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Purpose: Open colorectal surgery is associated with a high rate of postoperative wound 
complications. This is a single-arm study of real-world outcomes of triclosan-coated barbed 
suture (Ethicon’s STRATAFIXTM Symmetric PDSTM Plus Knotless Tissue Control Device 
[SSPP]) used in open colorectal surgery.
Methods: Retrospective cohort study using the Premier Healthcare Database. The study included 
patients who underwent an inpatient open colorectal surgery with wound closure using SSPP (size 
0 or 1 to increase the likelihood the suture was used in fascia) between October 2015– 
September 2019 (N=593). Wound complications, hospital length of stay, total hospital costs 
(2019 US$), and all-cause readmissions post-discharge were measured. Post-hoc multivariable 
analyses compared wound complications between non-elective admissions and elective.
Results: The overall incidence of wound complications within 30-days post-procedure was 
7.1%, with the majority of those being surgical site infections (SSI) (6.0%). Mean operation 
time was 190 (standard deviation [SD]=64.4) mins, postoperative length of stay was 8.1 
(SD=11.9) days, 30-day readmission rate was 11.8%, and total hospital costs were $31,693 
(SD=$40,076). As compared with published literature on the rate of SSI in colorectal 
surgery, the 30-day rate of SSI in the present study (6.0%) fell within the range of 5.4% to 
18.2% for open colorectal surgery and from 4.3% to 21.5% for combined open and mini
mally invasive procedures. Multivariable-adjusted incidence proportions of wound compli
cations were slightly lower for non-elective admissions and did not differ significantly from 
those of elective admissions.
Conclusion: The rate of wound complications observed in the present study falls within the 
range of rates previously reported in the literature, suggesting a safe and effective role for SSPP 
in open colorectal surgery. In post hoc analyses, the adjusted rate of wound complications was 
similar between non-elective and elective admissions. Head-to-head studies are required to 
determine comparative advantages or disadvantages for SSPP versus other sutures.
Keywords: open colorectal surgery, barbed sutures, sigmoidectomy, surgical site infections, 
wound dehiscence

Introduction
Open colorectal surgery is classified as clean-contaminated surgery, where endo
genous flora may be involved, and may also involve contaminated or dirty-infected 
wounds.1 This can result in a high rate of postoperative wound complications, such 
as surgical site infection (SSI), wound dehiscence, and organ system infection.2,3 
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Indeed, the incidences of SSI and wound dehiscence after 
open colorectal surgery have been estimated to vary from 
16.4% to 25.2%4,5 and 2% to 3%,6,7 respectively. Wound 
complications further contribute to perioperative morbid
ity, extended length of stay in the hospital, and hospital- 
borne financial burden.8,9

A key factor that influences the incidence of wound 
complications is the quality of wound closure.10,11 As 
compared with conventional sutures, barbed sutures have 
been shown to significantly reduce incision closure time, 
yield higher cyclical tension, and provide better 
waterproofing.11–13 Such advantages have led to increasing 
adoption in arthroplasty,12–16 gastrointestinal,11,17–20 

gynecological,21–25 urological,26 and plastic surgery.27 

Some barbed sutures are also coated with triclosan, an 
antiseptic agent, which is intended to inhibit the develop
ment of infection.1,10 A recent randomized clinical trial in 
Spain reported that the use of triclosan-coated barbed 
sutures (Ethicon STRATAFIXTM Symmetric PDSTM Plus 
Knotless Tissue Control Device [SSPP]) in emergent 
abdominal surgery resulted in a statistically significant 
lower rate of incisional SSI as compared with triclosan- 
coated and non-coated conventional sutures.10 However, 
more data are needed to understand the potential role of 
SSPP in open colorectal surgery in routine clinical 
practice.

Therefore, we conducted a retrospective, single-arm 
study of the real-world outcomes of patients undergoing 
open colorectal surgery with wound closure incorporating 
SSPP sizes 0 and 1 using a large database collected from 
multiple institutions throughout the US. Sizes 0 and 1 were 
included to increase the likelihood that SSPP was used in 
the fascia closure layer.

Methods
Study Design
This was a single-arm, multi-institution, retrospective 
cohort study of patients who underwent open colorectal 
surgery in an inpatient setting with wound closure using 
SSPP between October 1, 2015 and September 30, 2019.

Data Source
Data were extracted from Premier Healthcare Database, 
a US hospital-based, all-payer database that contains 
administrative, healthcare utilization, and financial 
information. This database contains over 231 million 
unique deidentified patients and data from over 900 

geographically diverse community of teaching hospi
tals and hospital systems. The database contains infor
mation on admissions and discharge diagnosis, patient 
characteristics, hospital characteristics, physician spe
cialties, and costs from the hospital perspective, among 
other features. This study was exempt from 
Institutional Review Board oversight because it con
tains only deidentified patient records, as dictated by 
Title 45 Code of Federal Regulations (45 CFR 46, 101 
(b)(4)). Data were collected from the Premier 
Healthcare Database using International Classification 
of Diseases, 10th Revision, Clinical Modification/ 
Procedure Coding System (ICD-10-CM/PCS) codes 
and other structured fields native to the database.

Patient Selection
Patients selected for study were aged 18 years and older 
who had an inpatient admission for open colorectal sur
gery for which SSPP size 0 or size 1 was used during 
wound closure (first admission = index admission). 
Individuals for whom the colorectal surgery was identified 
as having robotic assistance or converted from a minimally 
invasive approach were excluded. Patients were stratified 
by elective vs non-elective (emergency or urgent) 
admission.

Patient, Procedure, and Hospital/Provider 
Characteristics
Patient, procedure, and hospital/provider characteristics 
were measured from the study database using information 
recorded during the index admission. Variables were 
selected based on availability within the study database 
and their role as potential confounding factors in the post 
hoc analysis comparing between elective and non-elective 
surgery (described in greater detail below).

Patient demographics included age in years, sex, race, 
marital status, and payer type. Patient clinical characteris
tics were measured using ICD-10-CM diagnosis codes 
designated as being present on admission and included 
the Charlson comorbidity index score, a widely used and 
validated sored measure of health status, as well as all 
individual comorbidities from the Elixhauser comorbidity 
index, another widely used and validated set of 31 prog
nostic comorbidities; comorbidities with 0 patients were 
omitted from the analysis.28 Procedure characteristics 
included year of procedure, number of days between 
admission to the hospital and undergoing surgery, whether 
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the primary-coded surgery was in the colon vs the rectum, 
and whether the surgery involved bypass, excision, or 
resection. Finally, hospital/provider characteristics 
included urban or rural hospital, hospital teaching status, 
hospital geographic region, hospital bed size, hospital sur
gical volume for colorectal surgery, and procedural physi
cian specialty.

Outcomes
Wound complication outcomes were measured using ICD- 
10-CM diagnosis codes listed in Appendix 1, including 
surgical site infection, wound dehiscence, abscess/celluli
tis/granuloma, and a composite measure of each of the 
aforementioned endpoints. These diagnoses were searched 
for during the index admission, and separately during 
return visits to a hospital’s network, including inpatient 
readmission, emergency room visits, urgent outpatient vis
its, and non-urgent outpatient visits, all over a 30-day 
follow-up period. To ensure completeness of data capture, 
patients for whom 30-day wound complication rates were 
measured and reported were required to have an index 
admission to a hospital that continued to contribute data 
for at least that duration of time; 97.6% of patients met this 
criterion.

Economic and healthcare resource utilization outcomes 
measured during the index admission included hospital 
length of stay (LOS), total hospital costs, and all-cause 
readmissions within 30, 60, and 90 days post-discharge 
from the index admission. All costs were inflation-adjusted 
to 2019 US dollars using the Medical Care component of 
the US Bureau of Labor Statistics Consumer Price Index. 
All-cause readmissions were measured only among 
patients for whom we could discern the hospital had dis
charge records extending throughout the observation per
iod of interest (30, 60, or 90 days). In addition, to further 
characterize these readmissions, information on the pri
mary diagnoses and procedures for readmissions at 30 
days were recorded.

Statistical Analyses
Univariate analysis was performed to report appropriate 
summary statistics for each study variable of interest: eg 
count, incidence proportion. Analyses were stratified by 
elective and non-elective admission type. Sub-analyses of 
the predominant primary procedure type (sigmoidectomy) 
were also conducted.

After completion of the analyses addressing the pri
mary objective, post hoc analyses were conducted to 

compare the incidence of wound complications between 
patients in the elective vs non-elective admission type 
groups. Numerous studies have implicated non-elective 
colorectal surgery as an independent risk factor for SSI, 
other forms of morbidity, and mortality, perhaps due to 
contamination of wounds, longer operative time and post- 
operative hospital length of stay, and less opportunity for 
preoperative preparations intended to reduce the incidence 
of SSI.5,29–33

We hypothesized that the historically observed substan
tial differences in the rate of SSI between those under
going elective vs non-elective colorectal surgery may 
appear to be attenuated in the present cohort of patients 
in whom SSPP was used, after accounting for all patient, 
procedure, and provider/hospital characteristics. Thus, 
multivariable generalized linear models (GLM) with 
a logit link and binomial error distribution were used to 
compare the incidence proportion of SSI and wound com
plications at index and over the 30-day follow-up period 
(including index), adjusting for all variables listed in 
Tables 1 and 2. These models accounted for hospital- 
level clustering through robust standard errors. 
Multivariable-adjusted outcome estimates were generated 
for each group using marginal standardization. A p-value 
<0.05 was considered statistically significant. Data man
agement was performed using R version 3.5.3 and statis
tical analyses were performed using STATA (StataCorp 
2015).

Comparison with Published Literature
To contextualize the study findings, a literature review was 
conducted to compare the findings regarding the incidence 
of wound complications in the present study with those of 
previously published studies. A literature search was per
formed for published full-text articles using PubMed. The 
keywords used in the search were “open colorectal sur
gery” “colorectal surgery” “wound complications” “surgi
cal site infection” “wound dehiscence” “barbed suture” 
and “triclosan coated suture” Articles published from 
January 2015 to September 2020 were included.The initial 
selection was based on the article title and abstract, where 
articles on laparoscopic colorectal surgery only, missing 
information on wound complications, or presenting case 
reports were excluded. Following this, duplicates were 
removed and key comparative findings from the remaining 
15 articles were summarized.
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Results
Patient and Hospital/Provider 
Characteristics
Patient demographic and clinical characteristics are shown 
in Table 1. A total of 593 patients undergoing open color
ectal surgery incorporating wound closure with SSPP were 
identified from among 21 institutions. Of the 593 patients, 
64% underwent elective surgery and 36% underwent non- 
elective surgery. The majority of patients were aged ≥65 
years (53%), female (56%), and just over half (51%) had 
Medicare insurance. The mean number of days from 
admission to procedure was 2.6 days (standard deviation 
[SD] = 3.2). Sigmoidectomy was the most common pro
cedure, performed in 333 patients.

Table 1 Patient Demographics and Clinical Characteristics

Variables Overall Admission Type

Elective Non- 
Elective

N % N % N %

ALL 593 100.00 380 64.1 213 35.9

Age in years 
(mean, SD)

64.21 13.9 62.85 13.38 66.65 14.5

Age category
18 to 54 years 144 24.0 105 27.6 39 18.3

55 to 64 years 135 22.8 86 22.6 49 23.0

65 to 74 years 159 26.8 106 27.9 53 24.9
≥75 years 155 26.1 83 21.8 72 33.8

Sex
Female 333 56.2 207 54.5 126 59.2

Male 260 43.8 173 45.5 87 40.9

Racea

White 542 91.4 347 91.3 195 91.6

Non-white 51 8.6 33 8.7 18 8.4

Marital statusa

Married 336 56.7 239 62.9 97 45.5
Not married 253 42.7 138 36.3 115 53.5

Payer type
Commercial 247 41.6 185 48.7 62 29.1

Medicare 303 51.1 180 47.4 123 57.8

Medicaid/Other 43 7.2 15 3.9 28 13.2

Year of discharge

2015 (from 
October)

28 4.7 20 5.3 8 3.8

2016 137 23.1 95 25.0 42 19.7

2017 158 26.6 102 26.8 56 26.3
2018 158 26.6 100 26.3 58 27.2

2019 (till 

September)

112 18.9 63 16.6 49 23.0

CCI score
0 211 35.6 168 44.2 43 20.2

1–2 198 33.4 119 31.3 79 37.1

≥3 184 31.0 93 24.5 91 42.7

Elixhauser 

comorbidities
Cancer 235 39.6 140 36.8 95 44.6

Cardiac 

arrhythmias

69 11.6 27 7.1 42 19.7

Chronic 

pulmonary 

disease

63 10.6 22 5.8 41 19.2

Coagulopathy 26 4.4 7 1.8 19 8.9

(Continued)

Table 1 (Continued). 

Variables Overall Admission Type

Elective Non- 
Elective

N % N % N %

Congestive 
heart failure

29 4.9 9 2.4 20 9.4

Deficiency 

anemia

40 6.8 12 3.2 28 13.2

Depression 56 9.4 32 8.4 24 11.3

Diabetes 132 22.3 84 22.1 48 22.5

Fluid and 
electrolyte 

disorder

97 16.4 23 6.1 74 34.7

Hypertension 346 58.4 221 58.2 125 58.7

Hypothyroidism

89 15.0 51 13.4 38 17.8

Obesity 106 17.9 74 19.5 32 15.0
Peripheral 

vascular 

disorders

29 4.9 10 2.6 19 8.9

Pulmonary 

circulation 

disorders

13 2.2 1 0.3 12 5.6

Renal failure 45 7.6 27 7.1 18 8.5

Valvular 

disease

37 6.2 14 3.7 23 10.8

Weight loss 38 6.4 4 1.1 34 16.0

Days to 

procedure 
(mean, SD)

2.55 3.2 1.15 0.9 5.06 4.2

Note: aIndicates missing values. 
Abbreviations: CCI, Charlson Comorbidity Index; SD, standard deviation.
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Hospital/provider characteristics are shown in Table 2. 
Most patients presented in urban hospitals (95%), and/or 
those located in the Southern US (94%). The majority 
(61%) of procedures were in large hospitals (≥500 beds) 
and 44% of hospitals performed over 150 open colorectal 
surgeries per year. Physicians with a specialty of colon/ 
rectal surgery performed 85% of surgeries.

Wound Complications
Incidence proportions of wound complications during the 
index admission alone and during the index admission 

through 30-day follow-up are shown in Table 3. Overall, 
3.2% of patients developed any wound complication dur
ing their index admission, with SSIs accounting for the 
majority (3.0%). When analyzing by admission type (elec
tive vs non-elective), the proportion of non-elective 
patients experiencing any wound complication (SSI, 
wound dehiscence, abscess/cellulitis/granuloma) was 
slightly higher than those with an elective admission 
(3.3% and 3.2%, respectively); SSIs again accounted for 
the majority of wound complications (3.3% and 2.9%, 
respectively).

During the index admission through 30-day follow-up 
period, among patients for whom we could discern the 
hospital had discharge records extending at least 30 days 
(579 patients), 7.1% developed any wound complication, 
with SSIs accounting for the majority (6.0%). When ana
lyzing by admission type (elective vs non-elective), the 
proportion of non-elective patients experiencing any 
wound complication was again higher than those with an 

Table 2 Hospital/Provider Characteristics

Variables Overall Admission Type

Elective Non- 
Elective

N % N % N %

ALL 593 100.0 380 64.1 213 35.9

Urban/Rural

Urban 566 95.5 364 95.8 202 94.8

Rural 27 4.6 16 4.2 11 5.2

Teaching status

Yes 244 41.2 164 43.2 80 37.6
No 349 58.9 216 56.8 133 62.4

Provider region
Midwest 11 1.8 7 1.8 4 1.9

Northeast 24 4.1 14 3.7 10 4.7

South 558 94.1 359 94.5 199 93.4

Hospital size

000–499 beds 230 38.8 156 41.1 74 34.7
≥500 beds 363 61.2 224 58.9 139 65.3

Provider volume
≤150 332 56.0 219 57.6 113 53.0

≥151 261 44.0 161 42.4 100 47.0

Procedural physician 

specialty

Colon/Rectal surgery 502 84.6 347 91.3 155 72.8
Other 91 15.4 33 8.7 58 27.2

Type of procedure
Bypass 26 4.4 6 1.6 20 9.4

Excision 100 16.9 68 17.9 32 15.0

Resection 467 78.8 306 80.5 161 75.6

Colon/Rectum 
Procedure

Colon 560 94.4 349 91.8 211 99.1

Rectum 33 5.6 31 8.2 2 0.9

Table 3 All Wound Complication, Surgical Site Infections, and 
Wound Dehiscence During Index and Follow-Up Time Periods 
After Open Colorectal Surgery Using SSPP

Wound 
Complications

Overall Admission Type

Elective Non- 
Elective

N % N % N %

Wound complications at index

ALL 593 100.0 380 64.1 213 35.9

All Wound 

Complications

19 3.2 12 3.2 7 3.3

SSI 18 3.0 11 2.9 7 3.3

Wound dehiscence 1 0.2 1 0.3 - 0.0

Abscess/cellulitis/ 
granuloma

1 0.2 1 0.3 - 0.0

Wound complications during index and 30-day follow-up

ALLa 579 100.0 376 64.9 203 35.1

All Wound 

Complications

41 7.1 23 6.1 18 8.9

SSI 35 6.0 21 5.6 14 6.9
Wound dehiscence 5 0.9 3 0.8 2 1.0

Abscess/cellulitis/ 

granuloma

5 0.9 2 0.5 3 1.5

Notes: aBased on patients with an index admission to a hospital that continued to 
contribute data for at least 30 days after discharge. 
Abbreviations: SSI, surgical site infection; SSPP, STRATAFIXTM Symmetric PDSTM 

Plus Knotless Tissue Control Device.
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elective admission (8.9% and 6.1%, respectively), and 
SSIs still accounted for the majority of wound complica
tions (6.9% and 5.6%, respectively). The subgroup analy
sis of sigmoidectomy (Appendix 2) revealed similar 
findings to the primary analyses.

Economic and Healthcare Resource 
Utilization Outcomes
Economic and healthcare resource utilization outcomes are 
shown in Table 4. Overall, mean operating room time was 
191 minutes (SD = 64) with a mean hospital LOS of 8.1 
days (SD = 11.9 days). Mean total hospital costs for open 
colorectal surgery were $31,693 (SD = $40,076). The 
predominant drivers of total hospital costs were mean 
room and board costs of $9956 (SD = $18,714) and 
mean operating room costs of $9644 (SD = $3531). All- 
cause readmission rates were 11.8% at 30 days, 16.9% at 
60 days and 21.1% at 90 days.

In elective surgery, the mean operating room time was 
190 minutes (SD = 63) with a mean hospital LOS of 4.7 
days (SD = 5.2). Mean total hospital costs were $22,933 
(SD = $18,838). Mean all-cause 30-, 60- and 90-day read
mission rates were 8.8%, 13.4%, and 16.2%, respectively. 
In non-elective surgery, the mean operating room time was 
192.2 mins (SD = 67.8) with a mean hospital LOS of 14.0 
days (SD = 17). Mean total hospital costs were commis
erate with the long hospital LOS at $47,321 (SD = 
$58,885). Mean all-cause 30-, 60- and 90-day readmission 
rates were 17.2%, 23.3%30.1%, respectively. The sub
group analysis of sigmoidectomy (Appendix 3) revealed 
similar findings to the primary analyses.

Appendix 4 reports the distribution of primary diag
noses and procedures for readmissions at 30 days. The 
most common primary diagnoses for readmissions were 
related to infection and gastrointestinal complications. The 
most common primary procedures performed during read
missions were drainage procedures.

Post Hoc Analyses
Results of the post hoc multivariable analyses comparing the 
incidence proportions of SSI and overall wound complica
tions between patients in the elective vs non-elective admis
sion type groups are presented in Appendix 5. After adjusting 
for all variables in Tables 1 and 2, non-elective admissions 
were associated with statistically insignificant and slightly 
lower incidence proportions of SSIs and overall wound com
plications as compared with elective admissions, during both 
index and the index through 30-day follow-up period.

Comparison with Published Literature
Key results from prior published studies (incidence of SSI and 
other economic and healthcare resource utilization outcomes) 
examining colorectal surgery are summarized in Table 5. 

Table 4 Economics and Healthcare Resource Utilization 
Outcomes of Open Colorectal Surgery Using SSPP

Variables Overall  
(N = 593)

Admission Type

Elective  
(N = 380)

Non- 
Elective  

(N = 213)

Operating room 

time (mins)
Mean (SD) 190.5 (64.4) 189.5 (62.5) 192.2 (67.8)

Median 180.0 180.0 195.0

Length of stay (days)

Mean (SD) 8.1 (11.9) 4.7 (5.2) 14.0 (17.0)

Median 4.0 3.0 11.0

Operating room 

cost
Mean (SD) $9643.92 

($3531)

$9624 

($3329)

$9679 

($3874)

Median $9699 $9773 $9534

Supply cost

Mean (SD) $3743 
($1810)

$3655 
($1698)

$3899 
($1989)

Median $3392 $3317 $3612

Room and board 

cost

Mean (SD) $9956 
($18,714)

$5508 
($8774)

$17,892 
($27,231)

Median $4961 $3589 $12,524

Total hospital cost

Mean (SD) $31,693 
($40,076)

$22,933 
($18,838)

$47,321 
($58,885)

Median $22,763 $19,415 $35,442

All cause 

readmission, N (%)

30-day 
readmissiona

68 (11.8) 33 (8.8) 35 (17.2)

60-day 

readmissionb

95 (16.9) 49 (13.4) 46 (23.3)

90-day 

readmissionc

116 (21.1) 58 (16.2) 58 (30.1)

Notes: aBased on 579 patients: 376 in elective group and 203 in non-elective group. 
bBased on 563 patients: 366 in elective group and 197 in non-elective group. cBased 
on 550 patients: 357 in elective group and 193 in non-elective group. 
Abbreviations: SD, standard deviation; SSPP, STRATAFIXTM Symmetric PDSTM 

Plus Knotless Tissue Control Device.
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Information on the incidence of SSI, 30-day readmissions, 
operating room time and hospital LOS were extracted from 
four studies34–37 on open colorectal surgery and nine 
studies38–46 on a combination of both open and minimally 
invasive surgery (MIS). Of these 13 studies, seven studies 
utilized information from multiple hospitals while six studies 
were single-institution studies. Use of non-barbed PDS Plus 
suture, a triclosan-coated conventional suture, was mentioned 
in two studies.44,45 Incidence proportions of SSI within 30 
days post operation in the present study is 6.0% which falls 
within the range of 5.4% to 18.2% for open colorectal surgery 
and from 4.3% to 21.5% for combined open and MIS proce
dures, as reported in published literature. Overall, 30-day 
readmission, mean operating room time, and mean hospital 
LOS ranged from 3% to 12.5%, 145 mins to 213 mins, and 
6.8 days to 18.5 days, respectively, all ranges of which include 
the point estimates from the present study.

Discussion
To our knowledge, this is the first study to explore clinical 
and healthcare resource utilization outcomes among patients 
undergoing open colorectal surgery with wound closure 
incorporating the use of SSPP. In a randomized multicenter 
study conducted by Ruiz-Tovar and colleagues, the use of 
SSPP in emergent abdominal surgery – including clean- 
contaminated, contaminated, and dirty wounds– had shown 
significantly lower incisional SSI rates than traditional 
sutures with and without triclosan-coating (6.4%, 8.9% and 
23.4%, respectively).10 Our study in open colorectal surgery 
similarly found the 30-day SSI rate with wound closure 
incorporating the use of SSPP to be 6.0%.

Although the present observational study’s results are 
in line with those of the randomized study conducted by 
Ruiz-Tovar and colleagues, it adds uniquely to the under
standing of the use of SSPP in open colorectal surgery. 

Table 5 Comparison of Clinical Outcomes Among Published Studies on Open Colorectal Surgery

Author Study 
Period

Source of 
Data 

(Single vs 
Multiple 

Hospitals)

Suture 
Used

SSI 30-Day 
Readmission

OR Time LOS

n (%) n (%) Mean 
(SD)

Mean (SD)

Open Procedures

This study (N = 593) 2015–2019 Multiple SSPPa 35 (6.0) 68 (11.7) 190.5 
(64.4)

8.1 (11.9)

Napolitano, 202035 (N = 185) 2008–2018 Multiple Unknown 10 (5.4) – – 18.5 (32.3)

Maruyama, 202034 (N = 548) 2015–2016 Multiple Unknown 91 (16.6)c – – –
Huh, 201936 (N = 1229) 2009–2011 Single Unknown 224 (18.2)c – – –

Esemuede, 201537 (N = 
18,189)

2011 Multiple Unknown 2889 (15.9) 2268 (12.5) 172.4 
(104.2)

9.7 (8.9)

Open + MIS Procedures

Hajirawala, 202038 (N = 295) 2015–2017 Single Unknown 48 (16.3) – 147.2 (1.7) –

de Paula, 202039 (N = 1885) 2015–2016 Multiple Unknown 116 (6.2)c 183 (9.7) – –
Kethman, 201940 (N = 849) 2011–2016 Single Unknown 100 (11.8) 25 (3) 170 (108) 6.8 (6.5)

Rudder, 201941 (N = 1508) 2007–2016 Single Unknown 221 (14.6) – – 6.8 (7.9)

Martin, 201842 (N = 1263) 2012–2017 Single Unknown 271 (21.5)c – 190 (100) –
Kamboj, 201843 (N = 5893) 2011–2013 Multiple Unknown 652 (11.0)c – 195.1 

(118.6)

–

Yamashita, 201644 (N = 93) 2012–2013 Single PDS Plusb 4 (5.9)c – 197.5 
(115.9)

19.1 (9.6)

Mattavelli, 201545 (N = 140) 2010–2013 Multiple PDS Plusb 18 (12.9)c – 145 

(105–230)d
12.3 (6.5)

Kobayashi, 201546 (N = 620) 2010–2012 Multiple Unknown 54 (8.7)c – 213 

(81–621)d
9 (5–76)d

Notes: aSSPP sutures are triclosan-coated barbed sutures. bPDS Plus sutures are triclosan-coated conventional sutures. cIncidence of SSI was determined within 30 days 
post-colorectal surgery. dData presented as median (Range). 
Abbreviations: LOS, postoperative length of stay; MIS, minimally invasive procedures; OR, operating room; SD, standard deviation; SSI, surgical site infections; SSPP, 
STRATAFIXTM Symmetric PDSTM Plus Knotless Tissue Control Device.
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First, whereas the prior study was conducted within hos
pitals in Spain, the present study reports the first evidence 
on wound complications in open colorectal surgery with 
the use of SSPP within hospitals in the US. Second, 
whereas the prior study included a relatively small number 
of patients with SSPP (N=47), the present study was 
larger, including 593 patients. Finally, whereas the prior 
study enrolled only patients undergoing emergent surgery, 
the present study included both elective and non-elective 
surgery, reflecting a broader population to which the 
results may apply.

Notably, patients in the non-elective group experienced 
longer operating room time (median 195 minutes vs 180 
minutes), hospital length of stay (median 11 days versus 3 
days), greater total hospital costs (median $35,442 vs 
$19,415), and higher rates of inpatient readmission at 30 
days (17.2% vs 8.8%) and beyond, as compared with those 
in the elective admission group. In the descriptive analysis, 
patients in the non-elective group also experienced slightly 
higher incidence proportions of SSI (6.8% vs 5.6%) and 
overall wound complications (8.9% vs 6.1%) as compared 
with those in the elective admission group. Consistent with 
the worse unadjusted outcomes of patients in the non- 
elective admission group, these patients were also older 
and had higher prevalence rates of several important 
comorbidities (Table 1).

However, despite such substantial baseline and out
come differences, multivariable analyses yielded adjusted 
incidence proportion of SSI and overall wound complica
tions that were slightly lower in the non-elective admission 
group as compared with the elective admission group, with 
the difference being statistically insignificant between the 
groups. These findings are consistent with the hypothesis 
that SSPP may have attenuated the increased risk of 
wound complications that is typically associated with non- 
elective surgery. Because it would be infeasible and 
unethical to conduct a randomized controlled trial with 
the assignment of patients to elective versus non-elective 
colorectal surgery, additional observational studies would 
be useful to corroborate this aspect of the present study’s 
findings. If conducted prospectively, such studies could 
also further explore the role of additional considerations 
of the wound closure with respect to the layer at which 
different sutures and other closure technologies (eg, sta
ples, topical skin adhesives) are used.

Since the primary aim of this single-arm study 
involved no comparators, findings for select clinical and 
healthcare resource utilization outcomes were compared 

with published studies on open and MIS colorectal sur
gery. The incidence of SSIs in the present study (6.0%) fell 
within the range of published studies (4.3–21.5%). Cross- 
study differences in the study periods, patient populations, 
and methods of SSI ascertainment likely accounted for the 
wide range of estimates. For example, the study published 
by Maruyama et al (2020) consisted of high-risk patients 
with benign diseases34 while 62% of the patients in 
Esemuede study (2015) had an American Society of 
Anesthesiologists (ASA) physical score of 3 or greater,37 

both of which are associated with poorer outcomes and 
higher incidences of SSI. In addition, the incidence of SSI 
in this study (6.0%) was similar or lower than those 
reported with the use of PDS Plus sutures 
(6.0–12.9%).44,45 Although both SSPP and PDS Plus 
sutures are coated with triclosan, the barbed nature of 
SSPP may provide a more watertight closure and thus 
reduce the risk of contaminants. In addition, SSPP elim
inates the need for tying knots along the wound closure 
compared to non-barbed sutures which can either be 
knotted loose or tightened too much, leading to insufficient 
wound healing.10 The knotless feature of SSPP allows for 
faster procedures, thereby minimizing wound exposure to 
infectious agents, and homogenous healing of the 
wounds.10

This is also the first study to report economic outcomes 
associated with SSPP use in open colorectal surgery. Mean 
total hospital cost was $31,693, with mean room and board 
cost and mean operating room cost accounting for approxi
mately 31% and 30% of total cost, respectively. However, 
there is a lack of data to which the present study’s findings 
can be compared in terms of economic outcomes during 
the study’s more recent timeframe extending into 
September 2019.

Surgical site infections after colorectal surgery have 
been associated with a substantial economic and health
care resource use burden. For example, Ammann and 
colleagues reported that among 9738 patients undergoing 
low anterior resection (LAR) in the US from 2010 to 2015, 
those who experienced surgical site infection had 7.3–7.7 
days longer hospital length of stay for the LAR procedure, 
6.2–15.0% higher absolute incremental risk of discharge to 
institutional post-acute care, 10.6–16.4% higher absolute 
incremental risk of 90-day inpatient readmission, $20,382 
higher costs for the LAR admission from the hospital 
perspective, and $23,934 higher costs for the LAR admis
sion from the payer perspective.47 Leaper and colleagues 
reported that among 107,665 patients undergoing 
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colorectal surgery in the US from 2014 to 2018, 12-month 
costs associated with SSI ranged from $17,551 - $102,280 
for Medicare and from $36,429 - $144,809 for commercial 
payers.48 They also projected that triclosan sutures, such 
as SSPP, could significantly reduce median payer costs by 
$807 - $1170 as compared with traditional sutures, based 
on probabilistic cost analysis. As more data accrue to 
support comparative analysis of SSPP with other sutures 
in open colorectal surgery, future studies should compare 
economic and healthcare resource utilization outcomes 
between these alternatives in the real-world setting.

The present study is subject to limitations. First, 
although this study focused on the use of sutures specifi
cally intended for closure in fascia, the tissue layer or 
anatomy in which the suture was used (eg, anastomosis) 
cannot be ascertained from the database. To address this 
limitation, we specifically selected only patients in whom 
SSPP sizes 0 and 1 were used in order to increase the 
likelihood that SSPP was used in the fascia closure layer. 
The tensile strength of the fascial wound is known to be 
one of the most important aspects of optimal closure, and 
sutures in this layer may experience significant pressure, 
leading to abdominal wound dehiscence due to sutures 
pulling through the fascia.49 Incision through the fascia 
is also a risk factor for deep incisional SSI and organ/space 
SSI.50 Second, other barbed and/or conventional sutures 
and wound closure technologies may have been used dur
ing the procedure which may have influenced the study 
outcomes. Appropriate abdominal superficial skin closure 
is also important for wound healing and may be achieved 
through sutures, skin staples, or topical skin adhesives and 
skin closure systems. Third, large databases that contain 
real-world administrative healthcare data are currently lim
ited with respect to detailed information on medical 
devices. As a result of this data source limitation, we 
may not have captured all open colorectal procedures 
incorporating the use of SSPP during the study period. 
The aforementioned three limitations could be overcome 
in the future through the use of a prospective study design 
with customized case report forms, although the compara
tively higher cost of such a study design would be an 
important logistical consideration. Finally, the study 
results are not generalizable to all the hospitals in the 
US. Despite these limitations, this is the first study to 
report on SSPP use in open elective and non-elective 
colorectal surgery in real-world clinical practice, providing 
a benchmark for the outcomes of SSPP use in elective and 
non-elective surgery.

Conclusion
In this study of 593 patients undergoing open colorectal 
surgery with wound closure incorporating SSPP, 
approximately 7% of patients developed wound compli
cation, irrespective of elective vs non-elective admis
sion. In post hoc analyses, the adjusted rate of wound 
complications was similar between non-elective and 
elective admissions. The rate of wound complications 
observed in the present study falls within the range of 
rates previously reported in the literature, suggesting 
a safe and effective role for SSPP in open colorectal 
surgery. Head-to-head studies are required to determine 
whether any comparative advantages or disadvantages 
exist for SSPP versus other sutures.
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