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Background: A limiting factor in expanding the kidney donor pool is donor
kidneys with renal tumors or cysts. Partial nephrectomy (PN) to remove these
lesions prior to transplantation may help optimize organ usage without
recurrence of malignancy or increased risk of complications.

Methods: We retrospectively analyzed all recipients of a living or deceased
donor graft between February 2009 and October 2022 in which a PN was
performed prior to transplant due to the presence of one or more concerning
growths. Donor and recipient demographics, perioperative data, donor
allograft pathology, and recipient outcomes were obtained.

Results: Thirty-six recipients received a graft in which a PN was performed to
remove suspicious masses or cysts prior to transplant. Majority of pathologies
turned out to be a simple renal cyst (65%), followed by renal cell carcinoma
(15%), benign multilocular cystic renal neoplasm (7.5%), angiomyolipoma (5%),
benign renal tissue (5%), and papillary adenoma (2.5%). No renal malignancy
recurrences were observed during the study period (median follow-up: 67.2
months). Fourteen complications occurred among 11 patients (30.6% overall)
during the first 6mo post-transplant. Mean eGFR (+ standard error) at 36 months
post-transplant was 51.9 + 4.2 ml/min/1.73 m? (N = 23). Three death-censored
graft losses and four deaths with a functioning graft and were observed.
Conclusion: PN of renal grafts with suspicious looking masses or cysts is a safe
option to optimize organ usage and decrease the kidney non-use rate, with no
observed recurrence of malignancy or increased risk of complications.

KEYWORDS

kidney transplantation, kidney mass, kidney cyst, living donor kidney donation, donor
pool expansion, deceased donor kidney donation, partial nephrectomy

Introduction

Kidney transplantation remains the gold standard treatment for patients with
end-stage renal disease (ESRD), with improved overall survival when compared
to waitlisted patients remaining on dialysis (1). According to the Scientific
Registry of Transplant Recipients (SRTR), in 2021 approximately 122,000
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patients were on the waiting list for a deceased donor kidney
only 25,488 kidney
performed that year (19,518 from deceased and 5,970 from

transplant, and transplants  were
living donors) (2). Clearly, a large discrepancy exists between
the number of patients waiting for a kidney transplant and the
available Additionally, 16% of kidney

allografts that were initially retrieved in 2020 were not used for

donor organ pool.

transplantation. The reason for such a high non-use percentage
is multifactorial and can be organ-, donor-, or recipient- related
(3). Renal cysts have been reported to be prevalent in up to
27% of the general population (4). It is difficult to discern with
the naked eye that suspicious lesions are simply renal cysts, and
studies have shown that the presence of a simple renal cyst
increases the risk of infection, bleeding, and conversion into
malignancy in the long-term (5). Unroofing these cysts adds an

10.3389/fsurg.2024.1391971

increased risk of urinary leak if connected with the collecting
system (6, 7). Renal tumors such as renal cell carcinoma (RCC)
were identified in 5 of 553 deceased donor kidneys (0.9%) at
the (8).
nephrectomy (PN), also known as nephron-sparing surgery, to

time of organ recovery Performing a partial
remove the cyst or concerning mass with safe margins prior to
transplant might assist in optimizing organ usage without
increasing the risk of malignancy occurrence or surgical
complications developing in the kidney transplant recipient.

In this study, we analyzed all cases in which a PN was
performed to remove one or more suspicious cysts or masses of
the kidney allograft prior to transplantation. We describe our
surgical technique in detail (Figures 1, 2) and report pathology
results, the

recurrence rates, and overall kidney transplant recipient outcomes.

development of post-operative complications,

Prior to back-table preparation the graft s placed in a Lifeport™
renal preservation machine and stored in cold temperature (2-4°C)
using Kidney Perfusion Solution (KPS-1™)

The decision to
perform the

excision of the
cyst/mass

Partial nephrectomy is performed
during back-table preparation

by means of sharp dissection with
tenotomy scissors and leaving at least
3 mm of free margins and the specimen
sent for pathologic analysis

FIGURE 1

from the LifePort™

Description of the surgical technique utilized for partial nephrectomy of the deceased donor kidney graft (right kidney). After removing the kidney
renal preservation machine, if a cyst or mass with suspicious features is identified, a partial nephrectomy is performed during
back-table preparation using tenotomy scissors with 3 mm free margins. The specimen is then sent for pathologic analysis. The biopsy site is
inspected, as deep dissections can injure the collecting system or the renal pelvis, warranting repair.

The kidney graft is removed from
the perfusion machine and taken
to the back-table

Attention to the depth of resection
is important to avoid damaging the
collecting system or the renal pelvis
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If a defect on the collecting
system or the renal pelvis

is encountered after

the excision, it is closed

using 4-0 polydioxanone
running sutures

Biopsy bed
Ureteral anastomosis

using the Miami Transplant
Institute technique

FIGURE 2

extravesical ureteroneocystostomy technique is then performed.

Illustration of the partial nephrectomy site closure of a kidney graft, including repair of the collecting system or renal pelvis defect, followed by
retroperitoneal placement of the transplanted kidney in the right lower quadrant. Vascular anastomosis to the right external iliac artery and vein.
The renal artery is anastomosed first, followed by the renal vein. Ureteral anastomosis to the recipient bladder using the Miami Transplant Institute

Double renal artery
with Carrel patch

Extended renal vein
by means of caval counduit

The partial nephrectomy bed is closed with
interrupted 3-0 polydioxanone sutures and
small pieces of rolled oxidized regenerated
cellulose (Nu-knit™) as pledged in an
horizontal mattress fashion

End-to-side vascular anastomoses
to the external iliac vessels

Kidney graft placed in its definitive
position in the right lower quadrant
showing the reconstructed bed on
its anterior aspect

Bookwalter™ retractor

Methods

We retrospectively analyzed all renal transplant recipients of a
deceased or living donor graft that underwent a PN between
February 2009 and October 2022 due to presence of one or
more cysts or masses with a concerning gross appearance. This
back table PN was performed in the attempt to prevent: (1)
transplantation of a graft with malignancy, (2) the conversion of a
complex, possibly benign mass into a malignant one due to the
recipient’s increased risk secondary to immunosuppression, (3)
surgical complications involved with unroofing, decortication, or
fulguration, and (4) the recipient or living donor’s need for either a
radical nephrectomy due to malignancy or active surveillance due
to the presence of a complex cyst.

Frontiers in Surgery

All recipients underwent extensive pre-transplant workup
including immunological, medical, and surgical risk assessment.
All living donor cases had known renal masses/cysts prior to
donation as detected on pre-operative imaging. All living donors
were informed of their diagnosis and the possibility of
malignancy. If they opted for donation, they would be
undergoing the necessary curative treatment for malignancy as
the tumor was considered to be small in size. These living
donors were offered follow-up with our urology and transplant
teams for surveillance post-donation. If the individual opted
against donation, they were advised to undergo a biopsy of the
mass and were informed, depending on the biopsy results, of the
need for possible radical nephrectomy or active surveillance.
Deceased donor (DD) kidneys were open or aggressive offers due
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to the nature of the cyst or mass, and potential recipients of DD
kidneys were identified from our DD transplant waiting list
based on having no restrictive criteria. Pre-transplant risk of
neoplastic transmission was assessed according to the European
Best Practice Guidelines and the Kidney Disease Improving
Global Outcomes (KDIGO) organization (9, 10). Intermediate-
risk organs (defined as 1%-10% risk of neoplastic transmission
according to the Disease Transmission Advisory Committee)
should be considered for life-saving transplants with patients
where the life expectancy without transplant is short (11).

This study was approved by the University of Miami
Institutional Review Board and follows the ethical principles (as
revised in 2013) of the Helsinki Declaration. Written informed
consent was obtained prior to enrollment in this study, which
included the potential risks of tumor recurrence, complications
related to back-table surgery, and the alternative option of
continued dialysis. Specific surgical complications related to
excision of the mass (bleeding, urinary leakage, urinary fistula
and arteriovenous malformation) were discussed. The United
Network for Organ Sharing (UNOS) was also notified of this
study and requested a follow-up protocol to be maintained for all
patients receiving these allografts. Therefore, we implemented,
regardless of malignancy, a doppler ultrasound of the renal graft
to be obtained immediately after surgery and repeated every 6
months for 2 years followed by a CT scan of the abdomen and
pelvis yearly through 5 years in these recipients of PN allografts.

The standard immunosuppression protocol for these patients
consisted of induction with 3 mg/kg of anti-thymocyte globulin IV
divided into three doses, two doses of basiliximab 20 mg IV, and
Methylprednisolone 500 mg IV for three consecutive days followed
by a steroid-free maintenance regimen consisting of tacrolimus and
mycophenolic acid (12). If the pathology report revealed a
malignancy, then we added an mTOR inhibitor to the maintenance
regimen of those recipients who received a PN-performed allograft
with the corresponding malignancy having been removed.

10.3389/fsurg.2024.1391971

Donor and recipient demographics, intraoperative data,
pathology results, and recipient outcomes including post-operative
complications within six months after transplant were obtained.
Complications were classified according to the Clavien-Dindo
classification (13). The estimated glomerular filtration rate (eGFR)
was calculated using the CKD-EPI formula (14). Delayed graft
function (DGF) was defined as the need for dialysis within seven
days following kidney transplant. Primary graft nonfunction (PNF)
was defined to occur in patients with persistent DGF/dialysis
dependency after 3 months post-transplant.

Surgical technique

Prior to back-table preparation, DD kidneys were placed
(immediately at the time of arrival at our center) in a Lifeport™
(RPM) cold
temperature (2°C-4°C) utilizing a kidney perfusion solution

renal preservation machine and stored in
(KPS-1%) (15) (Figure 1). The decision to perform an excision of
the cyst or mass was based on its gross appearance (e.g., complex
cyst, solid mass) (Figure 3A). The kidney was completely
dissected-free from the peri-renal fat except for the areas in
direct contact with the mass or complex cyst. After careful
inspection for any additional masses or cysts in the graft, a PN
was performed during back table preparation using a sharp
dissection with tenotomy scissors, achieving a 3mm rim of
normal kidney parenchyma as margin (Figure 1). Attention to
(limiting) the depth of resection is important to avoid damaging
the collecting system. If a defect in the collecting system was
encountered after the resection, it was closed using 5-0 or 4-0
polydioxanone (PDS®™). The kidney cortex was sutured in a
continuing manner with 4-0 PDS. The remaining cavity was
closed with 4-0 polydioxanone (PDS"™) sutures using small pieces
of rolled oxidized regenerated cellulose (Nu-knit®) as pledged in

a horizontal mattress fashion, and specimens were sent for

FIGURE 3

Preparation of a deceased donor kidney with a cyst for transplantation. (A) Deceased donor kidney with a large upper pole cyst. (B) Deceased donor
kidney after partial nephrectomy of the upper pole, as described in the Surgical Technique subsection of the Methods. (C) Partial nephrectomy graft

after reperfusion.
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pathologic permanent analysis (Figures 2, 3B). Before kidney
reperfusion, a fibrin sealant (Evicel, OMRIX Biopharmaceuticals
Ltd., Israel) is sprayed over the PN site for additional hemostatic
properties (Figure 3C). After the removal of the mass or cyst via
PN with 3 mm clear margins, margins from the PN were taken
for frozen section to ensure that an adequate resection was
performed. The entire PN sample(s) was then sent for

permanent pathology, and the kidney was immediately
transplanted into the recipient. The PN procedure was performed
on the back table by an experienced surgeon who utilized
judgement that the whole tumor was removed with clear
margins, and this was confirmed with the final pathology report.

The kidney transplant surgical technique has been previously
described in detail (16). In brief, a modified Gibson incision is
performed in the right lower quadrant, and the abdominal wall
muscles are divided with an energy sealing device approximately
2 cm from the Linea semilunaris. The peritoneum is reflected
medially exposing the iliac vessels. A Bookwalter® retractor is
placed to aid in exposure. Minimal dissection is performed of the
iliac vessels, and lymphatics are preserved as much as possible.
Soft vascular clamps are used for the right iliac external artery,
and a Lambert-Kay clamp is used for the iliac vein. The renal
artery is anastomosed first using 6-0 Prolene, followed by
anastomosis of the renal vein using 5-0 Prolene. Reperfusion of
the kidney is then allowed after releasing the vascular clamps
with a mean arterial blood pressure of at least 90 mmHg. Then,
the ureter is anastomosed to the bladder using the Miami
Transplant Institute (MTI) extravesical ureteroneocystostomy
technique (Figure 2) (17). After confirming hemostasis, the
abdominal wall is closed in two layers, followed by subcutaneous
tissue and skin closure. In some cases, a Jackson-Pratt (JP) drain
was utilized, but our practice has evolved, and drains have not
been routinely used since 2014 (18). Ureteral stents have also
been seldomly utilized, as we have demonstrated similar
outcomes without the use of ureteral stents if the appropriate
surgical technique is used (17, 18).

Results

Thirty-six patients underwent kidney transplantation with a
donor kidney that required a PN. Four kidneys had an additional
cyst or mass excised, resulting in a total of 40 pathologies being
reviewed. Recipient and donor demographics are described in
Table 1. Mean recipient age (+ standard error) was 57.6 +2.2
years. A majority of recipients were male (72.2%) and of Black
(non-Hispanic) race (25.0%) or Hispanic ethnicity (44.4%). Six
patients (16.7%) received a pre-emptive transplant; thus, most of
the recipients were on dialysis at the time of transplant (83.3%)
for a mean dialysis time of 3.57 £0.70 years. Mean donor age
was 51.4 + 1.5 years. Thirteen patients (36.1%) underwent living
donor transplantation. Twenty-three patients (63.9%) received a
graft from a deceased donor. Among 18 deceased donors
since 2015, the mean kidney donor profile index (KDPI) was
67.7 £4.0% (range: 30%-85%). And among five deceased donors
prior to 2015, one was an extended criteria donor. Among all
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TABLE 1 Distributions of selected baseline variables (N = 36).

Baseline variable Mean * SE, along with median and

range for continuous variables;

percentage with characteristic for
categorical variables.

Date of transplant
2009-2015
2016-2022

47.2% (17/36)
52.8% (19/36)
57.6+2.2 (N=36)
[Median = 61.3, Range: 21.0-79.1]

Recipient age (years)

Recipient gender

Female
Male

Recipient race/ethnicity

27.8% (10/36)
72.2% (26/36)

25.0% (9/36)
44.4% (16/36)
30.6% (11/36)

Black (non-Hispanic)

Hispanic

White (non-Hispanic)

Preemptive transplant
No 83.3% (30/36)
Yes 16.7% (6/36)

3.57+0.70 (N =36)
[Median = 2.19, Range: 0.00-17.59]

Time on Dialysis (years)

Recipient pretransplant history of diabetes

No 58.3% (21/36)
Yes 41.7% (15/36)
Donor type

36.1% (13/36)
63.9% (23/36)

Living donor

Deceased donor
DBD (among 23 DD’s)

No 8.7% (2/23)

Yes 91.3% (21/23)
ECD (among 5 DD’s prior to 2015)

No 80.0% (4/5)

Yes 20.0% (1/5)

KDPI (%) (among 18
DD’s since 2015)

Donor age (years)

67.7+4.0 (N=16)
[Median = 71, Range: 30-85]

51.4+ 1.5 (N=36)
[Median = 53, Range: 29-65]

Number of donor arteries

1 69.4% (25/36)
2 27.8% (10/36)
3 2.8% (1/36)

Cold ischemia time (h)® 19.6+2.7 (N =36)
[Median = 21.6, Range: 0.2-52.7]
30.1+£0.7 (N=36)
[Median = 30, Range: 23-40]
6.0+ 1.0 (N=29)
[Median = 4.0, Range: 0-17]

Warm ischemia time (min)

Pre-implant Bx: % sclerotic
glomeruli

JP drain use at transplant

No 44.4% (16/36)

Yes 55.6% (20/36)
Stent inserted at transplant

No 83.3% (30/36)

Yes 16.7% (6/36)

2KDPI was missing for two simultaenous liver-kidney transplant recipients.

©Cold Ischemia Time includes both living donors (defined by time of transport from
donor to recipient on ice) and deceased donors (also defined by time of transport
from donor to recipient; however, cold ischemia time included 2 components
here: transport from retrieval to placement on machine perfusion, and time on
machine perfusion until removal for transplant).

23 deceased donors, 21 (91.3%) were donation after brain death
(DBD). There were 25 (69.4%) grafts with a single renal artery,
10 grafts (27.8%) with two renal arteries, and one graft (2.8%)
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with three renal arteries. Combining LD and DD recipients, mean
cold ischemia time (CIT) was 19.6+2.7h, and mean warm
ischemia time (WIT) was 30.1 £0.7 min. Mean percentage of
sclerotic glomeruli at the pre-implant biopsy was 6.0 + 1.0%. A JP
drain was used in 20 cases (55.6%), and a ureteral stent was
placed in six cases (16.7%).

Pathology results and specimen sizes (from the PN) are
summarized in Table 2. As mentioned above, 40 distinct pathologic
determinations were obtained among the 36 PNs performed among
36 kidney allografts. Of those, 26 (65%) were simple renal cysts.
RCC was found in six allografts (15%); of those, three were clear
cell type, and three were papillary cell type. Characteristics of the
malignancies, including tumor grade, size, and donor type, are
summarized in Table 3. Three allografts (7.5%) were found to have
benign multilocular cystic renal neoplasm. Two allografts (5.0%)
were found to have angiomyolipoma. Two (5.0%) graft biopsies
resulted in benign renal tissue without cyst or neoplasm. One
(2.5%) graft biopsy was found to have papillary adenoma.
Regarding specimen size, 3 (7.5%) measured between 0.1-0.5 cm,
15 (37.5%) measured from 0.6-1.0 cm, 12 (30.0%) measured 1.1-
2.0 cm, and 10 (25.0%) measured 2.1-3.0 cm in its largest diameter.
Of note, two distinct pathologic determinations were found in 4 of
the PNs: a benign multilocular cystic renal neoplasm along a simple
renal cyst in one case; an angiomyolipoma along with a simple
renal cyst in another case; 2 renal cysts in a third case; and a
papillary RCC along with a papillary adenoma in the fourth case.

TABLE 2 Pathology of All suspicious lesions (N = 40 pathologies among 36
donor kidneys).

Pathology Frequency (n) A Frequency (%)

TABLE 3 Characteristics of malignancy cases.

10.3389/fsurg.2024.1391971

All specimens were reported with negative margins in the final
histologic reports. There was no evidence of any RCC recurrence
during the study period. Median follow-up (range) among the
6 patients who received a kidney allograft with RCC in
PN  pathology (2.3-11.6)

post-transplant (Table 3).

specimen  was 5.0 years

Clinical outcomes are listed in Table 4. We identified six cases
(16.7%) of DGF and no cases of PNF. Mean estimated glomerular
filtration rate (eGFR) at 3-, 6-, 12- and 36-months post-transplant
were 65.0+ 3.1 (N=36), 61.4+2.7 (N=33), 59.2 +3.5 (N =30) and
51.9+4.2 (N=23) ml/min/1.73 m’, respectively. Median follow-up
among 29 patients with a functioning graft at last follow-up was
67.2 (range 4.3-150.9) months. Three patients (8.3%) developed
(death-censored) graft failure - two were related to acute on
chronic rejection, and a third patient developed acute rejection due
to immunosuppression nonadherence complicated by BK virus
nephropathy. A total of four patients (11.1%) died with a
functioning graft. The first patient died from COVID-19
pneumonia with respiratory failure at approximately five months
post-transplant. The second patient died from a probable
cardiovascular event (sudden death) at approximately two years
post-transplant. The third patient died of metastatic lung cancer at
approximately 5 years post-transplant, and the fourth patient died
secondary to trauma from a motor vehicle accident at
approximately 6% years post-transplant.

There were 15 complications observed among 11 patients
during the first six months after transplant (Tables 4, 5), of
which five were surgical-related and two were urologic-related.
One patient developed urinary leak from the site of the biopsy of

the upper pole of the kidney 26 days after the transplant. This

. patient was treated with a percutaneous nephroureteral stent
Simple renal cyst 26 65
Renal cell carcinoma, clear cell type 3 75 placed by interventional radiology, and the urinary leak resolved
Renal cell carcinoma, papillary cell type 3 75 after 8 weeks. Another patient developed urinary leak from the
Benign multilocular cystic renal 3 75 ureteral anastomosis on postoperative day 6 that was treated with
neoplasm a percutaneous nephroureteral stent, with resolution at 6 weeks
Angiomyolipoma 2 > post-transplant. This patient then developed a complicated UTI
Benign renal tissue, no cyst or neoplasm 2 5 . ..

Papillary adenoma ! 25 at approximately 2 months post-transplant requiring a prolonged

Total " 1000 intravenous antibiotic course. One patient developed a perirenal

o ] . . » hematoma from a retroperitoneal bleeding vessel requiring
ecimen size requency (n) A Frequenc . . .

b d y (n) d AL exploration on postoperative day 2; the PN site was not the
0.1-0.5 cm in largest diameter 3 7.5 f the bleedi Thi i b Iy developed
0:6-1.0 cm in largest diameter s P source of the bleeding. This patient subsequently developed an
1.1-2.0 cm in largest diameter 2 20 ischemic stroke 30 days after the operation and eventually
2.1-3.0 cm in largest diameter 10 25 developed COVID-19 pneumonia with persistent respiratory
Total 40 100 failure and died at approximately five months after the kidney

Pathology

Pathologic
size (cm)

Donor type
(living or
deceased)

Donor age
(years)

Recipient
age (years)

Clinical follow-up
(years)

Renal cell carcinoma, clear cell type Grade 1 1.2 Living 51 79 11.6
Renal cell carcinoma, clear cell type Grade 2 0.2 Living 51 55 8.8
Renal cell carcinoma, clear cell type Grade 1 0.8 Deceased 53 36 5.9
Renal cell carcinoma, papillary cell type Grade 1 0.6 Living 49 20 4.0
Renal cell carcinoma, papillary cell type Grade 1 32 Deceased 55 69 24
Renal cell carcinoma, papillary cell type Grade 1 0.5 Deceased 47 64 23
Frontiers in Surgery 06 frontiersin.org
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TABLE 4 Distributions of selected outcome variables (N = 36).

Outcome variable Mean + SE, along with median and

range for continuous outcomes;

Percentage developing the outcome
for dichotomous outcomes.

Developed DGF

No 83.3% (30/36)

Yes 16.7% (6/36)
Developed PNF

No 100.0% (36/36)

Yes 0.0% (0/36)
Developed a 1st post-operative complication®

No 69.4% (25/36)

Yes 30.6% (11/36)
Developed a 2nd post-operative complication®

No 91.7% (33/36)

Yes 8.3% (3/36)
Developed a 1st BPAR®

No 94.4% (34/36)

Yes 5.6% (2/36)

eGFR® at 3 months post-tx
(ml/min/1.73 m?)

eGFR® at 6 months post-tx
(ml/min/1.73 m?)

eGFR" at 12 months post-tx
(ml/min/1.73 m?)

eGFR" at 36 months post-tx
(ml/min/1.73 m?)

65.0 £3.1 (N=236)
[Median = 65.5, Range: 34.2-114.5]
61.4+2.7 (N=33)
[Median = 55.3, Range: 38.5-92.1]
59.2+3.5 (N=30)
[Median = 60.7, Range: 21.2-99.7]
51.9+42 (N=23)
[Median = 59.2, Range: 12.0-98.3]

Developed (death-censored) graft failure®

No 91.7% (33/36)

Yes 8.3% (3/36)
Death with a functioning graft®

No 88.9% (32/36)

Yes 11.1% (4/36)
Developed (death-uncensored) graft loss®

No 80.6% (29/36)

Yes 19.4% (7/36)
Any death®

No 88.9% (32/36)

Yes 11.1% (4/36)

?Causes (and post-transplant times) of developing a 1st post-operative complication
were: Post-operative bleeding (0.07 months), Urine leak from the ureteral
anastomosis (0.20 months), Post-operative perirenal collection (0.23 months), UTI
(0.36 months), Surgical wound infection (0.36 months), UTI (0.76 months), UTI (0.79
months), Surgical wound infection (1.02 months), Small bowel obstruction (2.04
months), pulmonary aspergillosis (3.42 months), and UTI (5.06 months). Causes (and
post-transplant times) of developing a 2nd post-operative complication were: Urine
leak from upper pole (0.89 months), Ischemic stroke (1.08 months), and Complicated
UTI (2.23 months). Grades (and post-transplant times) of developing a 1st BPAR were:
T-cell mediated, Grade 1A (38.4 months), and T-cell mediated, Grade 1B (46.3 months).
°GFR was estimated using the CKD-EPI formula. Also of note, the eGFR for a
patient who previously developed kidney graft failure (i.e., returned to permanent
dialysis) was not imputed here; thus, patients who previously developed kidney
graft failure were not utilized in these mean eGFR calculations.

“As of the last follow-up date, March 1, 2023, death-censored kidney graft failure has
occurred in 3 patients [median time to death-censored graft failure was 48.0
(range: 37.5-80.5) months post-transplant]. Causes (and post-transplant times) of
death-censored graft failure were: acute and chronic rejection (37.5 months), a
combination of BK nephropathy, acute T-cell rejection, and nonadherence (48.0
months), and Acute Rejection (80.5 months). As of the last follow-up date, 4 patients
have died with a functioning graft—no patients have died following death-censored
graft failure (median time to death with a functioning graft was 43.4 [range: 4.6-77.2]
months post-transplant. Causes (and post-transplant times) of death with a
functioning graft were: Respiratory failure secondary to COVID-19 pneumonia
(4.6 months), Sudden death (probable cardiovascular event, 23.4 months), Lung
cancer (63.3 months), and trauma due to a motor vehicle accident (77.2 months).
Median follow-up among the 29 patients who were still alive with a functioning graft
at last follow-up was 67.2 [range: 4.3—-150.9] months post-transplant.
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transplant. Another patient with a previous history of abdominal
surgeries developed a high-grade small bowel obstruction two
months after transplant and required exploratory laparotomy
with lysis of adhesions. Lastly, one patient was diagnosed with
pulmonary aspergillosis and was treated with antifungals at
approximately 3 months post-transplant.

Discussion

Donor organ shortage remains a critical limiting factor for the
wider use of renal grafts in transplantation. Several different
strategies have been developed in efforts to increase the donor
pool, including growth of living donor programs with paired
donations and the use of marginal donors, as long as appropriate
risks and benefits are considered (19, 20). There is no consensus
on the definition of marginal donors, which is also evolving over
time; however, marginal donors are usually defined as advanced
age donors or those with anatomical anomalies or potentially
transmissible infections or malignancies (21). The incidence of
donor kidney nonuse in the U.S. is around 24% (22). While the
exact numbers of donor kidneys that have been retrieved annually
in the U.S. but were not transplanted due to diagnosis of a large
cyst or tumor in the donor kidney (or were never retrieved
because of their previously detected existence) is unknown, there
are only a few centers that have reported on successfully
transplanting such donor kidneys when a PN was performed on
the back table (3, 23, 24). Our series is relatively large, and in a
small way, our approach increased the donor pool over time. Six
donor kidneys had pathologies that resulted as RCC, and two
donor pathologies resulted as angiomyolipoma. If we had not
removed these masses, the donor kidneys simply would not have
been used for transplantation. The same goes for those with cysts,
as some of them were greater than 2 cm, and such donor kidneys
would be discarded or not used (in case of living donors). Thus,
performing a PN in these cases allowed us to utilize these
particular donor kidneys for transplantation into our recipients.

In the current era of advanced imaging, more incidental renal
masses are being diagnosed. These renal masses are often
asymptomatic and are found on imaging, ranging from simple
renal cysts to RCC (25). RCC is the most frequent malignant
renal tumor and one of the most common malignancies
worldwide. For small and localized tumors in the general
population, nephron-sparing surgery or PN is the indicated
surgical approach with good long-term outcomes (26, 27).

The first case of a kidney transplant using a renal graft with
excised tumor was reported in 1982 by Stubenbord (28) that was
subsequently found to be RCC. Cristea et al. (3) published a
review of published case series and case reports that included
147 kidney transplants using grafts that underwent PN, and the
pathology was consistent with RCC in 120 of them (81.6%).
Only one suspected tumor recurrence was demonstrated.
However, that study had several limitations, specifically related to
heterogeneity of the obtained data, as most came from different
small case series and case reports with only short- to mid-term
follow-up. Similarly, Lugo-Baruqui (24) published a review of
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TABLE 5 Summary of complications observed during the first 6 months post-transplant.

Patient | Drain = Stent = DGF Complication(s) Time to Grade, Treatment
(Y/N) | (Y/N) | (Y/N) occurrence Clavien-Dindo
post-transplant classification
(months)
1 Y Y N UTI 0.76 I IV antibiotics
2 Y N N UTI 0.36 I IV antibiotics
3 Y Y N Surgical site infection 0.36 1IIb Debridement in the operating room and
IV antibiotics
4 Y Y N UTI 0.79 I IV antibiotics
5 N N N Small bowel obstruction 2.04 IIIb Lysis of adhesions in the operating room
6 Y N N Surgical site infection 1.02 I PO antibiotics
7 Y N N Urinary leak (ureteral anastomosis) 0.20 1lla Percutaneous nephroureteral stent by IR
Y N N Complicated UTI 223 I IV antibiotics
8 Y N Y Perirenal collection 0.23 IIla Percutaneous drainage by IR
Y N Y Urinary leak (upper pole) 0.89 IIa Percutaneous nephroureteral stent by IR
9 N N Y Postoperative bleeding 0.07 IIIb Hematoma evacuation in the operating
room
N N Y Ischemic stroke 1.08 IVa Medical management
N N Y COVID-19 pneumonia 1.71 \% Ventilator support in the intensive care
unit
10 N N Y UTI 5.06 I IV antibiotics
11 N N Y Pulmonary aspergillosis 342 I IV antibiotics

seven different studies where only one recurrence was encountered
in more than 122 recipients transplanted with kidneys that
harbored RCC. Desai et al. (29) analyzed more than 17,600
donors, of which 61 of them were determined to have a high risk
of cancer transmission. Despite the high risk, they demonstrated
a remarkable mean survival of 7.1 years per recipient at 10 years
post-transplant, showing that the cancer transmission risk from
donors is likely overestimated.

When analyzing solely living donors, Mannami et al. (30)
reviewed 42 kidney transplants from living unrelated donors
where the graft underwent back table PN of small renal masses.
Donor and recipients were followed for up to 135 months post-
transplant without RCC recurrence. He et al. (31) also report on
their experience with 28 recipients that received a PN kidney
graft transplant from living unrelated donors, showing no
recurrence of malignancy at a median of 7.5 years of follow up.
Regarding living donors with renal cysts, Grotemeyer et al. (32)
published a retrospective review of 268 living donor kidney
transplants where 25 kidneys were found to have cysts. They
reported no cyst-related complications or post-transplant graft
dysfunction. In our cohort, 36.1% of the transplants were from
living donors, and during our study period, no recurrence of
RCC or any other malignancy was encountered.

We report 15 complications that occurred in 11/36 patients
during the first 6 months post-transplant. Of these, five were
surgery-related, and two additional urological
complications. We do not believe that any of non-surgical

ones  were
complications were associated with the PN, as the majority of them
were infections that occurred secondary to immunosuppression or
comorbidities of the recipient (e.g., the occurrence of ischemic
stroke). Regarding surgical complications after PN, Van Poppel
et al. (33) published a prospective randomized study comparing PN
vs. radical nephrectomy for low-stage RCC and found a rate of
urinary fistulas of 4.4% and postoperative bleeding of 3.1% in the
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PN group. Similarly, a large cohort published in 2004 compared
radical nephrectomy and PN (34). Of 361 partial nephrectomies
reviewed, the most common complications encountered among the
PN recipients were urinary fistulas (5.5%), perinephric abscess
(1.1%), acute renal failure (1.3%) and postoperative bleeding (0.8%).

In our cohort, two patients (5.6%) developed a urinary leak. One
patient developed a perirenal fluid collection requiring imaged-
guided pigtail catheter placement, and after two weeks, a urinary
leak was determined to be originating from the upper pole of the
transplanted kidney. The second patient developed a leak from the
ureteral anastomosis. We do not believe that these urological
complications were related to the PN, as one of them was related
to the ureterovesical anastomosis, and a second one came from
the upper pole, which was at some distance from the PN site
(note: this latter complication was likely related to the biopsy site
commonly performed and suture-closed by the local Organ
Procurement Organization). Both cases were conservatively treated
with a nephron-ureteral stent placed by interventional radiology.
Our incidence of urological complications (2/36, 5.6%) is similar
to previously reported kidney transplants that did not require PN,
ranging from 1.7%-15% (35).

Regarding the surgical complications, one small bowel
obstruction was encountered, which was most likely due to
previous abdominal surgeries and not transplant-related, as the
patient’s kidney transplant was completely extraperitoneal. There
were two surgical site infections, one that required debridement
in the operating room, and one that was treated only with
antibiotics. These results are similar to the 5% incidence of wound
complications occurring among kidney transplant recipients
(without a back table PN of the donor kidney) previously reported
in the literature (36). Another surgical complication was bleeding
requiring hematoma evacuation in the operating room. In
this particular case, it came from the retroperitoneum and not
from the PN site.
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Study limitations include the small sample size, which limits

our ability to determine significant risk factors for the
development of postoperative complications, and the lack of a
comparison group comprised of similar grafts but without the
requirement for PN. However, as described above, data from
previous studies have shown similar incidences of urologic
complications (35, 37) and surgical complications (38, 39), as
well as similar clinical outcomes (40).

PN of kidney grafts with suspicious cysts or tumors is a safe
approach to optimize organ usage and a good option to expand
the donor pool. Our study demonstrates no local or systemic
malignancy recurrence with reasonable rates of surgical and

urological complications compared to the published literature.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by University of
Miami Institutional Review Board. The studies were conducted in
with  the
requirements. The participants provided their written informed

accordance local legislation and institutional

consent to participate in this study. Written informed consent

was obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.

Author contributions

MMT: Conceptualization, Data curation, Writing - original
draft, Writing - review & editing. JR: Writing - original draft,

References

1. Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE, Agodoa LY, et al.
Comparison of mortality in all patients on dialysis, patients on dialysis awaiting
transplantation, and recipients of a first cadaveric transplant. N Engl ] Med. (1999)
341(23):1725-30. doi: 10.1056/NEJM199912023412303

2. Lentine KL, Smith JM, Miller JM, Bradbrook K, Larkin L, Weiss S, et al. OPTN/
SRTR 2021 annual data report: kidney. Am ] Transplant. (2023) 23(2 Suppl 1):
§21-120. doi: 10.1016/j.ajt.2023.02.004

3. Cristea O, Warren ], Blew B, Rowe N. Transplanting kidneys from donors with
small renal masses—a strategy to expand the donor pool. Can Urol Assoc J. (2020)
14(1):E32-8. doi: 10.5489/cuaj.5926

4. Mensel B, Kuhn JP, Kracht F, Volzke H, Lieb W, Dabers T, et al. Prevalence of
renal cysts and association with risk factors in a general population: an MRI-based
study. Abdom Radiol (NY). (2018) 43(11):3068-74. doi: 10.1007/s00261-018-1565-5

5. Eknoyan G. A clinical view of simple and complex renal cysts. ] Am Soc Nephrol.
(2009) 20(9):1874-6. doi: 10.1681/ASN.2008040441

6. Bas O, Nalbant I, Can Sener N, Firat H, Yesil S, Zengin K, et al. Management of
renal cysts. JSLS. (2015) 19(1):e2014.00097. doi: 10.4293/JSLS.2014.00097

7. Zewu Z, Hequn C, Yu C, Yang L, Zhongqing Y, Zhiyong C, et al. Long-term
outcome after flexible ureteroscopy with holmium laser for simultaneous treatment
of a single renal cyst and ipsilateral renal stones. J Int Med Res. (2019) 47
(8):3601-12. doi: 10.1177/0300060519855573

Frontiers in Surgery

10.3389/fsurg.2024.1391971

Writing - review & editing. JG: Conceptualization, Methodology,
Visualization, Writing - original draft, Writing - review &
editing. JJG: Conceptualization, Data curation, Formal Analysis,
Methodology, Writing - original draft, Writing - review &
editing. GG: Writing - original draft, Writing - review & editing.
AA: Writing - original draft, Writing - review & editing. GC:
Conceptualization, Data curation, Formal Analysis, Methodology,
Resources, Supervision, Validation, Visualization, Writing -
original draft, Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

8. Carver BS, Zibari GB, Mcbride V, Venable DD, Eastham JA. The incidence and
implications of renal cell carcinoma in cadaveric renal transplants at the time of organ
recovery. Transplantation. (1999) 67(11):1438-40. doi: 10.1097/00007890-199906150-
00008

9. Kidney Disease: Improving Global Outcomes (KDIGO) Transplant Work Group.
KDIGO clinical practice guideline for the care of kidney transplant recipients. Am
J Transplant. (2009) 9(Suppl 3):S1-155. doi: 10.1111/j.1600-6143.2009.02834.x

10. Abramowicz D, Cochat P, Claas FH, Heemann U, Pascual ], Dudley C, et al.
European Renal Best Practice Guideline on kidney donor and recipient evaluation
and perioperative care. Nephrol Dial Transplant. (2015) 30(11):1790-7. doi: 10.
1093/ndt/gfu216

11. Nalesnik MA, Woodle ES, Dimaio JM, Vasudev B, Teperman LW, Covington S,
et al. Donor-transmitted malignancies in organ transplantation: assessment of clinical
risk. Am J Transplant. (2011) 11(6):1140-7. doi: 10.1111/j.1600-6143.2011.03565.x

12. Sageshima J, Ciancio G, Gaynor JJ, Chen L, Guerra G, Kupin W, et al. Addition
of anti-CD25 to thymoglobulin for induction therapy: delayed return of peripheral
blood CD25-positive population. Clin Transplant. (2011) 25(2):E132-5. doi: 10.
1111/j.1399-0012.2010.01360.x

13. Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a
new proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann
Surg. (2004) 240(2):205-13. doi: 10.1097/01.51a.0000133083.54934.ae

frontiersin.org


https://doi.org/10.1056/NEJM199912023412303
https://doi.org/10.1016/j.ajt.2023.02.004
https://doi.org/10.5489/cuaj.5926
https://doi.org/10.1007/s00261-018-1565-5
https://doi.org/10.1681/ASN.2008040441
https://doi.org/10.4293/JSLS.2014.00097
https://doi.org/10.1177/0300060519855573
https://doi.org/10.1097/00007890-199906150-00008
https://doi.org/10.1097/00007890-199906150-00008
https://doi.org/10.1111/j.1600-6143.2009.02834.x
https://doi.org/10.1093/ndt/gfu216
https://doi.org/10.1093/ndt/gfu216
https://doi.org/10.1111/j.1600-6143.2011.03565.x
https://doi.org/10.1111/j.1399-0012.2010.01360.x
https://doi.org/10.1111/j.1399-0012.2010.01360.x
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.3389/fsurg.2024.1391971
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Tabbara et al.

14. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI, et al.
A new equation to estimate glomerular filtration rate. Ann Intern Med. (2009) 150
(9):604-12. doi: 10.7326/0003-4819-150-9-200905050-00006

15. Ciancio G, Gaynor JJ, Sageshima ], Roth D, Kupin W, Guerra G, et al. Machine
perfusion following static cold storage preservation in kidney transplantation: donor-
matched pair analysis of the prognostic impact of longer pump time. Transpl Int.
(2012) 25(1):34-40. doi: 10.1111/j.1432-2277.2011.01364.x

16. Riella J, Tabbara MM, Alvarez A, DeFreitas MJ, Chandar ], Gaynor JJ, et al.
Pediatric kidney transplants with multiple renal arteries show no increased risk of
complications compared to single renal artery grafts. Front Pediatr. (2022)
10:1058823. doi: 10.3389/fped.2022.1058823

17. Ciancio G, Farag A, Gonzalez J, Vincenzi P, Gaynor JJ. Results of a previously
unreported extravesical ureteroneocystostomy technique without ureteral stenting in
500 consecutive kidney transplant recipients. PLoS One. (2021) 16(1):¢0244248.
doi: 10.1371/journal.pone.0244248

18. Farag A, Gaynor JJ, Serena G, Ciancio G. Evidence to support a drain-free
strategy in kidney transplantation using a retrospective comparison of 500
consecutively transplanted cases at a single center. BMC Surg. (2021) 21(1):74.
doi: 10.1186/s12893-021-01081-x

19. Saran R, Li Y, Robinson B, Ayanian J, Balkrishnan R, Bragg-Gresham J, et al. US
renal data system 2014 annual data report: epidemiology of kidney disease in the
United States. Am ] Kidney Dis. (2015) 66(1 Suppl 1):Svii, S1-305. doi: 10.1053/j.
ajkd.2015.05.001

20. Friedersdorff F, Roller C, Manus P, Cash H, Stier K, Schmidt D, et al. Fate of
finally transplanted deceased donor kidneys initially rejected at other kidney
transplantation centers. Urol Int. (2014) 93(4):474-81. doi: 10.1159/000360302

21. Maggiore U, Cravedi P. The marginal kidney donor. Curr Opin Organ
Transplant. (2014) 19(4):372-80. doi: 10.1097/MOT.0000000000000081

22. Puttarajappa CM, Hariharan S, Zhang X, Tevar A, Mehta R, Gunabushanam V,
et al. Early effect of the circular model of kidney allocation in the United States. ] Am
Soc Nephrol. (2023) 34(1):26-39. doi: 10.1681/ASN.2022040471

23. Wang X, Zhang X, Men T, Wang Y, Gao H, Meng Y, et al. Kidneys with small
renal cell carcinoma used in transplantation after ex vivo partial nephrectomy.
Transplant Proc. (2018) 50(1):48-52. doi: 10.1016/j.transproceed.2017.12.006

24. Lugo-Baruqui A, Guerra G, Arocha A, Burke GW, Ciancio G. Use of kidneys
with small renal tumors for transplantation. Curr Urol Rep. (2016) 17(1):3. doi: 10.
1007/s11934-015-0557-z

25. Silverman SG, Israel GM, Herts BR, Richie JP. Management of the incidental
renal mass. Radiology. (2008) 249(1):16-31. doi: 10.1148/radiol.2491070783

26. Becker F, Siemer S, Humke U, Hack M, Ziegler M, Stockle M. Elective nephron
sparing surgery should become standard treatment for small unilateral renal cell
carcinoma: long-term survival data of 216 patients. Eur Urol. (2006) 49(2):308-13.
doi: 10.1016/j.eururo.2005.10.020

Frontiers in Surgery

10

10.3389/fsurg.2024.1391971

27. Fergany AF, Hafez KS, Novick AC. Long-term results of nephron sparing
surgery for localized renal cell carcinoma: 10-year followup. J Urol. (2000) 163
(2):442-5. doi: 10.1016/S0022-5347(05)67896-2

28. Stubenbord WT, Cheigh JS, Riggio RR. Kidney transplantation immediately
following excision of a malignant tumor from the donor kidney: a case report with
long-term follow-up. Transplant Proc. (1982) 14(4):775-6.

29. Desai R, Collett D, Watson CJ, Johnson P, Evans T, Neuberger J. Estimated risk
of cancer transmission from organ donor to graft recipient in a national
transplantation registry. Br J Surg. (2014) 101(7):768-74. doi: 10.1002/bjs.9460

30. Mannami M, Mannami R, Mitsuhata N, Nishi M, Tsutsumi Y, Nanba K, et al.
Last resort for renal transplant recipients, ‘restored kidneys’ from living donors/
patients. Am J Transplant. (2008) 8(4):811-8. doi: 10.1111/j.1600-6143.2007.02145.x

31. He B, Ng ZQ, Mou L, Delriviere L, Jaques B, Tuke J, et al. Long-term outcome of
kidney transplant by using restored kidney grafts after tumour ex vivo excision—a
prospective study. Transpl Int. (2020) 33(10):1253-61. doi: 10.1111/tri.13682

32. Grotemeyer D, Voiculescu A, Iskandar F, Voshege M, Blondin D, Balzer KM,
et al. Renal cysts in living donor kidney transplantation: long-term follow-up in 25
patients. Transplant Proc. (2009) 41(10):4047-51. doi: 10.1016/j.transproceed.2009.
09.077

33. Van Poppel H, Da Pozzo L, Albrecht W, Matveev V, Bono A, Borkowski A, et al. A
prospective randomized EORTC intergroup phase 3 study comparing the complications
of elective nephron-sparing surgery and radical nephrectomy for low-stage renal cell
carcinoma. Eur Urol. (2007) 51(6):1606-15. doi: 10.1016/j.eururo.2006.11.013

34. Stephenson AJ, Hakimi AA, Snyder ME, Russo P. Complications of radical and
partial nephrectomy in a large contemporary cohort. J Urol. (2004) 171(1):130-4.
doi: 10.1097/01.ju.0000101281.04634.13

35. Mangus RS, Haag BW. Stented versus nonstented extravesical
ureteroneocystostomy in renal transplantation: a metaanalysis. Am | Transplant.
(2004) 4(11):1889-96. doi: 10.1111/j.1600-6143.2004.00595.x

36. Humar A, Matas A]J. Surgical complications after kidney transplantation. Semin
Dial. (2005) 18(6):505-10. doi: 10.1111/§.1525-139X.2005.00097.x

37. Choate HR, Mihalko LA, Choate BT. Urologic complications in renal
transplants. Transl Androl Urol. (2019) 8(2):141-7. doi: 10.21037/tau.2018.11.13

38. Salamin P, Deslarzes-Dubuis C, Longchamp A, Petitprez S, Venetz JP,
Corpataux JM, et al. Predictive factors of surgical complications in the first year
following kidney transplantation. Ann Vasc Surg. (2022) 83:142-51. doi: 10.1016/j.
avsg.2021.08.031

39. Haberal M, Boyvat F, Akdur A, Kirnap M, Ozcelik U, Yarbug Karakayali F.
Surgical complications after kidney transplantation. Exp Clin Transplant. (2016) 14
(6):587-95. doi: 10.6002/ect.2016.0290

40. Wang JH, Skeans MA, Israni AK. Current status of kidney transplant outcomes:
dying to survive. Adv Chronic Kidney Dis. (2016) 23(5):281-6. doi: 10.1053/j.ackd.
2016.07.001

frontiersin.org


https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1111/j.1432-2277.2011.01364.x
https://doi.org/10.3389/fped.2022.1058823
https://doi.org/10.1371/journal.pone.0244248
https://doi.org/10.1186/s12893-021-01081-x
https://doi.org/10.1053/j.ajkd.2015.05.001
https://doi.org/10.1053/j.ajkd.2015.05.001
https://doi.org/10.1159/000360302
https://doi.org/10.1097/MOT.0000000000000081
https://doi.org/10.1681/ASN.2022040471
https://doi.org/10.1016/j.transproceed.2017.12.006
https://doi.org/10.1007/s11934-015-0557-z
https://doi.org/10.1007/s11934-015-0557-z
https://doi.org/10.1148/radiol.2491070783
https://doi.org/10.1016/j.eururo.2005.10.020
https://doi.org/10.1016/S0022-5347(05)67896-2
https://doi.org/10.1002/bjs.9460
https://doi.org/10.1111/j.1600-6143.2007.02145.x
https://doi.org/10.1111/tri.13682
https://doi.org/10.1016/j.transproceed.2009.09.077
https://doi.org/10.1016/j.transproceed.2009.09.077
https://doi.org/10.1016/j.eururo.2006.11.013
https://doi.org/10.1097/01.ju.0000101281.04634.13
https://doi.org/10.1111/j.1600-6143.2004.00595.x
https://doi.org/10.1111/j.1525-139X.2005.00097.x
https://doi.org/10.21037/tau.2018.11.13
https://doi.org/10.1016/j.avsg.2021.08.031
https://doi.org/10.1016/j.avsg.2021.08.031
https://doi.org/10.6002/ect.2016.0290
https://doi.org/10.1053/j.ackd.2016.07.001
https://doi.org/10.1053/j.ackd.2016.07.001
https://doi.org/10.3389/fsurg.2024.1391971
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Optimizing the kidney donor pool: transplanting donor kidneys after partial nephrectomy of masses or cysts
	Introduction
	Methods
	Surgical technique

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


