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Abstract

Background—Living donor kidney transplant (LDKT) can be impeded by multiple barriers. One 

possible barrier to LDKT is a large physical distance between the living donor's home residence 

and the procuring transplant center.

Methods—We performed a retrospective, single-center study of U.S. living kidney donors who 

were geographically distant (residing ≥150 miles) from our transplant center. Each distant donor 

was matched to four geographically nearby donors (<150 miles from our center) as controls.

Results—From 2007-2010, of 429 live kidney donors, 55 (12.8%) were geographically distant. 

Blacks comprised a higher proportion of geographically distant vs. nearby donors (34.6% vs. 

15.5%), while Hispanics and Asians comprised a lower proportion (P=0.001). Distant vs. nearby 

donors had similar median times from donor referral to actual donation (165 vs. 161 days, 

P=0.81). The geographically distant donors lived a median of 703 miles (25%-75% range 

244-1072) from our center and 21.2 miles (25%-75% range, 9.8-49.7) from the nearest kidney 

transplant center. The proportion of geographically distant donors who had their physician 
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evaluation (21.6%), psychosocial evaluation (21.6%), or CT angiogram (29.4%) performed close 

to home, rather than at our center, was low.

Conclusions—Many geographically distant donors live close to transplant centers other than the 

procuring transplant center, but few of these donors perform parts of their donor evaluation at 

these closer centers. Blacks comprise a large proportion of geographically distant donors. The 

evaluation of geographically distant donors, especially among minorities, warrants further study.
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Introduction

Living donor kidney transplant (LDKT) is considered the optimal treatment for end-stage 

renal disease (ESRD). Since peaking in 2004, however, the annual number of LDKTs in the 

United States has decreased [1]. This decrease has been attributed to numerous factors, 

including the growing prevalence of comorbidities in the general population that preclude 

living donation, use of stricter and different eligibility criteria for certain groups of donor 

candidates (e.g. Blacks), and financial disincentives to living donation due to donation's out-

of-pocket costs [2]. The Best Practices in Living Kidney Donation Consensus Conference in 

June 2014 recommended that to increase the number of LDKTs, the transplant community 

should aim to improve efficiencies in the donor evaluation process and reduce systemic 

barriers to LDKT [3].

One possible barrier to LDKT and living kidney donation is the physical distance between 

the living kidney donor's home residence and the transplant center where the donor 

nephrectomy will be performed. Prior studies of access to transplant have focused upon the 

distance of the ESRD patient, rather than the living donor, from the transplant center [4-6]. 

To our knowledge, prior studies have not examined the impact, if any, of distance between 

the living donor and the transplant center. Distance is a plausible barrier to LDKT, given that 

completion of the multi-step donor evaluation can require living donors to travel to a 

transplant center multiple times. Anecdotally, we have observed that living donors who 

reside a long distance from our center have had difficulty completing the donor evaluation. 

In addition, these geographically distant donors are seldom able to perform any of the 

needed evaluations at a transplant center closer to home.

In this retrospective study, we sought to determine (1) the proportion of living kidney donors 

at our center who are geographically distant from our center; (2) characteristics of 

geographically distant vs. geographically nearby living donors; and (3) the proportion of 

geographically distant donors who perform pre-donation testing and evaluations at a center 

closer to home.
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Materials and Methods

Study design and setting

We performed a single-center, retrospective study of living kidney donors who donated at 

Saint Barnabas Medical Center (SBMC), a kidney and pancreas transplant center located in 

suburban Livingston, New Jersey, in the northeastern U.S. We included persons who donated 

from 2007-2010, during which SBMC performed 429 LDKTs. We excluded persons who 

donated after December 2010, because at that time we started a clinical trial of an 

educational intervention designed to increase knowledge of LDKT among potential 

transplant candidates [7].

The study protocol was approved by the human subjects Institutional Review Boards at 

SBMC and New York University School of Medicine. The clinical and research activities 

being reported are consistent with the Principles of the Declaration of Istanbul as outlined in 

the Declaration of Istanbul on Organ Trafficking and Transplant Tourism.

Selection of geographically distant vs. nearby living donors

We classified living kidney donors as geographically distant if they lived within the U.S. 

(including its territories) but ≥150 miles from our transplant center. The 150-mile cutoff, 

which represents at least a 2.5 hour drive, was chosen a priori. This distance has been used 

in prior studies to categorize transplant candidates as living “too far” from a transplant 

center to be expected to return easily [8, 9].

For comparison, we matched each geographically distant donor to four “control” donors 

who were geographically nearby, which was defined as residing <150 miles from our 

transplant center. These controls were the two geographically nearby donors whose donor 

nephrectomies occurred immediately before and the two nearby donors whose 

nephrectomies occurred immediately after each geographically distant donor. We chose 

controls in this way to account for the influence of any subtle changes during the study 

period in how we perform the donor evaluation. We did not match controls to the 

geographically distant donors using variables (e.g. age, race sex) other than date of donation. 

Matching on other variables would have prevented estimation of any associations between 

these other matching variables and the outcome (geographically distant donation) [10].

We excluded donors who resided outside the U.S. We also excluded non-directed living 

donors, defined as donors without an intended recipient on the waiting list at SBMC when 

they initially volunteered. At our center, the evaluation of non-directed donors differs from 

the evaluation of directed donors and includes additional psychosocial evaluations.

We calculated the Euclidean distance between the centroid of each donor's ZIP code and the 

geocoded addresses of (1) SBMC, and (2) each approved transplant center that performs 

LDKTs (to determine the closest transplant center). We used the centroid of the donor's ZIP 

code due to privacy concerns that precluded sharing the donors’ actual addresses with our 

collaborator (D.C.L.). ZIP code centroids were obtained from a shapefile available from the 

Environmental Systems Research Institute [11]. We used data from Centers for Medicare & 

Medicaid Services to identify Medicare-approved kidney transplant programs and their 
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addresses [12] and data from the Scientific Registry of Transplant Recipients to identify 

transplant centers that performed LDKTs [13]. Distances between these centroids and the 

geocoded location of transplant centers were calculated in ArcGIS 10.2 (Environmental 

Systems Research Institute: Redlands, CA; 2013). The living donor's ZIP code was also 

linked to the median household income for the corresponding ZIP code tabulation area 

(ZCTA), according to 2007-2011 U.S. Census Bureau data.

Data collection and analysis

For each geographically distant and geographically nearby donor, we reviewed their 

electronic records and, if available, paper medical records. We have previously described our 

evaluation of living kidney donors [14, 15]. We determined the initial date of donor referral, 

defined as the date that our center received a completed donor referral form. For donors with 

complete records available, we also determined where (at SBMC vs. another center) the 

donors completed the nursing assessment and education; evaluation by a transplant 

physician; psychosocial evaluation; CT angiogram of the native kidneys; and evaluation by 

an independent living donor advocate.

Categorical variables were expressed as proportions, and their values between groups 

(geographically distant vs. nearby) were compared using chi-square testing or Fisher's exact 

test where appropriate. Continuous variables were expressed as means (if normally 

distributed) or as medians with 25%-75% interquartile ranges (if not normally distributed) 

and compared using t-tests or Wilcoxon rank-sum tests as appropriate. P-values are 2-sided, 

with statistical significance defined as P < 0.05. Analyses were performed using Stata SE 9 

statistical software (Stata Corp: College Station, Texas).

Results

Of 429 living donors during the study period, 55 (12.8%) were geographically distant. We 

were able to locate the paper records for 51 (92.7%) of these geographically distant donors 

and for 214 of 220 of the matched controls (97.3%, P=0.11).

Characteristics of geographically distant vs. geographically nearby donors

Table 1 describes the characteristics of the 55 geographically distant donors compared to the 

220 control, geographically nearby donors. Donors who were geographically distant, versus 

geographically nearby, were significantly more likely to be the sibling or child of the 

recipient. Blacks comprised a significantly higher percentage of geographically distant living 

donors compared to nearby donors (34.6% vs. 15.5%, P=0.001). Hispanics (5.5% vs. 22.7%) 

and Asians (1.8% vs. 8.6%), however, comprised a lower percentage of geographically 

distant (vs. nearby) donors (Table 1 and Figure). To ensure that these results were not on 

artifact of our sampling of controls (the nearby donors), we examined the race of all 374 

non-distant donors from whom we selected the 220 controls. The percentages of Blacks 

(14.7%), Hispanics (21.9%), and Asians (7.0%) among those 374 donors were nearly 

identical to their percentages among the 220 donors selected and verified as geographically 

nearby controls (15.5% for Blacks, 22.7% for Hispanics, and 8.6% for Asians).
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Living kidney donors who were geographically distant, vs. nearby, resided in ZCTAs with 

lower median household incomes (P=0.0002) (Table 1). Black donors resided in ZCTAs with 

lower median household incomes than non-Black donors ($47,999 vs. $74,838, P<0.0001). 

Among the Black living donors, there were no differences in median household incomes by 

ZCTA among geographically distant vs. nearby donors ($50,115 and $47,262 respectively, 

P=0.78). Among geographically distant donors, there were no statistically significant 

differences in median household incomes by ZCTA for Blacks vs. non-Blacks ($50,115 vs. 

$58,747; P=0.13).

Time from donor referral to actual donation was not different between geographically distant 

and nearby donors (median of 165 vs. 161 days, P=0.81). No geographically distant donors 

(0/55, 0%) participated in a paired exchange, compared to a small proportion of 

geographically nearby donors (10/220, 4.5%) (P=0.22).

Similar percentages of the geographically distant donors (49.1%) and nearby donors (50.0%) 

were the only potential living donors identified or recruited by their recipients (Table 1). The 

LDKT recipients recruited a median of one other potential living donor (25%-75% range 

0-1). There was no difference in the number of other donors recruited by the recipients 

whose actual living donors were nearby vs. distant (P=0.95).

The 55 geographically distant donors lived a median of 703 miles (25%-75% range 

244-1072) from SBMC. These geographically distant donors lived a median of 21.2 miles 

(25%-75% range, 9.8-49.7) from the nearest kidney transplant center.

Evaluation of geographically distant vs. geographically nearby donors

We further examined the subset of 51 geographically distant donors and 214 nearby donors 

whose full donor evaluation records were available, to compare the proportion of pre-

donation workup that was completed at our center vs. another transplant center (Table 2). 

The percentages of distant living donors who had their physician evaluation, psychosocial 

evaluation, or CT angiogram performed close to home, were 21.6%, 21.6%, and 29.4%, 

respectively. These percentages were higher than the percentages of geographically nearby 

donors who had their evaluations performed at a center other than SBMC. Only 2 of 51 

(3.9%) geographically distant donors received assistance from the National Living Donor 

Assistance Center.

Discussion

In this single center, retrospective study, we found that geographically distant donors 

comprised 12.8% of our living kidney donors. Geographically distant (vs. nearby) donors 

were more likely to be Black (34.6% vs. 15.5%) and less likely to be Hispanic or Asian 

(P=0.001). Most geographically distant donors lived close to another transplant center, but 

less than one-third of geographically distant donors had their physician evaluation, 

psychosocial evaluation, or CT angiogram performed at a transplant center close to where 

they lived. Despite having to travel to our center, geographically distant donors did not 

require more time than nearby donors to complete the donor evaluation and donation 

process.
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An unexpected finding in our study was that Blacks comprised a higher proportion of 

geographically distant (vs. nearby) donors. A possible explanation for the higher proportion 

of geographically distant donors who were Black is that Black transplant candidates may 

lack willing and medically suitable donor volunteers who live nearby. Prior studies have 

documented that potential living kidney donors who are Black are more likely to be 

medically unsuitable to donate and less likely to complete the evaluation process [14, 16]. 

Black transplant candidates, who may lack suitable and willing donors who live nearby, may 

need to rely upon geographically distant family and friends to donate. Given the persistently 

low rate of LDKT among Black transplant candidates [17], our findings should be confirmed 

in future studies. To reduce disparities in LDKT among Blacks, efforts to reduce the 

socioeconomic burden of live donation (e.g. use of the National Living Donor Assistance 

Center) may need to be supplemented by efforts to reduce the geographic barriers to live 

donation.

A minority of our living kidney donors performed portions of their pre-donation testing and 

evaluations at a geographically closer transplant center. This finding is consistent with our 

anecdotal experience. Transplant centers may be able to increase donor convenience by 

arranging for geographically distant living donors to perform their evaluations at a center 

closer to the donors’ home residences. Transplant centers would need to mutually agree to 

test and evaluate potential living donors who intend to donate at other, geographically distant 

centers. To help geographically distant donors, transplant centers can also try to minimize 

the amount of travel required by living donors during the evaluation process, while still 

maintaining the thoroughness of the donor evaluation.

Addressing geographical barriers to living donation could plausibly lead to increased LDKT. 

Given the decade-long national decline in the number of LDKTs, most would agree that 

kidney transplant centers should strive to minimize any impact of geography upon the 

likelihood of donation. Cooperation between transplant centers in the evaluation of 

geographically distant donors could plausibly expand the pool of living donors. Given the 

lower proportion of geographically distant donors who were Hispanic or Asian, such 

cooperation may especially facilitate donation among Hispanics and Asians as well as 

Blacks. In our study, however, the time to donation was similar between geographically 

nearby and geographically distant donors.

Our study should be interpreted in the context of several limitations. First, our study only 

examined persons who actually donated a kidney. Therefore, we could not determine if 

geographically distant potential donors are less likely to donate. Only a minority of potential 

living kidney donors actually donate, and the reasons for non-donation are numerous [14]. 

The proportion of potential living kidney donors who “drop out” of the donation process for 

non-medical reasons varies widely between centers [16, 18-21]. It is plausible that for 

donors who are geographically distant, versus nearby, the inconvenience and cost of 

travelling a long distance to perform the pre-donation evaluations and testing may lead to 

lower rates of actual donation and higher rates of donor “drop out”. Future studies should 

examine potential living donors, rather than actual living donors, to determine whether 

proximity to the transplant center impacts the likelihood of actual donation.
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Second, this is a single-center study at a large transplant center in the northeastern U.S. 

Residents of our state (New Jersey) are served by a large number of nearby transplant 

centers [6]. Therefore, our results may not necessarily be applicable to other transplant 

centers, especially those located in areas that are either less densely populated or served by 

fewer transplant centers. It is possible that geographically distant donors who donate at other 

transplant centers may have different characteristics than the geographically distant donors 

in our study. Future studies can determine whether differences (and similarities) in 

geographically distant vs. nearby donors are also present at other centers.

Third, we defined a geographically distant donor as being located at least 150 miles away. 

There may be a better cutoff distance by which to define geographically distant donors, or 

distance may be qualitatively different for different types of donors. Individuals who live 

closer than 150 miles may still face significant geographic burdens in becoming a donor and 

also benefit from completing their workup at a closer facility.

Fourth, geographical distance may be a poor proxy for the burden of travel. Some 

geographically nearby donors have great difficulty in traveling to their nearby transplant 

center. Conversely, some geographically distant donors have little difficulty in traveling 

more than 150 miles to a transplant center. Our study, however, was not designed to quantify 

perceptions of travel burdens or actual travel costs, and we lacked data on actual travel 

times. In addition, geographically nearby donors who face difficulty in traveling to a nearby 

center may lack another center. Geographically distant donors with travel difficulties, 

however, usually have option, at least in theory, of completing part of their donor evaluation 

at a transplant center closer to home.

Fifth, to determine distances between each living donor and transplant centers, we used the 

centroid of ZIP codes and Euclidean distances. Small differences in distance may have led to 

misclassification of geographically distant donors for those observations in which distance 

between a donor's ZIP code and SBMC was close to our cutoff of 150 miles. However, for 

calculation of large distances, the imprecision of ZIP code centroids is usually marginal. 

Furthermore, over long distances the difference between Euclidean distance and actual travel 

distance is usually not as substantial, especially because geographically distant donors may 

be more likely to travel by air rather than car.

In conclusion, geographically distant donors were more likely than nearby donors to be 

Black. Geographically distant donors, however, were less likely to be Hispanic or Asian. 

Only a small minority of geographically distant donors were able to perform their donor 

evaluations locally, close to home. Given the persistent racial disparities in LDKT, this 

surprising finding warrants further investigation, both at other centers and using national 

registry databases.
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Abbreviations

LDKT living donor kidney transplant

SBMC Saint Barnabas Medical Center

ZCTA ZIP code tabulation area
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Research highlights

Many living kidney donors are geographically distant from the transplant center

Blacks comprised a higher proportion of geographically distant vs. nearby donors

Days from referral to actual donation were similar for distant vs. nearby donors

Few distant donors had their physician evaluation performed close to home

The evaluation of geographically distant donors warrants further study
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Figure. 
Geographically nearby vs. distant donors, stratified by donor race.
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Table 1

Characteristics of geographically distant and geographically nearby living kidney donors

Geographically distant living 
donors

Geographically nearby living 
donors

P-value

N 55 220

Male 26 (47.3%) 87 (36.8%) 0.16

Median age (25%-75%) 45.9 (40.3-52.1) 42.3 (32.0-51.4) 0.04

Relationship of donor to recipient 0.001

    Sibling 27 (49.0%) 57 (25.9%)

    Spouse 0 49 (22.3%)

    Child 15 (27.3%) 43 (19.6%)

    Parent 1 (1.8%) 23 (10.5%)

    Other biological relative 4 (7.3%) 10 (4.6%)

    Other non-related 8 (14.6%) 38 (17.3%)

Race/ethnicity <0.001

    White 32 (58.2%) 117 (53.2%)

    Black 19 (34.5%) 34 (15.5%)

    Hispanic 3 (5.5%) 50 (22.7%)

    Asian 1 (1.8%) 19 (8.6%)

Married, N (%) 28 (50.9%) 128 (58.2%) 0.33

Highest education level 0.28

    High school graduate or less 15 (27.3%) 62 (28.2%)

    Some college 20 (36.4%) 66 (30.0%)

    College degree or above 11 (20.0%) 69 (31.4%)

    Unknown 9 (16.4%) 23 (10.5%)

Median income of zip code $56,479 $75,472 0.0002

Median body mass index (25%-75%) 27.5 (24.8-29.8) 26.6 (23.4-29.9) 0.17

Median days from referral to actual donation (25%-75%) 165 (96-299) 161 (101-286) 0.81

Participated in paired exchange (%) 0 10 (4.6%) 0.11

Number of other potential living donors identified and 
recruited by recipients

0.92

    0 27 (49.1%) 110 (50.0%)

    1 15 (27.3%) 56 (25.5%)

    2 7 (12.7%) 30 (13.6%)

    3 2 (3.6%) 11 (5.0%)

    4 3 (5.5%) 10 (4.6%)

    5 0 2 (0.9%)

    6 1 (1.8%) 1 (0.5%)
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Table 2

Location of initial evaluation of geographically distant and geographically nearby living kidney donors
*

Geographically distant living 
donors

Geographically nearby living donors P-value

N 51 214

Nursing education and assessment at other transplant 
center

0 (0%) of 49 1 of 210 (0.5%) 0.99

Nephrologist evaluation at other transplant center 11 (21.6%) 3 (1.4%) <0.001

Psychosocial evaluation at other transplant center 11 (21.6%) 0 (0%) of 213 <0.001

ILDA evaluation at other transplant center 4 (7.8%) 0 (0%) 0.001

CT angiogram at other transplant center 15 (29.4%) 6 (2.8%) of 212 <0.001

*
among 265 of 275 living donors in study whose charts were located
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