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Abstract
Objective: The purpose of this study was to determine if use of a powered vascular stapler (PVS) during laparoscopic nephrectomy or nephroureterectomy procedures 
would yield an equivalent rate of additional hemostatic interventions to Standard of Care (SOC) staplers. 

Methods: A prospective, randomized, multicentre, controlled study was conducted comparing the use of PVS to SOC in laparoscopic nephrectomy or 
nephroureterectomy. The primary performance endpoint was the incidence of additional intraoperative haemostatic interventions, and the primary safety endpoint 
was the frequency of postoperative bleeding-related interventions. Equivalence was denoted by a 95% confidence interval for the difference in intervention rates 
between PVC and SOC with a limitation of 3%.

Results: There were 136 subjects in the SOC group and 130 subjects in the PVS group who completed the study. The rates of intraoperative haemostatic interventions 
were 13.6% and 18.4% for SOC and PVS groups, respectively, (p=0.107). The upper bound of the difference in intervention rates exceeded the 3% criterion for 
equivalence. Postoperative bleeding that required intervention was experienced in two subjects (1.4%) in the SOC group and one (0.8%) in PVS. There were four 
adverse events rated as serious for SOC and none for PVS. Estimated blood loss was similar between the two groups.

Conclusions: The PVS performed safely and effectively in nephrectomy and exhibited a rate of haemostatic intervention that was not statistically different than the SOC. 

Introduction
Complete simple nephrectomy or radical nephrectomy may be 

performed for a variety of conditions that cause irreversible kidney 
damage such as chronic infection, obstruction, serious trauma, 
calculus disease, and tumours [1,2]. The most common kidney cancer 
(renal cell carcinoma) is managed with open, laparoscopic, or robotic 
nephrectomy, while laparoscopic nephroureterectomy is typically 
employed for urothelial carcinoma affecting the upper urinary tract [3]. 
Nephrectomy has also been an option for treatment of renovascular 
hypertension due to non-correctable renal artery disease in children 
[4]. In kidney transplantations, laparoscopic living donor nephrectomy 
has become the predominant standard of care for renal allograft 
procurement at many institutions [5-7].

With the evolution of minimally invasive techniques, there is an 
increased need for more specialized surgical instrumentation in urologic 
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procedures. To achieve haemostasis in laparoscopic nephrectomy 
or nephroureterectomy, stapling may be considered advantageous 
compared to surgical clips since a stapler allows for division and 
ligation of an artery or vein in a single firing. Moreover, when a stapling 
device misfires during surgery it may be immediately observed, and 
bleeding issues addressed intraoperatively. Complications such as 
bleeding or damage to nearby organs may occur during nephrectomy 
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procedures [8,9]. The emergence of powered staplers provides an 
additional level of control allowing for less unwanted movement, 
more precise placement of staples, and potential for reduced risk of 
procedure related complications [10,11]. 

A narrow-profile articulating powered vascular stapler (PVS) was 
developed that displayed enhanced haemostasis compared to larger 
conventional staplers in thoracic procedures [12]. Importantly, this 
stapler tip has a slight angulation that allows for easier placement 
around structures. It is also smaller in size, allowing for less dissection 
of hilar vessels to gain enough space for vessel ligation. Four staggered 
rows of staples (two on either side of the cut line) are produced by 
the PVS, as opposed to the typical six rows (three on each side of the 
cut line) for SOC staplers. With use of this powered vascular stapler, 
the risk of bleeding and/or damage to nearby organs may be reduced, 
due to the decreased size and greater articulation of the device. The 
objective of the present study was to assess the frequency of haemostatic 
interventions required following transection of the renal artery (RA) 
and renal vein (RV) with the PVS, or the surgeon’s standard of care 
stapler, during laparoscopic nephrectomy or nephroureterectomy.

Methods
Study design

This was a prospective, randomized, controlled, multicentre study 
utilizing two centres in the United States, seven United Kingdom 
institutions, and two Spanish centres. The protocol and consent 
documents were approved by each investigator’s Institutional Review 
Board (IRB) or Independent Ethics Committee (IEC). The study was 
conducted in accordance with Good Clinical Practice (GCP) and 
the Declaration of Helsinki, as well as any other applicable local, 
state and federal regulatory requirements, and is registered with 
ClinicalTrials.gov (NCT02807376). The test device was the ECHELON 
FLEX™ Powered Vascular Stapler (PVS, Ethicon Endo-Surgery, Inc., 
Cincinnati OH) compared to the standard of care stapler (SOC) 
used at each institution. The principal investigators at each site were 
surgeons qualified by education, experience, and training to perform 
the procedures. Surgeons who lacked previous training with the PVS 
device, were required to complete a minimum of two procedures using 
PVS, prior to randomizing their first subject.

Selection of subjects

Subjects who were scheduled to undergo a simple or radical 
laparoscopic nephrectomy or nephroureterectomy were considered for 
study participation. Additional inclusion criteria were: performance 
status of 0-1 (Eastern Cooperative Oncology Group classification) if 
applicable; American Society of Anaesthesiologists (ASA) physical 
status score ≤ 3; no prior history of partial or wedge nephrectomy on 
the affected kidney; willingness to consent and comply with study-
related evaluation and treatment schedule and; at least 18 years of age. 
Exclusion criteria were any of the following: pregnancy; chemotherapy 
or radiation within 30 days prior to the procedure; physical or 
psychological condition which would impair study participation or; 
unsuitable for study participation determined by the Investigator. 
Subjects who were randomized and in whom the study procedure began 
(first incision) were considered enrolled and were included in analyses 
of performance and safety. Subjects were randomized to the surgeons’ 
current SOC stapler or PVS in a 1:1 ratio. Randomization could occur 
at any time prior to surgery up to transection of the vessel(s).

Surgical treatments

Each subject underwent a simple laparoscopic or radical 
nephrectomy or a laparoscopic nephroureterectomy in compliance 
with the standard procedure at the respective study site. The principal 
investigator at each site performed the transection of the RA/RV 
with either the SOC stapler or the PVS with 35 mm vascular white 
reloads (Ethicon Endo-Surgery, Inc., Cincinnati, OH). Subjects 
continued with their current medical care while in the study, including 
medications. Anticoagulants and NSAIDS taken preoperatively up 
to 30 days prior to the procedure and the stop dates were recorded, 
as were any medications prescribed due to adverse events (AEs). The 
protocol included four visits: screening, surgery, postoperative through 
discharge, and a postoperative visit/phone call (approximately 4 weeks 
after surgery or as per SOC). 

Performance and safety variables

The primary performance measure was the incidence of 
haemostatic interventions or procedures completed for intraoperative 
bleeding related to transection of the RA and RV following use of 
SOC stapler or PVS. Interventions included: additional stapling, 
over-sewing, clip placement, compression, use of suture, sealant, 
buttress, energy device, transfusion of blood or blood products, 
or an additional surgical procedure (e.g., conversion to open). No 
haemostasis intervention was defined as no bleeding at the staple line 
or bleeding that stopped after initial blotting of staple line. The primary 
safety variable was the number and percentage of subjects requiring 
postoperative haemostatic interventions that were considered related 
to transection of RA/RV (e.g., need for blood product transfusion or 
additional surgical procedure following postoperative bleeding). All 
AEs were recorded through the duration of the study, regardless of the 
relationship to the procedure or study device. In addition to the primary 
measures, surgeons were asked to complete a device satisfaction survey 
and a Surgery Task Load Index (Surg-TLX). Six specific components 
of the index were measured: levels of mental fatigue, physical fatigue, 
hurried pace, procedure complexity, surgeon stress, and distraction 
in the operating environment. Each component was scored on a 0 to 
100 scale, and an overall score was calculated as the average of the six 
components.

Statistical analysis

Summary statistics and 95% confidence intervals were determined 
for the number and frequency of interventions for the set of SOC and 
PVS subjects separately. This was performed based on the total number 
of firings. It was expected to have at least 300 firings in each group, with 
a sample size of approximately 250 total subjects. This was considered 
adequate for descriptive summarization of the number and frequency 
of haemostasis interventions. To establish that the intervention rate 
was not increased compared to SOC, a 95% confidence interval for 
the difference in proportion of firings requiring intervention for PVS 
minus SOC was calculated and PVS was considered to have acceptable 
performance if the upper bound of the one-sided 95% confidence 
interval did not exceed 3%. A direct comparison of the rates of 
intervention between groups was performed using the Chi-square test (χ2). 

The number and percentage of subjects requiring haemostasis 
interventions postoperatively that were classified as related to RA/
RV transection (e.g., need for blood product transfusion or additional 
surgical procedure) were summarized for each group as a primary 
safety endpoint. Safety was also assessed through the incidence of 
device and procedure-related AEs and serious adverse events (SAEs), 



Master VA (2019) Evaluation of a novel powered vascular stapler in laparoscopic nephrectomy

 Volume 5: 3-5Glob Surg, 2019             doi: 10.15761/GOS.1000211

which were coded using the Medical Dictionary for Regulatory 
Activities (MedDRA). Analysis of performance endpoints was based on 
the full analysis set, which included all randomized subjects who had 
the procedure performed and provided data on the number of surgical 
interventions. Analysis of safety endpoints was based on the safety set, 
which included all randomized subjects on whom the procedure was 
started. 

Results 
Subject selection and demographic data

A total of 302 subjects were screened for study participation, 
and 270 were randomized to undergo laparoscopic nephrectomy 
or nephroureterectomy using either SOC stapler (n = 139) or PVS 
(n=131) for transection of RA and RV (Figure 1). Subjects who 
completed the study through the 4-week postoperative visit, included 
136 (97.8%) in the SOC group and 130 (99.2%) in the PVS group. 
Three discontinuations in the SOC group were due to surgical reasons 
(specifically conversion to open) per study protocol. One of the PVS 
group was lost to follow-up after successful completion of the surgery 
and discharge from the hospital. All discontinued subjects were included 
in both the effectiveness and safety analyses as they contributed data on 
stapler firings and assessment for haemostasis interventions. Table 1 
summarizes key demographic information and baseline characteristics 
of the full analysis set, which included subjects randomized at 11 
centres. Mean age of the subjects was 63.8 years (range 19 to 94), 
and a majority (87.4%) were White. No meaningful differences were 
observed between treatment groups for any characteristics including 
the distribution of ASA physical status classification.

Surgical characteristics

Table 2 describes the types of surgical procedures performed, 
location of affected kidneys, and surgical characteristics for the full 
analysis set. The procedures included 221 (81.9%) nephrectomies and 
49 (18.1%) nephroureterectomies. Most of the affected kidneys were 
unilateral, except for three subjects in whom bilateral kidney pathology 

was noted. The two device groups showed comparable results for 
estimated intraoperative blood loss and mean operative duration. 
Blood transfusions were slightly higher in the SOC group [3 subjects 
(2.2%) for SOC compared to 1 subject (0.8%) for PVS]. Three SOC 
subjects were converted to an open procedure compared to zero in the 
PVS group. One of these was converted due to left renal vein bleeding 
that was considered possibly related to the use of the SOC stapler. 

Intraoperative interventions
Intraoperative haemostatic interventions performed on the RA or 

RV are summarized in table 3 for the full analysis set. No meaningful 
differences were observed in the distributions of types of vessel 
transections between groups. In the SOC subjects, 13.6% (42 of 309) 
of vessel transections required haemostatic intervention compared 
to 18.4% (56 of 305) in the PVS group. The two rates of intervention 
did not differ statistically (p =0.107). However, the difference in 
intervention rates between groups (PVS minus SOC) was 4.8%, and 
the upper bound of the one-sided 95% confidence interval was 9.6%, 
which exceeded the pre-defined 3% criterion for similar performance. 
The higher haemostatic intervention rate observed in the PVS group 
was driven by a greater utilization of clips (44 vs 31). The numbers 
of other types of intervention were similar between SOC and PVS 
groups. Transfusions and/or additional surgical procedures were the 
most serious category of intraoperative haemostatic intervention. One 
SOC subject required intraoperative blood product transfusion and 
conversion to open surgery due to left renal vein bleeding.

Postoperative interventions

Two SOC subjects (1.4%) and 1 (0.8%) in the PVS group 
experienced an occurrence of postoperative bleeding that required 
intervention (Table 4). In the SOC group, one subject received a 
blood transfusion and an additional surgical procedure involving 
laparoscopic evacuation of hematoma and application of haemostatic 
product. A postoperative haemorrhage AE was recorded that was 
considered related to the study procedure and possibly to the study 
device. The other SOC subject required a transfusion for which an AE 

Figure 1. Participant Flow Diagram. *All 270 subjects who underwent   surgery were included in effectiveness and safety analysis 
sets.
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Variable Standard of Care 
N=139

Powered Vascular 
Stapler N=131

Total 
N=270

Race n (%)
    White 119 (85.6%) 116 (89.2%) 235 (87.4%)
    Black or African 
American 13 (9.4%) 11 (8.5%) 24 (8.9%)

    Asian 2 (1.4%) 2 (1.5%) 4 (1.5%)
    Other 5 (3.6%) 1 (0.8%) 6 (2.2%)
Age (years)
     Mean (SD) 64.1 (14.0) 63.6 (13.8) 63.8 (13.9)
     Median (range) 67.0 (23.0-94.0) 66.0 (19.0- 88.0) 66.5 (19.0- 94.0)
Gender, n (%)
      Male 71 (51.1%) 71 (54.2%) 142 (52.6%)
      Female 68 (48.9%) 60 (45.8%) 128 (47.4%)
ASA* Physical Status
      ASA I 16 (11.5%) 16 (12.2%) 32 (11.9%)
      ASA II 72 (51.8%) 72 (55.0%) 144 (53.3%)
      ASA III 51 (36.7%) 43 (32.8%) 94 (34.8%)

Table 1.  Subject Demographic Characteristics.  *American Society of Anesthesiologists 
(ASA) physical status classification

Variable Standard of Care 
N=139

Powered vascular 
Stapler N=131

Total  
N=270

Surgery Type, n (%)
   Laparoscopic 
Nephrectomy 112 (80.0%) 109 (83.2%) 221 (81.9%)

   Laparoscopic 
Nephroureterec-
   tomy

27 (19.4%) 22 (16.8%) 49 (18.1%

Location of affected Kidney, n (%)
     Left 72 (51.8%) 73 (55.7%) 145 (53.7%)
     Right 65 (46.8%) 57 (43.5%) 122 (45.2%
     Bilateral 2 (1.4%) 1 (0.8%) 3 (1.1%)
Estimated blood 
Loss (mL)
      Mean (SD) 90.9 (107.4) 117.6 (201.7) 103.9 (160.7)
      Median (range) 50.0 (0-900) 50.0 (0-1500) 50.0 (0-1500)
Transfusion of Blood or Blood                    
Products Required (n, %)        3 (2.2%)                  1 (0.8%)                    4 (1.5%)
Procedure Converted to 
Open (n, %)                               3 (2.2%)                   0 (0.0%)                   3 (1.1%)
Procedure Duration (minutes)
       Mean (SD) 153.6 (62.2) 157.2 (60.0) 155.4 (61.1)
       Median (range) 145.0 (48.0, 355.0) 145.0 (42, 381.0) 145.0 (42, 381.0)

Table 2.  Surgical characteristics

Variable Standard of Care Powered Vascular  
Stapler Overall

Vessels Transected, n (%) a

    Renal Artery (RA) 165 (53.4%) 165 (54.1%) 330 (53.7%)
     Renal Vein (RV) 139 (45.0%) 133 (43.6%) 272 (44.3%)
     Multiple Vessels 
(en bloc) 5 (1.6%) 7 (2.3%) 12 (2.0%)

Number of Transections Requiring 
Hemostasis Intervention
     n/total vessels (%) 42/309 (13.6%) 56/305 (18.4%) 98/614 (16.0%)
     95% Confidence 
Interval 9.8%, 17.4% 14.0%, 22.7% 13.1%, 18.9%

Difference, % (One-sided 95% CI Upper Bound)                           4.8% (9.6%)
Types of Intervention, n (%) b

      Additional 
Stapling 7 (14.6%) 9 (14.1%) 16 (14.3%)

      Compression 1 (2.1%) 2 (3.1%) 3 (2.7%)
      Use of Suture 1 (2.1%) 0 1 (0.9%)
      Sealant 2 (4.2%) 1 (1.6%) 3 (2.7%)
      Use of Energy 3 (6.3%) 5 (7.8%) 8 (1.3%)
      Clip Placement 31 (64.6%) 44 (68.8%) 75 (67.0%)
      Otherc 2 (4.2%) 3 (4.7%) 5 (4.5%)
     Transfusion and 
Additional Procedure 1 (2.1%) 0 1 (0.9%)

aPercentages are calculated using the total number of vessels transected in each group as 
the denominator.
bMultiple interventions may have been performed on the same firing and therefore the 
sum of interventions exceeds the number of transections that required intervention. 
cOther Interventions: SOC- Surgicel (2) PVS – Surgicel (1), Surgiflow (1), Pedicle 
Clamp (1).

Table 3. Intraoperative interventions

Variable Standard of Care 
n=139

Powered Vascular 
Stapler n=13

Subjects Requiring Post-Operative 
Intervention, n/N (%) 2/139 (1.4%) 1/131 (0.8%)

Types of Intervention, n
      Transfusion 2 1
      Additional Procedure required 1 0

Table 4. Post-operative interventions related to RA or RV bleeding

of “postoperative bleeding” was identified as related to the procedure 
but of unknown relationship to the stapler device. In the PVS group, 
one subject received a postoperative blood transfusion due to a drop 
of haemoglobin level, which was recorded as an AE with unknown 
relationship to the PVS device. 

Adverse events

Overall the frequency of AEs and SAEs were similar between 
groups and representative of the types of events that would be expected 
in these types of procedures. No subjects in either group reported 
AEs that resulted in discontinuation from the study. In the SOC 
group, 4 subjects (2.9%) reported stapler device-related AEs (two 
post-procedural haemorrhages, one haematuria, and one hematoma); 
3 subjects (2.3%) had device-related AEs in the PVS group (one 
procedural haemorrhage, and two decreased haemoglobin). One or 
more procedure-related AEs occurred in 46 (33.1%) subjects in the 
SOC group and 45 (34.4%) in the PVS group, with no meaningful 
differences in the types of reported events between the groups. These 

procedure-related AEs were also classified for clinical relevance per the 
Clavien-Dindo surgical complications scale 13. There were a total of 160 
procedure-related AEs reported during the study with no meaningful 
differences observed between treatment groups in the distribution of 
Clavien-Dindo grades: 108 (67.5%) were scored as grade 1, 46 (28.8%) 
were grade 2, 5 (3.1%) were grade 3, and 1 (0.6%) was grade 4. Among 
the seven device-related AEs, two were grade 1, three were grade 2, and 
two were grade 3.

Surgeon questionnaires

Additional data were collected by asking the surgeons to complete 
a satisfaction questionnaire and Surgery task load index (SURG-TLX) 
for the PVS and SOC devices. Similar results were observed between 
PVS and SOC groups on the Surgery Task Load Index for overall mean 
scores, as well as each of the six subscale scores (data not shown). 
Surgeon satisfaction with device usability was also similar between 
groups with 82.8% of SOC cases being rated as satisfied or very satisfied 
compared to 80.1% in the PVS group. 

Discussion
In this randomized study, a higher percentage of transections 

requiring intraoperative haemostatic intervention was observed in 
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the PVS group (18.4%) compared to the SOC subjects (13.6%). The 
difference in haemostatic intervention rates between treatment groups 
was not statistically significant, though the upper bound of the 95% 
confidence interval for the difference between PVS and SOC did exceed 
a pre-defined performance criterion of 3%. An expected intervention 
rate of 6% was used for determination of the study sample size, 
however the observed intervention rate of 13.6% in the control (SOC) 
arm suggests that 3% as the upper limit for the difference between PVS 
and SOC may have been too restrictive for the procedures in this study. 
Thus, while the given sample sizes were expected to provide reasonable 
precision for estimation of the haemostasis intervention rates, the 
study was underpowered for demonstrating that the difference between 
treatment group comparison could achieve the 3% criterion. The 
relatively high intervention rates observed in both treatment groups 
could reflect the number of complex cases. Only subjects undergoing 
total nephrectomies (simple or radical), or nephroureterectomy, were 
included in this study. In addition, 76 of 183 (41.5%) pathologically 
assessed kidney tumours were stage IIIA malignancy or higher, 
suggesting a substantial proportion of more complex cases, though the 
distribution of tumour stages was similar between treatment groups.

T﻿he types of additional intraoperative haemostatic interventions 
were consistent with those expected in these types of surgeries and the 
higher rate in the PVS group could be representative of surgeons who 
had not used the device regularly or consistently prior to participation 
in the study. This is likely reflected in the higher utilization of clip 
placement within the PVS group, as clip placement is the most common 
intervention used in these surgeries and there may have been a reliance 
on this common intervention for greater assurance of haemostatic 
security as surgeons adapted to a new technology. It should be noted 
that a minimum of two training cases were performed by surgeons 
prior to participating in the study. The associated findings of no 
clinically meaningful differences between SOC and PVS in blood loss, 
requirement for transfusion, or need for postoperative interventions 
related to bleeding attest to the point that there was no haemostatic 
impact with the new device. 

The frequencies of specific AEs were similar between the device 
groups. Of 160 procedure-related AEs, 154 (96.3%) were scored 
as Clavien-Dindo grade 1 or grade 2. Procedure-related AEs with 
higher Clavien-Dindo grades (≥ 3) occurred in 6 of 270 (2.2%) total 
procedures, including 3 subjects from each treatment group. These 
consisted of a colon injury, post-operative haemorrhage, and wound 
infection in the SOC group, and hypoxia, procedural haemorrhage, 
and an arteriovenous fistula complication in PVS subjects. These 
findings were similar to a large British Association of Urological 
Surgeons (BAUS) dataset [14], in which complications with Clavien-
Dindo grades ≥ 3 were noted in 3.9% of 6,042 nephrectomies. This 
dataset included both laparoscopic and open nephrectomies as well as 
nephroureterectomies [14]. 

Given that for all surgeons participating in this study the PVS 
device was not the current standard of care, it is encouraging that a 
high degree of satisfaction with device usability was reported for the 
PVS (80.1%), which was similar to satisfaction levels for the SOC 
staplers (82.8%). Moreover, considering the types and frequencies 
of intraoperative haemostatic interventions, the severity of those 
interventions, and supporting surgeon questionnaire results, the PVS 
exhibited equivalent performance and clinical utility compared to 
SOC, for sealing renal arteries and renal veins.
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