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Abstract
Glomerular filtration rate (GFR) is an excellent indicator of renal function; however, it is rarely
evaluated as an endpoint. We investigated donor and recipient factors for associations that
might be predictive of mid-term GFR after renal transplantation. We performed a
retrospective review of 828 deceased donor renal transplantations performed at Montefiore
Medical Center between the years 2009-2015. Donor characteristics included KDPI, [low
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(<20%), medium (20-80%), high (>80%)], age, graft types [extended criteria (ECD), cardiac
death (DCD), standard criteria (SCD)], CDC high risk, HCV status and cold ischemic time (CIT).
Recipient factors included age at transplant, induction agent, BK status, CMV status, acute
and chronic rejection, cPRA and DSA status. Primary outcome is 3-year GFR calculated via the
MDRD equation. In univariate analysis, donor age, KDPI, ECD, and chronic rejection were
significantly associated with changes in 3-year GFR (p<0.001). In the multivariable regression
analysis, donor age, KDPI, and chronic rejection remained associated with changes in 3-year
GFR (p<0.001). Acute rejection, DCD, HCV status, CIT, BK and CMV viremia, PRA, pretransplant
or de novo DSA were not associated with changes in 3-year GFR (p>0.05). We conclude that
donor age, KDPI, and chronic rejection are independently associated with 3-year GFR while
acute rejection, DCD, HCV status, CIT, BK and CMV viremia, PRA, existing or de novo DSA were
not. Based on these findings, current scoring systems may need refinement to address the
prognosis of mid-term GFR.
Keywords
Donor renal transplantation; glomerular filtration rate; kidney transplant; recipient survival;
risk prediction; risks score; donors and donation

1. Introduction
Glomerular filtration rate (GFR) is an excellent indicator of renal function; however, transplant
outcomes have historically been based on patient and graft survival. Kidney donor profile index
(KDPI) derived by calculating Kidney Donor Risk Index (KDRI) has been widely accepted and is
validated to predict kidney graft performance in adult recipients; however, graft failure and patient
survival underestimate the progression to chronic kidney disease, end stage renal disease and midterm GFR [1]. Furthermore, there are limited data describing mid-term predictors of GFR after
deceased donor renal transplantation. We investigated a) whether KDPI predicts mid- term GFR and
b) whether other independent donor and recipient factors are predictive of mid-term GFR.
2. Materials and Methods
Adult deceased donor renal transplants performed at our institution between 2009-2015 were
reviewed. We reviewed donor characteristics including: KDPI categorized as low (<20%) medium
(20-80%) or high (>80%), donor age, graft type: extended criteria (ECD), cardiac death (DCD),
standard criteria (SCD), CDC increased risk, HCV status and cold ischemic time (CIT). CDC increased
risk is defined by the CDC Public Health Service as donors with risk factors for HIV, HBV, or HCV [2].
ECD graft is defined as one “who, at the time of death, is aged ≥60 or aged 50 to 59 yr and has any
two the following three criteria: (1) Cause of death is cerebrovascular accident; (2) preexisting
history of systemic hypertension; and (3) terminal serum creatinine >1.5 mg/dl” [3].
Recipient factors included: age at transplant, induction agent, BK and CMV status, acute and
chronic rejection, cPRA, preoperative DSA and de novo DSA status. DSA was measured by One
Lambda Luminex results. PRA was categorized as low immunogenic risk (0-20%), moderately
sensitized (21-80%), and highly sensitized (81-100%). All biopsies were based upon classification
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scores of the renal pathologists that used Banff criteria to diagnose acute and chronic rejection.
According to the Banff Criteria, acute rejection was defined by tubulitis, interstitial inflammation,
glomerulitis, peritubular capillaritis, and arteritis. Also in accordance with the Banff criteria, chronic
rejection was defined by tubular atrophy, interstitial fibrosis, transplant glomerulopathy,
multilayering of peritubular capillary (PTC) basement membranes, and transplant arteriopathy [4].
All biopsies were performed “for cause” as we currently do not perform protocol biopsies. Induction
agent was chosen based on the sensitization status of the recipient. Non-sensitized patients with
no pretransplant DSA were given basiliximab, whereas higher immunologic risk patients (PRA > 20
and presence of DSA) received anti-thymocyte globulin (ATG). Maintenance immunosuppression
protocol included prednisone, mycophenolate mofetil and tacrolimus (standard triple
immunosuppression therapy). Primary outcome was 3-year GFR calculated by MDRD equation.
MDRD calculation is the default equation in the electronic medical record system of the institution
therefore it was used as the primary method of GFR. Delayed graft function (DGF) data was not
tracked given that we expected DGF in many of these kidneys as many were imported with long
cold ischemic time and/or elevated terminal serum creatinine. BK and CMV viremia were performed
“for cause” as we currently do not perform protocol viral tests. Demographic and clinical
characteristics of donors and recipients are presented as means and standard deviations for
continuous variables and as frequencies and percentages for categorical variables. Linear regression
was used to assess the change in 3-year GFR from baseline for the variables listed in Table 1. Threeyear GFR was the dependent variable in these analysis of covariance models which included baseline
GFR as a covariate. A multivariable regression model also used to jointly assess the relationship
between factors found to be associated with the change in 3-year GFR in the univariate models. All
statistical tests were conducted at two-sided 0.05 level. The analyses were conducted using the
Statical Analysis Software System (SAS) version 9.4 (Cary, NC).
All study protocols were approved by the Montefiore Medical Center Institutional Review Board
#2017-7715.
3. Results
3.1 Patient Demographics
We reviewed 828 patients. Donor and recipient characteristics are summarized in Table 1. Mean
recipient age was 55.9 ±13.8 (range 21-85). Mean GFR at 1, 2, and 3 years was 49±14, 48±15, and
47±15. Mean donor KDPI was 60 ±27.2. We categorized KDPI as low (<20%) (n=67, 8%), medium
(20-80%) (n=569, 69%) and high (>80%) (n=192, 23%). Graft loss at 3 years of follow-up was 6 (9%),
41 (7%) and 41 (21%) in low, medium and high KDPI groups, respectively (p=0.55). There were 4
(6%), 35 (6%), 28 (15%) deaths in low, medium and high KDPI categories at 3 years, respectively
(p=0.04). Death censored graft loss was 3%, 1% and 8% in low, medium and high KDPI groups,
respectively (p=0.57). Higher KDPI was significantly associated with lower 3-year GFRs both as a
categorical and continuous variable (p<0.05).
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Table 1 Donor and recipient characteristics. PRA: Panel reactive antibody, ATG: antithymocyte globulin, DSA: donor specific antibody, GFR: glomerular filtration rate, KDPI:
kidney donor profile index, ECD: extended criteria donor, DCD: donation after cardiac
death, HCV: hepatitis C virus.
Recipient characteristics
Age (years)
Male

N (%)
55.86 ± 13.8
488 (59%)

Ethnicity
Caucasian

176 (21%)

African –American

279 (34%)

Hispanic

223 (27%)

Asian

17 (2%)

Other

37 (4%)

Declined to Report

96 (12%)

cPRA
low risk (0-20%)

417 (50%)

moderately sensitized (21-80%)

212 (26%)

highly sensitized (81-100%)

199 (24%)

Induction
ATG

478 (58%)

Basiliximab

346 (42%)

de novo DSA

111 (13%)

Preoperative DSA

105 (13%)

Acute rejection

68 (8%)

Chronic rejection

37 (4%)

Mean GFR at 1 year (mL/min)

49 ± 14

Mean GFR at 2 years (mL/min)

48 ± 15

Mean GFR at 3 years (mL/min)

47 ± 15

Donor characteristics
Age (cutoff 70 years old)

N (%)
43 ± 15
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Mean KDPI

60 ±27.2

low (<20%)

67 (8%)

medium (20-80%)

569 (69%)

high (>80%)

192 (23%)

ECD

179 (22%)

DCD

84 (10%)

HCV positive

45 (5%)

Mean cold ischemic time

1277.9 ± 878 min

3.2 Associations Between GFR and the Variables
We had 179 ECD (22%), 84 DCD (10%), 45 HCV positive (5%), 143 CDC high-risk (17%) donors.
Mean donor age was 43±15. Average recipient age for ECD graft was significantly higher than nonECD recipients (60 vs. 37 years, p<0.0001). ECD grafts had mean GFR of 41.0 ±16.9 versus non-ECD
grafts of 49.0 ±14.36 (p<0.0001). ECD grafts were also associated with higher mortality at 3 years
(14.0% vs. 6.8%, p=0.002) and with graft failure (18.4% vs. 8.6%, p=0.0002). DCD grafts had similar
GFR at 3 years compared to non-DCD grafts (46.0 ±15.8 vs. DCD 47.0 ±15.2 (p=0.57).
The mean donor age of HCV positive organs was similar to that of HCV negative organs (44.7 vs.
43.8 years, p=0.79). HCV-positive and -negative organ recipient age was also similar (59.0 ±6.3 vs.
53.3 ±13.5, p=0.05). When adjusted for donor and recipient age, HCV status was not associated
with 3-year GFR (p=0.17). ECD rate in HCV positive organs was not significantly associated to the
ECD rate in HCV negative organs (18.2% versus 24.7%, p=0.47).
Mean CIT was 1277.9 ±878.2 min. We grouped CIT as short (<24hrs) and long (> 24hrs). 40% had
short CIT, whereas 60% had long CIT. CIT was not associated with 3-year GFR in univariate analysis
(p=0.7).
BK and CMV viremia rates were 8.0% and 16.3% respectively. Mean preoperative cPRA was
classified as 0-20% (low risk) (n=417, 50%), 21-80% (moderately sensitized) (n=212, 26%), and 81100% (highly sensitized), (n=199, 24%). 13% of the patients had pretransplant DSA class I or class II.
13% developed de novo DSA class I or class II after the transplantation. None of these variables were
associated with 3-year GFR (p>0.05).
Acute rejection occurred in 68 (8%) patients and they had no difference in GFR at 3 years
compared to patients without acute rejection (41 ±20.3 vs. 43 ±15.3, p = 0.32). However, chronic
rejection was associated with lower GFR at 3 years (34.0 ±18.7 vs. 44.0 ±15.6, p=0.0002).
Multivariable regression analysis is summarized in Table 2. Because donor age is a part of ECD
determination, we did not include ECD status in our final model. In our multivariable regression
analysis, donor age, and chronic rejection were associated with GFR at 3 years.
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Table 2 Multivariable regression analysis. HCV = hepatitis C virus, DCD = donation after
cardiac death.
Variable

Parameter Estimate

Standard Error

t-value

Pr > ltl

Intercept

84.54

2.98

27.42

< 0.05

Donor Age

-0.58

0.05

-8.78

< 0.05

Acute Rejection

-17.15

4.50

-3.78

p = 0.55

Chronic Rejection

-20.75

5.21

-5.23

< 0.05

Donor HCV

1.24

5.61

0.30

0.91

DCD

-3.41

2.93

-0.79

0.48

KDPI

-12.31

3.50

-2.68

< 0.05

4. Discussion
GFR is an excellent indicator of renal function. Determining predictors of GFR, has the potential
to predict graft and patient survival. Prior studies assessed mainly donor variables to predict midterm GFR. These variables often included: donor age, donor creatinine, donor cause of death, donor
diabetes, and donor ethnicity [5-7]. The literature does not have a sufficient, reliable marker for
predicting mid-term GFR function. We therefore attempted to analyze predictors of mid-term GFR
and chose 3-year GFR as a primary endpoint (as it is widely accepted that 1-year GFR is a good
marker for graft survival). However, both patients and transplant providers would agree that longer
term graft survival should be the ultimate goal.
We analyzed a variety of predictors of mid-term GFR. The first predictor of mid-term GFR we
looked at was the kidney donor profile index (KDPI). KDPI is derived by calculating Kidney Donor
Risk Index (KDRI) and has been widely accepted to predict kidney graft performance in adult
recipients. Rao et al. developed the kidney donor risk index (KDRI), leading to the widespread use
of the KDPI as a marker of mid-term graft function. However, graft failure and patient survival
underestimate the progression to chronic kidney disease, end stage renal disease and mid- term
GFR [1].
In our study, we did find that higher KDPI was associated with lower patient survival and GFR at
3 years. In multivariable regression analysis KDPI remained significant. We also found that acute
rejection, HCV status or DCD graft was not associated with 3-year GFR in contrast to the KDPI scoring
system.
Surprisingly, we found that that DCD status was not associated with 3-year GFR even when
adjusted for donor age may not necessarily merit an increased risk, as it does in the current scoring
models.
In our results, when adjusted for donor and recipient age, HCV status was not associated with a
decrease in 3-year GFR. We started using HCV NAT positive organs for naive recipients in 2018, after
the initial reports regarding the use of HCV positive donors and reported suitable outcomes [8-11].
Of note, our results reflect the era before we started accepting HCV antibody and nucleic acid test
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(NAT) positive organs for HCV negative recipients. In this study, HCV positive organs were used for
only HCV positive recipients.
There are current studies that have attempted to correlate mid-term GFR with donor and
recipient variables. For example, Elbadri et al. reported improved GFR at 5 years with younger donor
age, the absence of CMV infection and the absence of rejection [12]. These findings support our
results. However, their overall donor age was much younger than our cohort (mean 36, range 2147) and, they did not include HCV positive donors in their review [13].
In our results, ECD grafts were associated with lower GFR and higher mortality at 3-years. Arnau
et al. looked at 1-year GFR for ECD kidneys and marginal grafts defined by the Donor Risk Score
(DRS) system reported by Schold et al. They did report worse GFR at 1 year for ECD donors
(39.4±14.1 vs 53.8±19.1, p<0.001) [14]. We found strong associations between donor age and ECD
status at 3-year GFR. Since donor age is a component of ECD determination, we did not include ECD
status in our final multivariable model. In addition to GFR, ECD status was associated with 3-year
mortality rate. This could be partly explained by increased age of ECD recipients compared to nonECD recipients. Our findings are concurrent with most institutions ’practice to utilize ECD grafts for
elder transplant candidates to expand the available donor pool, which could explain the higher
mortality rate in this group.
We also found that the presence of chronic rejection was an independent predictor of lower GFR
at 3-years. Schinstock et al. demonstrated an incidence of de novo DSA of 7.0% and they concluded
it was a risk factor for reduced graft survival and could predict antibody mediated rejection at 1year. They also found that GFR was affected by de novo DSA. Both class 1 and 2 DSA had a higher
rate of decreasing GFR [15]. This is different from our results; 13% of our patients had pretransplant
DSA and 13% developed de novo DSA, but neither was associated with 3-year GFR.
Our study has several major limitations. First, our study is a retrospective study with resultant
selection bias due to transplant policy at the time and missing data. Secondly, we used the MDRD
equation which is known to be less accurate than the CKD-EPI formula, mainly it is the default GFR
calculation in our electronic medical record system. In addition, our patient population is skewed
due to the large percentage of minority groups compared to other centers.
5. Conclusions
In conclusion, higher KDPI is predictive of lower GFR at 3-years as well as patient mortality. Donor
age, and chronic rejection are independent predictors of 3-year GFR. Acute rejection, HCV status or
DCD status are not associated with 3-year GFR even when adjusted for donor and recipient age. We
believe the scoring systems should be refined and we recommend prospective studies to better
determine the role of KDPI in predicting kidney function at mid-term.
Abbreviations
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ECD Extended criteria donor
GFR Glomerular filtration rate
HVC Hepatitis V virus
KDPI Kidney donor risk profile
KDRI Kidney donor risk Index
PRA Panel reactive antibody
SCD Standard criteria donor
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