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Abstract
Background: Elective complex ventral hernia repairs, done using synthetic mesh in patients with comorbidities, can
result in mesh related complications such as hernia recurrence or infection. We studied hernia recurrence and
surgical site occurrences after elective complex repairs in predominately clean cases using biologic mesh and
examined the impact of several comorbidities.
Methods: A retrospective chart review was completed on patients who underwent elective repair with biologic
mesh in clean/clean-contaminated settings between 2012 and 2015 with a minimum of 1-year follow-up. Multiple
comorbid conditions, including diabetes, chronic obstructive pulmonary disease, steroid use, smoking history and
previous hernia repairs were identified. Post-operative complications including recurrence and infections were ruled
out by computed tomography, clinical exam, and/or by telephone survey.
Results: 40 patients were identified. 85% (n = 34) had class 1 wounds. 25% (n = 10) experienced a hernia
recurrence. 10% (n = 4) of patients developed postoperative infection, none required mesh explantation or reoperation. No statistically significant association was found between the comorbidities assessed and recurrence/
infection rates.
Conclusions: We present the first study analyzing clinical outcomes of complex ventral hernia repairs using
biologic mesh in predominately clean settings. This study being non-comparative limits definitive conclusions, but
our aim is to add to the growing literature on biologic mesh to help future researchers performing comparative
trials of synthetic versus biologic meshes.
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Background
Over 300,000 ventral hernia repairs are performed annually in the United States [1]. A majority of ventral hernias are repaired using mesh, with synthetic mesh being
the most common choice [2]. Synthetic mesh has been
well demonstrated to significantly reduce the hernia recurrence rate in ventral hernia repairs [3, 4]. However,
synthetic mesh is susceptible to becoming infected in
both clean and contaminated repairs, resulting in the
need for additional procedures to remove the infected
mesh and repair a now larger hernia defect [5, 6]. This
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adds additional costs due to extra procedures and a longer duration of stay in the hospital. The development
and use of biologic mesh has been identified as an alternative to synthetic mesh for reducing infections. Biologic
mesh has been used in contaminated cases to resist infection, thereby reducing the morbidity of post-operative
wound infection and the need for additional procedures,
which may justify the high cost of the mesh itself [6, 7].
In today’s environment, biologic mesh is primarily used
in patients with class 3 (contaminated) and class 4 (dirty)
wounds [7]. Its use in class 1 (clean) and class 2 (cleancontaminated) wounds has not been well studied. Its efficacy has been debated in the recent medical literature,
with some studies finding that biologic mesh is associated with higher recurrence rates than synthetic mesh,
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and others finding similar performance between the two
techniques [7–9].
Patient comorbidities have been reported to contribute
to a higher risk of postoperative infection and complications including higher recurrence rates [10]. A diagnosis
of chronic obstructive pulmonary disease (COPD), diabetes mellitus, and obesity have been shown to leave patients at higher risk to postoperative complications [6,
11]. The association between high body mass index
(BMI) and ventral hernias, as a result of increased stress
on the abdominal wall, has also been well demonstrated
[12]. Further, a history of smoking, prior ventral hernia
repairs, and subsequent infections following repair have
also been shown to contribute to complications [6, 11].
A study by Basta et al. demonstrated that postoperative wound infection was an independent predictor of
hernia recurrence [13]. Therefore, we sought to examine
recurrence and postoperative infection rates in these
high-risk patients who had undergone an elective complex ventral hernia repair in Class 1 and Class 2 wounds
using a biologic mesh. We suggest that certain patients,
at a particularity high risk (obesity, COPD, DM, etc.) of
infectious related complications, might benefit from a
biologic mesh repair outside of the traditional contaminated setting biologics are used in. Our aim is to add to
the growing literature on biologic mesh to aid future researchers performing comparative trials of synthetic versus biologic meshes.

Methods
This is a non-comparative cohort study. Following institutional review board approval (16-678 M; r052530 and
16-842; i051646), we conducted a retrospective chart review and a prospective follow-up telephone call to patients who underwent an elective ventral hernia repair
using a biologic mesh between May 2012 and August
2015. One surgeon at a single institution performed all
the procedures. The datasets generated and analyzed
during the current study are not available due to patient
identifiable information per our institutional review
board.
Inclusion criteria included patients that received acellular porcine dermal matrix (Strattice™; LifeCell Corp.,
Branchburg, N.J.) mesh and were at least 1 year out from
time of data collection. Complex cases were defined as
combined factors related to the patients’ comorbidities,
any history of previous hernia repairs, the size of the defect and the presence of component separation [14]. A
hernia defect was determined by review of the preoperative computed tomography (CT) scan to assess the
width and length of the defect in centimeters, which was
converted to centimeters-squared for data analysis. A
CT scan was used to confirm all recurrences and to determine if the hernia occurred through the original
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defect (true recurrence) or elsewhere in the abdomen
(new recurrence).
The ventral hernia repairs were performed via midline
laparotomy and lysis of adhesions was performed to
clear all the bowel and omental adhesions to the anterior
abdominal wall. An appropriate size mesh, with an overlap of 4 to 5 cm on either side from the fascial edge, was
chosen based on the fascial defect at laparotomy and
was placed in an underlay position. The mesh was anchored to the abdominal wall utilizing multiple transfacial #1 vicryl sutures in an interrupted fashion. An Endo
Close™ needle (Medtronic Solutions, USA) was used to
place transfascial sutures in the lateral abdominal wall,
which negates the need for rising skin flaps to place
transfascial sutures. Midline fascia was assessed and approximated in a tension free manner. An anterior component separation was performed by a perforator
sparing technique as appropriate. No bridge repairs were
performed. An abdominoplasty was performed for multiple reasons: per patient request if BMI is greater than
35, if clinically indicated because of irritation or recurrent infection under the pannus or if the surgeon felt it
would help surgical exposure and decrease tension on
the hernia repair. When an abdominoplasty was performed, the transverse lower abdominal incision was
used to perform anterior component separation. After
incising the external oblique aponeurosis lateral to the
rectus sheath dissection was performed under vision in a
deeper and superficial plane to the aponeurosis in a
cephalad direction. This was facilitated by a lighted narrow retractor and blunt dissection by the suction hand
piece. The aponeurosis was incised sharply with scissors.
Where an abdominoplasty was not performed, anterior
component separation was performed by two separate
incisions (approximately 4 cm in size) in the midclavicular lines at the level of the umbilicus. The technique of external oblique dissection using lighted retractors remained the same. The incisions being midway
between the costal margin and inguinal region helped to
reach the two extremes of the external oblique aponeurosis with ease. This is our preferred technique for external component separation which draws some inspiration
from the perforator sparing technique described by
Clarke where separate inguinal incisions are made and a
balloon dissector is used apart from lighted retractors to
create the fascial planes [15]. However, there is another
perforator sparing anterior component separation technique described by Saulis et al. where subcutaneous tunnels are raised sparing periumbilical rectus abdominus
perforators [16].
Wound class (class 1 or 2 as defined by the Center for
Disease Control surgical wound classification [17]) was
recorded in addition to whether a unilateral/bilateral anterior component separation was performed. Length of

Kanitra et al. BMC Surgery

(2019) 19:174

hospitalization and post-op complications (mortality
[within 2 years of procedure], cardiac, respiratory, and
surgical site occurrence of hematoma, infection and seroma]) were ascertained. Patient demographics (e.g., age,
gender, BMI) were collected as well as diagnosis of
COPD, diabetes mellitus or liver disease. Current steroid
use and smoking status (current, past, never) were also
collected. Patients were considered active smokers if
they were smoking within 1 month of surgery.
We also attempted a prospective telephone call to all
patients to inquire about recurrence and infection rates.
The telephone survey included questions such as: Do
you feel a bulge at your hernia repair site, do you think
your hernia has come back, etc.? If a patient expressed
any concerns about possible recurrence, a follow-up appointment with the surgeon was offered at no charge.
The total follow-up time was calculated based on the
date of the telephone call, last clinic visit, or the last documented CT scan, whichever was most recent.
Nominal data were analyzed using either Fisher’s Exact
test. Continuous data were analyzed using a two-tailed
independent samples t-test. A p-value of less than 0.05
was considered statistically significant.
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Table 1 Patient demographics and comorbidities
Total patients

n = 40

Variable

Mean ± SD or Frequency (%)

Gender
Male

10 (25.0%)

Female

30 (75.0%)

Age

56.7 ± 13.3

Obesity
BMI (kg/m2)

33.6 ± 8.4

Not obese (BMI ≤ 30)

15 (37.5%)

Obese (BMI > 30)

25 (62.5%)

Follow-up time (years)

2.7 ± 0.9

Smoking status
Current Smoker

11 (27.5%)

Past Smoker

14 (35.0%)

Never Smoker

15 (37.5%)

Comorbidities
COPD

5 (12.5%)

Diabetes

7 (17.5%)

Liver Disease

3 (7.5%)

Medical history

Results
A total of 49 patients were identified. Seven patients
were eliminated due to less than 1 year of follow-up
time. An additional two patients were eliminated for
other reasons; one patient underwent hernia repair as an
emergent procedure and one received a laparotomy for a
tumor resection by a second surgeon, requiring an incision through the mesh. Forty patients undergoing an
elective complex ventral hernia repair using a biologic
mesh were therefore reviewed; 75% were female, 63%
were obese (BMI > 30) and 48% were repaired for a recurrent hernia. Additional patient demographics and comorbidities can be found in Table 1.
The average total follow-up was 2.7 years. Twentyseven patients (67.5%) were available for the telephone
survey. Average follow-up time based on clinical examination or CT scan was 1.3 years.
Results of intra-operative findings and types of postoperative complications are found in Table 2. The majority
of patients (85%) were categorized as having Class 1
wounds. Overall, 48% (n = 19) of the patients developed
a postoperative complication. 53% of the complications
(n = 10) were respiratory complications including atelectasis and pneumonia. Two of these patients were admitted to the intensive care unit (ICU) for respiratory
failure; one requiring intubation and was successfully
extubated on postoperative day 5. Postoperative cardiac
events included persistent tachycardia and atrial fibrillation. However, no invasive cardiac interventions were

Previous hernia repair

21

Infection after previous hernia repair

3 (9.1)

Previous mesh removala

1 (3)

Repair type
Initial Incisional Repair

18 (45.0%)
b

Initial Non-Incisional Repair

3 (7.5%)

Recurrent Repair

19 (47.5%)

BMI Body Mass Index, COPD Chronic Obstructive Pulmonary Disease
a
n = 33
b
Spontaneous ventral hernia in an area with no prior operation

needed. There were no mortalities during the postoperative period.
Hernia recurrence, infection occurence and association
between covariates

We identified 10 patients with recurrence of their hernia, all confirmed by CT. Eight patients experienced a
true recurrence and 2 patients experienced a new recurrence. Of the 8 true recurrences, 3 occurred at the ends
of the previous repair while the remaining 5 occurred
through the mesh. Four patients recurred within 1 year,
3 within 2 years, 2 within 3 years, and 1 within 4 years.
Overall recurrence free survival is demonstrated in Fig. 1.
Patients at risk refers to the number of patients at the
start, or at the start of each year, that are at risk for either recurrence or death. The probability of recurrence
free survival is 90.0% at 1 year (95% CI 75.5–96.1%),
81.7% at 2 years (95% CI 65.3–90.9%), 73.9% at 3 years
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Table 2 Operation details and post-operative complications
Variable

N (%) or median (range)

Operation Details
Length of Hospitalization (days)

5 (1–16)

Ant. Component Separation

20 (50.0%)

Abdominoplasty

10 (25.0%)

Wound classification
Class 1

34 (85.0%)

Class 2

6 (15.0%)

Size of Defect (cm2)a

100 (17–426)

With component separation

137.3 (22.8–425.6)

Without component Separation

74.4 (16.7–216.5)

2a

Size of Mesh (cm )

320 (80–800)

(95% CI 55.1–85.8%), and 65.2% at 4 years (95% CI
40.5–81.7%).
Four post-operative infections were identified, 2 patients required CT guided aspiration of the fluid abutting
the mesh and 2 patients developed superficial surgical
site infections. All were treated with antibiotics and none
required mesh explantation. Neither patient who underwent CT guided aspiration of the fluid developed a hernia recurrence. The association of the comorbidities
with the infection and recurrence rates is demonstrated
in Table 3. Patients with previous ventral hernia repairs
showed a statistically significant increase in recurrence
rate (p = 0.009). Each recurrences and all postoperative
infections occurred in patients with a BMI greater than
30, although this did not reach statistical significance.

Post-Op Complications
Perioperative Mortality

0 (0.0%)

Cardiac

5 (12.5%)

Respiratory

10 (25.0%)

Hematoma

0 (0.0%)

Infection

4 (10.0%)

Seroma

0 (0.0%)

n = 38

a

Discussion
There is a range of conflicting evidence in the recent literature regarding the efficacy of biologic mesh for hernia
repair. Biologic mesh has been reported to have higher
recurrence rates in comparison to synthetic mesh, poor
incorporation into native tissue, high initial costs, and
has not been routinely used in uncontaminated cases [7,
8]. However, the outcomes associated with biologic
mesh repair appear to vary greatly depending on patient
and operative factors, and particularly on wound classification. For example, Rosen et al. demonstrated a greater

Fig. 1 Kaplan-Meier Curve for overall recurrence [with 95% confidence interval (CI)]
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Table 3 Association between covariates and recurrence or infection
Variable

P-Value

Recurrence
N = 10 (25.0%)

Gender

.999

0.556

Male

2 (20.0%)

0 (0.0%)

Female

8 (26.7%)

4 (13.3%)

Body Mass Index

0.060

BMI ≤ 30

1 (6.7%)

BMI > 30

9 (36.0%)

0.278
0 (0.0%)
4 (16.0%)

COPD

0.306

0.999

Yes

0 (0.0%)

0 (0.0%)

No

10 (28.6%)

4 (11.4%)

Smoking History
Never Smoked

P-Value

Infection
N = 4 (10.0%)

0.591
3 (20.0%)

0.659
1 (6.7%)

Current Smoker

2 (18.2%)

2 (18.2%)

Past Smoker

5 (35.7%)

1 (7.1%)

Diabetes

0.338

Yes

3 (42.9%)

No

7 (21.2%)

0.134
2 (28.6%)
2 (6.1%)

Previous Hernia

0.009

0.607

Yes

9 (42.9%)

3 (14.3%)

No

1 (5.3%)

3 (15.8%)

Wound Class

0.999

Class 1

9 (26.5%)

Class 2

1 (16.7%)

0.493
3 (8.8%)
1 (16.7%)

Size of Hernia, mean (range)

0.982
2

0.577
2

Recurrence

97 (23–216 cm )

60 (18–305 cm )

No Recurrence

100 (17–426 cm2)

103 (17–426 cm2)

than 50% recurrence rate by 3 years using biologic mesh
in a study at a tertiary referral center involving complex
ventral hernia repairs in wound class II, III and IV [8].
These outcomes were deemed to compare poorly with
synthetic mesh. Conversely, a 2013 meta-analysis by
Darehzereshki et al. found no difference in the recurrence rate between patients with class I and II wounds
receiving biologic and synthetic mesh (18.6 and 17.5%,
respectively) [18]. Reflecting this range of findings, a
2016 systematic review showed a recurrence rate ranging
from 0 to 80% using biologic mesh, leading the authors
to conclude that there was insufficient evidence to justify
the use of biologic mesh [19].
We found two recent studies using synthetic mesh
with similar study characteristics to ours: elective open
repairs, underlay mesh position and follow-up time [3,
20]. Identifying further studies were difficult as most
utilizing the underlay mesh position were performed laparoscopically. When weighing for sample size, the combination of these studies showed a hernia recurrence
rate of 19.4% (n = 165) with an average follow-up of 2.3

years. This is not statistically different as compared to
our recurrence rate of 25% with an average follow-up of
2.7 years (p = 0.422). Although this 5% difference may be
clinically significant, a larger study size may mitigate this
difference. It is also important to consider that our true
recurrence rate is 20%. This demonstrates a comparable
recurrence rate between synthetic and biologic mesh implanted under similar circumstances.
To our knowledge, this is the first study analyzing biologic mesh in complex abdominal wall reconstruction
predominately in clean cases. Our findings regarding recurrence in this sample are consistent with metaanalytic results involving class I and II wounds, but
showed a considerably lower rate of recurrence in comparison with Rosen et al.’s cohort of more complex and
contaminated wounds [8, 18]. Additionally, the mean
hernia defect size in that study was 431 cm2 (measured
intra-operatively), compared to our 100 cm2 (measured
using pre-operative CT scans).
Regarding infection, biologic mesh is known to resist
infection by re-vascularization and cellular invasion of
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the mesh’s extracellular matrix [21]. This is important as
infections double the chance of a hernia recurrence and
quadruple the chance of having a re-operation [22]. Darehzereshki et al. demonstrated decreased infectionrelated complications when using biologic mesh as compared to synthetic mesh [18]. The incidence of infection
was 10.9% with biologic mesh compared to 36.5% with
synthetic mesh [18]. In our cohort, we demonstrated a
similar 10% infection rate.
Comparing our infection rate to the two prior studies
that used synthetic mesh under similar study characteristics discussed earlier, we demonstrated a lower infectious complication rate. In one of these studies, mesh
infection (16%) contributed to 33% of their hernia recurrences by necessitating mesh explantation [20]. Although
the other study only demonstrated a 4% infection rate,
their average BMI was 26 and a median hernia size was
a mere 24 cm2 [3]. Importantly, all the infectious complications in our study occurred in patients with BMI
greater than 30.
Our cohort differs from these previous studies in that
only a single type of biologic mesh was used for all patients. We specifically used Strattice (LifeCell Corp.,
Branchburg, N.J.), an acellular porcine dermal matrix
mesh, because of its increased tensile strength as compared to other biologic meshes. The use of Strattice is
most appropriate when strength takes precedence over
rapid vascularization, such as in abdominal wall repairs
[23]. Compared to other biologic meshes, Strattice has
been shown to have the lowest hernia recurrence rate
[9]. Strattice mesh was also used based on the institution’s availability. Differences in recurrence and infection
rates between Strattice and other biologic meshes have
not been clearly established, making direct comparisons
with previous studies involving mixed groups of biologic
meshes (including Rosen et al. and Darehzereshki et al.)
difficult.
Overall, outcomes in this cohort demonstrated a reasonably low infection rate and a rate of recurrence that
was not apparently higher than would be expected from
treatment with synthetic mesh. Trends towards higher
recurrence rates among obese patients, as well as the
significant association between previous repair and subsequent recurrence, suggest that further research is warranted to identify subpopulations of patients who may
benefit from the use of biologic mesh. Our patient population may be more reflective of those treated in many
hospital settings, compared with the predominantly large
and complex cases treated in Rosen et al.’s tertiary treatment setting, and may suggest that biologic mesh treatment can be efficacious in similar groups of patients.
The current study is not suggesting to replace synthetic
mesh with biologic mesh as a primary mesh choice, rather that certain patients at a particularly high risk
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(obese, smoking, diabetes, etc.) of infectious related
complications might benefit from a biologic mesh repair
used outside the traditional contaminated setting biologics are used in. More research in similar settings is
needed to evaluate these suggestions.
The largest limitations of this study are its noncomparative nature limiting us in drawing definitive
conclusions. Since this is the first study assessing Strattice in predominately clean cases, our main goal was to
present our outcomes. Comparative trials are needed to
assess the clinical outcomes of biologic mesh versus synthetic mesh in clean settings and to perform a costbenefit analysis. Despite our follow-up of 2.7 years, it
could be argued that the patients’ whose follow-ups were
calculated based on the telephone survey may have had
a small asymptomatic hernia that would have been
picked up by CT scan or physical exam. Importantly
however, if patients are asked ‘if they feel or see a bulge’
is 85% specific and 81% sensitive and asking ‘if they
think the hernia has come back’ is 96% sensitive and
50% specific for hernia recurrence [24].

Conclusion
To our knowledge, this is the first study analyzing clinical outcomes of complex ventral hernia repairs using
biologic mesh in predominately clean settings. The noncomparative nature of this study limits us in drawing definitive conclusions. However, the results do suggest that
biologic mesh treatment may be more efficacious in
some patient subpopulations than in others. Our aim is
to add to the growing literature on biologic mesh to help
future researchers performing comparative trials of synthetic versus biologic meshes.
Abbreviations
BMI: Body mass index; COPD: Chronic obstructive pulmonary disease;
CT: Computed tomography; ICU: Intensive care unit
Acknowledgements
Alan T. Davis, PhD, Associate Professor, Department of Surgery, Michigan
State University College of Human Medicine, 1200 E. Michigan Ave, Suite
655, Lansing, MI 48912.
Authors’ contributions
JK made substantial contributions to the conception of the study, acquisition
and interpretation of data and drafted the manuscript. AH made substantial
contributions to the design of the work, acquisition and analysis of the data.
PH made substantial contributions to the conception of the study,
acquisition and interpretation of data and revisions of the manuscript. CA
made substantial contributions to the revisions of the manuscript. SK made
substantial contributions to the conception of the study, acquisition and
interpretation of data and revisions of the manuscript. All authors have read
and approved the manuscript.
Funding
No funding was used for this study.
Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Kanitra et al. BMC Surgery

(2019) 19:174

Ethics approval and consent to participate
Subjects have given their written informed consent and the Michigan State
University institutional review board has approved the study protocol
(i051646).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Surgery, Ascension St John Hospital, 22151 Moross Road,
Suite 212, Detroit, MI 48236, USA. 2Department of Surgery, Michigan State
University College of Human Medicine, 1200 E. Michigan Avenue, Suite 655,
Lansing, MI 48912, USA.
Received: 12 March 2019 Accepted: 31 October 2019

References
1. Poulose BK, Shelton J, Phillips S, et al. Epidemiology and cost of ventral
hernia repair: making the case for hernia research. Hernia. 2012;16(2):179–83.
https://doi.org/10.1007/s10029-011-0879-9 PubMed PMID: 21904861; eng.
2. Kokotovic D, Bisgaard T, Helgstrand F. Long-term recurrence and
complications associated with elective incisional hernia repair. JAMA. 2016;
316(15):1575–82. https://doi.org/10.1001/jama.2016.15217 PubMed PMID:
27750295.
3. Luijendijk RW, Hop WC, van den Tol MP, et al. A comparison of suture repair
with mesh repair for incisional hernia. N Engl J Med. 2000;343(6):392–8.
https://doi.org/10.1056/NEJM200008103430603 PubMed PMID: 10933738.
4. Nguyen MT, Berger RL, Hicks SC, et al. Comparison of outcomes of synthetic
mesh vs suture repair of elective primary ventral herniorrhaphy: a
systematic review and meta-analysis. JAMA Surg. 2014;149(5):415–21.
https://doi.org/10.1001/jamasurg.2013.5014 PubMed PMID: 24554114.
5. Deerenberg EB, Mulder IM, Grotenhuis N, et al. Experimental study on
synthetic and biological mesh implantation in a contaminated environment.
Br J Surg. 2012;99(12):1734–41. https://doi.org/10.1002/bjs.8954 PubMed
PMID: 23132422; eng.
6. Kissane NA, Itani KM. A decade of ventral incisional hernia repairs with
biologic acellular dermal matrix: what have we learned? Plast Reconstr Surg.
2012;130(5 Suppl 2):194S–202S. https://doi.org/10.1097/PRS.
0b013e318265a5ec PubMed PMID: 23096971; eng.
7. Mulder IM, Deerenberg EB, Bemelman WA, et al. Infection susceptibility of
crosslinked and non-crosslinked biological meshes in an experimental
contaminated environment. Am J Surg. 2015;210(1):159–66. https://doi.org/
10.1016/j.amjsurg.2014.06.025.
8. Rosen MJ, Krpata DM, Ermlich B, et al. A 5-year clinical experience with
single-staged repairs of infected and contaminated abdominal wall defects
utilizing biologic mesh. Ann Surg. 2013;257(6):991–6. https://doi.org/10.
1097/SLA.0b013e3182849871 PubMed PMID: 23426340; eng.
9. Huntington CR, Cox TC, Blair LJ, et al. Biologic mesh in ventral hernia repair:
Outcomes, recurrence, and charge analysis. Surgery. 2016;160(6):1517–27.
https://doi.org/10.1016/j.surg.2016.07.008 PubMed PMID: 27528210; eng.
10. Shankar DA, Itani KMF, O’Brien WJ, et al. Factors associated with long-term
outcomes of umbilical hernia repair. JAMA Surg. 2017;152(5):461–6. https://
doi.org/10.1001/jamasurg.2016.5052 PubMed PMID: 28122076.
11. Itani KM, Rosen M, Vargo D, et al. Prospective study of single-stage repair of
contaminated hernias using a biologic porcine tissue matrix: the RICH
Study. Surgery. 2012;152(3):498–505. https://doi.org/10.1016/j.surg.2012.04.
008 PubMed PMID: 22763262; eng.
12. Pui CL, Tang ME, Annor AH, et al. Effect of repetitive loading on the
mechanical properties of biological scaffold materials. J Am Coll Surg. 2012;
215(2):216–28. https://doi.org/10.1016/j.jamcollsurg.2012.03.006 PubMed
PMID: 22521670; eng.
13. Basta MN, Fischer JP, Kovach SJ. Assessing complications and cost-utilization
in ventral hernia repair utilizing biologic mesh in a bridged underlay
technique. Am J Surg. 2015;209(4):695–702. https://doi.org/10.1016/j.
amjsurg.2014.04.017 PubMed PMID: 25305799; eng.

Page 7 of 7

14. Slater NJ, Montgomery A, Berrevoet F, et al. Criteria for definition of a
complex abdominal wall hernia. Hernia. 2014;18(1):7–17. https://doi.org/10.
1007/s10029-013-1168-6 PubMed PMID: 24150721.
15. Clarke JM. Incisional hernia repair by fascial component separation: results
in 128 cases and evolution of technique. Am J Surg. 2010;200(1):2–8.
https://doi.org/10.1016/j.amjsurg.2009.07.029 PubMed PMID: 20637331.
16. Saulis AS, Dumanian GA. Periumbilical rectus abdominis perforator
preservation significantly reduces superficial wound complications in
“separation of parts” hernia repairs. Plast Reconstr Surg. 2002;109(7):2275–80.
https://doi.org/10.1097/00006534-200206000-00016 discussion 2281-2.
PubMed PMID: 12045549.
17. Surgical Site Infection (SSI) Event Center for Disease Control 2017. [cited
2017 August 23]. Available from: https://www.cdc.gov/nhsn/pdfs/
pscmanual/9pscssicurrent.pdf.
18. Darehzereshki A, Goldfarb M, Zehetner J, et al. Biologic versus nonbiologic
mesh in ventral hernia repair: a systematic review and meta-analysis. World
J Surg. 2014;38(1):40–50. https://doi.org/10.1007/s00268-013-2232-1 PubMed
PMID: 24101015; eng.
19. Huerta S, Varshney A, Patel PM, et al. Biological mesh implants for
abdominal hernia repair: US Food and Drug Administration approval
process and systematic review of its efficacy. JAMA Surg. 2016;151(4):374–
81. https://doi.org/10.1001/jamasurg.2015.5234 PubMed PMID: 26819222.
20. Heartsill L, Richards ML, Arfai N, et al. Open Rives-Stoppa ventral hernia
repair made simple and successful but not for everyone. Hernia. 2005;9(2):
162–6. https://doi.org/10.1007/s10029-005-0319-9 PubMed PMID: 15723151.
21. Baumann DP, Butler CE. Bioprosthetic mesh in abdominal wall
reconstruction. Semin Plast Surg. 2012;26(1):18–24. https://doi.org/10.1055/s0032-1302461 PubMed PMID: 23372454; PubMed Central PMCID:
PMCPMC3348742. eng.
22. Holihan JL, Alawadi Z, Martindale RG, et al. Adverse events after ventral
hernia repair: the vicious cycle of complications. J Am Coll Surg. 2015;221(2):
478–85. https://doi.org/10.1016/j.jamcollsurg.2015.04.026 PubMed PMID:
26206646; eng.
23. Reiffel AJ, Henderson PW, Krijgh DD, et al. Mathematical modeling and
frequency gradient analysis of cellular and vascular invasion into integra
and strattice: toward optimal design of tissue regeneration scaffolds. Plast
Reconstr Surg. 2012;129(1):89–99. https://doi.org/10.1097/PRS.
0b013e318230c5f1 PubMed PMID: 22186502; PubMed Central PMCID:
PMCPMC3669595. eng.
24. Baucom RB, Ousley J, Feurer ID, et al. Patient reported outcomes after
incisional hernia repair-establishing the ventral hernia recurrence inventory.
Am J Surg. 2016;212(1):81–8. https://doi.org/10.1016/j.amjsurg.2015.06.007
PubMed PMID: 26319337.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

