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Abstract
Background  Nephrolithiasis is generally considered a relative contraindication for kidney donation. This study aimed 
to evaluate the feasibility and effectiveness of a surgical technique designed to salvage deceased donor kidneys 
with renal stones. The technique involves manual manipulation of the recovered kidney combined with flexible 
ureteroscopic lithotripsy (MM-FURSL) to clear the stones prior to transplantation.

Case presentation  A total of nine kidneys were recovered from six deceased donors. The recipients (66.7% 
female; mean age 43.9 ± 12.2 years) had been on dialysis for an average of 2.6 years before undergoing renal 
transplantation with MM-FURSL. Donor kidneys contained 1 to 4 stones each, with a mean maximum stone diameter 
of 15.1 ± 10.6 mm and an average CT density of 942.0 ± 106.6 HU. The mean warm and cold ischemia times were 
5 min and 480 ± 108.2 min, respectively. The average total operative duration was 57.0 ± 63.4 min. The first patient 
to undergo MM-FURSL had the longest operative and cold ischemia times due to the use of a reusable flexible 
ureteroscope, which was damaged during the procedure. She was the only patient to experience acute tubular 
necrosis (ATN), but her creatinine levels normalized within three weeks. No other complications were observed during 
a mean follow-up period of 11.7 ± 8.2 months.

Conclusion  MM-FURSL is an effective method for removing renal stones in donor kidneys. Short-term outcomes 
were favorable, suggesting that this technique could be a viable approach to expand the donor pool by salvaging 
kidneys with nephrolithiasis. However, prolonged cold ischemia time may increase the risk of ATN and should be 
minimized.
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Background
China has established an ethical organ donation and 
transplantation system in accordance with World Health 
Organization principles, permitting only deceased 
donors and living-related renal transplants [1]. This 
framework has led to a notable increase in deceased 
donor kidney donations over the past few years [2]. Con-
currently, the rising prevalence of renal stones suggests 
that the number of donor kidneys affected by nephroli-
thiasis may also rise, potentially complicating post-trans-
plant recovery due to risks such as ureteral obstruction 
[3]. As a result, kidneys from donors with urolithiasis are 
often classified as marginal and may be disqualified from 
donation, thereby limiting the available pool of poten-
tial donors and deceased donor kidneys. There are also 
notable differences between American and international 
guidelines regarding the acceptance of donor kidneys 
with a history of renal stones [4].

To address the shortage of available kidneys affected by 
renal stones, ex vivo ureteroscopy techniques have been 
reported, primarily in case studies or small cohorts [5–7]. 
However, these methods have yet to achieve broad expert 
consensus, likely due to the limited evidence from studies 
with small sample sizes.

In this case series, we describe the manual manipula-
tion of donor kidneys with renal stones as a method to 
effectively facilitate ex vivo flexible ureteroscopic litho-
tripsy (MM-FURSL), aiming to achieve stone clearance 
prior to transplantation.

Case presentation
Characteristics of kidney donors and recipients
The characteristics of individual kidney donors and their 
recipients are summarized in Tables 1 and 2, respectively. 
Nine deceased donor kidneys (five right kidneys) were 
obtained from six patients. Five donors died of cerebro-
vascular accidents, and one succumbed to head trauma. 
The mean age of the donors was 42.8 ± 8.9 years, while 
the mean age of the recipients was 43.9 ± 12.2 years. No 
donor had reported obstructive renal stone. Preoperative 
computed tomography (CT) assessment was performed 
in all deceased donors. The mean maximum diameter of 
donor renal calculi was 15.1 ± 10.6 mm and the mean CT 
value was 942 ± 106.6 HU. The underlying causes of renal 
failure among the recipients included glomerulosclerosis, 
lupus nephritis, IgA nephropathy, crescentic glomeru-
lonephritis, and, in four cases, unknown etiologies. All 
recipients required regular permanent dialysis.

The first and fifth retrieved donor kidneys each con-
tained four renal stones, distributed across at least two 
renal calyces. Both stones were relatively large, with the 
first measuring 27  mm and the fifth measuring 37  mm. 
The largest stone from the first donor kidney had a mean 
CT value of 1115 HU, the highest among all detected Ta
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stones. Additionally, one of the stones in the fifth donor 
kidney was a staghorn stone.

Procedural details
Recovered donor kidneys were immediately submerged 
in a sterile ice bath, followed by routine perfusion and 
trimming procedures. The operation required a team 
comprising one chief surgeon and two assistants: one to 
hold and manipulate the kidney, and the other to contin-
uously expose the ureteral opening for the chief surgeon. 
The procedure is illustrated in Fig. 1.

A zebra guidewire was introduced into the ureteral 
stump, and either a 12/14 Fr conventional ureteral access 
sheath (UAS; 35  cm) or a 14 Fr peel-away sheath (PAS; 
17  cm) used in percutaneous nephrolithotomy (PCNL) 
was inserted, with the outlet positioned just distal to the 
renal pelvis. After removing the inner guidewire, a digital 
flexible ureteroscope (FURS; Karl Storz, Germany) or a 
disposable FURS (Innovex Medical Devices Co., Shang-
hai, China) was introduced. Continuous flushing was 
maintained by suspending a cold saline bag 60 cm above 
the operating table.

Holmium laser lithotripsy (using a 200  μm fiber at 
0.6 W and 50 Hz) was performed to fragment the stones. 
Following fragmentation of the renal stones in the target 
calyx, MM was applied by adjusting the kidney so that 
the target calyx was elevated. The kidney was carefully 
tilted and shaken to allow stone fragments to tumble into 
the renal pelvis and pass through the catheter at the ure-
teral stump. Fragments larger than 2 mm or those lodged 
along the mucosal lining were removed with a stone bas-
ket (Cook Medical, Bloomington, IN, USA). The litho-
tripsy, manual manipulation, and stone basket retrieval 
were repeated as necessary until only a few small frag-
ments (< 1 mm in diameter) remained visible.

Once stone clearance was achieved, the donor kidney 
was transplanted into the recipient’s right iliac fossa. The 
donor kidney’s renal artery and vein were anastomosed 
end-to-side to the recipient’s external iliac artery and 
vein, respectively. The distal end of the ureter was then 
anastomosed to the recipient’s bladder. The procedure 
concluded with the placement of a 5 Fr ureteral stent.

Treatment outcomes
Postoperative immunosuppressive and anti-rejection 
therapy included FK506, mycophenolate, and predni-
sone. Procedure details and outcomes are summarized in 
Table 2. The mean duration for retrograde intrarenal sur-
gery (RIRS), including flexible ureteroscopic lithotripsy 
and manual manipulation for stone removal, prior trans-
plantation was 57 ± 63.4  min (range, 5–180  min). Eight 
patients (88.9%) made uneventful postoperative recover-
ies, all of which used disposable flexible ureteroscopes. A 
radiographic review was conducted for all patients one 

month after the operation. Doppler ultrasound of the 
transplanted kidney vessels showed excellent patency, 
and CT confirmed the absence of residual stones in all 
kidneys.

The first recipient to undergo transplantation with 
MM-FURSL was a 38-year-old female with glomerulo-
sclerosis. The preoperative CT scan of the right donor 
kidney prior retrieval and post-transplantation CT scan 
of the recipient are shown in Fig.  2(A) and (B), respec-
tively. This case involved the longest cold ischemia time 
among the deceased donor kidneys, lasting 11 h. A faulty 
reusable FURS was used that damaged intraoperatively, 
which inadvertently prolonged the total RIRS time to 
180  min. On the third postoperative day, the patient 
developed oliguria due to acute tubular necrosis (ATN). 
She was managed conservatively, and her urine output 
gradually returned to normal within three weeks.

Discussion and conclusion
This case series demonstrates the early results of a novel 
technique for ex vivo stone management in donor kid-
neys with nephrolithiasis. MM-FURSL was feasible for 
the ex vivo removal of stones > 15 mm, including a stag-
horn stone. All transplants were performed successfully 
with only one case of postoperative ATN that resolved 
spontaneously. The two prolonged MM-FURSL was due 
to the presence of four stones distributed in separate 
renal calyces, having a stone with larger size and higher 
mean stone density, which were significant risk factors 
for longer operative times in stone removal procedures 
[8].

Ex vivo stone management options include ureteros-
copy, pyelotomy, and lithotripsy [9, 10]. Previous cases 
have managed stones ranging from 1 to 8 mm in diam-
eter, even including staghorn stones [11]. FURS was 
favored for several reasons: (1) its wide deflection angle 
(> 270°) allows effective management of lower pole 
stones, particularly useful for stones in the lower calyx 
up to 27 mm in size; (2) it has a relatively short learning 
curve [12]; (3) Disposable FURS reduces the risk of dam-
age from repeated insertion and withdrawal during frag-
mentation, providing similar efficacy to reusable FURS 
[13]. The first case involved a faulty reusable FURS that 
damaged intraoperative, which inadvertently led to pro-
longed RIRS time.

The use of an introducer sheath creates a passage 
that facilitates fragment removal. In our study, four 
cases used conventional UAS, while the remaining 
used a shorter PAS from a PCNL kit. Due to the rigid-
ity and longer length of conventional UAS, reaching the 
proximal kidney can be challenging, which may reduce 
retrieval efficiency. Tip-flexible (TF) UAS can overcome 
this limitation by reaching the target calyx and remov-
ing stones through its suction system [14–17]. However, 
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the shortest commercially available TF-UAS is 34 cm. In 
contrast, the shorter length of PAS (17 cm) enabled more 
efficient stone fragment expulsion via gravity, reducing 
operative time while achieving a similar clearance rate. 
PAS is preferred in selected cases to avoid mucosal dam-
age from suction in TF-UAS. Both methods help mini-
mize the need for stone basket retrieval. In the future, 

a tip-flexible PAS could potentially combine vacuum-
assisted suction and a shorter tunnel outlet for improved 
retrieval efficiency.

ATN is a leading cause of delayed graft function, often 
manifesting as oliguria or anuria lasting over a week post-
transplantation [18]. Cold ischemia time is a critical fac-
tor in ATN development [19, 20]. In our study, the sole 

Fig. 2  (A) Preoperative computed tomography of the deceased donor in the axial plane at multiple levels, showing the right kidney (dashed yellow 
circle) with four renal stones of varying sizes (red arrow). The largest stone (27 mm) is located at the renal pelvic orifice. The left kidney shows significant 
hydronephrosis and is discarded. (B) Postoperative computed tomography scan of the recipient who received the right kidney from the deceased donor 
described above. No renal stones were detected in the transplanted right kidney (dashed yellow circle)

 

Fig. 1  Illustration of the manual manipulation and ex vivo flexible ureteroscopy procedure performed on the recovered donor kidney. The kidney is 
wrapped in gauze soaked with sterile ice water to maintain a cool temperature. One assistant holds, adjusts, and gently shakes the kidney to allow the 
renal stone fragments to tumble out. Another assistant ensures that the sheath is securely fixed to the ureteral stump with the outlet facing downward 
to facilitate stone removal. The remaining procedure is carried out by the chief surgeon and progresses to transplantation once no residual stones are 
detected
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recipient who developed ATN had the longest cold isch-
emia time and operative duration. Although shorter cold 
ischemia time may reduce ATN incidence, other factors 
like prolonged operative time, postoperative hypoten-
sion, and inadequate renal perfusion may have contrib-
uted in this case [21].

Ex vivo stone removal from donor kidneys offers sev-
eral advantages, including enhanced visibility and access 
for precise stone clearance, potentially reducing the risk 
of postoperative complications such as urinary obstruc-
tion, infection, and graft dysfunction [22]. This approach 
simplifies postoperative management for recipients, who 
may avoid additional procedures and imaging require-
ments, and also lowers the risk of sepsis, as bacteria-laden 
stones are removed before immunosuppression begins. 
However, ex vivo removal can increase both operative 
time and cold ischemia duration, potentially raising the 
risk of ischemia-related complications like ATN such as 
the patient in this case [23]. Handling the kidney outside 
the body for stone removal also risks mechanical dam-
age to the graft, and certain large or embedded stones 
may still be challenging to completely clear. In contrast, 
performing stone removal after transplantation mini-
mizes cold and warm ischemia times, potentially pre-
serving graft viability, and allows for the possibility that 
small stones may pass spontaneously due to increased 
urine flow post-transplant. Additionally, avoiding pre-
transplant manipulation of the kidney reduces the risk of 
direct trauma to the graft.

Nonetheless, Yin et al. concluded that the ex vivo sur-
gical removal of small asymptomatic stones (< 4  mm) 
might outperform conservative management [24]. The 
incidence of stone events and the cumulative incidence 
of urinary infections among recipients in the conserva-
tively-managed group was significantly higher. Ex vivo 
asymptomatic stone removal was associated with a lower 
risk of urinary infections. Therefore, leaving stones in situ 
until post-transplantation can introduce risks, includ-
ing potential urinary obstruction, infection, and the 
need for secondary interventions, all of which can com-
plicate recovery. Post-transplant ureteroscopy for stone 
removal is also limited by reduced access and visualiza-
tion and may lead to elevated intrarenal pressure, which 
could compromise graft function or increase the risk of 
infection. Therefore, while ex vivo stone removal appears 
favorable for comprehensive clearance and reduced post-
operative risk, careful consideration of ischemia-related 
complications remains crucial.

Maintaining long-term graft survival remains a chal-
lenge, as the incidence of post-transplant acute renal 
injury is reported to be around 20.4% [25]. In our study, 
no recipients experienced acute renal injury during one 
year of follow-up, suggesting that ex vivo MM-FURSL 
could be a safe and viable technique for salvaging kidneys 

with nephrolithiasis. Based on the authors’ experiences, it 
is recommended to pulverize stones to fragments < 3 mm 
to allow passage through the introducer sheath. Litho-
tripsy, flushing, and MM can be repeated in cycles to 
facilitate fragment expulsion. However, attempting to 
expel too many fragments at once may obstruct the UAS 
and increase intrarenal pressure, raising the risk of infec-
tion and renal impairment [26, 27].

Due to the shortage of donor kidneys and advances in 
post-transplant stone management, attitudes are shift-
ing towards accepting donor kidneys with prior stones 
[28, 29]. In 2007, donor kidneys meeting specific crite-
ria – unilateral, asymptomatic, ≤ 2 stones, and ≤ 1.5 cm 
in diameter—were considered suitable for transplanta-
tion [12]. While the short-term outcomes of MM-FURSL 
were favorable, further long-term follow-up is needed 
to validate its safety and efficacy, considering limitations 
such as the retrospective design and small sample size, 
which may introduce bias.
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