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Purpose: To estimate the cost impact of using the ECHELON CIRCULAR™ Powered 
Stapler (ECP) compared with manual circular staplers (standard of care, SOC) among 
patients undergoing colectomy procedures that involve left-sided anastomosis.
Methods: A US hospital-based budget impact model was developed to estimate the impact of 
ECP in reducing the surgical complication of anastomotic leak. The incremental acquisition 
cost of ECP vs SOC was compared to the net potential savings from reduced complication 
costs. The model was based on complication rates from a recently published matching-adjusted 
indirect comparison (MAIC) that compared clinical and healthcare utilization outcomes of 
patients using ECP with those of a propensity score-matched retrospective SOC control cohort 
from a real-world clinical practice population. The model assessed total cost, average length of 
stay (LOS), proportion of patients with a non-home discharge, and all-cause readmission. 
Deterministic (DSA) and probabilistic sensitivity analyses (PSA) were conducted to evaluate 
the robustness of the model assumptions and inputs.
Results: Despite a higher device cost of $412 for ECP compared with $298 for a manual stapler, 
annual savings due to avoided complications with ECP was $53,987 for anastomotic leak, assuming 
100 procedures per year with each type of circular stapler. ECP also helped to avoid 27 LOS days, 
0.38 readmissions and 0.22 non-home discharges. Sensitivity analyses around potential drivers of 
costs established the robustness of economic savings with the use of ECP – with annual savings 
being most impacted by the probability of anastomotic leak complication in the DSA.
Conclusion: This model demonstrates that among patients undergoing left-sided colectomy 
procedures, the incremental cost of using the ECHELON CIRCULAR™ Powered Stapler 
instead of a manual circular stapler was offset by the savings from lowered incidence and 
cost of management of anastomotic leaks in the hospital setting.
Keywords: circular stapler, colectomy, costs, outcomes, anastomotic leak

Introduction
Colon resection in its many forms is used in the treatment of diseases such as 
colorectal cancer, ulcerative colitis, Crohn’s disease, mechanical bowel obstruction 
and recurrent diverticulitis.1 Successful creation and healing of an anastomosis is 
the most critical component of any such procedure and depends on sufficient blood 
supply, lack of tension at the anastomosis site, and disease-free bowel tissue at the 
site.2,3
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Major post-operative complications of colorectal sur
gery include anastomotic leak, bleeding, ileus and 
infection,1 and studies report overall complication rates 
of 6%-39%. Rates are similar in open and minimally 
invasive surgery (MIS) procedures, with slightly lower 
infection rates reported in the MIS group.4–6 

Anastomotic leaks constitute the most severe complication 
and occur in 2.5–36% of surgical cases. These complica
tions are associated with increased length of stay (LOS), 
higher rates of reoperation, as well as increased morbidity 
and mortality.3,7–12 The economic burden of these compli
cation is substantial, due to increased LOS and 
readmissions.11,13 Amman et al evaluated total hospital 
cost data of 7479 patients who underwent a low anterior 
resection (LAR) for colorectal cancer and found that the 
mean incremental total hospital cost difference for patients 
with complication vs without complication was $11,081 
for anastomotic leak.14

Colorectal anastomosis using surgical stapling has been 
shown to be safe and effective.2,15 Circular staplers and 
the double stapling technique were first used over three 
decades ago to facilitate left-sided (ie, hemicolectomy, low 
anterior resection, or sigmoidectomy) and/or low 
anastomoses16–20 and are now widely used during color
ectal resections. Manual circular staplers have been the 
standard until recently. The force required by the user to 
form staples through tissue can lead to difficulty in opera
tion of the device and may compromise the stability of the 
surgical closure.20 The incidence of technical errors with 
manual circular staplers is high and these devices may also 
pose problems in operation for surgeons with smaller 
glove sizes.17,21

Powered stapling systems are a new option for sur
geons. They are easier to operate, requiring a reduced 
force to fire which allows more stability of the device 
while creating the anastomosis, possibly improving the 
reliability of the staple line.20 In March of 2019, the first 
powered circular stapler, the ECHELON CIRCULAR™ 
Powered Stapler (ECP, Ethicon Endo-Surgery, Inc., 
Cincinnati, OH, USA) was launched in the US and 
European markets.22

A preclinical study of ECP compared to manual sta
plers found ECP required reduced force to fire with less 
movement during staple application, and benchtop testing 
demonstrated less leaking at the staple line with ECP 
versus manual circular staplers.20 In a clinical study 
(N=17) of left-sided anastomoses, ECP demonstrated 
acceptable safety results and anastomotic integrity 

immediately following surgery.23 In a propensity score 
matched cohort study (119 cases manual circular stapler 
[MCS] versus 60 ECP stapler), anastomotic leak was 
observed in 14 (11.8%) patients in the MCS group and 
in 1 (1.7%) patient in the ECP group (P = 0.022).24 Most 
recently, a prospective, post-market, open label, single-arm 
multicenter clinical study of ECP at 12 sites in the USA 
and Europe (November 28, 2017 through January 15, 
2020) reported adequate performance for creation of ana
stomoses in left-sided colon resection procedures, few 
technical issues, a favorable safety profile, and ease of 
use for creation of left-sided anastomoses as reported by 
operating surgeons.25 Using data from the ECP trial, 
a matching-adjusted indirect comparison (MAIC) was 
recently conducted to compare clinical and healthcare 
utilization outcomes of patients using ECP with those of 
a propensity score-matched retrospective standard of care 
(SOC) control cohort from a real-world clinical practice 
population.26 Patients treated with ECP had statistically 
significant lower 30-day incidence proportions of several 
surgical complications and 30-day readmissions. Given 
that these surgical complications carry substantial eco
nomic ramifications in the hospital setting, the objective 
of the current study was to estimate the cost impact of 
using ECP versus manual circular staplers to US hospitals 
for the complication of anastomotic leak.

Methods
An economic model was developed to evaluate the cost of 
ECP compared with current practice (SOC) using manual 
circular staplers in the United States.

Model Structure
A budget impact analysis was performed (US hospital per
spective) using data from literature and the previously 
described MAIC to estimate the economic impact of using 
ECP in surgical units in the US. The model was developed 
using Microsoft® Excel following the International Society for 
Pharmacoeconomics and Outcomes Research (ISPOR) guide
lines “Principles of Good Practice for Budget Impact 
Analysis”.27,28 The model evaluated the impact of using 
ECP instead of the SOC in reducing the rate of anastomotic 
leak complications related to colectomy procedures that 
involved left-sided anastomosis. The incremental acquisition 
cost of ECP over SOC was compared to the net potential 
savings due to reduced complication costs among patients 
receiving ECP. The base case analysis used model inputs 
from the MAIC (based on previous clinical and retrospective 
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database studies), along with inputs from the literature. The 
model structure is presented in Figure 1.

Model Inputs
This model included inputs for the rate and cost of anasto
motic leak complications (Table 1). Results from the 
MAIC described above were used as inputs for the rate 
of complications with ECP compared with SOC. The 
MAIC utilized data from a prospective clinical study of 
ECP (N=168) as well as a retrospective study that ana
lyzed a SOC control cohort using data collected from the 
Premier Healthcare Database® (N=4544).

The prospective clinical study of ECP enrolled 168 
adult (>18 years) patients in the ECP cohort.25 Patients 

in this clinical study underwent colectomy procedures that 
involved left-sided anastomosis performed with ECP and 
procedures were carried out with a minimally invasive or 
open procedure. Patients were excluded if they had con
current enrollment in a different clinical study, any condi
tion (physical or psychological) that would impair study 
participation or impact endpoints, emergency surgery, 
American Society of Anesthesiologists (ASA) status ≥ 4, 
multiple synchronous colon resections, anastomosis crea
tion that was not distal to the splenic flexure, or no ana
stomosis attempted.

The SOC control cohort used in the MAIC was con
structed using data collected from the Premier Healthcare 
Database® (PHD, N=4544).29 The SOC cohort included 
elective inpatient admission with an International 
Classification of Diseases, 10th Revision, Procedure 
Classification System (ICD-10-PCS) code for hemicolect
omy, LAR, or sigmoidectomy as a primary procedure 
between October 1, 2016 and December 31, 2018 and 
use of manual circular stapler was identified from hospital 
administrative charge records. Patients in the ECP trial 
were all enrolled in urban hospitals with 400 beds or 
more and not transferred from other institutions; accord
ingly, SOC patients who were transferred from another 
institution, with index admissions in rural hospitals and/ 
or in hospitals with 399 or fewer beds were excluded.

In the MAIC analysis, ECP patients from the clinical 
study and SOC patients from the retrospective Premier 
database study were propensity score matched on baseline 
patient and hospital characteristics available in both data 
sources up to a 1:10 ratio. Specifically, the following vari
ables were available for matching from both cohorts: age, 
sex, Hispanic ethnicity, insurance type (Medicare vs other), 

Figure 1 Model structure.

Table 1 Model Inputs

Anastomotic 
Leak

Source

Incremental Cost 

(2020 USD)

$12,869 [15]

Incremental LOS (days) 5.3 [15]

Non home discharge 

(incremental % of 
patients)

4.40% [15]

Readmission 
(incremental % of 

patients)

7.40% [15]

Cost, manual stapler 

(2020 USD)

$298 Ethicon sales data 

(average price), a flat 25% 

range was applied
Cost, ECP (2020 

USD)

$412
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diabetes, hypertension, surgical approach (open, laparo
scopic, or robotic), indication for surgery (colorectal carci
noma, colorectal polyps or polyposis syndrome, 
diverticulitis, inflammatory bowel disease, or other), teach
ing vs non-teaching hospital, and hospital bed size category 
(400–499 vs 500 +). After matching, anastomotic leak out
comes were compared between the two cohorts and these 
complication rates were used as inputs in the current model.

The incremental cost of anastomotic leak was obtained 
from a retrospective study examining surgical complica
tion costs among patients undergoing LAR for colorectal 
cancer.15 Costs were inflated to 2020 constant US dollars 
using the Medical Care component of the Consumer Price 
Index. Incremental increases in the average LOS, propor
tion of patients with a non-home discharge (eg skilled 
nursing facility; intermediate care facility), and all-cause 
readmission were also obtained from this study for anasto
motic leak complications. Price of ECP and SOC manual 

stapler were based on Ethicon sales data through 
September 2020 (average prices). Costs were not dis
counted as model time horizon was less than one year.

Sensitivity Analysis
Deterministic and probabilistic sensitivity analyses (PSA) 
were conducted to evaluate the robustness of the model 
assumptions and inputs. One-way sensitivity analyses 
adjusted key parameters (probability of complication, cost 
of complication and cost of ECP and SOC) using the 95% 
confidence intervals (CIs) when available or by applying 
a 25% range of variation. A PSA was also conducted, and 
key variables were varied simultaneously by sampling from 
the specified distribution for each parameter for 1000 itera
tions using Monte-Carlo simulations (Table 2). Cost and 
LOS parameters used gamma distribution while probability 
parameters (probability of complication, non-home dis
charge, and readmission) used beta distribution.

Table 2 Probabilistic Sensitivity Analysis

PSA Parameters Base Case 
Value

Lower 
Range

Upper 
Range

Distribution Source

Anastomotic leak complication

Baseline leak probability with 

manual stapler

0.069 0.055 0.083 Beta [26]

Leak probability with ECP 0.018 0.002 0.039 Beta [26]

Cost without leak $23,763 $23,615 $23,910 Gamma [15]

Cost with leak $36,632 $36,404 $36,859 Gamma [15]

LOS with leak, days 12.1 12.0 12.2 Gamma [15]

LOS without leak, days 6.8 6.7 6.8 Gamma [15]

Probability of non-home discharge 

with leak

0.069 0.065 0.073 Beta [15]

Probability of non-home discharge 

without leak

0.025 0.023 0.026 Beta [15]

Probability of 90-day readmission 

with leak

0.269 0.266 0.272 Beta [15]

Probability of 90-day readmission 

without leak

0.195 0.192 0.197 Beta [15]

Cost of Device

Cost of manual stapler $298 $224 $373 Gamma Ethicon sales data (average price) - a flat 25% 

range was applied

Cost of ECP $412 $309 $515 Gamma Ethicon sales data (average price) - a flat 25% 

range was applied
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Results
Assuming an annual number of 100 procedures with 
each type of circular stapler per year, there was an 
annual savings of $53,987 with ECP use compared 
with the SOC attributed to a reduction in the rate of 
anastomotic leaks associated with the use of ECP. The 
ECP was also associated with 27 fewer LOS days, 0.38 
fewer readmissions and 0.22 fewer non-home discharges 
related to anastomotic leaks annually. The incremental 
cost burden to a hospital that upgrades to ECP for 100 
cases a year is estimated to be $11,400—a cost that is 
easily offset by preventing 1–2 anastomotic leak com
plications, given the mean incremental cost estimates for 
this complication.

For the one-way sensitivity analysis, the annual savings 
associated with use of ECP remained positive across all 
values in the ranges for each parameter. It also showed that 
probability of leak for SOC and ECP had the greatest 
impact on the annual savings, followed by the cost of 
ECP and manual staplers (Figure 2). The mean cost of 
complication for anastomotic leak had minimal impact on 
the overall savings due to ECP use. Results of the PSA for 
anastomotic leak are presented in Figures 3–5. The PSA 

simulation resulted in mean annual savings due to avoided 
complication of anastomotic leak with ECP use of $54,317 
(median: $55,444; 95% CI: $16,566, $84,936; Figure 3). 
Total annual costs were higher for the SOC group com
pared with ECP (Figure 4). Figure 5 demonstrates that use 
of ECP was associated with a reduction in readmissions 
related to anastomotic leak across all simulations; more 
than half of all simulation run results fell within the range 
of 0.33 to 0.45 readmissions avoided.

Discussion
Complications in colorectal surgeries are common; 
a recent MAIC using clinical evidence and retrospective 
claims data suggests that use of ECP over manual sta
pling is associated with reductions in complications of 
anastomotic leak, bleeding, and infection.27 The present 
budget impact analysis builds on this MAIC analysis 
and demonstrates an annual savings associated with the 
reduction in anastomotic leak complications observed 
with use of ECP. In our analysis, the incremental cost 
of using ECP instead of the SOC was offset by the 
savings from lowered complication management costs 
in the hospital setting. Despite a higher device cost of 

Figure 2 Tornado diagram of annual savings (assumes 100 patients) related to anastomotic leak complication with one-way sensitivity analysis results. 
Notes: Horizontal bars represent the variation from the base case savings results ($44,903) when parameters are varied according to their range - one at a time with 
everything else remaining the same. For instance, when the cost of manual stapler is reduced to $224, the savings with ECP are reduced to $37,453. Conversely, savings with 
ECP increase to $52,353 when cost of manual stapler is raised to $373. Parameters are arranged in descending order of their impact in terms of their deviation from the 
base case savings with ECP.
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$412 for ECP compared with $298 for a manual stapler, 
annual savings due to avoided complications was esti
mated at $53,987 for anastomotic leak.

The one-way sensitivity analysis showed that the 
annual savings for SOC and ECP were most impacted by 
the probability of complications. The MAIC analysis that 

Figure 3 Boxplot of the budget impact (annual savings) for leak occurrence among 100 patients, according to the probabilistic sensitivity analysis. 
Notes: Cross = mean; Middle line = median; Box = Q1–Q3; Whiskers = ± 1.5 IQR.

Figure 4 Total annual costs by simulation run for occurrence of anastomotic leaks among 100 patients with each circular stapler type, according to the probabilistic 
sensitivity analysis.
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provided these complication probabilities had relatively 
wide CIs due to the smaller sample size. In contrast, 
complication costs were used from the burden of compli
cation study by Ammann et al14 which had much smaller 
CIs given a relatively large sample size, and therefore 
minimal variation was observed for complication cost 
within the various scenarios in the present model.

While our model only estimated the cost of anastomo
tic leak complications, it is important to note that there are 
other complications not assessed by the current model and 
that there is evidence that certain complications may be 
associated with the development of a second related 
complication.11 Regardless of the potential combined 
impact of these complications, our economic analysis 
demonstrates that lower rates of anastomotic leaks with 
ECP use lead to lowered costs and reduced clinical burden 
in the hospital setting.

The present budget impact analysis is relevant to hos
pital decision-makers in the United States as it provides 
a robust evaluation of the economic impact of shifting to 
routine use of ECP in colectomy procedures that involve 
left-sided anastomosis. Since the budget impact analysis 
was based on several sources of real-world data, the 

economic inputs for the cost of complications represent 
current costs and practice patterns for complication man
agement in US hospital settings. The inclusion of a one- 
way sensitivity analysis and PSA also increases the 
strength of the model findings and demonstrates that 
even under the range of inputs tested, ECP is associated 
with savings due to avoided complications.

Several model limitations should be noted, however. 
Although real-world evidence was leveraged for the 
model where available, the inputs for the rates of anasto
motic leak complication with ECP were from an MAIC 
analysis26 which used data inputs from both a prospective 
clinical study (ECP group)25 and retrospective hospital bill
ing data analysis (SOC). It is possible that patients in 
a clinical trial setting may experience fewer complications 
due to trial protocols that require increased monitoring and 
patient management. However, it is also possible that com
plication rates for the SOC group were underestimated in 
the MAIC, which included inputs from a retrospective 
claims data source to ascertain the SOC complication out
comes by presence of International Classification of 
Diseases, 10th Revision, Clinical modification (ICD-10- 
CM) codes, which may only capture the more severe 

Figure 5 Histogram of the number of readmissions avoided due to leak occurrence among 100 patients, according to the probabilistic sensitivity analysis. 
Notes: In the probabilistic sensitivity analysis, all parameters were varied at the same time according to their statistical distribution. This was repeated over 1000 
simulations. Results of the simulation runs are depicted in this histogram. For example, 180 simulations showed that about 0.4 readmissions could be avoided (tallest bar) 
among 100 patients in the model. The lowest and highest potential avoided readmissions could be 0.01 and 0.60 respectively.
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complications warranting a code.14 As the MAIC was not 
a randomized trial but rather a retrospective indirect com
parison, there is potential for unmeasured differences 
between the ECP and SOC cohorts, which could influence 
the observed difference in anastomotic leak between the 
two groups. Furthermore, differences between MAIC 
study groups and patients within the study from which 
economic data were obtained mean that the base-case 
point estimates used in the model are subject to uncertainty 
with respect to their fungibility across the various data 
sources. Although we used sensitivity analyses to address 
this, the present study’s findings must be interpreted in the 
common limitation of all economic models that the results 
may not generalize or particularize to all settings in which 
the ECP may be used. Future modeling efforts that incor
porate real-world inputs for both ECP and SOC complica
tion rates will be needed to provide further information to 
hospital decision makers. Next, the incremental cost of 
anastomotic leak that we adapted from the literature corre
sponded only to the index admission and ongoing costs 
incurred during after the index admission were not 
included; therefore, our model may be viewed as conserva
tive from a cost saving perspective. Finally, it was not 
possible to aggregate the cost impacts of anastomotic leak 
with other complication costs such as bleeding and infec
tion in this model, since the studies that assessed these 
complications examined each as an independent outcome. 
However in reality these outcomes may not be independent 
of one another and may occur at different rates depending 
on the presence of other complications.11,14 To assess the 
overall economic impact of routine use of ECP, future 
studies are necessary to evaluate the combined outcomes 
of anastomotic leak, infection, and bleeding.

The adoption of a new surgical device is based not only 
on the clinical efficacy and safety or equivalency of the 
device, but the economic feasibility of incorporating the 
device into routine practice within the hospital setting. The 
current budget impact model is based on a previously 
completed MAIC analysis that demonstrates the superior 
comparative effectiveness of ECP vs manual circular sta
plers with respect to fewer anastomotic leaks as well as 
lower rates of 30-day readmissions.26 The present model 
demonstrates the potential savings associated with use of 
ECP, which offset the higher price of the device, and 
provides an economic rationale for the adoption of the 
ECHELON CIRCULAR™ Powered Stapler in patients 
undergoing left-sided colorectal reconstructions.

Conclusion
This model demonstrates that among patients under
going left-sided colectomy procedures, the incremental 
cost of using the ECHELON CIRCULAR™ Powered 
Stapler instead of a manual circular stapler was offset 
by the savings from lowered incidence and cost of 
management of anastomotic leaks in the hospital 
setting.

Abbreviations
SOC, standard of care; ECP, ECHELON CIRCULAR™ 
Powered Stapler; MAIC, matching-adjusted indirect com
parison; LOS, length of stay; DSA, deterministic sensitivity 
analyses; PSA, probabilistic sensitivity analyses; MIS, mini
mally invasive surgery; LAR, low anterior resection; MCS, 
manual circular stapler; ASA, American Society of 
Anesthesiologists; PHD, Premier Healthcare Database®; 
CI, confidence interval; ICD-10-CM, International 
Classification of Diseases, 10th Revision, Clinical 
modification.
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