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Abstract
Background: The introduction of the Ethicon Echelon Circular Powered Stapler (ECP) has elevated 
the creation of anastomoses to a new level of precision. The improvement in tissue apposition 
has been documented both preclinically and more recently in clinical studies. However, there 
has not been a direct comparison between the ECP, which has adjustable height staples, with the 
EEA Circular Stapler with Tri-Staple Technology (TRS). This study was undertaken to determine 
whether the advantages of ECP previously observed in comparison to fixed single height staples are 
also present when compared to a device with fixed graduated height staples.

Methods: In preclinical models, compression force on tissue, leak pressure at the staple line, tissue 
perfusion in the region of the staple line, and distal tip movement of the device during firing were 
determined for ECP and TRS.

Results: ECP displayed a 38% reduction in compressive forces on tissue (p<0.001) and more evenly 
distributed compression forces within the staple line than TRS. ECP exhibited a 24% higher mean 
leak pressure (p=0.006) and 48% fewer leaks at the staple line (p=0.019). ECP showed significantly 
better perfusion between the inner two rows of staples (p<0.001) and throughout the entire stapled 
region (p<0.010). ECP had markedly less distal tip movement during firing, with less than half the 
movement of TRS.

Conclusion: In the current study, ECP demonstrated higher leak pressures and had less distal tip 
movement during firing. The advantages observed for ECP previously vs. fixed single height staples 
have been confirmed in comparison to fixed graduated height staples in preclinical testing. These 
advantages may be responsible for the improved outcomes observed clinically for the Echelon 
Circular Powered Stapler.
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Introduction
Despite improvement in surgical techniques and stapling devices, alimentary tract anastomoses 

are still prone to leakage. The causes of staple line leaks are multifactorial including patient and 
technical/procedure related risk factors [1]. Optimal stapling starts with the understanding of 
tissues. Tissue is dynamic, moving during stapling and displaying various levels of thicknesses and 
compressibility. A staple line should provide enough tissue compression to prevent bleeding, but 
not so much as to lead to potential ischemia in the tissue.

To help manage tissue challenges, the Echelon Circular Powered Stapler (ECP) was introduced 
in 2019. In addition to being a powered device, the ECP features advances in tissue manipulation 
and staple design [2]. Incorporation of Gripping Surface Technology (GST) provides constant 
compression without an unnecessary increase in compressive forces on the tissue. Without proper 
gripping to hold tissue in position during the firing cycle, staples can misalign as the knife blade 
advances during firing. Misaligned staples that do not properly reach the anvil pockets can lead to 
tissue trauma, poor hemostasis and potentially anastomotic leak. Staples in the ECP are designed in 
a three-dimensional configuration that covers the entire staple line, and the stapler design provides 
a consistent staple height across all rows. These features help provide hemostasis at the staple line 
and a secure anastomosis.

Producing well-formed staples and a secure anastomosis is difficult in a circular stapler due to 
all staples being fired simultaneously. With manual staplers, post-operative anastomotic leaks occur 
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in 6% to 14% of colorectal resections with mortality rates between 
2% and 12% [3-6]. These anastomotic leaks may result in 65% to 82% 
higher hospital costs and up to twice the length of hospital stay [5,6].

A central difficulty of operation of a manual stapler is the amount 
of force required to fire the device and achieve well-formed staples, 
and this is especially true for circular staplers. One study identified an 
anastomotic malfunction rate for manual circular staplers of 9%, and 
firings with an identified malfunction had a two times greater rate of 
failure on an air leak test [7]. Another study found that for smaller 
surgeons, in this case Japanese women, gripping the proximal side of 
the lever and firing was physically impossible as required operation 
force exceeded the surgeons’ maximum grip force [8].

Powered staplers can help to overcome the issues encountered 
with manual activation. In addition to being easier to operate, 
especially for surgeons with smaller hands, linear powered staplers 
have been shown to produce fewer malformed staples [2,9], and 
provide superior clinical performance [10-14]. This improvement 
in clinical outcomes has been achieved without a concomitant 
increase in costs [15]. Initial clinical studies have demonstrated the 
effectiveness of ECP, the first powered circular stapler [16-19].

Previously, the ECP has been compared to a manual circular 
stapler with single-height staples [20]. Recently, the Medtronic EEA™ 
Circular Stapler with Tri-Staple™ technology (TRS) was launched. This 
device has graduated-height staples (each of the three staple rows has 
a different fixed staple height) and is touted as providing consistent 
performance, less stress on tissue, and potentially greater perfusion 
into the staple line. However, no comparison between the ECP and 
TRS has been performed. The goal of the present study is to compare 
ECP vs. TRS in terms of compressive force, leakage at the staple line 
and tissue perfusion.

Methods
Devices evaluated were the Echelon Circular Powered Stapler 

(ECP, Ethicon, Inc., Cincinnati OH, Model CDH29P) and the EEA 
Circular Stapler with Tri-Staple Technology (TRS, Medtronic, Fridley 
MN, Model TRIEEA28MT).

All in vivo procedures were reviewed and animals approved for use 
by an Institutional Animal Care and Use Committee in compliance 
with the US Animal Welfare Act Regulations (9CFR, Parts 1, 2 & 3) 
and the Guide for the Care and Use of Laboratory Animals of the 
Association for Assessment and Accreditation of Laboratory Animal 
Care, International (AAALAC).

Compression force testing
Compressive forces were measured in an ex vivo model of porcine 

colon during closure. Tissue specimens selected had a double-wall 
thickness of 1.7 mm ± 0.2 mm. For each brand of stapler, 15 devices 
were tested. Tissue was compressed for 15 sec to a Low B setting for 
ECP and to the single fixed setting for TRS. Mean pressure during 
compression was measured using a calibrated Tekscan Pressure 
Mapping Sensor No. 6230 and I-Scan System 7.65 (Tekscan Inc., 
South Boston, MA). Statistical comparison was performed via 
Student’s t-test with α=0.05.

Even compression testing
Compression at the staple line was analyzed for 15 devices each 

for ECP and TRS by firing the devices in cross-linked LDPE foam 
(Volara, 3.18 mm thickness, Talas, Brooklyn NY) at Low B setting for 

the ECP and single setting for the TRS devices. The foam firings were 
scanned using a laser microscope (TL3874, Keyence, Itasca, IL) and a 
wide-area 3D measurement system (VR-5000, Keyence). The scanned 
data were processed by Kinetic Vision (Cincinnati OH) using staple 
footprint areas of 1.5 mm × 3.8 mm. Between-row and within-row 
comparisons were made for compression variability within and near 
the staple line between the ECP and TRS devices. For between-row 
comparisons of ECP, the comparisons were between the two rows. 
For TRS, the comparisons were between the inner and middle rows, 
and between the inner and outer rows. Statistical comparisons for 
between-rows were performed via Kruskal-Wallis, and for within-
row by Student’s t-test with α=0.05.

Leak testing
Leak testing was performed in an ex vivo model of porcine colon 

tissue, comparing the mean leak pressure and the frequency of leaks 
that occurred at a pressure less than 34 mmHg. Tissue specimens were 
selected to have a double-wall thickness of 1.6 mm ± 0.3 mm and a 
flat width of 35 mm ± 10 mm. Anastomosis was performed with each 
device in a conventional manner. Evaluation of leak pressure was 
performed using a Pulsatron Electronic Metering Pump (Pulsafeeder, 
Punta Gorda FL) that ramps up the pressure by instillation of water at 
a rate of 1 mmHg per second. Statistical comparison was performed 
via Student’s t-test for mean observed leak pressure and Fisher’s 
exact test for frequency of leak at a pressure less than 34 mmHg with 
α=0.05.

Perfusion testing
Tissue perfusion for ECP was compared to TRS using a perfusion 

imaging system in porcine gastric tissue. Imaging was performed 
with a MoorFLPI Laser Speckle Contrast Imager (Moor Instruments, 
Wilmington DE) and analyzed with MATLAB signal processing 
software (MathWorks, Natick MA). Under total anesthesia, a ventral 
midline abdominal incision was made to expose the stomach. A 
gastrotomy incision was created on the dorsal stomach wall near the 
greater curvature to facilitate circular stapler device anvil passage. 
Prior to device application, single-wall thickness was recorded at each 
firing location and mean arterial blood pressure was measured via 
a peripheral arterial catheter, while ensuring that it remain within a 
range of 60 mmHg to 80 mmHg. Two firings for each device, ECP and 
TRS, were performed on the single wall ventral surface of the stomach 
for a total of four firings per animal. After the firing, a custom puck 
was inserted in the stomach lumen to present the tissue evenly for 
imaging, and five minutes were allowed to elapse for perfusion to 
stabilize prior to capturing the images.

Distal tip movement
The stability of distal movement during firing was compared 

between ECP and TRS using an Ascension TrakSTAR system 
(Freedspace, Yarraville, Victoria, Australia) capable of tracking 
movement with six degrees of freedom. Devices were fired in the 
colonic lumen of a pig carcass to model actual user experience. A 
ventral midline incision was made to expose the descending colon. 
The uterus and bladder were removed, and the descending colon 
was transected. A test skin was placed in the stapler, the trocar was 
retracted, and the device was inserted into the anal canal, advancing 
to the level of the transected colon. With the TrakSTAR sensor 
mounted on the stapler at the level of the staple line, the stapler was 
fired normally while distal tip movement was monitored, and the 
total path length traveled by the distal tip movement during firing 
was determined.
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Results
Compression force testing

There was no significant difference in the tissue thickness used 
between the two devices (p>0.05), and the compressive forces were 
normally distributed. ECP provided a 38% reduction in compressive 
forces on tissue compared to TRS (p<0.001, Table 1, Figure 1).

Even compression testing
The compression between the two rows for ECP was more uniform 

than for TRS either between rows 1 (inner) and 2 (middle), or rows 1 
(inner) and 3 (outer). The within-row compression variation was 27% 
more even for ECP than TRS.

Leak testing
There was no significant difference in the tissue thickness used 

between the two devices (p>0.05), and the leak pressures were 
normally distributed. ECP had 24% higher mean leak pressure 
(p=0.006) and 48% fewer leaks at the staple line at pressures less than 
34 mmHg (p=0.019) compared to TRS (Figure 2).

Perfusion testing
There were no statistically significant differences in tissue 

thickness or blood pressure before firing between the ECP and TRS 
groups. Tissue thickness was 2.19 mm ± 0.27 mm for TRS and 2.20 
mm ± 0.49 mm for ECP. Comparisons were performed for perfusion 
in the area between the two rows of ECP (Region B in Figure 3) relative 
to the area between the inner two rows of TRS (Region B in Figure 3, 
and to the area between all three rows of TRS (Region D in Figure 3). 
Perfusion values were normalized to the level in the non-compressed 
area (Region A in Figure 3). Because the data set exhibited non-
normality, comparisons were performed using the Kruskal-Wallis 
test. ECP demonstrated 55% greater perfusion in the area between 
the inner two rows of staples (Region B), and 7.4% greater perfusion 
throughout the entire stapled region (Region D) compared to TRS 
(p<0.001 and 0.010, respectively).

Distal tip movement
ECP displayed markedly less distal movement during firing than 

TRS. There was no overlap in the range of movement between the 
two staplers, with all results for ECP less than 20 cm and all for TRS 
greater than 40 cm.

Discussion
Prior to its initial launch, the Echelon Circular Powered 

Stapler was compared to the DST Series EEA Stapler (Medtronic, 
Minneapolis MN), a manual circular stapler with fixed-height 
staples, in preclinical testing. ECP demonstrated 97% lower force-to-
fire, 37% reduced distal tip movement and 33% lower compressive 

forces during application. There was no significant difference in 
tissue perfusion between ECP and the manual device; however ECP 
displayed 52% less bleeding at the cut line and 61% less leaking at the 
staple line [20].

The first reported clinical application of ECP was for a successful 
colorectal anastomosis during a laparoscopic anterior resection in 
a 68-year-old male with adenocarcinoma of the upper rectum [16]. 
The authors noted that the powered design of the ECP was helpful in 
compensating for differences in surgeon grip strength, unintentional 
movement of the device and level of experience.

In a retrospective review of 17 patients undergoing left-sided 
anastomotic reconstruction with the ECP, no leaks were observed, 
and the ECP provided above average overall stapling quality, ease-of-
use and anastomotic quality compared to a manual EEA device [17]. 
The surgeons in this study noted the force of staple firing, elimination 
of hand-size variance, no operator-related variability, staple height 
control, reduced movement of stapling head during the firing 

Evaluation ECP TRS p-value

Compressive Forces, Mean ± St Dev 36.6 ± 13.0 N (n=15) 58.9 ± 10.1 N (n=15) <0.001

Evenness of Compression Between Rows, Median Row 1-2: 5.78 N Row 1-2: 6.01 N
Row 1-3: 6.23 N

0.001
<0.001

Evenness of Compression Within Rows, Standard Deviation 1.49 2.05 <0.001

Leak Pressure, Mean ± St Dev 36.2 ± 10.3 mmHg (n=30) 29.2 ± 8.3 mmHg (n=30) 0.006

Percentage of Leaks <34 mmHg 36.7% (11/30) 70% (21/30) 0.019

Perfusion Median - Region B (relative units) 0.0184 (n=23) 0.0118 (n=23) <0.001

Perfusion Median – Region D (relative units) 0.351 (n=23) 0.327 (n=23) 0.01

Distal Tip Movement During Firing (range) 12.7-17.6 cm (n=4) 41.2-69.1 cm (n=4) NA

Table 1: Summary of comparisons.

Figure 1: Mean compression forces during closure for ECP and TRS showing 
individual values (circles), overall means (squares) and 95% confidence 
intervals of the means (bars).

Figure 2: Survival plot of leak pressure for ECP and TRS showing reference 
lines at 34 mmHg pressure and 50% non-leaking.
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process, and the lighted indicator visible in dark operating theaters. 
The authors concluded that the ECP may improve the construction 
quality of left-sided colorectal anastomoses.

In a large prospective evaluation of the ECP, 168 anastomoses were 
performed via open, laparoscopic and robotic-assisted procedures 
[18]. No positive intraoperative leak tests were observed and only 
three (1.8%) postoperative anastomotic leaks that were potentially 
device-related. Surgeons rated the ECP as easier to use than manual 
circular staplers in 85.7% of the procedures. An article by Sylla et al. 
[21] used the results of this study in a propensity score matching-
adjusted indirect comparison with manual circular staplers. The 
ECP was found to have statistically significant lower rates of 30-day 
inpatient readmission (6.1% vs. 10.8%, p=0.019), anastomotic leak 
(1.8% vs. 6.9%, p<0.001), and bleeding (1.8% vs. 9.2%, p<0.001) than 
manual circular staplers. An economic analysis using a hospital-
based budget impact model showed that despite a higher device cost, 
ECP provided an estimated savings of $540 per procedure compared 
to the standard of care due primarily to reduced risk of anastomotic 
leak [22].

The ECP has also been compared to current manual circular 
staplers in left-sided colorectal anastomosis via a propensity score-
matched analysis [19]. After matching results from a dataset of 279 
patients, anastomotic leakage was observed in 11.8% of manual stapler 
cases, whereas only 1.7% of those in the ECP group experienced a 
leak (p=0.022). The authors suggested that this improvement may be 
due to the powered firing, 3D staple configuration and GST. Powered 
firing was noted to be helpful in ease of firing and maintaining head 
stability.

In addition to colorectal anastomosis, the ECP has also begun 
to be used successfully in Ivor-Lewis procedures for terminal-lateral 
esophagogastric anastomosis [23,24]. In the first study, a switch was 
made from the EEA to the ECP midway through the recruitment 
period, as the ECP became available. Overall, low perfusion speed 
through the gastric wall was correlated with anastomotic leak 
development. In the second, smaller study, the ECP was used for 
creation of the anastomosis in all subjects after preparation of the 
gastric sleeve with an Echelon Flex Powered stapler. It was suggested 
that intraoperative assessment of tissue oxygenation might reduce the 
incidence of anastomotic failure.

While it has been theorized that poor perfusion and ischemia at 
the staple line may lead to anastomotic leak [25], there is still 
uncertainty as to the role perfusion plays in healing of the 
anastomosis. Two recent meta-analyses suggested that maintenance 
of anastomotic perfusion can significantly lower the occurrence rate 
of leak, however, the dataset on which the analyses were based did 
not include any randomized controlled trials [26,27]. Using a 
propensity-matching analytical technique, perfusion evaluation via 
indocyanine green fluorescence imaging was associated with a 
significant lowering of the rate of anastomotic leak, and an 80% 
reduction in the rate of reoperation [28]. Initial confirmation of this 
trend has now been observed in one randomized study, wherein the 
rate of anastomotic leak was significantly lower in the group for 
which perfusion near the anastomosis was evaluated [29].

Previously, perfusion with the graduated-height staples has been 
compared to single-height staples in a murine model, where perfusion 
volume post-stapling was found to be significantly higher with the 
graduated-height staples [30]. The results of this study are difficult to 
assess, as the thickness of the stomach tissue used was only ~1 mm, 
while the smallest height of the graduated-height staples is 2 mm. Even 
if a double layer of tissue was stapled, there may not be a substantial 
change of perfusion given the minimal compression of tissue. In the 
current study, the ECP demonstrated significantly greater perfusion 
than TRS both within the region of the two innermost rows and 
throughout the entire stapled region.

When approximating tissue via stapling, not enough compression 
may lead to unnecessary bleeding, while too much compression could 
impair perfusion, resulting in tissue damage [31]. The staple height 
must be selected carefully according to the target tissue, and cannot 
be assumed to be a single optimum size for all tissue thicknesses [32].

In the current study, the ECP, a powered stapler with GST, 
and 3D staples adjustable to 1.5 mm to 2.2 mm, was compared to a 
manual stapler with graduated height staples. Whether the advantages 
seen for ECP are due to powered stapling or the other differences 
between the staplers cannot be determined since the factors were not 
individually isolated. In a study comparing two powered staplers, one 
with GST and constant staple height and the other with graduated 
staple height, the GST/constant height stapler exhibited significantly 
lower hemostasis-related complications in patients undergoing sleeve 

Figure 3: Tissue areas for perfusion data analysis.
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gastrectomy [33]. In another comparison of powered staplers in 
pulmonary artery transection, the GST stapler produced less bleeding 
than non-GST device, and was thought to prevent tissue damage 
during application [34]. The ECP has demonstrated in this study 
both lower overall compressive staple line forces and more consistent 
forces than the TRS.

In this study, ECP had a 24% higher mean leak pressure and a 48% 
reduced frequency of leaks at pressures below 34 mmHg compared to 
the TRS. Previous evaluations determined that typical mean pressure 
during leak testing was approximately 26 mmHg with excursions up 
to 34 mmHg [20]. For this evaluation a cut-off at the upper value was 
selected, in line with earlier observations during leak testing [35], and 
approximately half the lower limit of colonic burst pressure [36], to 
provide an extra level of security.

An advantage of a powered stapler is the ease of application, 
which can result in less tip movement during firing. As 
demonstrated previously [20], because the force to fire is 
substantially less for a powered stapler, the ECP had markedly less 
tip movement than a manual circular stapler. In this study also, we 
showed that ECP had significantly less tip movement and greater 
stability during firing than the TRS. The improved stability may 
result in less tissue trauma, and may be a factor in the reduction in 
anastomotic leakage that has been observed [17,19].

As with the previous preclinical evaluation [20], this study 
showed that a powered circular stapler provides a lower force-to-
fire and less distal tip movement and greater stability during firing. 
This study also demonstrated that the staple design of the ECP, with 
GST and 3D staples, provides lower and more consistent compressive 
forces, higher leak pressures and greater perfusion at the staple line 
than the TRS. Additional clinical studies should be conducted to 
evaluate the Echelon Circular Powered Stapler in order to confirm 
initial observations of improved clinical outcomes.
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