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Introduction

During the last decade, there has been a steady increasing 
use of various imaging modalities, which contributed to 
an increasing number of smaller size renal masses early 
diagnosed incidentally (1). Nephron sparing surgery (NSS) 

has turned be the most reliable way of treating small 
renal masses due to it could provide better cardiovascular 
outcomes and kidney function preservation which 
seems to be related to better cancer specific survival  
(2-4). Comparing with open partial nephrectomy (PN), 

Original Article

Zero ischemia laparoscopic microwave ablation assisted 
enucleation vs. laparoscopic partial nephrectomy in clinical T1a 
renal tumor: a randomized clinical trial

Xiaorong Wu#, Wei Chen#, Jiwei Huang, Jin Zhang, Dongming Liu, Yiran Huang, Yonghui Chen, Wei Xue

Department of Urology, Ren Ji Hospital, School of Medicine, Shanghai Jiao Tong University, Shanghai 200127, China

Contributions: (I) Conception and design: X Wu, W Chen, Y Chen, W Xue; (II) Administrative support: Y Chen, W Xue; (III) Provision of study 

materials or patients: X Wu, W Chen, J Huang, J Zhang, D Liu, Y Huang; (IV) Collection and assembly of data: X Wu, J Zhang, J Huang, Y Chen; (V) 

Data analysis and interpretation: X Wu, W Chen, W Xue; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.
#These authors contributed equally to this work.

Correspondence to: Yonghui Chen; Wei Xue. Department of Urology, Ren Ji Hospital, School of Medicine, Shanghai Jiao Tong University, 160 Pujian 

Road, Pudong District, Shanghai 200127, China. Email: chenyonghui011488@renji.com; xuewei@renji.com.

Background: The study aims to evaluate efficiency, safety and the functional outcomes of zero ischemia 
laparoscopic microwave ablation assisted tumor enucleation (LMWATE) in comparison with laparoscopic 
partial nephrectomy (LPN) for cT1a renal tumors.
Methods: A prospective randomized controlled trial on cT1a renal tumor patients treated by laparoscopic 
nephron sparing surgeries between October 2014 to September 2017 was conducted. Tumor enucleation was 
performed in the LMWATE group after microwave ablation (MWA) without hilar clamping. The endpoint 
was the affected kidney’s change of GFR measured by renal scintigraphy at the 3rd month and 12th month 
postoperatively. All the patients were followed up for at least 12 months. The Student t-test, Wilcoxon rank 
sum tests and Pearson Chi-square or Fisher exact were applied to analyse data.
Results: The number of patients enrolled in the LMWATE group and LPN group were 90 and 93 
respectively. Patients in the LPN group showed much more decline of effect kidney glomerular filtration rate 
at 3 months (10.3 vs. 17.4, P<0.001) and 12 months postoperatively (8.8 vs. 10.2, P=0.023) when compared to 
the LMWATE group. Additionally, in the LMWATE group, considerably shorter median operation duration 
(91 vs. 112 minutes, P<0.001), lower median estimated blood loss (82.5 vs. 117.5 mL, P<0.001) and shorter 
hospital stay (5.5 vs. 6 days, P=0.013) were observed but with similar postoperative complications in both 
groups. There was no positive margin or local recurrence in both groups.
Conclusions: Zero ischemia LMWATE may provide better preservation of renal function, decrease 
operative time and blood loss compared to LPN with similar complication rates.

Keywords: Ablation techniques; minimally invasive surgical procedures; kidney neoplasms; organ sparing 

treatments

Submitted Jun 07, 2019. Accepted for publication Nov 26, 2019.

doi: 10.21037/tcr.2019.12.73

View this article at: http://dx.doi.org/10.21037/tcr.2019.12.73

202

https://crossmark.crossref.org/dialog/?doi=10.21037/tcr.2019.12.73


195Translational Cancer Research, Vol 9, No 1 January 2020

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(1):194-202 | http://dx.doi.org/10.21037/tcr.2019.12.73

laparoscopic partial nephrectomy (LPN) has demonstrated 
corresponding oncologica l  and rena l  funct iona l 
effects over both the short and long term since its first  
publications (5). However, warm ischemia injury is a major 
concern for conventional LPN because every minute of 
ischemia may have deleterious effects on renal function (6,7).

In recent years, alternative local ablative techniques, 
such as microwave ablation (MWA) and radiofrequency 
ablation (RFA), have been used in NSS due to short 
learning curve and low complication rate (8,9). Jacomides 
et al. reported a technique in which laparoscopic RFA was 
combined with NSS without clamping the renal pedicle 
could be a safe method of managing small enhancing renal  
masses (10). After that, numerous studies have demonstrated 
that compared to conventional NSS, MWA and RFA 
assisted NSS has a certain advantage in small incision, 
less bleeding and lower complication, as well as better 
oncology outcomes (11-13). Muto et al. reported their 
first preliminary experience of laparoscopic MWA and 
enucleation of small renal masses in 2011, but there is still 
insufficient high-level evidence for this technique (12).

Since 2011, zero ischemia laparoscopic RFA and MWA 
assisted tumor enucleation has been performed in the 
treatment of the renal tumor patients. Therefore, we 
hypothesized that this novel technique, zero ischemia 
laparoscopic microwave ablation assisted tumor enucleation 
(LMWATE), could lead to the preservation of more renal 
unit and achieve comparable oncological outcomes and 
complication rates in the patients with cT1a renal tumors 
compared with conventional LPN.

Methods

Patients and study design

In this study, a randomized controlled trial was performed 
to compare LMWATE with LPN from October 2014 to 
September 2017, conducted at Ren Ji Hospital, Shanghai, 
China. This study was planned and performed as a 
superiority trial. It was approved by the Ethics Committee 
of Ren Ji Hospital (No. RenJiH-URO-001) and registered 
in ClinicalTrials.gov (Identifier: NCT02326558). With the 
institutional review board authorization, individuals who 
were scheduled for laparoscopic NSS for newly diagnosed 
sporadic, unilateral, T1aN0M presumed renal cell 
carcinoma (RCC), were recruited. Before enrollment and 
surgery, all patients were provided written consent.

The  s tudy  inc lus ion  cr i ter ia  were  a s  fo l lows :  

15–80 years aged patients, clinical T1aN0M0 renal 
carcinoma patients, normal contralateral renal function 
patients (defined as differential renal function greater than 
40% as determined by radionuclide scintigraphy.) and those 
ready to take part in this long-term follow-up study. In 
addition, exclusion criteria comprised patients who could 
not tolerate a laparoscopic process, who had history of renal 
operation or any operational kidney inflammatory conditions, 
who had renal carcinoma associated to the urinary collecting 
system and those with other renal diseases (including kidney 
stone, glomerular nephritis). In this study, every patient was 
supposed to be followed up for at least a year (12 months). 

The sample size of this study was calculated primarily 
to detect a difference value of 5 in the change of GFR 
between groups with a P value of less than 0.05, the 
standard deviation of the change of GFR was 10, based on 
retrospective review of our prior experience (unpublished 
data), and the power of the trial was 90%. Therefore, the 
number needed in each arm ranges from 83 to 95, when 
15% of the patients may lost in follow-up was taken into 
consideration. Moreover, an independent randomization 
office was called by the investigators after obtaining 
informed consent from the patients. Two groups of the 
patients were randomly allocated in a 1:1 ratio using a 
computer-generated random distribution system.

Surgical interventions

All operations were performed by the same laparoscopic 
surgeon with extensive LPN experience (Y Chen) The LPN 
procedure has been presented in detail previously (14), as 
showed in Figure S1. After the Gerota fascia was opened, 
the tumor was localized and dissected, sometime with the 
assistance of intraoperative ultrasonography. The renal artery 
is identified and dissected in case hilar clamping became 
necessary. Then MWA was done with a 13-gauge antenna 
linked to Evident Valleylab generator (Kangyou Medical 
Instruments, Nanjing, China) capable of producing 45 W at 
915 MHz power. MWA was performed at a range of 1 to 3 min  
per tumor according to size and depth of the tumor for 1 to 
3 cycles (Figure S2A,B). The tumor was enucleated without 
hilar clamping via blunt and sharp dissection (Figure S2C). 
The unipolar or bipolar coagulation or ablation were used 
to control tumor bed bleeding (Figure S2D). Subsequently, 
running/single suture was used to close the calyces when 
necessary. At the end of operation, the parenchymal defect was 
maintained open, a drain was placed and the enucleated tumor 
specimen was sent for pathological assessment.
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Outcome measurement

In our study, the primary outcome was the affected kidney’s 
change of GFR measured by renal scintigraphy at the 3rd 
month and 12th month postoperatively. The secondary 
outcomes included changes in estimated blood loss (EBL), 
estimated glomerular filtration rate (eGFR), operation time, 
hospital stay, postoperative complications, pathological and 
oncologic outcome. 

The PADUA classification was used to review all the 
preoperative images of the patients (15). Based on modified 
Clavien-Dindo classification system, all 30 days postoperatively 
complications were recorded. Standard hematoxylin and 
eosin staining was performed to evaluate the histopathological 
characteristics by using the Fuhrman classification (16).

The serum creatinine levels were used to measure the renal 
function while eGFR was calculated by using diet adjustment 
for renal disease study equation (17) and GFR was measured 
by the 99mTc-DTPA renal scintigraphy. The levels of serum 
creatinine were assessed preoperatively, and at 3, 6 and 12 
months postoperatively. 99mTc-DTPA renal scintigraphy was 
applied preoperatively, at 3rd and 12th months postoperatively 
to evaluate the GFR while the renal scan reviewers were 
blinded to the chosen surgical procedures. The 99mTc-
DTPA renal scintigraphy results through γ-camera estimates 
by the Gates technique was used to calculate GFR and then 
standardized with surface area of the body (1.73 m2).

All patients in this study were required for follow-up 
for at least 12 months. Follow-up was conducted at 3 and 
6 months after surgery and every 6 months thereafter. It 
involved plasma chemistry monitoring, chest and abdomen 
CT scanning or MRI imaging. 

The SPSS v21.0 statistical software was used in all 
analysis. In statistical analysis, the intent method of treatment 
was adopted. To examine categorized demographic or clinical 
variables among groups, Pearson Chi-square or Fisher 
exact test was adopted. In testing variations of non-normal 
distributed continuous variables the Wilcoxon rank sum 
was used while in normal distributed continuous variables 
Student t-test was adopted. For two-sided P value<0.05 it was 
considered statistically significant. 

Results

From October 2014 to October 2016, 341 patients with 
T1aN0M0 renal tumor were assessed against inclusion 
criteria. Of 264 eligible patients, 185 (70%) patients agreed 
to participate while 79 (30%) patients declined. The most 
common reason for declining was patient preference for a 

specific approach. 
One patient who was assigned to LMWATE changed 

his mind and chose LPN. Another patient was converted to 
clamp the renal artery due to bleeding and LPN was then 
performed. In addition, one patient in the LPN group was 
loss to follow up at 12 months (Figure 1). 

Patient demographics and renal function results

No signif icant  di f ference was  found in pat ients ’ 
demographic characteristics (Table 1). Besides, the data of 
renal function were presented in Table 2. Comparatively, the 
LMWATE group patients experienced a smaller decrease 
in percentage change of the median 99mTc-DTPA GFR 
of the affected kidney by 3rd month (10.3 vs. 17.4, P<0.001) 
and 12th month (8.8 vs. 10.2, P=0.023), postoperatively. 
The LMWATE group had a smaller reduction in median 
eGFR by 3rd month (7.8 vs. 13.4, P<0.001), 6th month (5.9 
vs. 9.2, P=0.003) and 12th month (9.5 vs. 12.5, P=0.016) in 
comparison to the LPN group.

Perioperative data and complications results

One patient assigned to the LMWATE group through 
random selection, was converted to conventional LPN due to 
intraoperative bleeding, and excluded from all analysis, while 
the rest completed laparoscopic successfully without renal hilar 
clamping or converted to other surgery strategy. The median 
operative duration was considerably shorter for LMWATE 
compared with LPN group (91 vs. 112 min, P<0.001). 
Moreover, in the LMWATE group, the median EBL was less 
(82.5 vs. 117.5 mL, P<0.001) and hospital stay was shorter  
(5.5 vs. 6 days, P=0.013) than that in the LPN group.

The LMWATE group cumulative postoperative 
complication rate was 8.9% (n=8) and 9.7% (n=9) for LPN 
group, with no statistical significance (P=0.511). Of the 
eight complications in the LMWATE group, five (5.6%) 
was Clavien grade 1, two (2.2%) were grade 2, and one 
(1.1%) was grade 3b. Of the nine complications in the LPN 
group, four (4.3%) were Clavien grade 1, three (3.2%) were 
grade 2, and two (2.2%) were grade 3a (Tables 3,4).

Pathological and oncologic results

In the LMWATE and LPN groups the RCC accounted 
for 81.2% and 83.9% cases, respectively (Tables 3,5). All 
patients had negative surgical margins. No patient with 
local relapse or distant metastasis was found with a median 
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Enrollment Assessed for eligibility (n=341)

Randomized (n=185)

Excluded (n=156)

• Not meeting inclusion criteria(n=77) 

• Declined to participate (n=79) 

• Other reasons (n=0)

Lost in follow-up at 12 months (n=1)

Analyzed (n=93)

Excluded from analysis at 12 months (n=1)

(lost in follow-up at 12 months)

Analyzed (n=90)  

No patient lost in follow-up 

Allocated to LMWATE (n=92) 

• Received allocated intervention (n=90)

• Did not receive allocated intervention (n=2)

(n=1: clamped the renal artery; n=1: changed 

his mind to choose LPN)

Allocated to LPN (n=93) 

• Received allocated intervention (n=93)

• Did not receive allocated intervention (n=0)

Allocation

Follow-up

Analysis

Figure 1 Consolidated standards of reporting trials flow diagram.

Table 1 Baseline characteristics for patients in the study groups 

Variables LMWATE LPN P value

Patients (n) 90 93

Gender, n (%) 0.747

Male 56 (62.2) 60 (64.5)

Female 34 (37.8) 33 (35.5)

Median age [range] 58 [23–80] 57 [25–79] 0.63

Left/right side 47/43 44/49 0.507

Body mass index (kg/m2) [range] 25.3 [19.5–35.9] 24.7 [20–32.8] 0.068

Hypertension, n (%) 13 (14.4) 15 (16.1) 0.752

Diabetes mellitus, n (%) 7 (7.8) 8 (8.6) 0.839

Median Charlson comorbidity index [range] 3 [2–7] 3 [2–7] 0.772

Median American Society of Anesthesiologists score [range] 2 [1–3] 2 [1–3] 0.370

Median tumor size [range] 3 [1–4] 3 [1.5–4] 0.06

Median PADUA score [range] 7 [6–10] 7 [6–10] 0.403

LMWATE, laparoscopic microwave ablation assisted tumor enucleation; LPN, laparoscopic partial nephrectomy.
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follow-up of 24 months.

Discussion

NSS has become popular in the management of renal 
lesions of 4 cm or smaller, since it has been established that 
local tumor resection without removing the whole kidney 
is achievable and has been proven effectiveness (18). LPN 

is now widely popularity as an option in terms of minimally 
invasive NSS. Two major concerns of LPN are complete 
removal of renal tumors and obtaining a short WI duration 
with an efficient tumor bed hemostasis (19). However, 
conventional LPN requires renal pedicle to remain 
clamped until complete closure of renal parenchymal (20), 
which might lead to longer period of WI. Therefore, 
several techniques have been introduced to reduce or even 

Table 2 Percent change of affected kidney and estimated GFR

Variables LMWATE (interquartile range) LPN (interquartile range) P value

Median postoperative change of GFR of affected kidney 

3 months 10.3 (8–12.6) 17.4 (12.7–22.2) <0.001

12 months 8.8 (6.5–10) 10.2 (7.3–12.8) 0.023

Median preoperative eGFR 100.6 (81.9–108.6) 102.4 (90.4–117.8) 0.053

Median postoperative change of eGFR 

3 months 7.8 (4.6–10.5) 13.4 (10.8–16.4) <0.001

6 months 5.9 (3.4–9.5) 9.2 (5.6–13.0) 0.003

12 months 9.5 (5.4–14.0) 12.5 (8.1–16.0) 0.016

LMWATE, laparoscopic microwave ablation assisted tumor enucleation; LPN, laparoscopic partial nephrectomy; GFR, glomerular filtration 
rate.

Table 3 Perioperative variables

Variables LMWATE LPN P value

Median operative time [range] 91 [40–185] 112 [55–200] <0.001

Median warm ischemia time [range] 0 20 [0–33]

Median EBL [range] 82.5 [20–350] 117.5 [20–500] <0.001

Complications, n (%) 8 (8.9) 9 (9.7) 0.511

Clavien grade, n (%)

1 5 (5.6) 4 (4.3)

2 2 (2.2) 3 (3.2)

3a 0 2 (2.2)

3b 1 (1.1)

Median hospital stay [range] 5.5 [3–10] 6 [4–10] 0.013

Histology, n (%) 0.682

Renal cell carcinoma 73 (81.1) 78 (83.9)

Oncocytoma 2 (2.2) 3 (3.2)

Benign 13 (14.4) 12 (12.9)

Nondiagnostic 2 (2.2) 0

LMWATE, laparoscopic microwave ablation assisted tumor enucleation; LPN, laparoscopic partial nephrectomy; EBL, estimated blood loss.
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eliminate WI injury during LPN , such as segmental renal 
artery clamping, off-clamping, and zero ischemia anatomical 
PN (21-23). Nevertheless, longer operative time could 
inevitably increase the risk of bleeding, which required 
experienced surgeons to use these techniques (22,23).

Thermal ablation, as a less invasive and morbid treatment, 
has the advantages in the reduction of blood loss, lower 
incidence of the complication and shorter convalescence during 

the procedure, which makes it a valid alternative to traditional 
NSS. In a study of 42 RCC patients, Zhao et al. reported the 
outstanding oncologic and renal functional outcomes by using 
laparoscopic RFA assisted tumor enucleation technique of 
without clamping of the renal pedicle with a median follow-
up time of 37.5 months (13). From our previous randomized 
controlled study, the results also confirmed that laparoscopic 
RFA assisted tumor enucleation facilitated the excision of 

Table 4 Postoperative complications 

Clavien grade 
LMWATE LPN

Complications (n=8, 8.9%) Treatment Complications (n=9, 9.7%) Treatment

Clavien grade 1 Atelectasis (n=1) Physiotherapy Bleeding (n=1) Bed rest

Fever (n=2) Expectant management Fever (n=2) Expectant management

Urine leakage (n=2) Keep Jackson-Pratt drain in 
place

confusion (n=1) Expectant management

Clavien grade 2 Wound infection (n=1) Drainage + oral antibiotics Bleeding (n=1) Blood transfusion

Urinary tract infection (n=1) Oral antibiotics Pneumonia (n=2) Intravenous antibiotics

Clavien grade 3a – – Dehiscent wound (n=1) Wound closure

– – Urine leakage (n=1) Ureteral Double-J stent+ 
intravenous antibiotics

Clavien grade 3b Urine leakage (n=1) Ureteral double-J stent 
under general anesthesia + 
intravenous antibiotics

– –

LMWATE, laparoscopic microwave ablation assisted tumor enucleation; LPN, laparoscopic partial nephrectomy.

Table 5 Tumor characteristics for the renal cell carcinoma subset

Variables LMWATE, n (%) LPN, n (%) P value

Histology 0.413

Clear cell 60 (80.0) 65 (83.3) 

Papillary 10 (13.3) 8 (10.3)

Chromosome 3 (4.0) 5 (6.4)

Not specified* 2 (2.7) 0 (0.0)

Grade 0.24

1 33 (44.0) 25 (32.1)

2 31 (41.3) 41 (52.6)

3 8 (10.7) 9 (11.5)

4 1 (1.3) 3 (3.8)

Not specified* 2 (2.7) 0 (0.0)

*, pathological diagnosis of RCC without histologic subtyping or grading. LMWATE, laparoscopic microwave ablation assisted tumor 
enucleation; LPN, laparoscopic partial nephrectomy; RCC, renal cell carcinoma.
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tumor with better preservation of renal function in comparison 
to conventional LPN (11). 

Although MWA technology is still in the developmental 
stages for treating renal cancers, it is one of the most promising 
minimal invasive approach for nephron sparing. Microwave 
tissue coagulation plays important role in controlling of 
parenchymal bleeding for solid and vascular organ, such 
as liver and spleen (24). Comparing with RFA, MWA has 
some potential advantages including higher intratumoral 
temperatures, wider ablation volumes and shorter ablation 
time (25). Several studies have explored the usefulness of 
MWA in PN (26-28). In these studies, a microwave tissue 
coagulator was applied peripheral into the normal parenchyma 
around the tumor rather than targeting the tumor directly, 
and circumferential punctures were carried out to produce a 
conical-shaped portion of coagulated tissue (12).

Recently, Muto et al. assessed that laparoscopic MWA 
without renal pedicle clamping was applied in small renal 
tumors (12). Results were revealed from 10 patients with 
renal tumors of diameter between 1.3 and 4.2 cm. Median 
operation time was 128.5 min while mean bleeding amount 
was 60 mL with no haemostatic sutures required in any cases. 
Moreover, no intraoperative or postoperative complications 
occurred. It is an innovative PN technique of little ischemia. 
By utilizing an MWA antenna to carving a relatively avascular 
plane around the tumor, surgeons perform tumor enucleation 
instead of wedge resection so that the surrounding healthy 
parenchyma can be spared as much as possible. 

Unlike other mentioned complicated LPN techniques, 
LMWATE in most case could be easily performed without 
hilar clamping and suturing during the operation. It might 
be benefited younger generation of urologists who are lack 
of experienced in renal parenchymal surgery. Comparing to 
conventional LPN, LMWATE has unique advantages, such 
as easier laparoscopic renal tumor enucleation, possible 
no need of renal pedicle clamping as well as haemostatic 
sutures, and better renal function preservation. 

Nuclear renal scan and functional renal parenchyma 
volume preservation, which might play an important role 
in protecting the postoperative renal function in a long-
term period were always used to evaluate perioperative renal 
function (29). Bertolo et al. reported the percentage of loss 
of renal function was significantly correlated to the loss of 
renal volume and warm ischemia significantly correlated 
with the loss of renal volume (30). In our study, LMWATE 
was not only related with a smaller decline in the affected 
kidney GFR examined by radionuclide scintigraphy by 3rd 
month (10.3 vs. 17.4, P<0.001) and 12th month (8.8 vs. 10.2, 

P=0.023), but also had a small reduction of eGFR (entire 
renal function) by 3rd month (7.8 vs. 13.4, P<0.001), 6th month 
(5.9 vs. 9.2, P=0.003) and 12th month (9.5 vs. 12.5, P=0.016). 
Furthermore, Muto et al. also reported no deterioration of 
renal function among patients who underwent LMWATE 
(12). These data all suggest that LMWATE may better 
preserve renal function compared to LPN. In addition, the 
use of the semiautomated method for the 3D segmentation 
of the kidney to get the volumetric assessment and 3D 
parenchyma measurement system could be a valid tool to 
support the future use of CT-scan as the tool to pair the 
oncological and the functional follow-up after PN (30,31).

Comparing to standard MWA which is a single 
procedure, LMWATE can preserve more renal function 
due to less energy output and ablation time for ablating the 
whole tumor. LMWATE also enables surgeons to eradicate 
the whole tumor tissue to get accurate pathological 
outcomes with possibility of recognizing positive surgical 
margins as well as easier follow up. In this study, both 
LMWATE and LPN groups had favorable oncologic 
outcomes with no positive surgical margins and no local 
relapse in a considerable 24 months median follow-up. 
Meanwhile, Muto et al. also reported no local recurrence at 
a mean follow-up time of 13 months by using CT scan (12). 

With regard to postoperative complications, no 
significant difference in the overall complication rate was 
found between the LMWATE and LPN group (8.9% 
vs. 9.7%, P=0.511). The cases of those tumors involved 
with the urinary collecting system were excluded in this 
study to prevent postoperative urine leakage. However, 
the incidence rate of urine leakage (3.3% vs. 1.1%, 
P=0.363) in the LMWATE group remained higher than 
that of conventional LPN. According to published data, 
complications related to LMWATE include arteriovenous 
fistula, urine leakage and almost total loss of renal function 
(27,28). One possible drawback of MWA is unexpected 
extra damage to surrounding structures including arteries, 
veins and collecting system. Therefore, it was forcefully 
recommended that suturing was performed in patients 
whose tumor was close to urinary collecting system or 
collecting system were involved by tumor enucleation (11).

This study has a few limitations. Firstly, it was performed 
at a single high-volume medical center and each group 
had relatively small sample size, contribute to not fully 
draw authoritative conclusions on the risk of systematic 
recurrence free or cancer specific survival rate. Secondly, 
one problem with recruitment was that a significant number 
of patients declined randomization because they preferred 
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the LPN approach. However, 70% of eligible patients 
did participate, indicating that randomization for surgical 
trails is feasible if patients are well counseled. Thirdly, 
the patients whose renal tumor was involved in urinary 
collecting system were excluded. Therefore, the results of 
this study might not be completely generalized to all cases 
of T1a renal tumor. What's more, we previously reported 
the RCT outcomes with RFA treating T1a RCC in  
2016 (9), while in the near future a direct comparison 
of RFA vs. MWA would be conducted to illustrate the 
difference between the two ablative techniques.

Conclusions

The results of the study revealed that the patients 
treated with LMWATE for cT1a renal tumors seems 
attained a better renal function preservation and had 
a shorter operative time with less blood lost compared 
to conventional LPN and there was no postoperative 
complication difference between these two techniques. 
Moreover, the difference between the two procedures seem 
to be only with significant statistical difference. Further 
investigation and long-term follow-up are important and 
necessary to draw the conclusion about the clinical results. 
Therefore, this zero ischemia nephron sparing technique 
was recommended in the selected cases of renal tumor.
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Supplementary
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Figure S1 The conventional LPN procedures. (A,B) After the tumor was completely exposed, the parenchyma was then incised, and the 
tumor was excised along its capsule with a margin of 1 to 2-mm normal parenchyma by blunt dissection, the dissection was kept at the 
relatively avascular intrarenal plane. On reaching the target vessels of the tumor, operation was done with Hem-o-lok clips. (C) Hemostasis 
was achieved with point-specific suturing and incised calyces were repaired. (D) the defected parenchyma was closed via continuous suturing 
with Hem-o-lok clips. LPN, laparoscopic partial nephrectomy.



Figure S2 The details of microwave ablation assisted tumor enucleation. (A,B) Microwave ablation was performed at a range of 1 to 3 min 
per tumor according to size and depth of the tumor for 1 to 3 cycles. (C) The tumor was enucleated without hilar clamping via blunt and 
sharp dissection. (D) The unipolar or bipolar coagulation or ablation were used to control tumor bed bleeding.
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