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IntroductIon

Kidney transplantation is an important 
mode of renal replacement therapy.1,2 
The number of procedures has increased 
along with the recommendations and 
global support for renal transplants.3,4

The Brazilian program for organ 
transplants is probably the largest 
government-funded transplant program 
in the world (95% of the transplants 
are performed under the auspices of 
the Brazilian Public Health Service, the 
SUS). It is characterized by a fair and 
transparent organ allocation system 
unbiased by social, racial or cultural 
agendas. However, it is fraught with 
geographic disparities. In 2009, 62% 
of the kidney transplants in the country 
were performed in the Southeast region, 
followed by the South with 19%, the 
Northeast with 14%, the Midwest with 
4%, and the North with 1%.5

In 2011, 24 (16%) of the 147 
kidney transplantation teams in Brazil 
performed 50 or more transplants 
(averaging one procedure per week).4 
Seven of these teams (29.2%) are 
located in the State of São Paulo.

The renal transplantation service of 
the Hospital of the School of Medicine 
of Botucatu started in 1987 grew over 
the last decade to reach 600 transplants 
(532 in adults and 68 in children and 
adolescent) by the end of 2011.

Over the past 24 years, countless 
factors have impacted the outcomes of 
transplantation in general. The survival 
of patients and grafts increased gradually, 
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Introduction: A progressive improvement in 
kidney transplant outcomes has been achieved 
over the last decades. Objective: To determine 
the degree to which this has occurred in our 
center, we conducted an outcome analysis of 
our kidney transplant program during three 
different time periods, especially focusing on 
patient and graft survival. Methods: The 600 
kidney transplants performed at Botucatu 
Medical School/UNESP up to December 
2011 were examined. Three different time 
periods were chosen to correspond with 
major shifts in immunosuppressant usage: 
Era 1 (1987-2000), cyclosporine and azathi-
oprine usage (n = 180); Era 2 (2001-2006), 
cyclosporine and mycophenolate mofetil 
usage (n = 120); and Era 3 (2007-2011), 
tacrolimus and mycophenolate mofetil 
usage (n = 300). Results: Compared with 
the first era, mean recipient age, diabetes 
prevalence, and the number of living donor 
transplantations (60%) were increased in 
the third era. Induction therapy was used 
in 75% of the cases in Era 3, 46.6% in Era 
2, and in 3.9% in Era 1 (p < 0.0001). The 
mean number of transplants/year rose from 
14 in Era 1 to 75 in Era 3. Overall survival 
according to donor type was similar to that 
reported in the literature. Five-year graft sur-
vival following deceased donor transplanta-
tion progressively increased from 13.1% (Era 
1) to 81.9% (Era 3). Conclusion: Significant 
differences were observed over time. The 
percentage of living donors decreased as that 
of deceased donors increased. Survival af-
ter deceased donor transplants was greatest 
in Era 3, probably due to the improved 
experience of the medical team, and to the 
use of tacrolimus and mycophenolate mofetil 
combination with induction.
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while immunosuppressive therapies made impor-
tant advances with the introduction of new drugs. 
Changes to the profiles of donors and recipients, 
such as older mean age and number of pre-transplant 
comorbidities, have also been observed.6-11

objectIve

This study aimed to assess the 600 kidney transplants 
performed at the Hospital of the School of Medicine 
of Botucatu - UNESP by December of 2011. Patients 
were subdivided into three periods in accordance 
with the immunosuppressive therapies available in 
each period, so as to elicit the temporal differences 
of patient and graft survival.

MAterIAls And Methods

The 600 kidney transplants performed at the 
Hospital of the School of Medicine of Botucatu 
between June of 1987 and December of 2011 were 
retrospectively evaluated in this study. Transplant 
patients were divided based on immunosuppression 
regimens into three different periods. Period 1: 
from 1987 to 2000 (n = 180), when azathioprine 
combined with cyclosporine and prednisone was 
the standard care. Period 2: 2001-2006 (n = 120), 
when mycophenolate associated with cyclosporine 
and prednisone was the regimen used in the service. 
Period 3: 2007-2011 (n = 300), when tacrolimus 
in association with mycophenolate and prednisone 
were the immunosuppressants of choice.

Assessments were based on recipient demographics, 
type of dialysis offered before transplantation 
(hemodialysis, peritoneal dialysis, or conservative 
care), time on dialysis, underlying disease, donor type 
(living or deceased), donor demographics, frequency 
of rejection episodes, immunosuppression used in 
early transplantation, frequency and causes of graft 
loss, frequency and causes of death, and survival 
curves for grafts and patients. Delayed function was 
considered for deceased donors and described as need 
for hemodialysis in the first week.

StatiSticS

The Kolmogorov-Smirnov (KS) test was performed to 
segregate parametric and non-parametric continuous 
variables. Analysis of variance (one-way ANOVA) 

was used to analyze the mean values of normally 
distributed variables in the three study groups, 
assuming equal variances between groups. Levene’s 
test was used to assess variance homogeneity. The 
Bonferroni post test was used in group subanalysis. 
The Kruskal-Wallis test for analysis of variance was 
used with non-parametric variables. Dunn’s post test 
was used to compare between subgroups. Categorical 
variables were analyzed based on the chi-square test 
or Fisher’s exact test when appropriate. Survival 
curves were built using the Kaplan-Meier method 
and compared using the Log Rank test.

Results were considered statistically significant 
when p < 0.05. Statistical analysis were performed 
on SPSS® version 13.0.

results

Table 1 shows the characteristics of recipients and 
donors in the three studied periods.

On period 1, patients had a mean age of 
33.3 ± 13.7 years; on period 2, mean age was 
35.1 ± 14.2; and on period 3, mean age was 
45.5 ± 15.4 years (p = 0.001). In the three periods 
most of the recipients were males and Caucasian.

Hemodialysis was the most frequent mode of 
dialysis offered to patients in the three studied 
periods. However, there has been a significant 
decrease in the number of patients on peritoneal 
dialysis along with growing numbers of patients 
on pre-transplant conservative care in recent 
years (p = 0.0001). Time on dialysis before 
transplantation has also increased over the years 
(p = 0.001).

Smoking was a significantly more frequent 
habit among patients in the first period (22.2%) 
than in periods 2 (8.3%) and 3 (11.9%), p = 0.001.

Glomerulonephritis was the most prevalent 
underlying disease on periods 1 (45.6%) and 2 
(37.5%). Whereas undetermined disease (19.4%) 
ranked atop other causes of renal failure on 
period 3. The frequency of hypertension as a 
cause of renal failure remained constant in the 
three periods, ranging from 15% to 17% of the 
cases. The frequency of diabetes mellitus as an 
underlying disease remained constant in periods 1 
(5.6%) and 2 (5.8%), and was significantly higher 
in period 3 (18.3%), p < 0.001.
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Related living donors were more common in 
periods 1 (66.7%) and 2 (74.2%), while deceased 
donors were more frequent in period 3 (59.7%) 
(p = 0.0001).

Donor age increased progressively through the 
periods. In period 1, donor mean age was 33 ± 11.6 
years; in period 2 it grew to 36 ± 11.1 years; and 
in period 3 donor mean age was 40.3 ± 12 years 
(p = 0.001). The rates of occurrence of Caucasian 
and male donors were similar in the three periods.

Table 2 shows data on post-transplantation 
outcomes.

Most patients (96.1%) were not given induction 
immunosuppression on period 1. In periods 2 
and 3, induction protocols with baxilimab were 
used in 45.8% and 70% of the cases, respectively 
(p = 0.0001).

The occurrence of deceased donor delayed graft 
function decreased when the more recent period 
(58.3%) was compared to periods 2 (82.1%) and 1 
(75%) (p = 0.009).

Figure 1A depicts the overall survival of the 600 
patients divided by donor type. The survival of patients 
on living donor transplants was 99.4% within one year 
of the procedure, 93.7% within five years, and 91.4% 
within 10 years of transplantation. The survival of 
deceased donor transplant patients was 93.3% within 
one year of the procedure, 84.3% within five years, and 
78.7% within 10 years of transplantation (p = 0.0001).

Figure 1B shows the overall graft survival 
of the 600 patients divided by donor type. Graft 
survival of living donor transplant patients was 
97.6% within one year of the procedure, 88.6% 
within five years, and 83.6% within 10 years of 
transplantation. Graft survival of deceased donor 
transplant patients was 91.9% within one year of 
the procedure, 83.1% within five years, and 72.1% 
within 10 years of transplantation (p = 0.0001).

Figure 2A depicts the survival of living donor 
transplant patients for each period of time. No 
statistically significant differences were seen 
between survival rates in the three analyzed periods.

Period 1 (n = 180) 
(1987 to 2000)

Period 2 (n = 120) 
2001 to 2006)

Period 3 (n = 300) 
2007 to 2011)

p

Age (years) 33.3 ± 13.7 35.1 ± 14.2 45.5 ± 15.4 < 0.001

Males 60.6% 55% 62% NS

Caucasian 74.4% 68.3% 70% NS

Type of dialysis

Conservative management 3.3% 10% 10.7%

0.0001Hemodialysis 68.3% 71.7% 79.7%

Peritoneal dialysis 28.3% 18.3% 9.7%

Time on dialysis (months) 22.4 ± 21.1 26.4 ± 26.1 33.2 ± 30.6 0.001

Smoking 22.2% 8.3% 11.9% 0.001

Underlying disease

Systemic hypertension 17.2% 15% 16%

0.0001

DM 5.6% 5.8% 18.3%

CGN 45.6% 37.5% 20.3%

Undetermined 19.4% 25% 27.3%

Urologic 8.9% 9.2% 8.3%

Others 3.3% 7.5% 9.7%

Donor type

Live 66.7% 74.2% 40.3%
0.0001

Deceased 33.3% 25.8% 59.7%

Donor age (years) 33.0 ± 11.6 36.0 ± 11.1 40.3 ± 12.0 0.001

Male donors 56.7% 51.7% 54% NS

Caucasian donors 78.4% 80.3% 79% NS

tAble 1 recipient and dOnOr characteriSticS in three time periOdS: periOd 1 (1987 tO 2000), periOd 2 (2001 tO 2006)  
 and periOd 3 (2007 tO 2011)

HAS: Arterial Hypertension; DM: Diabetes mellitus; CGN: Chronic glomerulonephritis.
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Figure 2B shows the survival of living donor 
grafts for each period of time. Within one year of 
transplantation, 90.8% of the grafts had survived 
in period 1, 87.5% in period 2, and 95.8% in 
period 3; within three years of transplantation, 
73% of the grafts had survived in period 1, 73.6% 
in period 2, and 92% in period 3; within five 
years of transplantation, 52.3% of the grafts had 
survived in period 1. 67.7% in period 2, and 90.9% 
in period 3 (p = 0.16).

Figure 3A depicts the survival of deceased 
donor transplant patients for each period of 
time. No statistically significant differences were 
seen between survival rates in the three analyzed 
periods.

Figure 3B shows the survival of deceased 
donor grafts for each period of time. Within one 
year of transplantation, 61.3% of the grafts had 
survived in period 1. 75% in period 2, and 93.9% 
in period 3; within three years of transplantation, 
36.6% of the grafts had survived in period 1, 41% 
in period 2, and 86.2% in period 3; within five 
years of transplantation, 13.7% of the grafts had 
survived in period 1. 38% in period 2, and 81.9% 
in period 3 (p = 0.0001).

dIscussIon

The 600 renal transplant patients seen in 
our institution until December of 2011 were 
divided into three periods based on the standard 
immunosuppression regimen in effect at each time. 
The review performed on these cases revealed 
improvements have been attained for recipients 
and donors. In period 3, recipient mean ages 
were significantly higher and more comorbidities, 
such as hypertension and diabetes, were present. 
Patients currently on renal replacement therapy 
are older and diabetes is a more prevalent 
condition among them.10 The number of deceased 
donor transplants and donor mean ages have 
increased, as observed in the Brazilian transplant 
population.4 In general terms, our outcomes were 
similar to those described by Chakkera et al.,7 in 
which 51,500 renal transplant cases in the United 
States Renal Data system database were reviewed 
and stratified into three periods based on the 
immunosuppression regimen in effect at each time 
period. The authors reported increases on patient 
mean age, number of pre-transplant comorbidities, 
and number of patients undergoing transplantation 
without prior dialysis. Donors were also found to 

tAble 2 pOSt-tranSplantatiOn OutcOme in three time periOdS: periOd 1 (1987 tO 2000), periOd 2 (2001 tO 2006)  
 and periOd 3 (2007 tO 2011)

Period 1 (n = 180) 
(1987 to 2000)

Period 2 (n = 120) 
(2001 to 2006)

Period 3 (n = 300) 
(2007 to 2011)

p

Rejection 37.2% 36.7% 22.3% 0.0001

Induction

No 96.1% 53.3% 25%

0.0001Basiliximab 3.9% 45.8% 70%

Thymoglobulin 0% 0.8% 5%

Immunosuppression

Aza + Pred 24% 1.7% 0.3%

0.0001

Aza + Pred + CSA 74.9% 8.3% 0

Aza + Pred + Tacro 0 4.2% 14.7%

M + Pred + Tacro 0 35.8% 79.3%

M + Pred 0.6% 11.7% 5.7%

M + Pred + CSA 0.6% 38.3% 0

Delayed graft function 75% 82.1% 58.3% 0.009

Time to discharge (days) 25.8 ± 12.4 17.8 ± 11.5 15.9 ± 13.9 0.001

Follow-up time (months) 97.3 ± 80 73 ± 44.2 28 ± 19 0.001

Graft loss 44.2% 15.5% 10% 0.0001

Death 31.7% 22.5% 15% 0.0001
Aza: Azathioprine; Pred: Prednisone; CSA: Cyclosporine; Tacro: Tracolimus; M: Mycophenolate.
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Figure 1. A: Patient survival in the three time periods (1987-2011) divided by donor type (live or deceased), p = 0.0001; B: Graft survival in the three 
time periods (1987-2011) divided by donor type (live or deceased), p = 0.0001.

Figure 2. Live donor survival in three time periods: period 1 (1987-2000), period 2 (2001-2006) and period 3 (2007-2011); A: Patient survival p = NS; 
B: Graft survival, p = NS.

be older than in earlier periods, and more cases 
of deceased donors with cerebrovascular disease 
as the cause of death were recorded. Chakkera 
et al.7 also reported increases in graft and patient 
survival over the years.

Our findings also indicated increased use 
of induction immunosuppression in different 
periods, culminating with 75% of the cases 
using induction in the more recent period (70% 
basiliximab; 5% Thymoglobulin), versus 46.6% in 
period 2, and 3.9% in period 1 (p < 0.0001). The 
main immunosuppressive therapy used in the more 
recent period included combinations of tacrolimus 
and mycophenolate12 (79.3%) or tacrolimus and 

azathioprine (15%). Cyclosporine and mycophenolate 
(38.3%) was the regimen of choice in period 2, 
while in period 1 protocols were based mainly on 
cyclosporine and azathioprine (75%), all of which in 
combination with prednisone. These findings follow 
the current trends seen in other centers in the country 
and the world, with the combination of tacrolimus 
and mycophenolate plus prednisone as the most 
frequently used regimen.3,13 According to Van 
den Hoogen et al.,14 the combination of low-dose 
tacrolimus, mycophenolate and prednisone together 
with induction with IL-2 receptor antagonists is the 
best scheme for long-term immunosuppression, as 
it produces acute rejection rates below 15% and 
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improved graft survival when compared to the 
combinations of cyclosporine and mycophenolate, 
low-dose cyclosporine and mycophenolate, and 
sirolimus and mycophenolate. Decreases in acute 
rejection rates were also seen in our group of 
patients (22.3% in period 3; 36.7% in period 2; 
and 37.2% in period 1; p < 0.0001). Such reduction 
probably reflects the improvements in current 
immunosuppressive therapy and the more frequent 
use of induction therapies which, combined, have 
led to lower rejection rates.

The number of transplants performed over the 
three different periods of time in our service has 
also grown. Period 1 covered the first 13 years 
of our service and included 180 transplants, or a 
mean 14 transplants per year. Period 2 spanned 
through five years and included 120 transplants, 
or a mean of 24 per year. Period 3 encompassed 
four years and 300 transplants, or a mean of 75 
procedures per year. The gradual increase seen in 
the number of renal transplants was mostly the 
result of the growth in transplants from deceased 
donors (60%), a finding in line with the reality of 
other transplant centers in Brazil.4

Overall survival rates by donor type were in 
agreement with the literature: for live donors, 
patient and graft one-year survival rates were 
99.4% and 97.6%, respectively; and patient 
and graft ten-year survival rates were 91.4% 
and 83.6%, respectively. For deceased donors, 
patient and graft one-year survival rates were 
93.3% and 83.6%, respectively; and patient and 

graft ten-year survival rates were 78.7% and 
72.1%, respectively. These survival rates were 
similar to the rates reported by the 2011 Brazilian 
Transplant Registry,4 the OPTN and the SRTR3 in 
the United States, and by large transplant centers 
in Brazil.13,15

No differences were seen in the survival curves 
of live donor organ recipients. Renal transplants 
with deceased donors, however, showed significant 
differences in survival in different periods. Gradual 
increases in graft survival were observed over the 
periods. Within five years, graft survival rates 
moved from 13.7% in period 1 to 38% in period 
2, and to 81.9% in period 3 (p = 0.0001). The 
survival curves of deceased donor organ recipients 
are in agreement with the data from the UNOS and 
CTS in Europe.16 The disparities in the survival 
rates of live and deceased donor transplants may 
be explained by the additional challenges posed 
by the latter transplant type. Immunosuppressive 
therapies based mainly on cyclosporine and 
azathioprine, reduced use of induction regimens, 
and the limited experience of our center (mean of 
14 procedures per year) may have contributed to 
the inferior outcomes seen in period 1. In contrast, 
the improved survival rates of deceased donor 
transplants seen in period 3 may be explained 
by improved immunosuppressive therapy based 
mainly on the combination of tacrolimus with 
mycophenolate, greater use of induction regiments, 
and the experience accumulated in our service, 
now handling a mean of 75 transplants a year.

Figura 3. Deceased donor survival in three time periods: period 1 (1987-2000), period 2 (2001-2006) and period 3 (2007-2011); A: Patient survival 
p = NS; B: Graft survival, p = 0.0001.
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