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Abstract
Background: Minimally invasive incisional herniorrha-
phy has become an accepted approach for incisional
hernia. However, the ideal technique for this procedure
is not known. The authors present their technique and
personal experience with minimally invasive incisional
herniorrhaphy.
Methods: A retrospective review investigated 208 con-
secutive patients who underwent minimally invasive in-
cisional hernia repair under the supervision of a single
surgeon between 1995 and 2002.
Results: An intraperitoneal mesh repair was performed
in all cases. There were no conversions. The mean
operative time was 2.1 h (range, 0.8–4.5 h). The mean
length of hospital stay was 2.5 days (range, 0–13 days).
There were six complications, including two bowel per-
forations, and zero mortality. There were three recur-
rences during the follow-up period, which ranged from 6
to 72 months (median, 24 months).
Conclusions: Minimally invasive incisional herniorrha-
phy yielded an acceptable morbidity and recurrence rate
during the follow-up period. The outcome compares
favorably with that for open incisional hernia repair.
Although long-term follow-up evaluation is desirable,
the data support the contention that the minimally
invasive approach is an appropriate option for incisional
hernia.
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The incidence of primary incisional hernia after lapa-
rotomy ranges from 10% to 20% in reports describing
thousands of incisions [14, 27]. Incisional hernia repair
without prosthesis can result in a 30% to 50% rate of
recurrence [1, 18, 22]. The use of mesh in the repair of
incisional hernia can reduce this recurrence rate to 0% to
10% [19, 26]. Mesh repair of noninguinal abdominal
hernia has been superior to suture repair in randomized
trials [2, 18]. Overall, there has been a move to repair
most incisional hernias with prosthetic mesh [19].
The minimally invasive approach to incisional her-

niorrhaphy was first described in the mid-1990s [17, 24].
This technique typically involves the intraperitoneal
(subfascial) placement of prosthetic mesh to repair the
defect. The recurrence rate after short and intermediate
follow-up evaluation has been 0% to 9%, with recent
studies reporting rates lower than 5% [5, 8, 10, 13, 16,
21, 25]. Current controversies concerning the technical
aspects of minimally invasive incisional hernia repair
include what type of mesh to use, how large the mesh
should be in relation to the defect, where the mesh
should be placed in relation to the abdominal wall lay-
ers, and how the mesh should be secured. For the most
part, these and other issues regarding minimally invasive
incisional herniorrhaphy have not been resolved. In this
report we present our technique of laparoscopic inci-
sional herniorrhaphy and provide a 7-year review of our
experience with this procedure.

Materials and methods

A review investigated all patients who underwent minimally invasive
incisional hernia repair under the direct supervision of the senior au-
thor (C.T.F.) in an academic setting from 1995 to 2002. Hernia defect
size, operative time, length of hospital stay, complication occurrence,
conversion, readmission, infection, and recurrence were recorded.
Follow-up evaluation consisted of clinic appointments with physical
examination by a surgeon on the primary team. Our postoperative
clinic routine consisted of visits at 1 week, 1 month, and 6 months, then
yearly thereafter. Other follow-up data (e.g., phone calls, referring
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physician visits) were not used in determining the recurrence rate. No
patient in this series, however, reported from the outside as having a
possible recurrence was not subsequently examined by the primary
surgical team. That is, we followed up on any leads that a patient
might be having a problem.

The technique of minimally invasive incisional herniorrhaphy did
not change appreciably during the study period. Cefazolin (1–2 g
intravenously) was given with induction of anesthesia, and a urinary
catheter was placed. The peritoneal cavity was entered with an optical
bladeless trocar (Endopath Bladeless Trocar; Ethicon-EndoSurgery,
Cincinnati, OH, USA) as far as possible from the hernia defect to
avoid potential adhesions. Additional trocars were placed under direct
vision. The number of trocars ultimately needed depended on the
difficulty of the subsequent adhesiolysis. Intraabdominal contents were
removed from the hernia defect with blunt and sharp dissection.
Electrocautery and ultrasonic energy were used carefully in the vicinity
of the intestines. The hernia sac was excised if doing so was relatively
easy. Otherwise, it was left in place. After completion of the adhesi-
olysis, the length and width (greatest distance) of the defect was
measured with the open jaws of a laparoscopic Babcock grasper (5 cm
span). The hernia defect area was defined as the product of the length
and width.

In the early part of the study a prosthetic bilayer, comprising one
layer each of polypropylene and polytetrafluoroethylene (PTFE), was
assembled on the backtable and then inserted into the abdomen [11].
Subsequently, a piece of dual-surface (smooth/macroporous) PTFE
mesh (DualMesh Gore-Tex; W. L. Gore & Associates, Phoenix, AZ,
USA) was used for the repair. The largest sheet of this mesh available
was 26 · 34 cm. If a larger surface area was required for the hernia
repair, two PTFE sheets were sutured together (using a permanent
monofilament) on the back table before intraabdominal insertion
through a trocar. Care was taken to avoid contact of the mesh with the
skin. For a large piece of mesh, an 18-mm trocar was used for inser-
tion. The orientation of the mesh inside the abdomen was facilitated
with suture tagging or inking of the mesh.

The goal of the mesh fixation was a minimum fascia ‘‘underlap’’ of
3 cm on all sides of the hernia (i.e., the edge of the PTFE exceeded the
fascial rim of the hernia defect by at least 3 cm at any given point along
the rim). The mesh was anchored around the perimeter with a straight
laparoscopic hernia stapler (Ethicon-EndoSurgery, Cincinnati, OH,
USA). The distance between each staple was no more than 1 cm. The
staples were placed with counterpressure on the abdominal wall with
the free hand (i.e., using a two-handed stapling technique). Suture
fixation was not used.

After completion of the hernia repair, all trocar sites larger than 5
mm were closed with suture. No drains were placed. An abdominal
binder was placed in the operating room before the patient awoke. The
patient was discharged when oral intake was tolerated.

Results

This review was conducted from January 1995 to
December 2002. During this time, 208 procedures were
performed for the same number of patients (there were
no reoperations). The mean patient age was 49 ± 14
years (median, 49 years; range, 25–75 years). The mean
hernia defect size, as measured in 157 subjects, was 173
± 128 cm2 (median, 150 cm2; range, 3–484 cm2). The
mean operative time was 2.1 ± 1.0 h (median, 2 h;
range, 0.5–8.4 h). There were no open conversions. The
mean length of hospital stay was 1.4 ± 1.5 days (med-
ian, 1 day; range, 0–13 days). On the day of operation,
64 patients (31%) were discharged, and 95 patients
(46%) were discharged on postoperative day 1.
A sequence of images documenting the minimally

invasive repair of a large incisional hernia in a 70-year-
old man is shown in Fig. 1. This patient underwent a
renal transplant for polycystic kidney disease 3 years
before his presentation to us. An incisional hernia

developed through his oblique left lower quadrant
transplant incision, with partial loss of domain (Fig.
1A). A minimally invasive hernia repair was performed.
The large defect was spanned with two sheets of PTFE
stapled together (Fig. 1B). An abdominal computed
tomography (CT) scan obtained at his 6-month post-
operative visit (his most recent evaluation) showed his
repair to be intact (Fig. 1C), but there was a seroma
superior to the mesh (Fig. 1D). Because this seroma was
decreasing in size, it was determined that it should be
observed. This patient’s tolerance of physical activity
improved markedly after his hernia repair.

Fig. 1. Repair of a large incisional hernia. A Preoperative photograph.
B Intraoperative photograph. Note two sheets of polytetrafluoroeth-
ylene stapled together. C Postoperative computed tomography (CT)
scan at 6 months showing intact repair. The transplanted kidney is in
the right pelvis. D A CT cut showing the seroma superior to the mesh.
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Perioperative complications that prolonged hospital
stay or resulted in readmission occurred in six patients
(2.9%) and consisted of postoperative ileus (n = 3),
bowel perforation (n = 2), and abdominal wall hema-
toma (n = 1). Two of the patients with ileus were re-
admitted, and all improved with conservative care. One
patient had a large abdominal wall hematoma extending
into the scrotum. This was presumed to be a trocar in-
jury of an epigastric vessel. This patient’s hematocrit
decreased 6 points, but he was discharged home on
postoperative day 4 after observation only, and experi-
enced no sequelae.
The first perforation occurred in a 50-year-old man

who had a midline incisional hernia that had been
repaired previously with open intraperitoneal place-
ment of polypropylene mesh. There were dense adhe-
sions between the mesh and the intestines, which were
lysed during his laparoscopic herniorrhaphy. No injury
was identified at this operation. The patient was dis-
charged on postoperative day 2, but was readmitted 5
days later with a fever. A CT scan on the readmission
day showed intraabdominal fluid. Given the clinical
scenario, the patient underwent a laparotomy on the
readmission day. A jejunal enterotomy was found and
repaired. The PTFE was removed, and the fascia was
closed with the aid of polyglactin 910 mesh (Vicryl;
Johnson & Johnson, New Brunswick, NJ). As ex-
pected, the patient experienced a recurrent hernia,
which was repaired laparoscopically 2 years later (the
second repair was not included in this series). One year
after this last hernia repair, the patient was doing well
with no recurrence.
The second perforation occurred in a 72-year-old

man with a massive ventral hernia, who underwent a
combined minimally invasive hiatal and ventral herni-
orrhaphy. The latter was classified as a total abdominal
wall reconstruction. The patient’s postoperative course
was slow. He did not have fever or an elevated white
blood cell count, but he did have persistent tachycardia.
A CT scan on postoperative day 4 showed intraab-
dominal fluid with mesenteric striations. He underwent
a laparotomy on the same day. A jejunal enterotomy
was found and repaired. The PTFE was removed, and
the fascia was closed with the aid of polyglactin 910
mesh. The patient was well at his 6-month appointment,
but subsequently was lost to follow-up evaluation.
The follow-up period ranged from 6 months to 6

years. There was no 30-day mortality. Three (1.4%)
patients were readmitted (2 with ileus and 1 with a
perforation). No wound or mesh infections were noted
except those for the two patients with perforation de-
scribed earlier. There were three (1.4%) recurrences. One
recurrence was experienced at 3 months by a morbidly
obese woman who required two pieces of PTFE for
reconstruction of a 484-cm2 defect. She elected not to
undergo a reoperation. The second recurrence was noted
at 6 months in a construction worker, who elected to
undergo a laparoscopic reoperation. The apparent cause
of his recurrence was an inadequate underlap of the
fascia by the PTFE. The third recurrence, noted at a 12-
month visit, had no identifiable cause, and the patient
did not want a reoperation.

Conclusions

In our series of patients who underwent laparoscopic
incisional hernia repair, the overall complication and
recurrence rates were less than 2%. No conversions or
infections were noted. Five patients (2.4%) had an ad-
verse outcome from the procedure (3 recurrences and 2
enterotomies). It might be reasonable to classify the two
patients who had perforations as also experiencing a
recurrence because one of these patients did undergo a
subsequent herniorrhaphy and the other was at high risk
for reherniation because his incision had to be supported
with an absorbable mesh (he was lost to follow-up
evaluation). In this case, the recurrence rate would be
2.4%, which still is well within the range of recently re-
ported rates [5, 10, 13].
The risk of enterotomy is of concern with this pro-

cedure. Dissection of the bowel should be meticulous
with a liberal use of sharp technique, especially during
the lysis of adhesions between the anterior abdominal
wall, hernia sac, and bowel. A low threshold must be
kept for continued observation or reoperation for pa-
tients in whom an enterotomy is suspected. We have not
felt obliged to perform a minimally invasive reoperation
in this urgent setting. Although laparoscopy may be
feasible, we still would use an open approach to manage
the complication of enterotomy.
One abdominal wall hematoma occurred in this

series. Two methods that we believe decrease the risk for
this complication are the use an optical trocar to gain
intraabdominal entry and transillumination of the
abdominal wall before insertion of all subsequent tro-
cars. These maneuvers potentially allow the operator to
visualize abdominal wall vessels before the trocar passes
through them. Seroma is a common occurrence after
this procedure [8, 13], especially for patients who have
undergone extensive repair (Fig. 1). Because the seromas
that occurred in this series of patients did not result in
morbidity, we have not classified this occurrence as a
complication.
Some surgeons use transabdominal suture fixation of

the mesh during laparoscopic incisional hernia repair.
This may prevent mesh slippage and thus hernia recur-
rence. Although our three recurrences may have been
prevented if suture fixation had been used, suture fixa-
tion has potential disadvantages including increased
pain or suture sinus. We believe that our rate of recur-
rence has not been high enough to justify the use of
fixation sutures. Our use of the straight hernia stapler
(as opposed to a screw-tacking device) appears to result
in adequate mesh fixation.
There has been a theoretical concern about placing

prosthetic mesh directly in contact with the hollow vis-
cera, as described in this and other reports of minimally
invasive incisional herniorrhaphy. The real risk of
placing polypropylene mesh on the intestines has been
described [3, 9, 28], but it seems that PTFE does not
carry the same risk. We have not been able to find a
published description of bowel fistula or similar com-
plication that occurred in the presence of PTFE without
any other identifiable risk factor, such as a local
inflammatory process. If this type of complication has
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indeed happened, then it needs to be reported. To date,
the collective world experience with intraperitoneal
placement of PTFE for elective incisional hernia repair
suggests that this procedure does not pose a significant
risk to the patient.
One complication that is notably absent from this

series is wound infection. Recent rates of this compli-
cation after open hernia repair are in the range of 2% to
4% [2, 18]. Other recent reports of minimally invasive
incisional herniorrhaphy have described wound infec-
tion rates (involving the mesh) of 0% to 0.7% [8, 13]. We
cannot definitely say that the minimally invasive ap-
proach yields a lower infection rate than the open ap-
proach for incisional hernia repair, but a soft
comparison of historical data suggests that this may be
so.
The issue of wound infection leads into the question

of whether minimally invasive incisional herniorrhaphy
is better than the open approach. This is a difficult issue
to resolve considering the variations in technique, sur-
geon skill, local attitudes, and so on. To date, there have
been some comparative studies of laparoscopic and
open incisional hernia repair [6, 7, 12, 15, 20, 23] and
one randomized trial [4]. Generally, the results of these
reports indicate that the laparoscopic approach results
in less perioperative morbidity and a shorter hospital
stay, and may produce a lower recurrence rate than the
open approach. It is too early to pass a judgment
favoring either minimally invasive or open incisional
herniorrhaphy.
Our technique of minimally incisional hernia repair

was performed with low complication and recurrence
rates. On the basis of our experience and the published
experience of others, we can recommend minimally
invasive repair as a worthwhile treatment method for
the patient with incisional hernia.

Note added in proof

The Seroma shown in Fig. 1D resolved completely
without intervention by the 12 month follow-up visit.

Acknowledgment. M. A. Carlson is supported by a grant from the
NIH (K08 GM00703).

References

1. Anthony T, Bergen PC, Kim LT, Henderson M, Fahey T, Rege
RV, Turnage RH (2000) Factors affecting recurrence following
incisional herniorrhaphy. World J Surg 24: 95–100; discussion 101

2. Arroyo A, Garcia P, Perez F, Andreu J, Candela F, Calpena R
(2001) Randomized clinical trial comparing suture and mesh repair
of umbilical hernia in adults. Br J Surg 88: 1321–1323

3. Brown GL, Richardson JD, Malangoni MA, Tobin GR, Acker-
man D, Polk HC Jr (1985) Comparison of prosthetic materials for
abdominal wall reconstruction in the presence of contamination
and infection. Ann Surg 201: 705–711

4. Carbajo MA, del Martin Olmo JC, Blanco JI, de la Cuesta C,
Toledano M, Martin F, Vaquero C, Inglada L (1999) Laparo-
scopic treatment vs open surgery in the solution of major inci-

sional and abdominal wall hernias with mesh. Surg Endosc 13:
250–225

5. Carbajo MA, del Martp Olmo JC, Blanco JI, Toledano M, de la
Cuesta C, Ferreras C, Vaquero C (2003) Laparoscopic approach
to incisional hernia. Surg Endosc 17: 118–122

6. Cassar K, Munro A (2002) Surgical treatment of incisional hernia.
Br J Surg 89: 534–545

7. Chari R, Chari V, Eisenstat M, Chung R (2000) A case-controlled
study of laparoscopic incisional hernia repair. Surg Endosc 14:
117–119

8. Eid GM, Prince JM, Mattar SG, Hamad G, Ikrammudin S,
Schauer PR (2003) Medium-term follow-up confirms the safety
and durability of laparoscopic ventral hernia repair with PTFE.
Surgery 134: 599–603; discussion 603–604

9. Fansler RF, Taheri P, Cullinane C, Sabates B, Flint LM (1995)
Polypropylene mesh closure of the complicated abdominal wound.
Am J Surg 170: 15–18

10. Franklin ME Jr, Gonzalez JJ Jr, Glass JL, Manjarrez A (2004)
Laparoscopic ventral and incisional hernia repair: an 11-year
experience. Hernia 8: 23–27

11. Frantzides CT, Carlson MA (1997) Minimally invasive ventral
herniorrhaphy. J Laparoendosc Adv Surg Tech A 7: 117–120

12. Goodney PP, Birkmeyer CM, Birkmeyer JD (2002) Short-term
outcomes of laparoscopic and open ventral hernia repair: a meta-
analysis. Arch Surg 137: 1161–1165

13. Heniford BT, Park A, Ramshaw BJ, Voeller G (2003) Laparo-
scopic repair of ventral hernias: nine years’ experience with 850
consecutive hernias. Ann Surg 238: 391–9; discussion 399–400

14. Hodgson NC, Malthaner RA, Ostbye T (2000) The search for an
ideal method of abdominal fascial closure: a meta-analysis. Ann
Surg 231: 436–442

15. Holzman MD, Purut CM, Reintgen K, Eubanks S, Pappas TN
(1997) Laparoscopic ventral and incisional hernioplasty. Surg
Endosc 11: 32–35

16. Koehler RH, Voeller G (1999) Recurrences in laparoscopic inci-
sional hernia repairs: a personal series and review of the literature.
JSLS 3: 293–304

17. LeBlanc KA, Booth WV (1993) Laparoscopic repair of incisional
abdominal hernias using expanded polytetrafluoroethylene: pre-
liminary findings. Surg Laparosc Endosc 3: 39–41

18. Luijendijk RW, Hop WC, van den Tol MP, de Lange DC, Bra-
aksma MM, JN IJ, Boelhouwer RU, de Vries BC, Salu MK,
Wereldsma JC, Bruijninckx CM, Jeekel J (2000) A comparison of
suture repair with mesh repair for incisional hernia. N Engl J Med
343: 392–398

19. Millikan KW (2003) Incisional hernia repair. Surg Clin North Am
83: 1223–1234

20. Park A, Birch DW, Lovrics P (1998) Laparoscopic and open in-
cisional hernia repair: a comparison study. Surgery 124: 816–821;
discussion 821–822

21. Park A, Gagner M, Pomp A (1996) Laparoscopic repair of large
incisional hernias. Surg Laparosc Endosc 6: 123–128

22. Paul A, Korenkov M, Peters S, Kohler L, Fischer S, Troidl H
(1998) Unacceptable results of the Mayo procedure for repair of
abdominal incisional hernias. Eur J Surg 164: 361–367

23. Ramshaw BJ, Esartia P, Schwab J, Mason EM, Wilson RA,
Duncan TD, Miller J, Lucas GW, Promes J (1999) Comparison of
laparoscopic and open ventral herniorrhaphy. Am Surg 65: 827–
831; discussion 831–832

24. Saiz A, Willis IH (1994) Laparoscopic ventral hernia repair. J
Laparoendosc Surg 4: 365–367

25. Sanders LM, Flint LM, Ferrara JJ (1999) Initial experience with
laparoscopic repair of incisional hernias. Am J Surg 177: 227–231

26. Usher FC (1970) The repair of incisional and inguinal hernias.
Surg Gynecol Obstet 131: 525–530

27. van’t Riet M, Steyerberg EW, Nellensteyn J, Bonjer HJ, Jeekel J
(2002) Meta-analysis of techniques for closure of midline
abdominal incisions. Br J Surg 89: 1350–1356

28. Voyles CR, Richardson JD, Bland KI, Tobin GR, Flint LM, Polk
HC Jr (1981) Emergency abdominal wall reconstruction with
polypropylene mesh: short-term benefits versus long-term com-
plications. Ann Surg 194: 219–223

1491


