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SUMMARY

Despite the demonstrated survival advantage in end-stage kidney disease
(ESKD) patients of a preemptive living donor kidney transplantation
(LDKT), there has been a decline in LDKT among African American and
Hispanic populations. We performed a scoping review and summarized the
evidence about the use of technology-based interventions (TBI) to not only
increase knowledge and awareness of LDKT but also link living donors with
transplant candidates. We evaluated 31 studies and characterized them into
“transplant-candidate facing” TBI, “transplant donor facing” TBI, and “in-
teractive websites” targeting both donors and candidates. For the patient-
facing interventions, 60% of studies suggested an increased likelihood of
linking possible donors and candidates. The donor-facing interventions
showed an increase in donor awareness and 75% of these interventions sug-
gested increasing donor-candidate linkage. This study also demonstrates that
TBI (regardless of medium) that are accessible and customized to the specific
target population can potentially increase linkage of donors to recipients and
serve as effective guides to connect potential donors to transplant candidates.
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Introduction

in African American and Hispanic individuals since
2004, despite the efforts made in 2014 by the United

Both living donor kidney transplant (LDKT) and
deceased donor kidney transplant (DDKT) improve
quality and duration of life among patients with end-
stage kidney disease (ESKD) [1]. This survival advan-
tage is even more pronounced in those patients who
receive a preemptive LDKT [2]. Any exposure to dialy-
sis prior to kidney transplant contributes to worsened
morbidity and mortality [2—4].

Living kidney donation remains underutilized in the
United States, especially among racial/ethnic minorities
[5]. There has been a decline in the number of LDKTs

© 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd
doi:10.1111/tri. 14136

Network for Organ Sharing (UNOS) to improve access
[6,7]. Reasons for these disparities include delays in
nephrology care experienced by African American and
Hispanic patients with chronic kidney disease (CKD),
lack of knowledge about how to solicit a suitable kidney
donor, and difficulty finding potential donors in social
networks (because of a high burden of hypertension,
diabetes, and familial clustering of kidney diseases)
[8,9]. Additional personal challenges experienced by
patients with ESKD include feeling overwhelmed by ill-
ness, guilt about the burden imposed on caregivers,
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competing psycho-social needs, and uncertainty about
the future health of potential donors [10,11]. Boulware
et al., identified difficulty initiating conversations, fear
of being misinterpreted, and fear of inducing guilt on
loved ones as important barriers to solicitation of living
donors [11]. The most modifiable barriers to LDKT
among minority groups are the lack of knowledge
about, or comfort with, the process of getting to LDKT
[12]. This raises concern about the effectiveness of cur-
rent delivery methods of transplant education and assis-
tance by transplant providers for racial/ethnic
minorities. Importantly, studies show that attainment of
greater knowledge about this process increases trans-
plantation rates [13]. For example, a randomized con-
trol trial (RCT) found that the “TALK” intervention
(which included video, booklet plus social worker dis-
cussions) led to increased probability of achieving
LDKT among candidates who received it [14].

Technology-based interventions (TBI), defined here
as interactive websites and mobile applications, hold
great potential to overcome knowledge barriers and dis-
parities in access to LDKT in individuals with kidney
disease. Prior studies have established high rates of TBI
engagement and smart-phone ownership among racial/
ethnic minority patients [15,16]. To what extent TBI
are able to increase the linkage of donors and recipients
has not been studied. A review of TBI in increasing
LDKT is needed to identify current gaps in strategies
for improving LDKT in racial/ethnic minorities.

Scoping reviews are qualitative studies that serve to
cover emerging evidence in a specific topic and describe
a diverse body of literature. Scoping reviews outline the
current literature with a focus on areas or interventions
that are not very well described and can serve as a pre-
cursor to a systematic review or meta-analysis [17,18].
We decided to use a scoping review format because of
the dearth of robust evaluations in this specific topic
and the heterogeneous designs/metrics used in those
studies that have evaluated the topic. To inform future
health interventions using TBI designed to overcome
barriers to LDKT experienced by racial/ethnic minori-
ties, this scoping review of the literature will examine
uptake and efficacy of past TBI interventions on LDKT
knowledge and awareness. We are specifically interested
in any increased linkage of transplant candidates with
potential kidney donors driven by TBI.

Methods

This review was performed using the guidelines of
Meta-analysis of Observational Studies in Epidemiology
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and reported using PRISMA guidelines (Supplementary
Materials, PRISMA Checklist) [19]. A review of the lit-
erature was conducted of all articles and
related to TBI designed to improve access to LDKT
and possibly link potential living donors with renal
transplant candidates. Because of the heterogeneity of
the study designs and reported data in available arti-
cles, a formal meta-analysis was not possible and the
authors decided upon a scoping review. The search
was conducted on April 14, 2020, within the following
databases: Ovid MEDLINE (Ovid MEDLINE(R) and
Epub Ahead of Print, In-Process & Other Non-
Indexed Citations, Daily and Versions(R) 1946 to April
13, 2020); Ovid EMBASE (Embase ClassictEmbase
1947 to 2020 April 13); Cochrane Central Register of
Controlled Trials (CENTRAL); Web of Science Core
Collection (1900-present); and Scopus. The full search
strategy for OVID Medline is included in
Appendix SI.

During screening (as opposed to the search phase)
we limited to abstracts and articles to the time-period
between January 1, 2005, to April 14, 2020, and to the
English language. Articles and abstracts not about live
kidney donation or not about the use of TBI to
improve LDKT access were excluded. We also excluded
review articles, telephone-delivered and in-person only
interventions, and non-English manuscripts. Meeting
abstracts were included to give a comprehensive over-
view of data and because of the limited number of
manuscripts. The titles, abstracts, and articles were
reviewed by two authors (PD and LG). Discrepancies
regarding exclusion decisions were discussed openly
between the two authors (PD and LG) to reach consen-
sus. A third author was designated as an arbitrator in
case consensus was not reached (S]).

abstracts

Data extraction

Data were extracted by two reviewers (PD, LG). We
extracted the year of the study, country of origin, target
population, type of technology used, study design, data
analytic  techniques, outcomes, conclusions, and
whether or not the TBI linked a potential donor with a
transplant candidate (primary outcome for this review).
We divided all extracted papers and abstracts into three
categories based on design: 1. “transplant candidate-
facing interventions,” 2. “transplant donor-facing inter-
ventions,” and 3. “interactive websites” which were
geared to enhance LDKT knowledge and/or interest
exhibited by either potential donors or transplant can-
didates.
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Data synthesis

To best demonstrate the primary outcome, which is to
determine the ability of TBI to connect potential trans-
plant candidates and donors, we identified studies that
described TBI in either increased linkage or potential
linkage between donors and transplant candidates. We
also extracted information about the ability of TBI to
increase awareness of LDKT and aid in clinical
decision-making as secondary outcomes.

Assessment of quality and bias

An assessment of the quality of the paper or abstract
was independently conducted by LG and PD on all ran-
domized control trials (RCTs), non-randomized trials,
and prospective cohort studies using the Newcastle-
Ottawa bias tool [20]. Discrepancies were discussed
openly between the two authors (PD and LG) to reach
consensus. (Appendix S2).

Statistical analyses

The proportion of the types of TBI within each category
(transplant candidate-facing, donor-facing, and web-
based) was examined and reported.

Results

A total of 1355 references were identified. After exclud-
ing titles that did not fit inclusion criteria, full-text
review was conducted on 151 references by the two
authors. Thirty eligible full manuscripts and abstracts
were identified. One manuscript was included in both
transplant candidate-facing and donor-facing categories;
therefore, we reported on 31 studies and 30 publica-
tions. Of the 30 publications, 16 were full manuscripts
and 14 were meeting abstracts (Fig. 1).

Transplant candidate-facing interventions

Ten papers and abstracts evaluated transplant
candidate-facing interventions. Fifty percent of the digi-
tal technologies consisted of mobile health or iPad
applications, 30% were web-based applications and 20%
were computer-based decision aids. (Table 1) [21-30].
All interventions enhanced knowledge and awareness of
LDKT. Axelrod et al., found 86% of patients had an
improvement in knowledge [21].

Sixty percent of these studies suggested an increase in
the likelihood of linking potential donors with
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transplant candidates. (Table 1) [21,23,26-29]. For
instance, after using the LOVED application, 100% of
patients approached a donor and 36% of patients found
a donor who underwent the screening process [29]. In
Cameron et al., 26.9% of patients identified a donor
after using a smartphone application [23]. Kumar et al.,
found that patients using the “Donor” app were over 6
times more likely to have a donor come forward on
their behalf [26]. Waterman et al., found that the
patients using the Your Path to Transplant (YPT)
computer-tailed likely to
approach a donor. [23,26-28].

Transplant candidate-facing shared decision-making
tools also improved access to transplant (both LDKT
and DDKT) (Table 1) [27,28]. Lee et al., showed an
increase in the number of preemptive transplants after
using the web-based shared decision-making tool [27].
Patzer et al, showed a trend toward improved access
(i.e., having at least one donor or having received an
LDKT or DDKT) in the iChoose Kidney group, an
intervention designed to increase awareness of the bene-
fits of kidney transplant as compared with the control
group [28]. They reported a trend for improved access
to transplant (placed on national waiting list, received
at least one living donor inquiry or having received an
LDKT or DDKT) in the iChoose Kidney group (74.3%)
vs. control (71.4%) but was not statistically significant.

Three of the ten studies were RCTs [25,28,30]. In
Waterman et al., the group of transplant candidates
exposed to YPT were more likely to approach potential
donors than those in usual care (69.5% vs. 48.3%,
P < 0.002). Patzer et al., as described above, showed a
trend toward improving LDKT and DDKT access [28].
Gordon et al conducted an RCT with pre/post knowl-
edge surveys and found that website exposure was asso-
ciated with a 21.7% same day increase in knowledge. At
3 weeks, the Informaté group had a 22.6% increase in
knowledge compared with the control group (routine
transplant education) [25].

While TBI-based education is effective in improving
access, its uptake, and acceptability are also critical to
ensuring success. Axelrod et al., Sieverdes et al., and
Gordon et al. showed that TBI are feasible and accepted
by potential transplant candidates [21,25,29]. Axelrod
et al., found that 86% of patients felt that the “My
Transplant Coach” app improved their knowledge, and
67—85% of patients felt that the intervention was cultur-
ally appropriate [21]. Sieverdes et al., showed that the
attrition rate was 0% and 90.9% of patients were adher-
ent to the videos, suggesting a high acceptability rate
[29]. Gordon et al,, reported that 80% of

assessment were more

over
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Figure 1 Prisma flow diagram.

participants would recommend Informaté, understood
the website and felt it was made for Hispanic patients
[25].

The importance of approaching LDKT in a cultur-
ally sensitive manner to target African American and
Hispanic patients was stressed by a number of the
studies. [24,25,29]. An example of such an interven-
tion is the program developed by Gordon et al.
(Informate), which was a multi-staged program
designed to increase awareness of LDKT in the His-
panic population [25]. Sierverdes et al., also found
that the LOVED program, which was culturally tar-
geted toward African Americans, promoted LDKT by
enabling patients to approach potential donors about
transplant [29].

2784

study aims

6 study population not relevant
to study aims (i.e. healthcare
providers only, post-transplant
patients only, post-donation
patients only)

4 described website
development (no LDKT
outcomes)

2 duplicated

2 papers not available
(n=121)

A formal assessment of bias was difficult across all
studies because of paucity of reported process outcomes
necessary to make a fair assessment. There was an
increased risk of bias among observational trials and the
abstracts evaluated. Not surprisingly, this risk was low-
est in the three RCTs [25,28]. However, while few and
heterogeneous in design, candidate-facing TBIs were
feasible, acceptable to patients, and in some cases effec-
tive increasing linkage of potential donors and candi-
dates. (Appendix S2).

Transplant donor- facing interventions

Of the 16 donor-facing TBI interventions, 10 were social
media-based (62.5%) and 6 (37.5%) were web-based

Transplant International 2021; 34: 2781-2793
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Table 1. Transplant candidate facing TBI.
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Table 1. Continued.

The bold text highlights the percentage of transplant candidates who were connected with potential donors.

“Published as a manuscript.
babstract.

(web-based portal, interactive website) tools to increase
engagement in LDKT, including donor evaluation/
screening. (Table 2) [26,31-45]. Twelve TBI strategies
(out of 16) showed an increase in the likelihood of link-
ing potential donors with transplant candidates [26,32—
38,41-43,45]. Although the effect was still lower when
compared to donors with a personal relationship with
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the patient, TBI shows promise in linking donors and
candidates [41,46]. Dubray et al., found that 53.5% of
donors were petitioned by social media. Dreher and
Moore found 23.5% of donors were made aware by
Facebook. Facebook was the most utilized social media
site [26,32,33,35,37]. However, not all social media ini-
tiatives led to successful LDKT. For example, one study

Transplant International 2021; 34: 2781-2793
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Table 2. Donor-facing TBI.
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Table 2. Continued.
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Table 2. Continued.

The bold text highlights the percentage of transplant candidates who were connected with potential donors.
@Published as a manuscript.
babstract.

by Braun et al., found that social media, although effec-
tive in generating interest, failed to attract donors who
successfully donated [31].

TBI interventions were also helpful for screening
donors. For instance, Zuidema et al., found that 90% of
donors identified through Facebook do not pass screen-
ing, whereas 75% of potential donors solicited by their
interactive website underwent screening (either at the
study center or at an outside center) [45]. Another
screening portal developed by Moore et al. showed a
90% increase in self referrals after implementation of a
website-based screening portal [38].

Like the candidate-facing interventions, the quality of
the studies presented was disparate, and the risk of bias
was difficult to ascertain. The study least affected by
bias risk was by Moore et al., which showed that TBI is
well suited to expedite screening of donor candidates
but did not demonstrate increase in the linkage of
donors with transplant candidates [38] (Appendix S2).

Interactive websites

All website-based interventions simultaneously targeted
both potential transplant candidates and donors [47—
51]. Only, one intervention may possibly increase the
likelihood of linking donors with transplant candidates
but no formal evaluation of this endpoint was

Transplant International 2021; 34: 2781-2793
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conducted [48]. The “KidneyTIME” interactive website
allowed patients to share animated videos via social
media, text, or email (i.e., a transplant candidate can
share information with his/her potential donor) [48].
Gordon et al. described the use of a social media cam-
paign that increased public traffic to the “Informate”
website [47]. Moody et al., Rodrigue et al., and
Valizadeh-Haghi and Ramitzadeh evaluated the quality
and accessibility of websites on living donation and
transplant; they found that inaccurate and invalidated
information was prevalent on the internet, and this may
impact patients’ and donors’ decisions about pursuing
LDKT (Table 3) [49-51].

Although effectiveness in improved engagement was
demonstrated by interactive websites, most of the stud-
ies evaluated did not meet minimal criteria needed to
assess for bias, and a formal bias assessment was not
done. Furthermore, caution should be exercised when
using some interactive websites that present inaccurate
information. (Appendix S2).

Discussion

This review of available TBI tools describes strategies
that aim to increase living donation for kidney trans-
plantation, a crucial and life-saving endeavor in many
individuals living with kidney disease. If a TBI strategy
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Table 3. Web-based TBI.

*Published as a manuscript.
Study design did not involve human subjects.

is identified that can successfully increase linkage
between living donors and candidates regardless of their
access to specialty services, it can be scaled on a
national level to help lessen disparities in access to
LDKT experienced by racial and ethnic minorities in
the US. Our review demonstrates that TBI-based educa-
tion leads to increased awareness of LDKT, especially
among racial/ethnic minorities [21,25,28]. Our analysis
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takes this finding one step further by asking if TBI tools
can link potential donors and recipients and ultimately
to increase LDKT rates. We found that both transplant
candidate-facing and donor-facing TBI hold potential to
increase LDKT. Although this sets the foundation for
future successful strategies, our study did not demon-
strate superiority of one TBI over another for linking
potential donors and transplant candidates.

Transplant International 2021; 34: 2781-2793
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The decreasing rates of LDKT in African American
patients is a concerning trend and can be attributed to
lack of self-efficacy and knowledge about strategies to
engage potential donors, misunderstanding of living
donor selection criteria, mistrust of the medical system,
high prevalence of comorbid conditions in their social
network pool, and financial disincentives for donation
[8-12]. In the Hispanic population, lack of awareness
and fear contribute to lower LDKT rates but studies
show that Hispanic patients are also reluctant to ask for
a living donation because this request may place undue
pressure on a loved one who may feel obligated to help
[52]. The most modifiable barrier to kidney donation
among racial/ethnic minorities is lack of necessary skills
to request kidney donation from family and friends
[12].

Of the 30 studies, we evaluated only three were RCTs (all
transplant-candidate facing) [25,28]. Waterman et al.,
developed the YPT program to coach and educate trans-
plant candidates, and found that this strategy increases
“readiness” for LDKT as compared with usual techniques
used by transplant centers for this purpose [30]. The
iChoose Kidney decision tool showed a trend toward
improved access to LDKT but this was not statistically sig-
nificant [28]. Gordon et al. showed that group exposed to
Informaté had higher same day and sustained (3 weeks)
knowledge scores as compared with the usual care group.
Other less rigorously designed studies showed success in
achieving process outcomes such as increasing interest or
willingness to move forward among donors and candidates.

The Informaté website and the LOVED application
specifically focused on promoting LDKT in Hispanic
and African American patients, respectively. Although
the Informaté website did not study its impact on trans-
plantation outcomes and linkage between potential
donors and recipients, it holds potential as a strategy to
increase engagement of Hispanic patients in the process
of LDKT. The LOVED application demonstrated high
acceptability and increased awareness in African Ameri-
can patients and enhanced their ability to approach
potentials donors about transplant.

The use of TBI to improve LDKT among transplant
candidates is feasible. Most patients with ESKD own
smartphones and use TBI to gain knowledge about their
disease. Hussein et al., evaluated utilization of smart-
phones in 949 dialysis patients and found that 81% of
patients owned smartphones or internet capable devices,
and 70% had a high proficiency in using their mobile
devices [16]. However, proficiency was lower in patients
who were Hispanic/Latinx and those who had less than a
college education [16]. Similarly, Lockwood et al.,

Transplant International 2021; 34: 2781-2793
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demonstrated a high usage of smartphone technology in
pre-transplant and post-transplant African American
patients [15]. The way in which African American and
Hispanic CKD/ESKD patients use smartphone technol-
ogy also needs to be studied to better understand the
types of TBI (texting, social media posts, or website por-
tals) that would best meet the needs of these populations.

Successful TBI to increase knowledge of, and interest in,
living donation have several features in common; they
include easy accessibility, ability to enhance education, and
are culturally sensitivity with options for non-English
speaking populations [53]. In our study social media plat-
forms played a larger role in donor-facing interventions as
compared with transplant candidate-facing interventions.
Web-based and mobile applications for transplant candi-
dates were more effective in enhancing knowledge and
starting the conversation with friends and family about liv-
ing donation. Web-based tools developed by a transplant
institution also facilitated the screening of donors and
helped to expedite the path to successful LDKT
[38,40,44,45].

Our study has several limitations. It is possible that our
review missed some relevant studies due to the broad
search strategy utilized (used broad categories to define
TBI). We also excluded non-English studies. Formal
meta-analysis was not possible because of the quality,
rigor, and heterogeneity of the studies limiting the infer-
ences drawn. Strategies being used in non-English speak-
ing countries may not have been reported in the English
literature. Most of our studies were published abstracts
and non-RCTs, which increased the risk of bias. We also
limited our included studies to those that used TBI as a
platform to increase LDKT knowledge, patient engage-
ment, and potential identification of a donor or recipient.

Although we did not find any single TBI strategy to
effectively increase rates of LDKT and link potential
donors and recipients, our results show that TBI can
encompass powerful and efficient tools to achieve these
goals. Future design of TBI should include ease of use,
easy accessibility, culturally sensitive websites or applica-
tions that present the option to include a personal nar-
rative from the prospective candidate. This review
showed that TBI were accepted, feasible, and hold great
potential for increasing LDKT rates across the trans-
plant candidate and donor populations.
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this scoping review.
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studies for the primary analysis using the Newcastle-
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