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Abstract

Introduction Postoperative wound events following ventral hernia repair are an important outcome measure. While efforts
have been made by hernia surgeons to identify and address risk factors for postoperative wound events following VHR, the
definition of these events lacks standardization. Therefore, the purpose of our study was to detail the variability of wound
event definitions in recent ventral hernia literature and to propose standardized definitions for postoperative wound events
following VHR.

Methods The top 50 cited ventral hernia, peer-reviewed publications from 1995 through 2015 were identified using the
search engine Google Scholar. The definition of wound event used and the incidence of postoperative wound events was
recorded for each article. The number of articles that used a standardized definition for surgical site infection (SSI), surgical
site occurrence (SSO), or surgical site occurrence requiring procedural intervention (SSOPI) was also identified.

Results Of the 50 papers evaluated, only nine (18%) used a standardized definition for SSI, SSO, or SSOPI. The papers that
used standardized definitions had a smaller variability in the incidence of wound events when compared to one another and
their reported rates were more consistent with recently published ventral hernia repair literature.

Conclusion Postoperative wound events following VHR are intimately associated with patient quality of life and long-term
hernia repair durability. Standardization of the definition of postoperative wound events to include SSI, SSO, and SSOPI
following VHR will improve the ability of hernia surgeons to make evidence-based decisions regarding the management of
ventral hernias.

Keywords Morbidity - Surgical site infection - Surgical site occurrence - Surgical site occurrence requiring procedural
intervention - Ventral hernia repair - Wound event

Introduction

Over 350,000 ventral hernias are repaired annually in the
United States [1-3]. Historically, the two most important
outcome measures following ventral hernia repair (VHR)
are the incidence of postoperative wound events and long-
term hernia recurrence [2]. Interestingly, the rate of wound
events following VHR varies significantly in the literature,
ranging anywhere from 4 to 23% and is higher than the 2%

P4 1. N. Haskins
ihaskins @gwu.edu

M. J. Rosen
rosenm@ccf.org

Department of General Surgery, Comprehensive Hernia
Center, The Cleveland Clinic Foundation, Cleveland, OH,
USA

Department of Surgery, The Vanderbilt Hernia Center,
Vanderbilt University Medical Center, Nashville, TN, USA

Department of General Surgery, Cleveland Clinic
Comprehensive Hernia Center, The Cleveland Clinic, 9500
Euclid Avenue, A100, Cleveland, OH 44195, USA

wound event rate following other clean procedures [2, 4-6].
This variability in the incidence of wound events following
VHR is likely related to the heterogeneity of the underlying
disease process and surgical techniques available for repair.
Wound events following VHR are intimately associated with
an increased risk of ventral hernia recurrence [2, 4, 7]. In
fact, in a randomized controlled trial by Luijendijk et al.,
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they found that patients who experienced a postoperative
wound event had a greater than 80% risk of experiencing a
ventral hernia recurrence [8].

In addition to an increased risk of ventral hernia recur-
rence, postoperative wound events following VHR nega-
tively impact patient quality of life and are associated with
a significant financial burden due to the need for long-term
antibiotics, serial debridements, mesh removal, and repair of
hernia recurrences [9, 10]. For example, in a recent study by
Cox et al., they found that postoperative wound events fol-
lowing VHR were associated with an additional $16,000 of
inpatient hospital costs [9]. Furthermore, in another study by
Colavita et al., they found that postoperative wound events
are associated with an additional $63,000 in healthcare costs
over the first postoperative year compared to $1000 for rou-
tine follow-up care following VHR in the absence postopera-
tive wound events [10].

As demonstrated above, there is a high variability among
current ventral hernia literature regarding the true rate of
postoperative wound events. Similar to surgical approaches
to ventral hernia repair, the definition of a postoperative
wound event following ventral hernia repair lacks stand-
ardization [1, 3, 11]. Nevertheless, because postoperative
wound events following VHR have a significant impact on
patient quality of life, hernia repair durability, and on the
healthcare economy, it is imperative that hernia surgeons use
the same terminology when discussing these events. There-
fore, the purpose of this study is to detail the variability of
wound event definitions among recent ventral hernia repair
literature and to propose standardized definitions of report-
ing wound events following VHR.

Methods

Following Institutional Review Board (IRB) exemption,
the top 50 cited ventral hernia repair peer-reviewed pub-
lications from 1995 through 2015 were identified using
the Google Scholar search engine using the terms “ventral
hernia repair” and “wound event.” Google Scholar is a free
website that allows consumers to gauge the visibility and
influence of published articles by providing them with the
number of other articles that have referenced the specific
article searched, a feature that is not available on other com-
monly used search engines [12]. We chose to use only one
search engine as it provided a comprehensive approach for
all of the fields we were analyzing, including the year of
publication and the number of citations. For each article
identified, the definition of wound event used in the paper
and the reported wound event incidence was recorded. The
definition of wound events was divided into three main
categories including: (1) the standardized definitions (SD)
group, which included any paper that used the definitions
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put forth by the Centers for Disease Control and Preven-
tion (CDC), the Ventral Hernia Working Group (VHWG),
the American College of Surgeons National Surgery Qual-
ity Improvement Program (ACS-NSQIP) database, or the
Clavien-Dindo Classification System, (2) the study-specific
definitions (SS) group, which included any paper that used
its own definition for postoperative wound events, and (3)
the no definition (ND) group, which either listed wound
event terms, such as cellulitis, hematoma, and seroma, or
did not define what was considered a postoperative wound
event. In addition to the wound event definitions used in
each paper, the number of papers that went on to report the
number of wound events that required any procedural inter-
vention and the type of intervention was also recorded.

The standardized definition for SSI as defined by the
Centers for Disease Control and Prevention (CDC) is an
infection that occurs in the part of the body where the sur-
gery took place and includes superficial, deep, and organ
space SSIs [13, 14]. The standardized definition for SSO as
defined by the VHWG includes any SSI as well as wound
cellulitis, non-healing incisional wound, fascial disruption,
skin or soft tissue ischemia, skin or soft tissue necrosis,
wound serous or purulent drainage, stitch abscess, seroma,
hematoma, infected or exposed mesh, or development of an
enterocutaneous fistula [1, 15]. The ACS-NSQIP database
uses the CDC definition of SSI and also further categorizes
these events into superficial, deep, and organ space SSIs
[16]. The Clavien—Dindo Classification System divides post-
operative events into five grades [17]. Grade I is any devia-
tion from the expected postoperative course, Grade II is any
deviation that requires medical treatment, Grade III is any
deviation that requires a procedural intervention, Grade IV is
a life-threatening complication such as single or multi-organ
failure which requires treatment in the Intensive Care Unit,
and Grade V is postoperative mortality [17].

Results

Of the top 50 cited articles reporting wound events follow-
ing VHR within Google Scholar, the most cited article had
1430 citations while the least cited article had 51 citations
(Table 1). The incidence of wound events among the articles
ranged from 0.7 to 63.3%. Nine (18%) papers used at least
one of the standardized definitions, 14 (28%) used study-
specific definitions or generic wound event terms, and 27
(54%) papers listed wound event types but did not include a
definition for postoperative wound events.

Of the nine papers in the standardized definitions group,
one used the standardized SSI definition, two used the
standardized definitions for both SSI and SSO, three used
the standardized ACS-NSQIP definitions, two used the
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Table 1 Top 50 cited ventral hernia repair articles and wound event definition classification

Article Number of  Wound event
citations definition
classification

1. Luijendijk RW, Hop WC, can den Tol MP, et al. A Comparison of Suture Reapir with Mesh Repair for Inci- 1430 SS
sional Hernia. N Engl J Med. 2000; 343.6: 392-398

2. Burger JW, Luijendijk RW, Hop WC, et al. Long-Term Follow-Up of a Randomized Controlled Trial of Suture 1019 SS
versus Mesh Repair of Incisional Hernia. Ann Surg. 2004; 240.4: 578-583

3. Leber GE, Garb JL, Alexander Al, et al. Long-Term Complications Associated with Prosthetic Repair of Inci- 929 ND
sional Hernias. Arch Surg. 1998; 133.4: 378-382

4. Heniford BT, Park A, Ramshaw BJ, et al. Laparoscopic Repair of Ventral Hernias: Nine Years’ Experience with 711 ND
850 Consecutive Hernias. Ann Surg. 2003; 283.3: 391-399

5. Cassar K and Munro A. Surgical Treatment of Incisional Hernia. Br J Surg. 2002; 89.5: 534-545 522 ND

6. Heniford BT, Park A, Ramshaw BJ, et al. Laparoscopic Ventral and Incisional Hernia Repair in 407 Patients. J 468 ND
Am Coll Surg. 2000; 190.6: 645-650

7. Sugerman HJ, Kellum JM, Reines HD, et al. Greater Risk of Incisional Hernia with Morbidly Obese than 456 SS

Steroid-Dependent Patients and Low Recurrence with Prefascial Polypropylene Mesh. Am J Surg. 1996; 171.1:
80-84

8. Park A, Birch DW, Lovrics P. Laparoscopic and Open Incisional Hernia Repair: A Comparison Study. Surgery. 399 ND
1998; 124.4: 816-821

9. Carbajo MA, Martin del Olmo JC, Blanco JI, et al. Laparoscopic Treatment vs Open Surgery in the Solution of 393 ND
Major Incisional and Abdominal Wall Hernias with Mesh. Surg Endosc. 1999; 13.3: 250-252

10. Ramshaw BJ, Esartia P, Schwab J, et al. Comparison of Laparoscopic and Open Ventral Herniorrhaphy. Am 317 SS
Surg. 1999; 65.9: 827-831

11. White TJ, Santos MC, Thompson JS. Factors Affecting Wound Complications in Repair of Ventral Hernias. 301 SS
Am Surg. 1998; 64.3: 276-280

12. Buinewicz B and Rosen B. Acellular Cadaveric Dermis (AlloDerm): A New Alternative for Abdominal Hernia 289 ND
Repair. Ann Plast Surg. 2004; 52.2: 188-194

13. Korenkov M, Sauerland S, Arndt M, et al. Randomized Clinical Trial of Suture Repair, Poylpropylene Mesh, 270 SS
or Autodermal Hernioplasty for Incisional Hernia. Br J Surg. 2002; 89.1: 50-56

14. DeMaria EJ, Moss JM, Sugerman HJ. Laparoscopic Intraperitoneal Polytetrafluorethylene (PTFE) Prosthetic 254 ND

Patch Repair of Ventral Hernia. Prospective Comparison to Open Prefascial Polypropylene Mesh Repair. Surg
Endosc. 2000; 14.4: 326-329

15. Franklin ME, Gonzalez JJ, Glass JL, et al. Laparoscopic Ventral and Incisional Hernia Repair: An 11-Year 233 SS
Experience. Hernia. 2004; 8.1: 23-27

16. Forbes SS, Eskicioglu C, McLead RS, et al. Meta-Analysis of Randomized Controlled Trials Comparing Open 228 SS
and Laparoscopic Ventral and Incisional Hernia Repair with Mesh. Br J Surg. 2009; 96.8: 851-858

17. McGreevy JM, Goodney PP, Birkmeyer CM, et al. A Prospective Study Comparing the Complication Rates 215 ND
Between Laparoscopic and Open Ventral Hernia Repairs. Surg Endosc. 2003; 17.11: 1778-1180

18. Burger JW, Halm JA, Wijmuller AR, et al. Evaluation of New Prosthetic Meshes for Ventral Hernia Repair. 207 SS
Surg Endosc. 2006; 1320-1325.

19. Lomanto D, Iyer SG, Shabbir A, et al. Laparoscopic versus Open Ventral Hernia Mesh Repair: A Prospective 206 ND
Study. Surg Endosc. 2006; 20.7: 1030-1035

20. Berger D, Bientzle M, Muller A. Postoperative Complications after Laparoscopic Incisional Hernia Repair. 198 ND
Surg Endosc. 2002; 16.12: 1720-1723

21. Pierce RA, Spitler JA, Frisella MM, et al. Pooled Data Analysis of Laparoscopic vs. Open Ventral Hernia 194 ND
Repair: 14 Years of Patient Data Accrual. Surg Endosc. 2007; 21.3: 378-386

22. Franklin ME, Gonzalez JJ, Glass JL. Use of Porcine Small Intestinal Submucosa as a Prosthetic Device for 185 ND
Laparoscopic Repair of Hernias in Contaminated Fields: 2-Year Follow-Up. Hernia. 2004; 8.3: 186—189

23. Helton WS, Fiscichella PM, Berger R, et al. Short-Term Outcomes with Small Intestinal Submucosa for Ven- 184 SS
tral Abdominal Hernia. Arch Surg. 2005; 140.6: 549-560

24. Olmi S, Scaini A, Cesana GC, et al. Laparoscopic versus Open Incisional Hernia Repair: An Open Rand- 174 ND
omized Controlled Study. Surg Endosc. 2007; 21.4: 555-559

25. Kim H, Bruen K, Vargo D. Acellular Dermal Matrix in the Management of High-Risk Abdominal Wall 167 SD
Defects. Am J Surg. 2006; 192.6: 705-709

26. Finan KR, Vick CC, Kiefe CI, et al. Predictors of Wound Infection in Ventral Hernia Repair. Am J Surg. 2005; 160 SD

190.5: 676681
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Table 1 (continued)

Article Number of Wound event
citations definition
classification

27. Itani KM, Hur K, Kim LT, et al. Comparisons of Laparoscopic and Open Repair with Mesh for the Treatment 155 SD
of Ventral Incisional Hernia: A Randomized Trial. Arch Surg. 2010; 145.4: 322-328

28. Petersen H, Henke G, Freitag M, et al. Deep Prosthesis Infection in Incisional Hernia Repair: Predictive Fac- 154 SS
tors and Clinical Outcome. Eur J Surg. 2001; 167.6: 453457

29. Perrone JM, Soper NJ, Eagon JC, et al. Perioperative Outcomes and Complications of Laparoscopic Ventral 153 SD
Hernia Repair. Surgery. 2005; 138.4: 708-715

30. Candage R, Jones K, Luchette FA, et al. Use of Human Acellular Dermal Matric for Hernia Repair: Friend or 152 ND
Foe? Surgery. 2008; 144.4: 703-709

31. Robinson TN, Clarke JH, Schoen J, et al. Major Mesh-Related Complications Following Hernia Repair: Events 151 ND
Reported to the Food and Drug Administration. Surg Endosc. 2005; 19.12: 15561560

32. Kelly ME and Behrman SW. The Safety and Efficacy of Prosthetic Hernia Repair in Clean-Contaminated and 135 ND
Contaminated Wounds. Am Surg. 2002; 68.6: 524-528

33. Barbaros U, Asoglu O, Seven R, et al. The Comparison of Laparoscopic and Open Ventral Hernia Repairs: A 129 ND
Prospective Randomized Study. Hernia. 2007; 11.1: 51-56

34. LeBlanc KA, Booth WV, Whitaker JM, et al. Laparoscopic Incisional and Ventral Herniorraphy: Our Initial 115 ND
100 Patients. Hernia. 2001; 5.1: 41-45

35. Igbal CW, Pham TM, Joseph A, et al. Long-Term Outcome of 254 Complex Incisional Hernia Repairs using 112 ND
the Modified Rives-Stoppa Technique. World J Surg. 2007; 31.12: 2398-2404

36. Itani KM, Rosen M, Vargo D, et al. Prospective Study of Single-Stage Repair of Contaminated Hernias usinga 107 ND
Biologic Porcine Tissue Matrix: The RICH Study. Surgery. 2012; 152.3: 498-505

37. Eid GM, Prince JM, Mattar SG, et al. Medium-Term Follow-Up Confirms the Safety and Durability of Laparo- 107 ND
scopic Ventral Hernia Repair with PTFE. Surgery. 2003; 134.4: 599-603

38. Israelsson LA, Smedberg S, Montgomery A, et al. Incisional Hernia Repair in Sweden in 2002. Hernia. 2006; 97 ND
10.3: 258-261

39. Robbins SB, Pofahl WE, Gonzalez RP. Laparoscopic Ventral Hernia Repair Reduces Wound Complications. 94 SS
Am Surg. 2001; 67.9: 896-900

40. Rios A, Rodriguez JM, Munitz V, et al. Antibiotic Prophylaxis in Incisional Hernia Repair using a Prosthesis. 93 SS
Hernia. 2001; 5.3: 148-152

41. Bower CE, Reade CC, Kirby LW, et al. Complications of Laparoscopic Incisional-Ventral Hernia Repair: The 88 ND
Experience of a Single Institution. Surg Endosc. 2004; 18.4: 627-675

42. Courtney CA, Lee AC, Wilson C, et al. Ventral Hernia Repair: A Study of Current Practice. Hernia. 2003; 7.1: 87 ND
44-46

43. Choi 1], Palaniappa NC, Dallas KB, et al. Use of Mesh During Ventral Hernia Repair in Clean-Contaminated 86 SD
and Contaminated Cases: Outcomes of 33,832 Cases. Ann Surg. 2012; 255.1: 176-180

44. Stretmitzer S, Bachleitner-Hoffman T, Gradl B, et al. Mesh Graft Infection following Abdominal Hernia 74 SD

Repair: Risk Factor Evaluation and Strategies of Mesh Graft Preservation. A Retrospective Analysis of 476
Operations. World J Surg. 2010; 34.7: 1702-1709
45. Moore M, Bax T, MacFarlane M, et al. Outcomes of Fascial Component Separation Technique with Synthetic 64 ND

Mesh Reinforcement for Repair of Complex Ventral Incisional Hernias in the Morbidly Obese. Am J Surg. 2008;
195.5: 575-579

46. Mason RJ, Maozzez A, Sohn HJ, et al. Laparoscopic versus Open Anterior Abdominal Wall Hernia Repair: 64 SD
30-Day Morbidity and Mortality using the ACS-NSQIP Database. Ann Surg. 2011; 254.4: 641-652

47. Berger RL, Li LT, Hicks SC, et al. Development and Validation of a Risk-Stratification Score for Surgical Site 57 SD
Occurrence and Surgical Site Infection after Open Ventral Hernia Repair. J Am Coll Surg. 2013; 217.6: 974-982

48. Rosen MIJ. Polyester-Based Mesh for Ventral Hernia Repair: Is It Safe? Am J Surg. 22200009; 197.3: 353-359 54 SS

49. Rogmark P, Pertersson U, Bringman S, et al. Short-Term Outcomes for Open and Laparoscopic Midline Inci- 51 SD

sional Hernia Repair: A Randomized Multicenter Controlled Trial: the ProLOVE (Prospective Randomized Trial
of Open versus Laparoscopic Operation of Ventral Eventrations) Trial. Ann Surg. 2013; 258.1: 37-45

50. Carbonell AM, Kercher KW, Matthews DB, et al. The Laparoscopic Repair of Suprapubic Ventral Hernias. 50 ND
Surg Endosc. 2005; 19.2: 174-177

SS study-specific definition, ND no definition, SD standardized definition
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Clavien-Dindo Classification System, and one used both the
ACS-NSQIP and Clavien-Dindo Classification System. Five
(55.6%) of these papers went on to describe the interventions
required for management of the postoperative wound events,
including percutaneous seroma aspiration and mesh debride-
ment. The highest cited article within the group that reported
standardized wound event rates ranked 25th for total cita-
tions among the papers included in this analysis with 167
citations and the least cited article within the standard defini-
tions group ranked 49th among the papers included in this
analysis with 51 citations.

Of the 14 papers that used study-specific definitions
for postoperative wound events, 10 (71.4%) described the
interventions required for management of the reported
postoperative wound events. These articles used defini-
tions such as discharge of pus from the wound up to one
month postoperatively, any infection requiring hospital
readmission or debridement, any event that required reo-
pening of the wound, and drainage of pus, isolation of
bacteria, or clear signs of local inflammation or infection.
Articles in this group ranged from the top cited article
with 1430 citations to the 48th article with 54 citations.

Finally, of the 27 papers that simply listed the type of
postoperative wound event with no definition, 15 (55.6%)
described the interventions required for management
of the reported postoperative wound events. The high-
est cited article within this group ranked 3rd among the
papers included in this analysis with 929 citations and the
least cited article within this group ranked 50th among
the papers included in this analysis with 50 citations.

Discussion

Ventral hernia repair is one of the most commonly per-
formed general surgery operations [2, 10]. Despite the preva-
lence of ventral hernias, there is a lack of standardization
in ventral hernia staging, surgical approach to VHR, and
the reporting of outcomes following VHR [2, 10, 11]. This
lack of standardization limits comparison across articles cur-
rently available in the literature that report outcomes follow-
ing VHR, as demonstrated by our study. Indeed, our findings
demonstrate that 82% of the most cited articles regarding
outcomes following VHR do not use a common language
to define postoperative wound events. Furthermore, only
50% of peer-reviewed, scientific papers included in our
study even defined what a postoperative wound event was.
Interestingly, the papers that did use currently established
standardized definitions were also within the bottom half of
the top cited articles. Finally, the variability in the incidence
of wound events among the included articles ranged from
0.7 to 63.3%, which is significantly higher than the previ-
ously reported 4-23% [1, 3]. This is likely related to the

fact that ventral hernias range from simple to complex and
postoperative wound events following VHR occur along a
spectrum, from minor to life-threatening events, with some
authors reporting all events and some authors only report-
ing the more severe events. Nevertheless, all these findings
support the notion that there is an absence of a common
language among hernia surgeons.

The absence of a common language among hernia sur-
geons has negatively impacted the ability of such surgeons
to make accurate comparisons among findings within the lit-
erature, to have meaningful conversations at scientific meet-
ings, and can negatively impact surgeon and hospital quality
measures [10, 18, 19]. While the findings within each of the
identified articles may indeed be accurate for the specific
population of interest, the cumulative group of articles has
limited capability to provide hernia surgeons information
regarding the important perioperative considerations that
may impact wound events and leaves the surgeon little abil-
ity to reasonably quote surgical site outcomes for individual
patients when counseling them on their risks of various her-
nia procedures. Furthermore, postoperative wound events
are a component of hospital and surgeon quality measures
[18, 19]. Without standardized definitions for wound events,
quality improvement with respect to perioperative manage-
ment of these patients and surgeon and hospital performance
will remain nebulous.

The high variability in the incidence of surgical outcomes
is not specific to ventral hernia repair. In fact, in 2005, the
International Study Group of Pancreatic Fistula (ISGPF) was
created in order to standardize the definition and clinical
impact of postoperative pancreatic fistulas with the goal to
facilitate a common language amongst pancreatic surgeons,
within the literature, and at scientific meetings [20, 21].
Since that time, the classification of postoperative pancreatic
fistulas as proposed by the ISGPF has been widely adopted
by pancreatic surgeons. While the incidence of postopera-
tive pancreatic fistula remains variable within the literature,
two important events have occurred as result of the ISGPF
meeting in 2005, including (1) the definitions proposed by
the ISGPF have been validated in several follow-up studies
and (2) the definitions proposed by the ISGPF have recently
been revised to ensure that the stratification of postoperative
pancreatic fistulas identifies clinically relevant fistulas only
as a means to decrease the variability in the incidence in
postoperative pancreatic fistulas [21]. It is our hope that the
definitions for postoperative wound events following ventral
hernia repair proposed within this manuscript will promote a
similar common language and quality improvement process
for these definitions amongst hernia surgeons.

Currently, the CDC definition for SSI, the VHWG defi-
nition for SSO, the definitions within the ACS-NSQIP
database, and the Clavien—Dindo Classification System
have provided some clarity as to the type and severity of

@ Springer



734

Hernia (2018) 22:729-736

postoperative wound events following VHR. Among the
nine articles that used the standardized definitions for post-
operative wound events, the rate of SSI ranged from 0.8 to
6.6% and the rate of SSO ranged from 45 to 56.3% [22-30].
This observation is important for two reasons. First, the
range of variability for each outcome is smaller than that for
the entire cohort of papers included in this analysis, which
may allow for a more clinically meaningful interpretation
of these studies. Second, almost half of the articles used
the ACS-NSQIP database, which uses the CDC definition
for SSI [16]. The ACS-NSQIP database currently includes
885,502 cases from 603 participating institutions and several
publications per years are released from this database [16].
The observation that nearly half of the papers that used the
standardized definitions for postoperative wound events used
the ACS-NSQIP database is reassuring that a call for stand-
ardization of wound events following VHR will not impact
the current practices of large, national datasets.
Twenty-five (50%) of the articles included in this analysis
at least partially describe interventions performed for post-
operative wound events following VHR. The description of
surgical site occurrences requiring procedural intervention
(SSOPI) helps to capture the more clinically significant sur-
gical site occurrences and surgical site infections. In other
words, while the Clavien—Dindo Classification System can
be used to determine the severity of deviation from a routine
postoperative course for all types of surgical procedures,
the term SSOPI is more hernia-specific and can be used

by hernia surgeons to compare the outcomes of different
surgical approaches and prosthetic materials as they relate
to the durability of ventral hernia repairs. This notion is sup-
ported by a recent study by Yamamoto et al. that determined
that significant differences exist between the Clavien—Dindo
Classification System and the CDC definition for SSI, which
had clinical implications on the type and duration of treat-
ment for postoperative wound events following radical cys-
tectomy [31]. Herein, we propose three standardized terms
to define postoperative wound events following VHR: SSI,
SSO, and SSOPI. Surgical site infection is a commonly
accepted definition amongst surgical specialties, which
facilitates easy adoption and interpretation of reported SSI
rates. However, SSI is limited in scope, which is why SSO
and SSOPI are also proposed- SSO to capture all wound
events and SSOPI to identify the clinically relevant surgical
site occurrences. The standardized definitions for postopera-
tive wound event reporting following VHR are proposed as
follows (Table 2):

1. Surgical Site Infection (SSI)—an infection that occurs
in the part of the body where the surgery took place and
is further defined as superficial, deep, and organ space
SSIs [13, 14].

2. Surgical Site Occurrence (SSO)—any SSI as well as
wound cellulitis, non-healing incisional wound, fascial
disruption, skin or soft tissue ischemia, skin or soft tis-
sue necrosis, wound serous drainage, seroma, hema-

Table 2 Definitions and examples of the standardized definitions of postoperative wound events following ventral hernia repair

Surgical site infection

Surgical site occurrence

Procedural interventions

Definition: an infection that occurs in the part of
the body (abdominal wall) where the surgery

took place and is further defined based on below
the compartment involved. Examples include
wound purulent drainage or infected synthetic
or biologic mesh
Examples Examples
Superficial Wound cellulitis
Deep
Organ Fascial disruption

Skin/soft tissue ischemia
Skin/soft tissue necrosis
Wound serous drainage

Definition: includes any surgical site infection
as well as any of the additional examples listed

Non-healing incisional wound

Definition: any surgical site occurrence
that requires a procedural intervention
as described below

Examples
Wound opening
Wound debridement
Suture excision
Percutaneous drainage
Partial mesh removal

Complete mesh removal

Chronic sinus drainage

Localized stab wound infection

Seroma

Hematoma

Exposed biologic mesh

Exposed synthetic mesh

Mucocutaneous anastomotis disruption

Enterocutaneous fistula
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toma, or development of an enterocutaneous fistula [1,
15].

3. Surgical Site Occurrence Requiring Procedural Inter-
vention (SSOPI)—any SSO that requires opening of the
wound, wound debridement, suture excision, percutane-
ous drainage, or partial or complete mesh removal [15].

To clarify, any SSI should be included in the total
count for surgical site occurrences. However, an SSI or
SSO should only be included in the total count for surgi-
cal site occurrences requiring procedural intervention if
the wound event required some procedural intervention.
Following publication of this manuscript, we believe that
additional terms that have been used to describe postop-
erative wounds events following VHR should be replaced
by the three aforementioned definitions.

Despite our results, our study does have some limi-
tations. This study used a search engine to identify the
top 50 cited ventral hernia repair articles. While this site
is commonly used by physicians, it is possible that the
number of citations captured within this site is differ-
ent than other sites that capture the same information,
such as Elsevier’s Scopus. Nevertheless, we believe that
regardless of the search engine used, there would still be
a significant amount of variability amongst the articles
with respect to the definitions and incidence of postopera-
tive wound events. Similarly, our search included only the
terms “ventral hernia repair” and “wound event” which
may have limited our results. However, we felt that these
two terms were the most encompassing of the hernia
repair cases we were trying to identify. Despite this, if
we had used terms such as incisional hernia repair, or
abdominal wall hernia repair it is possible that we would
have obtained alternative studies. Furthermore, while
we attempted to demonstrate consistency amongst arti-
cles that use standardized definitions for SSI, SSO, and
SSOPI, only a small number of articles currently use this
terminology. This may be at least partially explained by
the fact that SSOPI is a relatively new definition. There-
fore, future studies are needed to expand on the clinical
utility of standardized wound event definitions. Finally,
while we propose standardized definitions for reporting
postoperative wound events following VHR, ultimately
the decision to classify a wound event and to intervene
on such an event is surgeon dependent, which cannot be
accounted for by this study.

Conclusion

Postoperative wound events following VHR are intimately
associated with patient quality of life and long-term
durability of the hernia repair. Our study demonstrates a

significant variability among the definition and incidence
of postoperative wound events following ventral hernia
repair within the literature. In order for surgeons to be
able to make evidence-based decisions regarding ventral
hernia management that minimize the risk of postopera-
tive wound events, standardized definitions of SSI, SSO,
and SSOPI must be used within the literature. Therefore,
we recommend that all future papers that discuss the inci-
dence of postoperative wound events following VHR use
the standardized definitions put forth within this article.
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