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BACKGROUND:

STUDY DESIGN:

RESULTS:

CONCLUSIONS:

The study purpose was to analyze outcomes in recipients of pediatric dual en bloc (PEB)
kidneys from small pediatric donors (SPDs, age < 3 years) and dual kidney transplants
(KTs) from adult marginal deceased donors (DDs) in the context of the Kidney Donor
Profile Index (KDPI).

This was a single center retrospective review. Recipient selection included primary transplant,
low BMI, low immunologic risk, and informed consent. All patients received antibody induc-
tion with FK/MPA/=+ prednisone.

From 2002 to 2015, we performed 34 PEB and 73 adult dual KTs. Mean donor ages were
17 months for the PEB and 59 years for the dual KTs; mean KDPIs were 73% for PEB and
83% for dual KT, and mean cold ischemia times were 21.0 hours for PEB and 26.5 hours for
dual KT. Adult dual KT recipients were older (mean age 38 years for PEB and 60 years for
dual KT) and had shorter waiting times (mean 25 months for PEB and 12 months for dual
KT). With a mean follow-up of 7.6 years, actual patient survival (88% for PEB and 62% for
dual KT) and graft survival (71% for PEB and 44% for dual KT) rates were higher in PEB
compared with dual KT. Death-censored kidney graft survival rates were 77% for PEB and
58% for dual KT. Delayed graft function (DGF) rates were 15% for PEB and 23% for dual
KT; incidences of DGF in single kidney transplantations from SPDs and adult nonmarginal
DDs were 20% and 329%, respectively. Based on actual 5-year graft survival rates, the adjusted
KDPIs for dual PEB and dual KTs were 3% and 60%, respectively.

Acceptable mid-term outcomes are associated with PEB and adult dual KTs, which may
expand the donor pool and prevent kidney discard. The KDPI is inaccurate for predicting
outcomes from either PEB from SPDs or dual KT from adult marginal DDs, which may
prevent acceptance of these organs. (J Am Coll Surg 2019;228:690—705. © 2019 by the
American College of Surgeons. Published by Elsevier Inc. All rights reserved.)

The need to expand the organ donor pool remains a
formidable challenge in kidney transplantation (KT).
One strategy to increase donor potential by reducing
organ wastage at the extremes of donor age is the trans-
plantation of 2 kidneys from the same donor into a single

Disclosure Information: Nothing to disclose.

Presented at the Southern Surgical Association 130th Annual Meeting,
Palm Beach, FL, December 2018.

Received December 11, 2018; Accepted December 11, 2018.

From the Departments of Surgery (Rogers, Farney, Orlando, Harriman,
Jay, Stratta), Internal Medicine (Reeves-Daniel), Pharmacy (Doares, Kacz-
morski), and Pathology (Gautreaux), Wake Forest School of Medicine,
‘Winston-Salem, NC.

Correspondence address: Robert ] Stratta, MD, Department of Surgery,
‘Wake Forest School of Medicine, One Medical Center Blvd, Winston-
Salem, NC 27157. email: rstratcta@wakehealth.edu

© 2019 by the American College of Surgeons. Published by Elsevier Inc.
All rights reserved.

recipient.'” For small pediatric donors (SPDs) age 3 or
younger, it is estimated that there are 800 unrealized
potential donors per year in the United States.”® The
notion of pediatric dual en bloc (PEB) KT dates back
to the pioneering studies of Carrel” in 1908, and the first
successful dual PEB KT performed in an adult recipient
was reported in 1972.% At present, dual PEB KT’ account
for only 2% of all deceased donor (DD) KTs in the US,
representing about 200 to 300 cases per year.” At the
other end of the age spectrum, either performing adult
dual KTs from expanded criteria donors (ECDs) or
marginal DDs represents another approach to improving
kidney use in situations in which kidney discard rates are
high because of concerns regarding overall quality, limited
functional capacity, and lower projected life span of these
singly transplanted organs.”>'*'® The practice of dual KT

https://doi.org/10.1016/j.jamcollsurg.2018.12.021
ISSN 1072-7515/19


mailto:rstratta@wakehealth.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jamcollsurg.2018.12.021&domain=pdf
https://doi.org/10.1016/j.jamcollsurg.2018.12.021

Vol. 228, No. 4, April 2019

Rogers et al Age and Dual Kidney Transplant 691

Abbreviations and Acronyms

AKI = acute kidney injury

DCD = donation after cardiocirculatory death
DD = deceased donor

DGF delayed graft function

ECD expanded criteria donor
GFR glomerular filtration rate
KAS = Kidney Allocation System
KDPI = Kidney Donor Profile Index

KT = kidney transplantation
PEB = pediatric en bloc

PNF = primary nonfunction
SCD = standard criteria donor

SPD = small pediatric donor
UNOS = United Network for Organ Sharing

from older adult DDs dates back to the mid-1990s, with
initial experiences reported by the Stanford and Maryland
groups.””"” In March 1997, the United Network for
Organ Sharing (UNOS) introduced policy specific to
“double kidney allocation.” At present, nearly 3% of adult
DDs in the US are eligible for double allocation, yet only
0.5% of DD KTs (about 60) are performed as dual KT's
annually.” For DD kidneys meeting double allocation
criteria, >50% are ultimately not transplanted. Deceased
donors with marginal renal functional capacity represent a
large proportion of potential kidneys doomed to either
discard or nonrecovery.”>?'¢

Because of comprehensive (and controversial) efforts
that spanned more than a decade, the new Kidney Alloca-
tion System (KAS) for DD kidneys was implemented in
December 2014 in the US.”>*' Some of the goals of the
new KAS were to improve utility and equity by matching
donor and recipient projected outcomes while reducing
differences in access for specific patient populations. Cen-
tral to the paradigm of the new KAS was the Kidney
Donor Profile Index (KDPI), which is a derivative of
the Kidney Donor Risk Index (KDRI).>*** The Kidney
Donor Risk Index is an estimate of graft longevity based
on a multivariable analysis of risk factors for graft loss af-
ter DD KT.”””* When the concept of the Kidney Donor
Risk Index model for DD kidneys was first developed, the
authors identified human leukocyte antigen match, cold
ischemia time, en bloc, and dual kidney coefficients as
significant factors in addition to the 10 variables that
were ultimately included in the KDPI score. However,
when the KDPI was implemented into DonorNet in
2012, it omitted these 4 variables without recalculating
the model because these variables may not be known at
the time of the match run. In other words, the KDPI
score is exclusive to single KT and is not meant to be

predictive of (or even used for) dual KT. Unfortunately,
use of the KDPI has become an important tool in both
donor assessment and decision-making regarding kidney
use. The purpose of this study was to analyze outcomes
in recipients of dual PEB kidneys from SPDs and dual
KTs from adult marginal DDs in the context of the
KDPI scoring system.

METHODS

Study design

We conducted a retrospective chart review of all primary
adule DD KTs performed at our center, from 2002 to
2015. During this study period, 1,259 primary DD
KTs were performed, including 733 from standard
criteria donors (SCDs), 420 from ECDs, 73 dual KTs
from adult marginal DDs, and 33 dual PEB KTs. An
additional dual PEB KT was performed as a retransplant
and is included in the analysis. Standardized donor and
recipient selection and management algorithms were
followed during the period of study.”””" In general, we
followed United Network for Organ Sharing (UNOS)
criteria for dual KT allocation, which stipulate that kid-
neys from DDs 18 years of age or older must be offered
singly unless the donor meets at least 2 of the following
conditions and the local organ procurement organization
would not otherwise use the kidneys singly: 1. DD > 60
years of age; 2. Estimated DD creatinine clearance (creat-
inine clearance) < 65 mL/min based on serum creatinine
level on admission; 3. Rising serum creatinine level (>2.5
mg/dL) at time of retrieval; 4. History of medical disease
in DD (defined as either longstanding hypertension or
diabetes mellitus); and 5. Adverse DD kidney histology
(defined as moderate to severe glomerulosclerosis >15%

and <50%).°

Definitions

For the purpose of this study, SPDs were defined as 3
years of age or younger. Dual PEB KT was classified as
keeping both donor kidneys attached to the aorta and
inferior vena cava, which are then used as arterial and
venous conduits for the subsequent transplant into a
single recipient. Marginal DDs were characterized by
estimated kidney function (see below). Expanded criteria
donors were defined by the UNOS definition as all DDs
60 years old or older and DDs 50 to 59 years of age with
any 2 of the following criteria: history of DD hyperten-
sion; cerebrovascular cause of brain death; or DD termi-
nal serum creatinine level > 1.5 mg/dL."""" Standard
criteria donors were defined as all DDs not meeting the
criteria for ECD. Donation after cardio-circulatory death



692 Rogers et al Age and Dual Kidney Transplant

J Am Coll Surg

(DCD) donors were identified as organ recovery after
declaration of death by cardio-circulatory arrest in the
setting of voluntary withdrawal of life support.”” Delayed
graft function (DGF) was defined as the need for dialysis
(for any reason) in the first week post-KT. Primary non-
function (PNF) was defined as the failure to render the
patient dialysis-free after KT, absence of a decline in
serum creatinine level in a pre-emptively transplanted
patient, or early allograft nephrectomy post-KT. Renal
allograft loss was determined as death with a functioning
graft, allograft nephrectomy, resumption of dialysis,
kidney retransplantation, or return to the pretransplant
serum creatinine level in a pre-emptively transplanted
patient.

The KDPI is a national scoring system that was
developed to rank order the quality of kidneys, as defined
by an aggregate population relative risk.”*** The KDPI
explicitly incorporates 10 donor factors (age, height,
weight, ethnicity, hypertension, diabetes, cause of death,
serum creatinine level, hepatitis C status, and DCD sta-
tus) to assign an overall score (0% to 100%) in which a
lower score describes a kidney with a projected longer life-
span. A KDPI > 85% delineates lower quality kidneys
that were categorized as ECD kidneys in the previous
binary system of classification (ECD vs SCD). The
KDPI was introduced in 2012 and then fully imple-
mented in December 2014 as part of the new national
KAS, and it projects long-term graft survival. Implemen-
tation of the KDPI in the context of the new KAS was
expected to improve kidney use by matching patient
and graft longevity. For purposes of this study, KDPI pro-
jections were based on UNOS data as of April 4, 2014
(that included primary adult deceased donor kidney trans-
plants from 2004 to 2011), which approximates the study
period.

Donor evaluation and management

For SPDs, we relied mainly on donor body weight and
actual kidney size and anatomy, either to determine
whether to use the kidneys for dual PEB, single KT, or
to refuse the offer.’” In our dual PEB KT experience,
the youngest donor age was 5 months (7.7 kg body
weight) and the lowest donor weight was 6.8 kg (7 months
of age). Donor age was less useful than either donor
weight or kidney size in our decision-making for kidney
use because we usually refused kidneys from donors
< 8 kg or kidneys < 6 cm in length. In comparison,
for marginal DDs, the Cockeroft-Gault formula was
used to estimate adult DD creatinine clearance, using
both the admission and terminal donor serum creatinine
level and adjusted body weight to calculate a range of DD
kidney function in order to determine single or dual KT

into a single recipient.”'”**7%% If the estimated DD creat-
inine clearance was >65 mL/min, then a single KT was
usually performed. If the estimated DD creatinine clear-
ance was 30 to 65 mL/min, then an adult dual KT was
performed, preferably into an older recipient with a
BMI < 30 kg/m*.>*"7° If the estimated DD creatinine
clearance was < 30 mL/min (in the absence of acute kid-
ney injury [AKI]), then the kidney(s) were not accepted
for transplant at our center. However, over time and
with increased experience, some of the above criteria
were liberalized in the setting of dual KT. The oldest
donor in this experience was 78 years. Other marginal
DD “contraindications” for DKT included the presence
of disseminated intravascular coagulation or rhabdomyol-
ysis, extremely large kidneys (>13 cm in length, because
of space considerations in the recipient), presence of com-
plex vascular or urologic anatomy (multiple vessels or ure-
ters), glomerulosclerosis > 35%, and projected prolonged
cold ischemia time because of logistical issues. In most
cases, both kidneys were accepted on “full waivers,” as
many of these kidneys were targeted for discard in the
absence of our use for dual KT. A “waiver” implies that
a kidney acquisition charge does not have to be paid by
the accepting center if the kidney(s) are not transplanted,
on condition that documentation is provided as to why
the kidneys were not used (for example, poor pump pa-
rameters or unexpected anatomic findings). However,
with application of the above donor selection criteria, it
was unusual (probably <5%) that accepted kidneys
were discarded, although we do not specifically track these
data.

Kidney preservation

Kidneys from SPDs were managed with cold storage pres-
ervation. Whenever possible, however, adult marginal
DD kidneys were placed on machine preservation to
minimize preservation injury, maintain functional reserve,
and provide another means of assessment.”” Although
pump parameters were not exclusively used to discard kid-
neys, a flow rate > 60 mL/min and a resistance < 0.50
mm Hg/ml/min after a minimum of 6 hours on machine
preservation were considered thresholds for dual KT
use.”” If the kidneys were pumping well, cold ischemia
times > 36 hours were considered acceptable. If the
pump flows were <60 mL/min or resistances were >0.5
mm Hg/mI/min, then the kidneys were not transplanted
at our center. In addition, the logistics of transplanting
both kidneys with an acceptable (<40 hours) cold
ischemia time was a consideration, particularly if the kid-
neys were being imported from another donor service area
and not inidally placed on machine preservation locally.
Because most of the kidneys were not initially offered as
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“2 for 17 and many were imported from other organ pro-
curement organizations, prolonged cold ischemia time
was not uncommon. Consequently, ex vivo assessment
of the kidneys based on pump parameters was an impor-
tant part of the management algorithm. However, dual
kidney discard based on poor pump parameters exclu-
sively was rare. Although dual kidney discard was not spe-
cifically tracked, the primary reasons for dual kidney
discard were unexpected anatomic findings or damage
to the kidneys.

Histologic assessment

Donor kidney biopsy was used to assist in the evaluation
of pre-existing and terminal renal parenchymal injury in
adult marginal DDs but not in SPDs. Renal cortical
wedge biopsies for frozen section were performed and
evaluated for the presence and degree of glomerulosclero-
sis, interstitial fibrosis, chronic interstitial inflammation,
tubular atrophy, and vascular hyalinosis or sclerosis.”*”**
Moderate to severe vascular or interstitial changes, tubular
atrophy, or glomerulosclerosis > 35% were a contraindi-
cation to kidney use. For paired kidney biopsies display-
ing disparate histologic results, a mean of the 2 biopsies
was estimated to assist in the determination of dual kid-
ney use or refusal. Although DD kidney biopsies were
performed in most cases of dual KT, a histologic score
was not specifically determined because many biopsies
were performed at the donor hospital, and specimens
were not available for our own pathologist to review.

Recipient evaluation and selection

At our center, no specific upper age limit was an absolute
contraindication to dual KTj the oldest DKT recipient in
this series was 79 years. All patients underwent a compre-
hensive pre-transplant medical, psychosocial, and finan-
cial evaluation, with emphasis placed on the
cardiovascular system to determine operative risks and
physiologic age.”*“** Specific exclusion criteria in the
elderly included the presence of dementia, nursing
home residence, poor overall functional status or frailty,
lack of social support, advanced disease or organ failure
in an extra-renal organ system, recent malignancy, limited
life expectancy, or severe cardiac or vascular disease.”*”
0% Patients approved for KT were stratified by risk,
and a decision was made whether or not to list the patient
as willing to accept a dual kidney based on the medical
assessment and discussions with the patient and his or
her referring physician. In particular, the predicted ability

to tolerate a longer and more complicated operative

procedure with perhaps a higher incidence of DGF
were important considerations.

For dual PEB KT, recipient selection followed UNOS
guidelines (the “match run”), but was also based on
younger age (but not pediatric patients). However, similar
to donor assessment, body weight was more useful in
adult recipient selection than age. We attempted to select
recipients weighing less than 200 Ibs in order to avoid
large mismatches between kidney and recipient size. In
addition, we selected low immunologic risk patients,
including primary transplants with a low panel reactive
antibody (PRA) level (usually 0%), human leukocyte
antigen-matching, and negative T and B cell flow
cytometric crossmatches.”” All KTs from SPDs were
performed with informed consent from the recipient.
Finally, severe hypertension, presence of an abnormal uri-
nary bladder (either anatomically or functionally), high
risk for recurrent kidney disease, and history of thrombo-
philia or need for anticoagulation were considered contra-
indications to dual PEB KT from SPDs.

For adult dual KT, whenever possible, marginal DD
kidneys were used by matching estimated renal functional
capacity to recipient need.”*”* With marginal DD kid-
neys, recipient selection was usually not by standard
UNOS kidney allocation, but based on older age (>50
years) and smaller size (weight < 200 lbs and BMI
< 30 kg/m?), matching and identifying low immunologic
risk patients such as primary KT, human leukocyte anti-
gen matching, low panel reactive antibody level, and
informed consent.”*?® Other recipient characteristics
unique to adult marginal DD dual kidney consideration
were adequate space in the pelvis (extremely small stature
or presence of large polycystic kidneys were relative con-
traindications), favorable vascular anatomy (no severe
long segment concentric iliac atherosclerosis), adequate
bladder capacity (to accommodate 2 ureteral anastomo-
ses), no chronic anticoagulation (warfarin or clopidogrel)
or history of thrombophilia, adequate cardiac function
and reserve (ejection fraction > 40% to 50%, no atrial
fibrillation or significant valvular disease), absence of
either significant pulmonary hypertension or systemic hy-
potension, and no history of previous pelvic surgery or
irradiation.”**

During the period of study, no other transplant centers
in our donor service area were actively performing adult
dual KTs from marginal DDs. Consequently, we were
able to select an appropriate candidate for adult dual
KT who typically was lower on our match run list because
all patients at other centers had been “coded out” for
either single or dual kidney use.
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Operative technique for dual pediatric en bloc and
dual kidney transplantation

Small pediatric donor kidneys were recovered en bloc
with aorta, inferior vena cava, and bilateral ureters in con-
tinuity; no attempt was made to perform any dissection
along the aorta, vena cava, or renal hila in the donor.”
Back bench preparation of the PEB specimen included
oversewing the supra-renal aorta and vena cava with care-
ful, meticulous dissection of the infra-renal aorta and vena
cava, with individual ligation of lumbar and mesenteric
branches. Minimal dissection was performed in the renal
hila in order to preserve any accessory vessels. Perinephric
fat was left on the kidneys so that suture fixation of the
upper poles antero-medially could be performed to main-
tain correct graft orientation. The PEB allograft was trans-
planted extraperitoneally with end-to-side anastomoses
between the distal vena cava and aorta to the distal right
external iliac vein and artery, respectively. Separate paral-
lel extravesical ureteroneocytostomies over 2 indwelling
stents were performed to the dome of the bladder,
attempting to make the ureters as short as possible. Pedi-
atric en bloc allografts were affixed to either the lateral pel-
vic wall or retroperitoneum using perinephric fat or
capsule in order to avoid torsion.

Dual kidneys from adult marginal DDs were procured
in the usual fashion, separated at the time of procure-
ment, preserved as mentioned previously, prepared sepa-
rately on the back table, and then rtransplanted
sequentially, either through a lower midline intraperito-
neal (n = 10), lower midline extraperitoneal (n = 5),
bilateral extraperitoneal (n = 4), or unilateral extraperito-
neal approach (n = 54). Since 2008, we have exclusively
used the unilateral extraperitoneal approach, which de-
creases operating time by at least 1 hour compared
with the bilateral procedure.””**” Standard end-to-side
vascular anastomoses to the iliac vessels were performed
followed by separate dual anterior extravesical uretero-
neocystostomies over 2 separate ureteral stents. The
most common scenario involved vascular implantation
of the donor left kidney, first to the common iliac vessels
followed by vascular implantation of the donor right kid-
ney second, and more distally on the external iliac vessels.
After confirmation of vascular patency and hemostasis,
the kidneys were then positioned “piggyback” to avoid
torsion, twist, or tension to any of the vascular anastomo-
ses. At this point, the ureters were cut to length and sepa-
rate urologic implantations to the bladder were
performed over ureteral stents. The dual KT procedure
usually lasted 1 to 2 hours longer than a conventional

single KT from an adult DD.

Immunosuppression

All recipients received depleting antibody induction with
either multidose rabbit antithymocyte globulin or alemtu-
zumab 30 mg intravenous as a single intraoperative
dose.”””** Maintenance immunosuppression consisted of
tacrolimus, mycophenolate mofetil (2 g/day), and either
rapid tapering doses of steroids or early steroid withdrawal
based on immunologic risk stratification. Target 12-hour
tacrolimus trough levels were 6 to 10 ng/mL for all recip-
ients; recipients aged 60 years and older received a half
dose mycophenolate mofetil (1 g/day) in 2 divided
doses.”” % Early steroid withdrawal was performed in
low-risk patients; steroids were continued in high immu-
nologic risk patients such as patients receiving retrans-
plants, patients with a current panel reactive antibody
level > 20%, and patients experiencing DGF.* Steroids
were also maintained in patients already on prednisone,
those at risk for recurrent disease, and in young African-
American recipients.

Post-transplant management

All padents received surgical site prophylaxis with a
first-generaton cephalosporin for 24 hours, antifungal
prophylaxis with nystatin or fluconazole for 1 month, and
anti-Pneumocystis prophylaxis with sulfamethoxazole-
trimethoprim (dapsone if allergic to sulfa) for at least 12
months. Antiviral prophylaxis consisted of oral valganciclo-
vir for 3 to 6 months, depending on donor and recipient
cytomegalovirus serologic status. Specifics regarding drug
dosing and duration have been published previously.”*”
7746 Most patients received aspirin prophylaxis. Because of
2 ureteral implantations into the bladder, the urethral cath-
eter usually remained in place for a minimum of 4 to 5 days.
Treatment of hypertension, hyperlipidemia, anemia, dia-
betes, and other medical conditions was initiated as indi-
cated, aiming to maintain the blood pressure < 140/90
mm Hg, fasting serum cholesterol < 200 mg/dL, hemato-
crit > 27%, and fasting blood sugar < 126 mg/dL. Post-
transplant renal allograft function was evaluated by
measuring serum creatinine levels as well as calculating
glomerular filtration rate using the abbreviated Modifica-
tion of Diet in Renal Disease (MDRD) formula.

Statistical analysis

Data were compiled from both prospective and retrospec-
tive databases, with confirmation by medical record review
in accordance with Institutional Review Board guidelines
and approval. Categorical data were summarized as propor-
tions and percentages, and continuous data were summa-
rized as means and standard deviations. Univariate
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Table 1. Donor, Preservation, Transplant, and Recipient Characteristics

Variable Dual KT (n = 73) PEB (n = 34)
Donor age, y, mean = SD 59.4 + 11.5 1.4 4+ 0.8
Donor age >65 y, n (%) 30 (41) 0
Donor weight, kg, mean = SD 75.9 £+ 18.5 11.0 + 2.6
Donor sex, male, n (%) 28 (38.4) 17 (50)
Donor race: African-American, n (%) 16 (22) 13 (38)
Donor BMI, kg/mz, mean £ SD 26.4 £+ 5.75 17.3 + 2.8
ECD, n (%) 46 (63) 0
DCD donor, n (%) 17 (23) 6 (17.6)
Calculated creatinine clearance, mL/min, mean £ SD 66 £ 36 99 + 50
Pre-retrieval serum creatinine, mg/dL, mean £+ SD 1.3 +£ 0.6 0.37 + 0.26
Terminal serum creatinine > 2.0 mg/dL, n (%) 11 (15) 0
Imported kidney, n (%) 32 (43.8) 17 (50)
Machine preservation, n (%) 63 (86) 0
Pump time, h, mean + SD 12.4 + 6.0
Pump flow, mL/min, mean £ SD 98 + 29
Pump resistance, mm Hg/mL/min, mean &+ SD 0.31 &£ 0.13
Cold ischemia time, h, mean £+ SD

First or only kidney 25.8 + 8.6 21.0 £ 7.8

Second kidney 27.2 £ 8.6
Cold ischemia time > 36 h, n (%) 13 (18) 1(2.9)
Human leukocyte antigen-mismatch, mean £+ SD 41+13 42+ 14
0% Panel reactive antibody, n (%) 58 (79.5) 30 (88)
Panel reactive antibody >10%, n (%) 11 (15) 2 (5.9)
Cytomegalovirus donor+/recipient-, n (%) 13 (18) 5 (14.7)
Kidney Donor Profile Index, mean £ SD 83 £+ 18 73 +£9
Recipient age, y, mean + SD 60 =11 38 + 12
Recipient age > 65 y, n (%) 26 (36) 1(2.9)
Recipient weight, kg, mean £ SD 73.1 + 14.6 72.2 £ 14.7
Recipient sex, male, n (%) 29 (39.7) 21 (62)
Recipient race, African American, n (%) 32 (43.8) 17 (50)
Recipient: diabetes, n (%) 28 (38) 6 (17.6)
Recipient BMI, kg/mz, mean + SD 262 + 44 25.8 £ 5.3
Duration of dialysis pretransplant, mo, mean £+ SD 25 £ 21 41 £ 27
Waiting time, mo, mean & SD 12 + 12 25+ 14
Retransplant, n (%) 0 1(2.9)

DCD, donation after cardiocirculatory death; ECD, expanded criteria donor; KT, kidney transplant; PEB, pediatric en bloc.

analysis was performed by the unpaired #test for contin-
uous variables, the chi-square test for categorical variables,
and Fisher’s exact test when data were sparse. Actual, actu-
arial, and death-censored survival rates were determined.
Survival curves were computed and compared using the
Kaplan-Meier method and the log-rank test. A 2-tailed

value of p < 0.05 was considered significant.

RESULTS
From 2002 to 2015, we performed 34 dual PEB and 73
adult dual KTs; 17 dual PEB (50%) and 32 adult dual

marginal DD kidneys (44%) were imported from other
donor service areas. Of the 73 dual KTS, 46 were from
ECDs, 17 from DCD donors, and 10 from adult
SCDs; 7 kidneys were transplanted from adult donors
with AKI (Table 1). Nearly all marginal DD kidneys
were refused by multiple centers and many were targeted
for discard. Mean estimated marginal DD creatinine
clearance was 66 mL/min; 50 marginal DDs (68%) had
an estimated creatinine clearance < 65 mL/min and 11
(15%) had a terminal serum creatinine level > 2.0 mg/
dL. Mean donor ages were 17 months for SPD and 59
years for marginal DD, mean donor weights were 11.0
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Table 2. Operative Results

Variable Dual KT (n = 73) PEB (n = 34)
Opverall patient survival, n (%) 45 (61.6) 30 (88.2)
Patient survival, n (%)

1y 70 (95.9) 34 (100)

5-y 57171 (80.3) 26/28 (92.9)
Overall graft survival 32 (43.8) 24 (70.6)
Geraft survival, n (%)

1-year 66 (90.4) 32 (94.1)

5-year 49171 (69) 22/28 (78.6)
Follow-up, mo, mean £+ SD 92 + 44 91 + 40

Death-censored graft survival, n (%)

32/55 (58.2)

24/31 (77.4)

Death-censored graft survival, n (%)

l-y 66/70 (94.3) 32/34 (94.1)

5-y 49/62 (79) 22/26 (84.6)
Death with a functioning graft, n (%) 18 (24.7) 3 (8.8)
Dialysis-free rate in survivors, n (%) 32/45 (71.1) 24/30 (80)
Delayed graft function, n (%) 17 (23) 5 (14.7)
Primary non-function/thrombosis, n (%) 2 (2.7) 1(2.9)
Days to serum creatinine < 3.0 mg/dL, mean &+ SD 7.1 +7.38 4.7 + 4.5
Initial length of stay, d, mean £ SD 7.1 +57 54+ 2.9
Acute rejection in first year, n (%) 11 (15) 2 (5.9)
Major infection in first year, n (%) 19 (26) 7 (20.6)
Surgical complications, n (%) 10 (13.7) 1(2.9)
Readmissions in 1% year, n (%) 30 (41) 14 (41.2)
Serum creatinine, mg/dL, mean &+ SD

12 mo 1.5 + 0.6 1.2+ 0.3

24 mo 1.5 £ 0.5 1.1 £0.8
Glomerular filtration rate, mL/min/1.73m?, mean + SD

12 mo 53 + 25 72 +£ 18

24 mo 50 £+ 22 75 + 24

PEB, pediatric en bloc; KT, kidney transplant.

kg for SPD and 75.9 kg for marginal DD, and propor-
tions of male donors were 50% for SPD and 38% for
marginal DD (Table 1). Mean donor serum creatinine
levels were 0.37 for SPD and 1.3 mg/dL in marginal
DD, mean cold ischemia times were 21.0 for SPD and
26.5 hours for marginal DD (including 24 with a cold
ischemia time > 30 hours and 13 with a cold ischemia
time > 36 hours), and mean KDPIs were 73% for SPD
and 83% for marginal DD (Table 1).

Adult dual KT recipients were older (mean age 38.0
years in PEB and 60 years in dual KT), less frequently
male (62% in PEB and 40% in dual KT), and had shorter
waiting times (mean 25 months in PEB and 12 months in
dual KT) and time on dialysis (mean 41 months in PEB
and 25 months in dual KT, Table 1). One PEB and no
dual KTs were performed as retransplants, and 82% of re-
cipients had a panel reactive antibody level of 0%. Other

donor, preservation, transplant, and recipient characteris-
tics are listed in Table 1.

With a mean follow-up of 7.65 years, actual patient
survival (88% for PEB and 62% in dual KT) and graft
survival (71% in PEB and 44% in dual KT) rates were
higher in PEBs compared to dual KTs (Table 2).
Death-censored kidney graft survival rates were 77% in
PEB and 58% in dual KT. Actuarial patient, graft, and
death-censored kidney graft survival rates for PEB and
dual KT are shown in Figures 1 to 3. The longest surviv-
ing grafts after PEB and dual KT at our center are 15 and
16 years, respectively. Rates of DGF were 15% for PEB
and 23% for dual KT; there was 1 case of thrombosis after
PEB KT (secondary to fulminant recurrence of focal
segmental glomerulosclerosis at 2 days post-KT in a pedi-
atric recipient) and 2 cases of PNF with adult dual KT
(1 thrombosis, 1 PNF in dual kidneys from a
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Figure 1. Actuarial patient survival rates of pediatric en bloc (PEB)
and dual kidney transplant (DKT) recipients.

24-year-old donor with AKI and disseminated intravas-
cular coagulation). Mean 2-year serum creatinine levels
were 1.1 mg/dL in PEB and 1.5 mg/dL in dual KT;
2-year calculated GFR levels were 75 mL/min/1.73 m?
in PEB and 50 mL/min/1.73 m? in dual KT.

One-year patient and graft survival rates were 100%
and 94% for PEB compared with 96% and 90% dual
KT, respectively (Table 2). In patients with a minimum
follow-up of 5 years (n = 28 PEB and n = 71 dual
KT), 5-year patient and graft survival rates were 93%
and 79% in PEB compared with 80% and 69% in dual
KT, respectively. Five-year death-censored kidney graft
survival rates were 85% after PEB and 79% after dual
KT (Table 2). Based on actual 5-year graft survival rates,
the recalculated KDPIs for dual PEB and dual KTs were
3% and 60%, respectively.
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Figure 2. Actuarial kidney graft survival rates of pediatric en bloc
(PEB) and dual kidney transplant (DKT) recipients.
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Figure 3. Actuarial death-censored kidney graft survival rates of
pediatric en bloc (PEB) and dual kidney transplant (DKT) recipients.

In the PEB KT recipient group, there were 4 deaths
and 10 graft losses. Patients #3 and #4 in our PEB KT
experience were both teenagers who developed early graft
failure (at 5 months secondary to noncompliance and at
2 days secondary to thrombosis/primary nonfunction, as
noted previously, respectively). Patient #3 subsequently
died 5 years later secondary to a hemorrhagic stroke (in
the absence of retransplantation because of a high panel
reactive antibody level). The only other deaths in the
PEB KT group were adult males who experienced death
with a functioning graft at 15 months, 37 months, and
78 months post-transplant (causes of death were
unknown). The remaining 5 graft losses in the PEB KT
group occurred at a mean of 84 months post-transplant
and included 3 secondary to acute rejection and 2 patients
with chronic allograft nephropathy and chronic rejection.
Other than the 2 teenagers above, all remaining PEB KT
recipients were adults.

Twenty-eight patients died at a mean of 64 months
post-DKT. Eighteen patients experienced death with a
functioning graft at a mean of 59 months post-
transplang; the incidence of death with a functioning graft
after DKT was 25%. An additional 10 patients died at a
mean of 16.6 months after graft loss (and a mean of 75
months post-transplant). Fourteen of the deaths were sec-
ondary to cardiovascular, 2 infectious, 2 uremic, 2 malig-
nancy, 2 respiratory failure, and 6 unknown causes. In
addition to 18 deaths with a functioning graft, 23 patients
experienced graft loss (n = 41 total) at a mean of 52
months post-DKT. Death with a functioning graft
accounted for 44% of graft losses. Causes of graft loss in-
dependent of death included acute and chronic rejection
(n = 7), chronic allograft nephropathy (n = 7), unknown
(n = 3), primary nonfunction (n = 2), acute tubular
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Figure 4. Actuarial patient survival rates of expanded criteria donor
(ECD), standard criteria donor (SCD), and dual kidney transplant
(DKT) recipients.

necrosis (n = 2), and 1 case each of malignancy and
chronic pyelonephritis. Both patients who received kid-
neys with >35% glomerulosclerosis on donor kidney bi-
opsy experienced early graft loss.

During the study period, we performed 420 primary
single ECD KTs; mean recipient age was 62 years
(compared to 60 years in dual KT recipients) and mean
KDPI was 83% (same as dual KT donors). With a
mean follow-up of 7.5 years, actual patient (55% single
ECD vs 62% dual KT) and kidney graft survival (37%
single ECD vs 44% dual KT) rates were comparable.
Death-censored kidney graft survival rates (52% single
ECD vs 58% dual KT) were likewise similar. We also per-
formed 733 primary single SCD KTs during the period of
study; mean recipient age was 52 years and mean KDDPI
was 47%. With a mean follow-up of 7.8 years, the actual
patient and kidney graft survival rates were 72% and
54%, respectively; the death-censored graft survival rate
was 67.5% (all p < 0.0001 compared with single ECD;
all p = NS compared with dual KT). Actuarial patient,
graft, and death-censored graft survival rates for ECD,
SCD, and dual KT are shown in Figures 4 to 6. However,
the patient survival (72% with single SCD vs 88% with
PEB KT, p = 0.047), kidney graft (54% with single
SCD vs 71% with PEB KT, p = 0.07), and death-
censored graft survival (67.5% single SCD vs 77% PEB
KT, p = 0.32) rates were slightly higher after PEB KT
compared with single SCD KT. For patients with a min-
imum follow-up of 5 years, actual 5-year graft survival
rates after single SCD (n = 620) and single ECD (n =
355) KT were 74% and 58%, respectively, which trans-
lates to a KDPI of 46% (compared to 47% expected)
for single SCD KTs and a KDPI of 90% (compared to
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Figure 5. Actuarial kidney graft survival rates of expanded criteria
donor (ECD), standard criteria donor (SCD), and dual kidney trans-
plant (DKT) recipients.

83% expected) for single ECD KTs. Five-year death-
censored graft survival rates were 81% for single SCD
KTs (compared to 85% for PEB) and 69% for single
ECD KTs (compared to 79% for dual KTs, p = 0.09).
The incidences of DGF were 15% for PEB, 23% for
dual KT, 27% for single ECD, and 36% for single
SCD KTs, respectively. The overall surgical complication
rate after adule dual KT (14%) compared favorably with
concurrent ECD (15.5%) and SCD (14.7%) single KT
recipients, and the incidence of urologic complications
was similar.

During the period of study, we performed 59 KT’ from
pediatric donors 5 years old or less, including 34 PEB and
25 single KTs. With a mean follow-up of 7 years in single
KT recipients, actual patient survival (88% for PEB vs
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Figure 6. Actuarial death-censored kidney graft survival rates of

expanded criteria donor (ECD), standard criteria donor (SCD), and
dual kidney transplant (DKT) recipients.
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Figure 7. Actuarial patient survival rates of pediatric en bloc (PEB)
and single kidney transplantation (KT) recipients from pediatric
donors < 5 years of age. NS, not significant.

76% for single KT) and graft survival (71% for PEB vs
56% for single KT) rates were slightly higher (p = NS)
numerically in PEB compared with single KT recipients,
respectively. Death-censored kidney graft survival rates
were 77% PEB and 67% single KT, respectively. Survival
rates were similar up to 4 years follow-up in the 2 groups,
after which time graft survival declined more steeply in
the single KT group. Actuarial patient, graft, and death-
censored graft survival rates for PEB and single KT are
shown in Figures 7 to 9. There was no influence of recip-
ient sex or ethnicity on outcomes.

There was 1 case of thrombosis resulting in graft loss in
each group. The incidence of DGF (15% for PEB vs 20%
for single KT, p = NS) was similar. Mean length of hos-
pital stay (5.4 vs 5.6 days) and the 1-year incidences of
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Figure 8. Actuarial kidney graft survival rates of pediatric en bloc
(PEB) and single kidney transplantation (KT) recipients from pedi-
atric donors < 5 years of age.
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Figure 9. Actuarial death-censored kidney graft survival rates of
pediatric en bloc (PEB) and single kidney transplantation (KT) re-
cipients from pediatric donors < 5 years of age.

surgical complications (3% vs 4%), acute rejection (6%
vs 16%), and major infection were comparable in the
PEB and single KT groups, respectively (all p = NS).
Mean 12-month serum creatinine and abbreviated Modi-
fication of Diet in Renal Disease levels were 1.2 vs 1.35
mg/dL and 72 vs 60 mL/min (both p = NS) in the
PEB and single KT groups, respectively.

From 2008 to 2015, we petformed 180 living donor
KTs in 179 patients with a mean age of 47.4 years. At
5 years of follow-up, actual patient and graft survival rates
were 91% (p = NS compared with PEB [93%]) and 86%
(p = NS compared with PEB [79%]), respectively. The 5-
year, death-censored kidney graft survival rate after living
donor KT was 93% (p = NS compared with PEB
[85%]).

Adult dual KT outcomes did not differ by DD category
or recipient age. Renal function after adult dual KT was
comparable to single SCD KT (2-year mean serum creat-
inine levels were 1.5 mg/dL for dual KT vs 1.6 mg/dL for
SCD, 2-year mean GFR levels were 50 mL/min/1.73 m®
for dual KT vs 52 mL/min/1.73 m? for SCD) and supe-
rior to single ECD KT (2-year mean serum creatinine
level 1.9 mg/dL, GFR level 40 mL/min/1.73 m?). In
the absence of DGF or acute rejection, the proportion
of total renal function (12-month estimated recipient
GFR/estimated DD creatinine clearance X 100) trans-
planted from adult DD to dual KT recipients was 77%
compared to 56% for patients receiving single KT
from either adult SCDs or ECDs.

DISCUSSION

The critical shortage of donor organs is one of the major
challenges in organ transplantation today. The increasing
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disparity between kidney supply and demand has fueled ef-
forts to expand criteria for acceptable organs at both
extremes of the donor age scale."® Due to the burgeoning
crisis between organ supply and demand, national initia-
tives, such as the Organ Donor Breakthrough Collabora-
tive, were established in order to expand the size of the
donor pool.'”""*** Commensurate with initiatives to
expand the donor pool, the annual proportion of recovered
DD kidneys that were subsequently discarded increased
from 10% in 1998 to 19% in 2017.*'° The kidney discard
rate is directly related to KDPI score; ranging from 40%
discard for a KDPI score of 80% to 60% discard for a
KDPI score of 95%."”'*'**" For DDs 70 years of age or
older, in fully half of cases, neither kidney is transplanted.
At the highest KDPI scores (95% to 100%), discard rates
approach 70% to 80%.“”"*'** For all donors with a
KDPI > 90%, in nearly 60% of cases, both kidneys are dis-
carded. At present, more than 3,500 recovered kidneys
from DDs are discarded annually in the US, of which
half are from the high KDPI donor category.”'**

Historically, kidneys from donors at the extremes of age
have been considered marginal organs for KT because of
concerns regarding limited nephron mass, technical com-
plications, and long-term functional outcomes.”” None-
theless, most of the recent expansion in organ donation
has occurred at the older extreme of age.'”*” However,
unlike kidneys from older donors, kidneys transplanted
from SPDs into adult recipients have the capacity to
grow to a normal adult renal size within a few months
of KT and clearly represent an underused resource in
the US.”" Both conversion (the proportion of potential or-
gan donors for whom organ recovery is actually per-
formed) and use (the proportion of recovered kidneys
that are actually transplanted) rates are lower with donors
at the extremes of age compared with donors of other
ages'l,_"47()“[12—1(‘,32

For SPDs weighing <5 kg, most of the kidneys are dis-
carded and for those that are used, virtually 100% are
transplanted as PEB; for SPDs weighing 6 to 12 kg,
approximately 80% are transplanted PEB, and for SPDs
weighing 13 to 16 kg, about 50% are transplanted
PEB.>"?">*°* However, for potential SPDs < 10 kg, the
kidney nonrecovery rate is >40%, and for those kidneys
that are recovered, the nonuse rate is >30%. Nonrecovery
and discard rates for SPDs weighing 10 to 15 kg are 20%
and 15%, respectively.””?”>>>* Retrospective analysis of
all dual PEB KTs performed in the US in the new millen-
nium revealed that >80% of these DDs had KDPI scores
between 50% and 90%.">>>°

Analysis of all adult dual-eligible kidney marginal DDs
revealed that nearly 75% had a KDPI score
> 85%.%”'%19°7% However, of all dual KTs performed

annually in the US, only 60% actually have a KDPI score
>85%. Although the annual number of PEB KTs has
remained stable (albeit lower than expected) with imple-
mentation of the new KAS, an unintended consequence
has been a reduction in the number of dual KTs
performed in the US.”'**"*® This decline in dual KT
may be related in part to the “negative labelling effect”
of high KDPI because the score is inappropriately applied
to double kidney offers.”® Because dual KT and high
KDPI transplants are disproportionately performed
more often in older recipients, expanding the use of
dual KT with high KDPI DD kidneys may serve the
dual purpose of counterbalancing the modest decline in
access for older patients and the modest increase in
discard for high KDPI DD kidneys that has occurred
commensurate with the new KAS.

In our own experience, we have observed that SPDs
subsequently used for dual PEB KTs are assigned rela-
tively high scores in the new KAS because of the negative
cumulative impact of reduced donor height, weight, and
age in the calculation.”® Unfortunately, many of the
KDPI variables do not “fit” for SPDs, particularly in
the setting of dual PEB KT. For example, the mean
KDPI in our dual PEB KT group was 73%, which trans-
lates roughly to an expected graft survival rate at 5 years
follow-up of 66%. However, our observed graft survival
rate at 5 years of follow-up in this group was 79%, which
corresponds to a KDPI of 3%. Moreover, our dual PEB
KT outcomes from SPDs were comparable to concurrent
living donor KTs and superior to SCD single KTs at our
center during the period of study, both from a functional
and a survival perspective.

Similarly, the mean KDPI in dual KT recipients from
marginal DDs in this scudy was 83%, which translates
roughly to an expected 5-year graft survival rate of
61%. However, our observed 5-year graft survival rate
was 69%, which corresponds to a KDPI of 60%. More-
over, renal function after adult DKT was comparable to
concurrent SCD single KT's and superior to ECD single
KTs at our center during the period of study. In addition,
we have previously demonstrated that inadequate
nephron mass does not seem to be a major issue for adult
DKT recipients.””**> Dual KTs from older donors may
have a fixed nephron mass due to senescence that stabilizes
at approximately 77% of the calculated donor creatinine
clearance over time. Interestingly, in our concurrent expe-
rience with single KTs from either SCDs or ECDs, we
found that renal function eventually stabilizes at approx-
imately 56% of the calculated donor creatinine clearance.
Consequently, one might contend that the KDPI is not
applicable and a new predictive algorithm is needed for
any type of dual KT.
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Growing acceptance and use of marginal DD kidneys
with limited renal functional capacity have been tempered
by concerns that these kidneys have an increased suscepti-
bility to ischemia-reperfusion injury leading to higher
rates of PNF, DGF, and acute rejection, all of which
may affect resource use, kidney graft survival, and pro-
jected life span.'0'>!722245:5770 In  addition, kidneys
from older DDs have a reduced repair capacity and
display increased immunogenicity.”" In this study, each
pair of transplanted kidneys was from a “marginal” adult
DD based on older age, pre-existing medical disease,
abnormal renal function/anatomy/histopathologic find-
ings, injury related either to warm ischemia (AKI or
DCD donor) or cold ischemia (prolonged cold ischemia
time, poor pump parameters), and absence of acceptance
by multiple centers. The mean calculated adult DD creat-
inine clearance (66 mL/min) in these donors was well
below a level considered normal for a kidney donor,
and the majority (68%) met the creatinine clearance
threshold considered acceptable for UNOS double kidney
allocation. These concerns have fueled initiatives to qual-
itatively assess marginal DD kidneys before KT by exam-
ining associated risk factors, refining selection criteria, and
using ex vivo biopsies and machine preservation parame-
ters to predict outcome.®!0"1317:32384457.68.69.72 Ay ynin-
tended consequence of these initiatives has been an
increased risk of kidney discard associated with the use
of either kidney biopsy (because of borderline histopath-
ologic findings) or machine preservation (because of sub-
optimal pump parameters) assessments. Poor renal
function in a DD is second only to kidney biopsy findings
as the main reasons given for kidney nonuse, and it rep-
resents the number 1 reason given for kidney nonrecov-
ery‘éiﬁ,‘)fl—/',zlfﬁl,sx

A number of recent reports have demonstrated that the
incidence of DGF after adult dual KT is not only accept-
able, but is predictably lower than one might expect based
on the overall quality of the kidneys.*>!7"!?9%3338:43,57.6>
7374 In this study, the incidence of DGF after adult
dual KT was 23%, which was similar to the incidence
of DGF (27%) that we experienced with single KT
from ECDs, in which we followed similar algorithms
and decision-making. Somewhat paradoxically, the inci-
dence of DGF with single KT from SCDs (36%) was
significantly higher, which may, in part, be related to
both a lower rate of machine preservation and more
DCD donors in this latter category. However, analogous
to our experience in DCD and AKI donor KTs, and in
contrast to our experience with single KT from either
brain-dead ECDs or SCDs, the presence of DGF after
dual KT did not adversely influence either patient or kid-
ney graft survival rates.”””"”

In an effort to use adult DD kidneys that are not
considered suitable for single KT for whatever reasons,
the application of DKT has evolved in lieu of organ
discard'-/lﬁ,I771‘),5.2,5.’5‘38—43,37,()24)‘),7'3,74 Multiple StudiCS Of Short_
and long-term success with adult dual KT have been re-
ported since the mid-1990’s, at which time the primary
indication for adult dual KT was insufficient nephron
mass.”' 177706263 At present, the decision to perform
an adult dual KT vs ecither a single kidney or discard
both kidneys is multifactorial and usually occurs when
both kidneys have been refused for single KT by multiple
centers and have accrued prolonged cold ischemia
time'/o,s,|7—I‘),32,35,}8—455162—()‘)75\74 In our experience, Only a
minority of adult dual KTs actually occur in the setting
of intentional dual kidney allocation according to
UNOS criteria. Another confounding factor is that
most ECD kidney offers meet the UNOS criteria for
dual kidney allocation, yet the optimal use of kidneys
from a udlitarian perspective is to perform 2 single KT
instead of 1 adult dual KT.

Pediatric en bloc and dual KT's have been shown to be
effective when appropriate donors and recipients are cho-
sen, even though these procedures may involve greater
inherent anesthetic and surgical risks. In addition to
donor organ quality, the greatest potential risk factor for
inferior outcomes in adult dual KT is poor recipient selec-
tion. Early in our experience, we specifically excluded re-
cipients 60 years of age or older from adult dual KT
because of concerns regarding greater perioperative risks
associated with longer operating times in the elderly, as
well as their ability to tolerate predicted higher rates of
DGF and surgical complications. In addition, by
excluding older patients, we avoided patients with severe
vascular disease, which likewise could jeopardize the over-
all success of adult dual KT. Wait list candidates with a
BMI > 30 kg/m* were excluded from adult dual KT, as
these patients likely would not receive an adequate
“nephron dose.” Moreover, performing an adult dual
KT in a patent with a high BMI would be technically
more challenging and could be associated with a longer
operating time and higher surgical complication rate.
However, with time and experience, we liberalized recip-
ient selection to include patients well into their 70s. This
change in philosophy was determined, in part, by the real-
ization that DGF and surgical complications were not a
greater problem after adult dual KT and coincided with
our transition to the unilateral extraperitoneal approach,
which, in our experience, dramatically reduced the oper-
ating time and overall morbidity of the adult DKT pro-
cedure. Consequently, in the past 6 years, two-thirds of
the adult dual KT recipients were aged 60 years or older
and 29% were aged 70 years or older.
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In an effort to minimize immunologic risk, 82% of re-
cipients chosen for either PEB or adult dual KT in this
study had a panel reactive antibody level of 0%, and
only 1 (PEB) was a second transplant. Additional factors
used to reduce the incidence of acute rejection included
the use of flow crossmatch methodology and depleting
antibody induction therapy. Eleven adult dual KT pa-
tients (15%) experienced an episode of acute rejection,
which is nearly equivalent to our 15% incidence of acute
rejection in our overall single ECD KT experience, and
slightly lower than the 18% incidence documented in
our single SCD KT experience. At our center, the major-
ity of elderly patients (by design) receive either adult dual
KTs or single kidneys from DCD or ECDs. It is well
established that kidneys from these so-called “marginal”
donors are particularly susceptible to ischemia-
reperfusion injury, which may manifest as a higher inci-
dence of DGF and be associated with enhanced immuno-
genicity.”"”"’ For these reasons, we endorse depleting
antibody induction in all of our recipient groups in order
to reduce the risk of early acute rejection and improve
long-term graft survival outcomes, irrespective of donor
or recipient age. By providing an immunosuppressive um-
brella of protection against early acute rejection, depleting
antibody induction may permit moderation in mainte-
nance immunosuppressive regimens (including early
steroid elimination) to reduce the overall risk of infections
and malignancy while preserving renal function and pre-
venting rejection. Lower calcineurin inhibitor target
levels, reduced dose antimetabolite administration, and
steroid-free maintenance immunosuppressive regimens
are not only possible, but preferred, in adult dual KT re-
cipients in the absence of acute or chronic rejection in or-
der to prevent graft loss secondary to chronic allograft
nephropathy.

Inadequate nephron mass does not seem to be a major
issue for adult dual KT recipients. Without the benefit of
adult dual KT, however, many of these patients would
likely remain on the waiting list to this day. In patients
receiving adult dual KT, the mean waiting time was 12
months, which was 7 months less than concurrent single
ECD and 14 months less than concurrent single SCD
KT recipients at our center. Renal allograft function and
survival after adult dual KT were similar to those in concur-
rent single SCD and superior to those in single ECD KT
recipients. Early in our experience, we noted 2 dual graft
losses associated with transplanting kidneys that demon-
strated >35% glomerulosclerosis on initial donor kidney
biopsies. Based on these cases, we subsequently lowered
our threshold for dual kidney use to <35% glomeruloscle-
rosis on donor wedge kidney biopsies. Using the above

donor and recipient selection criteria and management
strategies, adult dual KT recipients exhibit good graft func-
tion, with a mean serum creatinine of 1.5 mg/dLand a GFR
of 50 mL/min/1.73m* at 24 months follow-up.

CONCLUSIONS

In summary, we report herein our single center retrospec-
tive cohort analysis with dual kidney transplants and
conclude that the organ donor pool can be safely
expanded from selected donors at the extremes of age.
With appropriate donor and recipient selection, accept-
able mid-term outcomes can be achieved with either
dual PEB from SPDs or adult dual KTs from marginal
DDs, which may expand the limited donor pool, prevent
kidney discard, and offer a viable option to counteract the
growing shortage of acceptable single kidneys. By per-
forming PEB and adult dual KTs, DD transplant activity
at our center increased by 8%. Outcomes are optimized
when a systematic approach based on careful assessment
of donor and kidney quality is implemented. With time
and experience, we have liberalized our selection criteria
to include DCD and AKI donors, smaller donors, and
older recipients. In addition, kidneys with suboptimal
pump parameters (flows 60 to 80 mL/min, resistances
0.4 to 0.5 mm Hg/mL) and longer cold ischemia times
(>40 hours) are now considered acceptable if other donor
characteristics are favorable. With dual PEB KTs from
SPDs, outcomes comparable to living donor KTs can
be attained. With adult dual KT from marginal DDs,
satisfactory medium-term functional and survival out-
comes can be realized that are similar to those for concur-
rent single SCD and superior to outcomes of concurrent
single ECD kidney recipients. In addition, waiting times
can be reduced in a predominantly older recipient popu-
lation. It is important to note that dual kidneys should be
transplanted in carefully selected recipients (low immuno-
logic risk and body weight, favorable anatomy, and med-
ical history) with informed consent. By calculating donor
creatinine clearance and using donor kidney biopsy and
pulsatile perfusion parameters, a reasonably accurate pro-
jection of kidney function and viability can be made.
Transplantation of dual kidneys appears to lower the inci-
dence of DGF compared with single kidneys of similar
quality. Moreover, the KDPI is overestimated and is
not accurate for predicting outcomes from either dual
PEB from SPDs or dual KT from adult marginal DDs,
which may prevent centers from otherwise accepting these
organs for dual KT. Ultimately, longer-term follow-up is
needed to determine the utility of this unconventional
technique in expanding the donor pool.
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Discussion )

DR MARK H DEIERHOI (Birmingham, AL): Transplant programs
are in a constant struggle between 2 competing issues. On the one
hand, there is the ubiquitous and ever-increasing organ shortage.
With a national kidney wait list numbering greater than 100,000,
many patients will never receive a transplant, and there is constant
pressure to use as many retrieved organs as possible. On the other

hand, all solid organ programs are under the constant scrutiny of
the regulatory bodies that govern transplantation, namely, the
United Network for Organ Sharing (UNOS) and the Centers for
Medicare & Medicaid Services.

As a result, every program must keep an eye on their observed-
to-expected outcomes in the various transplant metrics, and the po-
tential for adverse outcomes with the use of organs at the margins of
acceptability therefore exert pressure to make programs risk averse.
Of course, there are also the devastating problems for individual pa-
tients who receive a marginal organ and have an unacceptable
outcome.

The Winston-Salem group has a long history of exploring the
use of these difficult donors and has added greatly to our under-
standing of donor selection and transplant management. This paper

adds to their experience with a review of their use of dual trans-
plants from donors at the extremities of age. They describe their
assessment of these donors and the management of the recipients
and demonstrate very acceptable outcomes.

The technical aspects of the vascular anastomoses for the young
donors are largely mitigated by performing en bloc transplants,
with the aorta and cava as conduits. Many of these kidneys have
very small ureters. Do you have any special techniques for the ureteral
implants and have there been any urologic complications in these do-
nors? How do you negotiate with outside organ procurement organi-
zations for the sharing of dual transplants? In my experience, some
organ procurement organizations (OPOs) are very reluctant to
consider this option if there is any chance of single organ allocation.

Given that many of these organs are still being discarded, do you
feel that there’s any udlity in UNOS identifying centers that have a
history of using these donors and expediting allocation to them to
affect the discard rate? I've not been particularly impressed that the
current system for allocating high kidney donor profile index
(KDPI) donors, for example, has significantly affected this usage
rate. Would there be any benefit in designating the donors at the
very margins of the risk pool, such as donors with a KDPI of
100% or potentially dual donors, as exempt from the standard
assessment of outcomes for a center, such as was done initially
with the exemption of dual kidney plus other organ transplants
from calculations of liver and heart outcomes?

DR ROBERT C HARLAND (Tucson, AZ): This study from the
Wake Forest transplant program is particularly relevant because it
addresses the fact that donors and recipients who we see are all get-
ting older, not to mention the surgeons that are seeing them. And
we increasingly are trying to figure out how to use these organs in
the more than 100,000 patients who are waiting for a kidney trans-
plant. This year, somewhere between 15,000 and 20,000 deceased
donor kidneys will be available for transplant, and we are trying to
figure out how to find the right home for each one of those organs.

This group has consistently pushed the envelope and tried to
maximize organ use for the last 15 years. If you look at their
data, they are routinely using nonstandard donors for almost half
of their primary kidney transplants; 45% of their first-time kidney
transplants are from something other than a standard criteria
donor. It is something they are very adept at.

Despite this stance and this practice, the outcomes are very good.
It is especially important as the manuscript looks at death censored
graft survival, which is particularly crucial as the older recipients
have comorbidities, and death with a functioning graft is a common
occurrence.

The results of this study show excellent results in pediatric en
bloc kidney recipients, with a much lower thrombosis rate than
has been reported in previous series. Now, only 1 graft thrombosis
was noted in that. Similarly, transplantation of both donor kidneys
from older or otherwise challenged donors demonstrates better-
than-expected graft survival and function that is similar to that
seen with standard criteria, single-donor kidneys, and better than
that with older single-donor kidneys.

This presentation and the manuscript represent a practical guide
to the successful use of kidneys from the very young as well as older
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