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Long-term follow-up of co-administration of diltiazem 
and cyclosporine in Chinese kidney transplant recipients

Co-administration of diltiazem and cyclosporineWujun Xue, Xiaoming Ding, Puxun Tian, Xiaoming Pan, Hang Yan, Jun Hou, 
Xinshun Feng, Heli Xiang and Xiaohui Tian

Kidney Transplantation Center, The First Affiliated Hospital, School of Medicine, Xi’an Jiaotong University, Xi’an, 
Shaanxi, China

ABSTRACT

Background: Co-administration of diltiazem and cyclosporine A (CsA) in kidney transplant recipients shows
improvement of renal transplantation outcomes. Methods: We respectively analyzed 1531 kidney transplant
recipients treated by different immunosuppressive therapy schemes from 1986 to 2003. They were divided
into three groups depending on their immunosuppressive therapy schemes: control group with a standard
triple therapy without use of diltiazem; study group I with the combination of diltiazem and the standard triple
therapy but slightly low CsA; study group II with combination of diltiazem and a modified standard triple ther-
apy but lower CsA. The CsA blood concentrations, posttransplant complications, and long-term survival in
the three groups were compared. Results: The results showed that the patient and allograft survival in the
study group II was 69.9 and 65.1%, respectively, significantly higher than that in the control group (50.7 and
47.6%). Occurrence of hepatotoxicity and nephrotoxicity episodes was higher in the control group than
those in the study group I and the study group II. The incidence of acute rejection in the control group was
30.3% (23/76), similar to 28.0% (184/657) in study group I, but statistically significantly higher than 7.6% (61/798)
in the study group II. Conclusion: Combination of diltiazem and CsA in the kidney allograft recipients tends to
reduce the CsA oral dosage, improve patient survival, and decrease the occurrence of hepatotoxicity and
nephrotoxicity.
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INTRODUCTION

The introduction of cyclosporine A (CsA), an immuno-
suppressive agent, significantly improves the solid
kidney transplantation outcomes.1 However, higher
cost for long-term immunosuppressive therapy has
been a heavy financial burden to the kidney allograft
recipients especially in developing such as China. In
addition, cyclosporine is reported to be associated with
hypertension,2 and long-term side effect such as neph-
rotoxicity is also a major concern.3 Co-administration
of cyclosporine and diltiazem, a calcium channel
blocker, results in increased cyclosporine blood levels
that subsequently require a small dose of CsA to be
used while maintaining a same CsA blood level.4–6

This combination has also been approved to reduce
the incidence of both graft failure and graft rejection
episodes.7 As an anti-hypertension agent, diltiazem
probably helps to reduce high blood pressure caused
by CsA. Randomized trials of co-administration of

cyclosporine and diltiazem in transplant patients show
the significant reduction of daily dose of cyclosporine
but this reduction has not resulted in any observed
side effect including patient survival, graft rejection, or
other complications.8,9 However, these studies are
designed generally with small sample size, short-term
follow-up, and most in developed countries. Long-
term outcome of this combination with a large sample
size has rarely been observed in developing countries.
The objectives of this study were to: (i) examine the
CsA blood levels in the kidney transplant patients
receiving both CsA and diltiazem, and in the patients
receiving CsA but no diltiazem; (ii) investigate the
long-term allograft and patient survival in the patients
with co-treatment of diltiazem and CsA and in the
transplant patients with CsA alone; (iii) compare the
occurrence rates of acute rejection and nephrotoxicity
and hepatotoxicity episodes in the transplant patients
with co-administration and the patients with CsA
alone.
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METHODS

Subjects
Primary kidney transplant recipients who were per-
formed kidney transplantation and administered CsA
at the First Affiliated Hospital of Xi’an Jiaotong
University, China, between 1986 and 2003 were
recruited in this study. The demographic data are pre-
sented in Table 1. Inclusion criteria for patients were
(i) a stable physical condition after kidney transplanta-
tion; (ii) patients with continuing CsA therapy for at
least 12 months; and (iii) patients with at least 1-year
follow-up and complete data of CsA dose and blood
levels. Patients who died or experienced graft failure
within 1 month after kidney transplantation and
received other immunosuppressive therapy agents or
intermittent administration of diltiazem were excluded
from this study.

Study design
The enrolled patients were allocated into three groups
(study group I, study group II, and control group)
depending on their immunosuppressive therapy
schemes. Patients in the study group I orally received
diltiazem (60 mg p.o. tid) plus the standard therapy
that consisted of reduced CsA (6.5 mg/kg/d for initial
dose and gradually decreased to 3–4 mg/kg/d), azathio-
prine (AZA) (50–75 mg/d), and prednisolone (40 mg/d
for initial and 15–20 mg/d for maintaining dose).
Patients in the control group orally administrated with

the standard therapy (CsA at 8.0–9.0 mg/kg/d for ini-
tial dose and gradually decreased to 3–4 mg/kg/d) as
the study group I but no diltiazem. Finally, 657 cases
in the study group I and 76 cases in the control group
with complete data collection were used for analysis in
this study. In the study group II, 798 patients orally
received diltiazem (same as study group I, 60 mg p.o.
tid) concurrently with a slightly different standard
therapy that consisted of CsA but commenced at
4.5–5.0 mg/kg/d for initial dose and maintained at
2.0–3.0 mg/kg/d (low dose), prednisolone, and a
dose of mycophenolate mofetil (MMF) (for replace-
ment of AZA). CsA blood levels were examined for
at least 1-year posttransplantation, and blood CsA
was tested by a monoclonal antibody-based fluores-
cence polarization immunoassay. HLA-A and HLA-B
typing was determined by a lymphocytotoxicity
assay, and HLA-DR typing was determined by a
polymerase chain reaction–sequence-specific primers
(PCR–SSP) method. ABO blood typing between
donors and recipients was all matched. The pre-
transplantation data, such as HLA mismatch, panel
reactive antibody levels, donor’s information, and
posttransplantation data including survival, immuno-
suppressive agent application, and health status in all
kidney allograft recipients were entered into a kidney
transplantation follow-up database system, which we
regularly collect, update, and maintain the kidney
transplant patients’ laboratory, clinical, and epide-
miological information.

TABLE 1. Demographics of kidney transplant recipients.

Characteristic
Study group I 

(n = 657)
Study group II 

(n = 798)
Control group 

(n = 76)
p

Gender

Male/female 343/314 427/371 45/31 ns

Mean age (years) 35.5 37.8 37.4 ns

Cadaveric graft (%) 99.7 99.6 100 ns

Mean warm ischemia (minutes) 7.5 7.4 7.7 ns

Mean cold ischemia (hours) 3.5 3.7 3.8 ns

Mean duration of dialysis 31.3 34.3 32.4 ns

HLA mismatch ns

≤2 115 (17.5%) 127 (15.9%) 12 (15.8%) ns

3–4 443 (67.4%) 534 (66.9%) 51 (67.1%) ns

5–6 99 (15.1%) 137 (17.2%) 13 (17.1%) ns

Panel reactive antibody ns

≤10% 602 (91.6%) 737 (92.0%) 68 (89.5%) ns

11–49% 33 (5.1%) 40 (5.0%) 4 (5.3%) ns

≥50% 22 (3.3%) 24 (3.0%) 4 (5.2%) ns

ns, no significance.
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Definitions
Nephrotoxicity associated with CsA was diagnosed
when presenting an elevated serum creatinine that
could not be explained by other causes. Hepatotoxicity
was diagnosed when an abnormal liver function
appeared with negative virus test, and the recovery of
liver function in association with the reduction of CsA
dosage was observed. In early years, acute rejection
episodes in kidney allograft recipients were diagnosed
by the clinical symptoms. In recent years, the sus-
pected acute rejection episodes were biopsied and
graded according to the 1997 Banff classification.10

Infection was defined when patients were diagnosed as
pneumonia, urinary infection, positive for human
cytomegalovirus (HCMV) DNA and Epstein–Barr
virus (EBV) DNA by PCR assays, seroconvert for
CMV IgG and IgM by enzyme-linked immunoassays
(ELISA), and/or immunofluorescence antigenemia for
CMV pp65 antigen.

Data analysis
One-way ANOVA using SPSS software (Chicago, IL,
USA) was performed to compare serum CsA levels
between the two study groups and the control group.
The 1-, 3-, and 5-year allograft and patient survival
rate in three groups were evaluated using life table
analysis by Fisher’s test. Comparison of long-term side
effects, the occurrence rates of nephrotoxicity, hepato-
toxicity, acute rejection, and infection episodes among
three groups were determined by Chi-square analysis.

RESULTS

During 1986–2003, approximately 1653 kidney trans-
plant patients were performed in the First Hospital of
Xi’an Jiaotong University. Based on the inclusion and
exclusion criteria for the patient enrollment, data from
1531 cases were retrospectively analyzed. They were
allocated to control group, study group I, or study
group II depending on their immunosuppressive ther-
apy schemes. Out of these cases, 1526 patients
received allograft from cadaveric donors and only 5
from living donors. The details of demographic data
are summarized in Table 1. In general, the baseline
characteristics have no statistically significant differ-
ence among patients in the study group I, the study
group II, and the control group.

CsA oral dosage and serum levels in three groups
Of all the recruited patients, CsA daily doses per
kilogram body of weight after transplantation were
followed up regularly and entered into the data system.
The CsA serum levels were tested at the time of hospi-
talization (usually within 1-month posttransplantation)

and during the follow-up visits (2–3, 4–6, 9–12
months, and a year later) after the patients were dis-
charged from the hospital. Figure 1 shows the average
CsA dose and CsA serum levels in the three groups at
different intervals of posttransplantation. Although the
average CsA oral doses in the study group I were sig-
nificantly lower (p < 0.05) than those in the control
group at all intervals over 1 year, the average CsA
serum levels in the study group I were similar to those
in the control group (p > 0.05) at any individual time.
Comparison of the average dose at 9–12 months inter-
val indicates that the oral CsA dose was reduced by
approximately 0.42–0.63 mg/kg/d in the study group I,
a 10–15% reduction compared with that in the control
group (data not shown). In the study group II, the oral
CsA dose was reduced by an average of 0.93 mg/kg/
day, a 22% reduction than that in the control group
during 9–12 months, which is statistically significant
different than that in the control group and in the
study group I. In addition, the CsA serum levels in the
study group II were significantly lower (p < 0.01) than
those in the control group and the study group I at all
intervals to 12 months. When the CsA cost was com-
pared, the costs in the study group II were almost
reduced by 40% than those in the control group (data
not shown) at 9–12 months posttransplantation.

The patient and allograft survival rates 
in different treatment groups
In the study group I, at 1 year, the average patient and
allograft survival was 93.5 and 88.6%, respectively.

FIGURE 1. Average oral CsA dose (mg/kg/d) and CsA serum
levels (mg/L) at <1, 2–3, 4–6, 9–12, and >12 months posttrans-
plantation in the study group I with a combination of diltiazem
and a standard triple therapy [slightly reduced CsA (6.0 mg/kg/
d), AZA, and prednisolone], in the study group II with a combi-
nation of diltiazem and a slightly different triple [reduced CsA
(4.5–5.0 mg/kg/d), prednisolone, and mycophenelate mofetil]
therapy, and in the control group with a standard triple therapy
[normal CsA (8.0–9.0 mg/kg/d), AZA, and prednisolone].
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This was reduced to 76.4 and 70.2% at 3 years, and
65.5 and 61.4% at 5 years. Similarly, in the study
group II, the average patient and allograft survival rate
at 1, 3, and 5 years was 95.4 and 93.6%, 83.8 and
73.8%, and 69.9 and 65.1%, respectively. In contrast
to the study group, the average patient and allograft
survival at 1, 3, and 5 years in the control group was
82.3 and 78.5%, 69.5 and 62.7%, and 50.7 and
47.6%, respectively. Figure 2 reveals that the patient
and the allograft survival patterns over 5 years are
very similar. The average survival in the study group
II was statistically significantly higher (p < 0.05)
than those in the study group I over 5 years. Interest-
ingly, the average individual survival in either study
group I or study group II was significantly higher
(p < 0.05) than those in the corresponding control
group after the first year follow-up and thereafter.
We further followed up the detailed causes of
allograft failure in each group. Chronic allograft
nephropathy (CAN) was the major cause of allograft

failure, accounting for 71.7, 75.5, and 78.6% of the
total allograft failure cases in the study group II, the
study group I, and the control group, respectively.
The second cause of allograft failure was acute rejec-
tion that occurred 18.7, 17.9, and 14.3% in the
study group II, the study group I, and the control
group, respectively.

Posttransplant complications
Fourteen nephrotoxicity episodes (18.4%) occurred in
the control group, which differs from 71 episodes
(10.8%) in the study group I and 53 episodes (6.6%)
in the study group II (Table 2). Similar as nephrotox-
icity episodes, hepatotoxicity occurred 28.9% in the
control group, significantly higher than that in the
study group I (19.9%) or the study group II (12.3%).
Reduced nephrotoxicity and hepatotoxicity episodes
in the study groups are probably due to reduced use
of CsA and additional application of diltiazem that
might decrease the hepatic and kidney toxicity and
simultaneously protect their functions. Interestingly,
infection rates including CMV, pneumonia, urinary
tract infections (UTIs), and EBV infections in the
control group were significantly higher (p < 0.05) or
no different than those in the study groups (p > 0.05),
indicating that immunosuppressive therapy might
increase infection opportunities.

The incidence of acute rejection, diagnosed by clin-
ical symptoms in early years and by allograft biopsy in
recent years, in the control group was 30.3% (23/76),
similar to 28.0% (184/657) in study group I, but sta-
tistically significantly higher than 7.6% (61/798) in the
study group II.

FIGURE 2. Patient (a) and graft (b) survival rates of kidney
allograft recipients over 5-year follow-up. (a) shows the patient
survival rates at 1-, 3-, and 5-year follow-up in the study group
I, the study group II, and the control group; similarly (b) shows
the corresponding graft survival rates at 1-, 3-, and 5-year
follow-up in the three groups.
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(b) TABLE 2. The occurrence rates of complications posttransplant
in three groups.

Control 
group 

(n = 76)

Study 
group I 

(n = 657)

Study 
group II 

(n = 798)

No. % No. % No. %

Nephrotoxicity* 14 18.4 71 10.8 53 6.6

Hepatotoxicity* 22 28.9 131 19.9 98 12.3

Infection**

CMV 5 6.6 61 9.3 73 9.2

Pneumonia 7 7.9 33 5.0 39 4.9

UTI 10 10.5 104 15.8 141 17.7

EBV 2 2.6 26 4.0 28 3.5

Acute rejection* 23 30.3 184 28.0 61 7.6

Notes: *p < 0.01, between control group vs. study group I;
**p > 0.05 among three groups.
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DISCUSSION

After kidney transplantation, the kidney allograft
recipients need to be accordance with a long-term
immunosuppressive therapy. Among all the immuno-
suppressive agents, CsA has been proved to be one of
the most effective agents to protect transplant kidneys
posttransplantation. However, its application still
exhibits problems. The primary disadvantage is expen-
sive, which causes a severely economic burden to the
kidney allograft recipients. Due to the high cost of
CsA, some patients have to stop or reduce CsA daily
doses posttransplantation, resulting in frequent epi-
sodes of kidney rejection and impacting the long-term
graft survival and the life quality. This phenomenon is
more common in the developing countries. There-
fore, it is critical to guarantee a good outcome of
transplantation and simultaneously reduce the CsA
doses. In 1986, Grino11 firstly reported that co-
administration of diltiazem and CsA could inhibit the
metabolism of CsA; as a result, this combination
caused increased CsA levels in blood and a reduced
CsA dosage needed for maintaining normal kidney
function. Since that time, several studies have
observed the outcome of diltiazem co-administration
but they are all designed with short-term follow-
up.4,12 Studies determining the long-term outcome of
co-administration in kidney transplant patients, espe-
cially studies in developing countries, are sparse. We
started diltiazem co-treatment with CsA in kidney
transplant patients in 1986. One thousand five hun-
dred and thirty-one cases of kidney allograft recipients
had been followed up for at least 1 year for their CsA
serum levels and approximately 5 years for their out-
comes of transplantation.

In this study, although the CsA doses in the study
group I, which diltiazem was supplemented, were
reduced by approximately 10–15% than those in the
control group that diltiazem was not used, the CsA
serum levels in the study group I were similar to those
in the control group at all intervals during the first
month and up to 12 months posttransplantation. In
the study group II that diltiazem was also applied, the
CsA doses were further reduced by approximately
40% than those in the control group; the CsA serum
levels were also significantly lower than those in the
control group at all follow-up time. Because CsA was
proved to be associated with long-term nephrotoxic-
ity,3 and CsA doses were significantly reduced in the
study groups, therefore, reduction of CsA doses may
be the major cause of fewer episodes of hepatotoxicity
and nephrotoxicity in the study group II than those in
the control group (Table 2). In addition, diltiazem
supplement in the study groups is also likely associated
with reduction of hepatotoxicity and nephrotoxicity

episodes because diltiazem causes less toxicity to liv-
ers and kidneys, therefore leading to the protection
of kidney function. Moreover, reduced CsA dosage
applied in the study group II did not result in the
increase of the acute rejection episodes, which indi-
cates that reduced CsA dosage with concurrent use
of diltiazem is safe and efficacious for the allograft
recipients. In this study, the incidence of acute rejec-
tion was 18.4% in control group, 10.8% in study
group I, and 6.6% in study group II. Reduced acute
rejection episodes in study group II tend to be asso-
ciated with the application of MMF that proved
superior to AZA as a posttransplant immunosup-
pressant and MMF has less toxicity to allograft than
AZA.13,14

It suggests that CsA induces nephrotoxicity,3 which
likely further results in CAN which may cause graft
failure or even death. Therefore, CAN was considered
an important factor impacting the long-term survival
of allograft and patients.15,16 Because CAN is a grad-
ual procedure, kidney function at early stage tends to
be normal but gradually deteriorates. Study indicates
that reduced dose of CsA obviously decreased the
occurrence of CAN.17 In this study, doses and levels
of CsA in study group I and study group II were lower
than those in control group in the first year. As a
result, reduced doses of CsA may decrease occurrence
of CAN, graft failure, and death, subsequently leading
to improvement of 3- and 5-year patient/graft survival.
In addition, because of the use of diltiazem in study
groups that likely protect kidney function, this likely
further improve the patient and allograft survival rates
in the study group II and the study group I. This con-
clusion was not supported by a recent study in Thai-
land, which did not show an improvement of allograft
survival between the diltiazem and the non-diltiazem
groups.6 Although the survival rates were improved
in the study groups than those in the control group,
however, the infection rates in the three groups were
relatively higher, and no significant difference was
observed between one to the other group, indicating
that immunosuppressive therapy may increase the
opportunities of infection no matter what immunosup-
pressive therapy scheme was used. Unfortunately, we
did not follow up the immunosuppressive agent use
status of all the patients over 1 year after their dis-
charging from the hospital, but the limited data indi-
cate that most of the patients likely keep the
immunosuppressive therapy pattern similar to when
they started the therapy, and a small number of
patients either stop using immunosuppressive therapy
due to financial reason or slightly change the dose of
the co-administration formula. This disadvantage
seems unlikely to impact the overall results and con-
clusions from this study.
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These results suggest that concurrent use of dilt-
iazem can significantly raise CsA blood levels and
reduce the required CsA dosage in kidney transplant
patients. Due to the reduction of CsA doses, the
patients’ financial burden is much alleviated, and it
further guarantees the outcome of transplantation and
offers an effective method for the long-term CsA appli-
cation. McCauley18 reported that CsA daily dosage
could reduce 30–50% after co-administrating dilt-
iazem, and it can save approximately $3000 per
patient annually. Our study reveals that 10–15% CsA
doses could be reduced after co-treatment of diltiazem
with CsA + Aza + Pred (study group I) which can save
nearly ¥5000–6000 ($690–830) per patient every year
(data not shown). In the CsA + MMF + Pred group
(study group II), 25–40% CsA doses were reduced
after administration of diltiazem, and this results in
approximately ¥10,000 (nearly $1390) per patient
annually (data not shown). Additionally, reductions of
CsA dose and the incidence of hepatotoxicity and
nephrotoxicity episodes lead to a decreased cost for
prevention and treatment of toxicity, further resulting
in a reduction of the total treatment cost for kidney
allograft recipients.

Our results indicate that concurrent use of diltiazem
and CsA not only reduces the oral CsA dosage, but
also decreases the occurrence of hepatotoxicity and
nephrotoxicity episodes. Co-administration of dilt-
iazem and cyclosporine in kidney allograft recipients
allows up to a 10–40% reduction of CsA dose
although CsA serum levels may be reduced in over
1-year follow-up. This combination of CsA and dilt-
iazem also results in a significant reduction of nephro-
toxicity episodes. Concurrent use of diltiazem and
CsA can significantly increase the patient and allograft
survival compared to CsA use alone. These findings
suggest that diltiazem is a safe, reliable, and excellent
calcium antagonist that allows less CsA to be used in
the allograft recipients and being beneficial to the clin-
ical outcome of kidney transplantation without
reported side effects.
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