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Abstract
Introduction: The study purpose was to determine if kidney
laterality influences outcomes in expanded criteria donor (ECD)
kidney transplants (KTs).
Methods: A retrospective, case-control comparison of left versus
right mate ECD kidneys transplanted at our center was performed.
All patients received similar management protocols.
Results: Over a 16-year period, left and right kidney pairs from
118 ECDs were transplanted as single allografts into 236 patients.
Mean donor and recipient ages were both 61 years. 209 kidneys
(88.6%) were pumped and mean cold ischemia time was 25 hours.
Demographic characteristics were similar in both groups. Initial
length of stay (mean 6.4 days), readmissions (53%), delayed graft
function (24%), primary nonfunction (2.5%), and acute rejection
(mean 14%) rates were similar between groups. With a mean
follow-up of 80 months, patient (54% vs 59%) and kidney graft
survival rates (both 41.5%) were comparable in recipients of left vs
right kidneys, respectively. There were no significant differences in
mean eGFR (based on MDRD) levels at 24 months (left 41 vs right
43 ml/min/1.73m2) in recipients with functioning kidneys.
Conclusion: Based on the above findings, it is apparent that kidney
laterality does not have a major impact on medium-term outcomes
in recipients of ECD kidneys.
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Introduction
For patients with end stage renal disease (ESRD), kidney
transplantation (KT) is considered a superior form of renal
replacement therapy [1-4]. One of the major challenges in organ
transplantation today is the disparity between kidney supply and
demand. To increase the size of the pool of donors, liberalization
of deceased donor (DD) criteria have resulted in an upturn in the
number of “marginal” DDs such as expanded criteria donors (ECD)
[5-7], donation after cardiocirculatory death (DCD) donors [8,9], and
donors with prolonged warm or cold ischemia time (CIT) [10-12].
Commensurate with efforts to enlarge the donor pool and with changes
in the Kidney Allocation System (KAS) including implementation of
the Kidney Donor Profile Index (KDPI), the deceased donor (DD)
kidney discard rate in the United States (US) increased from 10% in
1998 to 20% in 2017 [13-20].
The influence of kidney laterality on KT outcomes remains
controversial. The left kidney is preferred in living donation KT
because of a longer vein, which facilitates implantation [21]. In
general, the length of the left renal vein is double that of the right renal
vein [22]. Additionally, the right renal vein is about half the length of
the right renal artery, which may be prone to kinking because of the
disparate length of the two vessels [22]. United Network for Organ
Sharing (UNOS) Registry reports of DD kidneys transplanted in
the late 1980s and early 1990s suggested that early graft survival was
superior with left kidneys [23,24] However, in DDs, the right kidney
is usually recovered with a full inferior vena cava (IVC), which can be
used as a conduit to lengthen the right renal vein [25-30]. In addition,
right kidneys tend to be smaller and more frequently have multiple
renal vessels, which may increase the risk of thrombosis [22]. Finally,
the right kidney vasculature may be at greater risk for injury during
either liver or DCD DD organ recovery [31,32].
Although data are conflicting, a recent large registry analysis of
paired (mate) kidneys suggested inferior outcomes in adult recipients
of right DD kidneys [33]. To our knowledge, no previous reports have
studied the impact of laterality on outcomes in recipients of ECD
kidneys. The purpose of this study was to determine if kidney laterality
affected outcomes in this setting using a paired-kidney analysis

Materials and Methods
Study design
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We conducted a retrospective chart review of all DD KTs performed
at Wake Forest Baptist Medical Center from 1/1/02 to 1/1/18. During
this 16-year study period, 2080 DD KTs were performed at our center.
Specific exclusions included pediatric recipients (younger than age 19
years), dual KT recipients, living donor KT recipients, and recipients
of kidneys from standard criteria donors (SCD). A retrospective,
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case-control cohort study of left versus right mate ECD kidney
pairs transplanted at our center was performed. The paired kidney
analysis eliminates most donor or preservation factors other than
kidney anatomy as potential sources of bias. Standardized donor and
recipient selection and management algorithms were followed during
the period of study [7,34-37].

that particular organ [14,15,18]. The KDPI is based on the Kidney
Donor Risk Index (which uses a Cox proportional hazards regression
model) and became the basis for the new KAS that was implemented
in the US in December 2014 [14,15,38].

Definitions

DD right kidneys were reconstructed using the donor IVC as a
conduit to lengthen the right renal vein such that it was 1-2 cm longer
than the renal artery (Figure 1, note double artery on a Carrel aortic
patch) to simplify implantation and avoid kinking of vessels since the
external iliac vein is usually deeper and more medial than the iliac
artery (Figures 2 and 3) [25-30]. Following dissection and ligation of
branches from the IVC and right renal vein, the suprarenal IVC was
tailored as needed and then closed with a running 6-0 Prolene overand-over suture. The distal IVC was then cut to length obliquely as
described above. Use of the IVC conduit also permitted incorporation
of any accessory renal veins as part of the reconstruction. DD left
kidneys were similarly prepared on the backbench under cold storage
and sterile conditions with the kidney immersed in preservation
solution and never in direct contact with iced slush. Conventional
hilar and perinephric dissection was performed as the renal vessels
were identified, separated and prepared for implantation. Left adrenal,
gonadal, and lumbar branches were ligated on the left renal vein in
order to maximize its length. Single or multiple renal arteries were
prepared by using a cuff of aorta (Carrel aortic patch) to simplify the
implantation in the recipient. Vessels were carefully flushed with cold

ECDs were defined by UNOS criteria as all DDs aged 60 and
older or donors aged 50-59 years with any 2 of the following 3 specific
co-morbid conditions: Brain death from cerebrovascular accident,
history of hypertension, or a terminal serum creatinine (SCr) level
>1.5 mg/dl [5-7]. DCD donor was defined as organ recovery after
withdrawal of life support in the absence of brain death [8,9]. Delayed
graft function (DGF) was defined as the need for dialysis for any
reason in the first week following KT. Primary nonfunction (PNF)
was defined as the failure to render the patient dialysis-free following
KT or lack of a decline in SCr level in a preemptively transplanted
patient. Renal allograft loss was defined as death with a functioning
graft (DWFG), allograft nephrectomy, resumption of dialysis,
retransplantation, or return to the pretransplant SCr level in patients
transplanted preemptively. The KDPI is a numerical scoring system
that explicitly compiles 10 donor factors to rank order the quality of
kidneys as defined by an aggregate population relative risk (recovered
and transplanted deceased donor kidneys from the previous calendar
year) to project all-cause allograft survival associated with the use of

Back bench preparation of DD kidneys

Figure 1: Final bench preparation of DD right kidney with double renal artery on a common Carrel aortic patch and extension of the right renal vein with
an IVC conduit. Note comparative length of renal vessels.
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Figure 2: Appearance of right kidney following vascular anastomoses and just prior to reperfusion. Ureter is positioned caudal or distal and is pointing
towards the pelvis (left side of photo).

Figure 3: Appearance of kidney in situ following reperfusion. Note incidental benign cyst towards lower pole of kidney. In this perspective, the pelvis is
towards the right in this photo. The kidney is then positioned high in the iliac fossa to prevent any kinking of the vessels.

preservation solution to test for leaks and vascular integrity following
preparation. Care was taken to preserve peri-ureteral tissue to avoid
possible ureteral devascularization. Kidneys were then stored in cold,
sterile, preservation solution on the back bench during the vascular
dissection in the recipient and prior to implantation.

Donor selection
No specific DD age limits were excluded from consideration; the
oldest DD in this study was 77 years and the highest KDPI was 97%.
In general, ECDs with other risk factors (positive hepatitis B or C
serology, high-risk social/sexual behavior, central nervous system
malignancy) were excluded from consideration. A history of diabetes
or longstanding hypertension was not a contraindication to using
an ECD kidney, unless the donor had documented proteinuria or a
decline in renal function. The Cockcroft-Gault formula was employed
to estimate adult DD creatinine clearance (CrCl), using both the
admission and terminal donor SCr level and adjusted body weight
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to calculate a range of DD kidney function in order to determine
optimal kidney utilization [7,9,34-37]. If the terminal SCr was >2.0
mg/dl, then the kidney(s) from an ECD were not used routinely. If
the estimated DD CrCl was >65 ml/min, then a single KT was usually
performed. If the estimated DD CrCl was 40-65 ml/min, then an
adult dual KT was performed, preferably into an older recipient with
a body mass index (BMI) <30 kg/m2 [7,34-37]. If the estimated DD
CrCl was <40 ml/min, then the kidney(s) were not transplanted at
our center.

Kidney assessment
Donor kidney biopsy was used to assist in the evaluation of
preexisting and terminal renal parenchymal injury. Renal cortical
wedge biopsies for frozen section were performed and evaluated for
the presence and degree of glomerulosclerosis, interstitial fibrosis,
chronic interstitial inflammation, tubular atrophy, and vascular
hyalinosis or sclerosis [7,9,34-37]. In general, <20% glomerulosclerosis
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and absence of moderate to severe tubular, vascular and parenchymal
changes were considered acceptable for kidney utilization. Whenever
possible, ECD kidneys were placed on hypothermic machine
perfusion preservation to minimize preservation injury, maintain
functional reserve and endothelial integrity, and provide another
means of assessment [7,9,34-37]. Although pump parameters were
not exclusively used to discard kidneys, a flow rate >80 ml/min and a
resistance < 0.40 mm Hg/ml/min after a minimum of 6 hours on the
machine perfusion apparatus were considered thresholds for single
kidney utilization [35]. If the kidney(s) were pumping well, CITs up
to 40 hours and beyond were considered acceptable (the longest CIT
in this study was 47 hours). In addition, the logistics of transplanting
the kidney with an acceptable (<36 hours) CIT was a consideration,
particularly if the kidney was not placed on machine preservation
locally and was being imported from another Donor Service Area
(DSA) [37]. Whenever possible, DD kidneys were accepted by
our center with a minimum of “pump and anatomic waivers" and
usually full waivers. A “waiver” implies that a kidney acquisition
charge does not have to be paid by the accepting center if the kidney
is not transplanted on condition that documentation is provided
as to why the kidney was considered unusable (for example, poor
pump parameters or unexpected anatomic findings). However, with
application of the above donor selection, biopsy, and pump criteria,
it was unusual (probably <5%) that accepted kidneys were ultimately
discarded although we do not specifically track this data.

Recipient evaluation and selection
At our center, no specific upper age limit was an absolute
contraindication to DKT; the oldest recipient in this series was 79
years. All patients underwent a comprehensive pre-transplant medical,
psychosocial, and financial evaluation, with emphasis placed on the
cardiovascular system to determine operative risks and physiologic
age [7,37,39-41]. Non-contrast abdominal/pelvic computerized
tomographic imaging (to assess iliac artery calcifications) and cardiac
stress testing were performed in all patients. In general, elderly
patients needed to be reasonably well compensated, active and
functional, not have multiple comorbidities, and have a solid social
support system [7,37,39-41]. All patients age 70 years and older also
underwent carotid and iliac artery duplex ultrasonographic imaging,
cardiology consultation, and heart catheterization. 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, or severe cardiac or vascular disease [3941].
With ECD kidneys, recipient selection was usually not by standard
kidney allocation but based on older age (>40 years) and smaller
size (BMI <30 kg/m2) matching and identifying low immunological
risk patients such as primary KT, human leukocyte antigen (HLA)
matching, low panel reactive antibody level (PRA, usually 0%), and
informed consent [7,37,39-41] In addition, age matching between
donor and recipient was a consideration as we tried to avoid age
mismatches >15 years.

Immunosuppression
KT recipients received depleting antibody induction with
either multi-dose rabbit antithymocyte globulin or a single dose of
alemtuzumab 30 mg intravenous [36]. From 2002-2005, patients
received multiple (3-5) doses of rabbit antithymocyte globulin 1.5
mg/kg administered as a 4-6 hour infusion on alternate days (1st
Volume 2 • Issue 1 • 1000106

dose administered intra-operatively) for induction therapy. From
February 2005 to October 2008, patients received either multi-dose
rabbit antithymocyte globulin or single dose alemtuzumab as part of
a randomized trial [36]. Subsequent to this trial, all patients received
alemtuzumab 30 mg intravenous as a single intraoperative dose
administered as a 2-3 hour infusion. Maintenance immunosuppression
consisted of tacrolimus, mycophenolate mofetil (2 gm/day), and either
rapid tapering doses of steroids or early steroid withdrawal based on
immunological risk stratification. Target 12 hour tacrolimus trough
levels were 6-10 ng/ml; recipients aged 60 years and over received half
dose mycophenolate mofetil (1 gm/day) in 2 divided doses [36,3941]. Early steroid withdrawal was performed in low-risk patients
whereas steroids were continued in high immunologic risk patients
such as patients receiving retransplants, patients with a current PRA
level >20%, and patients experiencing prolonged DGF [36].

Post-transplant management
All patients received surgical site prophylaxis with a firstgeneration cephalosporin for 24 hours, anti-fungal prophylaxis
with nystatin or fluconazole for 1-2 months, and anti-Pneumocystis
prophylaxis with sulfamethoxazole-trimethoprim (Dapsone® if
allergic to sulfa) for at least 12 months. Antiviral prophylaxis
consisted of oral valganciclovir for 3-6 months, depending on donor
and recipient cytomegalovirus serologic status. Specifics regarding
drug dosing and duration have been published previously [7,9,3437,39-41]. Most patients received aspirin prophylaxis. Treatment of
hypertension, hyperlipidemia, anemia, diabetes, and other medical
conditions was initiated as indicated, aiming to maintain the blood
pressure <140/90 mm Hg, fasting serum cholesterol <200 mg/
dl, hematocrit >27%, and fasting blood sugar <126 mg/dl. Posttransplant renal allograft function was evaluated by measuring SCr
levels as well as calculating glomerular filtration rate (GFR) using the
abbreviated Modification of Diet in Renal Disease (MDRD) formula.

Statistical Analysis
Endpoints included patient survival as well as uncensored
and death-censored graft survival (DCGS). Other study endpoints
included early graft loss, PNF, DGF and renal allograft function
(based on SCr level and estimated GFR. Data were compiled from
both prospective and retrospective databases, with confirmation by
medical record review in accordance with local Institutional Review
Board guidelines and approval.

Results
From 1/1/02 to 1/1/18, 118 left and right kidney pairs from
ECDs were transplanted as single allografts into 236 patients at our
center. In looking at consecutive 4-year periods, 27 mate ECD kidney
transplants were performed from 2002-2006, 43 from 2006-2010,
34 from 2010-2014, and 14 from 2014-2018 (mean 8.7 ECD pairs
transplanted per year during the first 3 periods versus 3.5 ECD pairs
per year in the final 4-year period). Mean donor age was 61.4 years,
mean KDPI was 84%, and mean estimated DD CrCl was 84 ml/min
(Table 1). There were 10 (8.5%) DCD donors (DCD/ECD) and 45
kidney pairs (38.1%) were imported from outside our DSA. A total
of 209 kidneys (88.6%) were placed on machine preservation and
mean cold ischemia time was 25.2 hours (Table 1) and was similar
according to kidney laterality. There was a near equal distribution
in terms of whether the left or right kidney was transplanted “first”
in mate recipients. Other donor and preservation characteristics are
shown in Table 1.
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Table 1: Donor and Preservation Characteristics.
Mean ± SD or n (%)
P=NS

N=118 Donors

Donor age (years)

61.4 ± 6.4

Donor weight (kg)

87.7 ± 19.2

Donor BMI (kg/m2)

28.2 ± 6.0

Donor gender: Male

69 (58.5%)

Donor: African American

Right Kidney
N=118

8 (6.8%)

Donor: Hypertension

91 (77.1%)

Donor: Diabetes

38 (32.2%)

Donor category: DCD/ECD

Left Kidney
N=118

10 (8.5%)

Cause of death: Trauma
Cerebrovascular
Anoxia

14 (11.9%)
92 (78.0%)
12 (10.1%)

Imported kidneys

45 (38.1%)

Kidney Donor Profile Index (%)

84 ± 10

Terminal CrCl (ml/min)

84 ± 29

Terminal SCr (mg/dl)

1.1 ± 0.5

Machine preservation

209/236 (88.6%)

105 (89.0%)

104 (88.1%)

Pump time (hours)

14.8 ± 6.8

14.7 ± 7.0

14.9 ± 7.0

Pump flow (ml/min)

116 ± 29

113 ± 27

119 ± 31

Pump resistance (mm Hg/ml/min)

0.25 ± 0.08

0.27 ± 0.07

0.24 ± 0.09

Cold ischemia time (hours)

25.2 ± 7.6

25.4 ± 7.5

25.0 ± 7.7

Demographic and transplant characteristics were similar in
recipients of left versus right kidneys (mean age 61.5 years, 55.5%
male, 39% African American, 41% diabetic, 6.8% retransplants)
(Table 2). There were numerically more retransplants in recipients of
left kidneys (12 left vs 4 right, p=0.067) and more African-American
recipients of right kidneys (40 left vs 52 right, p=0.14). There was one
simultaneous kidney-pancreas transplant recipient and one 3rd kidney
transplant recipient in each group. The mean HLA-mismatch was 4.1
and the majority of recipients (84%) had a PRA level of 0%. Mean
dialysis vintage was 3 years and 22 patients (9.3%) were transplanted
preemptively (Table 2).
With a mean follow-up of 80 ± 48 months (minimum one-year
follow-up), actual patient (54.2% left vs 59.3% right) and kidney graft
survival rates (both 41.5%) were comparable in recipients of left vs
right kidneys (Table 3). Among the 118 pairs, during the period of
follow-up, in 44 instances both kidneys failed, in 49 one kidney failed,
and in the remaining 25 both kidneys continue to function. In the first
year post-KT, there were numerically more deaths (4 left vs 10 right,
p=0.166) and graft losses (9 left vs 20 right, p=0.046) in recipients of
right kidneys (Table 3). In addition, death-censored early (within 12
months) graft losses were more prevalent (6 left vs 14 right, p=0.063)
in recipients of right kidneys. One-year patient (96.9% left vs 91.5%
right), kidney graft (94.8% left vs 83.0% right), and death-censored
graft survival rates (94.8% left vs 87.5% right) were numerically
higher in recipients of left kidneys. However, there were 3 cases of
primary nonfunction in each group and the incidence of DGF (24%)
was comparable (Table 3). In recipients of left kidneys, the 4 early
(within one year of KT) deaths included 2 deaths secondary to sepsis
and 2 related to cardiac events. In recipients of right kidneys, the
10 early deaths included 5 secondary to sepsis, one related to CMV
disease, one cardiac event, one pulmonary embolism (in a previous
liver transplant recipient), one stroke, and one liver failure in a
patient with Hepatitis C. Of the 6 patients with PNF in both groups, 4
died within one year, including all three who received right kidneys.
Volume 2 • Issue 1 • 1000106

Of the 9 graft losses that occurred in the first year in recipients of
left kidneys, there were 3 DWFG, 3 PNF, 2 acute rejection, and
one polyomavirus nephropathy. Of the 20 early graft losses in
recipients of right kidneys, there were 6 DWFG, 3 PNF, 6 acute
rejection (all in African American recipients, 3 of which were
related to overt noncompliance), 4 AKI/acute tubular necrosis,
and one pseudoaneurysm that resulted in allograft nephrectomy.
There were no differences in 1- and 3-month patient survival,
graft survival, death-censored graft loss, or renal function between
the two groups.
The overall DCGS rate (62.0% left vs 54.4% right, p=0.35) was
slightly higher in recipients of left kidneys. However, 5-year patient
(77.1% left vs 79.7% right) and kidney graft survival rates (64.4%
left vs 65.3% right) were similar because of fewer late deaths (50
left vs 38 right, p=0.22) and fewer DWFGs (39 left vs 28 right,
p=0.15) in recipients of right kidneys. In recipients of left kidneys,
DWFG accounted for 72.2% of deaths and 56.5% of graft losses.
In comparison, in recipients of right kidneys, DWFG accounted
for 58.3% of deaths and 40.6% of graft losses. In patients (both
groups) who experienced graft loss independent of DWFG, their
subsequent mortality was 49.3% and death occurred at a mean
of 29 months following graft loss (40% of these deaths occurred
with one year of graft loss). Causes of death in both groups were
equally distributed and included cardiac events, infection/sepsis,
respiratory failure, malignancy, and stroke in descending order of
frequency.
Initial length of stay (mean 6.4 days), readmissions (53%),
delayed graft function (mean 24%), days to reach a serum
creatinine level <3.0 mg/dl (mean 6.6 days), and acute rejection
(mean 14%) rates were similar between groups (Table 3). There
were no significant differences in either mean SCr (left 1.9 vs right
1.8 mg/dl) or eGFR (based on MDRD) levels at 24 months (left
41 left vs right 43 ml/min/1.73m2) in recipients with functioning
kidneys.
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Table 2: Recipient and Transplant Characteristics.
Mean ± SD or n (%)
P=NS

Total Group
N=236

Left Kidneys
N=118

Right Kidneys
N=118

HLA-mismatch

4.1 ± 1.4

4.2 ± 1.4

4.1 ± 1.3

Zero HLA-mismatch

5 (2.1%)

3 (2.5%)

2 (1.7%)

199 (84.3%)

98 (83.1%)

101 (85.6%)

PRA ≥ 20%

0% PRA

22 (9.3%)

12 (10.2%)

10 (8.5%)

Retransplant

16 (6.8%)

12 (10.2%)

4 (3.4%)

Preemptive transplant

22 (9.3%)

13 (11.0%)

9 (7.6%)

Months on dialysis pretransplant

36.5 ± 32

35.7 ± 25

37.9 ± 31

Waiting time (months)

17.4 ± 16

17.1 ± 13.5

17.7 ± 18

Recipient age (years)

61.5± 10

61.0 ± 10.0

62 ± 9.5

Recipient age ≥ 70 years

51 (21.6%)

27 (22.9%)

24 (20.3%)

Recipient weight (kg)

74.0 ± 14.7

73.3 ± 14.4

74.7 ± 15

Recipient BMI (kg/m2)

25.9 ± 4.6

25.5 ± 4.3

26.3 ± 4.9

131 (55.5%)

67 (56.8%)

64 (54.2%)

Recipient: African American

92 (39.0%)

40 (33.9%)

52 (44.1%)

Recipient: Diabetes

97 (41.1%)

47 (39.8%)

50 (42.4%)

Primary cytomegalovirus
Exposure (Donor +/recipient -)

31 (13.1%)

14 (11.9%)

17 (14.4%)

Recipient gender: Male

Table 3: Results.
Mean (range) or n (%)

Total Group
N=236

Left Kidney
N=118

Actual Patient Survival

134 (56.8%)

64 (54.2%)

70 (59.3%)

0.51

One Year Patient Survival

222 (94.1%)

114 (96.9%)

108 (91.5%)

0.166

Five Year Patient Survival

185 (78.4%)

91 (77.1%)

94 (79.7%)

NS

Actual Graft Survival

98 (41.5%)

49 (41.5%)

49 (41.5%)

NS

One Year Graft Survival

207 (87.7%)

109 (92.4%)

98 (83.0%)

0.046

Five Year Graft Survival

153 (64.8%)

76 (64.4%)

77 (65.3%)

NS

Follow-up (months)

80 ± 48

78 ± 45

83 ± 51

NS

Death with functioning graft

67 (28.4%)

39 (33.1%)

28 (23.7%)

0.15

DCGS

98/169 (58.0%)

49/79 (62.0%)

49/90 (54.4%)

0.35

Death-Censored Early Graft Loss
(in 1st 12 months)

20/227 (8.8%)

6/115 (5.2%)

14/112 (12.5%)

0.063

Initial graft function: Immediate
Slow
Delayed

112 (47.5%)
68 (28.8%)
56 (23.7%)

Primary nonfunction/Poor initial graft function

6 (2.5%)

# Days to SCr < 3.0 mg/dl

6.6 ± 5.1

Initial length of stay (days)

6.4 ± 2.8

6.5 ± 2.8

6.3 ± 2.7

NS

Readmissions in 1st year

126 (53.4%)

62 (52.5%)

64 54.2%)

NS
NS

55 (46.6%)
34 (28.8%)
29 (24.6%)

Right Kidney
N=118

P-Value

57 (48.3%)
34 (28.8%)
27 (22.9%)

NS

3 (2.5%)

3 (2.5%)

NS

6.3 ± 4.9

6.8 ± 5.3

NS

Acute Rejection in 1st year

33 (14.0%)

16 (13.6%)

17 (14.4%)

24 month SCr (mg/dl)

1.9 ± 0.7

1.9 ± 0.75

1.8 ± 0.7

NS

24 month GFR (ml/min/1.73m2)

42 ± 17

41 ± 15

43 ± 19

NS

Discussion
In our own experience, it is apparent that the number of paired
ECD kidneys either available or acceptable for mate KT at our center
has decreased over time. Prior to the implementation of the new KAS
in the US in December 2014, our center on average performed 8-9
paired ECD KTs annually for more than a decade. In the past 4 years,
we have performed on average only 3-4 paired ECD KTs annually.
This marked reduction in mate ECD KT activity at our center may
be related to a number of factors including implementation (and
the perceived negative labelling effect) of the KDPI scoring system,
aging of the donor population, regional sharing of ECD kidneys (as
mandated by the new KAS), and increased risk aversion given the
current regulatory environment [13-20]. Centers (and patients) are
less willing to consider a kidney from a high KDPI donor compared
Volume 2 • Issue 1 • 1000106

to an ECD. In addition, with regionalization of ECD sharing, the
goal is timely placement of the kidney, which is a positive outcome
irrespective of which center receives the kidney. However, in the
absence of this occurrence, an unintended consequence is a delay
in kidney placement to aggressive centers, extended cold ischemia,
and an increase in kidney discards [13-20]. Moreover, in response
to increasing regulatory scrutiny and requirements, it has become
increasingly difficult for centers (including our own) to “take a chance”
on both kidneys from an ECD, particularly if placement is delayed and
the kidneys are not managed with machine preservation initially. During
this same period, we have likewise seen a marked reduction in our adult
dual KT activity, again for the same reasons [34].
Data on the influence of laterality on KT outcomes are conflicting.
If there exists an anatomic difference between transplanting left
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and right kidneys, one would expect the influence on outcome to
be primarily a technical issue, which therefore would manifest in
the early post-transplant period. In 1992, Gjertson analyzed UNOS
Registry data of 35,625 DD KTs performed in the US between 1988
and 1991 and reported that 3-month graft survival rates were superior
in recipients of left kidneys compared with right kidneys (90.4% left vs
85% right, p=0.0005) [23] However, 1- and 2-year graft survival rates
were noted to be comparable. In 1994, Feduska and Cecka performed
another UNOS Registry analysis of 48,541 DD KTs performed in the
US between October 1987 - November 1994 and again demonstrated
a small benefit of left vs right KT on 1-year graft survival rates (83%
vs 81%, respectively, p=0.028), but this apparent improvement was
not seen at 2, 3, or even 4 years after KT [24,42]. In 1998, Lechevallier
and colleagues performed a retrospective single center study of
257 recipients and reported that right kidney recipients were up
to 3 times more susceptible to DGF [43] However, differences in
DD characteristics may have confounded their findings because
left and right kidneys were not paired in this study. Consequently,
it is uncertain whether left KT continues to be a contemporary,
independent predictor of early post-transplant graft survival in the
new millennium in the setting of substantial improvements in donor
and recipient selection and management, organ preservation, surgical
techniques, and advances in immunosuppression.
In 2006 using a study design similar to our report, Johnson and
colleagues retrospectively analyzed 201 kidney pairs transplanted at
their center [44]. They reported outstanding results including rates
of DGF of 4% for left vs 6% for right kidneys and DCGS rates of
100% at 1 year and 97.9% at 3 years. Also in 2008, in a similar albeit
smaller study, Salehipour and colleagues analyzed 60 kidney pairs
and again found no difference in outcomes although the rates of DGF
were low and mean CITs were only 3 hours [45]. In a paired kidney
analysis using the UNOS database [46], Kayler et al. reported that the
longer cold ischemia requisite with the “second” kidney transplanted
from an ECD was associated with a higher rate of DGF but this did
not appear to have an effect on graft survival [46]. Unfortunately,
kidney laterality was not addressed in this study. In 2009, Phelan and
colleagues performed a retrospective single center analysis of 323
transplanted left–right DD kidney pairs in Ireland between January
1, 1998 and December 31, 2008 [47]. The incidence of DGF was 16%
in both groups and there were no significant differences in acute
rejection episodes or serum creatinine levels from 1 month to 8 years
post-KT. There were 47 death-censored allograft failures in the leftsided group compared to 57 in the right-sided group (P=0.24). The
authors concluded that kidney laterality does not appear to influence
outcomes in DD KT. With the findings of the above single center
studies, the issue of kidney laterality appeared to be “left behind”.
However, in 2013, Vacher-Coponat and colleagues performed
a retrospective paired kidney analysis of 4900 single KTs in adult
recipients from 2450 heart-beating DDs in Australia and New
Zealand spanning the period from 1995 to 2009 [33]. In this registry
study, right kidneys were associated with a higher rate of DGF (21%
left vs 25% right) and a lower one-year kidney graft survival rate (91%
left vs 89% right, both p<0.01). The authors attributed these inferior
early outcomes to a higher rate of surgical complications with right
kidneys that resulted in graft loss (n=35 [1.4%] for left vs 66 [2.7%]
for right kidneys). Beyond the first year, however, kidney laterality
was not associated with disparate graft function or survival outcomes.
A paired DD kidney analysis eliminates donor (and to some extent
preservation) factors other than kidney anatomy as potential sources
Volume 2 • Issue 1 • 1000106

of bias. Kidney laterality is usually not an exclusive consideration
in the allocation decision although kidney size, anatomy, biopsy
findings (if known), and pump parameters (if available) may certainly
influence the choice of which kidney to accept. If the above findings
are largely equal, most surgeons prefer the left kidney because it
usually requires less “work” or reconstruction on the back bench,
particularly if one is creating an inferior vena cava conduit to
lengthen the right renal vein [25-30]. Alternatively, in obese
recipients or in patients with a deep pelvis, the right kidney may
on occasion be preferred because the longer renal vessels may
simplify the implantation. However, in the absence of extending
the right renal vein, the longer right renal artery may be prone to
kinking because a short right renal vein is being anastomosed to
an iliac vein that is usually deeper than the iliac artery. Another
consideration is the greater susceptibility of the right kidney to
injury during either liver or DCD DD organ recovery because of
the proximity of the right renal artery to the superior mesenteric
artery and the potential for traction injury to the renal vasculature
during rapid mobilization of the liver and kidneys [31,32,48]. In
addition, right kidneys tend to be smaller and more frequently
have multiple renal vessels, which may increase the complexity
of the back bench preparation, the recipient implantation, and
possibly increase both anastomosis and warm ischemia times in
the process [22].
In our study, using a paired kidney analysis exclusive to adult
recipients of ECD kidneys, we were not able to demonstrate any
sustainable impact of kidney laterality on medium-term outcomes.
We elected to focus exclusively on ECD kidneys because of our
conjecture that minor differences in outcomes might be amplified in
the setting of marginal donor organs. It is important to emphasize
that many of these ECD pairs were imported from other DSAs and
that CITs were prolonged [37]. However, the majority of these
kidneys were placed on machine preservation prior to KT, which
might both reduce and mitigate any potential differences in the
incidences of DGF according to kidney laterality. In addition,
we routinely employed the use of an IVC extension graft with
the right renal vein, which also might diminish any variances in
early surgical complications and technical graft losses that might
be attributed either to disparate vessel length or complexity of
transplanting a short right renal vein. We concede that a selection
bias in this experience may exist, as kidneys with complex
anatomy, complicated injuries, or those unable to be placed on
the machine preservation pump were largely excluded [35]. An
apparent trend towards increased rates of early (<1 year) death and
graft losses in recipients of right kidneys can be largely explained
by recipient factors including pre-existing liver disease (in 2 cases)
and immunologic graft losses secondary to noncompliance (in at
least 3 cases). Moreover, the similar rates of PNF and DGF and
similar renal function at 1- and 3-month follow-up suggest that
ECD laterality did not have an effect on initial graft outcomes.
In summary, the critical shortage of donor kidneys compounded
by the increasing rate of kidney discards defines two of the major
challenges in organ transplantation today. It is interesting to note
that our study findings appeared to corroborate previous literature
in terms of both similarities and differences in outcomes according to
kidney laterality “depending on which side you’re on”. With current
preservation and surgical techniques, it is reassuring to know that
the right kidney from ECDs should not be “left behind” because of
concerns that early technical and functional considerations may have
an impact on longer-term outcomes.
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