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Background: Diltiazem and cyclosporin A (CsA) share a similar metabolism and degradation via the hepatic
cytochrome p 450 subfamily 3A4. Co-administration of diltiazem with CsA may lead to CsA dosage reduction,
blood pressure control and renal protection.

Objectives: To study the four year outcome of kidney transplant recipients who received diltiazem administra-
tion with CsA. This was compared to the outcomes of patients who received CsA without diltiazem and were
matched for blood pressure control and other baseline characteristics.

Material and Method: Forty eight patients were included in the diltiazem group and seventy patients in the
non-diltiazem group. CsA monitoring was done by using trough level (monoclonal fluorescent polarization
immunoassay).

Results: The results showed that both groups has similar 4-year graft survival (92 and 95 %) with a similar
mean final serum creatinine (1.3 mg/dl). Mean dose of CsA during the first month was 30 % lower in the
diltiazem than non-diltiazem group. At one year, CsA dose was 11% lower in the diltiazem than non-diltiazem
group. However, the diltiazem group was associated with significantly higher probability to have chronic
allograft nephropathy than the non-diltiazem group (31% VS 19%) (RR 2.93; p = 0.03; Multivariate Cox
regression).

Conclusion: Co administration of diltiazem with trough level adjusted CsA is associated with benefits in terms
of CsA dose reduction and good graft survival and function. However, there appeared to be no protective effect
of diltiazem on the progression to chronic allograft nephropathy.
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The introduction of cyclosporine A (CsA) has
led to significant improvement in the outcome of kid-
ney transplantation especially in the first year®. Since
CsA is metabolized via the hepatic microsomal cyto-
chrome P-450 subfamily 3A4, circulating cyclosporine
levels are influenced by drugs that affect hepatic mi-
crosomal enzymes®. Diltiazem is a calcium channel
blocker that shares the same metabolized pathway with
CsA and can be used as CsA sparing agent. The use of
diltiazem in renal transplant patients is therapeutically
desirable because of the antihypertensive and anti-
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atherogenic property®. In addition, diltiazem may im-
prove glomerular filtration rate by minimizing the vaso-
constriction and thus improve long-term graft func-
tion. Foradori et al demonstrated that co-administra-
tion of diltiazem led to significant reduction (25%) in
the average dose of NeoralR, an increase in trough level
and a 57% increase of AUC (1-8hr) without changing
the time to peak concentration®. Data concerning the
clinical outcome of this co-administration are few and
limited to pharmacological aspect of the oil-based for-
mulation of CyA with a short-term transplant outcome.
Also, no study has addressed the effect of this co-
treatment on the long-term outcome. The authors,
therefore, conducted the present study to determine
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the efficacy and safety of diltiazem administration in
kidney transplant recipients who were being treated
concurrently with micro-emulsion formulation of CsA.

Material and Method

The present study included adult patients who
had undergone primary or repeated renal transplanta-
tion in a single center, University based hospital, and
had their last follow up during a four year observation
period. Recipients who died or had graft failure within
6 months after kidney transplantation were excluded.
Patients who received intermittent administration of
diltiazem or received other CsA sparing agents were
also excluded. Studied patients were classified as the
diltiazem group (received diltiazem throughout the
study period) and the non-diltiazem group (never re-
ceived diltiazem in the follow-up time). Patients received
maintenance immunosuppression with standard double
(CsA, prednisolone), triple (CsA, azathioprine, pred-
nisolone) or triple MMF (CsA, prednisolone, MMF)
therapy. Due to the metabolism by hepatic microsomal
cytochrome P-450 I11A pathway, patients who received
sirolimus (combined with CsA) were excluded. CsA
blood levels were measured in whole blood by mono-
clonal FPIA fluorescence polarization immunoassay.
Target trough CsA level was 250-300 ng/dl for the first
3 months, 150-250 ng/dl at 3-6 months and 100-150 ng/
dl after 6 months. Diltiazem was prescribed primarily as
an antihypertensive agent. The dose ranged between
60-240 mg/day. Other antihypertensive agents were con-
comitantly used to optimize blood pressure control.

Data analysis

Demographic data were expressed as number
and percent mean and SD as appropriate, unpaired t-
test and Chi square test were used to test the differ-
ence between two groups. Survival analysis was done
by Kaplan-Meier method and Cox proportional hazard
regression. Primary outcome was the comparison of
CsA dosage between the diltiazem and non-diltiazem
group. Secondary outcome was the graft function (se-
rum creatinine) and graft survival rate. The long-term
outcome of each group was further assessed by deter-
mining the occurrence of chronic allograft nephropa-
thy (CAN). CAN was diagnosed clinically by a syn-
drome of a progressive decline in renal function. This
is recognized by an elevation of serum creatinine > 50
% from the baseline (with a value > 1.5 mg/dl) that
other causes such as recurrent disease, transplant re-
nal artery stenosis, and surgical complications were
excluded. Suspected patients were advised to receive
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allograft biopsy and the diagnosis of CAN was then
confirmed according to Banff criteria. A p-value of less
than 0.05 was considered statistically significant.

Results

118 patients were enrolled. 48 were classified
as the diltiazem group (Gr.1) and 70 as the non-diltiazem
group (Gr.2). Details of demographic data are summa-
rizedinTable 1. Inbrief, mean SDagewas41.9 12.1
and41.3  10.9years respectively. Mean HLA mismatch
was3.1 1l6and2.9 1.4forGr 1and 2. Delay graft
function occurred in 18.8 % and 11.4 % of Gr. 1 and 2 (p
=0.26). There was no significant difference for the fol-
lowing baseline characteristics between Gr. 1 and 2
namely: mean duration of dialysis (22.2 VS 20.5 months),
mean systolic and diastolic blood pressure (132 VS 129
and 81 VS 80 mm Hg), the association with old donor
age (>50 year; 8.3% VS 5.7 %) and the presence of
diabetes mellitus (6.3% VS 4.3 %). The proportion of
patients who received MMF triple therapy in Gr. 1 and
2 was 22.9% and 34.3% (p = 0.18). The incidence of
acute rejection episodes did not differ between the two
groups (16.7 % VS 14.3 %). Reversible CsA nephrotox-
icity (acute elevation of serum creatinine more than 25
% of baseline that improved after CsA dose reduction)
occurredin 2.82%in Gr. 1and 1.37% in Gr. 2 (p=0.49).

Figure 1 shows that the difference of mean
CyAdosage among Gr. 1 and 2 at the end of first month
was 30 %. The mean difference was 11 % at the end of
12 months. At the end of 48 months, the mean CyA
dosage did not differ between the two groups (2.65
1.23VS2.74  0.44 mg/kg/day; p = 0.85). Mean CsA
levels at 1,12 and 48 months for diltiazem and non-
diltiazemwere280 103VS290 102,220 65VS210
71land210 74VS190 56ng/dl. The latter showed a
trend towards higher trough CsA level in the diltiazem
group from the period of twelve months up to four
years. However, this was not statistically significant (p
=0.08). Mean serum creatinine at 1,12 and 48 months
forGr.land2was15 053VS15 047,16 087VS
14 066and1.3 0.44VS13 0.30mg/dlandwere
considered similar between both groups throughout
the four year period.

Four patients in Gr. 1 and three patients in Gr.
2 had graft failure during the study period. Causes of
graft failure in Gr. 1 included refractory acute rejection
(n = 2), transplant renal artery stenosis (n = 1), and
CAN (n = 1). Causes of graft failure in Gr. 2 included
refractory acute rejection (n = 1), CA bladder with ob-
structive uropathy (n = 1) and cirrhosis with progres-
sive renal failure (n = 1). The four year actuarial graft
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Table 1. Demographic data of diltiazem and non-diltiazem group

Characteristics Groups p-value
Diltiazem Cases 48 Nondiltiazem Control 70
Gender* 0.289
Male 30 (62.50) 37 (52.86)
Female 18 (37.50) 33 (47.14)
Age of recipient** (years) 41.90 (12.09) 41.25(10.88) 0.733
SBP** (mmHg) 132.51(11.60) 129.49(10.30) 0.101
DBP** (mmHg) 81.22(5.43) 80.81(4.37) 0.614
Cause of renal failure* 0.238
IgA 6 (16.67) 3(4.29)
DM 3(6.25) 3(4.29)
HT 3(6.25) 4 (5.71)
PKD 2(4.17) 3(4.29)
SLE 2(4.17) 1(1.43)
Other 5 (10.42) 15 (21.43)
Unknown 25 (52.08) 41 (58.57)
DM*  Yes 3 (6.25) 3(4.29) 0.633
No 45 (93.75) 67(95.71)
Mode of dialysis* 0.290
HD 44 (91.67) 58 (82.86)
CAPD 4(8.33) 10 (14.29)
Pre-emptive 0 (0.00) 2(2.86)
Duration of dialysis (months)** 22.17 (13.17) 20.45(16.95) 0.756
Gender of donor* 0.723
Male 29 (60.42) 40 (57.14)
Female 19 (39.58) 30 (42.86)
Age of donor (year)** 0.578
<50 44 (91.67) 66 (94.29)
> 50 4(8.33) 4 (5.71)
Type of transplantation® 0.254
CDKT 20 (41.67) 22 (31.43)
LRKT 28 (56.33) 48 (68.57)
CIT (hour)* 20.43 (4.60) 19.63 (6.47) 0.152
Delayed graft function* 0.266
No 39 (81.25) 62 (88.57)
Yes 9 (18.75) 8 (11.43)
HLA mismatch** 3.09 (1.58) 2.97 (1.41) 0.624
Immunosuppressive* 0.181
No MMF 37 (77.08) 46 (65.71)
With MMF 11 (22.92) 24 (34.29)
Acute Rejection Episodes* 0.724
No 40 (83.33) 60 (85.71)
>1 8 (16.67) 10 (14.29)

* number (%) for categorical data
** mean (SD) for continuous data
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Fig. 1 Comparison of cyclosporin dosage (mg/kg/day) of diltiazem and non-diltiazem group (control) according to the time
after transplantation
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Fig. 2 Probability of CAN among diltiazem and non-diltiazem group
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Table 2. Univariate analysis for predictive factors of CAN

Characteristics Incidence rate of CAN Hazard ratio p-value
per 100 person-year (95% CI)*

Treatment

Control 3.75 Reference

Diltiazem 8.45 2.79 (1.05-7.46) 0.040*
AR episodes

0 4.28 Reference

>1 12.64 3.24 (1.134-9.28) 0.028*
Donor age, years

<50 4.98 Reference

> 50 10.72 2.28 (1.12-4.62) 0.023*
Sex match

Male to female 2.71 0.64 (0.14-3.18) 0.619

Identical 4.49 Reference

Female to male 10.27 2.23(0.81-6.17) 0.120
Type of transplantation*

LRKT 3.02 Reference

CDKT 6.35 1.86 (0.53-6.51) 0.327
Delayed graft function*

No 2.60 Reference

Yes 5.69 1.92 (0.32-14.56) 0.385
CsAtrough level*

<150 ng/ml 7.57 Reference

>150 ng/ml 4.87 0.78 (0.25-2.47) 0.685
CsA dose mg/kg*

<4mg/kg 5.57 Reference

>4 mg/kg 4.63 1.31(0.41-4.10) 0.642

* CI. Confidence interval
* Significant difference at p < 0.05

survival was 92 % for Grl and 95 % for Gr. 2 (p = 0.31).

A total of eighteen patients had CAN diag-
nosed by the definition defined earlier. The median (and
range) time for the diagnosis of CAN was 24(6-42)
months after transplantation. 18 patients had pro-
teinuria > 500 mg/day and 17 in 18 had hypertension.
14 out of 18 patients with CAN agreed to receive al-
lograft biopsy and all had a confirmed pathology. Four
patients refused to receive biopsy. All of these four
patients did not have evidence of transplant renal ar-
tery stenosis, obstruction or other surgical complica-
tions. In addition, urinalysis of these four patients re-
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vealed no evidence of RBC cast other cellular cast or
decoys cells.

Figure 2 compares the probability of CAN
among Gr. 1 and 2. This showed that the grafts from the
diltiazem group had significantly higher probability to
develop CAN than the non-diltiazem group after one
year of transplantation. The four-year probability of
CAN was 31% V'S 19% for diltiazem and non-diltiazem
group. Calculation for the incidence rate of CAN per
100 person-year by univariate analysis revealed that
CAN is significantly associated with diltiazem treat-
ment (p = 0.04), acute rejection (p = 0.028), donor age

S239



more than 50 years (p = 0.023) and is not associated
with delayed graft function (p = 0.38), high mainte-
nance trough Cs A level (> 150 ng/dl; p = 0.68) or high
mean Cs A dosage (>4mg/kg/day; p = 0.64). (Table 2).
However, multivariate Cox proportional hazard regres-
sion showed that only diltiazem therapy, and acute re-
jection were shown to be significantly associated with
CAN. The mean (and 95 % confidence interval) of ad-
justed hazard ratio for diltiazem therapy was 2.93 (1.08-
7.90; p = 0.03) and for acute rejection was 3.26 (1.14-
9.36; p=0.02).

Discussion

The authors have shown that the magnitude
of CsA dose reduction by diltiazem co-administration
ranged between 11-30 %. This is observed mainly in
the first twelve months. In contrast, the mean CsA dos-
age of the two groups is not significantly different in
the maintenance phase. To the authors’ knowledge,
studies determining the four-year outcome of diltiazem
co-administration in KT recipients are limited. In addi-
tion, no study has confirmed the protective effect of
diltiazem on the long-term graft function. A previous
study reported that patients who received diltiazem (n
= 17) had fewer rejection episodes than patients who
did not receive diltiazem (n = 24) (18%V'S 33%). This
was also associated with better serum creatinine at one-
year (1.7 VS 2.4 mg/dl)®. The present findings lead to a
message that diltiazem co-administration with CsA is
associated with benefit in terms of CsA dose reduction
and indifferent serum creatinine at four years. Of par-
ticular note is that the graft survival rate of the two
groups is similarly good. Interestingly, the prevalence
of patients who had more than 50 % elevation of serum
creatinine in the present study was higher in the
diltiazem than non-diltiazem group.

The underlying mechanism why diltiazem co-
administration is associated with higher incidence of
CAN needs to be further clarified. For practical rea-
sons, trough level was used to adjust CsA dosage in
the present study. This may not be ideal in kidney trans-
plant recipients who receive diltiazem co-administra-
tion. The present result shows that the trough CsA
level of the diltiazem group is slightly (but not signifi-
cantly) higher than the non-diltiazem group from 12
months onwards. This may be a reason why the diltia-
zem group is associated with a higher incidence of graft
dysfunction. However, other debatable issues need to
be discussed. Due to the known effect of diltiazem to
inhibit cytochrome p 450 3A4, diltiazem can lead to
retention of parent compound of CsA and cause eleva-
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tion of CsA blood level. In addition, diltiazem may also
lead to retention of metabolites of CsA. Some CsA
metabolites can be nephrotoxic and lead to chronic
allograft nephropathy. It is not clear whether the re-
tained metabolite can cross react with the parent com-
pound that is measured by monoclonal FPIA method
or not. A previous study has shown that HPLC is the
gold standard method to assay CsA level®?. This may
be particularly true in patients who receive CsA spar-
ing agents. However, HPLC is impractical for routine
services and hence FPIA and other enzyme immunoas-
say are still widely used to measure cyclosporine level
in clinical practice.

The present results have confirmed the im-
portance of acute rejection as a strong predictor of
CAN and suggest that diltiazem co-administration
should be avoided in recipients who have a previous
episode of acute rejection. Further studies are needed
to determine whether optimizing CsA dosage by C2
monitoring will help to reduce the incidence of allograft
dysfunction in kidney transplant recipients who
received diltiazem co-administration.

In summary, diltiazem co-administration with
CsA is found to be associated with CsA dose reduc-
tion, good graft survival rate and good serum creati-
nine at four years. However, the hypothesis that diltia-
zem may have a protective effect on long-term graft
function can not be confirmed in the present study.
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