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Thirty-two children who had undergone liver trans-
plantation were paired according to their post-
transplantation duration, renal function, and diag-
noses when possible and randomized either to
continue nifedipine (NIF group) or switch to diltia-
zem (DIL group), in addition to continuing their
usual immunosuppressive medications. The cases
were followed prospectively regarding diltiazem
tolerance, cyclosporine dose requirements, effect
on cyclosporine kinetics, diltiazem kinetics, as
well as effect on renal function. Diltiazem was weli
tolerated at a dose of 3 mg to 6.4 mg/kg/day (max
180 mg/day) with infrequent self-limited mild side
effects. Cyclosporine daily dose was reduced by a

yclosporin A (CSA) remains one of the corner-

stones of maintenance immunosuppression
therapy in solid organ transplantation. Its use is
associated with high cost as well as potential side
effects. CSA-induced nephrotoxicity is potentially a
serious complication that may lead to progressive
loss of renal function and eventually, although rarely,
renal insufficiency.!?

CSA is metabolized in the liver by a cytochrome
P450 1II A enzyme system that may be induced or
inhibited by several compounds.?# Commonly used
medications after organ transplantation include inhibi-
tors of the hepatic cytochrome P450 III A such as
corticosteroids, erythromycin, ketoconazole, and dil-
tiazermn.

Diltiazem, a benzothiazepine derivative, is a cal-
cium channel blocker that is used primarily in adults
as an antihypertensive and anti-angina agent.> More
recently it has been used as a CSA-sparing agent in
adults after heart and kidney transplantations®® with
consequent reduction in the CSA cost. Being a
calcium antagonist, diltiazem may have a nephropro-
tective effect, in part through its vasodilator action
and probably by other mechanisms as well 91! In
experimental animals, in vitro studies, as well as a
few human studies, it was found that diltiazem may
also exert an immunomodulatory effect that favors graft
tolerance and possibly lowers the risk of rejection. 1215

mean of 36.7% and 38.3% at 3 and 6 months,
respectively, in the DIL group to achieve target
trough cyclosporine levels without modifying liver
function. No significant difference in renal func-
tion was observed after 3 to 6 months in either
group based on blood urea nitrogen and creati-
nine levels and glomerular filtration rate by the
DTPA method. Diltiazem appears to be well toler-
ated in children and allows for substantial dose
reductions of CSA without apparent effects on
liver graft function.
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Diltiazem has been rarely used in the pediatric age
group. Long-term use (up to 32 months) has been
reported in children with Duchenne muscular dystro-
phy with no demonstrable side effects.!® Few other
scattered reports have shown its use in supraventricu-
lar tachycardia and pulmonary hypertension.!” There
is no available information in the English literature
regarding use of diltiazem in pediatric transplanta-
tion or in liver transplantation. In view of the
previously mentioined potential benefits of diltiazem
in the transplantation population, we carried out a
paired, randomized, prospective study in 32 children
who had undergone liver transplantation with particu-
lar attention to diltiazem tolerance, kinetics, and
CSA-diltiazem interaction, as well as short-term im-
pact on renal function.
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Methods

Thirty-two pediatric liver transplant recipients interested in partici-
pating in the study were matched and paired according to
pretransplantation diagnosis, posttransplantation duration and
glomerular filtration rate (GFR) using the DTPA method.!® The
protocol was approved by the institutional ethics committee and
informed parental consent was obtained. Patients less than 2
months posttransplantation, with chronic liver rejection, or car-
diac arrhythmia were excluded from the study. One patient of each
pair was then randomized to either continue their current
calcium-channel blocker therapy (nifedipine [NIF group)), or to
begin diltiazem (DIL group). In view of the expected interaction of
diltiazem with cyclosporine, those children randomized to the DIL
group, had their usual CSA dose reduced by 20% to 30% on
initiation of diltiazem therapy. Diltiazem was administered at a
dose of 3 to 6.4 mg/kg/day (maximum 180 mg/day) using 30- or
60-mg controlled release tablets, taken concurrently with their
CSA dose. CSA levels and blood biochemistries (see later) were
drawn weekly until a desired steady-state CSA trough level was
obtained. For both DIL and NIF groups, the usual monthly CSA
levels were then obtained in conjunction with liver function tests
(alanine aminotransferase [ALT], aspartate aminotransferase [AST],
gamma glutamyl transpeptidase [GGT]), blood urea nitrogen
(BUN), creatinine, complete blood count (CBC), and electrolytes.
Targeted CSA trough levels were 150 to 175 ng/mL (monoclonal
radio immunoassay on whole blood) at 2 to 4 months posttrans-
plantation, and 90 to 150 ng/mL thereafter. The only other change
in maintenance immunosuppressive therapy performed during the
study was a continued steroid tapering with time in both groups.

An electrocardiogram was performed at initiation of the study,
at 1 week and 3 months after beginning diltiazem, and once during
the study period in the NIF group. Blood pressure was recorded
weekly for a month in the DIL group and monthly thereafter for
both groups. Parents of both groups were instructed to maintain a
daily diary of any symptoms and to call for any untoward reaction.
CSA kinetics were performed before initiation of diltiazem and
repeated after 3 months of diltiazem therapy by measuring trough
and hourly CSA levels by micromethod after ingestion of their
usual CSA and diltiazem doses, with the use of an indwelling
heparin-lock. At the 3rd month kinetic study, blood was simulta-
neously obtained for measurement of diltiazem levels. Plasma for
diltiazem kinetics was centrifuged within 30 minutes and immedi-
ately frozen at —80°C. Measurement of the parent compound and
the two metabolites, desacetyl diltiazem (DAD) and N-monode-
methyl diltiazem (MA), were carried out by high-performance
liquid chromatography as previously described. !

Renal function was evaluated with a biannual DTPA-GFR, and
monthly measurement of BUN and creatinine. Statistical analyses
were carried out using the x? test for diagnoses; t-test for
comparison of DIL and NIF groups with regards to DTPA GFR,
BUN, creatinine, entry, and 6 month CSA dose; paired t-test for 6
month CSA dose versus entty CSA dose, area under the curve
(AUQ) for CSA at entry and 3 months after diltiazem, and CSA
peak levels at entry and 3 months; repeated ANOVA for CSA levels
at each month.

Results
Patient Characteristics

There were no significant differences between the
two groups with respect to pretransplantation diagno-
sis, age, gender, posttransplantation duration, DTPA-
GFR, (Tables 1 and 2), and immunosuppression
(Table 3). In the NIF group, two patients dropped
out (one rejected the result of randomization and the
second could not comply with the protocol) and
another two patients were excluded (one had progres-
sion of posttransplantation complications and the
second was noncompliant with her medications).
Fourteen patients in the DIL group and all 12 in the
NIF group were treated with CSA three times daily,
whereas 2 in the DIL group were on a twice daily
regimen.

Tolerance of Diltiazem

Two children, both less than 4 years old, received
their diltiazem crushed with some juice. Diltiazem
was well tolerated with mild transient side effects
reported in three children. One patient had two
episodes of scotomata without loss of consciousness
in the first 3 days of starting diltiazem, which were
precipitated by sudden changes in posture and lasted
for few seconds. These resolved without changing the
diltiazem dose (both electrocardiogram (ECG) and
blood pressure were normal). In the other two
patients, one had transient abdominal pain and the
second was observed to have hand tremors. In the
NIF group, one patient reported hand tremors and
one had transient abdominal pain. Blood pressure
control was comparable in both groups with one

Table 1. Study Population

Diltiazem  Nifedipine
(n = 16) (n = 186)
5(1%)
6 (2%)

Diagnosis

Tyrosinemia 5
Biliary atresia 5
North American Indian
cirrhosis
Byler's disease
Wilson’s disease
Autoimmune hepatitis
Fulminant hepatitis
Hyperoxaluria type 1
Glycogen storage disease
Alagille syndrome

)
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*Withdrawals from study.
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Table 2. Study Population
Diltiazem Nifedepine
Group Group
(n = 16) (n=12)
Mean age 7yr11 mos 8 yr5 mos
(2yr3 mosto (1yr11 mos
18yr) to 14 yr)
Gender (male/  6/9 4/8
female)
Posttransplanta- 41 mos (3.5-103} 38.8 mos
tion duration (2t0 91)
GFR by DTPA
(mL/min/
1.73 m?)
>80 12 9
<80 4 3

hypertensive patient (systolic and/or diastolic BP
greater than 95th centile for age for three consecutive
measurements) in each group. Serial ECGs showed
no change in the PR interval.

Mildly elevated ALT (> 1.5 upper limit of normal)
was observed at study entry in two patients in the DIL
group. On follow-up, one patient’s level normalized,
whereas the other remained elevated with no defined
etiology despite investigation including a liver bi-
opsy. One patient in the DIL group developed
transient liver enzyme elevation (ALT 1.6 and AST
2.2 times upper limit of normal), which spontane-
ously normalized over a 4-week period. All patients
in the NIF group continued to have normal ALT
levels during the study period. One patient in the DIL
group developed a rejection episode 10 months after
starting diltiazem with consequent low CSA levels
(62 ng/mlL) probably because of omitting his diltia-
zem dose repeatedly. The patient had been 6 years
out from transplantation, with no steroids for 3 1/2

years, and responded to oral steroid recycling. He
was subsequently weaned off steroids within 8 weeks
with normal liver enzymes.

Interaction With Cyclosporine

In the DIL group the CSA dose was found to be
reduced by 38.3% (range, 21% to 51.1%), at the end
of 6 months, as compared with their entry dose
(P < .001). No significant change in the CSA dose
was observed in the NIF group for the duration of the
study period.

There were no significant differences in CSA
trough levels for both groups at each month of the
study with means of 139.1 ng/mL DIL and 139.8
ng/mL NIF at 6 months) (Tables 4 and 5). CSA dose
reduction was mainly achieved during the first 4
weeks of starting diltiazem therapy.

Cyclosporine Kinetics

At entry into the study, time to CSA peak level
(Tmax) was 2.5 hours (1 hour to 5 hour), and CSA
peak level (Cmax) was 450.6 ng/mL (89 to 1094
ng/mL). After three months of diltiazem administra-
tion, CSA Tmax was 1.9 hour (1 to 5 hours, NS), and
CSA Cmax was 329.6 ng/mL (134-598 ng/mlL,
P = .004). The AUC for CSA was 1674.6 ng/mL
before starting diltiazem and 1445.4 ng/mL while
receiving diltiazem treatment (P = .03).

Diltiazem Kinetics

In the patients taking their diltiazem three times
daily, the Cmax was 223.1 ng/mL (range, 68.3 to
432 ng/mL), Tmax 2.7 hour (1 to 7 hours), Cmin
85.5 ng/mL (39.4 to 175.7 ng/mL), and the AUC
926.4 ng - h/mL (410 to 1737.6 ng - h/mL). For the
other two patients on twice daily diltiazem, Cmax
was 224.1 ng/mL (190.4 to0 428.8 ng/mL), Tmax 3.5
hours (2 to 5 hours), Cmin 51 ng/mL (46.5 to 55.4

Table 3. Immunosuppression During the Study

Diltiazem Group Nifedipine Group
No. of Patients Average Dosage No. of Patients Average Dosage

Medication (n = 16) (mg/kg/d) (n=12) (mg/kg/d)
Cyclosporine 16 3.7 (1.6-6.9) 12 5.9 (3.1-9)
Azathioprine 14 1.19 (0.58-1.78) 11 1.15 (0.30-1.78)
Prednisone

Daily 4 0.19 (0.06-0.31) 2 0.21 (0.18-0.249)

Alternate days 7 0.11 (0.06-0.23) 7 0.21 (0.05-0.37)

None 5 0 3 0
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Table 4. Change in Cyclosporine Dose

Mean CSA Dosage mg/kg/d (range)

At Study Entry At 3 Months At 6 Months
Diltiazem group 5.8 (2.6-9.6) 3.7 (1.6-6.9) 3.6 {1.6-6.8)
Nifedipine group 5.7 (3.1-8.6) 5.9 (3.1-9) 5.9 (3.1-9.6)
P NS <.001 <.001

ng/mL) and the AUC 1196 ng - h/mL (1152.3 to
1239.7).

Elimination half life (T,,5) could not be calcu-
lated in 4 patients (because of lack of evidence of
elimination during the 8-hour period of sampling),
whereas T ;. was 3.62 hours (1.9 to 13.64 hours) in
the remaining 12 patients.

MA and DAD peak levels were 17.9 ng/mL (6.1 to
37.9) ng/mL and 65.5 ng/mL (30 to 95.8 ng/mL),
respectively, and the ratio to the parent compound
was 28% and 7.6%, respectively.

Renal Function

No significant differences in BUN were found be-
tween the DIL group (6.17 % 1.74) and NIF group
(5.64 £ 2.11). Similarly, monthly creatinine levels
did not vary significantly between groups, and DTPA
GFR at 6 months was not different in either group for
entry values.

Discussion

Several investigators have studied the interaction
between CSA and other medications.>* These medi-
cations can either inhibit (eg, steroids, erythromycin,
diltiazem, and ketoconazole) or induce (eg, rifampi-
cin, phenytoin, and carbamazepine) CSA metabolism
by interfering with hepatic cytochrome P450 III A
and consequently either increasing or decreasing the
CSA plasma levels. Both dilitazem and ketoconazole
have been used as CSA-sparing agents.>’?° Long-
term use of ketoconazole in the immunosuppressed

patient may theoretically result in the selection of
resistant fungal strains.

Diltiazem has been used in adults primarily as an
antihypertensive agent as well as treatment of angina
because of its vasodilator effect.>?! During the period
of the study, it appeared to be as effective as
nifedipine at controlling hypertension in this pediat-
ric population. More recently, diltiazem has been
added to the CSA-based immunosuppression as a
CSA-sparing agent in the adult transplant popula-
tion,>8 and this effect appears to be stable and safe in
our pediatric transplantation population as well.

Diltiazem has been rarely used in the pediatric age
group,'®t7 and to our knowledge, no report of its use
in liver transplantation has been published. In our
patients, the use of diltiazem was associated with
infrequent, transient mild side effects that were not
different from the control group. None of our pa-
tients had any PR interval abnormality including the
two children who were taking their diltiazem in the
“crushed tablet” form. The more rapid absorption of
diltiazem in these circumstances can theoretically
cause atrioventricular conduction delay,?? something
which did not happen in our patient population.

CSA dose reductions ranging from 20% to 50%
have been reported in studies in adults receiving
dildazem after heart or kidney transplantation.®®
Similarly in our pediatric liver transplantation popu-
lation, an average 38% reduction in the original daily
CSA dose was observed after 6 months of starting
diltiazem treatment. The CSA peak levels as well as
AUC for CSA were slightly but significantly lower

—

Table 5. CSA Trough Levels

Mean CSA Trough ng/mL (range)

At Study Entry

At 3 Months At 6 Months

Diltiazem group
Nifedipine group

142.2 (90-259)
140.9 (108-188)

154.7 (100-224)
134.9 (71-180)

139.1 (98-226)
139.8 (98-193)

P = NS for the study period.
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while administering diltiazem despite maintaining
comparable trough CSA levels. Avoiding higher CSA
peak levels may possibly translate into less nephro-
toxic effect in the long term, but did not affect renal
function in this short-term study.

Diltiazem is well absorbed from the gastrointesti-
nal tract; however, because of extensive first-pass
metabolism, the absolute bioavailability of diltiazem
after single doses ranges from 15% to 74%.2%%
During chronic administration of diltiazem, the mean
bioavailability increases from 38% to 90% indicating
saturation of hepatic first-pass metabolism.?* This
did not appear to affect the stability of CSA metabo-
lism in our pediatric population, as almost all CSA
dose adjustments occurred within the first month of
initiating diltiazem treatment; however, the wide
range of peak diltiazem levels observed probably
reflects the well-known interindividual variability in
diltiazem absorption and metabolism.

The diltiazem pharmacokinetics in our pediatric
liver transplantation population revealed a lower
Cmax to that reported in adult angina patients (223.1
ng/ml v 409 ng/mL, respectively), and a comparable
Tmax (2.7 hours v 2.76 hours, respectively). The
T, 2. of 3.75 hours in our patients is similar to the
one reported in adult studies with T, usually
between 2 and 6 hours.

Diltiazem is extensively metabolized by the liver
with only 0.1% to 4% of the oral dose excreted in the
urine as the parent drug.?¢ Diltiazem metabolism
begins with deacetylation followed by N- and O-
demethylation through the oxidative cytochrome
P-450 enzyme system; the phenolic metabolites are
conjugated in part with glucuronides or sulfates. In
humans, the most important metabolites detected in
plasma are, in the following order, MA, DAD, and
M2.27 The pharmacological activity of these metabo-
lites as vasodilators is poorly defined, but it is
thought to be only 10% to 20% of the parent drug’s
activity with the MA more active than the DAD
metabolite 2’

In our patients, both MA and DAD constituted
28% and 7.6%, respectively, of the parent drug level,
comparable to the findings in adults, implying that
the metabolic breakdown of diltiazem is similar in
children and adults. The therapeutic vasodilator
effect of diltiazem in hypertensive and angina pa-
tients is present at levels between 100 to 200
ng/mL.2! The presence of a therapeutic diltiazem
level in our population is difficult to define as our
measurable therapeutic effect was the CSA dose
reduction, and moreover, a significant CSA dose

reduction was achieved even in those children with
relatively low diltiazem trough levels. The hyperten-
stve child in the diltiazem group had a supposedly
therapeutic trough level of 121.2 ng/mlL.

The one episode of rejection observed in a diltia-
zem-treated patient emphasizes the importance of
compliance as the resultant subtherapeutic CSA
levels observed when diltiazem is stopped increases
the risk for rejection. In one study, the discontinua-
tion of dildazem was associated with twice the
incidence of renal graft rejection when compared
with discontinuation of nifedipine in a control
group.?® Other investigators have shown that using
dildazem in the early post-renal transplantation
period may be associated with lower incidence of
rejection. 12

In conclusion, diltiazem is well tolerated in pediat-
ric liver transplant recipients, and when combined to
the CSA-based immunosuppressive regimen, allowed
for significant reduction in daily CSA requirements
with consequent favorable economic outcome. How-
ever, the inhibitory effect of diltiazem on CSA
metabolism is reversible, and noncompliance may
result in an increased risk of rejection if the CSA dose
is not adjusted. The long-term effect of associating
diltiazem to CSA immunosuppression on renal func-
tion requires further study.
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