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Purpose: Linear surgical staplers reduce rates of surgical adverse events (bleeding, leaks, infections) compared to manual sutures 
thereby reducing patient risks, surgeon workflow disruption, and healthcare costs. However, further improvements are needed. Ethicon 
Gripping Surface Technology (GST) reloads, tested and approved by regulatory authorities in combination with powered staplers, may 
reduce surgical risks through improved tissue grip. While manual staplers are used in some regions due to affordability, clinical data on 
GST reloads used with manual staplers are unavailable. This study compared surgical adverse event rates of manual staplers with GST 
vs standard reloads. These data may be used for label changes in China and Latin America.
Patients and Methods: Patients undergoing general or thoracic surgery between October 1, 2015 and August 31, 2021 using 
ECHELON FLEX™ manual staplers with GST or standard reloads were identified from the Premier Healthcare Database. GST reloads 
were compared to standard reloads for non-inferiority in bleeding and anastomotic leak for general surgery. Secondary outcomes 
included sepsis for general surgery, and bleeding and prolonged air leak for thoracic surgery. Covariate balancing was performed using 
stable balancing weights.
Results: The general and thoracic surgery cohorts contained 4571 (GST: 2780; standard: 1791) and 814 (GST: 514; standard: 300) 
patients, respectively. GST reloads were non-inferior to standard reloads for bleeding and anastomotic leak (adjusted cumulative 
incidence ratio: 1.02 [90% CI: 0.71, 1.45] and 1.03 [90% CI: 0.72, 1.46], respectively) for general surgery. Compared with standard 
reloads, GST reloads had a similar incidence of sepsis (2.2% vs 2.1%) for general surgery and lower incidences of bleeding (9.5% vs 
16.0%) and prolonged air leak (12.6% vs 14.0%,) for thoracic surgery.
Conclusion: GST reloads, compared to standard reloads, used with ECHELON FLEX™ manual staplers had comparable periopera-
tive bleeding and anastomotic leak for general surgery, and lower incidences of safety events for thoracic surgery.
Keywords: real-world evidence, safety, ECHELON, general surgery, thoracic surgery

Introduction
Linear surgical staplers are routinely used for applications in general and thoracic surgical procedures for tissue 
transection, resection, and creation of anastomoses. However, tissue movement or slippage in response to the applied 
pressure during the actuation of linear surgical staplers may compromise the integrity of the staple line and necessitate 
intervention. As such, tissue movement and slippage may be associated with increased surgical complications and 
untoward clinical outcomes, including surgical bleeding, leaks, and infection, associated with significant healthcare 
costs.1
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ECHELON FLEX™ manual staplers possess enhanced system-wide compression, which gently exudes fluid from the 
targeted tissue during device actuation leading to reliable performance across a diverse set of tissue types and 
thicknesses. In 2014, Ethicon launched the ECHELON FLEX™ GST system, a powered stapler system incorporating 
staple reloads with gripping surface technology (GST). Featuring proprietary pocket extensions, GST reloads hold tissue 
in place and guide staple legs towards anvil pockets during firing thereby promoting the creation of uniform, secure 
staple lines. Delivering four times less tissue slippage during firing compared to other powered staplers, the GST system 
allows for more targeted tissue transection potentially eliminating one staple reload per procedure thereby providing 
enhanced economic value.2

Prior literature has associated the GST system with a reduction in intraoperative staple line interventions, including 
endoclip placement, oversewing, or targeted cautery, as compared with Ethicon’s powered staplers using standard reloads 
among patients undergoing laparoscopic sleeve gastrectomy (LSG).3 A subsequent retrospective study of patients who 
underwent LSG found that the GST system was associated with a lower rate of hemostasis-related complications as 
compared to the Medtronic’s powered Signia™ Stapling System, which uses Tri-Staple™ technology.4 Additionally, in 
a study of video-assisted thoracoscopic surgery (VATS) lobectomy patients in Korea, fewer hemostasis-related complica-
tions and reduced hospital costs were associated with the GST system as compared with manual staplers with standard 
reloads.5

Nevertheless, to our knowledge, no prior literature exists assessing clinical outcomes of GST reloads as compared to 
standard reloads with ECHELON FLEX™ manual staplers. As such, the purpose of this retrospective study was to 
compare clinical outcomes associated with the use of GST vs standard reloads among patients undergoing general or 
thoracic surgery using ECHELON FLEX™ manual staplers in the course of routine clinical practice.

Materials and Methods
Study Design and Data Source
We conducted a retrospective, comparative, observational study in the Premier Healthcare Database (PHD), which 
contains hospital administrative and billing discharge data from approximately 1164 hospitals, including 1 in 4 annual 
inpatient hospital stays, in the United States. The PHD includes discharge-level information on all International 
Classification of Diseases, Tenth Revision, Clinical Modification and Procedure Code System (ICD-10-CM and ICD-10- 
PCS, respectively) diagnoses and procedures recorded during each admission, and patient, hospital, and provider 
information. Detailed service-level information for each hospital day is recorded, including details on devices received. 
Although the PHD excludes federally funded hospitals (eg, Veterans Affairs), the hospitals included are nationally 
representative based on bed size, geographic region, location (urban/rural), and teaching hospital status.

The PHD consists of de-identified healthcare records. In the United States, retrospective analyses performed in the 
PHD are considered exempt from informed consent and institutional review board approval as dictated by Title 45 Code 
of Federal Regulations (45 CFR 46, 101(b)(4)).

Study Population
We used hospital charge master data to identify all inpatient admissions and outpatient visits occurring between 
October 1, 2015 and August 31, 2021, where the use of an ECHELON FLEX™ manual stapler and either a GST reload 
or standard reload was recorded. The study included patients aged 18 years or older with an ICD-10-PCS primary 
procedure code associated with general or thoracic surgery recorded between the admission and discharge date. For each 
patient, the index event was defined as the first inpatient admission or outpatient visit meeting these criteria.

To prevent potential confounding due to the concurrent use of alternative surgical stapling devices, we excluded 
patients with both a GST reload and standard reload, either an Ethicon or Medtronic powered linear stapler, or 
a secondary ICD-10-PCS procedure code associated with robotic surgery recorded during the index event. 
Furthermore, analyses were limited to patients in hospitals contributing data for at least 30 days from the index procedure 
date and with an elective, emergency, or urgent admission type. Finally, we required staple reload size to be inferable 
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based on hospital charge master data for staple reloads and/or ECHELON FLEX™ manual staplers used during the index 
event; patients with insufficient or discordant staple reload size information were excluded.

Patient, Hospital, Provider, and Procedure Characteristics
We measured patient demographics, including age, sex, race, marital status, and payor type. Patient clinical character-
istics were measured at index using the weighted Elixhauser comorbidity system, a risk-adjustment score comprised 30 
comorbid conditions derived from ICD-10-CM diagnosis codes.6,7 Hospital and provider characteristics included hospital 
bed size, annual surgical volume for each respective procedure type, geographic location, urban vs rural setting, and 
teaching status. Procedural characteristics included year of surgery, surgical approach (ie, open or minimally invasive 
surgery), admission type, anatomical site of procedure, and staple reload size (ie, 45 mm or 60 mm). Surgical approach 
(ie, open surgery and minimally invasive surgery) and anatomical site of procedure were classified from ICD-10-CM 
diagnosis codes (see Supplemental Appendix A Table 1). Anatomical sites of procedure were categorized by procedure 
type as follows: colorectal, stomach, appendix, gallbladder, spleen, or other (ie, abdominal wall, hernia, liver, or 
pancreas) for general surgery; and lung or other (ie, heart, thymus/adrenal glands, or diaphragm) for thoracic surgery.

Study Outcomes
We examined short-term safety and utilization outcomes. The following clinical outcomes, which differed between the 
general and thoracic surgery cohorts, were identified using ICD-10-CM diagnosis codes (see Supplemental Appendix 
A Table 1): perioperative bleeding, anastomotic leak within 30 days of the index procedure and sepsis for the general 
surgery cohort; and perioperative bleeding and prolonged air leak for the thoracic surgery cohort. Prolonged air leak was 
defined as an ICD-10-CM diagnosis code associated with air leak observed during the index event and patient discharge 
occurring at least 7 days after the index procedure. Utilization outcomes included hospital length of stay (LOS) and 
operating room time (ORT).

Statistical Analyses
As complications of interest varied for the general and thoracic surgery cohorts, all analyses were stratified by procedure 
type. Due to limitations in sample size for the thoracic surgery cohort, primary non-inferiority analyses were performed 
only in the general surgery cohort. Specifically, the primary objectives evaluated the non-inferiority of GST reloads to 
standard reloads on both perioperative bleeding and anastomotic leak within 30 days from the index procedure.

Secondary objectives estimated the adjusted cumulative incidence ratio of the following perioperative clinical 
outcomes between staple reload groups: sepsis for the general surgery cohort and prolonged air leak and bleeding for 
the thoracic surgery cohort. Exploratory objectives estimated the difference in the average LOS and ORT between staple 
reload groups. Analyses for LOS and ORT were restricted to patients with an inpatient admission and a valid ORT, 
respectively. A valid ORT was defined as an ORT ranging between 15 minutes and 24 hours.

Stable Balancing Weights
In the absence of randomization, differences in baseline characteristics may exist between study comparison groups, 
which may lead to potential confounding. For instance, improvements in surgical technique over time may be associated 
with improved surgical outcomes. It follows that systematic bias may exist in favor of devices used more frequently in 
recent years relative to comparator devices thereby warranting the use of statistical methods to adjust for differences in 
baseline characteristics.

To address potential confounding and systematic bias due to differences in baseline characteristics between study 
comparison groups, we performed covariate balancing using stable balancing weights, an optimization algorithm that 
finds the optimal set of weights meeting a set of prespecified balance criteria.8 Specifically, the standard reload group was 
weighed to mimic the GST reload group on the basis of all aforementioned baseline patient, hospital, provider, and 
procedural characteristics. Weights were derived such that the standardized mean difference (SMD) of covariate 
categories between study comparison groups did not exceed 0.10, a common threshold for balance after weighting and 
matching procedures.9
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Descriptive Analyses
Descriptive statistics were used to describe patient, hospital, provider, and procedure characteristics stratified by 
procedure type. SMDs, defined according to the definition of target absolute SMDs described by Chattopadhyay et al, 
were used to assess imbalance in characteristics prior to and after covariate balancing.10 An absolute SMD ≤0.20 was 
considered to denote adequate balance between study comparison groups.9 To ensure objectivity, covariate balancing and 
descriptive analyses were performed by an independent statistician blinded to the study outcomes.

Analyses of Outcomes
Weighted generalized linear models with log link functions and binomial distributions were used to estimate the adjusted 
cumulative incidence ratio of binary outcomes after covariate balancing. For all outcomes, we estimated the variance of 
the effect estimates based on a non-parametric bootstrap.11

For the primary objectives, the non-inferiority of GST reloads vs standard reloads was based on the adjusted 
cumulative incidence ratio after covariate balancing. The non-inferiority margin for the adjusted cumulative incidence 
ratio was set such that if the upper bound of a two-sided 90% Wald confidence interval (CI) of the adjusted cumulative 
incidence ratio, corresponding to a one-sided 5% significance level, was ≤2.0, then there was evidence supporting 
a conclusion of non-inferiority.12 The choice of 2.0 for the non-inferiority margin was based on the anticipated event 
percentages for the clinical outcomes of interest, which was anticipated to be low. As such, the method identified findings 
with very small population effects. Two-sided 95% confidence intervals were estimated for outcomes of interest without 
hypothesis testing for all secondary and exploratory objectives.

Results
Descriptive Analyses for General Surgery Cohort
A total of 4571 (GST reload: 2780; standard reload: 1791) patients undergoing general surgery met the study criteria. The 
characteristics of patients undergoing general surgery at baseline and after covariate balancing are summarized in 
Tables 1 and 2.

Prior to covariate balancing, overall, the mean age was 54.1 (SD = 17.3) years, and approximately 54.6% of patients 
were female, and 79.0% were white. As evidenced by a SMD >0.20, a total of 18 covariate categories were not 
adequately balanced. As compared to the standard reload group, the GST reload group had a higher proportion of patients 
with a weighted Elixhauser score less than 0 (25.1% vs 17.5%) and a year of index between 2018 and 2021 (79.3% vs 
24.1%). Overall, after covariate balancing, the mean age was 54.7 (SD = 17.1) years, and approximately 54.7% of 
patients were female, 80.0% were white, 24.1% had a weighted Elixhauser score less than 0, and 76.0% had a year of 
index between 2018 and 2021. As indicated by a SMD ≤0.20, adequate balance was achieved across all covariate 
categories between study comparison groups.

The characteristics of patients undergoing general surgery with an inpatient admission and valid operating room time 
prior to and after covariate balancing are available in Supplemental Appendix B Tables 1 and 2.

Descriptive Analyses for Thoracic Surgery Cohort
Among patients undergoing thoracic surgery meeting the study criteria, approximately 63.1% (n = 514) and 36.9% (n = 
300) used GST reloads and standard reloads, respectively. Tables 3 and 4 list the characteristics of patients undergoing 
thoracic surgery at baseline and after covariate balancing.

At baseline, overall, the mean age was 62.8 (SD = 13.2) years, and approximately 48.5% of patients were female, 
39.8% had a weighted Elixhauser score >7, and all procedures were performed on an inpatient basis. As indicated by 
a SMD >0.20, a total of 26 covariate categories were not adequately balanced. The GST reload group had a higher 
proportion of patients who were white (92.2% vs 83.7%) and had a year of index between 2018 and 2021 (60.3% vs 
24.7%) as compared to the standard reload group. After covariate balancing, the overall mean age was 62.7 (SD = 12.2) 
years, and approximately 49.9% of patients were female, 92.2% were white, 59.7% had a year of index between 2018 
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Table 1 Patient Characteristics of the General Surgery Cohort

Prior to Covariate Balancing After Covariate Balancinga

Covariate Overall Standard 
Reload

GST 
Reload

SMD Overall Standard 
Reload

GST 
Reload

SMD

N 4571 1791 2780 4571 1791 2780

Age, mean (SD) 54.1 (17.3) 53.3 (17.5) 54.6 (17.1) 0.076 54.7 (17.1) 54.9 (17) 54.6 (17.1) 0.018

Age category, years, n (%)

18–34 747 (16.3) 328 (18.3) 419 (15.1) 0.084 696 (15.2) 277 (15.5) 419 (15.1) 0.011

35–44 594 (13) 214 (11.9) 380 (13.7) 0.053 571 (12.5) 191 (10.7) 380 (13.7) 0.092

45–54 836 (18.3) 322 (18) 514 (18.5) 0.013 848 (18.5) 334 (18.6) 514 (18.5) 0.004

55–64 1011 (22.1) 418 (23.3) 593 (21.3) 0.048 1051 (23) 458 (25.6) 593 (21.3) 0.100

65+ 1383 (30.3) 509 (28.4) 874 (31.4) 0.067 1405 (30.7) 531 (29.7) 874 (31.4) 0.040

Sex, n (%)

Female 2496 (54.6) 949 (53) 1547 (55.6) 0.053 2500 (54.7) 953 (53.2) 1547 (55.6) 0.049

Male 2075 (45.4) 842 (47) 1233 (44.4) 0.053 2071 (45.3) 838 (46.8) 1233 (44.4) 0.049

Race, n (%)

White 3613 (79) 1419 (79.2) 2194 (78.9) 0.008 3659 (80) 1465 (81.8) 2194 (78.9) 0.070

African American 437 (9.6) 156 (8.7) 281 (10.1) 0.050 412 (9) 131 (7.3) 281 (10.1) 0.100

Other 451 (9.9) 194 (10.8) 257 (9.2) 0.051 431 (9.4) 174 (9.7) 257 (9.2) 0.015

Unknown 70 (1.5) 22 (1.2) 48 (1.7) 0.045 70 (1.5) 22 (1.2) 48 (1.7) 0.045

Marital Status, n (%)

Married 2522 (55.2) 971 (54.2) 1551 (55.8) 0.032 2461 (53.8) 910 (50.8) 1551 (55.8) 0.100

Single 1953 (42.7) 777 (43.4) 1176 (42.3) 0.022 1995 (43.7) 819 (45.8) 1176 (42.3) 0.070

Other 96 (2.1) 43 (2.4) 53 (1.9) 0.032 115 (2.5) 62 (3.4) 53 (1.9) 0.100

Payor, n (%)

Commercial 2129 (46.6) 867 (48.4) 1262 (45.4) 0.060 2116 (46.3) 854 (47.7) 1262 (45.4) 0.046

Medicaid 504 (11) 216 (12.1) 288 (10.4) 0.052 496 (10.9) 208 (11.6) 288 (10.4) 0.039

Medicare 1467 (32.1) 525 (29.3) 942 (33.9) 0.100 1493 (32.7) 551 (30.8) 942 (33.9) 0.068

Other 471 (10.3) 183 (10.2) 288 (10.4) 0.005 465 (10.2) 177 (9.9) 288 (10.4) 0.015

Weighted Elixhauser Score, 
n (%)

<0 1011 (22.1) 314 (17.5) 697 (25.1) 0.198 1102 (24.1) 405 (22.6) 697 (25.1) 0.065

0 and 3 1917 (41.9) 856 (47.8) 1061 (38.2) 0.193 1775 (38.8) 714 (39.9) 1061 (38.2) 0.034

>3 1643 (35.9) 621 (34.7) 1022 (36.8) 0.044 1695 (37.1) 673 (37.6) 1022 (36.8) 0.017

Note: aCovariate balancing performed using stable balance weights permitting a maximum SMD of 0.10 of covariates between study comparison groups. 
Abbreviations: GST, Gripping Surface Technology; SMD, standardized mean difference; SD, standard deviation.
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Table 2 Hospital, Provider, and Procedure Characteristics of the General Surgery Cohort

Prior to Covariate Balancing After Covariate Balancinga

Covariate Overall Standard 
Reload

GST 
Reload

SMD Overall Standard 
Reload

GST 
Reload

SMD

N 4571 1791 2780 4571 1791 2780

Year of Index, n (%)

2015 178 (3.9) 82 (4.6) 96 (3.5) 0.054 145 (3.2) 49 (2.7) 96 (3.5) 0.035

2016 682 (14.9) 524 (29.3) 158 (5.7) 0.518 341 (7.5) 183 (10.2) 158 (5.7) 0.100

2017 1076 (23.5) 754 (42.1) 322 (11.6) 0.618 611 (13.4) 289 (16.2) 322 (11.6) 0.093

2018 843 (18.4) 283 (15.8) 560 (20.1) 0.119 855 (18.7) 295 (16.5) 560 (20.1) 0.100

2019 823 (18) 84 (4.7) 739 (26.6) 1.035 1177 (25.8) 438 (24.5) 739 (26.6) 0.100

2020 619 (13.5) 38 (2.1) 581 (20.9) 1.303 929 (20.3) 348 (19.5) 581 (20.9) 0.100

2021 350 (7.7) 26 (1.5) 324 (11.7) 0.853 511 (11.2) 187 (10.5) 324 (11.7) 0.100

Surgical Approach, n (%)

MIS 3410 (74.6) 1384 (77.3) 2026 (72.9) 0.105 3406 (74.5) 1380 (77.1) 2026 (72.9) 0.100

Open Surgery 1161 (25.4) 407 (22.7) 754 (27.1) 0.105 1165 (25.5) 411 (22.9) 754 (27.1) 0.100

Admission Type, n (%)

Elective 2124 (46.5) 750 (41.9) 1374 (49.4) 0.153 2205 (48.2) 831 (46.4) 1374 (49.4) 0.061

Emergency 2050 (44.8) 968 (54) 1082 (38.9) 0.304 1868 (40.9) 786 (43.9) 1082 (38.9) 0.100

Urgent 397 (8.7) 73 (4.1) 324 (11.7) 0.383 497 (10.9) 173 (9.7) 324 (11.7) 0.100

Anatomy of Procedure, n (%)

Appendix 1682 (36.8) 821 (45.8) 861 (31) 0.298 1449 (31.7) 588 (32.8) 861 (31) 0.037

Colorectal 1419 (31) 479 (26.7) 940 (33.8) 0.160 1516 (33.2) 576 (32.2) 940 (33.8) 0.037

Gallbladder 273 (6) 97 (5.4) 176 (6.3) 0.040 330 (7.2) 154 (8.6) 176 (6.3) 0.100

Spleen 80 (1.8) 39 (2.2) 41 (1.5) 0.048 94 (2) 53 (2.9) 41 (1.5) 0.100

Stomach 824 (18) 226 (12.6) 598 (21.5) 0.268 924 (20.2) 326 (18.2) 598 (21.5) 0.100

Otherb 293 (6.4) 129 (7.2) 164 (5.9) 0.050 259 (5.7) 95 (5.3) 164 (5.9) 0.023

Staple Size, n (%)

45 mm 2179 (47.7) 1165 (65) 1014 (36.5) 0.599 1753 (38.3) 739 (41.2) 1014 (36.5) 0.100

60 mm 2392 (52.3) 626 (35) 1766 (63.5) 0.599 2818 (61.7) 1052 (58.8) 1766 (63.5) 0.100

Setting of Care, n (%)

Inpatient 4271 (93.4) 1651 (92.2) 2620 (94.2) 0.077 4307 (94.2) 1687 (94.2) 2620 (94.2) 0.003

Outpatient 300 (6.6) 140 (7.8) 160 (5.8) 0.077 264 (5.8) 104 (5.8) 160 (5.8) 0.003

Number Hospital Beds, n (%)

<200 870 (19) 534 (29.8) 336 (12.1) 0.388 634 (13.9) 298 (16.7) 336 (12.1) 0.100

(Continued)
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and 2021, and 39.5% had a weighted Elixhauser score >7. Adequate balance was achieved across all covariate categories 
between study comparison groups as denoted by a SMD ≤0.20.

Supplemental Appendix C Table 1 describes the characteristics of patients undergoing thoracic surgery with a valid 
operating room time prior to and after covariate balancing.

Outcome Analyses for Primary Objectives
Outcome analyses for primary objectives were conducted among patients who underwent general surgery. In the 
covariate balanced sample, as shown in Table 5, the incidence of perioperative bleeding (GST reload: 6.4% [n = 177]; 

Table 2 (Continued). 

Prior to Covariate Balancing After Covariate Balancinga

Covariate Overall Standard 
Reload

GST 
Reload

SMD Overall Standard 
Reload

GST 
Reload

SMD

200–299 734 (16.1) 214 (11.9) 520 (18.7) 0.208 797 (17.4) 277 (15.5) 520 (18.7) 0.100

300–499 1365 (29.9) 333 (18.6) 1032 (37.1) 0.476 1627 (35.6) 595 (33.2) 1032 (37.1) 0.100

500+ 1602 (35) 710 (39.6) 892 (32.1) 0.154 1513 (33.1) 621 (34.6) 892 (32.1) 0.052

Hospital Procedural Volume, n (%)

1–999 1176 (25.7) 438 (24.5) 738 (26.5) 0.049 1195 (26.2) 457 (25.5) 738 (26.5) 0.024

1000–1999 1119 (24.5) 372 (20.8) 747 (26.9) 0.150 1263 (27.6) 516 (28.8) 747 (26.9) 0.048

2000–2999 1108 (24.2) 281 (15.7) 827 (29.7) 0.386 1295 (28.3) 468 (26.1) 827 (29.7) 0.100

3000+ 1168 (25.6) 700 (39.1) 468 (16.8) 0.456 818 (17.9) 350 (19.5) 468 (16.8) 0.056

Provider Region, n (%)

Midwest 363 (7.9) 97 (5.4) 266 (9.6) 0.183 425 (9.3) 159 (8.9) 266 (9.6) 0.030

Northeast 610 (13.3) 188 (10.5) 422 (15.2) 0.153 639 (14) 217 (12.1) 422 (15.2) 0.100

South 2908 (63.6) 1172 (65.4) 1736 (62.4) 0.063 2865 (62.7) 1129 (63.1) 1736 (62.4) 0.013

West 690 (15.1) 334 (18.6) 356 (12.8) 0.150 642 (14) 286 (16) 356 (12.8) 0.081

Urban vs Rural Hospital 

Location, n (%)

Rural 943 (20.6) 263 (14.7) 680 (24.5) 0.276 1139 (24.9) 459 (25.6) 680 (24.5) 0.033

Urban 3628 (79.4) 1528 (85.3) 2100 (75.5) 0.276 3432 (75.1) 1332 (74.4) 2100 (75.5) 0.033

Procedural Physician Specialty, 
n (%)

General Surgery 3930 (86) 1464 (81.7) 2466 (88.7) 0.180 4000 (87.5) 1534 (85.6) 2466 (88.7) 0.079

Other 641 (14) 327 (18.3) 314 (11.3) 0.180 571 (12.5) 257 (14.4) 314 (11.3) 0.079

Hospital Teaching Status, n (%)

Teaching 2059 (45) 704 (39.3) 1355 (48.7) 0.193 2140 (46.8) 785 (43.9) 1355 (48.7) 0.100

Non-teaching 2512 (55) 1087 (60.7) 1425 (51.3) 0.193 2431 (53.2) 1006 (56.1) 1425 (51.3) 0.100

Notes: aCovariate balancing performed using stable balance weights permitting a maximum SMD of 0.10 of covariates between study comparison groups. bIncludes the 
following types of general surgery: abdominal wall, hernia, pancreas, and liver. 
Abbreviations: GST, Gripping Surface Technology; SMD, standardized mean difference; MIS, minimally invasive surgery.
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standard reload: 6.3% [n = 112]) and 30-day anastomotic leak (GST reload: 6.9% [n = 193]; standard reload: 6.8% [n = 
121]) were similar. As compared to the standard reload group, the adjusted cumulative incidence ratios of perioperative 
bleeding and 30-day anastomotic leak in the GST reload group were 1.02 (90% CI: [0.71, 1.45]; p-value compared to the 
non-inferiority margin of 2.0 = 0.0009) and 1.03 (90% CI: [0.72, 1.46]; p-value compared to the non-inferiority margin of 

Table 3 Patient Characteristics of the Thoracic Surgery Cohort

Prior to Covariate Balancing After Covariate Balancinga

Covariate Overall Standard 
Reload

GST 
Reload

SMD Overall Standard 
Reload

GST 
Reload

SMD

N 814 300 514 814 300 514

Age, mean (SD) 62.8 (13.2) 62.4 (14.1) 63.1 (12.7) 0.047 62.7 (12.2) 62.2 (11.2) 63.1 (12.7) 0.063

Age category, years, n (%)

18–34 36 (4.4) 15 (5) 21 (4.1) 0.042 27 (3.3) 6 (1.9) 21 (4.1) 0.100

35–44 40 (4.9) 18 (6) 22 (4.3) 0.072 31 (3.8) 9 (2.9) 22 (4.3) 0.059

45–54 93 (11.4) 38 (12.7) 55 (10.7) 0.059 97 (11.9) 42 (14) 55 (10.7) 0.100

55–64 237 (29.1) 77 (25.7) 160 (31.1) 0.125 262 (32.2) 102 (33.9) 160 (31.1) 0.063

65+ 408 (50.1) 152 (50.7) 256 (49.8) 0.017 398 (48.9) 142 (47.3) 256 (49.8) 0.050

Sex, n (%)

Female 395 (48.5) 143 (47.7) 252 (49) 0.027 406 (49.9) 154 (51.3) 252 (49) 0.046

Male 419 (51.5) 157 (52.3) 262 (51) 0.027 408 (50.1) 146 (48.7) 262 (51) 0.046

Race, n (%)

White 725 (89.1) 251 (83.7) 474 (92.2) 0.231 751 (92.2) 277 (92.3) 474 (92.2) 0.001

African American 54 (6.6) 25 (8.3) 29 (5.6) 0.097 38 (4.6) 9 (2.9) 29 (5.6) 0.100

Other 35 (4.3) 24 (8) 11 (2.1) 0.216 26 (3.1) 15 (4.9) 11 (2.1) 0.100

Marital Status, n (%)

Married 464 (57) 173 (57.7) 291 (56.6) 0.021 476 (58.4) 185 (61.6) 291 (56.6) 0.100

Single 350 (43) 127 (42.3) 223 (43.4) 0.021 338 (41.6) 115 (38.4) 223 (43.4) 0.100

Payor, n (%)

Commercial 232 (28.5) 86 (28.7) 146 (28.4) 0.006 227 (27.9) 81 (27) 146 (28.4) 0.030

Medicaid 92 (11.3) 30 (10) 62 (12.1) 0.069 99 (12.2) 37 (12.5) 62 (12.1) 0.014

Medicare 466 (57.2) 169 (56.3) 297 (57.8) 0.029 470 (57.7) 173 (57.6) 297 (57.8) 0.003

Other 24 (2.9) 15 (5) 9 (1.8) 0.149 18 (2.2) 9 (2.9) 9 (1.8) 0.051

Weighted Elixhauser Score, 

n (%)

<4 260 (31.9) 111 (37) 149 (29) 0.166 237 (29.2) 88 (29.5) 149 (29) 0.010

4 and 7 230 (28.3) 77 (25.7) 153 (29.8) 0.094 255 (31.4) 102 (34.1) 153 (29.8) 0.100

>7 324 (39.8) 112 (37.3) 212 (41.2) 0.081 321 (39.5) 109 (36.4) 212 (41.2) 0.100

Note: aCovariate balancing performed using stable balance weights permitting a maximum SMD of 0.10 of covariates between study comparison groups. 
Abbreviations: GST, Gripping Surface Technology; SMD, standardized mean difference; SD, standard deviation.
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Table 4 Hospital, Provider, and Procedure Characteristics of the Thoracic Surgery Cohort

Prior to Covariate Balancing After Covariate Balancinga

Covariate Overall Standard 
Reload

GST 
Reload

SMD Overall Standard 
Reload

GST 
Reload

SMD

N 814 300 514 814 300 514

Year of Index, n (%)

2015 28 (3.4) 13 (4.3) 15 (2.9) 0.069 18 (2.2) 3 (1.1) 15 (2.9) 0.092

2016 218 (26.8) 151 (50.3) 67 (13) 0.745 121 (14.9) 54 (18) 67 (13) 0.100

2017 184 (22.6) 62 (20.7) 122 (23.7) 0.076 188 (23.1) 66 (22) 122 (23.7) 0.042

2018 186 (22.9) 52 (17.3) 134 (26.1) 0.230 222 (27.2) 88 (29.3) 134 (26.1) 0.084

2019 101 (12.4) 9 (3) 92 (17.9) 0.872 141 (17.3) 49 (16.2) 92 (17.9) 0.100

2020 65 (8) 7 (2.3) 58 (11.3) 0.592 87 (10.7) 29 (9.8) 58 (11.3) 0.100

2021 32 (3.9) 6 (2) 26 (5.1) 0.218 37 (4.5) 11 (3.7) 26 (5.1) 0.100

Surgical Approach, n (%)

MIS 452 (55.5) 207 (69) 245 (47.7) 0.461 386 (47.5) 141 (47.1) 245 (47.7) 0.013

Open Surgery 362 (44.5) 93 (31) 269 (52.3) 0.461 428 (52.5) 159 (52.9) 269 (52.3) 0.013

Admission Type, n (%)

Elective 631 (77.5) 214 (71.3) 417 (81.1) 0.216 655 (80.5) 238 (79.4) 417 (81.1) 0.038

Emergency 140 (17.2) 67 (22.3) 73 (14.2) 0.195 128 (15.7) 55 (18.4) 73 (14.2) 0.100

Urgent 43 (5.3) 19 (6.3) 24 (4.7) 0.068 31 (3.8) 7 (2.2) 24 (4.7) 0.100

Anatomy of Procedure, n (%)

Lung 641 (78.7) 228 (76) 413 (80.4) 0.102 659 (81) 246 (82.1) 413 (80.4) 0.042

Otherb 173 (21.3) 72 (24) 101 (19.6) 0.102 155 (19) 54 (17.9) 101 (19.6) 0.042

Staple Size, n (%)

45 mm 112 (13.8) 67 (22.3) 45 (8.8) 0.326 84 (10.3) 39 (12.9) 45 (8.8) 0.100

60 mm 702 (86.2) 233 (77.7) 469 (91.2) 0.326 730 (89.7) 261 (87.1) 469 (91.2) 0.100

Setting of Care, n (%)

Inpatient 814 (100) 300 (100) 514 (100) – 814 (100) 300 (100) 514 (100) –

Outpatient – – – – – – –

Number Hospital Beds, n (%)

<400 312 (38.3) 212 (70.7) 100 (19.5) 1.123 159 (19.6) 59 (19.8) 100 (19.5) 0.007

400–499 390 (47.9) 38 (12.7) 352 (68.5) 1.675 547 (67.3) 195 (65.2) 352 (68.5) 0.100

500+ 112 (13.8) 50 (16.7) 62 (12.1) 0.123 107 (13.2) 45 (15.1) 62 (12.1) 0.081

Hospital Procedural Volume, 
n (%)

1–1999 259 (31.8) 170 (56.7) 89 (17.3) 0.793 142 (17.4) 53 (17.6) 89 (17.3) 0.006

(Continued)
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2.0 = 0.0009), respectively. Therefore, the GST staple group was considered non-inferior to the standard staple groups on 
the primary study outcomes of perioperative bleeding and 30-day anastomotic leak.

Table 4 (Continued). 

Prior to Covariate Balancing After Covariate Balancinga

Covariate Overall Standard 
Reload

GST 
Reload

SMD Overall Standard 
Reload

GST 
Reload

SMD

2000–3199 359 (44.1) 71 (23.7) 288 (56) 0.760 443 (54.5) 155 (51.8) 288 (56) 0.100

3200+ 196 (24.1) 59 (19.7) 137 (26.7) 0.176 229 (28.1) 92 (30.6) 137 (26.7) 0.100

Provider Region, n (%)

Midwest 14 (1.7) 6 (2) 8 (1.6) 0.032 11 (1.4) 3 (1.1) 8 (1.6) 0.031

Northeast 17 (2.1) 5 (1.7) 12 (2.3) 0.052 15 (1.9) 3 (1.1) 12 (2.3) 0.100

South 578 (71) 162 (54) 416 (80.9) 0.540 664 (81.6) 248 (82.7) 416 (80.9) 0.036

West 205 (25.2) 127 (42.3) 78 (15.2) 0.549 123 (15.1) 45 (15.1) 78 (15.2) 0.002

Urban vs Rural Hospital 

Location, n (%)

Rural 212 (26) 130 (43.3) 82 (16) 0.552 127 (15.6) 45 (15.1) 82 (16) 0.017

Urban 602 (74) 170 (56.7) 432 (84) 0.552 687 (84.4) 255 (84.9) 432 (84) 0.017

Procedural Physician Specialty, 
n (%)

Thoracic Surgery 460 (56.5) 81 (27) 379 (73.7) 1.051 587 (72.1) 208 (69.3) 379 (73.7) 0.100

Other 354 (43.5) 219 (73) 135 (26.3) 1.051 227 (27.9) 92 (30.7) 135 (26.3) 0.100

Hospital Teaching Status, n (%)

Teaching 319 (39.2) 172 (57.3) 147 (28.6) 0.580 232 (28.5) 85 (28.2) 147 (28.6) 0.008

Non-teaching 495 (60.8) 128 (42.7) 367 (71.4) 0.580 582 (71.5) 215 (71.8) 367 (71.4) 0.008

Notes: aCovariate balancing performed using stable balance weights permitting a maximum SMD of 0.10 of covariates between study comparison groups. bIncludes the 
following types of thoracic surgery: heart, thymus/adrenal glands, and diaphragm. 
Abbreviations: GST, Gripping Surface Technology; SMD, standardized mean difference; MIS, minimally invasive surgery.

Table 5 Outcome Analyses for Primary Objectives in General Surgery Cohort

Outcome General Surgery Cohort, After Covariate Balancinga

GST Reload Standard 
Reload

Adjusted Cumulative Incidence 
Ratiob (90% CI)

Inferiority Margin 
P-valuec

Number of patientsd 2780 1791

Perioperative Bleeding, n (%) 177 (6.4%) 112 (6.3%) 1.02 (0.71, 1.45) 0.0009

30-Day Anastomotic Leak, n (%) 193 (6.9%) 121 (6.8%) 1.03 (0.72, 1.46) 0.0009

Notes: aCovariate balancing performed using stable balance weights permitting a maximum SMD of 0.10 of covariates between study comparison groups. bTwo-sided 90% 
Wald confidence interval, corresponding to a one-sided 5% significance level, measured using non-parametric bootstrap approach. cOne-sided p-value compared to the non- 
inferiority margin of 2.0. A p-value <0.05 indicates non-inferiority of GST reloads as compared to standard reloads. dNumber of patients in unweighted sample. 
Abbreviation: CI, confidence interval.
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Outcome Analyses for Secondary and Exploratory Objectives
The results of outcome analyses for secondary and exploratory objectives among patients who underwent general and 
thoracic surgery in the weighted sample are summarized in Tables 6 and 7, respectively.

In the general surgery cohort, the adjusted cumulative incidence of sepsis was similar (2.2% [n = 62] and 2.1% [n = 
37] in the GST reload and standard reload groups, respectively, corresponding to an adjusted cumulative incidence ratio 
of sepsis of 1.08 [95% CI: 0.51, 2.28]). Among inpatient admissions (n = 4271; 93.4%), the adjusted mean difference in 

Table 6 Outcome Analyses for Secondary Objectives in General and Thoracic Surgery Cohorts

Outcome General Surgery Cohort, After Covariate 
Balancinga

Thoracic Surgery Cohort, After Covariate 
Balancinga

GST Reload Standard 
Reload

Adjusted 
Cumulative 
Incidence 
Ratio (95% 

CI)b

GST Reload Standard 
Reload

Adjusted 
Cumulative 
Incidence 
Ratio (95% 

CI)b

Number of patientsc 2780 1791 514 300

Sepsis, n (%) 62 (2.2%) 37 (2.1%) 1.08 (0.51, 2.28) – – –

Perioperative Bleeding, n (%) – – – 49 (9.5%) 48 (16%) 0.59 (0.27, 1.31)

Prolonged Air Leak, n (%) – – – 65 (12.6%) 42 (14%) 0.90 (0.13, 6.17)

Notes: aCovariate balancing performed using stable balance weights permitting a maximum SMD of 0.10 of covariates between study comparison groups. bTwo-sided 95% 
confidence interval measured using non-parametric bootstrap approach. cNumber of patients in unweighted sample. 
Abbreviation: CI, confidence interval.

Table 7 Outcome Analyses for Exploratory Objectives in General and Thoracic Surgery Cohorts

Outcome General Surgery Cohort, After Covariate 
Balancinga

Thoracic Surgery Cohort, After Covariate 
Balancinga

GST Reload Standard 
Reload

Adjusted 
Mean 

Difference  
(95% CI)b

GST Reload Standard 
Reload

Adjusted 
Mean 

Difference 
(95% CI)b

Number of inpatientsc 2620 1651 514 300

Hospital Length of Stay, days

Mean (SD) 5.18 (5.95) 4.81 (4.72) 0.37  
(−0.16, 0.9)

7.8 (7.11) 7.27 (7.23) 0.53 (−1.4, 
2.46)

Median (25th, 75th percentile) 3 (2, 6) 3 (2, 6) 6 (4, 9) 7 (3, 9)

Number of patients with valid 
operating room timec,d

2450 1621 474 265

Operating Room Time, minutes

Mean (SD) 171.53 (118.74) 163.11 (99.79) 8.42  
(−0.79, 17.64)

157.67 (82.98) 140.1 (72.05) 17.57 
(−8.09, 
43.24)Median (25th, 75th percentile) 141.9 (90, 210) 137.7  

(90.3, 202.5)
132.15  

(99.9, 202.5)
114.6  

(95.7, 165)

Notes: aCovariate balancing performed using stable balance weights permitting a maximum SMD of 0.10 of covariates between study comparison groups. bTwo-sided 95% 
confidence interval measured using non-parametric bootstrap approach. cNumber of patients in unweighted sample. dValid operating room time determined based on 
empirical distribution of operating room time falling within clinically relevant range. 
Abbreviations: CI, confidence interval; SD, standard deviation.
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LOS was 0.37 (95% CI: −0.16, 0.90) with a similar average LOS of 5.18 (SD = 5.95) in the GST reload group and 4.81 
(SD = 4.72) in the standard reload group. Meanwhile, among patients with valid ORT (n = 4071; 89.1%), the adjusted 
mean difference in ORT was 8.42 (95% CI: −0.79, 17.64) minutes with a comparable average ORT of 171.53 (SD = 
118.74) and 163.11 (SD = 99.79) minutes in the GST reload and standard reload groups, respectively.

In the thoracic surgery cohort, the incidences of perioperative bleeding and prolonged air leak in the GST reload 
group were lower than those in the standard reload group (9.5% vs 16.0% and 12.6% vs 14.0%, respectively, 
corresponding to adjusted cumulative incidence ratios of 0.59 [95% CI: 0.27, 1.31] and 0.90 [95% CI: 0.13, 6.17], 
respectively). All thoracic surgery patients underwent surgery on an inpatient basis, and the adjusted mean difference in 
LOS was 0.53 (95% CI: −1.40, 2.46) with a similar average LOS of 7.80 (SD = 7.11) in the GST reload group and 7.27 
(SD = 7.23) in the standard reload group. Among patients with valid ORT (n = 739; 90.8%), the adjusted mean difference 
in ORT was 17.57 (95% CI: −8.09, 43.24) minutes with a comparable average ORT of 157.67 (SD = 82.98) and 140.1 
(SD = 72.05) minutes in the GST reload and standard reload groups, respectively.

Discussion
This was the first study to assess clinical outcomes of GST reloads in ECHELON FLEX™ manual linear staplers. As 
compared to standard reloads, GST reloads had comparable risks of safety outcomes for perioperative bleeding and 30- 
day anastomotic leak among patients undergoing general surgery and met the prespecified non-inferiority criteria.

In a prior study, Fegelman et al found the GST system to be associated with improved clinical outcomes among 
patients undergoing LSG as compared to Ethicon-powered staplers with standard reloads.3 These findings highlight the 
benefits of the proprietary pocket extensions featured in GST reloads, which have been associated with a four-fold 
decrease in tissue slippage and seven-fold increase in the likelihood to fully capture mucosa at the staple line.13 Further 
supporting the potential benefits of GST reloads, Rawlins et al and Park et al found the GST system to be associated with 
fewer hemostasis-related complications and reduced hospital costs as compared to the Signia™ Stapling System among 
patients undergoing LSG and manual staplers with standard reloads among patients undergoing thoracoscopic lobectomy, 
respectively.4,5 The prior evidence, therefore, suggests GST reloads are associated with improved clinical and economic 
outcomes when used with Ethicon-powered staplers. Manual staplers are also commonly used in routine surgical care; 
however, no published data exists describing clinical and economic outcomes of GST reloads in comparison to standard 
reloads when used with manual staplers.

As such, the current study evaluated the safety of GST reloads among patients undergoing general or thoracic surgery 
using ECHELON FLEX™ manual staplers as compared to standard reloads. The relative frequencies of clinical 
outcomes for the primary objectives in the GST reload vs standard reload groups among patients undergoing general 
surgery were comparable; specifically, perioperative bleeding, 6.4% vs 6.3%, respectively; and 30-day anastomotic leak, 
6.9% vs 6.8%, respectively. There was evidence that GST reloads were non-inferior and had comparable safety to 
standard reloads for both perioperative bleeding and 30-day anastomotic leak based on a non-inferiority margin of the 
adjusted cumulative incidence ratio of 2.0 (p values compared to the non-inferiority margin of 2.0: 0.0009) among 
patients undergoing general surgery using ECHELON FLEX™ manual staplers. These findings demonstrate the back-
ward compatibility of GST reloads in ECHELON FLEX™ manual staplers for general surgery.

Among patients undergoing thoracic surgery using ECHELON FLEX™ manual staplers, GST reloads were asso-
ciated with lower relative frequencies of perioperative bleeding (9.5% vs 16.0%) and prolonged air leak (12.6% vs 
14.0%) as compared to standard reloads. These findings suggest that GST reloads may be backward compatible in 
ECHELON FLEX™ manual staplers across various procedure types. Indeed, it may be reasonable to assume that the 
backward compatibility of GST reloads, which possess more advanced stapling technology, in ECHELON FLEX™ 
manual staplers may be applicable to surgeries of various tissue types and anatomical sites. However, the non-inferiority 
of clinical outcomes was not assessed among patients undergoing thoracic surgery due to sample size limitations.

GST reloads and standard reloads were also comparable in terms of healthcare utilization outcomes among patients 
undergoing general or thoracic surgery using ECHELON FLEX™ manual staplers. For instance, the average hospital 
length of stay was similar between the GST reload and standard reload groups for both the general surgery (5.18 vs 4.81 
days; difference = 0.37 [95% CI: −0.16, 0.9]) and thoracic surgery (7.80 vs 7.27 days; difference = 0.53 [95% CI: −1.40, 
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2.46]) cohorts. Likewise, operating room time was comparable between study comparison groups in the general surgery 
(GST: 171.53; standard: 163.11 minutes; difference = 8.42 [95% CI: −0.79, 17.64]) and thoracic surgery (GST: 157.67; 
standard: 140.10 minutes; difference = 17.57 [95% CI: −8.09, 43.24]) cohorts.

These findings further reinforce the backward compatibility of GST reloads in ECHELON FLEX™ manual staplers. 
Although the current study assessed the non-inferiority of GST reloads as compared to standard reloads by design, the 
advantages of GST reloads are well documented in prior literature. Notably, Fegelman et al found a decrease in 
intraoperative staple line interventions associated with the use of a powered stapler system with GST reloads as 
compared to standard reloads.3 Given manual staplers are commonly used in surgical care, especially in locations with 
less access to powered staplers, the demonstration of the backward compatibility of GST reloads in ECHELON FLEX™ 
manual staplers is of great significance in supporting the use of the newer staple reload technology to improve surgical 
care. Nevertheless, opportunity exists to further improve surgical outcomes through technological innovation in regions 
with less access to powered staplers.

Strengths and Limitations
This study has several strengths. First, analyses of primary outcomes were performed in a large, nationally representative 
sample of 4571 patients undergoing general surgery using ECHELON FLEX™ manual staplers. Second, the study used 
appropriate statistical methods including covariate balancing using stable balancing weights to adjust for potential 
confounders. In addition, the objectivity of study findings was further strengthened by separating the processes of 
covariate balancing, which was conducted by a first statistician blinded to study outcomes, with subsequent outcome 
analyses and non-inferiority hypothesis testing by a second statistician.

The current study was subject to limitations. First, the identification of ECHELON FLEX™ manual staplers, GST 
reloads, and standard reloads was based upon hospital charge master data, which may be subject to misclassification. To 
overcome this limitation, device search strategies were tailored to be highly specific to the devices of interest. 
Furthermore, we excluded patients with evidence of powered linear stapler use or robotic surgery during the index 
event. Second, as with any observational study, there is a possibility of residual confounding due to unobserved or 
otherwise unadjusted covariates due to limitations of the data. For instance, clinical outcomes may be impacted by 
surgeon experience, technique, or use of concomitant devices. As such, it is assumed that the distribution of potential 
confounders is similar between study comparison groups. Third, the study results may not necessarily be generalizable to 
all hospitals in the United States. However, the PHD contains a nationally representative sample of hospitals capturing 1 
in 4 annual inpatient admissions. Furthermore, as the clinical presentation of patients receiving these devices should not 
differ across the populations, the study is generalizable to all patients meeting the study inclusion and exclusion criteria.

Conclusion
GST reloads represent an important innovation in surgical stapling technology. The current study compared clinical 
outcomes associated with the use of GST vs standard reloads among patients undergoing general or thoracic surgery 
using ECHELON FLEX™ manual staplers. As compared to standard reloads, GST reloads had comparable safety in 
terms of perioperative bleeding and 30-day anastomotic leak and met the prespecified non-inferiority criteria among 
patients undergoing general surgery using ECHELON FLEX™ manual staplers. Furthermore, GST reloads had 
a numerically lower incidence of safety events as compared to standard reloads for thoracic surgery using ECHELON 
FLEX™ manual staplers. It is hoped the findings of the current study will guide the direction of future technology 
development, especially in regions with less access to powered staplers.

Abbreviations
GST, gripping surface technology; LSG, laparoscopic sleeve gastrectomy; VATS, video-assisted thoracoscopic surgery; 
PHD, Premier Healthcare Database; ICD-10-CM, International Classification of Diseases, Tenth Revision, Clinical 
Modification; ICD-10-PCS, International Classification of Diseases, Tenth Revision, Procedure Coding System; LOS, length 
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