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Abstract
Purpose  Organ-sparing surgery (OSS) for the kidney and adrenals has emerged as the need for preservation of function is 
paramount in patients with poor functional reserve. As reports increasingly showed that oncological outcomes were equiva-
lent to radical excision, elective OSS became a viable alternative in patients with otherwise normal reserve. In this review, 
we summarize the current knowledge of OSS for adrenal and renal tumors.
Materials and methods  PubMed, Web of Science and Cochrane Library Central Search were searched for recently published 
articles up to December 2017. The following keywords were used; “partial adrenalectomy”, “adrenal sparing”, “partial 
nephrectomy”, “nephron sparing”, “kidney/renal cancer”.
Results  Partial adrenalectomy became an attractive alternative to total adrenalectomy avoiding adrenal insufficiency. Both 
minimally invasive surgery and ablative techniques were increasingly reported for adrenal OSS with adequate residual 
adrenal function and excellent oncological outcome. Radical nephrectomy remained for many years as the gold standard of 
treatment for organ-confined renal cell carcinoma. As the need to reduce the impact on renal function, more conservative 
approaches were utilized. Soon, the non-inferiority of nephron-sparing surgery to that of radical excision became evident 
and elective partial nephrectomy was gaining ground as the standard of care for small renal masses in patients with normal 
contralateral kidneys.
Conclusions  Herein, we present a comprehensive review of the current status of OSS in renal and adrenal tumors.
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Abbreviations
AS	� Active surveillance
CKD	� Chronic kidney disease
CSS	� Cancer-specific survival
DFS	� Disease-free survival
LPN	� Laparoscopic partial nephrectomy
NSS	� Nephron-sparing surgery
PN	� Partial nephrectomy
RCC​	� Renal cell carcinoma
RFA	� Radiofrequency ablation

RFR	� Recurrence-free rate
RN	� Radical nephrectomy
RPN	� Robotic partial nephrectomy
PTA	� Percutaneous thermal ablation
SABR	� Stereotactic ablative radiotherapy
SRMs	� Small renal masses
SEER	� Surveillance, Epidemiology, and End Results
TA	� Thermal ablation
WIT	� Warm ischemia time

Adrenal sparing procedures

Most urologists elect total adrenalectomy for removal of 
adrenal tumors regardless of size or tumor location [1]. This 
may lead to adrenal insufficiency with the need of chronic 
steroid replacement. Inadequate steroid replacement can 
lead to Addisonian crisis (35% post bilateral adrenalec-
tomy) with 3% death rate [2]. On the other hand, excess 
steroid replacement is associated with many complications 
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including: hypertension, diabetes, premature osteoporosis, 
peptic ulcers, immunosuppression, hirsutism and increased 
intraocular pressure [3, 4]. Consequently, partial adrenalec-
tomy, when feasible, has emerged as an attractive alternative 
to total adrenalectomy.

The volume of the residual adrenal cortical tissue needed 
to maintain cortical function is a debatable subject. Many 
authors indicate a thickness margin of 3–5 mm is adequate 
[5–8]; while other investigators, suggest a volume of one-
third of a gland is sufficient [9–11].

Indications

Tumor size

The size of the adrenal mass is important, as it indicates 
potential malignancy (> 4 cm) as well as a limiting factor in 
preserving physiological adrenal function. Angeli et al. stud-
ied adrenal incidentalomas, and reported an adrenal mass 
size of 4 cm is an appropriate cutoff to differentiate adrenal 
carcinoma form other benign histologies [12]. Kaye et al. 
[13] performed a literature review and reported the outcomes 
of 417 patients who underwent partial adrenalectomy. There 
were no cases of adrenocortical carcinoma all over the entire 
cohort (mean tumor size 2.62 cm, range 0.04–9 cm).

Tumor location

Some authors noted feasible partial adrenalectomy in tumors 
located anteriorly and at the margins, while those located 
posteriorly may be more challenging to be managed by par-
tial adrenalectomy [14].

Special considerations

Bilateral adrenal masses in hereditary or non-hereditary 
syndromes are good indications for partial adrenalectomy. 
Hereditary adrenal syndromes include many with the most 
popular; von Hippel–Lindau (VHL) disease and multiple 
endocrine neoplasia 2 (MEN2) [15, 16]. Partial adrenalec-
tomy in patients with unilateral masses and no hereditary 
syndromes is indicated by some authors [4, 17]. This is 
related to the impaired stress response following total adre-
nalectomy [12].

There is limited literature on the management of the 
unexpected adrenocortical carcinoma following partial 
adrenalectomy. In those patients, we believe that if there 
is a positive margin, completion adrenalectomy should be 
performed. In those with negative margins, close follow-up 
is recommended. There are imaging characteristics in pre-
operative CT scan and MRI that help to avoid such a situa-
tion. On CT scan, adrenal adenoma is suspected if the mass 
has low Hounsfield units (< 10) on unenhanced CT, with 

rapid (at 15 min) relative contrast washout > 50% or absolute 
contrast washout > 60% (sensitivity, 56–100%; specificity, 
98–100%) [18, 19]. In both CT and MRI; adrenal cortical 
carcinoma commonly presents as a large mass (5–20 cm), 
with irregular margins and heterogeneous contrast enhance-
ment with areas of hemorrhage, necrosis and occasional cal-
cifications [20–22].

Surgical techniques

Minimally invasive techniques whether laparoscopic or 
robotic are becoming the standard for performing a partial 
adrenalectomy. Key elements in performing the procedure 
are tumor identification and preservation of cortical blood 
supply to ensure venous drainage of the adrenal remnant 
[23]. Intraoperative ultrasound can be used for tumor iden-
tification [24]. The use of intravenous indocyanine green 
during robotic partial adrenalectomy; where the tumor will 
appear hypoflourescent was described as well [25].

Ablative procedures including radiofrequency ablation, 
microwave ablation, cryoablation and chemoablation were 
described in treating small adrenal masses and in the high 
surgical risk patient [26]. Yang et al. [27] compared the out-
comes of patients with adrenocortical aldosteronoma treated 
by radiofrequency ablation to those received laparoscopic 
partial adrenalectomy. At 3 years follow-up, both procedures 
demonstrated similar outcomes with regards to postoperative 
aldosterone serum level decline.

Oncological and functional outcomes

Tumor recurrence

In the context of adrenal sparing surgery, one has to dif-
ferentiate between true recurrences in the tumor bed owing 
to a positive margin versus new tumor forming because of a 
multifocal disease process [13]. In the largest reported study 
to date on the outcomes of partial adrenalectomy, Kaye et al. 
reported a recurrence rate of only 3% with a mean time to 
recurrence of 113 months (range 36–324) [13]. Data on pre-
dictors of recurrence after partial adrenalectomy is lacking. 
However, patients underwent partial adrenalectomy for phe-
ochromocytoma as part of hereditary syndromes, commonly 
recurs (0–100%) [3, 6, 9]. The reason of this wide range of 
recurrence is justified by the length of the follow-up period 
of the patients, as recurrences are often seen > 10 years after 
removal of the initial tumor.

Lee et al. demonstrated tumor recurrence rate of 21% 
(3/15 patients) after partial adrenalectomy at a median fol-
low-up of 11.5 years with most of these recurrences amena-
ble for surgical excision. However, all the patients in Lee’s 
report were suffering from hereditary syndromes (MEN 
types 1 and 2 and VHL) [6].
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Functional outcomes

Adrenal replacement therapy was needed in only 5.3% of 
patients following partial adrenalectomy in one report where 
unilateral partial adrenalectomy was the most common pro-
cedure offered to patients [13]. The rate of steroid replace-
ment therapy is higher in patients who underwent bilateral 
partial adrenalectomy (35%) [28].

During the past years, partial adrenalectomy is gaining 
popularity and become an accepted alternative in the man-
agement of adrenal tumors. However, there is a demand of 
prospective studies comparing the long-term outcomes of 
partial versus total adrenalectomy in different indications 
and techniques.

Conservative surgery for renal tumors

Small renal masses (SRM) still may compose a threat to 
patients’ survival as 9% of tumors < 3 cm presented in one 
large study with metastasis [29]. Being a chemotherapy-
resistant, and radio-resistant tumor, surgical excision of 
organ-confined renal cell carcinoma (RCC) is the mainstay 
of a curative treatment. Surgical excision must be done 
with no compromise of the oncological outcome. Radical 
nephrectomy (RN) remained for many years the gold stand-
ard to achieve this goal. Advances in imaging on one hand 
and the development of minimally invasive techniques lead 
to a new era of “precision surgery” which provided a tai-
lored management of renal cancer [30]. It was felt that RN 
may offer a better disease-free survival (DFS) than nephron-
sparing surgery (NSS) offered by partial nephrectomy (PN) 
or tumor enucleation. However, with more recent studies this 
view was challenged. On the other hand, NSS may offer a 
significant contribution to preserve renal function.

Oncological outcome of partial nephrectomy

As organ-preserving surgery evolved with the premise of 
maximum preservation of renal function, it was evalu-
ated for having a non-inferiority oncological outcome 
compared to RN. A prospective randomized study by the 
European Organization for Research and Treatment of Can-
cer addressed this question and though ended prematurely 
showed that PN is equivalent to RN in overall survival (OS) 
for solitary RCC lesions ≤ 5 cm [31].

Nephron-sparing surgery is increasing worldwide. Small 
et al. reported on the utilization of NSS for T1 renal tumors 
in the US National Cancer Database [32]. Between 2000 
and 2008 a 10% annual increase in NSS for T1 tumors was 
reported. Black race, older patients, ethnic minorities and 
lack of insurance were factors associated with less uti-
lization of NSS. Fernando et al. analyzed the mandatory 

nephrectomy reporting in the UK [33]. Of 6042 patients who 
underwent a nephrectomy procedure, 1044 had NSS. For 
T1a tumors, 55% had an NSS while 42% had a RN. The 
NSS group had a median tumor size of 3.4 cm, a minimally 
invasive technique was utilized in 42%, conversion to open 
occurred in 4%. Major complication rate (grade = > 3) was 
5%. The 30-day operative mortality was 0.1%. Positive sur-
gical margins for pT1a tumors was 6.1% which increased for 
pT3 tumors to 47.8%.

Many retrospective studies showed an excellent long-term 
oncological outcome for small renal tumors comparable 
to RN. Nephron-sparing surgery in patients with RCC of 
a mean diameter of 3 cm and normal contralateral kidney 
has a 10-year cancer-specific survival of 96.7% and local 
recurrence-free survival (RFS) of 95.7% [34]. In a large 
series from a single institution, NSS for T1 tumors was 
associated with 5.1% recurrence at a median follow-up of 
38.3 months [35]. Recurrence was independently associ-
ated with tumor stage higher than T1a, bilateral tumors, and 
multifocality. In a retrospective study comparing NSS with 
RN for solitary T1 renal tumors, the OS and cancer-specific 
survival were not significantly different at a mean follow-up 
of 43.5 ± 22.4 months [36].

Several other uncontrolled studies reported similar find-
ings for larger renal cortical tumors and RCC 4–7 cm in 
diameter (stage T1b). There was no significant difference 
between RN and NSS in the overall and cancer-specific sur-
vival [37], 12-year cancer-specific survival [38], and Sur-
veillance, Epidemiology, and End Results (SEER) database 
cancer-specific mortality [39]. Although RN and PN for 
cT1b have an equivariant oncological outcome, RN, how-
ever, was associated with excess loss of renal function, 25% 
increase in the risk of cardiac mortality, and 17% increased 
any cause mortality [40].

Recently, PN was evaluated for larger organ-confined 
tumors up to T2. Mir et al. conducted a meta-analysis com-
paring RN and PN for renal tumors stages cT1b–cT2 [41]. 
Partial nephrectomy was associated with better preservation 
of renal function, but higher complication rate and more 
blood loss. The PN patients had significantly lower tumor 
recurrence, cancer-specific mortality, and all-cause mortal-
ity. The results might be affected by the younger age and 
relatively smaller tumors in the PN group.

Theoretically, one caveat of NSS is the possibility to leave 
residual tumor tissue behind, the impact of which needs to be 
evaluated. Different authors reported that a positive surgical 
margin in NSS did not correlate with oncological outcome 
[42]. Tumor grade and bilaterality but not positive surgical 
margins were the most significant independent predictors of 
survival and recurrence, respectively.

There is a consensus from several societies recommend-
ing NSS for small renal tumors when surgically feasible. 
The European Society for Medical Oncology guidelines 
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recommends PN for all patients with T1 tumors when tech-
nically feasible [43]. If RN is indicated, it should be carried 
out by laparoscopy. The European Association of Urology 
(EAU) guidelines recommend PN rather than RN for local-
ized T1a-b renal tumors if technically feasible regardless of 
surgical approach [44]. The American Society of Clinical 
Oncology Clinical Practice Guidelines recommends PN for 
all patients with SRM amenable to resection. RN for SRM 
is recommended only when PN is not feasible due to tumor 
complexity or when it might cause unacceptable morbid-
ity [45]. The American Association of Urology guidelines 
recommend prioritization of PN for all patients with cT1a 
tumors [46]. RN is reserved for tumors with high oncologi-
cal potential determined by size, biopsy results and imaging 
characteristics. With an expert opinion recommendation, RN 
is preferred when all three conditions are met including a 
surgically challenging complex tumor, no prior chronic kid-
ney disease (CKD) and normally functioning contralateral 
kidney.

Nephron‑sparing surgery for Wilms tumor

Nephron-sparing surgery for unilateral non-syndromic 
Wilms tumor in a selected matched small group of patients 
was associated with better preservation of renal function in 
the long-term compared to RN [47]. Three percent of uni-
lateral Wilms tumors patients had an NSS with excellent 
survival and low recurrence rates [48]. The significance of 
nephron preservation in those patients is unknown.

Techniques and perioperative outcome

Open-surgical PN was soon followed by the minimally inva-
sive procedure laparoscopic PN (LPN). The early experi-
ence reported longer warm ischemia time (WIT) and higher 
urological complication rates for LPN compared with open 
PN [49]. More recent studies, however, showed that perio-
perative outcomes were similar for both procedures [50] as 
well as the long-term oncological outcome for stage T1 renal 
tumors [50, 51].

Shikanov et al. reported a median ischemia time for 
LPN of 29 min [52]. Better immediate postoperative esti-
mated glomerular filtration rate (eGFR) was associated 
with shorter ischemia time, shorter operative time, use 
of cold ischemia, and female gender. At the last follow-
up more than 1 month, the duration of ischemia was not 
associated with a change in eGFR, while the absence of 
DM and smaller tumors were associated with a better 
eGFR. There are different views on the recovery of renal 
function when laparoscopic and open techniques are com-
pared. There is a small advantage of LPN over open PN 
on the 6-month recovery of renal function [53]. However, 

Springer et al. compared LPN to open PN for cT1 tumors 
and found no difference in renal function change or onco-
logical outcomes [54]. While challenging LPN might be 
carried out for recurrent cases. Boris et al. reported on 
laparoscopic renal intervention after previous retroperi-
toneal surgery [55]. Laparoscopy was feasible but with 
a high conversion rate to open surgery in patients who 
underwent previous PN.

As robotic-assisted surgery evolved providing bet-
ter maneuverability and suturing to the surgeon, it was 
adopted for PN (RPN). The perioperative surgical outcome 
of LPN and RPN were compared in a prospective study 
and showed comparable results in terms of WIT, blood 
loss, operative duration and complication rates [56]. In 
a meta-analysis, RPN was associated with less WIT than 
LPN [57]. A trifecta of negative surgical margin, mini-
mal change in GFR and no urological complications was 
achieved with laparoscopic and robotic PN in 68% of 
patients [58]. Robotic partial nephrectomy may have an 
advantage over LPN for the larger more complex tumors. 
RPN provides similar postoperative outcomes to LPN for 
moderate to highly complex renal tumors except for less 
conversion to RN [59]. Hankins et al. reported on robotic 
multiplex PN for complex multiple renal tumors averaging 
8.6 tumors per kidney [60]. This complex surgery needed 
a learning curve but resulted in the preservation of renal 
function.

Other novel techniques were applied to decrease WIT, 
improve hemostasis, and better identify the tumor dur-
ing surgery. Super selective clamping of tumor supplying 
vessel facilitated resection of challenging medial tumors 
and permitted zero ischemia time in expert hands for LPN 
and RPN [61]. In our experience as well as reported by 
others, Modification of surgical technique by applying a 
hemostatic agent to the cut surface of the kidney was not 
associated with increased perioperative bleeding for open 
PN [62]. Image-guided surgery can improve detectability 
of renal tumors [63]. This procedure involves molecular 
imaging that includes several techniques to visualize the 
tumor intraoperatively.

Tumor enucleation

Compared to RN, tumor enucleation of renal tumors with 
pT1 was associated with similar oncological outcomes 
at 5 and 10-year follow-up [64]. Simple enucleation of 
renal tumors with a median size of 4.8 ± 1.6 cm either with 
open or robotic techniques resulted in a positive surgical 
margin of 3.6% and 5-year RFS of 90.8% [65]. Complica-
tions ≥ grade 3 were reported in 9.3%. A trifecta of nega-
tive surgical margins, minimal eGFR decrease, and no uro-
logical complications was achieved in 64.3% of patients.
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Other minimally invasive treatment for renal tumors

There is an increasing interest in minimally invasive treat-
ments for SRM as an alternative to PN particularly when 
patients are unfit or unwilling to undergo surgery. Different 
alternative treatments with long-term follow-up include radi-
ofrequency ablation (RFA) and cryoablation. Active surveil-
lance (AS) and other emerging technologic such as micro-
wave ablation, stereotactic ablative radiotherapy (SABR), 
and irreversible electroporation were reported albeit mostly 
having short-term follow-up [66, 67]. The current level 
of evidence, however, does not provide sufficient answers 
towards the role of the alternative and focal ablation treat-
ments. A recent review of less invasive treatments for T1a 
RCC as an alternative to PN did not identify any randomized 
controlled comparative trial [68]. Many retrospective stud-
ies, however, have reported the clinical and oncological out-
comes of these treatments.

Active surveillance

Patients with tumors < 4 cm and having a short life expec-
tancy may be offered AS [43]. Jewett et al. reported a pro-
spective multicenter study of AS for SRM in the elderly or 
infirm patients [66]. Renal biopsy-proven RCC was reported 
in 101 out of 209 masses. At a mean follow-up of 28 months, 
the local progression rate was 12% and metastasis 1.1%. 
The American Urological Association (AUA) guidelines 
recommend AS as an initial management option for renal 
tumors < 2 cm [46]. However, a retrospective study from 
the SEER database reported inferior cancer-specific survival 
(CSS) in patients with T1a RCC compared to PN or thermal 
ablation (TA) [69]. In the absence of sufficient evidence, 
the AUA guideline panel recommends AS when the risk 
or death outweighs the oncological benefits of intervention 
[46].

Thermal ablation

Thermal Ablation by RFA and cryoablation are options for 
tumors ≤ 3 cm in selected patients [43, 46]. Those include 
high surgical risk patients, impaired renal function, solitary 
kidneys, and multiple tumors. RFA had a durable favorable 
oncological outcome in patients at high risk for surgery and 
T1a tumors followed for a median of 6.4 years [70]. There is 
an increase in the utilization of TA for RCC. A report from 
the Swedish cancer registry 2005–2010 showed that 4% of 
surgical procedures for the treatment of T1a RCC were by 
TA [71]. The AUA guidelines recommended that patients 
need counseling for the possibility of higher recurrence rate 
and the need for follow-up biopsies [46]. Recent reports, 
however, showed that TA for T1a RCC is equivalent in the 
oncological outcome to surgical excision with the added 

advantage of less morbidity suggesting that TA role might 
not be restricted to comorbid patients [72].

The role of TA in the treatment of RCC is better defined 
with long-term oncological outcomes. The definition of 
“long-term” must take into consideration the natural his-
tory of RCC. Different treatment modalities for localized 
RCC are associated with a 20% recurrence rate at 5 years 
follow-up [73]. Radiofrequency ablation is associated with 
a median time to recurrence of 2.5 years [70] which is like 
patients with potentially curable RCC after surgical treat-
ment [74]. Only few studies report long-term oncological 
outcome for TA with a minimum of 4–5 year mean/median 
follow-up (Table 1) [70, 75–80].

The real value of TA is more evident when compared 
with the “gold standard surgery” for localized RCC. The 
available studies, all retrospective, however, that compared 
TA and PN or RN for T1a RCC concluded that the CSS was 
not significantly different between treatment modalities. Tal-
enfeld et al. reported on patients at least 66 years old in the 
SEER database who underwent TA, PN, or RN for T1a RCC 
between 2006 and 2011 [81]. The 5-year CSS after percu-
taneous thermal ablation (PTA) was 95%, versus 98% after 
PN. The 5-year OS was 77% versus 86%, respectively. RN 
had a 5-year CCS and OS of 95% and 75%, respectively. In 
another study of patients in the SEER database, TA and PN 
were compared in background propensity-matched patients 
with T1a RCC [82]. The 5-year CSS was similar between 
the two groups whereas the OS for the PN was significantly 
improved (91.0%) versus the ablation group, (86.3%). 
Another study from the SEER database cohort reported the 
9-year CSS for propensity-matched patients who underwent 
TA and PN (96.3% vs. 96.4%) and TA and RN (96.0% vs. 
96.1%) with no significant difference [69].

Comparative studies having shorter follow-up outcomes 
reported similar findings. Sung et al. compared RFA and 
PN in a matched group of patients with RCC with a mean 
tumor diameter < 2.5 cm [83]. The 3-years recurrence-free 
rate (RFR) was 94.7% and 98.9% (p = 0.266), respectively. 
Cooper et al. reported a retrospective study of 49 patients 
who underwent RFA (n = 9), PN (n = 9) or RN (n = 31) for 
T1a RCC [84]. Tumor recurrence was reported in two after 
RFA, one after PN and none of the RN patients.

Some comparative studies included tumors larger than 
4 cm in diameter with diverse conclusions. Olweny et al. 
reported follow-up at least 5 years comparing RFA and 
PN for T1b RCC [85] showing no significant difference 
in all oncological outcomes including OS, metastasis-free 
survival, and DFS. For RFA, the 5-years CSS was 97.2% 
and local RFS was 91.7%, versus 100%, and 94.6% for PN. 
Another study, however, showed a survival advantage of PN 
for larger lesions. Takaki et al. retrospectively compared the 
outcomes of RFA or RN for T1b RCC [86]. At a 10-year 
follow-up, the RCC-related survival rate was 94% versus 
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100%, the DFS 88% versus 84%. In a retrospective compari-
son between percutaneous RFA and PN, Liu et al. reported a 
comparable 10-year DFS for RCC ≤ 4 cm, whereas there was 
an advantage of PN for CRCC tumors > 4 cm [87]. Zhang 
et al. reported a retrospective study of patients with T1a and 
T1b who underwent RFA for RCC [79]. Patients who had 
tumors ≤ 3 cm had a better DFS.

Certain tumor characteristics other than size may affect 
the choice and outcome of RFA such as location and multi-
focality. The presence of endophytic lesions may be prefer-
ably treated by RFA rather than PN. A study from Korea 
compared RPN with RFA in matched groups of patients. 
The 2-year DFS was 100% and 95% respectively [88]. How-
ever, the RFA group included significantly more patients 
with endophytic lesions. Multifocality is another indication 
for RFA. CT-guided PTA of multifocal RCC lesions was 
associated with progression-free survival, and DFS rates of 
96% and 100% at a mean follow-up of 3.1 years [89]. Cer-
tain lesions, however, may risk more complications after 
RFA. Central and lower pole lesions are risk factors for RFA 
associated ureteric injury [77]. Camacho et al. reported that 
TA for T1a RCC with a RENAL nephrometry score ≥ 8 was 
associated with increased complications, overall recurrence 
and first-year recurrence [90].

Radiofrequency ablation has a minimal impact on renal 
function (Table 2) [76, 77, 91, 92]. RFA had less impact on 
renal function and fewer complications than PN or RN with 
a comparable oncological outcome. In a retrospective com-
parison between RFA and PN for T1 RCC, DFS was com-
parable [93]. Although the RFA group included more single 
kidneys and worse preoperative renal function, postopera-
tively renal function preservation was significantly better 
than in the PN patients. Takaki et al. reported that at 10-year 
follow-up RFA for T1b RCC was associated with signifi-
cantly lower percentage decrease in the GFR of 12.5% ver-
sus 32.3% for RN [86]. Talenfeld et al. reported that 1-year 

cumulative renal impairment rates were 11%, 9% and 18% 
after PTA, PN and RN, respectively [81]. Interestingly, the 
1-month non-urologic complication rates were 6%, 29%, and 
30% for the three procedures, respectively [81]. The authors 
concluded that PTA may have a slightly shorter CSS than 
PN but with less complication, while when compared to RN, 
PTA has a similar long-term oncological outcome but with 
fewer complications and renal impairment rates.

Only a few studies reported long-term outcomes of cryoa-
blation with a RFS ranging between 87% and 100% (Table 3) 
[94–98]. Some reports evaluated the approach of cryoabla-
tion. A systematic review compared the results of percuta-
neous versus laparoscopic approaches of cryoablation [99]. 
The two techniques had similar RFS and impact on eGFR. 
The percutaneous cryoablation was more commonly used 
for posterior lesions and had a shorter hospital stay. Zargar 
et al. compared percutaneous versus laparoscopic cryoab-
lation for SRM and reported that there was no significant 
difference in complication rates, 5-year RFS or OS [100]. 
Faba et al., however, reported a different result. The percu-
taneous cryoablation for lateral and posterior renal tumors 
had a significantly lower 5-year RFS than the laparoscopic 
approach [101].

Few studies compared cryoablation with other treatment 
modalities for RCC and included larger tumors. Caputo et al. 
retrospectively compared cryoablation to PN for T1b RCC 
[102]. After matching patients for baseline characteristics, 
the 1-year local recurrence rate was significantly higher for 
the cryoablation group. A study from Japan reported no dif-
ference in the long-term clinical outcome of RFA and cry-
oablation for clinical T1b RCC [103]. Zhou and Arellano 
compared cryoablation with RFA and CT-guided microwave 
ablation. The authors reported some short-term advantages 
of microwave ablation for clinical T1c RCC [104]. The three 
modalities were comparable in terms of complications and 
short-term impact on renal function. However, microwave 

Table 2   RFA effect on renal function

Cr creatinine, LAP laparoscopic, PCA percutaneous ablation, PRF preserved renal function, RFA radiofrequency ablation
a Selected only patients with ASA score 1 or 2

Study Patients (lesions) Size cm (range/SD) Access Follow-up months PRF %

Ma et al. [76] 52 (58)a 2.2 ± 0.8 LAP or PCA 60 (48–90) 100
Wah et al. [77] 165 (200) 2.9 (1–5.6) PCA 47.6 (2.6–96) 98
Seklehner et al. [91] 40 (44) 2.6 (1.5–4.2) PCA 23.8 (3–59) Cr 

increased 
1.1–
1.25 mg/
dl

Takaki et al. [92] 33 (33) 2.9 (1.5–5.0) PCA 20 (11.6–27.6) 100 
(patients 
with 
bilateral 
kidneys)
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ablation had significantly shorter ablation and procedure 
time and less sedation dosage.

Microwave ablation and other emerging technologies are 
gaining momentum in the treatment of SRM but still need 
long-term outcome assessment and comparison with the 
currently recommended treatment modalities. A prospec-
tive study compared microwave ablation of SRM versus 
PN [105]. The 3-year local RFS was not statistically dif-
ferent. Microwave ablation, however, had the advantage 
of significantly lower blood loss, fewer complications and 
less decrease of renal function in the postoperative period. 
Another novel treatment for RCC is SABR. A recent world-
wide multicenter study reported the intermediate term 
oncological outcome of SABR for RCC [106]. The 4-year 
CSS and progression-free survival were 91.9% and 65.4%, 
respectively, and was negatively affected by tumor size and 
multifraction treatment. There was an associated significant 
decrease of eGFR by 5.5 ± 13.3 mL/min from baseline.

Renal function

Recovery of renal function after RN

The main premise of adopting a NSS is the preservation 
of renal function. Loss of renal mass following RN is to be 
avoided whenever possible. However, several reports chal-
lenged this view indicating that renal function recovery is 
common after RN. Zabor et al. showed that 45% of patients 
recovered their preoperative GFR within 2 years after RN 
[107]. Recovery of eGFR was associated with larger tumors 
in patients with normal preoperative eGFR and least with 
hypertension [108]. In patients with preoperative decreased 
eGFR, recovery was significantly associated with younger 
age and female gender. RN patients tend to recover kidney 
function at a steady rate postoperatively [109]. The patients 
with preoperative CKD, diabetes, hypertension, or car-
diovascular disease did not recover their kidney function. 
Increasing age and DM were independent risk factors for 
severe renal impairment.

The impact of NSS on solitary kidney

The precise magnitude of renal function preservation after 
NSS was evaluated in patients with a solitary kidney [110]. 
Postoperative GFR decreased by 29% at 1 year and 36% at 
5 years. The decrease correlated with the size of the tumor 
and duration of warm ischemia. A study from Argentina 
reported an incidence of 6.6% end-stage renal failure at a 
median follow-up of 27.6 months in patients with a soli-
tary kidney who had NSS [111]. Pahernik et al. reported 
renal failure requiring dialysis in 11.2% of patient with a 
solitary kidney who underwent NSS for RCC with a mean 
diameter of 4.2 cm [112]. Partial nephrectomy in patients Ta
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with a solitary kidney was associated with recovery of renal 
function which plateaued at 1 month postoperatively [113]. 
Better immediate postoperative recovery was associated 
with shorter WIT, less blood loss and longer duration since 
nephrectomy of the contralateral kidney. Long-term in addi-
tion to short-term recovery was associated with younger age 
and higher preoperative eGFR.

Zargar et al. compared pre and postoperative renal scans 
for patients who underwent RPN [114]. The median ipsilat-
eral eGFR preservation was 72% and the overall preserva-
tion was 84%. Independent risk factors that were associated 
with renal function deterioration were the amount of healthy 
parenchyma removed, WIT, BMI and lower preoperative 
eGFR.

Significance of NSS on renal function

It is intuitive that PN preserves more renal parenchyma than 
RN but does that translate into a significant clinical benefit? 
A study of patients in the SEER database showed that elderly 
patients with localized renal tumors had higher mortality 
due to non-cancer causes that correlated with increasing age 
and comorbidity score [115]. Renal function preservation 
may have contributed to a better survival in some of those 
patients? Sun et al. in a study of patients in the SEER data-
base, reported that PN was associated with lower other-cause 
mortality compared to RN even after adjustment for cancer-
specific survival [116]. In a later analysis of the SEER data, 
NSS was associated with less incidence of moderate renal 
dysfunction but not severe dysfunction or renal failure [117]. 
On the other hand, the negative impact on survival was not 
seen with nephrectomy in other patients. Studies in renal 
transplant donors showed that OS and renal function was 
similar to the general population [118]. Competing conclu-
sions from these studies are probably due to the difference 
in patient characteristics for kidney donors compared to 
patients with renal tumors and for the retrospective nature 
of the SEER study including mainly elderly patients.

Head to head comparison of RN and NSS

Several studies showed that NSS had a more favorable 
impact than RN on renal function, new onset CKD, car-
diovascular events and OS. Preservation of renal function 
is comparable between PN and AS for small renal tumors 
[119]. Radical nephrectomy, however, is associated with a 
significant decrease in eGFR. Even with extended ischemia 
time, PN is associated with better preservation of renal 
function than RN for cT1 renal tumors [120]. A 2-year fol-
low-up of a cohort of Canadian patients showed that RN is 
associated with a significant decline of renal function and 
more prevalent severe renal failure compared to PN [121]. 
Nephron-sparing surgery is associated with less new-onset 

CKD compared to RN for renal tumors > 4 cm [122]. Age, 
ASA score, RN and baseline renal function were independ-
ent risk factors associated with the development of CKD. In 
patients at risk of developing CKD, PN had a more favorable 
outcome on eGFR than RN [123]. New onset deterioration 
of eGFR was independently associated with RN, DM and 
age but not PN or hypertension [123]. Renal insufficiency is 
more prevalent in patients who underwent RN (12.3%) com-
pared to PN (3.7%) at long-term follow-up [124]. New onset 
3-month renal insufficiency was reported in 52% of patients 
undergoing RN or PN in one series [125]. Independent risk 
factors for the development of CKD were RN (regardless of 
surgical approach), and preoperative CKD.

Nephron-sparing surgery is associated with less risk of 
cardiovascular events than RN in patients with T1 renal 
tumors and normal renal function at 10-year follow-up [126]. 
NSS was independently associated with better OS and better 
renal function compared to RN in patients with unforeseen 
benign renal tumors [127]. In another study, the advantage 
of survival was not evident for patients with larger tumors. 
Jang et al. compared RN with PN for RCC pT1b [128]. The 
10-year cancer-specific survival, progression-free survival, 
and OS were not significantly different. Radical nephrec-
tomy patients, however, had more incidence of new-onset 
CKD and end-stage renal failure.

Factors modifying NSS effect on renal function

Different factors related to the surgery itself or preexisting 
comorbidities play a major role in the impact of NSS on 
renal function. Surgical risk factors include ischemia time, 
the complexity of the tumor and the amount of renal tissue 
preserved.

Ischemia time

There is a significant deterioration of renal function 
with WIT > 40  min [129]. Other studies showed that 
WIT > 30  min is independently associated with long-
term deterioration of renal function [130]. The median 
GFR saved in the operated kidney after PN is 80% [131]. 
The rate of recovery of renal function after a limited time 
(median < 27 min) cold ischemia or warm ischemia was 100 
and 92% respectively [131]. Regardless of preexisting poor 
function, all kidneys recovered well after limited ischemia. 
In a meta-analysis of PN, factors that contributed to the pres-
ervation of renal function were the preoperative renal func-
tion, preservation of renal tissue and minimal WIT [132]. 
Although there was no strong evidence of a safe cutoff dura-
tion of WIT, it was suggested that it should be < 25 min.

An attempt to eliminate WIT may improve renal function 
after PN. To minimize renal ischemic injury during laparo-
scopic PN, an off-clamp (no ischemia) technique for tumors 
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with a nephrometry score of 4 was utilized and compared to 
a warm ischemia group [133]. The off-clamp technique was 
associated with a significantly less change in postoperative 
eGFR but with a higher estimated blood loss. Shah et al., 
however, showed that off-clamp LPN was not associated 
with better renal function than with renal hilar clamping at 
long-term follow-up of 5 years [134]. The lack of advantage 
was evident for preexisting renal CKD. In one multicenter 
study, RPN was associated with less WIT and better renal 
functional recovery compared to LPN in matched cases 
[135].

Tumor factors

Renal cancer is an independent risk factor for deterioration 
of renal function after RN compared to nephrectomy in kid-
ney donors [136]. Additional risk factors included increased 
age and decreased preoperative eGFR. Partial nephrectomy 
for more complex renal tumors as expressed by the RENAL 
nephrometry score is associated with significantly more 
deterioration of renal function at long-term postoperatively 
[137]. RN is associated with more change in eGFR for 
tumors with a RENAL score < 10 compared to PN [138]. 
The change was not significantly different in lesions > 10 
RENAL score. Other reports found that preoperative predic-
tion and RENAL scoring poorly correlated with postopera-
tive measurement of volume preservation [139]. There was 
no significant difference in the drop of effective renal plasma 
flow between renal tumors of low or high complexity after 
RPN [140].

Renal tissue preservation

Several studies evaluated the impact of the amount of renal 
mass preserved, and the volume of tissue excised on renal 
function. Some of the studies attempted to isolate confound-
ers as WIT, postoperative complications and the presence 
of a normal contralateral kidney from their analysis. Oth-
ers looked at the preoperative assessment of potentially 
preserved renal tissue and how it may predict postoperative 
renal function.

Preserved renal tissue

Evaluating 660 patients after PN in a solitary kidney, Lane 
et al. reported that among the modifiable risk factors, the 
amount of preserved renal tissue was the most significant 
predictor for the long-term recovery of renal function [141]. 
Simmons et al. found that in patients after PN, the amount 
of functional renal parenchyma preserved independently 
correlated with the long-term eGFR [142, 143]. In a subse-
quent study, the authors concluded that within the confines 
of a WIT < 25 min, long-term recovery of renal function 

correlated with the amount of functional renal tissue pre-
served rather than the WIT [143]. The impact of WIT on 
renal function might be more evident in the short-term fol-
low-up. GFR preservation at discharge was associated with 
WIT and not the percent functional parenchyma preservation 
[144]. At longer follow-up, however, preoperative eGFR and 
percent preservation of functional parenchyma became the 
significant factors associated with percent preservation of 
eGFR and not WIT. Both renal tissue mass preservation and 
ischemia time, however, play the most significant role affect-
ing renal function. Isharwal et al. reported that recovery of 
renal function after PN was associated primarily with paren-
chymal mass preservation and ischemia time, whereas the 
presence of comorbidities did not contribute to functional 
outcomes [145].

Techniques that maximize renal tissue preservation may 
have a better impact on renal function preservation. Tumor 
enucleation using laparoscopic RFA and avoiding ischemia 
was associated with better renal function preservation and 
less degree of split GFR decline in comparison with lapa-
roscopic PN [146]. Another study, however, did not reflect 
the beneficial effect of tumor enucleation on renal function. 
Blackwell et al. reported that although tumor enucleation 
correlated with preservation of renal parenchyma compared 
to standard PN, however, the impact on the preservation of 
renal function was not significant [147].

Image-based preoperative volumetric assessment of 
potentially spared renal tissue might predict postoperative 
functional renal volume [148] and eGFR [149]. Tanaka et al. 
using preoperative imaging measured percent parenchymal 
mass preserved after PN and found that it independently 
correlated with final global GFR though it had a lesser pre-
dictive accuracy compared to preoperative GFR [150]. Kuru 
et al. found that the preoperative assessment predicted early 
but not mid and long-term renal function [151].

Excised tissue volume

Dagenais et al. retrospectively reviewed 647 patients who 
underwent RPN at their institution and reported that excisional 
volume loss correlated with the decline of post-operative GFR, 
whereas ischemia time and tumor complexity did not [152]. 
Dong et al. looked at the relative impact of excised versus 
preserved tissue volume. The authors concluded that the renal 
mass preserved rather than the volume of tissue excised cor-
related with preservation of total and ipsilateral renal function 
[153]. The lesser impact of the excisional volume loss might 
be explained by its dependence on several modifiable and 
non-modifiable factors including, sex, tumor characteristics, 
surgeons experience, open approach and blood loss [154]. It 
is probably the amount of healthy tissue removed or damaged 
during PN rather than the tumor volume that determines renal 
function recovery. Zargar et al. calculated from the pathology 
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specimens the amount of healthy rim of renal parenchyma 
removed during RPN and reported that it was predictive of 
ipsilateral renal function preservation as determined by renal 
scan [114]. In addition, normal tissue volume loss depended 
on the method of reconstruction during PN [155]. The per-
centage of resected and ischemic volume correlated with the 
percent decrease in postoperative eGFR [156]. The extent of 
the area traumatized by renorrhaphy during RPN predicted 
the postoperative ipsilateral split renal function [157]. Image-
based preoperative estimation of resected and ischemic tis-
sue volume may help predict postoperative renal function as 
it significantly correlated in one study with the postoperative 
decline in eGFR [158].

Pre‑existing factors

Reported comorbid risk factors include preexisting renal 
function, age, DM, and cardiovascular disease. Preoperative 
eGFR is an independent factor of renal function recovery at 
long-term after LPN [159]. Warm ischemia time, however, 
affects only the early postoperative renal function recovery. 
Preoperative renal volume is an independent predictor of 
postoperative GFR for both PN and RN [160].

Older age is a significant determinant of long-term renal 
impairment after PN with cold ischemia [161]. Lane et al. 
showed that PN is associated with a decrease of early and 
ultimate eGFR that is associated with older age, solitary kid-
ney, preoperative GFR, gender, tumor size and ischemia time 
[162]. Risk factors for the development of CKD after RN or 
PN for T1 renal tumors include older age, male gender, RN, 
preoperative creatinine level and hypertension [137]. Other 
studies showed that DM was a major risk factor. Renal func-
tion recovery after RN for renal tumors is negatively affected 
by DM, cardiovascular risk factors, older age and preexist-
ing renal impairment [163] and the presence of preoperative 
glomerulosclerosis was negatively associated with post-PN 
eGFR at 6 months [164]. For the above reasons, surgeons 
need to offer NSS for patients with comorbid conditions. 
Filson et al. showed that patients with both diabetes and 
hypertension were more likely to receive NSS rather than 
RN for RCC [165]. Patients with either risk factor alone, 
however, were not preferentially treated with NSS.
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