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Abstract
Background: Among patients with urologic disease, end-stage renal disease (ESRD) have the highest
mortality rate. The choice of treatment for patients with ESRD is transplantation. The primary objective of
this study was to assess the trend of renal function test in cadaver and living donor groups within a year
after the surgery.

Method: We included ESRD patients who were admitted to our hospital’s clinic from 2001 to 2014. The
glomerular �ltration rate (GFR) was the outcome of interest.

Results: A total of 381 individuals were included in this study, of whom 246 (64.6%) were males. the
mean age was 40.8 years (SD=13.2). In this study, 291 (76.4%) patients received a transplant from a live
donor. In the cadaver group, the GFR decreased by 3.8 mL/min (95% con�dence interval [CI], 1.2-5.0) per
six months, while in the living donor group, it decreased by 1.4 mL/min (95% CI, 0.3–2.5). These trends
were not signi�cantly different. The GFR of the living donor group was 0.4 mL/min (95% CI, -1.6-2.3,
p=0.72) higher than that of the cadaver donor group per six months, which was not signi�cantly different.
The rejection rate was lower in the live donor group (odds ratio=0.54 [95% CI, -0.39-0.74], p<0.001). The
rejection rate decreased over the study period by 71% every six months, and this decrease did not
signi�cantly differ between the study groups.

Conclusions: Although the total GFR in the live donor group was higher, given the higher GFR at the time
of surgery in the live donor group, the decrease rate in GFR seemed identical in the study groups.

Background
The mortality rate in patients with end-stage renal disease (ESRD) is highest among patients with
urologic diseases, at close to 20% of patients even with dialysis[1]. The prevalence of ESRD is increasing,
and in the United States, 360 per one million people undergo renal replacement therapy (RRT)[2].
Transplantation is the choice of treatment for this disease, and compared with maintenance therapies,
such as dialysis, it signi�cantly decreases the morbidity and mortality rate; however, RRT decreases the
burden of disease and improves the quality of life of patients[3]. Given the excellent outcomes of RRT
and shortage of live donors, the use of cadaver donors is strongly encouraged[4]. A cost-effectiveness
analysis that evaluated the economic effects and patients’ quality of life also supports cadaver
transplantation[5]. In 2006 in Iran, of 21,251 patients who underwent RRT, 1,066 involved kidneys from
deceased donors[6]. There is general agreement that the survival of patients who receive a kidney from a
live donor is longer than that of patients who receive an organ from a cadaver donor, and some studies
have shown that this difference might be explained by the severity of disease and baseline
characteristics of individuals[7].

This study was designed to evaluate the substantial outcomes of kidney transplantation. Renal function
within the �rst year of surgery is one of the best indicators of long-term graft survival[8, 9]. Therefore, the
primary objective of this study was to compare the trends in renal function within the �rst year of
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transplantation between living donor and cadaver donor recipients. The second objective of our study
was to compare the likelihood of rejection between the two groups in the study.

Methods
We conducted a historical cohort study for patients with a history of kidney transplantation in Shahid-
Hasheminejad Hospital from 2001 to 2014. We measured the outcome variables at baseline, 1 month, 6
months, and 12 months after transplantation.

We used patient charts throughout the study period and conducted phone calls to collect the missing
data. We excluded individuals from the study in cases in which contact via telephone was not possible. A
single surgery unit was in charge of all transplantation throughout the study period.

Exposure:

The exposure of interest in this study was the source of transplant, which was either live or cadaver
donors. There were multiple harvest units in Tehran to collect cadaver kidney. To mitigate the likelihood of
cold ischemia, we transplanted all the kidneys immediately after we received them, as they were prepared
within 3 hours of harvesting.

For live donor recipients, we assessed underlying disease, immunological evaluations, and kidney artery
assessment with CT-angiography (computed tomography angiography). In a few cases, we performed
angiography for artery assessment.

We excluded donors with multiple arteries and individuals with a body mass index (BMI) greater than 30.
For left nephrectomy, we used the transperitoneal method (open transperitoneal donor nephrectomy) with
a midline incision, and for right nephrectomy, we used a right �ank incision.

The immunosuppression protocol in both study groups was comprised of mycophenolate mofetil,
cyclosporine.

Outcome:

The glomerular �ltration rate (GFR) was the primary outcome. GFR is a powerful indicator for estimating
long-term patient survival. To calculate the GFR, we used creatinine clearance based on the Cockcroft-
Gault formula[10]. We excluded patients without GFR information in months 6 and 12 of the study.

Confounders:

We adjusted the analysis for potential confounding variables, which we extracted from the charts or
obtained via telephone interviews.

We used age, BMI at the time of transplantation, and gender as potential demographic confounder
variables. A history of diabetes mellitus was also included as a factor that might strongly affect survival
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after transplantation. Lastly, we included variables that addressed the severity of kidney disease,
including a history of nephrectomy, re-operation, previous transplantation, and a history of delayed graft
function (DGF). The baseline (preoperative) GFR was also used as a covariate to adjust the model.

Statistical analysis:

SAS Enterprise Guide (Version 6.1, Cary, NC, USA) was used for all analyses. Generalised linear model
(GLM) with generalised estimating equations were used to account for the clustered nature of the data
(four observation units for the same patient). All aforementioned exposures of interest and confounders
were de�ned as independent variables in the model. GFR was de�ned as a dependent variable, and a
normal distribution was assumed. 

We used the multiple imputation (MI) method to handle missing variables. The units of time in this study
were ordinal variables, which represented the time of measurement at month 1, 6, and 12 after the date of
transplantation.

For the secondary objective, we calculated the rate of rejection using a GLM model with a binomial
distribution and logit function. This model generated the odds ratio (OR) of rejection in the cadaver donor
group compared to that in the living donor group (cadaver assigned as the reference group). To evaluate
the effect of time on the rejection rate among the groups, we performed an interaction of time and donor
type, and the coe�cient for this interaction indicated whether the likelihood of rejection increased or
decreased over the study period.

Results
A total of 442 individuals were registered in the study, and after excluding patients without baseline GFR
data and with other exclusion criteria, 381 individuals were included in this study (the rest were excluded
because of Lack of follow up). Among the individuals included in the study, 246 (64.6%) were male, and
the mean age was 40.8 years (SD=13.2). None of the patients included received a transplant from their
relatives. In this study, 291 (76.4%) patients received a transplant from a living donor. Table 1 shows the
patients’ characteristics and covariate distributions.

The data showed that the GFR of the living donor group was 0.35 mL/min higher than that of the cadaver
group at every time point, but this difference was not statistically signi�cant (95% con�dence interval [CI],
-1.56 to 2.26, p=0.72). Table 2 shows the association of other covariates with GFR changes.

The coe�cients for the potential confounders showed female gender, older age, history of DGF, and lower
baseline GFR were signi�cantly associated with decreased GFR over the study time.

The separate trend analyses of study groups indicated that the GFR level decreased in both live and
cadaver donor recipients (3.10 mL/min per 6 months [95% CI, 1.21-5.0] and 1.38 mL/min per 6 months
[95% CI, 0.26–2.50], respectively).
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The second set of analyses indicated that rejection was less likely in the live donor group (OR=0.54 [95%
CI, 0.39-0.74], p<0.001). The rejection rate signi�cantly decreased throughout the study period in both
group by 71% [OR=0.29 [95% CI, 0.21-0.40], p<0.001) every 6 months after transplant.

The interaction of measurement time and donor type did not signi�cantly differ between the groups (OR=
0.99 [95% CI, 0.68-1.45], p=0.9769). This interaction indicated that although the cadaver group had a
higher likelihood of rejection, this risk remained constant compared to that of the living donor group
throughout the study period.

Discussion
Kidney transplantation is the preferred choice of treatment for ESRD. GFR measurement in the year after
transplantation is a strong indicator of the long-term survival of the kidney. Given the scarcity of living
donors the waiting time are increasing for ESRD and patients and it plays such an important roll in
disease progress. To compensate this issue RRT from cadaver donor is one of effective approach. In
some studies researchers even evaluate the e�cacy and cost effectiveness of hepatitis C-positive donor
RRT for hepatitis C-negative recipients[11, 12].

 Our objective in this study was to compare the trend of this marker in cadaver versus live donor
recipients. In Iran, the cost and availability of organs from live donors are signi�cantly lower than those of
organs from cadaver donors. Thus, people are receiving kidneys from cadavers, which usually has a
longer waiting time. Our main objective was to observe how the GFR changes over time after
transplantation in patients who received kidneys from living versus cadaver donors. The results showed
that the difference between the GFR of the patients in the two study groups was mostly explained by the
baseline difference in these groups. Although the GFR at all time points was signi�cantly lower in the
cadaver group, the trend of declining GFR in both groups was similar.

In the current study, the GFR at baseline was signi�cantly lower in patients who received a cadaver
transplant. This result can be explained by the longer waiting time that this group experiences compared
with patients who received a kidney from live donors. The data showed that cadaver donor recipients had
a better response within one month after the procedure. This �nding can be explained by the severity of
disease and decreasing GFR in this group. Nevertheless, after the �rst month, the GFR slightly decreased,
and the trend became similar to that of the live donor recipients. Although the trend in both groups was
negative and cadaver patients had signi�cantly lower GFRs, there was a signi�cant difference in the
slope of the decrease in the GFR in these two groups. This �nding indicated that given the differences in
baseline GFR, the downward trend was almost identical. Lee S et al[13] observed cases of live and
cadaver kidney transplantation from 1995 to 2008. They measured creatinine levels 5 and 10 years after
the operation and did not �nd a signi�cant difference between the two groups. Wigger M et al[14] studied
patients for 16 years and measured the GFR in 5-year intervals. They reported that the GFR decreased
from 88 mL/min to 68 mL/min.
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The results of our study showed that the likelihood of rejection was higher in cadaver donor recipients,
especially in the �rst months after the operation, although it decreased in both groups. Our �ndings
aligned with the �ndings of other studies, which indicated that the likelihood of rejection is higher in the
�rst months after transplantation, especially �ve to seven days after transplantation[15]. Although we
showed a better survival rate for live donor recipients, Campbell et al[16] reported that live donor
recipients had a much higher rate of rejection and more severe rejection.

The major strength of this study was its relatively large sample size, its consistent method of surgery, and
its long study period, which helped us identify the effects of exposure on the survival of a kidney
transplant. We were unable to identify the socio-economic status of the patients and the exact time
patients underwent dialysis, both of which may potentially affect kidney survival after transplantation.
This factor and underlying comorbidities might potentially change kidney survival after transplantation.

Conclusion
Given the scarcity of living donors, cadaver donors are a reasonable substitute. Although some experts
have raised some concern about patient survival, we showed that the decline in kidney function in the
cadaver group was equal to that in the living donor group. However, the rejection rate in the early stages
of transplantation was higher in cadaver recipients. Future research in which the survival of these two
types of transplant is considered should have a longer follow-up period and measure more potential
confounders. In addition, more cost-effectiveness analyses can show the long-term performance of these
two types of procedures from a population-based perspective.
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Tables
Table 1: Characteristics of individuals in study groups
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Variable Alive donor Cadaver donor

Total 217 (64.58%) 65 (61.32%)

Sex 101 (34.71%) 34 (37.78%)

Nephrectomy 1 (0.34%) 3 (3.33%)

Re Operation 11 (3.78%) 5 (5.56%)

Rejection 77 (26.46%) 39 (43.33%)

DM 51 (17.53%) 18 (20%)

DGF 22 (7.56%) 14 (15.56%)

Age (SD)* 40.66 (13.29) 41.42 (12.75)

BMI (SD) 24.31 (2.05) 24.6 (1.89)

Baseline GFR (SD) 66.86 (19.55) 60.43 (23.83)

*SD: Standard Deviation

Table 2: Association of Donor type with changes in GFR after adjustment for potential confounders

Variable GFR change (mL/min) 95% CI lower-upper p-value

Time (every 6 months) -1.78 -2.75 - -0.81 <.0001

Age -0.08 -0.15 - -0.01 0.0186

Sex (reference=female) 3.66 1.92- 5.39 <.0001

Donor (reference=cadaver) 0.35 -1.56 - 2.26 0.7212

GFR at baseline 0.69 0.64 - 0.73 <.0001

BMI 0.20 -0.24 - 0.63 0.3779

Nephrectomy -4.99 -14.27 - 4.29 0.2919

Re Operation -6.17 -11.25 - -1.09 0.0174

DM -1.73 -4.12 - 0.66 0.1555

DGF -4.59 -7.92 - -1.27 0.0069

Table 3: Association of Donor type with likelihood of rejection after adjustment for potential confounders
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Variable GFR change (odds ratio) 95% CI lower-upper P value

Time (every 6 months) 0.29 0.25-0.34 <.0001

Age 0.99 0.98-1.00 0.0443

Sex (reference=female) 1.24 0.92-1.68 0.1585

Donor (reference=cadaver) 0.54 0.39-0.74 0.0001

GFR at baseline 0.98 0.97-0.99 <.0001

BMI 1.23 1.14-1.33 <.0001

Nephrectomy 1.19 0.23-6.15 0.8368

Re Operation 1.77 0.84-3.74 0.1344

DM 1.59 1.11-2.28 0.0121

DGF 2.44 1.50-3.97 0.0003

Figures

Figure 1
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Average GFR in four times of assessment by donor type 1-GFR in cadaver donor’s group 2-GFR in living
donor’s group


