#AO19
| Aciclovir (nt!)

(MW 225.2; as sodium salt for IV infusion MW 247.2)

Synonyms: Acyclovir, Acycloguanosine.

Usual dosage: Size of dose and dosage inter-
val depend on route of administration, age
and disease to be treated.

Pharmacokinetics

Gl fate: Following oral administration, absorp-
tion is slow, variable and incomplete;
bioavailability is about 20% (range 15 — 30%).
See also valaciclovir. PPB range 9 — 22%
(poorly bound).

Distribution and metabolism: At steady-state,
aVvD is ~ 0.8 I/kg; distribution to all tissues
with highest concentrations in the kidneys
(conc. 10 times that in plasma). Only a small
amount (15% of a dose) is converted to the inac-
tive 9-carboxymethoxymethylguanine (CMMG),
the only significant metabolite in man.
Elimination: Predominantly excreted in the
urine via glomerular filtration and tubular se-
cretion; more than 80% of a dose is excreted
unchanged, only little (9 — 14%) is found as in-
active, oxidized metabolite CMMG; renal
clearance is about 75 — 80% of total body
clearance and almost 3 times greater than
CrCl (250 ml/min). Up to 2% of a dose is ex-
creted in feces. Elimination ty, is relatively
short (2 — 3 hrs). The therapeutic action of
aciclovir in infected cells depends on conver-
sion by herpesvirus enzymes via aciclovir
monophosphate to activated aciclovir triphos-
phate.

Nephrotoxicity

Aciclovir is indirectly nephrotoxic; incidence
12 —79% [707]. Aciclovir is rapidly excreted in
the urine (short elimination t;,, of 2 — 3 hrs).
Its concentrations in renal tissue can exceed
10 times that in plasma. The concentration of
the drug in renal collecting ducts may exceed
the drug’s solubility leading to crystallization
in renal tubules (obstructive crystal nephro-
pathy) causing acute renal failure. At high
plasma levels of aciclovir serum creatinine
may rise, typically within 24 — 48 hrs after on-
set of treatment. Major risk factors for tran-

sient renal impairment besides high drug
plasma levels (usually following rapid IV bolus)
are fluid depletion, decreased urinary flow
and pre-existing renal disease. Note: Crystalli-
zation occurs exclusively after (rapid) IV ad-
ministration (renal accumulation of the drug).
These features are reversible or preventable
with adequate fluid repletion, reduced acy-
clovir dose and slow infusion rates (at least 1
hr). In rare cases, focal interstitial inflamma-
tion without tubular necrosis, consisting of in-
terstitial hemorrhages, congestion of lympho-
cytes and plasma cells has been observed
[1311].

Neurotoxic (neuropsychiatric) symptoms ap-
pearing during aciclovir (and valaciclovir) ther-
apy have repeatedly been recognized [294,
412, 830] and are reported in patients with
acute or chronic renal failure [31, 345, 643,
733, 741, 827]. These unusual adverse ef-
fects should be regarded.

Dosage in renal insufficiency and dialysis
patients:
=» Dosage adjustments are recommended!

In severe renal impairment (CKD Stage 5¢rr <
15) the mean elimination ty» of 20 hrs is 7
times elimination ty,» in normal subjects; avD
was decreased by 20% and total body clear-
ance was only 10%, which represents non-re-
nal clearance in normal subjects. As renal
function decreases, a unique situation devel-
ops where a greater part of the drug is con-
verted to the metabolite. In ESRD the drug is
probably eliminated entirely by hepatic trans-
formation to the metabolite but the elimina-
tion of the metabolite in the urine is limited. It
would, therefore, be expected to accumulate.
However the clinical significance of such accu-
mulation is not known. In all cases of renal im-
pairment, dosage adjustment is necessary.
During parenteral administration, adjust dos-
age as follows:
® In CKD Stage 3¢rr 59-30, give usual dose ev-
ery 12 hrs;
@ in CKD Stage 4¢rr 2915, give usual dose ev-
ery 24 hrs;
® in CKD Stage 5¢rr <15, give half the usual
dose every 24 hrs or usual dose every 48
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hrs. Alternative: Keep the dosage interval
the same (8 hrs) and reduce the dose perin-
terval; an initial loading dose (usual dose or
half of usual dose) may be useful. The ad-
vantage of this schedule is that it minimizes
potential toxic peaks whilst maintaining
similar mean plasma concentrations.

Oral doses (against varicella-zoster infec-

tions) may be reduced to the following:

® In CKD Stage 4grr 29-15, give 800 mg 3
times daily;

® in CKD Stage 5¢rr <15, give 800 mg every 12
hrs, and for herpes simplex 200 mg every
12 hrs.

Hemodialysis: Aciclovir is readily removed by

HD. Mean plasma t;, was approximately

6 hrs, dialysis clearance 820 — 113 ml/min

(with conventional membranes), and reduc-

tion of plasma levels during one HD was about

60%. Dosage in HD patients [31]:

» Between dialyses, half the usual dose every
24 hrs and replacement of 60 — 100% of
the loading dose after each HD. In the event
of severe neurotoxicity and nephrotoxicity
due to overdose, removal by one or several
HD may be indicated [270.].

CAPD: The clearance by PD and CAPD is low,

CAPD clearances of 3—8 ml/min and elimina-

tion ty/, of 15 — 17 hrs have been observed

[710, 1271, 1352]. Following IV infusion, the

peritoneal dialysate recoverywas 6 —11% of a

dose depending on the concentration of glu-

cose in the dialysate.

® Dosage in CAPD patients as in patients with
serum creatinine > 7 mg/dl (CrCl 15
ml/min); no substitution necessary [1433].
In view of the possible efficient transfer of
aciclovir from peritoneum to plasma,
peritoneal administration has been pro-
posed [169, 233].

® For prevention of cytomegalovirus disease
(prophylactic treatment) aciclovir and
valacyclovir have been used successfully
[90, 912]. These drugs should however be
given with great caution and have to be
withdrawn at the first sign of renal toxicity.

#B067
| Buprenorphine
(MW 467.7)

Usual dosage: Differs, according to the route
of administration

Pharmacokinetics

Gl fate: Readily absorbed; following sublingual
administration, absorption is relatively slow,
plasma levels peak within 3 — 4 hrs; substan-
tial first-pass metabolism already in the gut
wall and later in the liver, therefore bio-
availability 16% of the dose after oral and 55%
of the dose after sublingual intake; PPB 95 —
98% (very high); very short plasma ty,,, a few
minutes only.

Metabolism: Partly metabolized via CYP3A4
to form norbuprenorphin (less active than the
parent drug) and by conjugation with
glucuronic acid (parent drug and metabolites).
Buprenorphine is highly lipophilic. In anesthe-
tized patients, lower plasma levels and a lower
clearance by ~30% have therefore been re-
ported, implying lower initial volume of distri-
bution [601].

Elimination: Following oral administration,
mostly excreted in the feces (~ 70% of an oral
dose), mainly unchanged; ~ 15% of the dose
can be found in the urine, as metabolites. Af-
ter parenteral administration, 68% of the dose
is found unchanged in the feces and about
27% in the urine as metabolites. Elimination
t1/2 3 hrs. Because the drug is mostly excreted
in feces, an entero-hepatic circulationis likely.

Dosage in renal insufficiency and dialysis
patients:
=> No dosage adjustments necessary!

Since the agent is cleared mainly by hepatic
extraction (via bile in the feces) and metabo-
lism, elimination is not dependent on renal
function, although metabolites are excreted
partly in the urine. In a clinical study [601],
buprenorphine kinetics were similar in anes-
thetized healthy patients and those with renal
impairment regarding half-lives, avD and
clearances, but plasma levels of the metabo-
lites were elevated in patients with renal im-



pairment (norbuprenorphin 4 times and the

main glucuronide 15 times).

® Usual doses may be given in all degrees of
renal insufficiency [601, 1452].

No data available regarding removal by HD

and PD, but removal is unlikely because of

high PPB and high lipophilicity.

No substitution required during and after dial-

ysis.

#C110
| Ciprofloxacin (Nnt!)

(MW 331.3)

Usual dosage: 250 — 750 mg twice daily by
mouth or 200 — 400 mg IV 2 — 3 times daily,
resulting in peak plasma levels in the range of
3—-5mg/I (the peak plasma levels required to
achieve the target AUC are 2.5 — 3.5 mg/I). In
critically ill patients with severe sepsis 400 mg
IV 3 times daily has been used [898].

Pharmacokinetics

Gl fate: About 75% of an oral dose is ab-
sorbed, mainly from the intestine; plasma lev-
els peak within 30 — 90 min; PPB 20 — 40%;
most of the absorbed drug can diffuse into the
extravascular space; avVD under steady-state
condition 2 — 3 I/kg (very high), concentra-
tions in tissues and body fluids higher than in
plasma; because of initial first-pass effect in
the liver oral bioavailability is ~65% (range 45
— 84%).

Metabolism: 12 — 20% of the dose is con-
verted to a minimum of 4 metabolites, 3 pos-
sess lower activity than the parentdrug, one is
as active as the parent drug.

Elimination: Mostly excreted in the urine,
56% of an oral dose (~45% unchanged and
>10% as metabolites) or 75% of an IV dose
(63% unchanged and >10% as metabolites),
via glomerular filtration and renal tubular se-
cretion; renal excretion greatly exceeds CrCl. A
smaller quantity appears in the feces (39% of
an oral dose, or 14% of an IV dose); most of
the drug is excreted unchanged, only 12 —
20% as metabolites (see above); elimination
ti/2 3—5hrs.

Fecal elimination may originate from three
sources. Following oral administration, about
half of the amount in feces originates from the
non-absorbed drug (not following IV adminis-
tration). Some drug excretion via bile is to be
expected. A third and controversial route of
elimination is the transluminal excretion of
ciprofloxacin across the bowel mucosa into
the bowel contents [1660].

Dosage in renal insufficiency and dialysis
patients:
=> Dosage adjustments are recommended!

Ciprofloxacin is eliminated primarily by renal
excretion; however, the drug is also metabo-
lized and partly cleared through the biliary sys-
tem of the liver and through the intestine.
These alternative pathways of drug elimina-
tion appear to compensate for the reduced re-
nal excretion in renal patients. As a conse-
guence, elevated elimination t;,, of up to 12
hrs have only been observed in patients with
CKD stage 3 t0 4¢rr 59-15- It is suggested that
in patients with impaired renal function there
may be a variable increase in elimination of
the drug via the transluminal route (see
above: Elimination). This variability in the
route of elimination leads to some uncertainty
when choosing an appropriate dose of
ciprofloxacin in renal patients, especially for
those patients with life-threatening infections
[1666].

Recommended dosage guidelines

® |n patients with CKD stage 2 to 3grrge_z0 ad-
minister usual doses with caution.

® |n patients with CKD stage 4grr 29-15 give
half a usual oral dose twice daily or a usual
oral dose (500 mg) every 18 hrs or an IV
dose up to 400 mg every 18 — 24 hrs.

® |n patients with CKD stage 4grr 29_15 and
life-threatening infections administer a




usual initial dose, subsequent doses (twice
daily) can be reduced.
In patients with CKD stage 5¢rr <15 (ESRD) un-
der dialysis, elimination by HD and PD is sub-
stantial.

Hemodialysis: Even though the HD clearance

is ~40 ml/min, normal elimination t;,, has

been reported on day of dialysis. Thus,

® administer usual oral dosage on day of dial-
ysis (2 doses, one dose after dialysis) but re-
duce oral dosage between dialyses to 250 —
500 mg once dalily.

CAPD patients: Ciprofloxacin is active against
various strains of aerobic gram-positive micro-
organisms and against most strains of aerobic
gram-negative microorganisms. Because the
predominant problem in CAPD patients is peri-
tonitis, caused mostly by gram-negative
pathogens, the drug has frequently been used
in peritonitis. Due to its high efficacy it be-
came a first-line antibiotic against CAPD peri-
tonitis. It is applied orally, by IV injection or IP
(in the dialysate of the bags). However, pub-
lished data are controversial, especially re-
garding route of administration and penetra-
tion characteristics of the peritoneal mem-
brane. Dosage guidelines are not well defined
and therefore in this article results from clini-
cal trials are used to evaluate treatment mo-
dalities in CAPD peritonitis.

Oral administration

» Following a single dose of 750 mg, Shalit et
al. [1665] found in CAPD patients with peri-
tonitis a prolonged mean terminal t;,, of
16.8 hrs (range 10.7 — 25.2 hrs), even
though the peritoneal fluid contained 64%
of the plasma concentration of the drug, in-
dicating that a significant amount of the
drug was removed continuously via CAPD
(mean peak plasma levels 3.6 mg/l, mean
peak effluent peritoneal fluid 1.3 mg/l). Ina
subsequent study [1695], the authors de-
rived trough peritoneal fluid concentrations
only after administration of 750 mg
12-hourly for several days They suggested
that, in the treatment of peritonitis and
other infections in CAPD patients, adminis-
tration of oral ciprofloxacin should be lim-
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ited to 500 mg daily, preferably in two
equally divided doses.

» Golper et al. [1689] studied ciprofloxacin
behavior in stable CAPD patients (oral dose
of 750 mg every 12 hrs for 4 doses. Peak
plasma levels ranged from 2.9 — 6.4 mg/I;
clearance by CAPD was 2% of the total body
(systemic) clearance; simultaneous ratios
of the drug in dialysate and plasma was
0.57 within a dwell time of 4 hrs and 0.75
within a dwell time of 8 hrs. Long-dwell ex-
changes may be necessary to achieve rea-
sonable dialysate concentrations of oral
ciprofloxacin.

» Zacherle [1707] reported the successful
use of oral ciprofloxacin for the first-line
treatment of CAPD peritonitis. Fifteen infec-
tious episodes improved within the first 48
hrs and a cure rate of 70% was recorded by
day 14.

»Yeung et al. [1704] studied pharmaco-
kinetics of oral ciprofloxacin (750 mg twice
within 12 hrs) in CCPD patients with perito-
nitis. Mean terminal t;,, was 10 hrs, mean
peak plasma levels were 2.7 mg/l, and
mean peritoneal clearance was ~1.2% of
the mean calculated total body clearance.
Two doses of 750 mg within 12 hrs seems
to be useful for empirical gram-negative
coverage of CCPD peritonitis (sensitive E.
coli or Klesiella species).

»In a recent study [1702], 95 episodes of
peritonitis in 54 patients on CAPD or CCPD
were treated with a combination of oral
ciprofloxacin and IP cefazolin. The cure rate
was almost 90% of positive cultures.

»In a multicenter study by Goffin et al.
[1706], the efficiency of a simultaneous ad-
ministration of IV vancomycin 15 mg/kg,
and oral ciprofloxacin 250 mg twice daily
(500 mg twice daily if residual CrCl was
above 3 ml/min) was evaluated in PD pa-
tients suffering from peritonitis. In general,
vancomycin was repeated during 3 weeks
and ciprofloxacin during 10 days or weeks.
The aim of the study was to determine
whether the systemic route of administra-
tion of the antibiotics was an alternative to
the usual and inconvenient IP drug applica-
tion. According to the authors, systemic



vacomycin and oral ciprofloxacin adminis-
tration is a simple and efficient first-line pro-
tocol antibiotic therapy for peritonitis, and
oral ciprofloxacin provides satisfactory re-
sults in gram-negative infections, compared
to IP antibiotics.

P Leblanc [1667] described 3 cases of perito-
nitis in CAPD patients who were success-
fully treated with oral ciprofloxacin.

Intraperitoneal administration

P One group [1697,1698,1699], used IP ad-
ministration (25 or 50 mg/lin each bag over
several days) in CAPD patients with peritoni-
tis; mean plasma concentration 0.3and 1.1
mg/l, mean concentration in the effluent
dialysate 6.1 and 10.0 mg/I, respectively.
The 25-mg/I therapy was successful in 79%
of the episodes, and the 50-mg/I therapy
was successful in 83% of the episodes.
»In one report [1700], an IP loading dose of
ciprofloxacin was given for 24 hrs, simulta-
neously the drug was given orally and there-
after only orally; mean dialysate concentra-
tions were initially ~6 mg/l which decreased
substantially during the course of the treat-
ment.

P Pharmacokinetics of IP ciprofloxacin were
investigated in 6 non-infected CCPD pa-
tients [1661]. A loading dose of 25 mg/l in
the dialysate of 4 short-dwell exchanges re-
sulted in dialysate levels of 21 — 13 mg/I
during these exchanges (dwell time 1.5
hrs). In the subsequent last bag, devoid of
the drug, a peak level of ~1.4 mg/I was ob-
served at 30 min. Instillation of 200 mg/l in
the last bag yielded peak dialysate levels of
99 mg/I, falling with a t;, of 3.3 hrs towards
levels of 2 mg/I at ~20 hrs. Instillation of 25
mg/I ciprofloxacin in the last bag yielded a
peak level in the dialysate of ~22 mg/I, fall-
ing with a ty/» of 3.9 hrs towards dialysate
levels of <2 mg/I at 15 hrs. The rapid ab-
sorption of the drug from the dialysate into
the tissues means that ciprofloxacin has to
be added to all CCPD bags to ensure bacte-
ricidal dialysate levels; on the other hand,
such high antibiotic concentrations, even
though they are of short duration, at the in-

fected peritoneal membrane should pro-
duce an optimal therapeutic effect.

»In a multicenter study in the Netherlands
[1701], 98 out of 367 CAPD patients devel-
oped peritonitis, 44 of whom were treated
with IP ciprofloxacin plus rifampicin (each
50 mg/l per bag) and 54 of whom were
treated with IP cephradine (250 mg/| per
bag). Initial and late clinical successes were
50% and 37% in the cephradine group and
in 75% and 64% in the ciprofloxacin/
rifampicin group. Bacteriological success in
the group treated empirically occurred in
30% of the cephradine group and in 59% in
the combination group.

» One study [1703] compared oral versus IP
ciprofloxacin as primary treatment of bacte-
rial peritonitis in CAPD patients (48 epi-
sodes in 46 patients); primary care rate was
~42% in the oral group and ~67% in the IP
group. The authors favour IP treatment and
recommend 50 mg/| per bag instead of 25
mg/I.

»In a prospective, randomized, controlled
trial with 40 CAPD patients, IP ciprofloxacin
was shown to be as effective as the cur-
rently recommended regimen of IP vanco-
mycin and gentamicin for treatment of peri-
tonitis, and has advantages over the oral
route [1705].

P Pérez-Fontan et al. [1668] analyzed 682 ep-
isodes of bacterial peritonitis treated with IP
ciprofloxacin monotherapy in 641 PD pa-
tients over a period of nearly 20 years
(1988 — 2007). Following satisfactory early
results, the effectiveness of ciprofloxacin as
amonotherapy in PD-related peritonitis has
declined markedly in the long-term for not
well explained reasons.

Although frequently and often successfully
used, various investigators state that oral and
IP administration of gyrase inhibitors, such as
ciprofloxacin, have not been endorsed as a
first line treatment of peritonitis complicating
CAPD, partly due to failure or relapse because
of resistant gram-positive bacteria. Concern-
ing IP application, there are indeed differ-
ences in the rate of diffusion through the peri-
toneum in both directions, from the vascular
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system and from the peritoneal cavity, in the
case of peritonitis where the diffusion through
the injured peritoneum is higher when com-
pared to the non-infected situation. The frac-
tion of the administered dose of the drug re-
moved by CAPD or CCPD is < 2% of the dose.
Although the low peritoneal clearance has al-
ways been regarded as a disadvantage, it
should be noted that the concentrations
within or around the infected peritoneum are
the key factors in the treatment of peritonitis.

CRRT in ICU: Using modified CVVHDF (Qp and
Qr 1 — 2 I/hr), based on in-vitro calculations
300 mg IV was injected twice daily, 60 min af-
ter initiation of CRRT [628]. The mean AUC
reached a level higher than the target AUC,
and infections were successfully controlled.
Other dosage regimens: Using CVVHD (Qp 1 —
21/hr, Que 1 1/hr) or CVWHDF (Qp 1 I/hr, Que 1 —
2 1/hr) 200 mg IV was given 2 — 3 times daily
[839]. In another report 10 patients were
treated with either CVVHF or CVVHDF. All pa-
tients received IV infusions of 400 mg once
daily which was sufficient to maintain effec-
tive drug concentrations in plasma [1691].

Nephrotoxicity

Fluoroquinolones are generally well tolerated.
Adverse effects most often involve the Gl
tract, CNS, and skin. Ciprofloxacin and a few
other quinolones are potentially nephrotoxic
which has to be taken into consideration when
the drug is given to patients with impaired re-
nal function. It should be noted that the poten-
tial nephrotoxicity of the drug may worsen ex-
isting renal function and impair any residual
renal function.

Two reviews of case reports of renal toxicity as-
sociated with ciprofloxacin indicated that such
toxicity, although potentially serious, was rare
[1688, 1693]. Indeed, all publications contain
case reports only whereas series of patients
with renal damage have not been published.
In most cases, nephrotoxicity induces im-
mune-mediated interstitial nephritis or rarely
acute tubular necrosis, without or with (revers-
ible) acute renal failure [236, 1670, 1677,
1671,1672,1673,1674,1676,1678, 1682,
1683, 1693], and hematological abnormali-
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ties, including autoimmune hemolytic anemia
[1677, 1679]. Nearly all patients developing
acute renal failure were over 50 years of age.
Other risk factors were high doses of the drug
(overdose) [1687], inadequate hydration, as
well as the use of other nephrotoxic drugs and
the presence of other processes likely to con-
tribute to renal damage such as diabetes.

A very few cases of crystal nephropathy have
been reported [1680, 1681, 1684, 1686,
1688]. Although experimental studies indi-
cated that crystalluria may be associated with
ciprofloxacin [1684, 1687], the likelyhood in
humans was believed to be very low because
previous data showed that crystalluria de-
pended on a urine pH >6.8. In the meantime,
cases of crystalluria in humans have occurred
with a urine pH <6.6 and <6.0. In the case of
decreasing renal function during quinolone
treatment a urinary sediment analysis is man-
datory [1685].

In order to evaluate the prevalence and inci-
dence of ciprofloxacin nephrotoxicity, Burke et
al. [236] asked 4,253 students to take one
oral dose of 500 mg ciprofloxacin and about
3,200 students accepted. Three cases of
anaphylactoid reactions occurred, all 3 pa-
tients recovered.

Drug binding by phosphate binders

Awidely unrecognized and even ignored prob-
lem regarding drug treatment in renal patients
is that all phosphate binders also bind orally
administered drugs (Problem 1). In this con-
text, a second serious problem is that data on
absorption exists only for a few drugs (Problem
2). A minor problem is that pharmaceutical
companies are not able to or are not asked by
the authorities to show absorption rates for
drugs using their phosphate binders (Problem
3). Afurther problem is that drugs cannot dis-
play their desired effectivity once partly or
completely chemically bound already in the Gl
tract (Problem 4).

A potential problem with the increasing use of
quinolone-type antibiotics is the chelation and
inactivation of these compounds by several
cations in concomitantly administered medica-
tion. Insoluble chelate complexes are formed



between the cations and the drug, resulting in
dramatically reduced bioavailability of the
agent. One of the best investigated drugs in
this respect is ciprofloxacin. About ~50% of an
oral dose (range 22 — 76%) [1690] is bound
when given together with currently used phos-
phate binders, such as calcium-, magnesium-,
and aluminum-containing salts as well as the
cationic polymer sevelamer hydrochloride
(most likely also sevelamer carbonate), and
lanthanum [673, 1694, 1663, 1690, 1662,
1664, 1689]. This logistic problem was de-
scribed for ciprofloxacin shortly after its intro-
duction [1689, 1696]. Following oral adminis-
tration, the peak concentrations of
ciprofloxacin in the dialysate achieved in
CAPD patients on phosphate binders were 8 —
33% of those observed in subjects not receiv-
ing phosphate binders [1689].

The most feasible and safe solution to over-
come this complex series of problems is to al-
ter the dosage regimen in the patients. Itis be-
coming common practice to take phosphate
binders together with the meals (for actual
and continuous phosphate binding) and to in-
gest other prescribed drugs 2 hrs before or af-
ter meals. Phosphate binders should be with-
held in renal patients when oral antibiotic
therapy is conducted.

#C117
| Clarithromycin
(MW 748.0)

Usual dosage: By mouth or IV 250 — 500
mg/12 — 24 hrs

Pharmacokinetics

Gl fate: Rapidly absorbed; undergoes
first-pass metabolism; PPB >70%; bioavaila-
bility ~55% of the dose.

Metabolism: Converted in the liver by hepatic
P450 isoenzyme to its principal active metab-
olite; both are widely distributed, and tissue
concentrations exceed those in plasma, in
part because of intracellular uptake.

Elimination: At steady-state up to 55% of the
dose is excreted in the urine, 40% unchanged

and 10 — 15% as active or inactive metabo-
lites; elimination ty/» 4 — 7 hrs.

Dosage in renal insufficiency and dialysis
patients:

=> Limited data available, but dosage
adjustments advisable!

Elimination t;,, is prolonged in renal impair-

ment (>20 hrs in ESRD).

® Usual doses can be given in CKD Stage 2 to
36Fr 89-30;

@ reduce dosage by 25% in CKD Stage 4ger
29-15;

® give 50% of the usual dosage in ESRD (CKD
Stage Serr <15)-

No data available regarding removal by HD
and CAPD; thus, application of the drug
should be avoided in all dialysis patients, al-
though some sources recommend dose ad-
justment in HD and no dose adjustment in
CAPD.

#E040
| Esomeprazole (nt!)

(MW 345.4; for oral application used as magnesium salt
MW 767.2, for IV injection used as sodium salt MW 368.4)
Esomeprazole is the effective s-enantio-
morphic isomer of the racemic mixture of
omeprazole (S-omeprazole) (see Omepra-
zole).

Usual dosage: 20 — 40 mg once daily by
mouth.

Pharmacokinetics

Gl fate: Because esomeprazole is acid-labile,
medications are provided in an enteric-coated
granule formulation. Absorption is rapid,
plasma levels peak within 1 — 2 hrs. Following
a single dose, absolute bioavailability (com-
pared to IV administration) is ~ 65%, following
maintenance treatment (20 — 40 mg daily),
absolute bioavailability is ~ 90%, much higher
because of a saturable first-pass effect. PPB
is approximately 97%; plasma ty, in healthy
subjects 1.3 hr; aVD 0.25 I/kg (small).
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Metabolism: Esomeprazole is almost com-
pletely metabolized in the liver, primarily by
CYP2C19 and to a lesser extent by CYP3A4.

Note: As with many other drugs, there are 3
problems with esomeprazole in renal impair-
ment. Some cytochrome P450 isoenzymes,
such as CYP2C19 and CYP3A4, exhibit a ge-
netic polymorphism due to their deficiency in
some sub-populations (poor metabolizers). In
renal impairment, 1. esomeprazole metabo-
lism may not only be delayed because of accu-
mulation of metabolites not yet excreted, but
2. may also be slow in poor metabolizers. If
drugs are administered concomitantly which
3. use the same CYP450 isoenzyme for me-
tabolism (potential CYP450 inhibitors), these
inhibit conversion of esomeprazole. Thus,
avoid such inhibitory drugs in renal patients.

Elimination: Mostly excreted in the urine,
~80% of the dose as inactive metabolites,
<1% of the dose unchanged; the remainder is
found in the feces, also as inactive metabo-
lites.

Dosage in renal insufficiency and dialysis
patients:

=>» No, or limited data available, but
dosage adjustments advisable!

According to the manufacturer, pharmaco-
kinetics in patients with impaired renal func-
tion are not expected to be altered relative to
healthy volunteers, as <1% of the dose is ex-
creted unchanged in the urine. Therefore his
advise is that usual doses can be given to all
renal patients.

This statement, however, is in need of correc-
tion. The reason for this is that in severe renal
impairment inactive metabolites will accumu-
late, and there is no information that in-
creased removal by the intestine will compen-
sate for the accumulation. Moreover, accumu-
lation of the metabolites leads to a slowing
down of metabolism of the parent drug its ac-
cumulation, and the risk of serious adverse or
toxic effects. UK licensed product information
advises caution in patients with CKD stage 4
to 5¢rr £20, @S €xperience in these patients is
limited. No data available regarding removal
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by HD and PD, but removal is unlikely due to

high PPB.

® Usual doses may be given in CKD stage 2 to
36FR 89305

@ it is prudent to avoid administration in CKD
stage 4 10 S¢r £29;

® in dialysis patients give minimal doses or
avoid administration because of lack of ex-
perience.

Because of the potential nephrotoxicity of the
drug it is advisable to evaluate renal function
periodically in patients without renal impair-
ment who are on long-term esomeprazole
treatment.

Nephrotoxicity

Various cases of omeprazole-induced acute
(toxic) interstitial nephritis have been re-
ported. Since esomeprazole is an isomer of
omeprazole, the same has to be anticipated
foresomeprazole, but so far only one case has
been published [527].

Proton pump inhibitor-related acute intersti-
tial nephritis is rare, idiosyncratic, and difficult
to predict. During the period 1970 — 2006, 64
cases were published, 59 cases confirmed by
renal biopsy [1372].

#F050

| Fluvoxamine maleate
(MW 434.4)

Usual dosage: Initially 50 mg once daily by
mouth; patients can be titrated within the
dose range of 100 — 300 mg/day in two di-
vided doses; not to exceed 300 mg per day.

Pharmacokinetics

Gl fate: Readily absorbed; plasma levels peak
within 3 — 8 hrs; plasma t,, 15 hrs; absolute
bioavailability 53% of the dose; PPB 80%;
mean avD ~25 I/kg (extremely large), sug-
gesting extensive tissue distribution.
Metabolism: Extensively metabolized by the
liver; 9 metabolites have been identified, con-
stituting ~85% of the urinary excretion prod-
ucts of fluvoxamine.



Elimination: Almost completely excreted in
the urine (94% of the dose), ~2% unchanged,
the remainder as metabolites. Elimination t;/»
up to 35 hrs.

Dosage in renal insufficiency and dialysis
patients:

=> No, or limited data available, proposed
dosage advice is preliminary!

Following treatment with 50 mg fluvoxamine
twice daily for 4 and 6 weeks in patients with
different degrees of renal impairment (CKD
stage 3 to 5¢rr £59), Minimum plasma concen-
trations of the parent drug are comparable,
suggesting that in renal patients accumula-
tion of the drug is unlikely.
In view of the fact that the drug is eliminated
almost completely in the urine, this result
seems questionable. Most of the drug is re-
moved as (unmeasured) metabolites in these
patients, and only 2% of the dose are removed
unchanged from the plasma but any precise
measurement of such low concentrations is
also questionable. In this context and in con-
trast to pharmacokinetic observations, accu-
mulation of metabolites in patients with se-
vere renal failure under long-term treatment is
likely and must be anticipated. The conse-
guence is a concentration-balanced slow-down
of metabolism of parent drug and possible ac-
cumulation.
Dosage guidelines:
® Administer the usual dosage in patients
with CKD stage 2¢rr g9.60;
® administer a usual dose of 50 mg once a
day initially and reduce the subsequent
dose carefully according to clinical re-
sponse in CKD stage 3 t0 4¢rg 59.15;
® avoid dosage in CKD stage 5grr <15 (ESRD)
and in all dialysis patients (not data avail-
able regarding dialysances).

#G027

| Glibenclamide
(MW 494.0)

Synonyms: Glybenzcyclamide, Glyburide
Usual dosage: Initially, 2.5-5 mg daily by
mouth; if necessary increased by 2.5 mg daily
up to 15 mg.

Pharmacokinetics

Second-generation sulfonylurea with much
higher potency and shorter elimination t;,,
than chlorpropamide.

Gl fate: Almost completely absorbed; plasma
levels peak within 4 hrs; PPB >97%; plasma
t1/2 2 —2.5 hrs; avD 0.1 I/kg (very small).
Metabolism: The drug is almost completely
converted by hepatic metabolism to hydroxy
glibenclamide and 2 minor metabolites, which
do not contribute significantly to the hypo-
glycemic action since they are almost inactive
(<10% of the potency of the parent drug).
Elimination: 50 — 55% of the dose excreted
in the urine as metabolites, traces un-
changed; about 45 — 50% excreted via bile in
the feces, mainly as metabolites, 4 — 6% un-
changed. Elimination t;,, 8 — 10 hrs.

Dosage in renal insufficiency and dialysis
patients:
=» Dosage adjustments are advisable!

Because of a compensatory increase in excre-
tion via bile in the feces, no clear correlation
was found between parent drug and its me-
tabolites and the degree of renal insuffi-
ciency; also hemodialysis did not affect the
pharmacokinetics, following single or multiple
doses [204, 151]. Therefore,

® no dosage reduction is required in renal in-

sufficiency.

However, in CKD stage 4grr 29.15, SOme delay

in excretion has to be anticipated; therefore

® avoid using the drug in ESRD; prescribe
gliquidone instead or use insulin which is
more suitable because dosage can be ti-
trated.



#G028

| Glibornuride

(MW 366.5)
Usual dosage: 12.5 — 75 mg daily by mouth.

Pharmacokinetics

Second-generation sulfonylurea with much
higher potency and shorter elimination ty/,
than chlorpropamide.

Gl fate: Aimost completely absorbed (>90% of
the dose); PPB ~95%.

Metabolism: No enzyme induction; exten-
sively converted to at least 6 metabolites with
little or no hypoglycemic activity.

Elimination: About 66% excreted in the urine
and 33% via bile in the feces as metabolites;
elimination t;,, ~8 hrs.

Dosage in renal insufficiency and dialysis
patients:
=> No dosage adjustments necessary!

Even though the elimination of inactive me-

tabolites is prolonged up to 4 fold, no dosage

reduction is necessary in renal insufficiency;
however,

@ administer glibornuride with caution in CKD
stage 3 t0 5¢rr £59 and in dialysis patients
because the elimination t,/, of the parent
drug may be prolonged.

® In CKD stage 5¢rr <15 (ESRD) insulin is more
suitable because dosage can be titrated.

No data available regarding removal by HD
and PD (CAPD).

#G029

| Gliclazide

(MW 323.4)

Usual dosage: Initially, 40 — 80 mg daily by
mouth, gradually increased, if necessary, up
to 120 mg daily.

Pharmacokinetics

Second-generation sulfonylurea with much
higher potency and shorter elimination t;/,
than chlorpropamide.

Gl fate: AlImost completely absorbed; plasma
levels peak within 4 — 6 hrs; PPB 85 — 97%.
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Distribution and metabolism: Steady-state
conditions are reached within 3 days; avVD
0.2 — 0.3 I/kg (moderate); extensively con-
verted in the liver to at least 7 inactive metab-
olites.

Elimination: 60 — 70% of the dose excreted
in the urine and 10 — 20% in the feces, all as
metabolites; elimination t;,, 10 — 12 hrs.

Dosage in renal insufficiency and dialysis
patients:
> Dosage adjustments are advisable!

® In CKD stage 2 to 3grr g9.30, administer cau-
tiously with close monitoring of blood sugar
levels.

In CKD stage 4¢rr 29.15, €limination t;,, of the

drug is significantly prolonged (up to 22 hrs),

which may cause prolonged release of insulin

resulting in hypoglycemia; therefore,

® the use of oral antidiabetics including
gliclazide should be discontinued in CKD
stage 4 to 5grr £29 and in dialysis patients
and replaced by insulin which can be ti-
trated.

No data available regarding removal by HD
and PD (CAPD).

#G030

| Glimepiride

(MW 366.5)

Usual dosage: Initially, 1 — 2 mg daily by
mouth, may be increased if necessary up to 8
mg daily for maintenance.

Pharmacokinetics

Second-generation sulfonylurea with much
higher potency and shorter elimination ty/,
than chlorpropamide.

Gl fate: Completely absorbed (100%); plasma
levels peak within 2 — 3 hrs; plasma t,,, after
multiple dosing 5 — 9 hrs; PPB 99.5%; aVD
very small (0.14 I/kg).

Metabolism: Glimepiride is extensively metab-
olized by CYP2D9 in the liver to one main me-
tabolite, a hydroxy derivative with low activity.
Another pathway involves formation of an in-
active carboxyl derivative.



Elimination: About 60% of the dose is ex-
creted in the urine and 40% in the feces. No
parent drug is recovered from urine or feces.

Dosage in renal insufficiency and dialysis
patients:
=>» Dosage adjustments are advisable!

Glimepiride is well tolerated in mild, moderate
and severe renal impairment. Because of
compensatory elimination via the Gl tract, ac-
cumulation of parent drug is unlikely, and a
transient increase in serum concentrations of
both metabolites does not result in clinical
symptoms.
A starting dose of 1 mg glimepiride can be
given to diabetic patients with chronic kidney
disease, and the dose titrated based on fast-
ing blood glucose levels. But
® because of the possible accumulation of
the active metabolite (risk of hypoglycemia)
glimepride should be used with caution in
CKD stage 3G6FR 59-30, and
® the drug should be avoided in CKD stage
5crr <15 (ESRD); prescribe gliquidone in-
stead or insulin which is more suitable be-
cause dosage can be titrated.

Removal of parent drug by dialysis not yet
shown but is unlikely because of the high PPB
and extensive conversion to metabolites.

#K003

| Ketamine hydrochloride
(MW 274.2)

Pharmacokinetics

PPB varies from 10 to 47%, and is much lower
than with the other parenteral anesthetics.
Distribution: Although more lipophilic than
thiopental, ketamine is water-soluble and
available as solutions in NaCl plus the preser-
vative benzethonium chloride. Following IV
bolus, the drug is rapidly and widely distrib-
uted into body tissues (plasma ty» 10 — 15
min); aVD extremely large (3 I/kg). The phase
of anesthetic action lasts for about 45 min
and is determinated by redistribution from the
CNS to peripheral tissues and hepatic metab-
olism.

Metabolism: Mostly converted to 2 active and
2 inactive metabolites; metabolite 1 (norke-
tamine) has 10% and metabolite 2 (dehydro-
norketamine) 1% of the narcotic effect of the
parent drug.

Elimination: Predominantly excreted in the
urine (80 — 95% of the dose), mainly as me-
tabolites, little unchanged (2 — 3%); 2 — 8%
eliminated in the feces; estimated elimination
t1/» of the parent drug is ~2.5 hrs, that of the
metabolites (in animal experiments) 4 —6 hrs.

Dosage in renal insufficiency and dialysis
patients:
> Dosage adjustments are advisable!

In the elderly ketamine appears to influence
neither urine output nor glomerular filtration
rate and effective renal plasma flow (nephro-
toxicity therefore unlikely). It has been shown
the combining ketamine with diazepam or
other benzodiazepines will reduce the inci-
dence of adverse reactions. In HD patients the
agent does not influence the clinical condi-
tion.
Experience from ICU concerning the long-term
sedation is available for critically ill patients
with pre-existing acute renal failure who re-
ceived daily HD. Under steady-state condi-
tions, ketamine plasma levels were about
25% above the levels in volunteers. The de-
sired therapeutic effect was achieved, and no
toxic symptoms were observed; however, sig-
nificant accumulation of metabolite 2 is
known. For general anesthesia purposes in
patients with chronic renal insufficiency,
@ it is advisable to apply usual narcotic doses
with caution in CKD stage 2 to 3grrgg.30, and
® to avoid administration in CKD stage 4 to
Serr £29 if patient is not yet dialyzed.

Removal of ketamine by HD is limited (range
4 —10% of the dose during one 4-hr HD) due to
the wide distribution into body tissues and
rapid metabolism. Removal by PD not proven
but appears also to be insignificant.

With regard to HD patients under long-term se-
dation, preliminary advice is

@ to increase the dosing interval according to

clinical response;
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@ alternatively, to increase the duration of di-
alysis up to 24 hrs (continuous dialysis/he-
mofiltration/hemodiafiltration).

Precautions and notes
See under Enflurane

#L065

Lynestrenol
Synonyms:  Ethinylestrenol,
Lynenol

(

Linestrenol,

Pharmacokinetics

A progesterone (see there). Limited data avail-
able.

Dosage in renal insufficiency and dialysis
patients:

=> No, or limited data available, proposed
dosage advice is preliminary!

® The drug may be used as contraceptive in
CKD stage 2 t0 3¢rR 89-30-

Because of lack of clinical experience it is ad-

visable to avoid the agent in CKD stage 4 to

Scrr £20 @and in all dialysis patients.

#MO002

| Mafenide acetate

(MW 246.3, as hydrochloride MW 222.7, and as propionate
MW 260.3)

Usual dosage: Applied topically only. The
mechanism of action of the drug is not known.

Pharmacokinetics

Well absorbed through damaged skin (wounds).
After entering circulation, mafenide is metab-
olized to an inactive metabolite which retains
the ability to inhibit carbonic anhydrase.
Elimination: The absorbed amount is ex-
creted in the urine, probably completely as
metabolite.

Dosage in renal insufficiency and dialysis
patients:

=> No, or limited data available, no dosage
suggestions possible!
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Due to significant adverse effects, avoid ad-
ministration to patients with renal insuffi-
ciency and those with impaired respiratory
function.

#M089

| Metronidazole

(MW 171.2, as benzoate MW 275.3, as hydrochloride MW
207.6, as phosphate MW 269.2)

Pharmacokinetics

Gl fate: Completely absorbed; plasma levels
peak within 1 — 2 hrs; rectal absorption
60— 80% of the dose, plasma levels peak within
~4 hrs; PPB low (5 — 20%); following oral admin-
istration, bioavailability is 90 — 100% of the
dose; aVD moderate (0.6 — 0.9 I/kg).
Metabolism: About 40% of the dose (parent
drug) is conjugated with glucuronic acid or sul-
fates, the remainder undergoes oxidative me-
tabolism. About 10% of the dose is converted
to an acid derivative which possesses ~5% of
the activity of the parent drug and which is
only rarely detected in plasma (reason un-
known).

Elimination: Up to 75% of the dose excreted
in the urine, half of the amount as a hydroxy
derivative and a small amount as an acid de-
rivative, the remainder unchanged; up to 15%
found in the feces. Elimination t,,, of parent
drug 8 hrs (range 6 — 10 hrs), that of hydroxy
metabolite 10 hrs (range 8 — 14 hr).

Dosage in renal insufficiency and dialysis
patients:
=>» Dosage adjustments are recommended!

Because of extensive metabolism, plasmat,,

of the parentdrug is not altered in impaired re-

nal function. However, plasma ty,» of the

hydroxy metabolite is prolonged in ESRD up to

40 hrs, resulting in significantaccumulation in

plasma.

® Usual doses can be given to patients with
CKD stage 2¢rr g9.60-

® |t is advisable to reduce the dosage in CKD
stage 3grr 59.30, and to closely monitor for
side effects and efficacy of the drug.



Because of the danger of accumulation of the

major active metabolite and as long as its toxic

effects are still unknown,

@ it is prudent to avoid administration in pa-
tients with CKD stage 4 to 5grr £29, If they
are not being dialyzed.

Removal by HD is substantial; elimination t;,,

of the parent drug is <2.5 hrs and that of the

hydroxy metabolite <7 hrs during dialysis.

® Between dialyses, either the dose should
be reduced or the dosage interval doubled.

® Ausual, supplemental dose should be given
after each HD.

Peritoneal dialysis and CAPD [238, 253, 579]:

Following oral administration, the penetration

to the peritoneum during PD is substantial.

Concentration in the dialysate may reach up to

65% of the trough plasma concentration.

® Adose of 500 mg every 12 hrs has proved to
be effective and does not seem to cause
major side effects. Following oral adminis-
tration in CAPD, plasma and dialysis fluid
concentrations are equal. Thus,

® usual dose should be given during CAPD to
achieve effective peritoneal concentrations
in the treatment of peritonitis.

#MO090

| Mexiletine hydrochloride
(MW 215.7)
Usual dosage: Initial dose 200 mg every 8 hrs;
adjust in 50 or 100 mg increments every 8 to
12 hrs; do not exceed 1200 mg/day.

Pharmacokinetics [851]

Gl fate: Rapidly and almost completely ab-
sorbed, plasma levels peak within 2 — 3 hrs;
PPB ~ 55 %, but reversible.

Metabolism and distribution: Mexiletine is a
close structural analogue of lidocaine. Unlike
lidocaine, its first-pass metabolism is low,
bioavailability is therefore 80 — 90% of the
dose. Mexiletine is widely distributed into all
tissues, reaching an extremely large aVD
(5 — 12 I/kg). The drug easily passes physio-
logical barriers; thus, only 1% of the dose re-
mains in the blood. 58 — 95% of the dose is fi-

nally metabolized by CYP1A2, CYP2D6, and
CYP3A4; genetic polymorphism in relation to
CYP2D6 has been identified. Several metabo-
lites have minimal antiarrhythmic activity (up
to 20% as potent as the parent drug).
Elimination: Excreted entirely in the urine,
10% (range 5 to 20%) unchanged and the re-
mainder as metabolites. Because mexiletine
is a weak base, renal clearance depends on
pH of the urine. Removal in alkaline urine is ex-
tremely slow. Elimination t;,, varies widely
(mean 10 hrs, range 5 — 15 hrs).

Dosage in renal insufficiency and dialysis
patients:

=» Differentiated dosage adjustments are
recommended! [421, 449, 1571]:

Consistent with the limited renal elimination
of the parent drug, little change in the elimina-
tion ty,» has been detected in patients with re-
duced renal function. In 8 patients with CKD
stage Sgrr<15 Mean plasmat,,, was 15.7 hrs,
and in 7 patients with CKD stage 4¢rr 29.15,
mean plasma t;, was 13.4 hrs. Elevated
plasma levels of the drug as a result of accumu-
lation have not been seen in such patients. It
has been shown that >90% of the dose is ex-
creted in urine as poorly active or inactive me-
tabolites.

@ |nitially usual doses may be given to patients
with CKD stage 4¢rr 29.15 but dosage should
then be reduced according to clinical re-
Sponse;

@ in patients with CKD stage 5¢rr <15 and in all
dialysis patients, initial doses should be re-
duced and maintenance dosage should be
tailored according to clinical response.
Moreover, it is prudent to avoid administra-
tion to these two groups of patients.

Removal by HD and PD is negligible, <3% of
the dose is removed by HD, no removal by
CAPD. The drug is mostly located outside the
intravascular compartment and can, there-
fore, not be reached by dialysis measures.

Precautions and notes

In addition to the dosage guidelines men-
tioned above, the dosage of each anti-ar-
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rhythmic agent should be adjusted to clinical
efficacy and response. The same applies in
patients with impaired renal function.

#0001

| Obidoxime chloride
(Mw 359.2)
Usual dosage: Antidote, used in the treatment
of poisonings with organophosphates or re-
lated compounds. For its dosage consult toxi-
cological handbooks.

Pharmacokinetics

Similar to pralidoxime (see there); no appre-
ciable PPB.

Dosage in renal insufficiency and dialysis
patients:

=>» No, or limited data available, but
dosage adjustments advisable!

Characteristics of obidoxime did not change

significantly in a poisoned patient with a CrCl

of 54 ml/min; 80% of the dose was excreted in

the urine over 5 hrs [133]. No data available

regarding removal by HD or PD (CAPD).

Because of the characteristics of the drug,

@ it is advisable to administer usual doses in
CKD stage 2¢¢r go-60;

® to reduce dosage in CKD stage 3grr s59.30;
and

® to avoid administration in CKD stage 4 to
Scrr £29 @nd in dialysis patients.

#P001

| Paclitaxel

(MW 853.9)
Synonyms: Taxol, Taxol A

Pharmacokinetics

Following IV dose, paclitaxel exhibits a
biphasic decline in plasma concentrations,
with mean elimination t;,, ranging from 3 to
50 hrs. PPB 89 — 98%.

Distribution and Metabolism: At steady-state,
mean aVD is very large (range 5— 15 1/kg), in-
dicating extensive extravascular distribution
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and/or tissue binding of the drug. Paclitaxel is
metabolized in the liver by CYP2C8 primarily to
the major metabolite, and by CYP3A4 to 2 mi-
nor metabolites.

Elimination: Mostly excreted in the feces (70%
of the dose as primary metabolite, 5% un-
changed); up to 12% of the dose is excreted
in the urine, indicating extensive non-renal
clearance; elimination ty,, up to 50 hrs.

Dosage in renal insufficiency and dialysis
patients:

=>» No data available, no dosage sugges-
tions possible!

Because of (therapeutic) cell toxicity and un-
clear excretion characteristics, studies in re-
nal patients have not been conducted.

Nephrotoxicity

Among patients Kaposi’s sarcoma treated
with paclitaxel, 5 patients had renal toxicity of
grade Ill or IV (renal insufficiency with revers-
ible elevations in sCr). These few cases of pos-
sible renal disturbance, are insufficient to
classify paclitaxel as potentially nephrotoxic.

#P038

| Peramivir

(MW 328.4, as carboxylic acid MW 382.5)

Antiviral drug (inhibitor of neuramidase activ-
ity of influenza A and B, including HIN1 influ-
enza)

Usual dosage: Adults and adolescents £18
years: 600 mg IV once daily infused for 5— 10
days; children 3 6 years and adolescents £17
years: 10 mg/kg IV once daily infused (not to
exceed 600 mg/dose) for 5— 10 days. Dosage
in smaller children, see drug insert.

Pharmacokinetics

PPB <30%; not significantly metabolized.
Elimination: Almost completely excreted in
the urine (90% of the dose); elimination t;,»
varies from 7.7 to 20.8 hrs; no accumulation
observed during multiple dosing.



Dosage in renal insufficiency and dialysis
patients [1768]:
=> Dosage adjustment is recommended!

In renal patients with CKD stage 2¢¢r g9.60, the

mean systemic exposure is 24% higher thanin

those with normal renal function (an increase

not expected to be clinically relevant); with

CKD stage 36FR 59-30, 3.4-fold hlgher, with CKD

stage 4grr 29.15, 6-fold higher; with CKD stage

56Fr <15: 40-fold hlgher

In adults and adolescents £18 years

® with CKD stage 2grr go60, give the usual
daily dose;

® with CKD stage 3grr50.30, give 150 mg daily;

® with CKD stage 4¢rr20.15, give 100 mg daily;

@ with CKD stage 5¢rr <15 but not yet dialyzed,
give 100 mgonday 1, then give 15 mg daily.

In children 36 years and adolescents £17

years

® with CKD stage 2grr so.60, give the usual
daily dose;

® with CKD stage 3grr 59.30, give 10 mg/kg
daily;

® with CKD stage 4¢rr 20.15, give 2.5 mg/kg
daily:

® with CKD stage 5¢rr <15 but not yet dialyzed,
give 1.6 mg/kg on day 1, then 0.25 mg/kg
daily.

Dosage adjustment for smaller children, see

drug insert.

Hemodialysis [1768]: Appreciable removal by

HD, thus administration after dialysis.

In adults and adolescents £18 years

® give 100 mg on day 1, then 1.6 mg/kg 2 hrs
after each HD, no further dosing between
dialyses.

PD and CAPD: No data available.

CRRTin ICU: There is evidence that the drug is

eliminated by CVVHF and CVVHD but, at pres-

ent recommendations cannot be made. Re-

cently, peramivir was administered to two criti-

cally ill patients during SLED treatment (Qg
200 ml/min, Qp 300 ml/min) [1769]. With a
daily IV dose of 600 mg, mean peak peramivir
plasma levels (~27,000 ng/ml) were in the
range of those in healthy subjects (45,200
ng/ml). Both patients recovered from the viral
infection.

Precautions and notes

Since peramivir is eliminated primarily by the
kidney, coadministration with drugs that re-
duce renal function or compete for active tu-
bular secretion (see under Introduction) will
theoretically increase plasma concentrations
of peramivir.

Peramivir is not metabolized by the liver;
therefore drugs that alter the CYP450 iso-
enzyme system should not alter the elimina-
tion of the drug.

#P063

|PHocanﬂne

Dosage in renal insufficiency and dialysis
patients:
=>» No dosage adjustments necessary!

#P064
| Pimecrolimus

Pharmacokinetics

An immunosuppressive agent for topical use
in atopic dermatitis (like tacrolimus); minimal
systemic absorption; metabolized in the liver,
excreted in feces.

Drug dosage in renal insufficiency and

dialysis patients:
> No dosage adjustments necessary!
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