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Abstract
Objective: To evaluate local clinical outcomes of sliding clip renorrhaphy, from 
inception to current utilization for open, laparoscopic, and robotically assisted partial 
nephrectomy.
Methods: We reviewed prospectively maintained databases of three surgeons 
performing partial nephrectomies with the sliding- clip technique at teaching hospitals 
between 2005 and 2019. Baseline characteristics, operative parameters, including 
surgical approach, RENAL Nephrometry Score, and post- operative outcomes, 
including Clavien- Dindo classification of complications, were recorded for 76 
consecutive cases. We compared perioperative and 90- day events with patient and 
tumor characteristics, stratified by operative approach and case complexity, using 
Wilcoxon rank- sum test for continuous variables and the Chi- squared or Fisher's 
exact test, for binary and categorical variables, respectively.
Results: Open surgery (n = 15) reduced ischemia time and operative time, but increased 
hospital admission time. Pre-  and post- operative estimated glomerular filtration rates 
did not change significantly by operative approach. Older patients (P = .007) and open 
surgery (P = .003) were associated with a higher rate of complications (any- grade). 
Six grade ≥3 complications occurred: these were associated with higher RENAL 
Nephrometry Score (P = .016) and higher pathological tumor stage (P = .045). Limits 
include smaller case volumes which incorporate the learning curve cases; therefore, 
these data are most applicable to lower volume teaching hospitals.
Conclusion: The sliding- clip technique for partial nephrectomy was first described 
by Agarwal et al and has low complication rates, acceptable operative time, and 
preserves renal function across open and minimally invasive surgeries. This series 
encompasses the initial learning curve with developing the technique through to 
present- day emergence as a routine standard of practice.
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1  | INTRODUC TION

In 1870, Gustav Simon performed the first partial nephrectomy.1 
For the next century, the procedure was confined to obscurity, 
largely reserved for patients with solitary kidneys, compromised 
renal function, and bilateral renal masses. This was due to con-
cerns regarding local recurrence from multifocal malignant renal 
tumors and morbidity associated with intraoperative and de-
layed hemorrhage.2 The advent of computed tomography (CT) in-
creased the incidence of asymptomatic small renal masses, aided 
pre- operative planning, and increased the utilization of the partial 
nephrectomy.3

The only randomized control trial comparing partial and radi-
cal nephrectomy between 1992 to 2003 demonstrated that par-
tial nephrectomy had improved long term renal function, reducing 
the incidence of stage 3a and 3b chronic kidney disease; how-
ever, for patients with renal cell carcinoma (RCC), there was no 
difference in local recurrence, cancer- specific survival or overall 
survival.4,5 Notably, severe hemorrhages and reoperations were 
significantly higher in the partial nephrectomy arm.6 Since this 
trial, surgical techniques have evolved, including the utilization of 
minimally invasive surgery (MIS), first laparoscopy, and later ro-
botically assisted surgery, improving the effectiveness and speed 
of achieving hemostasis thereby reducing operative time and isch-
emia time.

In 2007, Agarwal et al described the sliding- clip renorrhaphy 
technique.7 The principles of sliding- clip renorrhaphy involve fixing 
the entry and exit points of suture material in the renal parenchyma 
with Weck Hem- o- lok® clips (Teleflex Medical, Research Triangle 
Park, NC, USA) that slide down the sutures without slipping back. 
The technique prevents the cheese- wire effect (when parenchyma 
is lacerated as sutures are placed under tension), maintains tension 
on the suture material to ensure sustained parenchymal compres-
sion and hemostasis, and negates the need for slower intracorpo-
real knot tying. An initial clip is slid down the outer layer suture 
with a second clip then applied at the hinge aspect to lock it in 
place.

The sliding- clip technique for renorrhaphy has become widely 
utilized in open, laparoscopic, and robotic approaches.8- 10 The 
technique has been adapted, but the fundamental sliding and 
clipping technique remain common throughout all operative ap-
proaches as first described by Agarwal et al.7 Today, partial ne-
phrectomy is the recommended surgical approach for T1 renal 
tumors, particularly those <4 cm (T1a), and is increasingly fa-
vored for managing complex renal masses.11- 13 Herein, we de-
scribe an Australian experience of partial nephrectomy using the 
sliding- clip renorrhaphy technique, from inception to present- day 
utilization.

2  | MATERIAL S AND METHODS

2.1 | Patient selection

After obtaining Institutional Review Board ethical approval, we reviewed 
a prospectively maintained database of all patients who underwent 
partial nephrectomy by three experienced urological surgeons (DA, PD, 
and JK). We included all open, laparoscopic, and robotically assisted 
partial nephrectomies with the sliding- clip technique performed 
between April 2005 and June 2019 at a public and private teaching 
hospital (Royal Melbourne Hospital and Epworth Hospital).

Patient demographics, perioperative sequelae, and pre- operative 
and post- operative estimated glomerular filtration rate (eGFR) were 
all recorded. All patients underwent an abdominal CT scan with 
3- mm axial slices to delineate characteristics of tumor location, 
depth, and proximity to the collecting system. Tumor complexity 
was defined as low (4- 6 points), intermediate (7- 9 points) or high (10- 
12 points), using the RENAL Nephrometry Score.14 A thorough chart 
review was undertaken for each patient to identify 90- day compli-
cations. As Australian patients are both operated on and managed 
postoperatively in the same health network, most postoperative 
complications were likely to be identified. Postoperative complica-
tions were then graded using the Clavien- Dindo classification.15

2.2 | Intervention

Across the cohort, the surgical approach varied depending upon 
tumor size and location. Pre- operatively, each case was discussed 
at a multidisciplinary team meeting, where urologists formed a 
consensus on the indication and strategy for excising the tumor. 
Tumors located anteriorly and antero- laterally were approached 
by transperitoneal laparoscopic approach. Posterior tumors were 
approached with a retroperitoneal laparoscopic approach. An open 
approach was used in select patients where laparoscopic approach 
was considered difficult. Over time, robotically assisted surgeries 
were used more frequently.

Nonetheless, the principles of surgery were the same in all ap-
proaches: first, the hilum and tumor were exposed. The tumor was 
circumscribed with a safe normal renal parenchymal margin using 
diathermy, and intraoperative ultrasound was used for all lesions to 
help identify an adequate excision margin. Next, the renal artery and, 
in select cases, the renal vein, were clamped using bull dog clamps 
(at the surgeons’ discretion, patients with superficial tumors gener-
ally required clamping of the renal artery only). Tumors were excised 
with cold scissors and for MIS procedures then placed into a bag.

For all cases included in this sample, the surgeons utilized the 
sliding- clip technique (Figure 1A- E). Renorrhaphy was performed 
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either in single or double layer depending upon the renal defect. 
The collecting system and deep layer were closed with a run-
ning 3- 0 monocryl (Ethicon Inc., Bridgewater, NJ, USA) or V- Loc 
(Medtronic, Minneapolis, MN, USA) suture (Figure 1A). The super-
ficial layer was closed with double arm hem- o- lok clips as outlined 
in Figure 1B- E.

2.3 | Endpoints and statistical analysis

Patient and disease characteristics were summarized with the me-
dian and interquartile range for continuous variables and the fre-
quency and percentage for categorical variables. Baseline patient 
and tumor characteristics, perioperative parameters, and post- 
operative complications were compared across surgical approaches 
using the Wilcoxon rank- sum test for continuous variables and the 
Chi- squared or Fisher's exact test, as appropriate, for categorical 
variables. Where multiple tumors were resected, the larger tumor 
size was used for the analysis.

In this study, the laparoscopic approach was the preferred ap-
proach with an open technique being employed for larger or more 
complex tumors. Later in the series, some laparoscopic cases were 
undertaken with robotic- assistance. The data for laparoscopic and 
robotic cases have been considered both independently and com-
bined as an MIS cohort. Additionally, clinicopathological variables 
were assessed by whether patients experienced major complica-
tions (Clavien- Dindo ≥ 3), any complication (Clavien- Dindo ≥ 1), or 
received a blood transfusion.

A P- value < .05 was considered statistically significant. Statistical 
analyses were completed using R version 3.5.1 (R Core Development 
Team, Vienna, Austria).

3  | RESULTS

Throughout the study period, there were 76 partial nephrectomies, 
15 open (including two cases initially performed laparoscopically and 
converted to an open approach), 48 laparoscopic and 13 robotically 

F I G U R E  1   Illustrated steps of the Agarwal Sliding- Clip Technique. (A) The collecting system and deep layer is closed with a running 3- 0 
monocryl (Ethicon Inc., Bridgewater, NJ, USA) or V- Loc suture (Medtronic, Minneapolis, MN, USA). (B) A double arm suture is prepared with 
a gold hem- o- lok clip (Teleflex Medical, Research Triangle Park, NC, USA) using 0 vicryl suture (Ethicon Inc., Bridgewater, NJ, USA). (C) The 
superficial layer is closed with 2– 3 double arm sutures placed 1 cm apart. Hem- o- lok clips are applied and slid down over the vicryl suture to 
compress the parenchyma achieving hemostasis. Hilar clamps are removed. (D) Additional hem- o- lok clips are applied with a locking end to 
secure the clips (E) If there is any oozing from the wound, the renal defect is filled with loose SURGICEL (Ethicon Inc., Bridgewater, NJ, USA) 
and Floseal (Baxter Healthcare Corporation, Freemont, CA, USA) and the suture ends are tied across 
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assisted operations. The median age at surgery was 56 years (47.5- 
64.8). The median pre- operative eGFR among patients receiving 
open, laparoscopic, and robotically assisted partial nephrectomies 
were 74, 83, and > 90 mL/min/1.73 m2, respectively, with no signifi-
cant baseline differences based on procedural approach (Table 1A).

The median tumor size was 25 mm (17.5- 32.0). The median 
tumor size in the open partial nephrectomy group was larger than 
the MIS groups; however, this difference was not statistically signif-
icant. Most tumors were staged as pT1a (≤4 cm), 73% and 87% for 
open and MIS, respectively. When subdividing MIS into laparoscopic 
and robotically assisted approaches, the robotically assisted sur-
geries had a higher proportion of T1b [4- 7 cm] tumors (44% vs 2%; 
P = .003), perhaps reflecting contemporary case selection patterns 
for robotically assisted partial nephrectomies. Indeed, with superior 
vision and ergonomics, partial nephrectomy for complex lesions may 
be more feasible using robotically assisted approaches than lapa-
roscopy. Final pathology returned 66% clear cell RCC, while 7% of 
tumors were benign. Only one MIS case had a positive malignant 
margin. Two patients had bilateral tumors simultaneously excised: 
Patient 1 had a 50 mm and a 54 mm tumor removed, both with clear 
cell RCC T1b pathology, and Patient 2 had a 30 mm and a 12 mm 
tumor removed, both with clear cell RCC T1a pathology; both sur-
geries had negative margins.

Surgical complexity was available for 63% of cases, of which 
only 20% of open partial nephrectomies had low surgical complex-
ity. Conversely, 60% of laparoscopic and 46% of robotically assisted 
surgeries had low surgical complexity. This difference in surgical 
complexity between open surgery and MIS was statistically sig-
nificant (P = .034). Ischemia time varied significantly by approach 
with 10 open partial nephrectomies performed off- clamp and four 
employing cold ischemia. Between laparoscopic and robotically as-
sisted surgeries, median clamp time was comparable at 21 minutes 
and 20 minutes, respectively. Total procedure time for open surger-
ies was less than MIS, although this was not statistically significant 
(P = .064).

Post- operatively, 31 (69%) patients experienced a complication 
within 90 days of surgery (predominantly Clavien- Dindo grade I 
events). Only six (8%) patients had major post- operative compli-
cations (Clavien- Dindo grade ≥ 3). Interestingly, while patients 
undergoing open procedures were more likely to experience a 
complication (P = .003), there was no difference in major compli-
cation rates between open, laparoscopic, and robotically assisted 
approaches (Table 1B). Seven patients (9%) received a perioperative 
blood transfusion, of these only two patients had greater than two 
units of packed red blood cells transfused. Those two cases involved 
sub- segmental renal artery embolization, one of whom proceeded 
to theater for hemostasis. Laparoscopic surgery had a lower overall 
rate of transfusions (4%), although this was not statistically signifi-
cant. Change in day one post- operative eGFR from baseline level did 
not vary by approach. Finally, MIS had a significantly shorter median 
length of inpatient stay: 3 days vs 6 days for open surgery (P < .001).

The only independent covariates associated with any- Clavien- 
Dindo grade complications were older patients (P = .007), open 

surgery (P = .003), and longer total length of stay (P < .001) (Figure 2). 
Blood transfusions were associated with older patients (P = .033) 
and lower day one post- operative eGFR (P = .043), likely reflect-
ing intraoperative volume depletion. Major complications were as-
sociated with a higher median RENAL Nephrometry Score (9 vs 6; 
P = .016) and, among the malignant tumors, major complications 
were also associated with a higher proportion of pT stage > T1a tu-
mors (50% vs 13%; P = .045), also likely reflecting the greater intra-
operative complexity.

4  | DISCUSSION

Our case series encompasses the initial learning curve through 
to present- day routine standard of practice using the sliding- clip 
technique for renorrhaphy partial nephrectomy. The advantages 
of the sliding- clip technique are that it minimizes the risk of 
parenchymal tearing by sutures, provides effective hemostasis, 
and decreases warm ischemia time by the virtue of its knotless 
technique.7,8,16,17 Herein, we report that the sliding- clip technique 
has low complication rates, acceptable operative time and preserves 
renal function among open, and MIS approaches.

Presently, partial nephrectomy is the gold standard for excis-
ing pT1a renal tumors and increasingly larger, more complex renal 
masses.13 Aside from the debate about oncological equivalency to 
radical nephrectomy, the main concern previously restricting the up-
take of partial nephrectomy was morbidity associated with achieving 
hemostasis and urinary leaks. The sliding- clip renorrhaphy tech-
nique and its variations have assisted in improving safety and out-
comes therein. Despite including the first- in- human cases, we report 
low overall rates of transfusions when utilizing the sliding- clip. Only 
seven patients had blood transfusions in our series, with two (3%) 
receiving more than two units of packed red blood cells. Overall, the 
low transfusion requirements indicate that excellent intraoperative 
hemostasis was achieved.

A systematic review by Bortolo et al outlines the evolution of 
renorrhaphy techniques for MIS and their effect on perioperative 
outcomes.11 The review found that prior to 2007, conventional 
methods for parenchymal closure in partial nephrectomy relied on 
the use of surgical knots,18- 20 with some techniques using a bolster 
and surgical knots19,21,22 while others included hemostatic agents 
alone or in combination with sutures.20,23 In 2004, Orvieto et al de-
scribed a knotless technique for renorrhaphy utilizing LapraTy clips 
instead of surgical knots.22,24 Knotless techniques such as this were 
utilized in several studies of laparoscopic partial nephrectomy there-
after.17,25 None of these techniques described using a sliding- clip 
approach for fixation, until Agarwal et al published an illustrated 
description of a knotless, sliding- clip technique for renorrhaphy in 
2007 utilizing Hem- o- lok® clips.7 In 2008, Bhayani et al described 
and subsequently published the sliding technique for robotic sur-
gery, thereby advancing the technique into the MIS setting.8

As the technique of sliding- clip renorrhaphy transitioned from 
laparoscopic to robotically-  assisted surgery, it further evolved to 
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TA B L E  1   (A) Perioperative characteristics by surgical approach; (B) 90- day postoperative complications

Open (n = 15) Laparoscopic (n = 48) Robotic (n = 13) P- value

(A) Perioperative characteristics

Age (median [IQR]) 56.00 [45.00, 60.50] 56.00 [50.50, 65.00] 56.00 [50.75, 64.25] .75

LOS (days) (median [IQR]) 6.00 [4.00, 7.50] 3.00 [2.00, 4.00] 4.00 [3.00, 4.00] <.001

Operation time (median [IQR]) 160.00 [102.00, 209.00] 205.00 [156.50, 240.00] 210.00 [200.00, 240.00] .162

Ischamia time (median [IQR]) 0.00 [0.00, 14.25] 21.00 [15.75, 32.00] 20.00 [15.00, 24.00] <.001

Pre- op eGFR (median [IQR]) 74.00 [53.50, >90.00] 83.00 [71.00, >90.00] >90.00 [85.00, >90.00] .277

D1 post- op eGFR (median [IQR]) 50.00 [32.50, 89.00] 65.00 [55.50, >90.00] 83.00 [66.25, >90.00] .161

Change eGFR (median [IQR]) 4.00 [0.00, 29.00] 9.00 [0.00, 17.00] 1.50 [0.00, 12.50] .706

Transfusion (%) 3 (20.0) 2 (4.2) 2 (15.4) .076

RENAL nephrometry score (median 
[IQR])

7.00 [7.00, 8.75] 6.00 [5.00, 7.00] 7.00 [4.00, 9.00] .242

Surgical complexity (%) .079

High 2 (20.0) 0 (0.0) 1 (7.7)

Intermediate 6 (60.0) 10 (40.0) 6 (46.2)

Low 2 (20.0) 15 (60.0) 6 (46.2)

Tumor size (mm) (median [IQR]) 28.00 [17.50, 33.50] 23.00 [17.00, 30.00] 25.00 [20.00, 46.00] .174

Pathology (%) .013

AML 0 (0.0) 2 (4.2) 1 (7.7)

Chromophobe RCC 3 (20.0) 3 (6.2) 0 (0.0)

Clear cell RCC 12 (80.0) 35 (72.9) 5 (38.5)

Oncocytoma 0 (0.0) 0 (0.0) 2 (15.4)

Papillary RCC 0 (0.0) 5 (10.4) 4 (30.8)

Unclassified RCC 0 (0.0) 3 (6.2) 1 (7.7)

T Stage (%) (Malignant tumors) .003

T1a 11 (73.3) 43 (93.5) 5 (55.6)

T1b 3 (20.0) 1 (2.2) 4 (44.4)

T3a 1 (6.7) 2 (4.3) 0 (0.0)

Positive margin (%) 0 (0) 1 (2.1) 0 (0.0) 1.000

(B) Postoperative complications

Clavien- Dindo Grade (%) .009

0 3 (20.0) 33 (68.8) 9 (69.2)

I 5 (33.3) 8 (16.7) 1 (7.7)

II 5 (33.3) 5 (10.4) 1 (7.7)

IIIa 0 (0.0) 1 (2.1) 1 (7.7)

Pseudoaneurysm requiring 
embolization

Iatrogenic pneumothorax. 
Intercostal catheter inserted 
on the ward

IIIb 1 (6.7) 1 (2.1) 1 (7.7)

Iatrogenic pneumothorax. 
Intercostal catheter inserted 
intraoperatively

Port site hernia, small 
bowel obstruction

Day 1 Bleed requiring 
embolization

IVa 0 (0.0) 0 (0.0) 0 (0.0)

IVb 1 (6.7) 0 (0.0) 0 (0.0)

Bleed requiring surgery & ICU 
admission for acidosis

V 0 (0.0) 0 (0.0) 0 (0.0)

Any- Clavien- Dindo grade (%) 12 (80.0) 15 (31.2) 4 (30.8) .003

Clavien- Dindo grade ≥3 (%) 2 (13.3) 2 (4.2) 2 (15.4) .188

Abbreviations: D1, day one; LOS, length of stay.
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be utilized in more complex, higher stage tumors. Although major 
post- operative complications were significantly associated with 
tumor stage and complexity, the small number of these cases may 
reflect the initial learning curve. Additional cases are required to 
better understand this association. However, complications after 
partial nephrectomy for complex tumors may also decline with on-
going advancements in surgical techniques. Although the principles 

of sliding- clip renorrhaphy continue to form the basis of standard 
renorrhaphy technique today in open, laparoscopic, and robotic 
partial nephrectomy, subtle modifications have occurred. Specific 
variations include the use of running sutures, a single suture line, 
and self- retaining barbed sutures avoiding the need to retighten, 
all of which have been associated with reductions in operative 
and ischemia times.11 Other modifications include using a bolster 

F I G U R E  2   Features associated with any- grade complications. Age is measured at the time of surgery. Any Clavien- Dindo complication 
(Grade ≥ 1) within 90 days of surgery is included 



     |  217SILAGY et AL.

or non- bolstered horizontal mattress closure of the capsule26 or 
even omitting to close the cortex.27 A trial randomising patients to 
double- layer or medullary renorrhaphy alone is currently accruing 
with preliminary results potentially suggesting that the closure of the 
deep- layer alone may be superior.28 Furthermore, these variations 
may also impact longer term total renal volume loss.29 Incorporation 
of these elements when undertaking sliding- clip renorrhaphy may 
further improve the safety and utility of partial nephrectomy for 
managing renal masses. Nonetheless, each of these adaptions re-
tains the central sliding and clipping component.

The results of our study highlight that the sliding- clip technique 
for renorrhaphy provides effective collecting system closure and he-
mostasis during open and laparoscopic partial nephrectomy. While 
open surgery compared with MIS was associated with longer admis-
sions and more complications, there was no increase in the rate of 
major complications. Differences between approaches may be in-
fluenced by the multidisciplinary team typically advocating for open 
surgery for solitary kidneys and more complex cases; additionally, 
the longer length of stay for open procedures may allow for more 
accurate detection of minor complications. Only one case returned 
to theater for post- operative bleeding and there were no collect-
ing system leaks in this study. These results are similar to those of 
other larger studies16,17,26,30 and in this case, the use of a double arm 
Hem- o- lok® may have contributed to achieving effective hemosta-
sis and collecting system closure. Increased utilization of robotically 
assisted partial nephrectomy may further reduce the need for trans-
fusions. Uniquely, our results capture the initial learning curves of 
the sliding- clip technique first with laparoscopic and open surgeries 
and later with a robotically assisted approach, together indicating 
that the sliding- clip technique can be learned quickly and safely.

Our study comprises a relatively small number of cases stretch-
ing over a decade. While this may under- power some statistical 
tests, the absolute numbers also reflect real- world surgical patterns 
within a health system without centralized specialization. Indeed, 
the hospitals in this study are two of the state's largest and include 
one of the only three public hospitals in the state with infrastruc-
ture for robotically assisted surgery. The safety and efficacy of the 
sliding clip renorrhaphy have been reported in other series and this 
technique is now widely used in several larger centers. As larger 
studies have compared the sliding- clip technique with other renor-
rhaphy techniques, we instead provide a historical context for the 
development of the sliding- clip technique and the patient outcomes 
therein. Finally, our study supports the contention that relatively 
lower volume institutions can innovate by repurposing existing med-
ical devices to improve global standards of practice. Foreseeably, 
this technique will continue to evolve with iterative technological 
refinements by urologists further improving outcomes.31

5  | CONCLUSION

After 150 years of incremental improvement, the partial ne-
phrectomy for T1 renal tumors has emerged as the gold standard 

treatment. The widespread adoption of nephron- sparing surgery 
is predominantly due to reduced perioperative morbidity and pre-
served long- term renal function. While larger partial nephrectomy 
studies in the literature describe how the sliding- clip technique for 
renorrhaphy facilitates effective hemostasis and shortens ischemia 
time, this paper serves to provide a historical perspective by de-
scribing the first- in- human experience. Furthermore, the study 
demonstrates how the technique, which is steadily being promul-
gated within the urology community, was safely applied in lower 
volume teaching hospitals. Finally, this experience demonstrates 
that ingenuity from a single institution can lead to changes in prac-
tices worldwide.
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