Tripathi MD: Essentials of Medical Pharmacology. 7th Edition. Jaypee Brothers Medical Publications Pvt Ltd, India, 

2013. 

40. Vallner JJ, Stewart JT, Kotzan JA, et al.: Pharmacokinetics and bioavailability of hydromorphone following intravenous 

and oral administration to human subjects. J Clin Pharmacol. 1981,21(4):152-6. 10.1002/j.1552-4604.1981.tb05693.x 

41. Durnin C, Hind ID, Ghani SP, et al. Pharmacokinetics of oral immediate-release hydromorphone (Dilaudid IR) in sub-

jects with moderate hepatic impairment. Proc West Pharmacol Soc. 2001,44:83-4. PMID: 11794005. 

42. Babul N, Darke AC, Hagen N. Hydromorphone metabolite accumulation in renal failure. J Pain Symptom Manage. 
1995,10(3):184-6. 10.1016/0885-3924(94)00121-Z. 

43. Paramanandam G, Prommer E, Schwenke DC. Adverse effects in hospice patients with chronic kidney disease receiv-
ing hydromorphone. J Palliat Med. 2011,14(9):1029-33. 10.1089/jpm.2011.010 

44. Alison Murray 1, Neil A Hagen. Hydromorphone J Pain Symptom Manage 2005 May;29(5 Suppl): S57-66. doi: 
10.1016/j.jpainsymman.2005.01.007. 

45. 45. Mari Kinnunen, Panu Piirainen, Hannu Kokki, Pauliina Lammi, et al. Updated Clinical Pharmacokinetics and Phar-
macodynamics of Oxycodone. Clin Pharmacokinet 2019 Jun;58(6):705-725. doi: 10.1007/s40262-018-00731-3. 

46. Lugo RA, Kern SE: The pharmacokinetics of oxycodone. J Pain Palliat Care Pharmacother. 2004;18 (4):17-30. 

10.1300/j354v18n04_03. 

47. Lalovic B, Kharasch E, Hofer C, Risler L, Liu-Chen LY, Shen DD. Pharmacokinetics and pharmacodynamics of oral ox-

ycodone in healthy human subjects: role of circulating active metabolites. Clin Pharmacol Ther. 2006;79(5):461–79. 
10.1016/j.clpt.2006.01.009 

 

SVOA Neurology 

Pain Management in Patients with Hepatorenal Syndrome: A Literature Review  

https://sciencevolks.com/neurology/


174 

 

48. Samer CF, Daali Y, Wagner M, et al.: Genetic poly- morphisms and drug interactions modulating CYP2D6 and CYP3A 
activities have a major effect on oxycodone analgesic efficacy and safety. Br J Pharmacol 2010, 160(4):919-30. 10.1111/
j.1476- 5381.2010.00709.x. 

49. Samer CF, Daali Y, Wagner M, et al.: The effects of CYP2D6 and CYP3A activities on the pharmacokinetics of immedi-
ate release oxycodone. Br J Pharmacol. 2010,160(4):907-18. 10.1111/j.1476-5381.2010.00673.x. 

50. Ordo n ez Gallego A, Gonza lez Baro n M, Espinosa Arranz E. Oxycodone: a pharmacological and clinical review. Clin 
Transl Oncol. 2007;9(5):298-307. doi:10.1007/s12094-007-0057-9 

51. Kirvela M, Lindgren L, Seppala T, et al.: The pharmacokinetics of oxycodone in uremic patients undergoing renal 
transplantation. J Clin Anesth 1996,8(1):13-8. 10.1016/0952-8180(95)00092-5 

52. Po yhia  R, Olkkola KT, Seppa la  T, Kalso E. The pharmacokinetics of oxycodone after intravenous injection in adults. Br 
J Clin Pharmacol. 1991;32(4):516–8. 10.1111/j.1365-2125.1991.tb03942.x 

53. Gear RW, Gordon NC, Heller PH, et al.: Gender difference in analgesic response to the kappa-opioid pentazocine. Neu-
rosci Lett. 1996,205(3):207-9. 10.1016/0304-3940(96)12402-2. 

54. Goldstein G. Pentazocine. Drug Alcohol Depend. 1985;14(3-4):313-323.doi:10.1016/0376-8716(85)90064-x 

55. S M Pond, T Tong, N L Benowitz, P Jacob. Enhanced bioavailability of pethidine andpentazocine in patients with cir-
rhosis of the liver. Aust N Z J Med 1980,10(5):515-9. 10.1111/j.1445-5994.1980.tb04969.x. 

56. R E Akhigbe, L O Ajayi , A A Adelakun , O S Olorunnisola, A F Ajayi. Codeine-induced hepatic injury is via oxide- inflam-
matory damage and caspase-3-mediated apoptosis. Mol Biol Rep. 2020 Dec;47(12):9521-9530. doi: 10.1007/s11033-
020-05983-6. Epub 2020 Nov 19 

57. Eric Prommer. Role of codeine in palliative care. J Opioid Manag Sep-Oct 2011;7(5):401- 6. doi: 10.5055/
jom.2011.0081. 

58. Trescot AM, Datta S, Lee M, et al.: Opioid pharmacology. Pain Physician. 2008,11(2 Suppl):S133-53. PMID: 18443637. 
 

59. Tegeder 1, G Geisslinger, . Therapy with opioids in liver or renal failure. Schmerz 1999 Jun 11;13(3):183-95. doi: 
10.1007/s004829900019. 

60. 60. Kaiko RF. Relationships between opioid disposition and their pharmacological effectsan overview. Postgrad Med 
J. 1991,67:S44-9. PMID: 1684657. 

61. Hasselstrom J, Eriksson S, Persson A, et al.: The metabolism and bioavailability of morphine in patients with severe 
liver cirrhosis. British Journal of Clinical Pharmacology. 1990,29(3):289-97. 10.1111/j.1365-2125.1990.tb03638.x. 

62. Lugo RA, Kern SE. Clinical pharmacokinetics of morphine. J Pain Palliat Care Pharmacother. 2002;16(4):5-18. doi: 
10.1080/j354v16n04_02. 

63. Cla udia Vieira 1, Marta Bra s 2, Maria Fragoso. Opioids for Cancer Pain and its Use under Particular Conditions: A Nar-
rative Review. Acta Med Port 2019 May 31;32(5):388- 399. doi: 10.20344/amp.10500. Epub 2019 May 31. 

64. Lexicomp: Tramadol (2021). Accessed March 2, 2021:http://online.lexi.com. 2015;40(12):HS5-HS11 

65. Kotb HI, Fouad IA, Fares KM, et al.: Pharmacokinetics of oral tramadol in patients with liver cancer. J Opioid Manag. 
2008,4(2):99-104. 10.5055/jom.2008.0014. 

66. Mina Rakoski, Preeya Goyal, Michelle Spencer‐Safier, Jill Weissman, et al Pain management in patients with cirrhosis. 
Clin Liver Dis (Hoboken). 2018 Jun; 11(6): 135– 140. doi: 10.1002/cld.711. 

67. Swetz KM, Carey EC, Rho RH, et al.: Safe use of opioids to manage pain in patients with cirrhosis. Mayo Clin Proc. 
2010, 85(10):959. 10.4065/mcp.2010.0294 

68. Federal Drug Administration. Drugs@ FDA: FDA Approved Drug Products: Hydrocodone. Accessed April 11 2021]. 
http://www.accessdata.fda.govIscripts/cderIdrugsatfda/index.cfm?fuseaction=Search.DrugDetails. 

69. De Leon J, Dinsmore L, Wedlund P. Adverse drug reactions to oxycodone and hydrocodone in CYP2D6 ultrarapid me-
tabolizers. Journal of clinical psychopharmacology. 2003 Aug;23(4):420–421. 

70. McNulty JP. Levorphanol for the treatment of severe chronic pain. Int J Pharm Compd.2007,11(3):202-11. PMID: 
23996022. 

71. Page CR, Perez CA, Mavarez-Martinez A, et al.: Levorphanol in the Perioperative Setting: Decreasing Opioid Require-
ments While Improving Pain Management. J Pain Res. 2020,13:2721-7. 10.2147/JPR.S271456 

72. Prommer E. Levorphanol: the forgotten opioid. Support Care Cancer. 2007,15(3):259-64.10.1007/s00520-006-0146-
2. 

SVOA Neurology 

Pain Management in Patients with Hepatorenal Syndrome: A Literature Review  

https://sciencevolks.com/neurology/


175 

 

73. Haider A, Reddy A. Levorphanol versus methadone use: safety considerations. Ann Palliat Med. 2020,9(2):579-585. 
10.21037/apm.2020.02.01 

74. Zeng Z, Lu J, Shu C, et al.: A comparison of nalbuphine with morphine for analgesic effects and safety : meta-analysis 
of randomized controlled trials. Sci Rep. 2015 Jun 3;5:10927. 10.1038/srep10927. 

75. Larsen D, Maani CV. Nalbuphine. StatPearls. https://www.ncbi.nlm.nih.gov/books/NBK534283/ 

76. Hawi A, Alcorn H Jr, Berg J, et al.: Pharmacokinetics of nalbuphine hydrochloride extended release tablets in hemodi-
alysis patients with exploratory effect on pruritus. BMC Nephrol. 2015,16:47. 10.1186/s12882-015-0043-3 

77. Marinangeli F, Evangelista M, Finco G. Tapentadol prolonged release in the treatment of musculoskeletal pain: an in-
novative pharmacological option. Eur Rev Med Pharmacol Sci. 2019,23(4 Suppl):5-13. 10.26355/eurrev_201911_19378. 

78. Fidman, B., & Nogid, A. Role of Tapentadol Immediate Release (Nucynta) in the Management Of Moderate-to-Severe 
Pain. Pharmacy and Therapeutics. 2010,35(6),330– 57. PMC2888545. 

79. Singh DR, Nag K, Shetti AN, et al.: Tapentadol hydrochloride: A novel analgesic. Saudi J Anaesth. 2013,7:322-6. 
10.4103/1658-354X.115319. 

80. Baker M, Perazella M: NSAIDs in CKD: Are They Safe? Am J Kidney Dis. 2020,76(4):546- 57. 10.1053/
j.ajkd.2020.03.023. 

81. Gheun-Ho K.: Renal Effects of Prostaglandins and Cyclooxygenase-2 Inhibitors. Electrolyte Blood Press. 2008,6(1):35
–41. 10.5049/EBP.2008.6.1.35 

82. UpToDate. Aspirin: Mechanism of action, major toxicities, and use in rheumatic diseases. (2021). Accessed: April 25, 
2021https://www.uptodate.com/contents/aspirin-mechanismof-action-major-toxicities-and-use-inrheumaticdiseases?
search=aspirin&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1. 

83. Argoff C.: Topical Analgesics in the Management of Acute and Chronic Pain. Mayo Clin Proc. 2013,88(2):195-205. 
10.1016/j.mayocp.2012.11.015. 

84. Francoz C, Durand F, Kahn J, et al.: “Hepatorenal Syndrome”. Clin J Am Soc Nephrol. 2019,14(5):774-81. 10.2215/
CJN.12451018. 

85. Betrosian A, Agarwal B, and Douzinas E.: Acute renal dysfunction in liver diseases. World J Gastroenterol. 2007,13
(42):5552–9. 10.3748/wjg.v13.i42.5552 

86. Bacchi S, Palumbo P, Sponta A, et al.: Clinical pharmacology of non-steroidal anti-inflammatory drugs: a review. Anti-
inflammatory & anti-allergy agents in medicinal chemistry. 2012,11(1),52–64. 10.2174/187152312803476255 

87. UpToDate: NSAIDs: Pharmacology and mechanism of action. (2021) Retrieved April 20,2021: https://
www.uptodate.com/contents/nsaids pharmacology-and-mechanism-ofaction?
search=nsaids&source=search_result&selectedTitle=4~147&usage_type=default&display_rank=3#H8064364 

88. Mirishova S, Mahmoud Hammad Ali Hammad Y: Pain Management in Patients with Impaired Kidney Function. Pain 
Management in Special Circumstances. 2018. 99–109. 10.5772/intechopen.81695 

89. Dwyer JP, Jayaseker C, Nicoll A. Analgesia for the cirrhotic patient: a literature review and recommendations. Journal 
of gastroenterology and hepatology. 2014,29(7):1356–60. 10.1111/jgh.12560 

90. Roy PJ, Weltman M, Dember LM, et al.: Pain management in patients with chronic kidney disease and end-stage kid-
ney disease. Current opinion in nephrology and hypertension. 2020,29(6):671–80.10.1097/MNH.0000000000000646 

91. Davison SN. Clinical Pharmacology Considerations in Pain Management in Patients with Advanced Kidney Failure. 
Clinical journal of the American Society of Nephrology :CJASN. 2019,14(6):917–31. 10.2215/CJN.05180418 

92. Zanos P., Moaddel R, Morris PJ, et al.: Ketamine and Ketamine Metabolite Pharmacology: Insights into Therapeutic 
Mechanisms. Pharmacological Reviews. 2018,70(3):621-60. 10.1124/pr.117.015198. 

93. Bell RF, Kalso E: Ketamine for pain management. Pain reports. 2018,3(5):e674. 10.1097/PR9.0000000000000674. 

94. Dinis-Oliveira RJ. Metabolism and metabolomics of ketamine: a toxicological approach. Forensic sciences research. 
2017, 2(1):2–10. 10.1080/20961790.2017.1285219. 

95. Y Kalkan, Y Tomak, D Altuner, et al.: Hepatic effects of ketamine administration for 2 weeks in rats. Hum Exp Toxicol. 
2014,33(1):32-40. 10.1177/0960327112472990. 

96. Wai M, Chan W, Zhang A, et al.: Long-term ketamine and ketamine plus alcohol treatments produced damages in liver 
and kidney. Human & Experimental Toxicology. 2012,31(9):877-86. 10.1177/0960327112436404 

97. Bell RF. Ketamine for chronic noncancer pain: concerns regarding toxicity. Curr Opin Support Palliat Care. 
2012,6:183–7. 10.1097/SPC.0b013e328352812c. 

98. UpToDate: Gabapentin: Drug information. (2021). Accessed April 22, 2021: https://www.uptodate.com/contents/
gabapentin-drug-information?source=history_widget 

SVOA Neurology 

Pain Management in Patients with Hepatorenal Syndrome: A Literature Review  

https://www.uptodate.com/contents/nsaids
https://www.uptodate.com/contents/nsaids
https://sciencevolks.com/neurology/


176 

 

99. Peckham AM, Evoy KE, Ochs L, et al.: Gabapentin for Off-Label Use: Evidence-Based or Cause for Concern?. Subst 
Abuse. 2018;12:117-8. doi:10.1177/1178221818801311 

100. Sutton KG, Martin DJ, Pinnock RD, et al.: Gabapentin inhibits high-threshold calcium channel currents in cultured rat 
dorsal root ganglion neurones. British journal of pharmacology. 2002,135(1):257–65. 10.1038/sj.bjp.0704439 

101. Bockbrader HN, Wesche D, Miller R, et al.: A comparison of the pharmacokinetics and pharmacodynamics of pregab-
alin and gabapentin. Clinical pharmacokinetics. 2010,49(10):661–9. 10.2165/11536200-000000000-00000 

102. UpToDate: Pregabalin: Drug information. (n.d.). Retrieved July 25, 2021:  

103. Baidya DK, Agarwal A, Khanna P, et al.: Pregabalin in acute and chronic pain. Journal of anaesthesiology, clinical 
pharmacology. 2011,27(3):307–14. 10.4103/0970-9185.8367 

104. Taylor CP, Angelotti T, Fauman E, et al.: Pharmacology and mechanism of action of pregabalin: the calcium channel 
alpha2-delta (alpha2-delta) subunit as a target for antiepileptic drug discovery. Epilepsy research. 2007,73(2):137–50. 
10.1016/j.eplepsyres.2006.09.008 

105. LiverTox: Clinical and Research Information on Drug-Induced Liver Injury [Internet]. Bethesda (MD): National Insti-
tute of Diabetes and Digestive and Kidney Diseases; 2012. Pregabalin. [Updated 2020 Jul 30].  

107. Rotundo L & Pyrsopoulos N.: Liver injury induced by paracetamol and challenges associated with intentional and 
unintentional use. World J Hepatol. 2020, 12(4):125-36. 10.425/wjh.v12.i4.125. 

108. UpToDate: Management of chronic pain in advanced chronic kidney disease. (2020). https://www.uptodate.com/
contents/management-of-chronic-pain-in-advancedchronic-kidney-disease. 

109. Altomare E, Vendemiale G, Albano O. : Hepatic glutathione content in patients with alcoholic and nonalcoholic liver 
diseases. Life Sci. 1988, 43(12):991-8. 10.1016/0024-3205(88)90544-9. 

110. Shigesawa T, Sato C,Marumo F.: Significance of plasma glutathione determination in patients with alcoholic and non-
alcoholic liver disease. Journal of Gastroenterology and Hepatology. 1992, 7(1):7-11. 10.1111/j.1440-
1746.1992.tb00926.x. 

111. Lauterburg BH, Velez,ME.: Glutathione deficiency in alcoholics: risk factor for paracetamol hepatotoxicity. Gut. 1988, 
29(9):1153-7. 10.1136/gut.29.9.1153. 

112. Hayward KL, Powell EE, Irvine KM, Martin JH.: Can paracetamol (acetaminophen) be administered to patients with 
liver impairment. Br J Clin Pharmacol. 2016, 81(2):210-22. 10.1111/bcp.12802. 

113. UpToDate: Cannabis use and disorder: Epidemiology, comorbidity, healthconsequences, and medico-legal status.  

114. National Conference of State Legislatures. State medical marijuana laws. 

115. Atakan Z. Marijuana as Medicine? The Science beyond the Controversy. BMJ. 2001;323(7305):171. 

116. UpToDate:Cannabis use and disorder in adults: Pathogenesis, pharmacology, and routes of administration.  

117. Bruni N, Della Pepa C, Oliaro-Bosso S, et al.: Cannabinoid Delivery Systems for Pain and Inflammation Treatment. 
Molecules. 2018, 23(10):2478. 10.3390/molecules23102478 

118. Lucas CJ, Galettis P, Schneider J. The pharmacokinetics and the pharmacodynamics of cannabinoids. Br J Clin Phar-
macol 2018,84:2477. 10.1111/bcp.13710 

119. Stout SM, Cimino NM. Exogenous cannabinoids as substrates, inhibitors, and inducers of human drug metabolizing 
enzymes: a systematic review. Drug Metab Rev. 2014,46:86. 10.3109/03602532.2013.849268 

120. Karschner EL, Swortwood MJ, Hirvonen J, et al. Extended plasma cannabinoid excretion in chronic frequent canna-
bis smokers during sustained abstinence and correlation with psychomotor performance. Drug Test Anal. 2016,8:682. 
10.1002/dta.1825 

121. Schuster RM, Potter K, Vandrey R, et al. Urinary 11-nor-9-carboxytetrahydrocannabinol elimination in adolescent 
and young adult cannabis users during one month of sustained and biochemically-verified abstinence. J Psychopharma-
col. 2020,34:197. 10.1177/0269881119872206 

122. Pateria P, de Boer B, MacQuillan G. Liver abnormalities in drug and substance abusers. Best Pract Res Clin Gastroen-
terol. 2013,27:577. 10.1016/j.bpg.2013.08.001 

123. Lindsey WT, Stewart D, Childress D. Drug interactions between common illicit drugs and prescription therapies. Am 
J Drug Alcohol Abuse 2012,38:334. 10.3109/00952990.2011.643997 

124. Sansone RA, Sansone LA. Serotonin norepinephrine reupake inhibitors: a pharmacological comparison. Innov Clin 
Neurosci. 2014,11(3-4):37-42. PMC4008300  

125. Shirazian S, Grant CD, Aina O, et al.: Depression in Chronic Kidney Disease and End-Stage Renal Disease: Similarities 
and Differences in Diagnosis, Epidemiology, and Management. Kidney Int Rep. 2016,2(1):94-107. 10.1016/
j.ekir.2016.09.005  

SVOA Neurology 

Pain Management in Patients with Hepatorenal Syndrome: A Literature Review  

https://www.ncbi.nlm.nih.gov/books/NBK548053/
https://www.ncbi.nlm.nih.gov/books/NBK548053/
https://www.uptodate.com/contents/cannabis-use-and-disorder-epidemiologycomorbidity-health-consequences-and-medico-legal-status
http://www.ncsl.org/research/health/state-medicalmarijuana-laws.aspx
https://www.uptodate.com/contents/cannabis-use-and-disorder-in-adultspathogenesis-pharmacology-and-routes-ofadministration?%20search=cannabis&source=search_result&selectedTitle=5~150&usage_ty%20pe=default&display_rank=5#H1590972375
https://sciencevolks.com/neurology/


177 

 

126. Lobo ED, Heathman M, Kuan HY, et al.: Effects of varying degrees of renal impairment on the pharmacokinetics of 
duloxetine: analysis of a single-dose phase I study and pooled steady-state data from phase II/III trials. Clin Pharmacoki-
net. 2010,49(5):311- 21. 10.2165/11319330-000000000-00000. 

127. Haanpa a  ML, Gourlay GK, Kent JL, Miaskowski C, Raja SN, Schmader KE, Wells CD. Treatment considerations for pa-
tients with neuropathic pain and other medical comorbidities. Mayo Clin Proc. 2010,85(3 Suppl):S15-25. 10.4065/
mcp.2009.0645 

128. Troy SM, Schultz RW, Parker VD, et al.: The effect of renal disease on the disposition of venlafaxine. Clin Pharmacol 
Ther. 1994,56(1):14-21. 10.1038/clpt.1994.95. 

129. Nichols AI, Richards LS, Behrle JA, Posener JA, McGrory SB, Paul J. The pharmacokinetics and safety of desvenlafax-
ine in subjects with chronic renal impairment. Int J Clin Pharmacol Ther. 2011,49(1):3-13. 10.5414/cpp49003. 

130. Baird-Bellaire S, Behrle JA, Parker VD, et al.: An open-label, single-dose, parallelgroup study of the effects of chronic 
hepatic impairment on the safety and pharmacokinetics of desvenlafaxine. Clin Ther. 2013,35(6):782-94. 10.1016/
j.clinthera.2013.03.013. 

131. Nagler EV, Webster AC, Vanholder R, et al.: Antidepressants for depression in stage 3-5 chronic kidney disease: a 
systematic review of pharmacokinetics, efficacy, and safety with recommendations by European Renal Best Practice 
(ERBP). Nephrol Dial Transplant. 2012,27(10):3736-45. 10.1093/ndt/gfs295. 

132. Kremer M, Yalcin I, Goumon Y, et al.: A Dual Noradrenergic Mechanism for the Relief of Neuropathic Allodynia by the 
Antidepressant Drugs Duloxetine and Amitriptyline. J Neurosci. 2018,38(46):9934-54. 10.1523/JNEUROSCI.1004-
18.2018. 

133. Gillman PK. Tricyclic antidepressant pharmacology and therapeutic drug interactions updated. Br J Pharmacol. 
2007,151(6):737-48. 10.1038/sj.bjp.0707253 

134. Stokes PE. Fluoxetine: a five-year review. Clin Ther. 1993 Mar-Apr;15(2):216-43; discussion 215. PMID: 8519034. 

135. Lee YC, Chen PP. A review of SSRIs and SNRIs in neuropathic pain. Expert Opin Pharmacother. 2010,11(17):2813-
25. 10.1517/14656566.2010.507192. 

136. Baldessarini RJ. Drug therapy for depression and anxiety disorders. In: Brunton LL, Lazo JS, Parker KL, editors, 
Goodman and Gilman’s the pharmacological basis of therapeutics. 11th edition. McGraw-Hill, Hong Kong. 2006. 429-59. 

137. Fishbain DA, Cutler R, Rosomoff HL, et al.: Evidence-based data from animal and human experimental studies on 
pain relief with antidepressants: a structured review. Pain Med. 2000,1(4):310-6. 10.1046/j.1526-4637.2000.00042.x. 

138. Suzuki R, Rahman W, Rygh LJ, et al.: Spinal-supraspinal serotonergic circuits regulating neuropathic pain and its 
treatment with gabapentin. Pain. 2005,117(3):292-303. 10.1016/j.pain.2005.06.015. 

139. Porreca F, Ossipov MH, Gebhart GF. Chronic pain and medullary descending facilitation. Trends Neurosci. 2002,25
(6):319-25. 10.1016/s0166-2236(02)02157-4. 

140. Smith AJ. The analgesic effects of selective serotonin reuptake inhibitors. J Psychopharmacol. 1998,12(4):407-13. 
10.1177/026988119801200413. 

141. Arnold LM, Hess EV, Hudson JI, et al.: A randomized, placebo-controlled, doubleblind, flexible-dose study of fluoxe-
tine in the treatment of women with fibromyalgia. Am J Med. 2002,112(3):191-7. 10.1016/s0002-9343(01)01089-0. 

142. Max MB, Lynch SA, Muir J, et al.: Effects of desipramine, amitriptyline, and fluoxetine on pain in diabetic neuropathy. 
N Engl J Med. 1992,326(19):1250-6. 10.1056/NEJM199205073261904. 

143. Harrsion SD, Glover L, Feinmann C, et al. A comparison of antidepressant medication alone and in conjunction with 
cognitive behavioral therapy for chronic idiopathic facial pain. Proceedings of the 8th world congress on pain: progress 
in pain research and management. Volume 8. In: Jensen TS, Turner JA, Wiesenfeld-Hallin Z, editors, IASP Press, Seattle. 
1997. 663-72. 

144. Rowbotham MC, Reisner LA, Davies PS, et al.: Treatment response in antidepressant-naï ve postherpetic neuralgia 
patients: double-blind, randomized trial. J Pain. 2005,6(11):741-6. 10.1016/j.jpain.2005.07.001. 

145. Andrade C, Sandarsh S, Chethan KB, et al. Serotonin reuptake inhibitor antidepressants and abnormal bleeding: a 
review for clinicians and a reconsideration of mechanisms. J Clin Psychiatry. 2010,71 (12):1565-75. 10.4088/
JCP.09r05786blu. 

146. M Bourin 1, P Chue, Y Guillon, et al.: Paroxetine: a review. Spring. 2001,7(1):25- 47. DOI 10.1111/j.1527-
3458.2001.tb00189.x 

147. Dalhoff K, Almdal TP, Bjerrum K, et al.: Pharmacokinetics of paroxetine in patients with cirrhosis. Eur J Clin Pharma-
col. 1991,41(4):351-4. 10.1007/BF00314966 

148. Lacerda GCB.: Treating Seizures in Renal and Hepatic Failure. J Epilepsy Clin Neurophysiol. 2008, 14(2):46-50. 
https://www.scielo.br/j/jecn/aW3WBjxLTQzPHQgQbZsy9t. 

SVOA Neurology 

Pain Management in Patients with Hepatorenal Syndrome: A Literature Review  

https://sciencevolks.com/neurology/


178 

 

149. Eadie MJ, Hooper WD, Dickinson RG.: Valproate-associated hepatotoxicity and its biochemical mechanisms. Med 
Toxicol Adverse Drug Exp. 1988,3(2):85-106. 10.1007/BF03259935. 

150. UpToDate: Michael Hirsch, MDRobert J Birnbaum, MD, PhD, Tricyclic and tetracyclic drugs: Pharmacology, admin-
istration, and side effects.  

151. The American Psychiatric Association Publishing Textbook Of Psychopharmacology, Fifth Edition, Edited By: 
Schatzberg AF, Nemeroff CB.  

152. StatPearls [Internet]: Maan JS, Rosani A, Saadabadi A. Desipramine. [Updated 2021 Mar 13]. In: StatPearls [Internet]. 
Treasure Island (FL): StatPearls Publishing; 2021. Bookshelf ID: NBK470581PMID: 29262158.  

153. Pop-Busui R, Boulton AJ, Feldman EL, et al. Diabetic Neuropathy: A Position Statement by the American Diabetes 
Association. Diabetes Care. 2017,40:136. 10.2337/dc16-2042 

154. Weinberg L, Peake B, Tan C, et al.: Pharmacokinetics and pharmacodynamics of lignocaine: A review. World J Anes-
thesiol. 2015,4(2):17-29. 10.5313/wja.v4.i2.17 

155. Hermanns H, Hollmann M, Stevens M, et al.: Molecular mechanisms of action of systemic lidocaine in acute and 
chronic pain: a narrative review. Br J Anaesth. 2019,123(3): 335-49. 10.1016/j.bja.2019.06.014 

156. Brunton L, Chabner B, Knollman B.: Goodman and Gilman's The Pharmacological Basis of Therapeutics, 12th Edi-
tion. McGraw-Hill Education, 2011. 

157. Derry S, Wiffen PJ, Moore RA, Quinlan J.: Topical lidocaine for neuropathic pain in adults (Review). Cochrane Data-
base of Systematic Reviews 2014, Issue 7. Art. No.: CD010958. 10.1002/14651858.CD010958.pub2. 

158. Finnerup N.: Nonnarcotic Methods of Pain Management. N Engl J Med. 2019, 380:2440-8.10.1056/NEJMra1807061 

159. Spencer-Safier M, Rakoski M, Goyal P, et al.: Pain management in patients with cirrhosis. CLD. 2018,11(6):135-140. 
10.1002/cld.711 

160. UpToDate: Analgesic use in adult patients with advanced chronic liver disease or cirrhosis.  

161. Mason L, Moore R, Derry S, et al.: Systematic review of topical capsaicin for the treatment of chronic pain. BMJ. 
2004,328(7446):991. 10.1136/bmj.38042.506748.EE 

162. Rollyson W, Stover C, Brown K et al.: Bioavailability of capsaicin and its implications for drug delivery. J Control Re-
lease. 2014,0:96–105. 10.1016/j.jconrel.2014.09.027 

163. Anand P,and Bley K.: Topical capsaicin for pain management: therapeutic potential and mechanisms of action of the 
new high-concentration capsaicin 8% patch. Br J Anaesth. 2011,107(4):490–502. 10.1093/bja/aer260 

164. Kern K, England J, Roth-Daniek A, et al.: Is physician supervision of the capsaicin 8% patch administration proce-
dure necessary? An opinion from health care professionals. J Pain Res. 2013,6:571–5. 10.2147/JPR.S45743 

165. Czarnecki, P.G, & Steinman, T. I.: Pain and pain management in polycystic kidney disease. Polycystic Kidney Disease: 
from Bench to Bedside. 2013, 114-128. https://doi.org/10.2217/ebo.12.137 

166. UpToDate: Clonidine: Drug information. (2021).  

167. Fulas O.A, Laferrie re A, Ware D.M.A, et al.: The effect of a topical combination of  clonidine and pentoxifylline on post
-traumatic neuropathic pain patients: study protocol for a randomized, double-blind placebo-controlled trial. 2021, Tri-
als. Volume 22, 149.  

SVOA Neurology 

Pain Management in Patients with Hepatorenal Syndrome: A Literature Review  

Citation: Romero-Chacon K, Eckes J. Pain Management in Patients with Hepatorenal Syndrome: A Literature Review. 

SVOA Neurology 2023, 4:6, 157-178. 

 

Copyright: © 2023 All rights reserved by Romero-Chacon K., et al. This is an open access article distributed under the 

Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 

provided the original work is properly cited.  

https://doi.org/10.1176/appi.books.9781615371624
https://doi.org/10.1176/appi.books.9781615371624
https://www.ncbi.nlm.nih.gov/books/NBK470581/
https://www.ncbi.nlm.nih.gov/books/NBK470581/
https://www.uptodate.com/contents/aspirinmechanism-of-action-major-toxicities-and-use-in-rheumatic%20diseases?search=aspirinsource=search_result&selectedTitle=1~150&usage_type=default&display_rank=
https://www.uptodate.com/contents/clonidine-drug-information?source=history_widget.
https://doi.org/10.1186/s13063-021-05088-w
https://doi.org/10.1186/s13063-021-05088-w
https://doi.org/10.1186/s13063-021-05088-w
https://sciencevolks.com/neurology/

