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Abstract

Renal failure is a complication with prognostic ileptions in transplant recipients. The aims of our
study were to describe renal dysfunction occurrimgcalcineurin-inhibitor therapies in recipients whunder-
went heart transplantation at Targu Mures Cardiamalgr Institute between November 1999 and Febr@&dl
and to identify risk factors for decline in renainttion. We studied the evolution of renal functior85 heart
transplant recipients in relation to: immunosups®e therapy (cyclosporine or tacrolimus), gendaye at the
time of transplantation, time elapsed after traaspétion, diabetes and hypertension. Changes imglalar fil-
tration rate (GFR) and proportion of patients withdecline in GFR to < 30 ml/min/1.73rfmiom baseline, were
analysed at 1, 3, 6 months, and yearly thereafferum creatinine gradually increased post-transtaéion in
all the recipients; GFR showed a significant dea@drom baseline (one month after transplantationdil to
fifth year of monitoring, the most significant degse occurring from one to six months after suygéifter the
acute post-transplantation period, heart transplametcipients given long-term treatment with calcirieu
inhibitors experienced only small changes in GFBrdime. There were no significant differencesuicome of
recipients receiving cyclosporine and those wittraéimus. Significant chronic decrease in kidnegdiion oc-
curred in 25% of our patients treated with tacralismand in 20% of the patients treated with cyclosm@o
Increased age at the time of transplantation, fheetelapsed since transplant, baseline GFR, hypsit@ and
diabetes mellitus were identified as predictorsesfal dysfunction in heart transplanted patientstv@sal at five
years was similar for the group immunosuppressdtl wyclosporine comparative with the group treaveith
tacrolimus. Conclusion: Treatment with calcineuiibitors in heart transplanted recipients is assted with
chronic kidney damage. We found a significant deseeof renal function already at six months pashs$plant,
in both immunosuppressive treatments.
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Rezumat
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Insuficiena renak este o compligie majow cu implicaii prognostice semnificative la pacigintran-
splantai cardiac. Obiectivele acestui studiu au fost desera disfundei renale a@rute consecutiv tratamer-tu
lui cu inhibitori de calcineurid la pacienii transplantgi cardiac intre noiembrie 1998 februarie 2011, in I
stitutul de Boli Cardiovasculare Targu Muyrei de a identifica factorii de risc pentru declinfungiei renale.
Am studiat evoltia fungiei renale la 35 de pacigiin raport cu: terapia imunosupregivadministraé (ciclospo-
rina sau tacrolimus, sexul pacientului, varsta la momentul transpldututimpul scurs de la transplant, pre-ze
nra diabetuluisi/sau a hipertensiunii arteriale. S-au monitorizabdificirile RFG estimate (RFGe) dupl, 3, 6
luni si apoi anual, precul si proporfia paciemrilor cu o seidere a RF(e suk 30 ml/min/1.73P. Concentrga cre-
atininei serice a crescut progresiv post-transplentori pacierii; RFGe a nregistrat o siere statistic semn-fi
cativa dupz prima luni post-transplanki panz in al 5-lea an de monitorizare, cea mai semnificasaidere f-
ind inregistra&z n intervalul 1-6 luni post-transplant. Ddgperioada acui post-transplantgase luni post-tra-
splant), pacierii carora li s-a administrat tratament cronic cu inhibii de calcineuri@ au prezentat modifigi
minore ale RFGe. Nu am identificat diferersemnificative in afectarea fuig renale la pacieni trataysi cu ci-
closporini faza de cei care au primit tacrolimus. O deteriorarerseficativi a fungiei renale a survenit la 25%
din pacienii tratasi cu tacrolimus, respectiv la 20% din paciétratasi cu ciclosporini. Varsta inaintai la mo-
mentul transplantului, timpul scurs de la transglavaloarea injialéd a RFGe hipertensiunea arterial si diabe-
tul zaharat au fost identifigaca predictori ai disfungei renale la pacieni cu transplant cardiac. Supravigi-
rea la cinci ani a fost similatr in grupul tratat cu ciclosporié comparativ cu grupul tratat cu tacrolimus. Con-
cluzie: Administrarea inhibitorilor de calcineurnla pacierii transplantgi cardiac se asociazcu afectare re-
nala cronici. Am identificat o sidere semnificativ a fungiei renale, deja lgase luni post-transplant, indiferent

de terapia imunosupresoare utilizat

Cuvinte cheie: transplant cardiac, inhibitori de calcineurdn insuficiena renaki post-transplant.

Introduction

The outcome and prognosis of patients
with different type of transplants has dramatically
improved in the last three decades by the introduc-
tion of calcineurin-inhibitor therapy: cyclosporine
in 1979 and tacrolimus in 1989, respectively (1, 2)
Cyclosporine and tacrolimus are both drugs that ar-
rest cytotoxic T lymphocytes at GO-G1 cell-cycle
and produce a dose-dependent inhibition of gene
expression for IL-2 and other pro-inflammatory cy-
tokines in helper and cytotoxic T lymphocytes (3).

Renal dysfunction is one of the most im-
portant complications that occur after nonrenal or-

heart transplant receivers are: renal diseaseebefor
transplantation, increasing age, diabetes mellitus,
dyslipidemia and hypertension (7).

The objectives of this study were to
emphasize the short-medium and long term
evolution of renal function occurring after
treatment with cyclosporine or tacrolimus in
heart transplant patients and to identify risk
factors for decline in renal function.

Material and methods

Study subjects and design
We conducted an observational study on

gan transplantation and has major consequences onrecipients who received orthotopic heart trans-

the evolution of these patients (4-6). Renal failur
is caused by the nephrotoxic effects of immun-
osuppressive regimens which produce tubular at-
rophy, interstitial fibrosis, focal hyalinosis ahall
renal arteries and chronic glomerular ischemia due
to poor renal perfusion. Other causes which can
contribute to chronic kidney disease (CKD) in

plant at Institute of Cardiovascular Diseases and
Transplantation from Targu Mures, Romania,
between November 1999 and February 2011.

The study group for our analysis contained
43 patients, but only 35 (81.4%) of them survived
for more than six months and were included in the
study; four of the patients died during the sulgica
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Table 1. Baseline characteristics of heart transplat recipients in Targu-Mures, Romania, 1999-2011

Characteristics

Recipients (35)

Age - yrs
Male — noftotal
eGFR before transplantation — no (%)
> 90 ml/min/1.73 rh
60 — 89 ml/min/1.73
30 — 59 ml/min/1.73
Cyclosporine — no (%)
Tacrolimus — no (%)

38 (16 — 59)
26 /35

16 (45.7)
16 (45.7)
3 (8.6)
12 (34.3)
23 (65.7)

intervention and four died less than six months
post-transplantation; death for the last group has
been caused by other reasons than kidney failure.
To assess the effect of heart transplantationand c
cineurin-inhibitors exposure on renal function we
restricted the analysis to patients who survived at
least six months post-transplantation. In order to
avoid mingling influence of surgical procedure on
renal function, the analysis of renal function lbega
one month after transplantation. All patients re-
ceived immunosuppressive regimens based on cal-
cineurin-inhibitors: 12 patients transplanted from
1999 to 2004 were treated with cyclosporine and
23 patients patients transplanted after 2004 re-
ceived tacrolimus, with gradual serum level reduc-
tion over time. Patients were followed-up regularly
post-transplantation at 1, 3, 6, and 12 months and
yearly thereafter, in order to assess their clinica
course, namely to detect complications. The mean
duration of follow-up was 4 years (3.85 + 2.86
years).Ten of these patients have been followed for
a period of at least 5 years after cardiac trantpla
tion. In all patients the renal function has been
monitored: plasma creatinine and urea were meas-
ured; estimation of GFR was calculated according
to the MDRD -Modification of Diet in Renal-Dis-
easeformula (8, 9):

eGFR (ml/min/1.73 B) = 175 X (Cr)
1154y (Age)’?®x (0.742 if females)

Several parameters were followed for the
assessment of renal function evolution: age at

transplantation, gender, post-transplant develop-
ment of diabetes, hypertension, time elapsed from
heart transplantation and type of immunosup-
pressive medication. Mortality during the follow-
up was also analyzed.

Statistical analysis

Statistical analysis was performed using
SPSS software version 19, GRAPH PAD DEMO
and GRAPH PAD PRISM. For univariate analysis
of data we used Student’s t test for independent
variables (continuous variables with normal
Kolmogorov-Smirnov distribution)y2 test (di-
chotomous variables), ANOVA test (ordinal de-
pendent variable), and Pearson correlation. Differ-
ences were considered statistically significant for
a value of p < 0.05.

Results

The base-line characteristics of the heart
transplant recipients are summarizedable 1

In the 35 enrolled patients, 26 (74.3 %)
were men.The mean age at the time of transplanta-
tion was approximately 38 years (16 to 59 years).
23 patients (65.7%) were treated with tacrolimus
and 12 (34.3%) with cyclosporine based triple im-
munosuppressive regimen. Estimated glomerular
filtration rate of the group after the acute post-
transplantation period (1 month) was 117.1 + 52.54
ml per minute per 1.73 ICoexisting conditions
associated with developing kidney disease were
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Table 2. Characteristics of patients at 1, 3, 6 mas and then at 1 and 5 years after cardiac transphtation”

Variable after cardiac

! 1 month 3 months 6 months 1 year 3 years 5 years
transplantation
No. of patients 35 35 35 32 29 10
followed-up
Treated with 12 12 12 12 10 6
cyclosporine
Treated with 23 23 23 20 12 4
tacrolimus
Creatinine (mg/dL) 0.94+0.63 1.01+0.59 1.13+0.44 1.19+0.52 1.37+0.73 1.84+1.57
(95% CI) (0.72-1.16)  (0.79-1.21)  (0.98-1.28)  (1.00-1.38) (1.04-1.69) (0.71-2.96)
eGFR (ml/min/1.73)  117.0£52.54 100.3+45.93 80.05+31.22 82.82+35.18 75.14+38.07 61.54+30.60
(95% ClI) (98.9-135.0) (84.49-116) (69.3-90.7) (70.14-95.5) (58.26-92.02) (39.6-83.4)

# Plus—minus values are means +SD

present before transplantation in a minority of the
patients: hypertension in 14 patients (40%), pre-
transplant eGFR less than 60 ml/min/1.73m3
patients (8.6%). There were no significant differ-
ences in characteristics of recipients receivirgy cy
losporine and those with tacrolimus.

Incidence of chronic renal disease

Serum creatinine gradually increased
post-transplantation in all the recipients; the
most significant increase occurred from one to
six months after surgery. A detailed evolution
of serum creatininine concentrations and eGFR,
at 1 - 6 months, 1 - 5 years after transplantation
are presented ihable 2

In patients with heart-transplant the risk for
chronic kidney disease increased over time, with de
crease of eGFR in cyclosporine and tacrolimus
treated groupsHjgure 1a, . GFR fell significantly
from one to six months post-transplant (from 117 to
80 ml/min/1.73 ) (p = 0.001) but thereafter no
significant rate of GFR decline has been observed
(20 ml/min/1.73 rA in 4.5 years). Incidence of
chronic kidney disease ranged from 5% at first
months after transplantation to 50% at the end of
fifth year. Whereas at six months after surgery, an
eGFR of 30 ml/min/1.73fwas detected in only 1
of 35 patients, at five years 2 of the 10 patibats
an eGFR below 30 ml/min/1.73mmeaning a sig-
nificant impairment of the renal function.

Discussion

Immunosuppressive therapy and renal function

All of the 35 surveyed patients received
antithymocyte globulinas induction immun-
osuppressive therapy. Maintenance immunosup-
pressive therapy consisted of chronic administra-
tion of cyclosporine for serum levels of 100-200
ng/ml or tacrolimus for serum levels of 5 - 15
ng/ml in chronic regimen.

In many current studies cyclosporine A is
considered as the leading cause of renal dysfunc-
tion in post-transplant of non-renal organs (10).
Cyclosporine nephrotoxicity is due to the renal ar-
teriolar vasoconstriction and, in time, to the deve
opment of thickening of the capillary basal mem-
brane, glomerular sclerosis and interstitial filgos
In our study treatment with cyclosporine was initi-
ated in 12 post-transplant patients, 11 of them sur
vived after one year and four of them had a re-
duced glomerular filtration rate (below 60
ml/min/1.73n) in the fifth year after transplanta-
tion. Doses of cyclosporine and the serum level of
cyclosporine did not differ in patients who had a
decreased GFR from those whose renal function
remained normal, which suggests that nephrotox-
icity is the result of individual susceptibility tyc-
losporine; the same situation has been suggested by
Waser et al (11). Tacrolimus also causes vasocon-
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Figure 1la. Evolution of eGFR in patients immunosuppessed with cyclosporine, five years after transplaation
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Figure 1b. Evolution of eGFR in patients immunosuppessed with tacrolimus, five years after transplardtion

striction in the renal vascular bed and, in chronic

The changes in eGFR according to the

administration, it causes pathological changes such immunosuppressive medication showed a signi-

as nodular arteriolar hyalinosis, arteriolar intima
necrosis, fibrosis, tubular and interstitial atrpph
(2). In our group treatment with tacrolimus was ini
tiated in 23 patients of whom 19 survived one year;
in two of them significant decrease in glomerular
filtration rate occurred already at one year after
transplantation (from 110 ml/min/1.73no 37
ml/min/1.73n, respectively from 83.4 ml/min/
1.73nt to 49.5 ml/min/1.73n).

Evolution of the eGFR depending on
specific immunosuppressive therapy is shown
in Figure 2

ficant reduction of eGFR in medium-term (three
years) daily administration of tacrolimus (73.1
41.81t0 52.4 £ 12.1 ml/min/1.73np=0.0177) or
cyclosporine (98.8 = 62.38 to 65.2 = 32.57
ml/min/1.73n, p=0.0140). Overall, significant
chronic decrease in kidney function occurred in
25% of our patients treated with tacrolimus and in
20% of the patients treated with cyclosporine. The
results of studies comparing the incidence of
chronic kidney disease among non-renal trans-
plant recipients receiving calcineurin inhibitors -
based immunosuppressive regimens vary widely
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Figure 2. Evolution of mean eGFR according to immoosuppressive treatment,
from 1 month to 3 years post-transplantation

from 4 to 85% (7, 12, 13). In our study the risk of
chronic renal failure increased over time, ranged
from 5% at first months after transplant to 50% at
the end of fifth year. In studies comparing thk ris
of chronic kidney failure among non-renal trans-
plant recipients receiving cyclosporine-based im-
munosuppressive treatments with recipients re-
ceiving tacrolimus-based regimens, the results
have been contradictory (14-16). The risk of
chronic renal failure is higher among liver-trans-
plant recipients receiving cyclosporine- than
among tacrolimus-based immunosuppressive re-
gimens - a difference that was not obvious in pa-
tients with other types of solid-organ transplants
(2, 7). The mortality rate in our group was 17.1%
(27.3% in patients with cyclosporine and 12.5%
in patients with tacrolimus), comparing to 8-20%
in other studies (7, 13), but only one patient from
six died because of renal failure.

The importance of patient age at the
moment of transplantation

We analyzed the evolution of glomerular
filtration rate according to the age at which heart
transplantation was performed. Distribution of re-
cipients by decade of age at the time of transplant
ation was balancedéble 3.

A marked decrease in eGFR after trans-
plantation is associated with older age of patients
undergoing transplantation. The older the patient’s
age, the faster and more marked is the GFR de-
crease. Similar results are mentioned by other
studies (17, 18). According to Przybylowski et al
(19) serum neutrophil gelatinase-associated lipo-
calin (NGAL) could be a more sensitive marker
of kidney function than eGFR, in patients older
than 65 years of age.

The importance of gender in the devel-
opment of renal dysfunction after cardiac trans-
plantation

Our study included a total of 26 men
(74.28%) and 9 women (25.72%). The mean age
was 40 years for men and 30 years for women. The
mean eGFR were lower in men than in women at
each of the analyzed stage post-transplant, but dif
ferences are not statistically significant. Valoaks
culated during global tracking and rendered are
displayed inFigure 3 According to data from pre-
vious studies, female gender was identified as pre-
dictor for an increased risk of chronic renal disea
(17, 18). The difference in mean age and small
number of patients did not permit us to obtain a
pertinent conclusion on this variable.
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Table 3. Distribution of recipients by age (at theéime of transplantation) and eGFR
at one month, one and three years

Age 1 month 1 year 3 years
(Years) no. Mean+SD* no. Mean+SD* no. Mean+SD*
<20 6 149.9+38.3 6 99.6+28.4 3 107.5+6.14
21-30 7 175.9+42.6 7 117.7+32.3 4 116.2+33.87
31-40 7 95.6+48.8 7 69.3+23.9 6 62.6+27.38
41-50 6 80.6+40.2 5 69.7+36.12 4 53.4+£29.07
>50 9 90.1+24.4 7 56.3+18.8 5 45.85+17.19

*mean eGFR

Hypertension and diabetes
An important role in renal dysfunction is

At six months 9 in 35 patients and at one
year 7 in 32 patients had diabetes. At six months

the presence of hypertension and diabetes. We eGFR in patients without diabetes was slightly

obtained a clear difference between eGFR in pa-
tients suffering from hypertension and those who
do not develop the disease: at six months after
transplantation, patients with hypertension (9/35)
had significantly lower eGFR comparative with
normotensive patients (64.9+28.7 ml/min/1.723m
vs 90.2+29.2 ml/min/1.73fMm p=0.01). Current
guidelines recommend strict control of blood
pressure (20, 21), some small studies supporting
the nephroprotective effect of calcium channel
blockers in heart transplanted patients treated
with calcineurin inhibitors.

[
a1
o

higher thand in patients with diabetes (82+33 vs
74.3+26.5 ml/min/1.73f/) p=0.32), but two diabet-

ic patients had an eGFR decrease below 60ml/min.
Diabetes does not cause changes in kidney function
at six months after transplantation, but afteryese

the average eGFR in diabetic patients is significan
lower (62.1+35.9 vs 88.6+x33.4 ml/min/1.73m
p=0.05). Diabetes also causes faster progression of
renal microvascular injury. In diabetic patients th
eGFR decline under 60ml/min/1.73im faster and
more important than in patients without diabetes.
At one year we monitored 32 patients of which 7

=
o
o

109.3
56.7

al
o

8018

139.3

mean eGFR ml/min/1.73 m

o

men

women

OGFR1month MGFR1years DGFR3years

Figure 3. Evolution of mean eGFR from 1 month to Jears post-transplantation according to gender
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had diabetes, four of them showing a GFR below
60 ml/min/1.73m

It is possible that all these factors are
adding up their action on the renal function,
their combination increasing the risk of renal
failure in cardiac transplant patients.

An important limitation of our study
emerged from small number of patients: at this
moment we did not analyze cardiovascular risk
factors like dyslipidemia and insulin resistance,
which are recognized side effects of immun-
osuppressive regimens and contributors to
chronic kidney disease.

Conclusions

We observed a significant decrease of
renal function in heart transplant recipients dn ca
cineurin inhibitors based immunosuppressive re-
gimens. There is a more marked initial decrease in
the early post-transplant period (six months), fol-
lowed by a slower decline of renal function, late
post-transplant. Older age at the time of trans-
plant, time since the transplant, hypertension and
diabetes mellitus increase the risk of renal failur
in cardiac transplant recipients.
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