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Supplementary Appendix 1. Pharmacokinetic data 

 

Key / general reference sources 

A = Renal drug handbook on-line accessed 13/4/16 (all monographs were dated 18/6/14) 

B = Martindale 

C =PCF5 

D= SPC (UK Summary of Product Characteristics) 

E = Oxford specialist handbook kidney disease 2nd edition 

F = AHFS 

 

Ashley C and Dunleavy A The Renal Drug Database. Oxon: CRC Press, UK 

http://renaldrugdatabase.com (accessed May 2016). 

Sweetman SC. Martindale: The Complete Drug Reference. London: Pharmaceutical Press 

www.medicinescomplete.com 

Brown et al. (2012) Kidney disease from advanced disease to bereavement. Oxford 

Specialist Handbook 2nd edition. Oxford University Press. 

AHFS = McEvoy GK American Hospital Formulary Service Drug Information. Maryland, 

USA: American Society of Health-System Pharmacists www.medicinescomplete.com 

 

http://www.medicinescomplete.com/
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Table 1.. Pharmacokinetic data for antidepressants 

Antidepressant Metabolism and excretion Protein 

Binding 

Volume of 

distribution 

Plasma halflife 

(normal / 

ESRF)  

Dialysis Papers showing accumulation of the 

drug/metabolites in renal failure / 

Further comments 

Amitriptyline Amitriptyline undergoes 

extensive first-pass 

metabolism and is 

demethylated in the liver by 

the cytochrome P450 

isoenzymes CYP3A4, 

CYP2C9, and CYP2D6 to its 

primary active metabolite, 

nortriptyline. Other paths of 

metabolism of amitriptyline 

include hydroxylation 

(possibly to active 

metabolites) by CYP2D6 and 

N-oxidation; nortriptyline 

follows similar paths. 

Amitriptyline is excreted in the 

urine, mainly in the form of its 

metabolites, either free or in 

conjugated form. 

[A,B] 

% Excreted unchanged in 

urine <2[A] 

96% [A] 6-36 L/kg 

[A] 

9–25h / 

Unchanged [A, 

B, D] 

13-36h [C] 

Not dialysed 

by HD or 

CAPD [A] 

 

 

Citalopram Citalopram is metabolised by 

demethylation, deamination, 

and oxidation to active and 

inactive metabolites. The 

<80%% [A] 12.3 L/kg 

[A] 

36h / 49.5h [A] 

36h [D] 

HD no The effect of renal impairment on the 

pharmacokinetics of citalopram has 

not been fully evaluated to date.1 4 88 

In patients with moderate renal 
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demethylation of citalopram to 

one of its active metabolites, 

demethylcitalopram, involves 

the cytochrome P450 

isoenzymes CYP3A4 and 

CYP2C19; the metabolism of 

citalopram is also partly 

dependent on CYP2D6. 

Didemethylcitalopram has 

also been identified as a 

metabolite of citalopram. It is 

excreted mainly via the liver 

(85%) with the remainder via 

the kidneys.[A,B] 

Citalopram is metabolized to 

the active 

demethylcitalopram, 

didemethylcitalopram, 

citalopram-N-oxide and an 

inactive deaminated propionic 

acid derivative. All the active 

metabolites are also SSRIs, 

although weaker than the 

parent compound. 

Unchanged citalopram is the 

predominant compound in 

plasma.[D] 

Unlike some other selective 

serotonin-reuptake inhibitors, 

the demethylated metabolites 

of citalopram, 

demethylcitalopram and 

CAPD unlikely 

[A] 

impairment, the renal clearance of 

citalopram and its 2 principal 

metabolites was reduced and the 

elimination half-life of citalopram was 

slightly prolonged to an average of 

about 50 hours.4 In a study comparing 

the pharmacokinetics of citalopram in 

a limited number of patients with 

severe renal failure undergoing 

haemodialysis and in healthy 

individuals, no substantial differences 

were found between the 2 groups in 

any of the pharmacokinetic 

parameters, with the exception of the 

renal clearance of citalopram, which 

was significantly lower in the renal 

failure group than in the control group 

(1.7 mL/minute versus 66 

mL/minute).88 Therefore, moderate to 

severe renal failure does not appear 

to markedly affect the 

pharmacokinetics of citalopram 

suggesting that dosage adjustment in 

such patients may not be necessary 

[F] 
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didemethylcitalopram, are 

substantially less active than 

the parent compound as 

inhibitors of serotonin 

reuptake. Thus, citalopram’s 

metabolites are unlikely to 

contribute to the 

antidepressant and other 

clinical actions of the drug.[F] 

Citalopram is excreted mainly 

via the liver (85%) and the 

remainder (15%) via the 

kidneys. About 12% of the 

daily dose is excreted in urine 

as unchanged citalopram. 

Citalopram is eliminated more 

slowly in patients with mild to 

moderate reduction of renal 

function, without any major 

impact on the 

pharmacokinetics of 

citalopram. At present no 

information is available for 

treatment of patients with 

severely reduced renal 

function (creatinine clearance 

<20 mL/min). [D] 

% Excreted unchanged in 

urine 12 [A] 
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Duloxetine Duloxetine is extensively 

metabolised and the 

metabolites are excreted 

principally in urine. Both 

cytochromes P450-2D6 and 

1A2 catalyse the formation of 

the two major metabolites, 

glucuronide conjugate of 4-

hydroxy duloxetine and 

sulphate conjugate of 5-

hydroxy, 6-methoxy 

duloxetine. Based upon in 

vitro studies, the circulating 

metabolites of duloxetine are 

considered pharmacologically 

inactive.[A,D] 

In CKD 5 there is a 2-fold 

increase in Cmax and AUC. 

The renally excreted 

metabolites 4-hydroxy 

duloxetine glucuronide and 5-

hydroxy, 6-methoxy 

duloxetine sulphate were 7–9 

times higher than in people 

with normal renal function.[A] 

Increased plasma 

concentrations of duloxetine 

occur in patients with severe 

renal impairment on 

haemodialysis (creatinine 

clearance <30 mL/min). 

96% [A,D] 

Protein 

binding is 

not affected 

by renal or 

hepatic 

impairment 

[D] 

1640L/Kg 

[A] 

8-

17/unchanged 

[A,D] 

Mean =12h 

[D,C] 

HD and CAPD 

Not dialysed 

[A] 

Dose as in 

severe RI 

[Nagler 2012] 

Contra-indicatied in CrCl<30mL/min. 

Increased plasma concentrations of 

duloxetine occur in patients with 

severe renal impairment on 

haemodialysis (creatinine clearance 

<30 mL/min). End stage renal disease 

(ESRD) patients receiving dialysis had 

2-fold higher duloxetine Cmax and 

AUC values compared with healthy 

subjects. [D] 

Contra-indicated by manufacturer if 

GFR<30mL/min due to increased 

plasma concentration and limited 

data. New Zealand data sheet advises 

to start at a low dose e.g. 30mg and 

gradually increase in severe renal 

impairment. [A] 
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End stage renal disease 

(ESRD) patients receiving 

dialysis had 2-fold higher 

duloxetine Cmax and AUC 

values compared with healthy 

subjects [D] 

% Excreted unchanged in 

urine  <1 (77% as 

metabolites) [A] 

 

Mirtazapine Extensively metabolised in 

the liver via CYP2D6, 

CYP1A2, and CYP3A4.  The 

major biotransformation 

pathways are demethylation 

and oxidation followed by 

glucuronide conjugation. The 

N-desmethyl metabolite is 

pharmacologically active. 

Elimination is via urine (75%) 

and faeces (15%).[A] 

Following a single 15 mg oral 

dose of mirtazapine, in 

patients with moderate 

(creatinine clearance < 40 

mL/min) and severe 

(creatinine clearance ≤ 10 

mL/min) renal impairment the 

clearance of mirtazapine was 

about 30 % and 50 % 

decreased respectively, 

85% [A] 107L/kg [A] 20-

40h/increase 

[A] 

Often shorter 

in men 26h 

than womend 

37h but can 

exten up to 

65h [C] 

Unlikely to be 

dialysed HD 

and CAPD [A] 
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compared to normal subjects. 

The average plasma 

concentration of mirtazapine 

was about 55 % and 115 

%increased respectively. No 

significant differences were 

found in patients with mild 

renal impairment (creatinine 

clearance < 80 mL/min) as 

compared to the control 

group.[D] 

% Excreted unchanged in 

urine 75% [A] 

Nortriptyline Nortriptyline is the main active 

metabolite of amitriptyline. It 

has been reported to have a 

longer plasma half-life than 

amitriptyline. Nortriptyline is 

subject to extensive first-pass 

metabolism in the liver to 10-

hydroxynortriptyline, which is 

active [A,B] 

% Excreted unchanged in 

urine <5[A] 2%[D] 

Renal failure has no 

significant effect on 

nortriptyline kinetics [D] 

 

95% [A] 15-23 L/kg 

[A] 

5–38h / 15-66h 

[A] 

15-39h [C] 

16-38h [D] 

Not dialysed 

by HD or 

CAPD [A] 

All metabolites 

are highly 

lipophilic 

Nortriptyline kinetics are unaltered 

after single dose in chronic renal 

failure, however the elimination of the 

metabolites is reduced. In chronic 

dosing the unconjugated metabolite of 

nortriptyline was not affected by renal 

impairment but the conjugated  

metabolite accumulated. [Dawling] 
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Sertraline Sertraline undergoes 

extensive first-pass 

metabolism in the liver. The 

main pathway is 

demethylation to inactive N-

desmethylsertraline, a 

process that appears to 

involve multiple cytochrome 

P450 isoenzymes; further 

metabolism and glucuronide 

conjugation occurs. Sertraline 

is excreted in about equal 

amounts in the urine and 

faeces, mainly as 

metabolites.[A] 

In patients with moderate-

severe renal impairment, 

there was no significant 

accumulation of sertraline[D] 

Sertraline is extensively 

metabolised, and excretion of 

unchanged drug in urine is a 

minor route of elimination. In 

studies of patients with mild to 

moderate renal impairment 

(creatinine clearance 30-60 

mL/min) or moderate to 

severe renal impairment 

(creatinine clearance 10-29 

mL/min), multiple-dose 

pharmacokinetic parameters 

(AUC0-24 or Cmax) were not 

>98% [A] 25 L/kg [A] Half-life - 

normal/ESRF 

(hrs)  26 

/probably 

unchanged 

[A,B,C,D] 

 

No HD; 

Unlikely CAPD 

[A] 
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significantly different 

compared with controls. 

Sertraline dosing does not 

have to be adjusted based on 

the degree of renal 

impairment. [D] 

% Excreted unchanged in 

urine 0 [A] 

 

Trazodone Trazodone is hepatically 

metabolised via the 

cytochrome P450 isoenzyme 

CYP3A4 by n-oxidation and 

hydroxylation. The metabolite 

m-chlorophenylpiperazine is 

active.Trazodone is excreted 

in the urine almost entirely in 

the form of its metabolites[A] 

% Excreted unchanged in 

urine  <5%[A] 

Trazodone is rapidly 

absorbed from the gastro-

intestinal tract and extensively 

metabolised. Paths of 

metabolism of trazodone 

include n-oxidation and 

hydroxylation. The metabolic 

m-chlorophenylpiperazine is 

active. Trazodone is excreted 

in the urine almost entirely in 

89-95%[A] 1-2L/kg[A] 5-13h/- [A] 

5-9h [B] 

7h (may be 

doubled in 

elderly) [C] 

4.6-8.3h young 

and 6-16.2h in 

the old [Bayer 

1983] 

7h [Nilsen 

1993] 

 

Unlikely for HD 

and CAPD [A] 

 

Same dose in 

RRT [Nagler 

2012] 

Trazodone is a tricyclic related drug 

and therefore has cautions similar to 

the TCAs. Trazodone is extensively 

metabolised by the CYP450 pathway 

to active metabolites which are renally 

excreted.  In general doses do not 

need to be reduced in RI but it is 

advisable to start with a low dose and 

increase the dose cautiously [UKMI] 



11 
 

the form of its metabolites, 

either in free or in conjugated 

form. The elimination of 

Trazodone is biphasic, with a 

terminal elimination half-life of 

5 to 13 hours. There was an 

approximate two-fold increase 

in terminal phase half-life and 

significantly higher plasma 

concentrations of trazodone 

in 10 subjects aged 65 to 74 

years compared with 12 

subjects aged 23 to 30 years 

following a 100mg dose of 

trazodone. It was suggested 

that there is an age-related 

reduction in the hepatic 

metabolism of trazodone.[D] 

 

Venlafaxine Venlafaxine undergoes 

extensive first-pass 

metabolism in the liver mainly 

to the active metabolite O-

desmethylvenlafaxine; this is 

mediated by the cytochrome 

P450 isoenzyme CYP2D6. 

The isoenzyme CYP3A4 is 

also involved in the 

metabolism of venlafaxine. 

Other metabolites include N-

desmethylvenlafaxine and 

N,O-didesmethylvenlafaxine. 

27% [A,B] 

30% for the 

metabolite 

7.5L/Kg [A] 5h/6-8h [A] 

XL = 9-21h [A] 

5h and 11h for 

the 

metabolite[B]  

The mean 

terminal 

disposition 

half-life of 

venlafaxine 

was prolonged 

Not dialyzed 

HD or CAPD, 

withhold dose 

until after HD 

to minimize 

nausea and 

other 

undesirable 

effects [A] 
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Peak plasma concentrations 

of venlafaxine and O-

desmethylvenlafaxine occur 

about 2 and 4 hours after a 

dose, respectively.[A, B] 

 

The majority of venlafaxine is 

excreted in the urine, mainly 

in the form of its metabolites, 

either free or in conjugated 

form. In dialysis patients, 

venlafaxine elimination half-

life was prolonged by about 

180% and clearance reduced 

by about 57% compared to 

normal subjects, while ODV 

elimination half-life was 

prolonged by about 142% and 

clearance reduced by about 

56%. Dosage adjustment is 

necessary in patients with 

severe renal impairment and 

in patients that require 

haemodialysis [D] 

% Excreted unchanged in 

urine  5% [A] 

from a mean of 

3.8 hours in 18 

healthy 

subjects to 5.8 

hours in 12 

patients with 

mild to 

moderate renal 

impairment 

(creatinine 

clearance 10 

to 70 

mL/minute) 

and 10.6 hours 

in patients 

requiring 

haemodialysis;

1 

corresponding 

values for O-

desmethylvenl

afaxine, the 

active major 

metabolite of 

venlafaxine, 

were 11.8, 

16.8, and 28.5 

hours, 

respectively. 

Because of the 

large 

intersubject 

variability, the 

change in 
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disposition for 

venlafaxine 

and its active 

metabolite was 

evident only in 

patients with a 

creatinine 

clearance of 

less than 30 

mL/minute; 

drug clearance 

in these 

patients was 

reduced by 

about 55% and 

half-life more 

than doubled. 

It was 

calculated that 

for these 

patients half 

the usual daily 

dose could be 

given once 

daily.[B] 

 

Additional references for antidepressants 

Bayer AJ et al. (1983) Pharmcokinetic and pharmacodynamic characteristics of trazodone in the elderly. British Journal of Clinical Pharmacology 16: 

371−376. 

Dawling S et al. (1982) Nortriptyline metabolism in chronic renal failure: metabolie elimination. Clinical Pharmacology and therapeutics. 32: 322-329. 
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Nagler E et al. (2012) 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). Nephrology Dialysis Transplant Perspectives 27: 3736−3745. 

Nilsen OG et al. Pharmacokinetics of trazodone during multiple dosing to psychiatric patients. Pharmacology and Toxicology 72: 286−289. 

UK Medicines Information (2014) What is the first choice antidepressant for patients with renal impairment? Medicines Q&A. 369.2. www.evidence.nhs.uk 

 

http://www.evidence.nhs.uk/
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Table 2.. Pharmacokinetic data for anti-emetics 

Anti-emetic Metabolism and excretion Protein 

Binding 

Volume of 

distribution 

Plasma halflife 

(normal / ESRF)  

Dialysis Papers showing accumulation of 

the drug/metabolites in renal 

failure / Further comments 

Cyclizine Cyclizine is metabolised in 

the liver to the relatively 

inactive N-demethylated 

metabolite, norcyclizine. 

Both cyclizine and 

norcyclizine have plasma 

elimination half-lives of 20 

hours. Less than 1% of the 

total oral dose is eliminated 

in the urine in 24 hours.% 

excreted unchanged in 

urine = <1% [A, B] 

The N-demethylated 

derivative, norcyclizine, has 

been identified as a 

metabolite of cyclizine. 

Norcyclizine has little 

antihistaminic (H1) activity 

compared to cyclizine and 

has a plasma elimination 

half life of approximately 20 

hours.[D] 

No data [A] No data 

[A} 

20h/ -[A,B,D] 

13h [C] 

CAPD, HD and 

HDF = unknown 

[A] 

 

Domperidone Domperidone undergoes 

extensive first-pass hepatic 

and intestinal metabolism. 

It undergoes rapid and 

>90% [A,B] 5.7L/kg 

[A] 

7-9/20.8 [A,D] 

7.5h [B] 

CAPD, HD and 

HDF = unlikely to 

be dialysed [A] 
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extensive hepatic 

metabolism. The main 

metabolic pathways are N-

dealkylation by cytochrome 

P450 isoenzyme CYP3A4, 

and aromatic hydroxylation 

by CYP3A4, CYP1A2, and 

CYP2E1. About 30% of an 

oral dose is excreted in 

urine within 24 hours, 

almost entirely as 

metabolites; the remainder 

of a dose is excreted in 

faeces over several days, 

about 10% as unchanged 

drug. [A,B] 

% excreted unchanged in 

urine = <1% [A] 

Metabolized in liver to 

inactive compounds, in 

severe renal impairment. 

Renal clearance is a minor 

route of elimination (<1% 

unchanged). In renal failure 

although the plasma halflife 

is increased by up to three 

times, plasma 

concentration does not 

increase (possibly because 

of an altered volume of 

distribution). Thus, 

although the SPC 

7-16h and 21h in 

severe renal 

impairment [C] 

In subjects with 

severe renal 

insufficiency 

(creatinine 

clearance<30 

mL/min/1.73m2) 

the elimination 

half-life of 

domperidone was 

increased from 7.4 

to 20.8 hours, but 

plasma drug levels 

were lower than in 

healthy volunteers. 

Since very little 

unchanged drug 

(approximately 

1%) is excreted via 

the kidneys, it is 

unlikely that the 

dose of a single 

administration 

needs to be 

adjusted in 

patients with renal 

insufficiency. 

However, on 

repeated 

administration, the 
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recommends reducing the 

dosing frequency in severe 

renal impairment/failure to 

once or twice daily, and 

possibly also the dose, 

other drug information 

sources do not [C] 

Since the elimination half-

life of domperidone is 

prolonged in severe renal 

impairment, on repeated 

administration, the dosing 

frequency of domperidone 

should be reduced to once 

or twice daily depending on 

the severity of the 

impairment, and the dose 

may need to be reduced 

[D] 

 

dosing frequency 

should be reduced 

to once or twice 

daily depending on 

the severity of the 

impairment, and 

the dose may need 

to be reduced. [D] 

Granisetron Granisetron is metabolised 

primarily in the liver by 

oxidation followed by 

conjugation. The major 

compounds are 7-OH-

granisetron and its sulphate 

and glycuronide 

conjugates. Although 

antiemetic properties have 

been observed for 7-OH-

granisetron and indazoline 

Appox 65% 

[A,B,D] 

3L/kg 

[A,B,D] 

4-5h/unchanged 

[A] 

4-5h healthy 

subject but 9-12h 

in cancer patients 

[B] 

10-11h [C] 

CAPD unknown. 

Dose as in normal 

renal function. 

HD/HDF unknown 

Dose as in normal 

renal function. 

Company 

recommend 

timing HD fo 

greater then 2h 
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N-desmethyl granisetron, it 

is unlikely that these 

contribute significantly to 

the pharmacological activity 

of granisetron in man. 

Clearance is predominantly 

by hepatic metabolism. 

Urinary excretion of 

unchanged granisetron 

averages 12% of dose 

whilst that of metabolites 

amounts to about 47% of 

dose. The remainder is 

excreted in faeces as 

metabolites.% excreted 

unchanged in urine = <20% 

[A,D,] 

It is metabolised in the 

liver, primarily by N-

demethylation, with less 

than 20% of a dose 

recovered unchanged in 

urine, the remainder being 

excreted in faeces and 

urine as metabolites. 

Granisetron clearance is 

not affected by renal 

impairment, but is lower in 

the elderly and in patients 

with hepatic impairment. 

dosage reduction is 

considered necessary in 

Mean plasma half-

life in patients by 

the oral and 

intravenous route 

is approximately 9 

hours, with a wide 

inter-subject 

variability [D] 

after Granisetron 

dose [A] 
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renal or hepatic 

impairment. [B] 

In vitro liver microsomal 

studies show that 

granisetron's major route of 

metabolism is inhibited by 

ketoconazole, suggestive 

of metabolism mediated by 

the cytochrome P-450 3A 

subfamily. 

In patients with severe 

renal failure, data indicate 

that pharmacokinetic 

parameters after a single 

intravenous dose are 

generally similar to those in 

normal subjects. 

Hepatic impairment 

In patients with hepatic 

impairment due to 

neoplastic liver 

involvement, total plasma 

clearance of an intravenous 

dose was approximately 

halved compared to 

patients without hepatic 

involvement. Despite these 

changes, no dosage 

adjustment is necessary 

[D]. 
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Haloperidol See Antipsychotic Table      

Hydroxyzine Hydroxyzine is extensively 

metabolised. The formation 

of the major metabolite 

cetirizine, a carboxylic acid 

metabolite (approximately 

45% of the oral dose), is 

mediated by alcohol 

dehydrogenase. This 

metabolite has significant 

peripheral H1-antagonist 

properties. The other 

metabolites identified 

include a N-dealkylated 

metabolite, and an O-

dealkylated metabolite with 

a plasma half-life of 59 

hours. These pathways are 

mediated principally by 

CYP3A4/5. Only 0.8% of 

the dose is excreted 

unchanged in urine. The 

major metabolite cetirizine 

is excreted mainly 

unchanged in urine (25% 

and 16 % of the 

hydroxyzine oral and IM 

dose, respectively).[A] 

% excreted unchanged in 

urine = 0% [A] 

No data [A] 19.5 [A] 

16 +/-

3L/Kg [D] 

20h/-[A,B] 

3-7h [C] 

14-20h [D] 

CAPD/HD/HDF 

not dilaysed, dose 

as in 

GFR<10mL/min 

[A] 
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Metabolites include 

cetirizine (Go to Cetirizine 

Hydrochloride), which has 

antihistaminic activity. [B] 

Atarax should be used with 

caution in patients with 

impaired renal function 

(see Section 4.2 'Posology 

and Method of 

Administration'). It is 

uncertain whether the drug 

may accumulate or have 

other adverse effects in 

such patients. Atarax is 

completely metabolised 

and one of the metabolites 

is the active metabolite 

cetirizine. Cetirizine is 

renally excreted and 

clearance is reduced in 

patients with moderate 

renal impairment and on 

dialysis compared to 

normal volunteers.[D] 

The pharmacokinetics of 

hydroxyzine and of its 

active metabolite cetirizine 

were studied in patients 

with reduced kidney 

function. Eight healthy 

volunteers and eight 

patients with renal 
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insufficiency received a 

single peroral dose of 50 

mg hydroxyzine. 

With regards to 

hydroxyzine, results 

showed moderate elevation 

of the average terminal 

half-life in the patients 

group (t1/2 14 vs. 23 h). 

The areas under the 

concentration-time curves 

(AUC) were 996 ng·h·ml-1 

in the healthy volunteers 

group and 1621 ng·h·ml-1 

in the patients group. For 

cetirizine, AUC measured 

6036 ng·h·ml-1 in the 

healthy volunteers group 

and 31635 ng·h·ml-1 in the 

patients group. The study 

concluded that the reduced 

renal clearance of cetirizine 

may be of clinical 

importance in patients with 

renal failure. Dosage 

should be adjusted in 

patients with renal 

impairment[D] 

 

Levomepromazine Levomepromazine is 

metabolised in the liver and 

No data, 

company 

23-42L/kg 

[A] 

30h [A,D] Unknown 

dialysability. Dose 

Methotrimeprazine 

(levomepromazine) has two 
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degraded to a sulfoxide, a 

glucuronide and a 

demethyl-moiety. It is 

eliminated via urine and 

faeces. [A] 

% excreted unchanged in 

urine= 1% [A] 

could not 

supply 

either [A] 

15-30 [C] 

17-78 in 8 

psychiatric patients 

with doses 50-

350mg [B]] 

 

as in <10mL/min 

[A] 

 

major metabolites in man: N-

monodesmethyl 

methotrimeprazine, which is 

pharmacologically active and 

almost as potent as the parent 

drug; and methotrimeprazine 

sulfoxide, which is much less 

active [Dahl] 

Metoclopramide Metoclopramide undergoes 

first-pass hepatic 

metabolism. It is excreted 

in the urine, about 85% of a 

dose being eliminated in 72 

hours, 20% as unchanged 

metoclopramide and the 

remainder as sulfate or 

glucuronide conjugates, or 

as metabolites. About 5% 

of a dose is excreted in 

faeces via the bile. 

% Excreted unchanged in 

urine 20-30% [A] 

Metoclopramide undergoes 

hepatic first-pass 

metabolism, which varies 

considerably between 

subjects, and hence 

absolute bioavailability and 

plasma concentrations are 

subject to wide 

interindividual variation. 

13-22%[A] 

13-30% [B] 

3.5l/kg [A] 4-6h/15h [A, B] 

19h in renal 

impairment [B] 

2.5-5h [C] 

15h in renal 

impairment of 

<15mL/min [D] 

CAPD not 

dialysed – dose 

as in normal renal 

function. HD and 

HDF both 

dialysed but dose 

as in normal renal 

function [A] 

Patients 

undergoing 

haemodialysis do 

not require 

dosage 

supplements 

since relatively 

little 

metoclopramide is 

cleared by this 

process.[B] 

Not removed by 

dialysis [RMH] 
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Elimination of 

metoclopramide is 

biphasic, with a terminal 

elimination half-life of about 

4 to 6 hours, although this 

may be prolonged in renal 

impairment, with 

consequent elevation of 

plasma concentrations. It is 

excreted in the urine, about 

85% of a dose being 

eliminated in 72 hours, 

20% as unchanged 

metoclopramide and the 

remainder as sulfate or 

glucuronide conjugates, or 

as metabolites. About 5% 

of a dose is excreted in 

faeces via the bile 

Total clearance of 

metoclopramide is 

significantly reduced in 

patients with renal 

impairment and the 

elimination half-life is 

prolonged to up to 19 

hours. This may be due to 

impaired metabolism or to 

an alteration in 

enterohepatic circulation of 

metoclopramide. 

Accumulation of 

metoclopramide could 
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therefore occur in renal 

impairment with a possible 

increased risk of adverse 

effects. Dosage reductions 

of at least 50% have 

therefore been 

recommended in patients 

with moderate to severe 

renal impairment.US 

licensed product 

information recommends 

this dose reduction in those 

patients whose creatinine 

clearance is below 

40 mL/minute; UK 

information advises dose 

reduction in significant 

renal impairment, but gives 

no guidance on appropriate 

doses. [B] 

Metoclopramide is 

metabolized in the liver, 

with CYP2D6 the main 

CYP450 enzyme involved. 

It is eliminated mainly via 

the kidney, either as 

conjugated metabolites or 

unchanged (20–30%). Both 

hepatic and renal 

impairment reduce the 

clearance of 

metoclopramide, resulting 

in higher plasma levels and 
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a prolonged halflife and the 

SPC advises a reduced 

dose. Thus, in patients with 

severe cirrhosis, 

moderate–severe renal 

impairment or renal failure 

halve the usual starting 

dose and monitor carefully. 

[C] 

The clearance of 

metoclopramide is reduced 

by up to 70% in patients 

with severe renal 

impairment, while the 

plasma elimination half-life 

is increased (approximately 

10 hours for a creatinine 

clearance of 10-50 

mL/minute and 15 hours for 

a creatinine clearance <10 

mL/minute). [D] 

 

Ondansetron Ondansetron is 

metabolised in the liver 

through multiple enzymatic 

pathways; it is a substrate 

for cytochrome P450 

isoenzymes, primarily 

CYP3A4, but also CYP1A2 

and CYP2D6. The 

metabolites do not 

70-76% 

[A,B,D] 

2L/kg [A] 3-6/5.4 [A] 

3h PO/IV 

6h PR 

5h elderly and 

renal impairment, 

These differences 

are not considered 

CAPD unlikely, 

HD not dialysed 

HDF unknown 

dose as in normal 

renal function for 

all [A] 
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contribute to the 

pharmacological activity of 

ondansetron. Less than 5% 

of a dose is excreted 

unchanged in the urine. 

[A,B] 

In patients with renal 

impairment (creatinine 

clearance 15-60 ml/min), 

both systemic clearance 

and volume of distribution 

are reduced following IV 

administration of 

ondansetron, resulting in a 

slight, but clinically 

insignificant, increase in 

elimination half-life (5.4h). 

A study in patients with 

severe renal impairment 

who required regular 

haemodialysis (studied 

between dialyses) showed 

ondansetron's 

pharmacokinetics to be 

essentially unchanged 

following IV administration 

[D] 

 

sufficient to 

warrant dosage 

adjustment [B] 

3-5 (6h = PR) [C] 

Promethazine Extensively hepatically 

metabolised, mainly to 

promethazine sulfoxide, 

76-93% [A] 13.5 L/kg 

[A] 

5-14h/-[A,B] 

7-14h [C] 

CAPD unknown 

HD not dilaysed 
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and also to N-

desmethylpromethazine. 

It is excreted slowly via the 

urine and bile, mainly as 

metabolites. % excreted 

uncahnged in the urine 

=0% [A,B] 

Phenothiazine-induced 

toxic psychosis occurred in 

a patient with chronic renal 

failure who had been given 

promethazine [B]  

HDF unknown. 

For all dose as in 

normal renal 

function [A] 

Not removed by 

dialysis [RMH] 

Prochlorperazine Prochlorperazine 

undergoes extensive first 

pass metabolism in the gut 

wall. It is also extensively 

metabolised in the liver and 

is excreted in the urine and 

bile. The metabolites are 

inactive.[A] 

% excreted unchanged in 

urine= minimal [A] 

 

96% [A] 23L/kg [A] 6-9h/ no data[A] 

7h [B =1987] 

15-20h[D] 

Halflife =15h 

(single dose study) 

to 21h (multiple 

dose study). [Finn 

2005] 

 

Unlikely to be 

dialysed in HD or 

CAPD[A] 

 

Metabolite profile is slightly 

different PO vs buccal/IV i.e. 

almost double the exposure to 

metabolites PO compared with 

buccal in single dose study. 

Multiple dose buccal study the 

metabolite profile is similar to 

that in single dose. The 

contribution of metabolites to 

pharmacological effects is not 

defined. 

The large number of CYP 

iosforms involved suggests near 

complete metabolism and 

supports a lack of effect of renal 

impairment on Prochlorperazine 

elimination. [Finn 2005] 
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Additional references for anti-emetics 

Dahl SG (1982) Plasma and erythrocyte levels of methotrimeprazine and two of its nonpolar metabolites in psychiatric patients.Therapeutic drug monitoring 

4(1):81-7. (Abstract) 

Finn A et.al. (2005) Bioavailability and metabolism of Prochlorperazine. Journal of Clinical Pharmacology. 45:1383−1390. 

Royal Melbourne Hospital (RMH) Nephrology Symptom Management Guidelines. Australia https://www.thermh.org.au/health-professionals/clinical-

services/nephrology/chronic-kidney-disease/nephrology-symptom 
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Table 3.. Pharmacokinetic data for anti-epileptics 

Anti-epileptic Metabolism and excretion Protein Binding Volume of 

distribution 

Plasma halflife (normal 

/ ESRF)  

Dialysis Papers showing 

accumulation of the 

drug/metabolites in renal 

failure / Further 

comments 

Carbamazepine Carbamazepine is 

metabolised in the liver by 

cytochrome P450 3A4, where 

the epoxide pathway of 

biotransformation yields the 

10, 11-transdiol derivative 

and its glucuronide as the 

main metabolites. 

9-Hydroxy-methyl-10-

carbamoyl acridan is a minor 

metabolite related to this 

pathway 

Other important 

biotransformation pathways 

for carbamazepine lead to 

various monohydroxylated 

compounds, as well as to the 

N-glucuronide of 

carbamazepine produced by 

UGT2B7. 

After administration of a 

single oral dose of 400mg 

carbamazepine, 72% is 

excreted in the urine and 28% 

70-80% [A, 

B,C] 

0.8-1.9 [A] 5-26h/unchanged [A] 

12-24h after repeated 

dosage [B] 

36h after single dose, 

but 16-24h after 

repeated admin due to 

autoinduction. The 

elimination half-life od 

the 10,11-epoxide 

metabolite is 6h 

following a single dose 

of the epoxide itself [D] 

36h but 8-24h after 

multiple dosing due to 

autoinduction [C] 

The plasma half-life 

generally ranges from 

25–65 hours initially 

and from 12–17 hours 

with multiple dosing [F] 

Not dialysed for 

HD or CAPD [A] 

 

 

This drug is slightly 

dialyzed by hemodialysis. 

The dialysis clearance 

averages 54 mL/min. 

Using a Cobe Century II 

hollow tube dialyzer with 

a cuprophane membrane, 

10% of a dose is removed 

during 4 hour of 

hemodialysis. 

Hemoperfusion has been 

reported to be useful in 

the removal of 

carbamazepine during 

acute overdose 

[www.drugs.com] 

Carbamazepine-10,11-

epoxide (CBZ-E): is 

considered to be an 

active metabolite of 

carbamazepine. The 

plasma half-life of CBZ-E 

following administration of 
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in the faeces. In the urine, 

about 2% of the dose is 

recovered as unchanged drug 

and about 1% as the 

pharmacologically active 10, 

11-epoxide metabolite. 

Excreted unchanged in urine 

2% [A,D 

One of its primary 

metabolites, carbamazepine-

10,11-epoxide, is also active. 

Carbamazepine is excreted in 

the urine almost entirely in the 

form of its metabolites; some 

are also excreted in faeces. 

Elimination of carbamazepine 

is reported to be more rapid in 

children and accumulation of 

the active metabolite may 

often be higher than in 

adults.[B] 

Carbamazepine is mainly 

metabolized by cyp3a4 to the 

pharmacologically active 

epoxide metabolite; this is 

subsequently  inactivated to 

several renally excreted 

metabolites. [C] 

35-40h (12-17 on 

repeat dosing) 

[Carbatrol PI] 

 

carbamazepine is 34 ± 9 

hours. [Carbatrol PI] 

Clonazepam See Benzodiazepine Table      



32 
 

Gabapentin There is no evidence of 

gabapentin metabolism in 

humans. Gabapentin is 

eliminated unchanged solely 

by renal excretion.% Excreted 

unchanged in urine  ≈100 [A] 

Gabapentin is eliminated 

unchanged solely by renal 

excretion. In elderly patients, 

and in patients with impaired 

renal function, gabapentin 

plasma clearance is reduced. 

Gabapentin elimination-rate 

constant, plasma clearance, 

and renal clearance are 

directly proportional to 

creatinine clearance. [D] 

Gabapentin itself is not 

appreciably metabolised and 

most of a dose is excreted 

unchanged in the urine with 

the remainder appearing in 

the faeces. Gabapentin is 

widely distributed throughout 

the body but binding to 

plasma proteins is minimal. 

[B] 

<3% [A] 

Minimal [B] 

0.7lLkg [A] 5-7h/52h [A] 

5-7h [A] 

132h anuric patients 

on no-Hd days and 

52h anuric patietns on 

HD [Hassan] 

HD Dialysed. 

Loading dose of 

300–400 mg in 

patients who 

have never 

received 

gabapentin. 

Maintenance 

dose of 200–

300 mg after 

each HD 

session and 

increase 

according to 

tolerability [A] 

CAPD probably 

dilaysed[A] 

For anuric 

patients 

undergoing 

haemodialysis 

who have never 

received 

gabapentin, a 

loading dose of 

300 to 400 mg, 

then 200 to 300 

mg of 

gabapentin 

following each 4 

hours of 

haemodialysis, 

Can be used to treat 

dialysis itch. [Gunal] 
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is 

recommended. 

On dialysis-free 

days, there 

should be no 

treatment with 

gabapentin.[D] 

For renally 

impaired 

patients 

undergoing 

haemodialysis, 

the maintenance 

dose of 

gabapentin 

should be based 

on the dosing 

recommendatio

ns found in 

Table 2. In 

addition to the 

maintenance 

dose, an 

additional 200 to 

300 mg dose 

following each 

4-hour 

haemodialysis 

treatment is 

recommended. 

[D] 
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Dose dependent 

on GFR 

Dosing for HD = 

300mg loading 

followed by 

200−300mg 

post HD 

Dosing for 

peritoneal 

dialysis = 

300mg on 

alternate days. 

[E] 

Dosage for 

CKD5 with HD = 

100mg after HD 

on dialysis days 

[E] 

Levetiracetam Levetiracetam is not 

extensively metabolised in 

humans. The major metabolic 

pathway (24% of the dose) is 

an enzymatic hydrolysis of 

the acetamide group, to form 

the primary metabolite, ucb 

L057, which is 

pharmacologically inactive.  

Two minor metabolites have 

also been identified. One was 

obtained by hydroxylation of 

<10% [A, B] 0.5-0.7l/kg 

[A] 

6-8h/25h [A] 

7h [B] 

In anuric end-stage 

renal disease adult 

subjects the half-life 

was approximately 25 

and 3.1 hours during 

interdialytic and 

intradialytic periods, 

respectively [D] 

HD Dialysed. 

750mg loading 

dose then 500–

1000 mg once 

daily. 51% of the 

dose is removed 

with 4h of 

haemodialysis. 

CAPD likely 

dialysed, dose 

as for HD [A] 
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the pyrrolidone ring (1.6 % of 

the dose) and the other one 

by opening of the pyrrolidone 

ring (0.9 % of the dose).  

The major route of excretion 

was via urine, accounting for 

a mean 95 % of the dose 

(approximately 93 % of the 

dose was excreted within 48 

hours). The cumulative 

urinary excretion of 

levetiracetam and its primary 

metabolite accounted for 66 

% and 24 % of the dose, 

respectively during the first 48 

hours.  Excretion via faeces 

accounted for only 0.3 % of 

the dose.  

Levetiracetam is excreted by 

glomerular filtration with 

subsequent tubular 

reabsorption and that the 

primary metabolite is also 

excreted by active tubular 

secretion in addition to 

glomerular filtration. [A] 

The inactive metabolite 

(ucbL057) accumulates in 

renal failure [A] 

The fractional 

removal of 

levetiracetam 

was 51 % during 

a typical 4-hour 

dialysis session. 

[D] 
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% Excreted unchanged in 

urine  66 (95% drug + 

metabolite [A] 

The renal clearance of 

levetiracetam and ucb L057 is 

0.6 and 4.2 ml/min/kg 

respectively indicating that 

levetiracetam is excreted by 

glomerular filtration with 

subsequent tubular 

reabsorption and that the 

primary metabolite is also 

excreted by active tubular 

secretion in addition to 

glomerular filtration. 

Levetiracetam elimination is 

correlated to creatinine 

clearance.[D] 

Levetiracetam is not 

extensively metabolised; 

about 25% of a dose is 

metabolised by hydroxylation 

to inactive metabolites. 

Around 95% of a dose is 

excreted as unchanged drug 

and metabolites in the urine. 

[B] 

Oxcarbazepine Oxcarbazepine is rapidly 

reduced by cytosolic enzymes 

in the liver to the active 

monohydroxy metabolite 

40-60% [A,D] 0.7-0.8L/Kg 

[A] 

1.3-2.3 (9 for 

metabolite)/unchanged 

HD and CAPD 

unknown [A] 

Not listed as at 

high risk of 
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(licarbezine, or MHD). MHD is 

metabolised further by 

conjugation with glucuronic 

acid. Minor amounts (4 % of 

the dose) are oxidised to a 

pharmacologically inactive 

metabolite. Oxcarbazepine is 

excreted in the urine mainly 

as metabolites; less than 1% 

is excreted as unchanged 

drug.% [A] 

It is rapidly and extensively 

metabolised in the liver to the 

principal metabolite 10,11-

dihydro-10-hydroxy-

carbamazepine 

(licarbazepine, often referred 

to as MHD), which also 

possesses antiepileptic 

activity. The monohydroxy 

metabolite is widely 

distributed in the body and is 

about 40% bound to plasma 

proteins, mainly albumin. The 

plasma half-life has been 

reported to be about 2 hours 

for oxcarbazepine, and about 

9 hours for the monohydroxy 

metabolite; consequently the 

latter provides most of the 

antiepileptic activity. 

Clearance of the 

monohydroxy metabolite is 

MHD =49L 

[D] 

(16-19 for metabolite) 

[A 

2h; 9h for MHD [B] 

1-5h; 7-20h for MHD 

[C] 

Oxcarbazepine is 

rapidly eliminated from 

the plasma with 

apparent half-life 

values between 1.3 

and 2.3 hours. In 

contrast, the apparent 

plasma half-life of 

MHD averaged 9.3 ± 

1.8 h.There is a linear 

correlation between 

creatinine clearance 

and the renal 

clearance of MHD. 

When Trileptal is 

administered as a 

single 300 mg dose, in 

renally impaired 

patients (creatinine 

clearance < 30 

mL/min) the 

elimination half-life of 

MHD is prolonged by 

60-90 % (16 to 19 

hours) with a two fold 

being removed 

by 

haemodialysis  

[Biller] 
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reported to be about 40% 

higher in children aged 4 to 

12 years, and about 80% 

higher in those aged 2 to 4 

years, than in adults. 

Oxcarbazepine is excreted in 

the urine mainly as 

metabolites; less than 1% is 

excreted as unchanged 

drug.[B] 

Following oral administration 

of Trileptal, oxcarbazepine is 

completely absorbed and 

extensively metabolised to its 

pharmacologically active 

metabolite (MHD). 

Oxcarbazepine is rapidly 

reduced by cytosolic enzymes 

in the liver to MHD, which is 

primarily responsible for the 

pharmacological effect of 

Trileptal. MHD is metabolised 

further by conjugation with 

glucuronic acid. Minor 

amounts (4 % of the dose) 

are oxidised to the 

pharmacologically inactive 

metabolite (10, 11-dihydroxy 

derivative, DHD). 

Oxcarbazepine is cleared 

from the body mostly in the 

form of metabolites which are 

predominantly excreted by 

increase in AUC 

compared to adults 

with normal renal 

function (10 hours). [D] 
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the kidneys. More than 95 % 

of the dose appears in the 

urine, with less than 1 % as 

unchanged oxcarbazepine. 

Faecal excretion accounts for 

less than 4 % of the 

administered dose. 

Approximately 80 % of the 

dose is excreted in the urine 

either as glucuronides of 

MHD (49 %) or as unchanged 

MHD (27 %), whereas the 

inactive DHD accounts for 

approximately 3 % and 

conjugates of oxcarbazepine 

account for 13 % of the dose. 

[D] 

Phenobarbital Partly metabolised in the liver. 

25% of a dose is excreted in 

the urine unchanged at 

normal urinary pH [A,D] 

% Excreted unchanged in 

urine  25% [A] 

Up to 50% unchanged drug 

excreted in urine with alkaline 

diuresis [A] 

Phenobarbital is only partly 

metabolised in the liver. 

About 25% of a dose is 

excreted in the urine 

45-60% [A,B, 

D] 

1L/Kg [A] 75-120h/unchanged 

[A,B, D] 

The plasma half-life is 

about 75 to 120 hours 

in adults but is greatly 

prolonged in neonates, 

and shorter (about 21 

to 75 hours) in 

children.[B] 

72-144h [C] 

HD and CAPD 

and HDF, 

dialysed. Dose 

as in 

GFR<10mL/min 

[A] 
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unchanged at normal urinary 

pH. Phenobarbital kinetics 

show considerable 

interindividual variation.  

Monitoring of plasma 

concentrations has been 

performed as an aid in 

assessing control and the 

therapeutic range of plasma-

phenobarbital has been 

quoted as 15 to 

40micrograms/mL or around 

60 to 180micromoles/Litre. [B] 

Phenytoin Phenytoin is hydroxylated in 

the liver to inactive 

metabolites chiefly 5-(4-

hydroxyphenyl)-5-

phenylhydantoin by an 

enzyme system which is 

saturable. Phenytoin 

undergoes enterohepatic 

recycling and is excreted in 

the urine, mainly as its 

hydroxylated metabolite, in 

either free or conjugated 

form.[A] 

Excreted unchanged in urine 

= <5%[A] 

Phenytoin is extensively 

metabolised in the liver to 

inactive metabolites, chiefly 5-

90%[A] 

Decrease 

protein binding 

in renal 

impairement 

[A] 

Free fraction of 

phenytoin is 

increased in 

uraemia to 

approx. 0.2 [B] 

Where protein 

binding is 

reduced, as in 

uraemia, total 

serum 

phenytoin 

0.52-

1.19l/kg [A 

Decreased 

volume of 

distribution 

in renal 

impairment 

[A]] 

7-42h/unchanged [A] 

22h (average) 7-42h 

range 

20-60h [D] 

HD and CAPD 

not dialysed, 

HDF dialysed 

For all dose as 

in normal renal 

function [A] 
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(4-hydroxyphenyl)-5-

phenylhydantoin. The rate of 

metabolism appears to be 

subject to genetic 

polymorphism and may also 

be influenced by racial 

characteristics; it is reported 

to be increased during 

pregnancy and menstruation 

and to decrease with age. 

Phenytoin hydroxylation is 

saturable and is therefore 

readily inhibited by drugs that 

compete for its metabolic 

pathways; this is also the 

reason why small increments 

in dose may produce large 

rises in plasma concentration. 

Phenytoin undergoes 

enterohepatic recycling and is 

excreted in the urine, mainly 

as its hydroxylated 

metabolite, in either free or 

conjugated form.  

Phenytoin is widely 

distributed throughout the 

body. It is about 90% bound 

to plasma proteins, although 

this may be reduced in certain 

disease states and in certain 

patient populations. It has a 

very variable, dose-

dependent half-life, but the 

levels will be 

reduced 

accordingly. 

However, the 

pharmacologic

ally active free 

drug 

concentration 

is unlikely to 

be altered. 

Therefore, 

under these 

circumstances 

therapeutic 

control may be 

achieved with 

total phenytoin 

levels below 

the normal 

range of 10 

mcg/mL - 20 

mcg/mL (40-80 

micromoles/L) 

[D] 
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mean plasma half-life 

appears to be about 22 hours 

at steady state; because 

phenytoin inhibits its own 

metabolism it may sometimes 

be several weeks before a 

steady-state plasma-

phenytoin concentration is 

attained. [B] 

Phenytoin is hydroxylated in 

the liver by an enzyme 

system which is saturable. 

Small incremental doses may 

produce very substantial 

increases in serum levels 

when these are in the upper 

range of therapeutic 

concentrations. The 

parameters controlling 

elimination are also subject to 

wide inter-patient variation. 

The serum level achieved by 

a given dose is therefore also 

subject to wide variation [D] 

 

Pregabalin Pregabalin undergoes 

negligible metabolism, and 

about 98% of a dose is 

excreted in the urine as 

unchanged drug. Excreted 

0% [A] 0.56L/kg 

[A] 

5-6.5h/increased[A] 

6.3h [B,D] 

5-9h[C] 

HD, CAPD and 

HDF dialysed, 

dose as in 

GFR,15mL/min. 

50% of a dose is 

removed after a 
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unchanged in urine = 92-

99%[A] 

Pregabalin is not bound to 

plasma proteins and 

undergoes negligible 

metabolism. About 98% of a 

dose is excreted in the urine 

as unchanged drug.[B] 

Pregabalin is eliminated from 

the systemic circulation 

primarily by renal excretion as 

unchanged drug. Pregabalin 

plasma clearance and renal 

clearance are directly 

proportional to creatinine 

clearance. Dose adjustment 

in patients with reduced renal 

function or undergoing 

haemodialysis is necessary 

[D] 

 

4h HD session 

[A] 

Valproate Valproic acid is extensively 

metabolised in the liver, a 

large part by glucuronidation 

(up to 60%) and the rest by a 

variety of complex pathways 

(up to 45%). It is excreted in 

the urine almost entirely in the 

form of its metabolites; small 

90-95% [A,] 

Valproic acid is 

extensively 

bound to 

plasma 

proteins. The 

extent of 

protein binding 

is 

0.1-0.4l/kg 

[A] 

6-15h/unchanged [A] 

5-20h [B] 

9-18h [C] 

8-20h [D] 

 

HD and CAPD 

not dialysed 

HDF dialysed 

[A] 
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amounts are excreted in 

faeces and expired air. [A] 

% excreted unchanged in 

urine = 3-7% [A] 

The reported effective 

therapeutic range for plasma 

valproic acid levels is 40-

100mg/litre (278-694 

micromol/litre). This reported 

range may depend on time of 

sampling and presence of co-

medication. The percentage 

of free (unbound) drug is 

usually between 6% and 15% 

of the total plasma levels. An 

increased incidence of 

adverse effects may occur 

with plasma levels above the 

effective therapeutic range. 

The pharmacological (or 

therapeutic) effects of Epilim 

may not be clearly correlated 

with the total or free 

(unbound) plasma valproic 

acid levels. [B] 

It is metabolized by direct 

microsomal UDP-mediated 

glucuronidation (50%), 

mitochondrial ß-oxidation 

(40%) and cytochrome P450-

mediated oxidation (10%: 

concentration 

dependent and 

is stated to be 

about 90 to 

95% at total 

concentrations 

of 

50micrograms/

mL, falling to 

about 80 to 

85% at 

100microgram/

mL.[B] 
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CYP2A6, 2B6, 2C9 and 

2C19). Some metabolites are 

active, but their cerebral 

concentrations are too low to 

contribute to valproate’s 

overall effect. Metabolites 

may be responsible for 

idiosyncratic hepatic toxicity. 

CYP enzyme inducers, 

inhibitors and polymorphisms 

affect the proportion of 

cytochrome P450 

metabolites, perhaps altering 

this risk [C] 

 

 

Additional references for anti-epileptics 

Biller J and Ferro JM. (2014) Use of anti-epileptic drugs in hepatic and renal disease. Handbook of Clinical Neurology.119:417-432. (Abstract) 

Gunal AI et al.(2004)  Gabapentin therapy for pruritus in haemodialysis patients a randomized, placebo controlled, double blind trial. Nephrology Dialysis 

Transplantation. 19: 3137–3139. 

Hassan H et.al. (2015) Efficacy and safety of gabapentin for ureamic pruritus and restless legs syndrome in conservatively managed patients with chronic 

kidney disease. Journal of pain and symptom management. 49:782−789. 

www.drugs.com Carbamazepine monograph 
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Table 4.. Pharmacokinetic data for anti-psychotics 

Antipsychotic Metabolism and excretion Protein 

Binding 

Volume 

of 

distributi

on 

Plasma 

halflife 

(normal / 

ESRF)  

Dialysis Papers showing accumulation of the 

drug/metabolites in renal failure / 

Further comments 

Haloperidol Haloperidol is metabolised in the 

liver and is excreted in the urine 

and, via the bile in the faeces; 

there is evidence of enterohepatic 

recycling. Routes of metabolism of 

haloperidol include oxidative N-

dealkylation, particularly via the 

cytochrome P450 isoenzymes 

CYP3A4 and CYP2D6, 

glucuronidation, and reduction of 

the ketone group to form an alcohol 

known as reduced haloperidol. 

Metabolites are ultimately 

conjugated with glycine and 

excreted in the urine. There is 

debate over the pharmacological 

activity of the metabolites.  

Start with small doses; metabolites 

may accumulate[A] 

The clinical significance of the 

reduced metabolite of haloperidol 

has been much debated. Its activity 

appears to be substantially less 

than that of the parent drug but 

there is some evidence for re-

92% [A,B] 14-

21L/kg 

[A] 

12-38h / no 

data [A,B] 

13-35h [C] 

20h [D]] 

 Not dialysed by 

HD or CAPD [A] 
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oxidation of reduced haloperidol to 

haloperidol. Some studies suggest 

that nonresponders to haloperidol 

have elevated ratios of reduced 

haloperidol to haloperidol in the 

plasma, although other workers 

have reported contrary findings.[B] 

% excreted unchanged in urine= 

1% [A] 

Olanzapine Olanzapine is extensively 

metabolised in the liver, mainly by 

direct glucuronidation and by 

oxidation mediated through the 

cytochrome P450 isoenzymes 

CYP1A2, and, to a lesser extent, 

CYP2D6. The 2 major metabolites, 

10-N-glucuronide and 4′-N-

desmethyl olanzapine, appear to 

be inactive. About 57% of a dose is 

excreted in the urine, mainly as 

metabolites, and about 30% 

appears in the faeces. [A,B] 

% excreted unchanged in urine = 

7% (57% as metabolites and 

unchanged drug) [A] 

93% [A] 10-

20Ll/kg 

[A} 

30-38h 

normal and 

unchanged in 

ESRF [A] 

34h and 52h 

in elderly [D] 

Not dialysed by 

HD or CAPD [A] 

 

 

Quetiapine Quetiapine is extensively 

metabolised in the liver by 

sulfoxidation mediated mainly by 

the cytochrome P450 isoenzyme 

CYP3A4 and by oxidation. The 

primary metabolite is 

83% [A] 

 

6-14L/kg 

[A] 

6-7h normal 

/unchanged 

in ESRF [A] 

Unknown 

dialysability. 

Dose as in 

<10mL/min [A] 
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norquetiapine, which is also 

eliminated by CYP3A4. Following 

the administration of radiolabelled 

quetiapine, the parent compound 

accounted for less than 5% of 

unchanged drug-related material in 

the urine or faeces. Approximately 

73% of the radioactivity is excreted 

in the urine and 21% in the faeces, 

mainly as inactive metabolites. [A] 

Plasma clearance is reduced by 

25% in severe renal impairment [A] 

The mean plasma clearance of 

quetiapine was reduced by 

approximately 25% in subjects with 

severe renal impairment (creatinine 

clearance less than 30 

ml/min/1.73m2), but the individual 

clearance values are within the 

range for normal subjects. [D] 

It is excreted mainly as inactive 

metabolites with about 73% of a 

dose appearing in the urine and 

about 20% in the faeces. The 

elimination half-life has been 

reported to be about 6 to 7 hours 

[B] 

% excreted unchanged in urine= 

5% [A] 

7h and for 

norquetiapin

e =12h [D] 

7h (10-14 in 

elderly) and 

12h for active 

metabolite 

Dose as in 

patients with HD 

as for patients 

with CKD5 not 

on dialysis [E] 
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Plasma concentration of active 

metabolites is <10% [C] 

Risperidone Risperidone is metabolised in the 

liver by CYP2D6 to its main active 

metabolite, 9-hydroxy-risperidone 

(paliperidone), which has a similar 

pharmacological activity as 

risperidone. This hydroxylation is 

subject to genetic polymorphism. 

Oxidative N-dealkylation is a minor 

metabolic pathway. Excretion is 

mainly in the urine and, to a lesser 

extent, in the faeces. [A, B] 

Clearance of risperidone and active 

metabolites decreased by 60% in 

severe renal impairment .[A] 

70% excreted unchanged in urine 

[A] 

90% [A] 

 

1-2L/kg 

[A] 

19.5h 

normal/ 

increased in 

ESRF [A] 

24 [C] 

Removed by 

HD, unlikely to 

be dialysed by 

CAPD. Dose for 

both as in 

GFR<10mL/min. 

At a dose of 3 

mg twice daily, 

1.5 mg (i.e. 

25%) of 

risperidone is 

removed after a 

5 hour dialysis 

session with a 

dialysate flow of 

500 mL/min.[A] 

Dose as for not 

on dialysis [E] 

A single-dose PK-study with oral 

risperidone showed on average a 

43% higher active antipsychotic 

fraction plasma concentrations, a 

38% longer half-life and a reduced 

clearance of the active antipsychotic 

fraction by 30% in the elderly. 

In adults with moderate renal disease 

the clearance of the active moiety 

was ~48% of the clearance in young 

healthy adults. In adults with severe 

renal disease the clearance of the 

active moiety was ~31% of the 

clearance in young healthy adults. 

The half-life of the active moiety was 

16.7 h in young adults, 24.9 h in 

adults with moderate renal disease 

(or ~1.5 times as long as in young 

adults), and 28.8 h in those with 

severe renal disease (or ~1.7 times 

as long as in young adults). [D] 
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Table 5.. Pharmacokinetic data for benzodiazepines 

Benzodiazepine Metabolism and excretion Protein 

Binding 

Volume of 

distribution 

Plasma halflife 

(normal / ESRF)  

Dialysis Papers showing accumulation 

of the drug/metabolites in renal 

failure / Further comments 

Clonazepam Metabolised extensively in 

liver. 

Principle metabolite 7-

aminoclonazepam (no anti-

epileptic activity). Minor 

metabolites are 3-hydroxy 

and 7-acetamidoclonazepam. 

[A, B]  

Metabolism involves 

oxidative hydroxylation and 

also reduction of the 7-nitro 

group in the liver. Nitro 

compounds are 

pharmacologically active, the 

amino compounds are not [D] 

In long-term administration, 

active metabolites may 

accumulate and lower doses 

should be used. [A] 

Excreted mainly in the urine, 

almost entirely as 

metabolites in free or 

conjugated form [A, B] 

86% [A] 

85% [B] 

 

3L/Kg [A] 20-60h [A] 

20-40h occasionally 

more [B] 

20-40h [C] 

20-60h (mean 30h) 

[D] 

 

Not dialysed in HD, 

unlikely to be dialysed 

by CAPD [A] 

 

There is inconsistent 

information which metabolite is 

active- most sources indicate 

that: 3-hydroxy clonazepam. 

Principle UE = drowsiness 

occurring in 50% of patients. 

Give as a single dose at 

bedtime. For normal renal 

function but in elderly suggests 

0.5mg nocte as low starting 

dose for epilepsy or panic 

disorder [B] 
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% excreted unchanged in 

urine = <0.5% [A] 

Diazepam Active metabolites renally 

excreted; therefore 

accumulate in renal 

impairment. 

Diazepam has a biphasic 

half-life with an initial rapid 

distribution phase and a 

prolonged terminal 

elimination phase of 1 or 2 

days; its action is further 

prolonged by the even longer 

half-life of 2 to 5 days of its 

principal active metabolite, 

desmethyldiazepam 

(nordazepam). Diazepam is 

extensively metabolised in 

the liver, notably via the 

cytochrome P450 

isoenzymes CYP2C19 and 

CYP3A4; in addition to 

desmethyldiazepam, its 

active metabolites include 

oxazepam and temazepam. 

It is excreted in the urine, 

mainly in the form of free or 

conjugated metabolites. [A, 

B] 

Diazepam and 

desmethyldiazepam 

95-99% 

decreased in 

ERF and [A] 

0.95-

2L/Kg [A] 

Volume of 

distribution 

increased 

in ERF[A] 

24-48h/increased [A] 

25-50h; active 

metabolie 

nordazepam up to 

200h [C] 

Cerebral sensitivity is 

increased in severe 

renal failure; 

therefore lower doses 

should be used 

In renal failure, the 

half-life of diazepam 

is not clinically 

significantly changed, 

and dose adjustment 

is usually not 

necessary .[D] 

HD and CAPD not 

dialysed [A] 
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(nordazepam) accumulate on 

repeated dosage and the 

relative proportion of 

desmethyldiazepam in the 

body increases with long-

term use. No simple 

correlation has been found 

between plasma 

concentrations of diazepam 

or its metabolites and their 

therapeutic effect. [B] 

Long half-life and several 

active metabolites, one of 

which has a halflife of up to 

120h in the elderly Because 

of marked interindividual 

variation the effects of a dose 

vary greatly and are 

determined empirically. 

Metabolized by CYP450 

enymes [C] 

% excreted unchanged in 

urine = <1% [A] 

 

Lorazepam Metabolised in liver to 

Lorazepam glucuronide- 

inactive and excreted in urine 

[A,B] 

85% [A, B] 

 

0.9-

1.3L/Kg 

[A] 

(10–20h / 32-70h) [A, 

E] 

 

Lorazepam is not 

removed by dialysis. 

The glucuronide is but 

is pharmacologically 

inactive [A] 

The difference in Cl between 

the normal and renally 

impaired groups was not 

significant. Since the mean 

steady-state concentration 

depends on drug clearance 

only, and since clearance is 
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% excreted unchanged in 

urine = <1% [A] 

The conjugated metabolite 

undergoes enterohepatic 

circulation. Duration of action 

does not correlate with 

plasma concentrations and 

can be up to 3 days [C] 

Short acting BDZ. Has a 

prolonged anti-epileptic 

action [B] 

The elderly may 

respond to lower 

doses, half adult dose 

or less. Lower dose 

may be sufficient in 

patients with renal 

impairment [D] 

not altered, no dosage 

adjustment appears necessary 

for patients with renal disease. 

The extended halflife is due to 

increase in Vd not a change in 

the clearance of the drug. 

[Morrison] 

After a single oral dose (2.5 

mg) the biotransformation of 

lorazepam to its glucuronide 

conjugate remains unaltered in 

sever renal failure and that 

high concentrations of this 

metabolite accumulate in 

plasma in the presence of 

severe renal function [Verbeek] 

 

 

Additional references for benzodiazepines 

Morrison G et al. (1984) Effect of renal impairment and hemodialysis on lorazepam kinetics. Clinical Pharmacology and Therapeutics 35:646–652. 
 
Verbeeck R et al. (1976) Biotransformation and excretion of lorazepam in patients with chronic renal failure. British Journal of Clinical Pharmacology 3:1033–
1039. 
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Table 6.. Pharmacokinetic data for miscellaneous drugs 

Drug Metabolites and excretion Protein Binding Vd Plasma halflife 

(normal / ESRF)  

Dialysis Papers showing accumulation of 

the drug/metabolites in RF/ 

Further comments 

Baclofen After oral doses some 

baclofen crosses the blood-

brain barrier, with 

concentrations in CSF 

about 12% of those in the 

plasma. Baclofen is 

metabolised to only a minor 

extent. Deamination yields 

the main metabolite, β-(p-

chlorophenyl)-4-

hydroxybutyric acid, which 

is pharmacologically 

inactive. Approximately 70 

to 80% of a dose is 

excreted in the urine mainly 

as unchanged drug; about 

15% is metabolised in the 

liver. [A] 

No controlled clinical 

pharmacokinetic study is 

available in patients with 

renal impairment after 

administration of Lioresal. 

Baclofen is predominantly 

eliminated unchanged in 

urine. Sparse plasma 

concentration data 

30% [A] 0.7l/kg [A] 3-4h [A] CAPD 

unknown; 

dose as in 

GFR,10mL/m

in; 

HD and high 

flux, 

dialysed; 

dose as in 

GFR<10mL/

min [A] 

Use with caution as a case 

report of encephalopathy has 

been reported in a 

haemodialysis patient. (Wu VC, 

Lin SM, Fang CC. Treatment of 

baclofen overdose by 

haemodialysis: a 

pharmacokinetic study. Nephrol 

Dial Transplant. 2005 Feb; 

20(2): 441–443.) [A] 

Another report has seen 

reduced conscious levels in a 

haemodialysis patient who was 

receiving baclofen 5mg three 

times a day, within 12 hours she 

became disorientated and by 36 

hours had a GCS of 8. Su W, 

Yegappan C, Carlisle EJ, Clase 

CM. Reduced level of 

consciousness from baclofen in 

people with low kidney function. 

BMJ. 2009 Dec 31; 339:4559. 

[A] 
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collected only in female 

patients under chronic 

hemodialysis or 

compensated renal failure 

indicate significantly 

decreased clearance and 

increased half-life of 

baclofen in these patients. 

Dosage adjustment of 

baclofen based on its 

systemic levels should be 

considered in renal 

impairment patients, and 

prompt hemodialysis is an 

effective means of 

reversing excess baclofen 

in systemic circulation .[D] 

Bisacodyl Bisacodyl is rapidly 

hydrolysed to the active 

principle bis-(p-

hydroxyphenyl)-pyridyl-2-

methane (BHPM), mainly 

by esterases of the enteric 

mucosa. After oral and 

rectal administration, only 

small amounts of the drug 

are absorbed and are 

almost completely 

conjugated in the intestinal 

wall and the liver to form 

the inactive BHPM 

glucuronide. Following the 

administration of bisacodyl 

Negligible [A] Absorptio

n is <5% 

orally or 

rectally 

[A] 

Absorption is <5% 

orally or rectally [A] 

Unknown 

dialysability 

for all forms 

[A] 
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coated tablets, an average 

of 51.8% of the dose was 

recovered in the faeces as 

free BHPM and an average 

of 10.5% of the dose was 

recovered in the urine as 

BHPM glucuronide. 

Following the 

administration as a 

suppository, an average of 

3.1% of the dose was 

recovered as BHPM 

glucuronide in the urine. 

Stool contained large 

amounts of BHPM (90% of 

the total excretion) in 

addition to small amounts 

of unchanged bisacodyl. 

[A,D] 

30% excreted unchanged 

in urine [A] 

On oral or rectal use 

bisacodyl is converted to 

the active desacetyl 

metabolite bis(p-

hydroxyphenyl)pyridyl-2-

methane by intestinal and 

bacterial enzymes. 

Absorption from the 

gastrointestinal tract is 

minimal with enteric-coated 

tablets or suppositories; the 
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small amount absorbed is 

excreted in the urine as the 

glucuronide. Bisacodyl is 

mainly excreted in the 

faeces. [B] 

Denosumab Metabolism and elimination 

are expected to follow the 

immunoglobulin clearance 

pathways, resulting in 

degradation to small 

peptides and individual 

amino acids [A,B] 

Denosumab is composed 

solely of amino acids and 

carbohydrates as native 

immunoglobulin and is 

unlikely to be eliminated via 

hepatic metabolic 

mechanisms. Its 

metabolism and elimination 

are expected to follow the 

immunoglobulin clearance 

pathways, resulting in 

degradation to small 

peptides and individual 

amino acids. [B] 

In a studies of denosumab 

(60 mg, n = 55 and 120 mg, 

n = 32) in patients without 

advanced cancer but with 

varying degrees of renal 

No data [A] 

 

No data 

[A] 

26days [B] CAPD and 

HD unlikely 

to be 

dilaysed; 

dose as in 

GFR 

<10mL/min 

[A] 
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function, including patients 

on dialysis, the degree of 

renal impairment had no 

effect on the 

pharmacokinetics of 

denosumab; thus dose 

adjustment for renal 

impairment is not required. 

There is no need for renal 

monitoring with XGEVA 

dosing. [D] 

Dexamethasone Corticosteroids are 

metabolised mainly in the 

liver but also in other 

tissues, and are excreted in 

the urine. The slower 

metabolism of the synthetic 

corticosteroids with their 

lower protein-binding 

affinity may account for 

their increased potency 

compared with the natural 

corticosteroids. Up to 65% 

of a dose of 

dexamethasone is excreted 

in urine within 24 hours. [A] 

Metabolism of the drug 

takes place in the kidneys 

and liver and excretion is 

via the urine. [D] 

77% [A, B] 0.8-1L/kg 

[A] 

3.5-4.5h/- [A] 

190min [B, D] 

3.5h [C] 

CAPD/HD 

not dialysed; 

dose as in 

normal renal 

function. [A] 
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Docusate sodium Docusate salts are 

absorbed from the 

gastrointestinal tract and 

excreted in bile. [B] 

Docusate sodium exerts its 

clinical effect in the 

gastrointestinal tract. There 

is some evidence that 

docusate sodium is 

absorbed and is excreted in 

the bile. [D] 

No information 

[A,B,C,D] 

No 

informatio

n 

[A,B,C,D] 

No information 

[A,B,C,D] 

No 

information 

[A,B,C,D] 

 

Fludrocortisone Fludrocortisone is 

hydrolysed to produce the 

non-esterified alcohol. In 

human volunteers, 

excretion through urine was 

about 80% (as 

metabolites), and it was 

concluded that about 20% 

were excreted by a 

different route. It is likely 

that, as for the metabolism 

of other steroids, excretion 

into the bile is balanced by 

re-absorption in the 

intestine and some part is 

excreted with the faeces. 

[A, D] 

 

70-80% [A, D] Widely 

distribute

d [A] 

3.5h (but biological 

half-life 18-36h)/- [A, 

B] 

HD/CAPD 

unknown; 

dose as in 

normal renal 

function [A] 
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Hydrocortisone Hydrocortisone is 

metabolised in the liver and 

most body tissues to 

hydrogenated and 

degraded forms such as 

tetrahydrocortisone and 

tetrahydrocortisol. These 

are excreted in the urine, 

mainly conjugated as 

glucuronides, with a very 

small proportion of 

unchanged hydrocortisone. 

[A, B, D] 

 

>90% [A, B, D] 0.4-

0.7L/kg 

[A] 

100min/ unchanged 

[A] 

100min [B] 

HD/CAPD 

unlikely to be 

dialysed; 

dose as in 

normal renal 

function [A] 

 

Glycopyrronium Glycopyrronium bromide is 

poorly absorbed from the 

gastrointestinal tract; about 

10 to 25% is absorbed after 

an oral dose. 

Glycopyrronium bromide 

penetrates the blood-brain 

barrier only poorly. 

Glycopyrronium is excreted 

in bile and urine. [B] 

Following either 

intravenous or 

intramuscular 

administration, 50% of 

glycopyrronium bromide is 

excreted in the urine in 3 

hours in non-uraemic 

75min-8h [D] No 

informatio

n 

[A,B,C,D] 

1-1.5h [C] 

No information 

[A,B,D] 

No 

information 

[A,B,C,D] 
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individuals; renal 

elimination is considerably 

prolonged in patients with 

uraemia. Appreciable 

amounts are excreted in 

bile. In 48 hours, 85% has 

been excreted into the 

urine. About 80% of the 

excreted amount is as 

unchanged glycopyrronium 

bromide or active 

metabolites. [D -IV] 

Glycopyrronium bromide is 

poorly absorbed from the 

gastrointestinal tract. Oral 

glycopyrronium bromide 

has low oral bioavailability; 

a mean of approximately 

3% is found in plasma 

A comparison of the 

pharmacokinetics of 

intravenous glycopyrronium 

in 11 uraemic and 7 control 

patients indicated that the 

renal elimination of 

glycopyrronium is 

considerably prolonged in 

patients with uraemia. The 

mean amount of a dose 

excreted in the urine within 

3 hours of a dose was 

0.7% in the uraemic 
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patients and 50% in the 

control patients; 24-hour 

excretion was 7% and 

65%, respectively. The 

authors concluded that 

repeated or large doses of 

glycopyrronium should be 

avoided or perhaps the 

drug should not be used in 

patients with uraemia. [B] 

Hyoscine 

butylbromide 

The main metabolic 

pathway is the hydrolytic 

cleavage of the ester bond. 

Orally administered 

hyoscine butylbromide is 

excreted in the faeces and 

in the urine. Studies in man 

show that 2 to 5% of 

radioactive doses is 

eliminated renally after oral, 

and 0.7 to 1.6% after rectal 

administration. 

Approximately 90% of 

recovered radioactivity can 

be found in the faeces after 

oral administration. The 

urinary excretion of 

hyoscine butylbromide is 

less than 0.1% of the dose. 

The metabolites excreted 

via the renal route bind 

poorly to muscarinic 

receptors and are therefore 

10% [A] 

4% [D] 

No data 

[A] 

6.3 to 

11.3 x105 

L [D for 

PO] 

128L [D 

for IV] 

 

8h [A] 

1-5h [C] 

6-10h for PO [D] 

5h [D IV] 

 

Dialysed (all 

forms) dose 

as in normal 

renal function 

[A] 
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not considered to 

contribute to the effect of 

the hyoscine 

butylbromide.[A,D] 

1-2% excreted unchanged 

in urine [A] 

Only 2-8% of oral dose is 

absorbed [A,D] 

The quaternary derivatives, 

such as the butylbromide, 

are poorly absorbed from 

the gastrointestinal tract 

and do not readily pass the 

blood-brain barrier. [B] 

Following IV administration 

50% unchanged active 

ingedient excreted in the 

urine. The metabolites 

excreted via the renal route 

bind poorly to the 

muscarinic receptors and 

are therefore not 

considered to contribute to 

the effect of the hyoscine 

butylbromide. [D] 

 

Ibandronic acid After initial systemic 

exposure, ibandronic acid 

rapidly binds to bone or is 

87% [A,D] 90L [A,D] 10−72h/insignificantl

y increased [A] 

CAPD 

unknown; 

Bergner R, Henrich DM, 

Hoffmann M, et al . Renal safety 

and pharmacokinetics of 
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excreted into urine. There 

is no evidence that 

ibandronic acid is 

metabolised in animals or 

humans. The absorbed 

fraction of ibandronic acid 

is removed from the 

circulation via bone 

absorption (estimated to be 

40-50 % in 

postmenopausal women) 

and the remainder is 

eliminated unchanged by 

the kidney. The 

unabsorbed fraction of 

ibandronic acid is 

eliminated unchanged in 

the faeces. Renal 

clearance accounts for 50-

60 % of total clearance and 

is related to creatinine 

clearance. The difference 

between the apparent total 

and renal clearances is 

considered to reflect the 

uptake by bone [A] 

Exposure to ibandronic 

acid in patients with various 

degrees of renal 

impairment is related to 

creatinine clearance (CLcr). 

In subjects with severe 

renal impairment (mean 

The range of 

observed apparent 

half-lives is broad 

and dependent on 

dose and assay 

sensitivity, but the 

apparent terminal 

half-life is generally 

in the range of 10-60 

hours. However, 

early plasma levels 

fall quickly, reaching 

10% of peak values 

within 3 and 8 hours 

after intravenous or 

oral administration 

respectively [D] 

dose as in 

<10mL/min 

Dialysed for 

HD and high 

flux; dose for 

both as in 

GFR<10mL/

min [A] 

ibandronate in multiple myeloma 

patients with or without impaired 

renal function. J Clin Pharmacol. 

2007; 47(8): 942–50. [A] 

2. Bergner R, Dill K, Boerner D, 

et al. Elimination of 

intravenously administered 

ibandronate in patients on 

haemodialysis: a monocentre 

open study. Nephrol Dial 

Transplant. 2002 Jul; 17(7): 

1281–5. [A] 

3. Bergner R, Henrich D, 

Hoffman M, et al. High bone-

binding capacity of ibandronate 

in hemodialysis patients. Int J 

Clin Pharmacol Res. 2005; 

25(3): 123–31.[A] 
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estimated CLcr = 21.2 

mL/min), dose-adjusted 

mean AUC0-24h was 

increased by 110% 

compared to healthy 

volunteers. In clinical 

pharmacology trial 

WP18551, after a single 

dose intravenous 

administration of 6 mg (15 

minutes infusion), mean 

AUC0-24 increased by 

14% and 86%, 

respectively, in subjects 

with mild (mean estimated 

CLcr=68.1 mL/min) and 

moderate (mean estimated 

CLcr=41.2 mL/min) renal 

impairment compared to 

healthy volunteers (mean 

estimated CLcr=120 

mL/min). Mean Cmax was 

not increased in patients 

with mild renal impairment 

and increased by 12% in 

patients with moderate 

renal impairment. For 

patients with mild renal 

impairment (CLcr ≥50 and 

<80 mL/min) no dosage 

adjustment is necessary. 

For patients with moderate 

renal impairment (CLcr ≥30 

and <50 mL/min) or severe 
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renal impairment (CLcr <30 

mL/min) being treated for 

the prevention of skeletal 

events in patients with 

breast cancer and 

metastatic bone disease an 

adjustment in the dose is 

recommended [D] 

Lactulose Lactulose passes 

essentially unchanged into 

the large intestine where it 

is metabolised by 

saccharolytic bacteria with 

the formation of simple 

organic acids, mainly lactic 

acid and small amounts of 

acetic and formic acids. A 

small amount of absorbed 

lactulose is subsequently 

excreted unchanged in the 

urine .[A,B] 

Not significantly absorbed 

form the GI tract [A] 

<3% excreted unchanged 

in urine [A] 

No information 

[A,B,C,D] 

No 

informatio

n 

[A,B,C,D] 

No information 

[A,B,C,D] 

Not dialysed 

(all forms) 

dose as in 

normal renal 

function [A] 

 

Loperamide Loperamide undergoes 

extensive first pass 

metabolism in the liver, 

where it is predominantly 

metabolised to inactive 

metabolites, conjugated 

80% [A] No data 

[A] 

9-14h [A,D] 

10h [B] 

11h [C] 

HD/CAPD 

unlikely to be 

dialysed. 

Dose as in 

 



67 
 

and excreted via the bile. 

Oxidative N-demethylation 

is the main metabolic 

pathway for loperamide, 

and is mediated mainly 

through CYP3A4 and 

CYP2C8. Excretion of the 

unchanged loperamide and 

the metabolites mainly 

occurs through the faeces. 

[A] 

About 40% of a dose of 

loperamide is reported to 

be absorbed from the 

gastrointestinal tract to 

undergo first-pass 

metabolism in the liver and 

excretion in the faeces via 

the bile as inactive 

conjugate; there is slight 

urinary excretion. Little 

intact drug reaches the 

systemic circulation. 

Loperamide is metabolised 

to desmethylloperamide 

through N-demethylation. 

An in-vitro study 

established that this occurs 

mainly via cytochrome 

P450 isoenzymes CYP2C8 

and CYP3A4; CYP2B6 and 

CYP2D6 also play a role. 

GFR<10mL/

min 

HDF/High 

flux 

unknown. 

Dose as in 

GFR<10ml/m

in [A] 
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Loperamide is also a 

substrate of P-

glycoprotein.1[B] 

<10% excreted unchanged 

in the urine [A] 

Loperamide is well 

absorbed from the gut, but 

is almost completely 

extracted and metabolised 

by the liver where it is 

conjugated and excreted 

via the bile. Due to its high 

affinity for the gut wall and 

its high first pass 

metabolism, very little 

loperamide reaches the 

systemic circulation. [D] 

Macrogols Liquid macrogols may be 

absorbed when taken orally 

but macrogols of high 

molecular weight, such as 

macrogol 3350, are not 

significantly absorbed from 

the gastrointestinal tract. 

There is evidence of 

absorption of macrogols 

when applied to damaged 

skin. Macrogols entering 

the systemic circulation are 

mainly excreted unchanged 

in the urine; low-molecular-

No information 

[A, B,C,D] 

No 

informatio

n [A, 

B,C,D] 

No information [A, 

B,C,D] 

No 

information 

[A ,B,C,D] 

 

https://www.medicinescomplete.com/mc/martindale/current/ms-5235-b.htm?q=loperamide&t=search&ss=text&tot=497&p=1#r3690-a5-1-y-1
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weight macrogols may be 

partly metabolised. [B] 

Macrogol 3350 is 

unchanged along the gut. It 

is virtually unabsorbed from 

the gastro-intestinal tract. 

Any macrogol 3350 that is 

absorbed is excreted via 

the urine. [D] 

The pharmacokinetic data 

confirm that macrogol 4000 

undergoes neither 

gastrointestinal resorption 

nor biotransformation 

following oral ingestion [D] 

 

Methylprednislone Metabolism in the liver 

occurs primarily via the 

CYP3A4 enzyme to 

inactive metabolites, which 

are excreted in the urine. 

[A] 

In humans, 

methylprednisolone is 

metabolized in the liver to 

inactive metabolites; the 

major ones are 20α-

hydroxymethylprednisolone 

and 20β-

hydroxymethylprednisolone

40-60% [A] 

77% [D] 

1.2-1.5 

L/kg [A] 

1.4L/kg 

[D] 

2.4-3.5h/unchanged 

[A] 

3.5h or more; the 

tissue hlaf-life is 18-

36h [A] 

1.8-5.2h [D] 

 

HD/CAPD 

both 

dialysed. 

Dose as in 

normal renal 

function [A] 

Haemodialys

able [D] 

 



70 
 

. Metabolism in the liver 

occurs primarily via the 

CYP3A4. 

Methylprednisolone, like 

many CYP3A4 substrates, 

may also be a substrate for 

the ATP-binding cassette 

(ABC) transport protein p-

glycoprotein, influencing 

tissue distribution and 

interactions with other 

medicines. [D] 

Nefopam Extensively metabolised in 

the liver to produce active 

metabolites. It is mainly 

excreted in the urine, with 

less than 5% of a dose 

excreted unchanged. About 

8% of a dose is excreted 

via the faeces. [A] 

5% excretd unchanged 

inurine [A,B] 

 

73% [A,B] No data 

[A] 

4h [A,B] CAPD/High 

flux unknown 

HD unlikely 

Dose as in 

GFR<10ml/m

in [A] 

 

Pamidronate 

disodium 

Pamidronate is not 

metabolised, and about 20 

to 55% of the dose is 

excreted in the urine 

unchanged within 72 hours; 

the remainder is mainly 

sequestered to bone and 

only very slowly eliminated. 

54% [A] 0.5-

0.6L/kg 

[A] 

0.8-27/unchanged 

[A] 

CAPD  

Unknown 

dialysability. 

Dose as in 

GFR<10 

mL/min. 

Rate of acute renal failure is 

9.3%, can cause focal 

segmental glomerulosclerosis, 

especially at higher doses. 

(Markowitz GS, Appel GB, Fine 

PL, et al. Collapsing focal 

segmental glomerulosclerosis 

following treatment with high-
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20-55% excreted 

unchanged in the urine [A] 

The mean plasma AUC 

was approximately doubled 

in cancer patients at risk for 

bone metastases with 

severe renal impairment 

(creatinine clearance 

<30ml/min, n=4). Urinary 

excretion rate decreased 

with decreasing creatinine 

clearance, although the 

total amount excreted in 

the urine was not greatly 

influenced by renal 

function. Body retention of 

pamidronate was therefore 

similar in cancer patients 

with and without impaired 

renal function, and dose 

adjustment is not 

necessary in these patients 

when using the 

recommended dose 

schedule [D] 

HD Dialysed. 

Dose as in 

GFR<10 

mL/min. 

HDF/High 

flux 

Dialysed. 

Dose as in 

GFR<10 

mL/min. [A] 

dose pamidronate. J Am Soc 

Nephrol. 2001; 12 (6): 1164–

72.) 

• If pamidronate is not excreted 

adequately, kidney stones may 

be formed. 

• In dialysis patients there is 

increased risk of asymptomatic 

hypocalcaemia with 90 mg 

doses (anecdotal). [A] 

Paracetamol Paracetamol is metabolised 

mainly in the liver and 

excreted in the urine mainly 

as the glucuronide and 

sulfate conjugates. Less 

than 5% is excreted as 

unchanged paracetamol. A 

20-30%[A,D] 1-2L/kg 

[A] 

1-4/unchanged [A] 

1-3h [B] 

2-5.3h in sever renal 

insufficiency. For the 

glucuronide and 

sulphate conjugates, 

CAPD not 

dialysed, 

dose as in 

GFR<10ml/m

in 
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minor hydroxylated 

metabolite (N-acetyl-p-

benzoquinoneimine), is 

usually produced in very 

small amounts by 

cytochrome P450 

isoenzymes (mainly 

CYP2E1 and CYP3A4) in 

the liver and kidney. It is 

usually detoxified by 

conjugation with 

glutathione but may 

accumulate after 

paracetamol overdosage 

and cause tissue damage. 

[A,B] 

<5% excreted unchanged 

in urine [A] 

Caution is recommended 

when giving paracetamol to 

patients with renal 

impairment. Plasma 

concentrations of 

paracetamol and its 

glucuronide and sulfate 

conjugates are increased in 

patients with moderate 

renal failure and in patients 

on dialysis. It has been 

suggested that 

paracetamol itself may be 

regenerated from these 

the elimination rate is 

3 times slower in 

subjects with severe 

renal impairment 

than in healthy 

subjects. Therefore, 

it is recommended, 

when giving 

paracetamol to 

patients with severe 

renal impairment 

(creatinine clearance 

≤ 30 mL/min), to 

increase the 

minimum interval 

between each 

administration to 6 

hours. [D] 

HD/High Flux 

dialysed. 

Dose as in 

GFR<10ml/m

in [A] 
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metabolites. There are 

conflicting data on whether 

the conjugates of 

paracetamol accumulate in 

patients with renal 

impairment receiving 

multiple doses. [B] 

 

Prednisolone Prednisolone is hepatically 

metabolised and excreted 

in the urine as sulphate and 

glucuronide conjugates, 

with an appreciable 

proportion of unchanged 

prednisolone. % excreted 

unchanged = 11-30% [A] 

Prednisolone is 

metabolised primarily in the 

liver to a biologically 

inactive compound. Liver 

disease prolongs the half-

life of prednisolone and, if 

the patient has 

hypoalbuminaemia, also 

increases the proportion of 

unbound drug and may 

thereby increase adverse 

effects. Prednisolone is 

excreted in the urine as 

free and conjugated 

metabolites, together with 

70-95% 

saturable [A] 

The degree of 

plasma protein 

binding 

determines the 

distribution and 

clearance of 

free, 

pharmacologic

ally active 

drug. Reduced 

doses are 

necessary in 

patients with 

hypoalbuminae

mia. [D] 

 

1.3-

1.7L/kg 

[A] 

2-4/increased [A] 

A biological half-life 

lasting several hours 

[B] 

3h adults [D] 

 

HD/CAPD 

not dialysed; 

dose as in 

normal renal 

function [A] 
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small amounts of 

unchanged prednisolone. 

[D] 

Senna Absorbed senna is 

metabolised in the liver. 

Unabsorbed senna is 

hydrolysed in the colon by 

bacteria to release the 

active free 

anthraquinones.[A] 

Animal experiments with 

radio-labeled rhein 

anthrone administered 

directly into the caecum 

demonstrated absorption < 

10%. In contact with 

oxygen, rhein anthrone is 

oxidised into rhein and 

sennidins, which can be 

found in the blood, mainly 

in the form of glucuronides 

and sulphates. After oral 

administration of 

sennosides, 3 - 6% of the 

metabolites are excreted in 

urine; some are excreted in 

bile. [D] 

No data[A] 

Systemic 

bioavailability 

<5% 

No 

data[A] 

No data[A] Unknown for 

all and dose 

as in normal 

renal function 

[A] 

 

Tizanidine Tizanidine undergoes rapid 

and extensive first pass 

metabolism in the liver 

mainly via the cytochrome 

30% [A] 2.4L/kg 

[A] 

2.4/increased [A] 

2−4h[A] 

All unknown 

dialysability; 

dose as in 

Shellenberger MK . A controlled 

pharmacokinetic evaluation of 

tizanidine and baclofen at 

steady state. Drug metabolism 
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P450 isoenzyme CYP1A2. 

The metabolites (mainly 

inactive) constitute 70% of 

the administered dose and 

are excreted via the renal 

route. [A] 

% excreted unchanged in 

urine =<1 [A] 

The metabolites are 

primarily excreted via the 

renal route (approximately 

70% of the administered 

dose) and appear to be 

inactive. Renal excretion of 

the parent compound is 

approximately 53% after a 

single 5 mg dose and 66% 

after dosing with 4 mg 

three times daily. The 

elimination half-life of 

tizanidine from plasma is 2-

4 hours in patients. 

In patients with renal 

insufficiency (creatinine 

clearance < 25 mL/min), 

maximal mean plasma 

levels were found to be 

twice as high as in normal 

volunteers, and the 

terminal half-life was 

prolonged to approximately 

2.5h up to 14h+/-10h 

in renal failure [C] 

GFR<25mL/

min [A] 

and disposition. 1999; 27(2): 

201–4. [A] 
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14 hours, resulting in much 

higher (approximately 6-

fold on average) AUC 

values [D] 

Zoledronic acid Zoledronic acid is not 

metabolised and is 

excreted unchanged via the 

kidney. Over the first 24 

hours, 39 ± 16% of the 

administered dose is 

recovered in the urine, 

while the remainder is 

principally bound to bone 

tissue. [A] 

Zoledronate is not 

metabolised, and about 23 

to 55% of the dose is 

excreted in the urine 

unchanged within 24 hours; 

the remainder is mainly 

sequestered to bone and 

only very slowly eliminated. 

Terminal elimination half-

life is about 146 hours. 

Renal clearance is slower 

in patients with severe 

renal impairment [B] 

56% [A] 6.1-

10.8L/Kg 

[A] 

146h/increasing [A] CAPD, HD, 

High flux; 

Unknown. 

Dose as in 

GFR 

<29mL/min 

[A] 

A small number of cases of 

renal failure requiring dialysis or 

with a fatal outcome have been 

reported. [A] 

Increased risk of renal 

impairment in older patients, 

smokers, previous pamidronate 

therapy and renal failure. (Oh 

WK, Proctor K, Nakabayashi M. 

The risk of renal impairment in 

hormone-refractory prostate 

cancer patients with bone 

metastases treated with 

zoledronic acid. Cancer. 2007 

Mar 15; 109(6): 1090–6.) [A] 

Incidence of acute kidney injury 

is 10.7%, usually due to acute 

tubular necrosis. (Chang JT, 

Green L, Beitz J. Renal failure 

with the use of zoledronic acid. 

N Engl J Med. 2003; 349(17): 

1679–9.) [A] 

 


