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Preface

The field of hernia surgery has changed markedly within the past decade. Today, every patient and
every surgeon has the choice between various techniques and devices to repair inguinal, incisional
or hiatal hernias. Lots of publications confirm, that most of them can be applied with success. The
overall low recurrence rates published make it difficult to decide, which one is the best. Large ran-
domised trials or meta-analysis only provide mean rates to be compared, limited by the hetero-
geneity of surgeons and patients. In contrast, the many personal series published focus on successful
treatment and are characterized by almost absence of any recurrences. However, epidemiological
data repeatedly miss the prove of a significant improvement of our results, if regarded on the level
of populations. In Germany, despite marked changes of repair techniques and the use of meshes in
more than 60% of the patients we still have to face a constant rate of recurrent inguinal hernias of
more than 12%. This discrepancy rises questions about the true reproducibility of clinical trials and
the cause for recurrence, e.g. improper techniques too difficult to teach, lack of technical skill or
biological failure of wound healing?

To compare the good results of various techniques is a traditional, sometimes boring attitude
of hernia congresses. The tradition of Suvretta meetings has always been to talk about failures and
mistakes in order to learn for the future. After the first meeting in 1995 on “inguinal hernia’, the
second on “incisional hernia” in 1998 and the third on “meshes” in 2003 this meeting in 2006 on
“recurrent hernia” is the fourth in a 11-year-tradition. — The intention of this expert workshop is to
elaborate precise recommendations, to help the surgeons to avoid mistakes and to treat recurrences
after different types of non-mesh or mesh-repair in inguinal, incisional and hiatal hernia.

V. Schumpelick
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Recurrence as an Important Endpoint

1 Present State of Failure Rates
(Clinical Studies and Epidemiological Database,
Short- and Long-Term) = 3

2 Recurrence as a Problem of the Trainee = 27

3 Failures in Hernia Surgery Done by Experts = 35



1.1 Inguinal Hernia

S. HaapraNIEMI, P. NORDIN

Introduction

Hernia treatment has been a challenge to surgeons for
more than 2000 years. Modern hernia surgery started
in Italy, more than 100 years ago, with Eduardo Bassini’s
presentation of a new method of repair. Bassini did not
just invent a new method of inguinal hernia repair [1];
one of his major contributions was that he performed
adequate audit and follow-up of patients [2]. Notable
improvements in herniology after that were the devel-
opment of the Shouldice technique and the introduction
of prosthetic mesh.

Today many methods of repair are used, the majority
including reinforcement with various mesh devices. Excel-
lent results have been repeatedly reported from special-
ized hernia clinics with almost total absence of recurrences
[3-5]. However, in general surgical practice, in Sweden
and elsewhere, recurrent hernia still is a problem, even
though the new techniques have been adopted and the
outcome improved. In Sweden, with its 9 million inhabit-
ants, each person has a personal identification number
[6]; this, together with the national death register [7, 8]
and the positive attitude to medical quality registers [9],
makes it possible to study hernia surgery using epide-
miological methods.

The aim of this chapter is to try to estimate the pres-
ent failure rate following surgery for inguinal and femoral
hernia by reviewing recent data from the Swedish Hernia
Register.

Background to our Epidemiological Data

The Swedish Hernia Register

The Swedish Hernia Register (SHR) [10, 11] was es-
tablished in 1992 and started as a regional project,
including eight hospitals, with prospective registra-
tion of all procedures for inguinal and femoral hernia
surgery on people 15 years of age and older, the use
of Person Numbers making it possible to link re-op-
erations to previous operations performed within the
framework of the register. The SHR has expanded each
year and is now a truly “national” register with 90 units
aligned (2004). Our estimation is that approximately
95% of Swedish groin hernia surgery is prospectively
registered today.

Once a surgical clinic is aligned to the voluntary
register, a contract outlining responsibilities concerning
data collection and delivery is signed by the head of the
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clinic. The aligned unit also agrees to participate in an
external review (visits from SHR representatives) if the
hospital is selected. External review is necessary to keep
data validity high, and approximately 10% of aligned
units are controlled each year. The SHR has been found
to include 98% of eligible operations [12].

The aim with the register is to describe and analyze
hernia surgery and to be used as a tool in improve-
ment processes at the hospitals participating [11].
From the beginning, our register was funded by the
Federation of County Councils and the National Board
of Health and Welfare. Since 2001 all aligned hospi-
tals must pay a small fee (30 SKR or approximately
€ 3.-) for each repair registered, to cover total costs.
Recently, a decision was made to increase insight and
make some of the data public on the Internet, making
it possible to compare results reported from participat-
ing units. Hopefully that will stimulate Swedish hernia
surgeons to further improve their results. The results
of individual surgeons, however, will be reserved for
internal quality audit.

Endpoints and Definitions

The two most important outcome measures follow-
ing hernia surgery are recurrence rate and chronic
postoperative pain. Many variables affecting outcome
may be studied in the SHR, such as method of repair,
suture material, classification of anatomy and size, type
of anaesthesia and postoperative complications [11].
Other quality measures such as days off work (or nor-
mal activity) following surgery, costs etc. are not as
yet registered in the database, but the register can be
used as a tool to identify individuals suitable for such
analyses.

The focus here will be on rate of recurrence, an end-
point that is not readily available in the SHR. To be able
to calculate the true recurrence rate, follow-up of all
patients including a physical examination (for instance
3 years after surgery) is necessary. However, in most
general surgical departments it is impossible to perform
this on an annual basis because of the resources re-
quired [13]. Physical follow-up examination is optional
but not mandatory for participation in the SHR.

Instead of the ultimate outcome variable recurrence
rate, re-operation for recurrent hernia is used as sur-
rogate endpoint. The definition of re-operation for re-
currence is listed below. Re-operation for chronic groin
pain (tension-reducing procedure including mesh re-
moval, decompression or ligation of nerves) was added
in the protocol as indication for surgery in 1999, but

numbers of such procedures registered are still so low
that meaningful analyses is not yet possible.

Processing of Data

Every year (usually in May) each surgical clinic aligned
to the SHR is sent a report with its results and accumu-
lated national data for comparison. The personal iden-
tification numbers on re-operated patients are listed to
facilitate retrieval of patient files (which can be used for
internal quality work, such as seminars).

Data are processed at the Register Centre once a year
after certain control measures have been taken (con-
trols of personal identification number and so-called
logic controls are today included in the web-based SHR
protocol). Prior to analysis, data are matched with the
Swedish Cause of Death Register and dates of death are
incorporated into the database [11].

An index hernia repair entered into the database
is followed from date of surgery until reported date
of re-operation on the operated side or, if there is no
re-operation, until the person’s death. The cumula-
tive incidence for re-operation at various times after
an index repair is the main measure of interest and is
estimated by actuarial life table analysis. Relative risk
analyses are estimated with the Cox’s proportional haz-
ards model[14], first performing univariate analyses for
assumed risk variables and then selecting variables with
the highest or lowest univariate risks for multivariate
analysis. Statistical analyses are performed using the
SPSS programme.

Definition on Re-Operation for Recurrence
in SHR Protocol

“Any hernia operation in a groin previously operated
upon for hernia irrespective of type of hernia at the
initial and subsequent procedure”. (However, a second
operation on an adult patient following a simple hernia
sac extirpation in the same groin during childhood is
not defined as a recurrent groin hernia repair).

Results

Re-Operation as Surrogate Endpoint

To evaluate recurrence rate and chronic groin pain
3 years after hernia repair and to validate a postal
questionnaire with selective physical examination as
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B Table 1.1. Variables associated with increased risk of re-operation

Indications

== Recurrent hernia
== Absorbable suture material (Vicryl, Dexon)
== Direct hernia
== Postoperative complication
(registered by the operating unit)

a method of follow-up, a prospective cohort study[13]
was done at a hospital aligned to the SHR. The study
comprised 272 repairs and the follow-up rate was 96%
with a median follow-up time of 36 months. We found
that the re-operation rate requires to be multiplied by a
factor within the range 1.7 to 2.3 (depending on method
of follow-up and definition of recurrence [15,16]) to
gain the true recurrence rate. A similar conclusion was
reached in a previous Swedish study([17].

Risk Factors for Re-Operation

The SHR may be used to identify risk factors for re-op-
eration for recurrent hernia [18-20]. The large numbers
of operations registered make it possible to use multi-
variate statistics, and analyses have been done in close
cooperation with a professional statistician connected
to the register from the start.

20000 1
18000
16000

14000 13143

12000
10608
10000+ 9307
8263
8000

6000 5923

4000 4

4056
20004 1690 1647

Methods of repair

Shouldice

Other open techniques without mesh
Unspecified mesh techniques, inguinal incision
Preperitoneal open techniques with mesh

Plug methods

Laparoscopic methods

The last annual report from the SHR (available on
the Internet in Swedish [21]) includes 107,838 hernia
repairs done between January 1, 1992, and December
31, 2004. Variables associated with, statistically sig-
nificant, increased relative risks for re-operation for
recurrence can be found in 8 Table 1.1. In two recent
multivariate comparisons of anaesthetic alternatives
on SHR data with local anaesthesia as reference, both
general anaesthesia and regional anaesthesia were as-
sociated with decreased relative risk. Using the Lich-
tenstein technique as reference, all other methods of
repair carried increased relative risk of re-operation.

Operation for Recurrent Hernia

The percentage of repairs done for recurrent hernia may
be used as a quality measure (but note that these figures
also include surgical mistakes incurred before the start

—
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of the SHR). @ Figure 1.1 illustrates the growing num-
bers of hernia repairs included in the database; in 2004 a
total of 16,090 repairs were done at the 90 units aligned.
In @ Fig. 1.2 the change in percentage of repairs done
for recurrent hernia during the past 13 years is shown.
As can be seen, the improvement has slowed down and
has not reached statistical significance every year.

Cumulative Incidence for Re-Operation

The cumulative incidence of re-operation for re-
current hernia is the major outcome measure.
In @ Fig. 1.3 all 107,838 hernia repairs so far regis-

10 1

1 12 13

@ Fig. 1.3. Cumulative incidence for re-
operation 1992-2004 (n = 107,838)

tered (both primary and recurrent repairs) are in-
cluded in the analysis. The cumulative incidence
of re-operation 5 years after surgery was approxi-
mately 4% with no confidence intervals given in the
figure.

Discussion

Over the past 15 years great changes have taken place
concerning the methods of repair used in Swedish
groin hernia surgery. The Swedish Hernia Register,
today comprising more than 120,000 inguinal and
femoral hernia repairs, has become an important tool
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in the analyses of what we have done, and where there
is room for improvement in the future.

Participation in the register is voluntary for the
surgical departments aligned but mandatory for in-
dividual surgeons working at those units. The regis-
ter has developed to become nation wide, covering
approximately 95% of Swedish groin hernia surgery.
It is important to remember that repairs recorded
are performed by surgeons at all levels, from spe-
cially interested consultants to trainees with various
degrees of experience and supervision. The results
obtained under such conditions are a measure of “ef-
fectiveness” as compared to “efficacy”, which reflects
“what a method can accomplish in expert hands
when correctly applied to an appropriate patient” [22].
However, there are, naturally, limitations in information
reached from national epidemiological databases; reg-
ister studies with multivariate analysis cannot replace
randomized trials.

Results from randomized controlled studies are gen-
erally considered the highest level of evidence. In order
to interpret outcomes after surgical RCTs not only the
techniques tested but also inclusion/exclusion criteria,
funding and surgical experience [23] have to be consid-
ered. We have to keep this in mind when we estimate
the external validity of conclusions reached in RCTs.
Guidelines for reporting RCTs have been published
(CONSORT [24, 25]), but are not always followed.
An interesting example of the importance of surgical
dexterity in hernia surgery is illustrated by two RCTs
published in 1998 with the Bassini repair in one arm;
the recurrence rate approximately 3 years after surgery
was 2% in one study [26] and 20% in the other [27]. It
very clearly helps us to remember that an eponym is
not an operation.

Systematic reviews and meta-analyses may increase
generalizability (external validity) in findings in RCTs.
Meta-analyses [28-31] in the field of hernia surgery
undertaken during the past decade bring information
with high scientific impact.

Data from the SHR illustrate significant improve-
ments regarding cumulative incidence for re-opera-
tions as well as for the percentage of operations done
for recurrent hernia since the start in 1992. However,
recurrent hernia still constitutes a quantitative prob-
lem in our country, approximately 10% of all registered
procedures being a repair for a recurrence, the speed of
improvement in the last years, regarding the percentage
of operations for recurrent hernia, has also decreased.
Reports from the Danish Hernia Database [32] and
from Germany [33] give similar (or slightly higher)
figures.

In a recent Swedish randomized multicentre study
by Arvidsson et al. [34] on hernia surgery there was a
significant correlation between surgeon’s performance
score and the recurrence rate. The importance of ex-
perienced surgeons in hernia surgery was also recently
reported by Neumayer et al. [35] and by Wilkiemayer
et al. [36]. Education of surgeons seems to be one im-
portant way to further improvement, and with continu-
ing prospective registration we will follow the future
outcome.
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Discussion

Schumpelick: How do you explain the high rate of re-
currences in Lichtenstein repair in female compared to
TEP?

Haapaniemi: You have to read our full report on that,
but one important thing is that there are lots of missed
female hernias. We cannot really explain why with this
method. I think it was done or created for male patients
from the beginning. From our material it looks as if it is
not suitable for women.

Read: In regard to the excellent results of the Lichtenstein,
it seems to me that the Lichtentein operation was done
more recently. In other words, it is the modern proce-
dure. Some of your dates from the Shouldice, for instance,
would be older, so it seems to me that we as surgeons
probably know better than we did 10 years ago. Isn't there
a little bias in your data?

Haapaniemi: It may be so. There have been great changes
and perhaps it is so that it is not the same surgeons today
that do the primary hernias that did the hernias 10 years
ago. So it’s difficult to say.

Read: It may be that you should compare some dates
for the same year. In other words during the year 2003,
that the Lichtenstein was this and the Shouldice was
this.

Haapaniemi: We have done such an analysis but even
if the figures are exactly the same, the pattern isn’t the
same.

Read: Oh yes, I am not denying that that is important.
Kehlet: It’s an impressive amount of data and in contrast
to the randomized trials. We know that the suture repairs
should not be done, as you also have shown in your large
epidemiological series. So my question is: why does it
take so long, it’s the same in Denmark, for surgeons to
change their method despite the evidence? What is your
experience in Sweden? Why do 25% continue to do su-
ture repairs?

Haapaniemi: We have tried not to point out and say you
have to do this, you have to do that. Our register is more
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a tool to follow what is really happening. But of course
we have our annual meetings where Swedish surgeons are
represented and we tell them this is the result and they
can draw their own conclusions.

Kehlet: I can just answer that in Denmark this is public.
So we have just written to the departments to say that
this is on the public website. Its official that if you are
doing surgery you should do it according to the evidence.
But they still do it.

Haapaniemi: In a few weeks from now our results will
also be available for every hospital on the Internet. So
perhaps that will put some extra pressure on Swedish
surgeons as well.

Jeekel: The problem is that some techniques keep on hav-
ing a recurrence and some don’t, as we found in our pro-
spective randomized study of Lichtenstein versus Bassini.
In our long-term follow-up we found that in the Bassini
the recurrence came repeatedly for 10 years, but not with
the Lichtenstein. So, what was your mean follow-up and
do you have any information about the differences in
recurrence rate among the techniques? Where there no
recurrence rate after a suitable number of years?
Haapaniemi: I think with our data that these are the fig-
ures when non-specialists use these techniques. We know
this from various randomized studies. You mentioned,
for instance, Bassini technique. I saw randomized studies
from 1998, the same technique but different studies. In
one study you had Bassini with a 2% recurrence rate after
3 years and in the same year another randomised study
with the Bassini arm you had 20 or 22% recurrence rate.
So it’s not the name of the method, it’s not the eponym;
it’s how we do it.

Jeekel: But we found no recurrence at all in the course of
10 years after Lichtenstein versus the randomized other
arm, where we found recurrence up to 10 years. So, do
you have any information that, for example, with the
Lichtenstein you don’t have any recurrence rate after 1,
2, or 3 years?

Haapaniemi: No, I can’t answer that question right now.
But it seems that it’s not so.

Schumpelick: But are there different time courses for
recurrence in different methods?

Haapaniemi: I understand what you mean, but I cannot
answer that question now. Perhaps you can come back
to this later this week.

Schumpelick: Is there any method without recurrence?
Haapaniemi: No.

Schumpelick: O.k. I think that is the answer.

Kurzer: Id like to endorse what Prof. Kehlet said. It has
troubled me for a long time why certain surgeons persist
with an operation that the evidence in the literature says
is no good. There has been a recent paper from Poland

that, with some others, looked at factors that will make
surgeons change their practice. Published evidence in the
literature doesn’t seem to make the ordinary general sur-
geon change his practice. Fitzgibbons said in his opening
remarks, what do I hope to learn from this conference?
My feeling is that what we should all learn that it is our
duty as surgeons from individual countries to go back
to our countries and think about how we are going to
educate our colleagues; there is a lot of evidence now
that the way we will do it is simply by showing other
people, making ourselves available, having workshops.
The general surgeons will change their practice if they
are shown what to do, if they are shown the evidence of
their mistakes. The Swedish databases have shown that
when you give surgeons feedback about their mistakes
and their errors and their recurrences they will change
their practice. I think that this is something we should
learn from this conference. It's not enough that we learn
how to stop recurrence but we have to learn how to teach
our colleagues and as “experts” I think it’s our duty to go
back to our countries because every person in this room
knows that hernias recur because they are not done prop-
erly in the main and, as Haapaniemi just said, you can
call an operation what you want, you can hear a surgeon
say “I do an Lichtenstein® you can go and watch him but
I have heard Amid say this: “I watch the people do the
operation, they call it a Lichtenstein but it is simply not
a Lichtenstein operation”. So we have to take on a role
as teachers and go back and educate our colleagues in
our home countries.

Schumpelick: Comment on that?

Haapaniemi: No, I do agree. I think it’s the way to go, to
improve their education.

Verhaeghe: Another answer to your question about re-
currences after TEP in the female, it is probably the same
problem for TEP techniques and GRPVS. I mean that
the important point is the parietalization of the cord. On
women its very difficult to perform because the teres uteri
ligament is more adhesive to the peritoneum and on the
male it’s easy to stick, so for women often the prosthesis
may not stay in place.

Chan: For any surgery people come over to see how we
operate, and I have somebody who has been there for 1
week, for example, and I go back to see how he operates
and I find he is doing very well after 1 week; he is actually
doing the real Shouldice technique.

Schumpelick: Dr. Chang, but you are a well-equipped and
well-educated Shouldice hospital. You have recurrences
of operation done by yourself. Is that so?

Chang: Yes!

Schumpelick: Me too! There must be more than only
technical differences.
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Chang: Yes, we have around 1% recurrences. For primary
hernias it will be a little bit lower; as you can see in my
first paper in 1987. We saw the recurrence rate go up
the more recurrences you do. But then we learned how
to put in another mesh, which is underneath the muscle.

1.2 Incisional Hernia
K.M.E. ITaN1
Introduction

Although the rate of ventral incisional hernia (VIH) is about
4% [1], the reported incidence varies from 0.5 to 11% [2, 3].
Recurrence of the hernia is among the more problematic
adverse outcomes following incisional hernia repair [4, 5]
with progressively higher rates of recurrence after repeated
repairs [5, 6]. Repeat recurrence rates after initial repair has
varied between 4 and 54%, regardless of the surgical tech-
nique used [7-9]. This variability in recurrence rate is due,
at least in part, to methodological factors involved in the
design of these studies (e.g., heterogeneous study popu-
lations and varying study design, end points, and length
of follow-up), technical factors involved in the conduct of
the operation (e.g., use of autogenous tissue or prosthetic
grafts), and patient-related factors (e.g., characteristics of
the hernia and co-existing chronic illnesses [7].

A Population-Based Analysis of Incisional
Hernia Repair

In 2003, Flum and colleagues published their findings
on a total of 10,822 patients undergoing VIH repair
extracted from an administrative database in the state
of Washington [10]. Of patients undergoing VIH repair,
12.3% underwent at least one subsequent re-operative
VIH repair within the first 5 years after initial repair
(23.1% at 13 years follow-up). The 5-year re-operative
rate was 23.8% after the first re-operation, 35.3% after
the second and 38.7% after the third (8 Fig. 1.4). The use
of synthetic mesh in incisional hernia repairs increased
from 34.2% in 1987 to 65.5% in 1999. When controlling
for age, sex, comorbidity index of the patient, year of the
initial procedure, and hospital descriptors, the hazard
for recurrence was 24.1% higher if no mesh was used
compared to the hazard if mesh was used (8 Fig. 1.5).
After similar adjustments, no differences were found

We go down to the level of the cooper ligament. I think
we did it a little bit better now than at former times. But
we are learning, too. We changed our thinking in 1987
when we started to say we can’t do all primary hernia
with suture.

in the hazard of re-operation based on the era of the
operative repair [10].

Several important and definitive conclusions can be
drawn from this population-based study.

1. Recurrence is not limited to the first 2-5 years after
VIH repair but continues over the course of follow-
up.

2. Recurrence after each subsequent repair is higher.

3. The use of a mesh in VIH repair decreases recur-
rence.

4. The rate of recurrence has not changed in time de-
spite newer technology and material.

Effect of Repair Technique on Recurrence

Conventional Non-Prosthetic Ventral Incisional
Hernia Repair

Primary repair of ventral incisional hernia without
prosthesis can be divided into simple or complex re-
pairs. Simple repairs include edge approximation, vest
over pants repair, advancement procedures, a Darn
repair, as well as multiple modifications of the above.
Complex repair includes components separation, ab-
dominal wall partitioning, the use of tissue expansion-
assisted closure, as well as multiple modifications of
the above. A summary of the largest series of primary
repairs reported in the literature is presented in @ Table
1.2. Recurrence rates have varied from a minimum of
25% to a maximum of 54% with a mean follow-up of
1.1 years to 7 years.

The components separation technique, which was
first popularized by Ramirez [18], has a recurrence rate
of 2-11% in series of 7-26 patients reported between
1994 and 2001. In a more recent publication by DeVries,
the recurrence rate was 32% [19].
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Conventional Ventral Hernia Repair
with Prosthesis

Three categories of repair have been described in the
repair of VIH with prosthesis: direct fascial attachment
(simple or Usher techniques), the onlay mesh (Sand-
wich technique, Chevrel technique), and the sublay
mesh popularized by Flament, Rives, and Stoppa.
Various modifications and combinations of the above
techniques have been described. The recurrence rate
after the onlay repair has varied from 5.5-14.8% with a
mean follow-up of 1 to 6.7 years (8 Table 1.3). Various
types of prosthetics and repairs are reported in these
series. The recurrence rate after the sublay prosthetic
technique has varied from 1 to 23% at a mean follow-up
of 1.7-6.7 years (@ Table 1.4).

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

B Fig. 1.5. Progression to re-operative re-
pair, by use of mesh in a cohort of 10,822
patients in the State of Washington Pa-
tients [10]

In a prospective randomized trial of open primary
VIH repair vs. repair with sublay mesh, the recurrence
rate was 43 and 24% after 3 years, respectively, [17].
The 10 year cumulative rate of recurrence rose to 63%
after suture repair and 32% after mesh repair in the
same patients [35].

It is clear from the presented data that, irre-
spective of the technique, the use of mesh to repair
VIH reduces recurrence rates in all series by about
half.

The sublay mesh technique as described by Fla-
ment, Rives, and Stoppa has also been associated with
the lowest recurrence rate (5.93%) in the hands of its
originator [36]. Although the European Society of
Hernia Surgery has adopted the sublay mesh repair
as the standard open repair, the complication rate as-
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B Table 1.2. Recurrence rate with simple repair of ventral incisional hernias

Author, country Year No. of patients Follow-up Recurrence rate
[years] [%]
Langer, Sweden [5] 1985 72 7.0 31
George, UK. [11] 1986 81 1.1 46
Van der Linden, Netherlands [12] 1988 47 33 55
Read, USA [8] 1989 169 5.0 25
Manninen, Finland [13] 1991 57 4.5 34
Hesselink, Netherlands [14] 1993 231 29 36
Gegim, Turkey [9] 1996 109 3.6 45
Luijendijk, Netherlands [15] 1997 68 Varying 54
Paul, Germany [16] 1997 111 5.7 53
Anthony, USA [7] 2000 48 3.8 54
Luijendijk, Netherlands [17] 2000 97 2.2 46

B Table 1.3. Recurrence rate with onlay prosthetic repair of ventral incisional hernias

Author, country Year No. of patients Prosthesis Follow-up
[years]

Chevrel, France [20] 1986 50 Mersilene/Prolene 1-20

Molloy, USA [21] 1991 50 Marlex 4

Kennedy, USA [22] 1994 40 Goretex 4

Liakakos, Greece [23] 1994 49 Marlex 8

Kiing, Switzerl.[24] 1995 47 Marlex 6

Vestweber, Germany [25] 1997 36 Prolene 3

Leber, USA [26] 1998 118 Marlex 6.7

sociated with this type of repair remains high and is Laparoscopic Ventral Incisional Hernia Repair
associated with a steep learning curve. When originally
reported by Stoppa in 1985 on 247 patients, the recur- ~ Laparoscopic VIH repair has revolutionized the care
rence rate was 18.5% [37] dropping to 5.93% in 1998  of patients with these problems. Laparoscopy is ac-
[36]. cepted as a more rational technique for repair of a
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B Table 1.4. Recurrence rate with sublay prosthetic repair of ventral incisional hernias

Author, country Year No. of Prosthesis Follow- Recur-
patients up [years] rence [%]
Adloff, France [27] 1987 130 Mersilene 3 5
Stoppa, France [28] 1989 368 Mersilene 5 15
Amid, USA [29] 1996 75 Marlex varying 1
Schumpelick, Germany [30] 1996 82 Marlex 5.3 7
Sugerman, USA [33] 1996 98 Marlex 1.7 4
Temudom, USA [34] 1996 50 Prolene 2 4
Leber, USA [26] 1998 82 Marlex Prolene 6.7 20
or Mersilene
Feleshtinskii, Ukraine [33] 1999 57 Polyuretan (55 2
or Marlex
Petersen, Germany [34] 2000 50 Gore-Tex or 1.5 10
Prolene
Luijendijk, Netherlands [18] 2000 84 Marlex or 2.2 23
Prolene

B Table 1.5. Recurrence rate after laparoscopic repair of ventral incisional hernias

Author Year No. of patients Recurrence [%] Follow-up
[months]
Toy [38] 1998 144 4.4 7
Chowbey [39] 2000 202 1.6 35
LeBlanc [40] 2001 100 9.3 23
Berger [41] 2002 150 54 28
Henniford [42] 2003 850 47 20
Carbajo [43] 2003 270 4.4 44
Rosen [44] 2003 100 17 30

VIH than for repair of an inguinal hernia, because a laparoscopic technique, while an inguinal hernia
an abdominal procedure and general anaesthesia are  can readily be repaired using local anaesthesia with-
requirements for VIH repair whether by an open or  out a laparotomy. The technique of laparoscopic VIH
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repair has been standardized with the use of intra-
peritoneal polytetrafluoroethylene mesh. In addition,
the peritoneal sublay method that is used during lapa-
roscopic ventral herniorrhaphy is based on the Stoppa
technique for open ventral herniorrhaphy. Some few
controversies continue to exist regarding technique
such as the extent of mesh overlap and the placement of
transabdominal mesh fixation, all of which might affect
recurrence. All reports since the introduction of the lapa-
roscopic technique in 1992 consist of retrospective
reviews of personal series or prospective collection
of data on a cohort of patients undergoing this proce-
dure.

Recurrence rate has varied between 1.6 and 9.3%
at 0.6 to 3.6 years mean follow-up (8 Table 1.5). This
will amount to a mean recurrence rate of 4.9% at a
mean follow-up of 27 months. In a meta-analysis of
eight studies comparing open to laparoscopic repair,
no conclusion could be made regarding recurrence due
to the short follow-up and lack of standardization [45].
A prospective randomized trial comparing a standard
open mesh repair to a standard laparoscopic repair is
currently underway in the United States [46].

Other Technical Factors Contributing
to Recurrence

Other technical factors within each category of repair
have been shown to contribute to recurrence. These
include the type of mesh used, type of suture (tacking
alone versus tacking and transabdominal suture fixation
in the laparoscopic repair), mesh overlap and details
of the specific techniques as perfected by its originator
and which made it a success in the hands of experts. In
addition, one should not ignore the associated learning
curve with any procedure; although the learning curve
was best described with the laparoscopic technique, it
applies as well to the various open techniques.

Each of these issues is mentioned here, but will be
the subject of a complete discussion in other chapters.

Patient Risk Factors for Recurrence

Despite the frequency with which incisional hernias
complicate the postoperative course of patients under-
going laparotomy, they remain relatively poorly stud-
ied. There are only a limited number of studies assess-
ing the impact of various patient-related factors on
long-term outcome. In general, previous studies have
been retrospective reviews of an institution’s experi-

ence over a prolonged period of time (10-20 years).
The cohort examined is often heterogeneous as pa-
tients with ventral hernias at various sites and from
a myriad of prior operations are often considered to-
gether. Furthermore, the results of repeated repairs are
often included with those of the initial attempt, thus
confounding the accurate definition of recurrence risk.
The impact of various patient-related factors such as
chronic illness has received relatively little attention
in these previous studies and will be addressed in a

more complete discussion in subsequent chapters of this
book.

Conclusion

Several conclusions can be made from the above dis-
cussion.

1. Mesh repair of VIH is superior to suture repair and
will reduce recurrence by half.

2. Repair of recurrent VIH is associated with higher
recurrence rates for each subsequent repair.

3. The type of open-mesh repair seems to favour the
sublay technique. Other types of repair in the hands
of experts can match the sublay repair with similar
recurrence rates.

4. The laparoscopic repair of VIH is gaining popularity
and is currently under study in a prospective ran-
domized trial.

5. To appropriately assess recurrence after VIH, long
follow-up of at least 5 years is required.
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Discussion

Jeekel: Consider the Luijendijk study that we published
in the New England Journal of medicine 2000, after that
a long-term follow-up was published in the annals of
surgery and recently in the annals and then you see that
the recurrence rate is much higher at 10 years follow-up.
So then the mesh result had a 32% recurrence rate and in
the primary closure it was 67%. It is amazing, so high. So
that means that you need a long-term follow-up as you
say, for a good study. So on what should we then agree?
Should we say, we no longer trust on data with a follow-
up of less then 4, 5 years, or do we, as you may do, ex-
trapolate. What should we do? Another small question is
that in the incidence of incisional hernia you see so many
differences. I think in the literature you find between 5
and 20% incidence of incisional hernia. In Holland when
we calculated a number of years ago it was 15%. Is there
a difference in races, in countries, in Caucasians people
versus, Chinese or what ever?

Itani: These are very good comments and questions.
You might know when we planned the inguinal hernia
trial with the NDA the budget for this study was six
million dollars and for a follow-up of 2 years. So you
can imagine what the budget for a study would be for
a follow-up of 5 years or even 10 years. So I think it
is impossible to go to 5 years without having a budget
of millions of dollars. I think the way to do it is to go
to population-based studies such as the Flum study
in order to understand the progression of the disease.
I think that we have enough evidence now to show that
75-80% of the recurrences are going to occur in the first
5 years but that you will continue having recurrences
beyond that, as long as we keep that in mind. For your
second question regarding races, I don’t think it has been
studied anywhere in the literature and nobody knows
what the exact answer to that is. In any study that we
perform, whenever it is a prospective randomized control
studies such as the VA study, we take race into consider-
ation but we have a higher proportion of one race over
the other so that it would be inappropriate or statisti-
cally impossible to reach a good conclusion about race
difference.

Jeekel: Doing laparoscopic surgery, just one remark:
We will close our laparoscopic versus open randomized
study in 2 months I think and then we shall have some
answers.

Amid: In all the reported randomized studies the issue
is open versus laparoscopic repair. But what is meant
by open? There are many different types of open and
there is not only one kind of laparosopic. Do you have
any idea?

Itani: That s another very important point, Dr. Amid,
and you know those few studies that I've shown you, small
studies that have looked at open versus laparoscopic. The
VA trial that weve just started standardized the open
repair with all details and particular attention was payed
to each single issue within the repair in order to come up
with an evaluated conclusion about the repair. But as
you might know, even if you adopt one repair over the
other, you will have proponents of that repair and you
will have detractors as well that will tell you should have
used a different one because it is better.

Amid: So the consensus of the previous meeting in Su-
vretta was that Rives was superior to the other types of
open repair. Would it be possible to get the same consen-
sus in this meeting, because it is very important to see
which open repair we have to do?

Schumpelick: I think we will come to that topic again,
but I would like to comment on that. We have done a
prospective randomized study of eight centres in Europe,
now published in the British Journal of Surgery, and in
three centres we have no recurrence at all, in five centres
a large number of recurrences; it is a question of tech-
nique. There is no question that the technique is a very
important point and you can use different techniques in
open approach but there will still be a biological reason
we don’t understand at the moment; we can talk about
this in the coming days.

Franz: I agree with your conclusion that the majority
of recurrences of primary incisional hernias are prob-
ably forming early and, as group of scientific surgeons
being scared away from a long-term follow-up that may
be required to get better numbers, certainly a physical
exam as determent factor of surrogates could be used
or radar imaging studies or ultrasound, for example,
to detect these defects early. There are recent reports in
the literature showing that a gap in the facial closure
occurring even in the first month with great accuracy
will predict a downstream hernia rate. In your VA trial
perhaps you consider surrogate markers for the defects
such as ultrasound.

Itani: A very good question. If there is any question we do
recommend a radiological study such as an ultrasound or
CT scan to look more carefully at whether a recurrence is
there. We did not adopt surrogate endpoints in our study
at the VA. However, I would like to also caution you be-
cause you are introducing now a new parameter whereby
if your radiologist is not properly trained to detect these
small recurrences, they are going to be missed and you
will have to standardize among radiologists reading these
studies and maybe have one or two radiologists reading
all the studies from all the centres in order to come up
with a valid surrogate endpoint rather than saying that
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each centre can have one radiologist reading the stud-
ies. I don’t think you will have a good standardization
that way.

Franz: To the use of the ultrasound, we provide exactly
that service at the University of Michigan and when the
team is dedicated, it is amazing how accurate they can be
with defining what you are going to see in the operating
room, but it does require their extreme interest.
Miserez: I would like to expand to the previous speaker.
We need more standardization. Conferences like this need
to work on standardization and especially if you talk
about recurrences with the laparoscopic technique we
should not forget postoperative bulging and diastases as
an important point also to register and to measure because
for some this is kind of pseudorecurrence with a lot of
complaints for the patients, so we should not forget this.
Deysine: I congratulate you, this is progress. There is a
problem with standardization. You are talking about VA
programs that train first- to fifth-year residents in sur-
gery with different skills. So you are comparing the first
year to the fifth, which is totally different. There was an
article published showing an improvement from the first
to the fifth year in the recurrence rate of inguinal hernias.
However the attendants taking care of those residents
were the same. So there is a fault in the training program

1.3 Hiatal Hernia

R. POINTNER, EA. GRANDERATH

In 1951 Philip Allison [1] emphasized the associa-
tion between esophagitis and hiatal hernia, and hiatal
hernia became synonymous with gastro-esophageal
reflux disease. Soon thereafter, attention shifted to the
lower esophageal sphincter, and investigators related
sphincter function to the presence of GERD. It became
evident that in patients with hiatal hernia the altered
geometry at the cardia could potentially affect lower
esophageal sphincter function. Recently, much work
has been done to elucidate the effect of the hiatus her-
nia in the pathophysiology of reflux disease and we are
now beginning to understand this complex relationship.
A hiatus hernia disrupts the anatomy and physiology
of the normal antireflux mechanism. It reduces lower
esophageal sphincter length and pressure and impairs
the augmenting effects of the diaphragmatic crura. The
presence of a hiatus hernia is supposed to be associ-
ated with symptoms of gastro-esophageal reflux and
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and in the teaching program that permits a first-year
resident operating with an attendant to have a very high
recurrence rate.

Itani: Very, very good point. Actually excellent point. Dr.
Fitzgibbons and I were on that publication that looked at
PJV level and recurrence rate and your comments are very
well taken. We have adopted a much stricter approach
with ventral incisional hernia because the operation it-
self is more complex than inguinal hernia repair and the
attending physicians are very involved in that trial and
making sure that they are doing the right thing.

Read: I would like to make one short comment. I think we
should stop calling this operation the Rives or the Rives-
Stoppa procedure. Rives did some pioneering work in this
area in the early 1970s. Stoppa did further work in the
next decade. But this operation is the Flament operation
because he has struggled with it for the last 25 years. As
Fitzgibbons says, this is the Flament operation. It is the
Flament operation and he is with us today and I think
he should get all the credit.

Flament: I am a very faithful man so I don’t want to for-
get the people who were behind me. As my boss told me,
when you work on a heritage, you can take the heritage
for yourself but you must not forget the people who suc-
ceeded before you. It is Rives-Stoppa.

increased prevalence and severity of reflux esophagitis,
although there are no data available regarding whether
patients are more impaired by symptoms correspond-
ing to the insufficiency of lower esophageal-sphincter
pressure or hiatal hernia. The fact that esopagitis and
reflux were deemed a predictable consequence of hiatus
hernia became untenable with the observations that not
all patients with hiatus hernias had reflux disease and
that not all patients with esophagitis had concomitant
hernias and that simple repair of a hiatus hernia did
not resolve GERD. Although this fact is well known
in only a few papers dealing with recurrences of large
hiatal hernias, a differentiation between radiological
recurrences and symptom recurrence due to postsurgi-
cal anatomical changes or GERD-related problems is
worked out.

There is no exact definition of a hiatus hernia, as
the “normal” hiatus is well described in regard to its
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B Fig. 1.6. Type-| hiatal hernia

function but not to its size regarding the anatomy. A
hiatus hernia is defined as a proximal displacement of
the proximal part of the stomach through the diaphrag-
matic hernia. There are two different ways to describe a
hiatal hernia, the endoscopical and radiological:
== Endoscopically, a hiatal hernia is present when the
Z-line can be identified above the crural ring with
the folds of gastric mucosa between the crura and
the Z-line. The distance between the Z-line and the
crura indicates the size of the hiatal hernia. The cur-
rent practice of diagnosing a hiatus hernia and mea-
suring its size using the centimetre markings on the
endoscope is inaccurate. There is no standardization
regarding the degree of air insufflation or at which
phase of respiration the measurement is made.
== Radiologically the hiatal hernia is specified in three
major types:
= Type I: The sliding hiatus hernia: the gastro-
esophageal junction migrates through the hiatus
(B Fig. 1.6).
= Type II: The para-esophageal hiatus hernia
(PEH): the gastric fundus herniates through
the hiatus with the gastro-esophageal junction
maintaining its normal intra-abdominal position
(B Fig. 1.7).

B Fig. 1.7. Typ-Il hiatal hernia

= Type III: represents a combination of type I and
type II: the gastric fundus and gastro-esophageal
junction hernia through the hiatus into the tho-
rax (B Fig. 1.8).

= Type IV: this is a type-III hernia with the ad-
dition of other organs herniating through the
hiatus into the thorax.

The examination technique for diagnosis of hiatal
hernias is standardized for neither the endoscopic nor
the radiological approach, therefore the size of hiatal
hernias depends on different and not standardized ex-
amination techniques. There are few published data on
the correlation between upper endoscopy and barium
studies in the diagnosis of hiatus hernia [2, 3]. Upper
GI endoscopy significantly underestimates the size of
hiatus hernias compared with barium studies. At pres-
ent, neither radiology nor endoscopy is an accurate
method of measuring hiatus hernia size.

For restoration of normal hiatal anatomy, the know-
ledge of contents of the hernial sac as well as the dis-
tance between Z-line and the diaphragmatic crura is
necessary. The most important fact for restoration is
the knowledge of the length of the pillars and the width
of the maximum distance between the pillars. Measur-
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B Fig. 1.8. Type-lll hiatal hernia

ing these distances, the size of the hiatal surface area
(HSA) can be calculated as the only exact parameter
for dividing indivduals into patients with normal, small
and large hiatal hernias [4].

The precise etiology of large or para-esophageal
hernias (PEH) is unknown. The current theory is
that large and para-esophageal hernias result from
progression of sliding hiatal hernias. Sliding hernias
are more common in younger patients and more
common than para-esophageal hernias. Increased
intra-abdominal pressure, enlargening of the dia-
phragmatic hiatus and stretching of the phreno-esopha-
geal membrane are key factors in large hiatal hernia
formation.

Complications of gastric incarceration or volvulus
have been described by Skinner and Belsey [5] with a
grade of severe complications in 30% of asymptomatic
patients treated conservatively for para-esophageal her-
nia. Recently, Allen [6], who followed 23 PEH-patients
for a medium of 78 months documented a very low in-
cidence, and Stylopoulos [7] created a decision analyti-
cal model to determine if asymptomatic patients with
large hiatal hernias benefit from elective hiatal repair.
For asymptomatic patients, a higher risk for surgery is
calculated in the paper of Stylopoulos, and this study
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adds support to the conservative treatment approach
towards asymptomatic PEH.

In 1951 Philip Allison [1] reported very enthusi-
astically on 33 patients operated over a 5 year period
with 30 of them having excellent short-term results.
Twenty-two years later, he was courageous enough
to report his long-term results and recurrence rates
of almost 50% to the American Surgical Association
meeting in 1973 [8]. Supported by a grant from the
American Surgical Association, he reviewed 421 of his
553 surgically treated patients, of whom 118 were dead
and the condition of 14 was unknown. This study of
Philip Allison, one of the pioneers of hiatal hernia sur-
gery, is the only one with a nearly complete follow-up
of patients in the long-term run for open hiatal surgery.
After radiological re-examination of these 421 patients,
in cases with presence of a supradiaphragmatical gas-
tric pouch, irrespective of the pouch size, a surgical
intervention was indicated for determination of recur-
rence.

By these rigid standards, radiological recurrence
was found in 33% of former para-esophageal hernias
and in 49% of former sliding hernias. An important
aspect is that recurrences increased steadily with the
years after operation.

In the group of patients operated by Allison, there
were 27 recurrences in the first year, 28 between 1 and
5 years, 15 between 5 and 10 years and 11 after 10 years.
Similar results were found in the group of the other
surgeons in this trial. Beneath this high recurrence
rate, Philip Allison made clear that a lot of patients
were completely free of symptoms but were found to
have radiological recurrence, pointing out that there
is no correlation between radiological recurrence and
symptom recurrence. Over the next decades, no radio-
logically controlled mid-term or long-term results of
hiatal hernia surgery were published, until Hashemi [9]
followed 54 patients with type-III hiatal hernias for a
medium of 27 months, 27 of them having undergone
laparoscopic hiatal hernia repair and 27 open hiatal
hernia repair.

The symptomatic outcomes were similar in both
groups, with excellent or good outcomes in 76% of
the patients of the laparoscopic repair and in 88%
after an open repair. A recurrent hernia was pres-
ent in 12 of the 41 patients (29%) who returned for a
follow-up video esophagogram; 42% (9 of 21) of the
laparoscopic group had a recurrent hernia compared
with 15% (3 of 20) of the open group. Five years later,
a similar study was published by Ferri [10], compar-
ing 25 patients with para-esophageal hernia after an
open approach with 35 patients after a laparoscopic
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hernia repair. No significant difference in general or
disease-specific quality of life was documented. Radio-
graphical follow-up was available for 78% open and
91% laparoscopic repairs, showing anatomical recur-
rence rates of 44% and 23%, respectively. These data
are exactly contrary to those published by Hashemi
[9] 5 years before. Although the data for the open
transabdominally and laparoscopic approaches are
contradictory in both papers, the overall recurrence
rate in the two studies is exactly the same, 30%! These
30% recurrences were detected also by Jobe [11]. He
evaluated the long-term effectiveness of the laparo-
scopic management of giant type-III hiatal hernia in
52 patients at a mean of more than 3 years. Esophago-
grams revealed a recurrent hernia in 32% (11 of 34) of
patients of whom 36% (4 of 11) were asymptomatic.
Of these 11 recurrences, 4 occurred within the first
2 years, 3 between the second and fourth year and
4 between years 4 and 7. According to the increasing
rate of recurrences, the rate of patients presenting no
adverse symptoms dropped from 91% 3 months post-
operatively to 81% 3 years postoperatively. These results
were confirmed by Targarona [12] in 2004 in a study of
mid-term analysis of safety and quality of life after the
laparoscopic repair of para-esophageal hiatal hernia in
46 patients he had operated on. Eight patients (21%)
had postoperative gastro-intestinal symptoms in a fol-
low-up of more than 6 months. Barium swallow was
performed in 30 patients (81%) and showed a recur-
rence in 6 of them (20%). However, follow-up of the
patients with recurrent hernia was significantly longer
than that of the patients without recurrence, suggesting
that the risk of recurrence is highly correlated with time.
In his study, Targarona pointed out that the quality of
life of patients postoperatively reached normal values
and did not differ significantly from the standard val-
ues for the Spanish population of similar age and with
similar comorbidities. Successfully operated patients
reached a gastro-intestinal quality-of-life index value
comparable to standard population; however, symptom-
atic patients had significantly lower gastro-intestinal
quality-of-life index scores than the asymptomatic or
the X-ray-recurrent group.

The main object of Targarona’s study was to as-
sess the incidence of recurrences of hiatal hernia repair
and to investigate its correlation with the patients’ post-
operative quality of life. One interesting finding was that
a number of patients with recurrent radiological hernia
remained asymptomatic, whereas, as shown also by Jobe
[11], increase of adverse symptoms or low quality of
life index is not obviously correlated with anatomical
recurrence.

Going through the literature of laparoscopically
performed hiatal hernia repairs (8 Table 1.6), there is
general agreement that a wrap has to be constructed
and should hold the stomach intra-abdominally.
Whereas the majority of authors prefer a Nissen
fundoplication, about 50% of them anchor the sto-
mach intra-abdominally in addition to the wrap
by performing a gastropexy. The incorporation of
a fundoplication has gained popularity, since it be-
came evident that most of patients with giant her-
nias report symptomatic reflux pre-operatively. If,
and this should be oblique, 24-h pH monitoring and
esophageal manometry is performed on these patients,
abnormal reflux and incompetence of the lower esopha-
geal sphincter pressure can be demonstrated in almost
all of these patients.

Only regarding the utility of performing a gastro-
pexy is controversy likely to remain. Up to now, there
are no randomized trials validating the use of a gas-
tropexy in preventing hiatal hernia recurrences. All
published studies (see @ Table 1.6) have demonstrated
that complete sac excision and the reduction of viscera
into the abdomen is unalterable, as shown by Edye [19].
In his study patients treated without sac-excision expe-
rienced a recurrence rate of 20% versus no recurrence
in the sac-resection group. The closure of the hiatus is
the most essential step in hernia repair. Assessing the
failures and problems of antireflux surgery, it is well
known that the majority of complications and failures
leading to redo surgery in 80% are related to problems
of the hiatal closure [20].

Most authors prefer crural closure with simple non-
absorbable sutures posteriorly to the esophagus. But-
tressing the hiatal closure, typically with a mesh onlay,
is advocated if the crura are not of sufficient girth and
adequate suture purchase is not possible. Tension-free
hiatal closure using prosthetic material seems su-
perior to simple closure, if the gap between crura is
excessive and undue tension is placed on the sutures
[21].

By now, it is impossible to compare open and
laparoscopic results. For both procedures only a few
studies are available which routinely include eso-
phagograms to identify asymptomatic recurrences.
Based on the only available long-term investigation
with a nearly complete follow-up in X-ray documen-
tation, one must conclude that for the open approach
recurrence-rates have been increasingly high [8]. For
the laparoscopic approach the follow-up time is too
short to compare these studies with the long-term study
of Philip Allison. Nevertheless, anatomical recurrence
rates vary between 15 and 43% (@ Table 1.7) with a clear
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B Table 1.6. Laparoscopic hiatal hernia repair
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Author No. WRAP Gas- Collis Sac Crural closure
(con- tro- exci-
version) Nis- Tou- Hill pexie sion Su- Pled- Mesh
sen pet tures gets

Perkidis 53(2) 52 1 - 24/53 - Yes Post. - -

[13] (45%)

Mattar 136 (3) 136 - - - 6 (5%) Yes Post. 136 -

[14]

Jobe 52 (0) - - 52 - - Yes Post. >4 -

[11] cm

Khaitan 31(6) 19 6 - 13/25 - Yes Post. 15 -

[15] (52%)

Diaz 119 (3) 108 6 — 48/116 6 (5%) Yes Post. 116 6

[16] (41%) (5%)

Andu- 166 (2) 127 23 = 14/166 1 Yes Post. = =

jar [17] (8%)

Smith 94 (8) 92 - - 92/94 6 (6%) Yes Post. - -

[18] (98%) Prae.

B Table 1.7. Recurrence rates after laparoscopic hiatal hernia repair

Author No. Follow-up X-ray Recurrences Redo Satisfaction
[months] (% of N) (exc./good)

Perkidis [13] 53 18 (2-54) 46/53 (87%) 7/46 (15%) 0 49/53 (92%)

Mattar [14] 136 40 (12-82) 32/125 (25%) 14/32 (43%) 1 25/28 (90%)

Jobe [11] 52 37 (2-84) 34/52 (65%) 11/34 (32%) 2 (+4) 32/37 (86%)

Khaitan [15] 25 25 15/25 (60%) 6/15 (40%) 0 Not done

Diaz [16] 116 8(6-12) 66/96 (69%) 21/66 (32%) 3 (2,6%) Not done

Andujar [17] 166 15 120/166 (72%) 34/120 (28%) 10 (8,3%) Not done

Smith [18] 94 27 (3-93) 47/94 (50%) 11/47* (23%) 10 (12%) *=asympt.

10/86 (12%) *=sympt.

sign that recurrence rates increase with time. These
high recurrence rates for the open as well as for the
laparoscopic approach necessitate further consideration

(before X-ray)

to ameliorate the results of hiatal hernia repair. One of
these new concepts could be the application of meshes
at the hiatus [21].
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Although the recurrence rate of hiatal hernia re-
pair is extremely high, we know little about the effect
of diaphragmatic stressors on recurrent hiatal hernia.
Kakarlapudi and Filipi [22] investigated the correlation
between the various diaphragmatic stressors and ana-
tomical disruption of the diaphragmatic closure. They
conducted a retrospective analysis utilizing a standard-
ized diaphragm stressor questionnaire for the study
group and a control group of 50 patients without hiatal
hernia recurrence. Only vomiting and weight lifting
were significant, using a logistic regression to deter-
mine the significant predictors of hiatal hernia recur-
rence.

Beside these stressors there is discussion about the
existence of a so-called short esophagus and whether
this entity might influence recurrence rates. There is
also discussion, whether decreased adhesion formation
due to a wide use of ultrasonic devices can increase the
recurrence rates.

Looking at the radiographical features of recur-
rences, exact descriptions of the new and recurrent
pictures are required. Terms like “sliding” hernia or
“para-esophageal” hernia in patients with recurrences
are incorrect, leading to misinterpretations, and can
by no means have influence on the indication for sur-
gery. For recurrences, we need other characteristics,
since a patient with a wrap around the distal esopha-
gus can experience neither a ,,sliding,, nor a “para-eso-
phageal” hernia.

Recapitulating, a high incidence of 30-50% of ana-
tomical recurrences has been demonstrated with
routine postoperative radiological studies for both
the open and laparoscopic approach. Half of these
patients remain asymptomatic, whereas a group of
patients of unknown incidence is symptomatic with-
out showing anatomical recurrence.
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Discussion

Frantzides: What you point out is exactly what we see in
the literature. We saw the high recurrence rates of hiatal
hernia repairs. A colleague here said: ,What is it, that
we have to change with our technique? “ You pointed,
that there is up to 40% recurrence rate and we are still
wondering why but we are doing the same thing: Plac-
ing a few stitches on the crura, expecting that this would
be the best treatment. Of course this topic is near to my
heart. I've been working on this for 20 years and I was
very disappointed when I saw that you didn’t mention our
work, that is the only prospective, randomised study up to
now. I've shown that if you use mesh the recurrence rate
should be much less. Actually our study,was a 9-years study
published in The Annals of Surgery 2000 with a medium
follow-up of 3.5 years. We've shown that the use of mesh
should result in 0 recurrence of hiatal hernia. I recognize
that mesh is something we are very leery to use around
the hiatus. There are reports of erosions especially with
prolene mesh. With PTFE we haven't seen that. So I would
like to hear your comments. In this forum it is evident that
we need to change a lot of things. As said by others before
we have to send a message out about when you operate:
If there are symptoms, if it is para-esophagial or sliding?
When is it time to make decision? The placement of the
mesh will be discussed in another forum.

Pointner: Thank you Dr. Frantzides. I know your work
and I'll mention your work in the afternoon. You

1.4 Results of Unpublished Studies
M.G. SARR
Introduction

When asked to write this chapter on Results of Unpub-
lished Studies, | thought my task to be very easy and very
short (indeed, very, very short!): unpublished studies are
unsubstantiated and therefore not peer-reviewed; thus,
these“studies” are neither substantiated nor reliable, and
thus my report is over! However, many physicians, both
the serious and the pedantic, talk of results (often their
own) of unpublished trials, so several questions arise. Who
does this? What are these studies? Why do these “studies”
get discussed? And finally, what are the perils of this non-
science? The following discussion represents my thoughts
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know we use meshes as you do and I think that meshes
should be used in the correction of this region and they
are very important but that’s the topic for this after-
noon.

Fitzgibbons: I can ensure you that we see a lot of redoes
and we see plenty of erosions of PTFE into the oesopha-
gus after the hiatus was repaired with Gore-Tex. And we
think that material in this area is nonsense because we
have seen many of them.

LeBlanc: I think this is a problem that we see in all the
other hernia repairs. There is no standardized tech-
nique: Where do we have to place the sutures, what
type of knots and which instruments should be used and
even which meshes should be used and where should
they be placed? So there is no standardization of any
of that. We haven't seen any erosion but we certainly
have seen a lot of redoes without the use of mesh. So I'm
proposing to use the mesh, particularly for the redo, but
I think we need to standardize the operation just like
all the others. But I guess we will never eliminate recur-
rences.

Pointner: You are right, there is no standardization of the
operation and we don’t know which technique - but one
thing is clear to me: we have a recurrence rate of about
30% for open and laparoscopic procedures and the recur-
rence rate for patients with meshes is very, very low. We
have to talk about which mesh, which shape of mesh, but
we see that we have a lower recurrence rate but that’s the
topic for this afternoon.

on this topic as it deals with the subject of the manage-
ment of hernia disease.

Who Does This?

Who would refer to unpublished studies as dictum or
truth? Well, we all do, or at least most of us do. We
talk of our own experience (usually a flawed surro-
gate of a “study”), not disingenuously, but rather based
on our believed memory, i.e. our experience. Yet how
often our memory fails us — we forget much morbid-
ity and even mortality, though we may have suffered
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equally with the patient and their family. Indeed, some
memories of complications are just too painful - af-
ter all, we often remember the good and protect our-
selves psychologically from remembering the bad. I
tend to believe that many of us practice this invisible
and unknowing selective memory, not out of malice
or disinformation, but rather because we may believe
strongly and honestly in what we do and how we do
it; the important lesson is that we acknowledge this
potential fallacy and recognize it for what it is, and keep
an open mind such that we try to either prove our “ex-
perience” to be correct or, equally important, prove it
to be wrong, and then change our practice according
to evidence-based studies.

Other possibilities, however, also occur. Ego is often
blind. “I've done about 300 of these operations.”
When I hear this type of a boast, I usually divide the
number immediately by a factor of two (or greater
depending on the presumed “head size” of the boaster,
i.e. here the “presumer” is the boaster himself/herself!).
This calculation seems especially pertinent when the
boaster is discussing (long-term) morbidity and mortal-
ity! I have no scientific data to support my impressions
and thus I also write without data, but I always question
any non-published, self-aggrandizing “personal experi-
ence” when delivered with undeserved authority.

Still another possibility is ignorance. “I've never had
arecurrent hernia” Well, it might be true that Surgeon
A has never had to repair a recurrent hernia, but that
does not mean, necessarily, that none of his (the term
“his” from now on will be gender-neutral!) hernior-
rhaphies have recurred. You don’t see what you don’t
look for! Maybe his patients with a recurrence are as-
ymptomatic, maybe they don’t want to tell him because
of their respect for him or they believe he will be em-
barrassed, or more likely, they have gone to another
surgeon for repair because Surgeon A failed the first
time to fix it. Again: “You don’t see what you don’t look
for” Therefore, Surgeon A may be well-meaning and
not untruthful, but just ignorant of his results.

What Are These Unpublished Series?

We have all heard about these series: “T've done 300 of
these complicated, huge, multiply recurrent hernias.”
Remember the divide by 2 (or greater) rule! “My infec-
tion rate (or recurrence rate) is zero,” or “I've never had
a wound infection (or a recurrence).” Right! We have
all hopefully learned the lesson of recurrent incisional
hernia by the long-term studies from The Netherlands
and the Washington State Medical database showing

not only an (unbelievably but documented!) high re-
currence rate but also the relentless, steady increase
year-by-year, not just in the first year or two [1-3].
One can argue about personal experience, but an evi-
dence-based approach is dissociated from emotion, no
matter how fervent one might be about his “beliefs”
- they remain “beliefs” until proven to be facts. While
surgeon A is hopefully in the minority of the rest of us
evidence-based surgical scientists, nevertheless surgeon
A, especially if a well-renowned leader in his university
hospital or community, can promulgate quite a bit of
disinformation - “tissue repairs of inguinal hernias have
low recurrence rates” — try and argue this point with an
enlightened, evidence-based surgeon in Denmark [4]!

Why Do These Unpublished Studies
Get Discussed?

There are a multitude of reasons that emanate from
many of the points raised above. “My repairs are better,”
or “It can’t happen to me.” Divine ignorance. Or in the
well-meaning but ignorant surgeon — we never looked,
or the follow-up is too short, or the patients seek out
another surgeon. Remember, hernias don’t recur in the
operating room (!) and, admittedly, the infection rate
of a herniorrhaphy wound is zero as the patient leaves
the operating room and will remain so (in the surgeon’s
mind) until he looks objectively for a wound infection
or a recurrence. Finally, while ideally all operative pro-
cedures (in our case herniorrhaphy procedures) should
be studied in an evidence-based manner, i.e. well-de-
signed class-I data with long-term follow-up preferably
by a double-blind, randomized controlled study, such
studies are expensive, difficult to design, impossible to
have accepted by the local or national community of
all potential participating surgeons, and take a lot of
time. Because all of our procedures/approaches cannot
fully be confirmed by such studies, we need to continue
to question our practices continually and not relay on
these unpublished studies.

What Are the Perils of Unpublished Studies?

Beware of the phrase, “in my experience!” Remem-
ber the problems with anecdotal “experience’, e.g. the
scare of port-site recurrence (of colon cancer) after
laparoscopic colectomy. Similarly, the implications of
validating an operation based on too short a follow-
up rings so true when one attempts or continues to
justify the practice of repairing incisional hernias with
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autogenous suture repairs [1, 2]. Another trap we as
surgeons also fall into is the belief in “expert testimony’,
often the expert is our mentor, whom so many of us
“worship.” Similarly, our often unwavering support and
loyalty toward institutional tradition has also too often
clouded our judgment; for instance, at my institution,
talk of the Mayo repair of umbilical hernias still lingers
in some hallways! Progress continues; new operations
are designed; techniques change; we need to maintain
an open mind (albeit a critical open mind) — witness
the fate of our ancestors who said that laparoscopic gall-
bladder removal will never catch on. Along these lines,
however, we also need to remain cognizant of what we
don’t know, e.g. duodenal ulcer disease and Helicobacter
pylori; or pre-1990 the lack of a prosthetic material for
repair of direct inguinal hernias, or maybe even the
avoidance of prosthetic-based repair for any incisional
abdominal wall hernia! We need to learn more about
the biology of hernia development and repair, thus, the
Suvretta Symposium!

How, then, do we approach the future in the field
of herniology when class-I evidence is absent? We will
be approached (undoubtedly and hopefully) by indus-
try with new devices, new products, new techniques
etc! This is good, this is opportunity, and we need to
embrace such a partnership! But we need to question
animal models, avoid relying on sensationalism or ex-
pert testimony and accept case reports and anecdotal
“experience” for what they are, i.e. preliminary obser-
vations. Moreover, we need to support study of these
advances and to compare them to our (documented)
gold standards. Change is (often) good, change is (of-
ten) an opportunity, but change must be justified or
at the very least accepted with a critical eye and with
“The Data!”

The Future

While no one can predict the future, many new pro-
grams in the healthcare field are reassuring and offer
potential optimism. The proliferation of quality-con-
trol initiatives, both at the local (hospital-based) and
national level, such as proliferation of participation in
National Study of Quality Improvement (NSQIP), the
voluntary participation in the Danish herniorrhaphy
database, the multi-centre trials in Germany, France,
the Netherlands, Sweden and finally in the United States
through the Veterans Administration (VA) hernia trials
- here is the future of an evidence-based practice. We
need to partner with industry, foundations, insurance
providers, universities, and the government to evaluate
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best practice in herniorrhaphy; indeed, this may even
be the lack of the need for herniorrhaphy, i.e. watchful
waiting [5]! And hopefully through meetings like this
Suvretta conference, we will be able to educate our peers
in the biology of hernias.
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Discussion

Bendavid: I really enjoyed your paper and it is true that
you have touched on a point that we all have experienced
- the fact that every organization actually needs a mav-
erick, and unfortunately this can be very difficult. A good
story that I have heard also is: Mark Ravitch was being
interviewed once and the topic was division of nerves and,
as you certainly know, Dr. Amid does triple neurectomies
and a lot of us have done neurectomies for the past 20
years, all of them as routine operations. And the answer
of Mark Ravitch to the question “What would happen if
your resident cut the nerve?“was “You mean my former
resident!“ Thanks for the good talk.

Sarr: Just the topic of vagotomy. “Should we ever do a
vagotomy now?“ that’s hearsay from 20 years ago.
Schumpelick: Dr. Sart, say something about your unpub-
lished opinion: can we always treat a hernia successfully?
Sarr: Can we always treat a hernia successfully? I think
no. I think some of them are too big. We can operate on
them - but do we really help them? The small ones we
should be able to fix as long as we are not ignorant in
our knowledge (i.e. primary suture repairs); but as we
work with a lot of ignorant surgeons, and many of us are
ignorant, it is basic practice that we really have to do just
that. But I think there are some hernias we can’t fix and
some we shouldn’t fix. Based on no data!



The evidence concerning results of a trainee (resident)
versus an attending surgeon or specialist surgeon is
scarce. There are no randomized clinical trials concern-
ing hernia surgery that compare the outcome of trainee
versus surgeon or specialist.

For this chapter a Medline search was performed
and the experience with new training methods in the
OLVG hospital in Amsterdam are described. The results
of inguinal hernia surgery over a period of 10 years in a
teaching hospital are presented. The general conclusion
of the Medline search is that specialists publish the best
results, often in retrospective studies with many flaws
in the methods. From general practice, most articles
indicate that results of hernia surgery are disappointing
but it is usually not clear what recurrences are caused by
trainees versus those caused by attending surgeons.

The article of Davies [1] published in 1995 describes
how (probably in many countries) surgeons were trained
in hernia surgery; “see one, do one, teach one” was the
strategy. After about eight inguinal hernia repairs as an
assistant the resident would perform an average of nine
repairs under supervision of a consultant after which he
was on his own. We know now that many were trained
in performing the wrong technique. Simons [2] showed
in a study that in The Netherlands (and probably else-
where) almost no surgeon performs the technique the
way the inventor had originally described it. Corrupted
Bassini’s and Shouldice operations were the result.

Few articles describe the results of residents per-
forming inguinal hernia surgery. The article of Dan-

ielson [3] reports a RCT in which residents had 9/89
recurrences after Shouldice and 0/89 after Lichten-
stein, indicating that its not just the training but also
the difficulty of the technique that must be taken into
account. The long learning curve for endoscopic her-
nia repair is well documented [4]. Wilkiemeyer [5]
(B Table 2.1) recently reported that junior residents
had significantly more recurrences performing super-
vised inguinal hernia repair than senior residents but
many studies show that the outcome is not different in
teaching hospitals.

PGY 1+2 6,4 76
PGY 3 3,0 79
PGY 4-5 11 71
p=0.01
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B Table 2.2. Patient, hernia and surgical characteristics in 2243 patients with 2535 hernias

No. of patients 1994-1998 1999-2001 2002-2004
(n=578) (n =808) (n=857)
No hernias 650 906 979
Age [years] 56.0 54.1 55.1
Length of surgery [min. + SD] 56.7 £27.9 56.2 +24.1 58.2+21.1
Acute operation [%] 33 1.9 3.0
Recurrence total [%] 15.8 10.4° 10.6
Recurrence previous repair OLVG [%] 6.6 3.2° 2.5
Re-operation neuralgia [%] 04 0.5 0.5
Local anaesthetic [%] 35 4.8 4.1
Ambulatory care [%] 14.7 57.4° 65.2°
Length of stay [days + SD] 43+24 21+1.7° 19+1.6

2Significantly decreased or increased compared to the previous data period (p < 0.05).

B Table 2.3. Techniques used for primary hernia repair from 1994 to 2004

Technique 1994-1998 [%] 1999-2001 [%] 2002-2004 [%]
Non-mesh 307 (56.1) 73 (9.0)2 21 (2.4)
Bassini 100 (18.3) 0° 0

Shouldice 203 (37.1) 63 (7.8)° 17(1.9)
Other® 4(0.7) 10(1.2) 4(0.5)
Prostheses 240 (43.9) 739 (91.0)° 854 (97.6)°
Lichtenstein 220 (40.2) 634 (78.1)° 713 (81.5)
Endoscopic 19 (3.5) 101 (12.4) 141 (16.1)
Other® 1(0.2) 4(0.5) 0

Total 547 812 875

2Significantly decreased or increased compared to the previous data period (p < 0.05). *Hernial sac resection, McVay, Plug

and Patch, Wantz, Stoppa
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B Table 2.4. Skill of operating surgeon in teaching hospital performing inguinal hernia repair

No hernias 1994-1998 [%] 1999-2001 [%] 2002-2004 [%]

(n=650) (n =906) (n=979)
Surgeon [%] 57 (8.8) 64 (7.1) 70(7.1)
Surgeon + resident [%] 127 (19.5) 234 (25.8)° 283 (28.9)
Resident + surgeon [%] 301 (46.3) 382 (42.2) 461 (47.1)
Resident [%] 140 (21.5) 115 (24.9) 165 (16.9)*
Unknown [%] 25(3.9) 0 0

2Significantly decreased or increased compared to the previous period (p < 0.05)

Many new training methods have been described
and are being developed internationally. In the OLVG
hospital in Amsterdam many of these methods have
been implemented and are used in the attempt to im-
prove the results of inguinal hernia surgery.

Surgical training starts in the first year with theo-
retical training and skillslabs. Residents must have
knowledge of the Dutch Guidelines [6, 7], learn the
anatomy and observe training videos that were devel-
oped by Dr. Amid of the Lichtenstein Hernia Insti-
tute. Part of this training is in the lab using models
and cadavers. There is an internet-based preparation
by residents with interactive learning of anatomy of
the abdominal wall and a test of their knowledge. In
the operation theatre residents are supervised by a
dedicated hernia surgeon.Usually around five or six
inguinal hernias will be performed by this surgeon
with one resident in one single operating day. The
resident must first observe the surgeon performing
the operation, then show knowledge of the procedure
by telling the surgeon how to perform it step by step
and after that he or she is supervised for 40-60 ingui-
nal hernias until qualified enough to perform simple
primary one-sided inguinal hernia with supervision
not at the operating table, but close by if necessary.
The method consists of knowing how, showing how,
performing unsupervised and teaching how (knows,
shows, does, teaches). Bilateral and recurrent hernias
are performed by a dedicated hernia surgeon training
only one senior resident at a time to perform endo-
scopic and other techniques. Dilution of expertise is
avoided respecting the long learning curve for difficult
hernia techniques.

Following this strategy, a study was performed to
compare the results of inguinal hernia surgery before
implementing the guidelines and during the period of
very infrequent supervision (1994-1996) with a pe-
riod after implementation of the guidelines and the new
training techniques (2002-2004).

Between these periods there was a significant in-
crease in the use of mesh and the supervision of resi-
dents (B Tables 2.2-2.4). The significant decrease in
operations for recurrent inguinal hernia is probably
due to the changes in strategy.

In a prospective study of 111 patients with primary
inguinal hernia operated in the OLVG all with a fol-
low-up by physical examination of 4 years (2000-2005)
the recurrence rate of Lichtenstein repair was 1.8%. In
1990-1994, a RCT was performed in the same hospi-
tal comparing modified Bassini and modified Shoul-
dice [8] with recurrence rates after 2 years follow-up
of respectively 10.7% and 5.6%. It was concluded that
changing of technique and better training with more
supervision improved the results. In a RCT studying
the value of prophylactic antibiotics performed in three
non-teaching and one teaching hospital, there were no
significant differences measuring recurrences after 4
years and quality of life (B Tables 2.5-2.7) [9-12].

The results show an increase in operating time in the
teaching hospital but comparable results for recurrence
and other complications.

In conclusion although it seems logical that resi-
dents perform less than attending surgeons, this is not
proven in literature. It could be that general surgeons
who do not perform dedicated hernia surgery have re-
sults comparable to residents. The fact is that in general
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B Table 2.5. Patient and hernia characteristics of 254 patients divided between teaching and non teaching hospitals

No. of actual responders Teaching hospital Non-teaching Total
(n=111) hospitals (n = 143) (n =254)
No. of eligible patients 130 152 282
Age - years (mean + SD) 57.5+12.3 583+11.2 579+11.7
Sex — male [%] 104 (93.7) 138 (96.5) 242 (95.3)
Preoperative painful hernia [%] 81 (73.0) 98 (68.5) 179 (70.5)
VAS median (25-75% quartiles) 31 (0-60) 25 (0-50) 25 (0-50)
Operations in day surgery [%] 80 (72.1) 29(20.3) 109 (42.9)
Level of surgical expertise no. [%]
Certified surgeon 10 (9.0) 136 (95.2) 146 (57.5)
Resident with surgeon 88 (79.3)* 7 (4.8)° 95 (37.4)
Unsupervised resident 13(11.7) 0* 13 (5.1)
Duration of surgery [min]
Median (25-75% quartiles) 45 (40-60)° 28 (24-40)° 36 (25-45)

2Chi-square test (Fisher’s exact test), "Mann-Whitney U test

B Table 2.6. The short-term postoperative complications and follow-up of 254 patients divided between teaching and

non teaching hospitals

Teaching hospital Non teaching p value
(n=111) hospitals (n = 143)
Re-operation no. [%]
== Postoperative bleeding 0 1(0.7 0.56°
== QOrchidectomie 0 1(0.7 0.56?
Wound infection, no. (%) 1(0.9) 2(1.4) 0.59°
Bladder retention — no. (%) 0 2(1.4) 0.32°
Percutaneous drainage of seroma, 1(0.9) 2(1.4) 0.59°
no. (%)
Total of complications with inter- 2(1.8) 8 (5.6) 0.11°
vention
Follow-up 1 week, no. (%)
== Pain 28(25.2) 24 (16.8) 0.10
== Swelling 56 (50.5) 83 (58.0) 0.23
== Haematoma 26 (23.4) 29 (20.3) 0.55
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B Table 2.6. Continued
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Teaching hospital Non-teaching p value
(n=111) hospitals (n = 143)

Follow-up 2 weeks, no. (%)

== Pain 10 (9.0) 14 (9.8) 0.83

== Swelling 38(34.2) 45 (31.5) 0.64

== Haematoma 9(8.1) 8(5.6) 0.43

Follow-up three months, no. (%)]

== Pain 9(8.1) 6(4.2) 0.28

2Chi-square (Fisher’s exact test)

B Table 2.7. The long-term (4 years) postoperative complications of 254 patients divided between teaching and

non-teaching hospitals

Teaching hospital Non-teaching p value
(n=111) hospitals (n = 143)

Physical examination at outpatient clinic 94 (84.7) 116 (81.1) 0.46
- no. [%]

Recurrence, no. (%) 2(1.8) 2(1.4) 0.592

Testicular atrophy, no. (%) 0 1(0.7) 0.56°
Mesh wrinkled or palpable cranial stitch, 8(7.2) 11(7.7) 0.88
no. (%)

Pain score pre-operatively
== Number with pain, no. (%) 81 (73.0) 98 (68.5) 0.44
== \/AS median (25-90% quartiles) 31 (0-75) 25 (0-66) 0.10°
Pain score (resting) 4 years post-

operatively 21(18.9) 13(9.1) 0.02
== Number with pain, no. (%) 0(0-20) 0 (0-5) 0.04°
== \/AS median (25-90% quartiles)

Frequency of pain 4 years post-

operatively, no. (%) 82 (73.9) 100 (69.9) 0.49
== Never painful 22 (19.8) 41 (28.7) 0.11
== Sometimes 3(2.7) 0 0.082
== Frequently 3(2.7) 2(1.4) 0.38°
== Always

Some level of pain during, no. (%)

== Resting 7 (6.3) 6(4.2) 0.45
== Coughing 10 (9.0) 2(1.4) 0.01°
== Standing up 9(8.1) 2(1.4) 0.012
= Weight lifting 18(16.2) 18 (12.6) 0.41
== Sports activities 16 (14.4) 11(7.7) 0.08
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B Table 2.7. Continued

Teaching hospital Non-teaching p value
(n=111) hospitals (n = 143)
Pain location on physical exam
== Pain pressing pubic tubercle, no. (%) 45 (40.5) 36 (25.2) 0.01
== \/AS median (25-90% quartiles) 0(0-36) 0(0-15) 0.01°
== Pain pressing Poupart’s ligament,
no. (%) 17 (15.3) 22 (15.4) 0.99
== \/AS median (25-90% quartiles) 0(0-10) 0(0-10) 0.66°
Physical exam (sensory), no. (%)
Reduced sensory function:
== On the scar 17 (15.3) 28 (19.6) 0.38
== Below the scar 26 (23.4) 10 (7.0) 0.46
Absent sensory function:
== On the scar 1(0.9) 2(1.4) 0.59°
== Below the scar 1(0.9) 1(0.7) 0.68°
Sensory disturbance associated
with nerves, no. (%)
== |lioinguinal 2(1.8) 1(0.7) 0.412
== |liohypogastric 5(4.5) 2(1.4) 0.132
== Genitofemoral 2(1.8) 1(0.7) 0.41°
Satisfied with the operation 100 (90.1) 135 (94.4) 0.19
result, no. (%)
Wants the operation performed 104 (93.7) 134 (93.7) 1.00

in the same way

2Chi-square test (Fisher’s exact test), "Mann-Whitney U test.

practice results are far inferior to results described by
specialists although no RCTs have been performed. Na-
tional data bases from Sweden, Denmark and Scotland
show that re-operation rate yearly for recurrent inguinal
hernia is still 8-15% indicating that much effort has
to be put into training surgeons and residents to use
the best technique, the right way respecting the proven
learning curves for all techniques. Recurrences are thus
never a problem of the trainee. They are a problem of
insufficient training by the trainers. All efforts must be
put into excellent training and quality control by sound
scientific methods.
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Discussion

Amid: One thing that Maarten forgot to say: Out of the
two or three patients that I have operated in Holland
there was one recurrence and that is a recurrence rate of
30-50%. What I really want to say the efficacy of Lich-
tenstein and laparoscopic repair is between 0 and 0,5%
recurrence rate. But when the operation goes to the sur-
geons at large it goes up to 4% with Lichtenstein and 10%
with laparoscopy, as the VA study showed. That means
really that training and experience are very important. As
a part of what I do every year I have to review approxi-
mately 500 operative reports for different reasons and
having reviewed thousands of operative reports, mainly
in the US, I can seriously say that surgeons do not know
how to do a hernia operation as you can clearly find out
while reading these useless, sketchy operative reports. It
is really the job of the educators to educate the young
surgeons so we get out of this mess.

Schumpelick: A very clear statement.

Jeekel: Excellent lecture. But I don’t agree with one con-
clusion, that the resident is inferior. As you said there is
one level-three evidence study from last year; one study is
no study. You found yourself the same results in teaching
hospitals as in non-teaching hospitals. So I don’t think
there is real evidence at all from one level-three study
that residents are inferior. Isn’t what you are saying more
that - besides technique - volume is so important and
we haven’t heard very much about volume today yet. But
volume - of course the technique principles should be
right - but then the volume is so important. So a resident
in his first year has less volume, but shouldn’t we just
focus a little bit more on the question of volume, volume
per surgeon. I agree very much with training the trainers
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and have volume for the trainers and for everybody. We
know that volume often gives quality.

Simons: I agree completely. What I found out is that
residents really enjoy following me for a month doing 1
day a week of hernia surgery and in 1 day six or seven
Lichtensteins one after another. So volume can be even
better if you combine it with all the other strategies, the
techniques that I showed here, and then the repetition
of doing it over and over again is, of course, enormously
important. This takes a lot of planning, seeing all the
challenges that we have getting the residents in to do
these operations. I think the problem is that volume will
never be available in general practice with large training
programs so you have to focus on all these other aspects
also. But your point is right and I am going to put it in
my next talk because we shouldn’t forget it.
Fitzgibbons: There is a small trap in what you say, Prof.
Jeekel. In the academic centres sometimes we go to the
operation which is most teachable and maybe not the
best; for example, the Lichtenstein is a very teachable
operation where the Shouldice isn’t. So most of us like
to use the Lichtenstein in a training centre because it
is a very easy operation to supervise as opposed to the
Shouldice operation. I worry a little about this.
Deysine: First of all, Maarten, I have to congratulate
you on this wonderful speech. It is very interesting to see
how after these conferences a kind of thought develops
in people who are involved with hernias and we all come
out with just about the same conclusion, that training
teaching is the basis of success. I know of whole regions in
the area where I live that when the Shouldice procedure
was performed the transversal fascia was never opened,
which was exactly an old-fashioned Bassini. The problem
that we have is not to convince each other of something
that we already know. The difficulty we have is now how
are you going to convey your thoughts to people so they
will start training residents properly in the management
of these patients? To the previous speaker I can tell you
that whenever I had a recurrence I knew it already in the
operative room. I knew I had done something that was
not perfect, and my patient recurred.

Young: One of the things that we do with PHS repairs
which hasn’t been mentioned yet is, in fact, you have the
opportunity to do an operation that is relatively easy to
perform and you have an opportunity to visualize the
anatomy while you do that, as one of the difficulties while
doing a Shouldice repair, which is very difficult to do
once you even find the anatomy or a Lichtenstein repair
obviously, you don’t get into the posterior space in that
situation.

Ferzli: I just want to confirm how important training is
and the experience in laparoscopic inguinal hernia in the
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United States. Dr. Fitzgibbons asked me to present to the
American College 3 years ago how we work at graduat-
ing chief residents in the United States over a 10-year
period when the laparoscopic inguinal hernia started.
Actually, graduating chief residents in the United States
graduate with two laparoscopic inguinal hernias on the
average exposure, while they graduate with about 50-60
laparoscopic cholecystectomy exposures. It poses a major
problem. I looked at the laparoscopic fellowship that I
currently presented in the United States, just to share
with you: less than 15% of them train in laparoscopic
hernia. I enjoyed your talk very much and I think it is

fundamental to see how a model can try to get the hernia
repair to another level when we are really not training
junior residents in the technique.

Simons: One short comment. Exactly for that rea-
son I have agreed in my hospital that there is only
one older resident who helps me with the endoscopic
surgery because we only do the recurrences and the
bilateral and a few on request, thats about 40 to 50 a
year. So only one resident follows me for 2 years and
after his term he will have done about 30 or 40 endo-
scopic repairs, the rest zero. It is just for one person
now.



Introduction

As an invitee to Dr. Volker Schumpelick’s fourth triennial
meeting in St. Moritz (2006), my assignment was to pres-
ent answers to why expert hernia surgeons don't always
have perfect results. Stated another way, why do some
repairs done by experts fail? Clearly, this was one of the
most difficult topics | have been asked to write about.
Research in the printed surgical literature has been less
than fruitful. Textbooks and journals mention generally
accepted factors related to hernia repair failure, usually as
a prologue to the subject of recurrence. These articles and
texts do not distinguish causes of failure by experts from
non-expert hernia surgeons. Finding limited value from
the printed literature for answers to the assigned question,
| sought information directly from colleagues who have
demonstrated unusual interest, additional experience, or
have recognized expertise in herniology.

Methods

My first attempt to gather information regarding the
causes of failures by experts was by sending an e-mail
request to a specific group of surgeons asking for their
opinions (8 Fig. 3.1). This group (group 1) was com-
prised of

== senior authors of articles published in the past
3 years in Hernia, The World Journal of Hernia and
Abdominal Wall Surgery, and

== some other recognized hernia experts whose work
has contributed to the science.

Specifically, I asked for their opinions of the causes of
failure by experts who repair:

== groin hernias,

== primary abdominal wall hernias,

== incisional hernias, and

== hiatus hernias.

The answers rendered by surgeons in group 1 were
divided into four hernia-type categories (B Tables 3.1
to 3.4). Within each category five different temporal
segments were designated (segments 1-5 in Tables
3.1-3.4). Mostly, the answers and terminology used
by the responder was recorded verbatim.

My second attempt to gain answers to this question
was to send e-mail requests to the invitees to this St.
Moritz meeting. To reach them, I used their current e-
mail addresses as listed and furnished by the organizing
committee. In this request I asked for their personal
results with the technique(s) they had used most of-
ten. I included our own results as an example of the
information I sought.
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Request for “Expert” Professional Assistance

As you are a published expert in the field of herniology | am asking for your
input to assist me in preparing a presentation that deals with your views of
reasons for recurrence of abdominal hernias. | am sending this same survey
to many others who have expertise in this field.

My topic is “Recurrence as a problem of the expert”. Note that the emphasis
is on EXPERT. The essence of the presentation leaves room for reference to
open and laparoscopic approaches to groin hernias, other primary abdo-
minal wall hernias, incisional hernias, and hiatus hernias. It requires answers
based on your individual experiences and observations.

Please EMAIL REPLY to me what you believe are the two or three main cau-
ses for failed repairs of each group by experts in each field.

(Some causes may apply to all four groups):

Groin Hernias:

Primary Abdominal Wall Hernias:

Incisional Hernias:
Hiatus Hernias:

Excuse the BCC format of this correspondence. It is the simplest, quickest,
and least expensive way to get responses from a large group while keeping

your emails private.

Thank you for taking the time to answer this survey.
This will be the only questionnaire | will send.

Arthur |. Gilbert, M.D.

Results

The initial mailing was to 112 surgeons. I used the e-
mail addresses that were noted in each article. Twelve
e-mails were returned as undeliverable due to unrec-
ognized addresses. From the 100 e-mails that were not
returned as undeliverable I received 46 responses (46%).
The causes of hernia repair failures they reported are
itemized in @ Tables 3.1-3.4. I received no response
from the other presumed recipients.

The 46 responders (group 1) noted 180 answers
listing 46 different causes of groin hernia repair fail-
ure, 150 answers listing 27 different causes of primary
ventral hernia repair failure, 149 answers listing 31
causes of incisional hernia repair failure, and 132 an-
swers listing 35 causes of hiatus hernia repair failure.
Several responders noted many of the same causes.
For each type of hernia repair I separated the causes
of failure into the same five temporally related cate-
gories.

From my second attempt to gain answers from the 62
invitees to the 2006 St. Moritz meeting, I received only

B Fig. 3.1. Request for “Expert” Profes-
sional Assistance

14 responses (22.5%) to my e-mail inquiry (group 2).
The majority of surgeons in this group noted many
of the same causes noted by surgeons in group 1. The
causes of failures noted by group 2 experts are itemized
in @ Table. 3.1. Thirteen of the 14 furnished an overview
of their preferred techniques and their personal results.
Since anonymity was promised to the responders the
details of techniques and personal numeric results fur-
nished by each responder is not included.

Discussion

A true expert expects success, but always looks for his/
her own failures. I received information about recur-
rences from 13 of 14 surgeons in group 2. Despite my
specific request for the details of their own failures,
only 4 of the 13 furnished information of those causes.
Responses from surgeons in group 2 included faults
in Lichtenstein, plug, and laparoscopic repairs. These
causes were basically the same as furnished by group 1.
While group 1 surgeons noted metabolic defects, col-
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B Table 3.1. Reasons for failure by experts (group 1)

- groin hernias
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B Table 3.1. Continued

Reason for failure No.
Reason for failure No.

3. Various intra-operative factors
1. Surgeon’s personal preparation

Plug migration 6
Poor understanding of anatomy/patho- 7
physiology Tension in repair 5
Poor training in lap hernia repair 7 Plug not in pp space for direct hernias 5
Surgeon’s limited knowledge, experience, skill 6 Choice of wrong procedure 4
Poor training in open hernia repair 5 Missed hernia sac 4
Failure to recognize multiple defects 4 Mesh wrongly placed 3
Ignorance of MPO 3 Lichtenstein poor shutter reconstruction 3
Poor teaching of residents 2 No coverage of femoral canal from groin 3
Surgeon’s age-related factors 1 Incision too small 2
Non expert pressured to do LIH vs. lose case 1 Unrecognized lateral hernias 2
2. Patient profile and habits Lichtenstein poor overlap at pubis 2
Collagen disorders 4 LIH poor closure of keyhole 2
Smoking 3 Wrong anesthetic modality 2
Obesity 2 Not fully creating pp space for mesh 1
Genetic factors 2 4. Wound problems
Ascites 1 Infection 8
3. Various intra-operative factors Mesh shrinkage 3
Inadequate dissection 13 Hematoma 2
Repair without mesh 10 Use of absorbable suture material 2
Inadequate size of mesh 10 Intestinal obstruction 1
Technical mistakes 9 Seroma 1
Inadequate overlap of mesh 9 5. Postoperative events
Errant fixation of mesh 7 Strenuous activity too soon 3

lagen disorders, and patient’s biological features as  or to patients’ biological features. All attributed their
some causes of failed repairs, the group 2 surgeons did  failed repairs to faulty personal observation or tech-
not attribute even one failure to poor patient selection  nique.
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B Table 3.2. Reasons for failure by experts — primary
abdominal wall hernias

Reason for failure No.

1. Surgeon’s personal preparation

B Table 3.2. Continued
Reason for failure No.

3. Various intra-operative factors

Inadequate overlap of mesh 10
Poor understanding of anatomy 7
and physiology Using onlay method of mesh repair 7
Surgeon’s limited knowledge, experience, 5 Overlooked multiple defects 5
and skill

Failure to use component separation tissue 3
Surgeon underestimating extent of hernia 4 repairs
2. Patient profile and habits Poor exposure 2
Genetic factors 7 Inadequate dissection 2
Obesity 4 Wrong anesthetic modality 2
Collagen disorders 4 Rapidly absorbing suture material 2
Previous contaminated or infected wound 3 Lap hernia poor alignment of mesh 1
Smoking 1 Fascia not strong enough for repair 1
Concurrent diastasis recti 1 4. Wound problems
3. Various intra-operative factors Infection 11
Failure to use mesh 14 Seroma 3
Mesh too small 13 Hematoma 2
Tension on repair 12 5. Postoperative events
Inadequate fixation of mesh 12 Resuming forceful activity too soon 2

Regarding ventral hernia repairs, Awad [1] identified
certain technical causes of failure. Inlay mesh repairs
were associated with higher failure rates compared to
onlay, sublay, and sandwich techniques. The lowest rate
of failure was in the sandwich technique. Infection,
lateral detachment of the mesh, and inadequate fixation
of the mesh were shown to be the most common factors
related to failed repairs.

At the 2003 St. Moritz meeting of hernia experts,
the question was posed to the group, “Do you believe
you can always prevent a hernia recurrence by doing
the procedure properly?”; 24% of attendees responded
they thought they could; 76% did not feel they could.
The audience proffered that failures were related to poor
technical skill in 83% of failures, to poor teaching in

57% of failures, and to the patient’s defective biological
features in 28% of cases.

My personal observations of causes of failed groin
preperitoneal hernia repairs by experts include the
surgeon’s failure to sufficiently develop the preperito-
neal space (Bogros space) in doing TEP, TAPP, Ugahary,
Kugel, or PHS repairs. Other causes in open repairs
were related to inadequate mesh size and poor mesh
fixation. I personally was responsible for two failed PHS
repairs due to my own poor knot tying.

Causes for failed Lichtenstein repairs were detailed by
Amid [2], and Read [2, 3]. With the help of ultrasonog-
raphy I have identified persistent hernia sacs under the
onlay mesh of patients who had Lichtenstein tension-
free hernioplasties and presented complaining of inter-
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B Table 3.3. Reasons for failure by experts - incisional
hernias

Reason for failure No.

1. Surgeon’s personal preparation
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B Table 3.3. Continued
Reason for failure No.

3. Various intra-operative factors

Overlooked multiple defects 8
Surgeon underestimating extent of hernia 1

Using onlay method of mesh repair 8
Poor understanding of anatomy and phy- 3
siology Fascia not strong enough for tissue repair 3
Surgeon’s limited knowledge, experience, 2 Failure to use mesh 3
and skill

Fixation failure at iliac crest and/or pubis 2
2. Patient profile and habits

Lap hernia inadequate lysis of adhesions 2
Obesity 7

Inadequate lysis of adhesions open procedure 2
Genetic factors 6

Rapidly absorbing suture material 1
Smoking 3

Lap hernia sutures breaking or tearing tissue 1
Collagen disorders 1

Bowel injury 1
Previous contaminated or infected wound 1

Failure to use component separation tissue 1
Not fully prepared preoperative. 1 repairs

3. Various intra-operative factors

4. Wound problems

Mesh too small 15 Infection 9
Inadequate fixation of mesh 13 Hematoma 3
Inadequate overlap of mesh 1 Mesh shrinkage 1
Tension on repair 10 5. Postoperative events

Inadequate exposure 9 Resuming forceful activity too soon 2
Inadequate dissection 8 Drains removed too soon 1

mittent postoperative pain. My personal observations
from treating failed plug operations include plug migra-
tion into the scrotum in two patients, bowel perforation
in two patients, and failure to protect the area surround-
ing the plug resulting in recurrent interstitial hernias
through the lateral triangle and femoral hernias.

For incisional and ventral hernias, my observa-
tion in failed repairs has been the surgeon’ failure to
use mesh large enough to get far wide of the original
defect(s). Ventral and incisional hernia failures also
are closely related to wound complications that lead
to infection. Impatience by the surgeon and/or patient

dealing with a postoperative seroma has led to infection
because of single or multiple wound aspirations that
might have been unnecessary if treated expectantly.
My own failures following those repairs were related
most often to infection. Once infected, the wound has
a high chance of herniation. Additional factors lead-
ing to failure include consenting to operate too soon
on patients with inadequate pulmonary preparation or
insufficient weight loss. Such failures represent com-
promised judgment by the surgeon who lowers basic
principles in response to the patient’s pleadings, despite
increased chance of failure.
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B Table 3.4. Reasons for failure by experts — hiatus
hernia

Reason for failure No.

1. Surgeon’s personal preparation

O Table 3.4. Continued
Reason for failure No.

3. Various intra-operative factors

Not approximating crura 2
Surgeon’s limited knowledge, experience, 9
and skill Suture tear through 2
Poor understanding of anatomy and physiol- 2 Fixation failure at iliac crest and/or pubis 2
ogy

Lap hernia inadequate lysis of adhesions 2
Surgeon underestimating extent of hernia 4

Inadequate lysis of adhesions open proce- 2
No. of surgeons that don't do this operation 1 dure
2. Patient profile and habits Mesh too small 1
Obesity 4 Rapidly absorbing suture material 1
Collagen disorders 3 Lap hernia sutures breaking or tearing tissue 1
Poor preoperative evaluation 2 Bowel injury 1

3. Various intra-operative factors

4. Wound problems

Inadequate fixation of mesh 13 Infection 9
Failure to use mesh 9 Crura too tight 5
Inadequate dissection 8 Incomplete closure of hiatus 5
Tension on repair 8 Hematoma 3
Using onlay method of mesh repair 8 Not anchoring fundoplasty 2
Short esophagus 4 Mesh shrinkage 1
Failure to remove hernia sac 3 Slipped Nisson 1
Inadequate exposure 3 5. Postoperative events

Fascia not strong enough for tissue repair 3 Vomiting or gagging 4
Lap division of the short gastric vessels 3 Resuming forceful activity too soon 2

At the 2005 meeting of the European Hernia Society,
Kingsnorth reported that in a plan to improve surgical
education he proposed a scheme of teaching hernia re-
pair he refers to as “Surgery by Numbers”” In this plan
he had identified 42 separate technical steps that have
to be learned to properly perform uncomplicated groin
hernia repair. Based on pure mathematical probabilities
of successful completion of any endeavor, a standard

probability chart (B Table 3.5) shows that the more steps
or factors involved or needed to complete the job, the
greater becomes the chance of failure. To better appreci-
ate how the demand for perfection in every surgical pro-
cedure must be, if one presumes that only seven steps are
involved in the surgical procedure, and further assumes
a 95% probability that each step was completed success-
fully, the probability of the total success of the operation
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B Table 3.5. Probability table of successful results. First row: probability of successful completion of each step in the pro-
cess. Percentages in the table represent the probability of successfully completing the entire process. In a 7-step process,
if probability of success in each is step 95%, the probability of a successful outcome is less than 70%

Step 99% 98% 97% 96% 95% 94% 93% 92% 91% 90%
1 0.9900 0.9800 0.9700 0.9600 0.9500 0.9400 0.9300 0.9200 0.9100 0.9000
2 0.9801 0.9604 0.9409 0.9216 0.9025 0.8836 0.8649 0.8464 0.8281 0.8100
3 0.9703 0.9412 09127 0.8847 0.8574 0.8306 0.8044 0.7787 0.7536 0.7290
4 0.9606 0.9224 0.8853 0.8493 0.8145 0.7807 0.7481 0.7164 0.6857 0.6561
5 0.9510 0.9039 0.8587 0.8154 0.7738 0.7339 0.6957 0.6591 0.6240 0.5905
6 0.9415 0.8858 0.8330 0.7828 0.7351 0.6899 0.6470 0.6064 0.5679 0.5314
7 0.9321 0.8681 0.8080 0.7514 0.6983 0.6485 0.6017 0.5578 0.5168 0.4783
8 0.9227 0.8508 0.7837 0.7214 0.6634 0.6096 0.5596 0.5132 0.4703 0.4305
9 0.9135 0.8337 0.7602 0.6925 0.6302 0.5730 0.5204 0.4722 0.4279 0.3874

10 0.9044 0.8171 0.7374 0.6648 0.5987 0.5386 0.4840 0.4344 0.3894 0.3487

would be only 69.83%. And this probability considers
only one of the five categories (intra-operative factors)
mentioned above as reasons for failure. Nevertheless,
certainly as related to mesh repairs, technical skills are
the most critical factor in the equation of success.

Finally, this verbatim quote from Schroder is worth
considering: “Expert surgeons become expert based on
repetitive experience, enthusiasm and dedication to
a particular field of expertise, hand-eye coordination
skills, and intellectual stimulation. Eventual failure of
technique is inherent with age, as enthusiasm tends to
wane over time, hand-eye coordination skills can dimin-
ish, and the fatigue factor plays more of a role with age.
As the expert surgeon becomes more known for his/her
skills, more work is thrust upon them, which may cause
him to rush through their cases, take short cuts that may
be inadvisable, and have mental lapses simply due to
fatigue which takes more of a toll as we age. Being the
expert lends itself to a failure in the expertise, not due
to wanton carelessness or overconfidence, but due to
the volume of cases and the imperfection of the human
being. If you walk a high wire enough times, you will
fall. I believe this general statement is applicable for
each of the operations requested”

Tough as it may be for expert surgeons to accept this
fact gracefully I believe Schroder’s comments should

be seriously considered. Just as Babe Ruth, Pele, Mo-
hammed Ali, and other notable experts enjoyed being
at the top in their field as the result of their excellent
ability, dexterity, and performances, there came a time
when their physical skills and performances began to
slip down the ladder of excellence. Usually, it is the
physical component that declines before the cognitive.
While value is given to judgment, dexterity, and tenac-
ity, it becomes clear why perfection at best is asymptotic,
and that there certainly comes a time in each expert
surgeon’s career when reputation and desire are not the
most reliable predictors of successful out-comes.
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Introduction

For most of the 20th century, there was unanimity regard-
ing the etiology of herniae. They arose from congenital
defects in normal abdominal wall. The ability to resist pro-
trusion was compromised by straining, poor muscular tone,
obesity, debility, ascites, or advancing age. Care was to be
undertaken solely by surgeons since repair was curative,
provided that recurrence from faulty technique, surgical
error, or infection was avoided. Keith [1] did state in 1924
that a pathologic change in the connective tissues of the
belly might render certain individuals particularly liable to
hernia, but his insight was ignored. The purpose of this re-
view is to outline the evidence which has led to our present
understanding regarding the role of co-morbidity in the
development of herniae and the implications thereof.

Collagen Malformation and Destruction

In 1967, a young Navy veteran, operated on for an
inguinal hernia, was found not to have the expected
indirect defect but a direct protrusion. Fasciae and
aponeuroses were attenuated with hypertrophied
muscles [he was a weight lifter] bulging through the
many tears in the transversalis fascia. The appearance
prompted the question: is this patient suffering from

some unrecognized connective tissue disorder [2]?
I had been sensitized to such a possibility by publish-
ing, in 1964-1965, cardiovascular research describ-
ing both multiple aneurysms from disseminated
cystic medial necrosis [3] and the floppy valve syndrome
[a possible forme fruste of Marfan’s disease] [4].

In 1970, we reported on a large series of veterans
who demonstrated similar atrophy, more marked in
those with bilateral or direct defects [5]. Biochemical
studies revealed a striking loss of collagen related to
decreased synthesis by poorly proliferating fibroblasts
[6]. Despite normal cross-linking, which ruled out
lathyrism [7], fibrils were cystic with varying diam-
eter and diminished polymerism [8]. Precipitability
and hydroxylation were affected, providing further
evidence that collagen was not only scarce but ab-
normal [9]. Skin and pericardium showed similar
involvement [10]. We concluded [1977] that a cause
of inguinal herniae was systemic disease of collagen
[11, 12]. In 1981, another series of veterans with groin
herniation was found to have leukocytosis and in-
creased elastolytic activity in the bloodstream accom-
panied by a decrease in antiproteolytic capacity [13].
Thus, the co-morbidity not only damages fibroblasts,
reducing their synthesis of collagen, which is no lon-
ger normal, but by inducing an inflammatory reaction
destroys existing connective tissue.
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Cigarette Smoking

Fortuitously and fortunately, our research was con-
ducted in a veteran’s hospital attached to a University
medical center. Many of the patients had become ad-
dicted to nicotine while serving in the military, free
cigarettes being sent up with the rations. Two-thirds
with inguinal herniae admitted to the habit, a sig-
nificantly higher incidence than that found in those
admitted with other complaints. Since smoke evokes
inflammation in the lungs with recruitment of primed
granulocytes and monocytes, we ascribed destruction
of collagen to spillover of proteases into the peripheral
circulation [14]. Protease-antiprotease imbalance in the
lungs was being transferred to other parts of the body
(metastatic emphysema).

Toxins present in smoke could be responsible for
damaging fibroblasts, thereby decreasing collagen syn-
thesis. They would, in addition, enhance collagenolysis
by their known effect on inhibitors, i.e., alpha 1 anti-
trypsin [15].

These initial studies were later confirmed and ex-
tended. Thus, Weitz et al. [16], using a new technique,
documented increased neutrophil elastase activity
in the blood of smokers. The latter were more likely
to develop inguinal herniae, especially women [17].
Defective collagen synthesis, in those who smoke,
was noted by Ajabnoor et al. [18] and Jorgensen et al.
[19]. Yin et al. [20] showed that in vitro tobacco smoke
decreases collagen synthesis by cultured fibroblasts.
Knuutinen et al. [21] showed that smoking affects
collagen synthesis in skin. Its systemic effects were re-
viewed [22], while Sorensen et al. [23] showed in 2002
that smoking was a risk factor for groin hernia recur-
rence.

Collagen Type I/l Ratio

Collagen, the principal component of the extracel-
lular matrix, consists of 20 types. I and III predomi-
nate, comprising 95% of the whole. They interact to
form the bundle architecture. Type I are strong and
big, whereas type III are thin and flexible. Normally,
the former are approximately four times as prevalent
as the latter. In 1982, Busuttil, a vascular surgeon now
renowned for transplantation, discussed our present-
ation of metastatic emphysema [13]. He reported that
the type I/type III ratio was decreased in the aortic me-
dia of patients with abdominal aortic aneurysm (AAA).
A decade later, Friedman et al. [24] described a similar
change in cultured fibroblasts obtained from the skin

of patients with inguinal herniation. They concluded
that the presence of such a change would render an
individual liable to herniation, incisional breakdown,
and recurrence.

Much of the recent research on the collagen type
I/type III index has been conducted by SchumpelicK’s
group at Aachen. Thus, in the groin, using fascia and
skin from patients with hernia, primary and recur-
rent, they confirmed Friedman’s finding of a signifi-
cant increase in synthesis of type III collagen [25-27].
Using skin, fascia, fibroblasts and peritoneum from
patients with primary and recurrent incisional her-
niation, a similar fall in the Type I/III ratio was noted
[28-31]. This index has emerged as a possible clini-
cal tool for determining in any adult with abdominal
herniation whether connective tissue disease is pres-
ent and to what degree. Based on the result, a surgeon
should be able to assess pre-operatively which type
of repair would be performed and the likelihood of
recurrence.

Matrix Metalloproteinases (MMPs)

In 1970, vascular surgeons began investigating the
etiology of aneurysms (AAA). In 1985, Busuttil et al.
recognized a new protease in the media. Analysis sug-
gested it could be a zinc-dependent metallo-proteinase
released by monocytes infiltrating the arterial wall [32].
Their work was soon substantiated. It was not until 1996
that Jackson et al. [33] reported MMPs in the vaginal
wall of premenopausal women with genito-urinary pro-
lapse.

Bellon et al. [34, 35] noted that patients with di-
rect inguinal defects had more MMP activity in their
transversalis fascia than those with indirect. Zheng et
al. [27] identified MMP expression mainly in their pa-
tients with recurrent inguinal herniation. These authors
showed that MMPs were also released by fibroblasts.
Normally, they appear during the inflammatory phase
of healing which, in the presence of comorbidity, may
be extended.

Like collagen, MMPs have many forms, approxi-
mately two dozen being numbered. Secreted in a latent
form, they are subjected to inhibitors when activated.
One or other may predominate in response to injury,
healing or comorbidity. In the future, similarly to the
collagen I/III ratio, they may prove useful as markers
pre-operatively to signal the presence and degree of co-
morbidity. They are intimately involved with collagens in
processes associated with herniation, repair and recur-
rence.
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Aging and Healing

The incidence of abdominal herniation is known to
be higher at the extremes of life. In the young, apart
from those with heritable diseases of collagen, there
is no evidence that factors other than congenital mal-
formation are involved. Thus, Rosch et al. [36], in a
3-month-old infant with bilateral recurrence of inguinal
hernia, found no evidence that his collagen metabo-
lism differed from that of similar patients with primary
unilateral defects. The elderly tend to have attenuated
fasciae [37] which can be explained by degeneration of
elastin and collagen fibrils, observed by Rodrigues et al.
[38] in the transversalis fascia of senile men operated
on for inguinal herniation. Nikolov and Beltschev [39]
found similar changes. Lenhardt et al. [40] reported
that collagen deposition after surgery in elderly men
was below normal. This effect was not seen in older
women, perhaps because of estrogen. The latter, when
premenopausal were found by Jorgensen et al. [41], after
injury, to produce more collagen than men. Lenhardt
et al. [40] speculated that their findings might explain
why senile men have twice the incidence of postopera-
tive dehiscence. Good nutrition is essential for good
healing. Older men enhanced accumulation of collagen
after herniorrhaphy when their diet was supplemented
with essential amino acids [42].

Aging impairs injury induced secretion of MMP tis-
sue inhibitors [43]. Increased concentrations of MMP
extend the early inflammatory phase of healing when
weaker type III collagen fibrils form a temporary ma-
trix. Thereby the risk of recurrence, sometimes delayed,
is enhanced. Failure to form a healthy scar can negate
the beneficial effect of prostheses since they are not
properly incorporated [44]. Thus, it would appear that
aging duplicates the effects of comorbidity or evokes a
latent connective tissue disease.

Genetic Influences

There is a strong familial tendency to herniation of the
groin. Watson (1938, cited in [45]) reported that a quar-
ter of his patients gave a history of a similar diagnosis
being made in their parents or grandparents. A Chi-
nese study of indirect inguinal herniae in 280 families
indicated transmission was autosomal dominant with
incomplete penetrance of a preferential paternal factor
[46]. Various connective tissue disorders are known
to be heritable or caused by genetic mutation. These
include congenital hip dislocation (CDH), homocystin-
uria, elastosis, Marfan’s and Ehlers-Danlos syndromes,

along with hypermobility. They are all associated with
a high incidence of hernia [47]. Affected patients have
disorganized collagen fibers with inadequate cross-link-
ing. Lysyl hydroxylase deficiency was described by Pin-
nell et al. [48]. Jensen et al. (1986) observed a reduced
type 1/type III ratio associated with CDH as Friedman
et al. [24] did with hypermobility.

Morris-Stiff et al. [49] and Lederman et al. [50]
provided evidence that autosomal dominant polycystic
disease, the most common genetic illness, is frequently
[43%] coupled with abdominal herniation. Alterations
in collagen and elastin have been documented. The ab-
normality in the basement membranes of the kidney
is known to result from disordered production of the
extracellular matrix. Renal and hepatic cysts develop
along with cerebral aneurysms [10-19%] and floppy
mitral valves [26%]. Increasingly, recent data regarding
comorbidity and herniae relate to collagen genes and
RNA expression [24, 51]. Radiation produces mutations
and other environmental factors, i.e., smoke, drugs, etc.,
may similarly influence transmission of the genotype
[19, 52].

Are Aneurysms Herniae
of the Arterial Wall?

It is remarkable that, as mentioned above, pioneer
vascular surgeons, investigating the etiology of aneu-
rysm, provided data regarding the collagen I/III ratio
and MMPs a decade or more before herniologists. As
noted previously, Busuttil, in his 1981 discussion [13],
stated that the latter markers were not present in the oc-
cluded aorta. This information led us to determine the
incidence of hernia (inguinal) in veterans with aortic
disease. Patients with AAA, but not those suffering from
Leriche syndrome, had a history of twice the normal
incidence of inguinal herniation even though the latter
smoked even more than the former [53]. This suggested
an inherited susceptibility to the same acquired comor-
bidity as that described originally in herniated veterans.
These findings have been confirmed. Pleumeeckers et
al. [54] showed that the prevalence of AAA was more
than three times higher in the elderly with a history
of inguinal herniorrhaphy, when compared to those
without.

Heightened elastolytic activity was identified by
us (1982) in the blood stream of veterans with AAA
but not those having Leriche syndrome [14]. Busuttil’s
group made a similar finding (metalloproteinase) [32].
These observations were confirmed by Cohen et al. in
the rabbit [55]. Concentration of MMP may predict
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the risk of expansion or rupture of AAAs [56]. Mice,
experimentally susceptible to develop AAA, fail to do so
when genetic expression of MMPs is denied [57]. The
association between cigarette smoking and aneurysm
of the aorta was first revealed by Hammond and Horn
[58]. The formation, expansion, and rupture of intracra-
nial aneurysms, once considered congenital, is now also
ascribed to cigarette smoke. Their incidence rose eight
times in patients suffering from alpha-1-antitrypsin de-
ficiency, another cause of systemic protease-antiprotease
imbalance [59]. As mentioned, heritable disorders result
not only in herniation, but also in aneurysm. Armstrong
etal. [60] demonstrated differential gene expression in
the aorta which determines whether aneurysm or oc-
clusion results. AAA not only has a familial tendency
but is seen more often with aging.

A Pervasive Comorbidity

Other Herniae

Connective tissue disease was first associated with
inguinal herniae, then incisional and later genito-uri-
nary prolapse (a euphemism for hernia). This latter is
caused by failure of the arcus tendineous fasciae pel-
vis to support the anterior wall of the vagina, related
to a fourfold increase in MMP activity [33] coupled
with a decreased collagen I/III ratio [61]. In the groin,
we [5] and Bellon et al. [34, 35] noted that atrophy of
fasciae and aponeuroses was more severe with direct
as opposed to indirect defects. Nevertheless, the latter
predominated. Originally [5] this finding was blamed
on a patent processus vaginalis facilitating protrusion.
However, herniologists have long thought the integrity
of the internal ring is maintained by the musculature,
despite a greater than 20% retention of the peritoneal
sac. Overlapping of the internal oblique is comple-
mented by three sphincters. Failure of these safeguards
raises the question “does the comorbidity affect skeletal
muscle”?

The observed degeneration of tendons and aponeu-
roses affects contractility. It may even cause rupture,
as in the Achilles tendon, associated with a decreased
collagen type-I/III ratio at the rupture site [62]. Further,
muscle bundles are bound together into functioning
units by a delicate architecture of connective tissue sep-
tae [endomysium, perimysium, and epimysium] derived
from their fascial sheaths. Deterioration wrought by co-
morbidity or injury affects muscle collagen, Lehto et al.
[63]. Ajabnoor et al. [18] detected, in vitro, reduced pro-
line uptake by cultured myocytes taken from patients

with inguinal herniae. Such changes are presumably
responsible for muscle wasting, frequently described
in the herniated and aged. Disaggregation of muscle
bundles explains interstitial herniation in the adult as
described in the groin, anterior abdominal wall (Spi-
gelian), pelvis, and diaphragm. In regard to the latter,
Filipi et al. [64] have suggested that hiatus herniae may
be caused by comorbidity.

Other Organ Systems

The first evidence that in patients with inguinal her-
nia the identified comorbidity was not restricted to the
groin was obtained when similar changes were found
in the skin [8], indicating a systemic process. A decade
later, the arterial system was shown by Busuttil to be
susceptible to the connective tissue disease, resulting in
aneurysm [13]. In 1989, Capasso et al. [65] determined
that alterations in collagen cross-linking impair myo-
cardial contractility in the mouse heart. Recently, simi-
lar data have been obtained in the human with heart
failure and other problems associated with changes in
the collagen type-I/III ratio [Pauschinger et al. 1999]
[66]. Stumpf et al. [67] reported that diverticular disease
of the colon is associated with a decreased collagen I/III
ratio and reduced expression of MMPs. If Filipi’s belief
in a role of comorbidity in hiatus herniae is borne out
[64], it will show that Saint’s triad [68, 69] is, at least for
two components, a relationship and not co-incidence.
Stumpf et al. [70] later pointed out that a change in the
extracellular matrix was a risk factor for anastomotic
leakage after bowel surgery and Crohn’s disease was
accompanied by a reduced collagen type-I/III ratio with
increased MMP expression [71]. Recently, damage to
smooth muscle, the respiratory tract, skeletal system,
liver, fat, and the eye have been attributed to collagen
disorder.

In conclusion, the fact that the comorbidity as-
sociated with abdominal herniae affects the whole
body means that care is no longer the sole province
of the herniologist with knowledge of anatomy. Other
clinicians need to be involved. Further, information
regarding the implications of associated connective
tissue disease has to be obtained from the experience
of other surgical specialists, pathologists, geneticists,
and biologists.

In the future, patients need to be tested for the pres-
ence and severity of changes in the extracellular ma-
trix. Prophylaxis or treatment may become available to
ward off protrusions and render repair more success-
ful.
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Discussion

Schumpelick: Is the hernia disease a collagen disease or
is it a mechanical disease based on weak collagen? What
is first? Is it a mechanical or a collagen disorder? Where
does it start?

Read: Well, it can be a congenital disease. I think in the
adult there a lot of acquired factors.

Schumpelick: And the collagen is only one factor?
Read: Exactly. I think we need to look at things like
muscle cells, fibroblasts and other cells.

Schumpelick: Could you imagine prophylactic procedures
if we knew the collagen type of the patient?

Read: We should. I think it vital that we start to know
how much collagen disease an individual patient has. We
need a screening test.

Jeekel: Of course the correlation between the inguinal
hernia disease and aneurysms is well known; we also
found that there is a relation between inguinal hernia
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and incisional hernia. Patients with the two together,
inguinal and incisional hernia, will have a 38% chance
to have or develop an aneurism.

Read: I think this is a very important contribution. And
the fact that this comorbidity is pervasive. It seems to af-
fect every organ in the body so we have to be concerned
about such things: if we have an inguinal hernia, are we
able to handle it? We need to have a broader view. As
herniologists, we tend to somewhat confine our studies
but we have the concern that this is the human body,
with systemic problems.

Chowbey: 1. Do you feel that it is a bilateral disease to
begin with? 2. Is there any way to predict that a patient
will develop a hernia in the course of time?

Read: I think it is bilateral. When we first started all this
work there was a great tendency to think that this was
a local phenomenon, maybe affected by the sac or other
problems in one area and then it became understood it
is bilateral and affects other parts of the body as well. We
should be able to predict and maybe give prophylaxis if we
can identify the presence and extent of the comorbidity
in any individual patient.

Chowbey: We are all doing laparoscopic inguinal hernia
repair and for many years we have seen that it provides
a good opportunity to do a bilateral repair. Do you think
it is justified for a patient with a unilateral hernia to do
a bilateral repair?

Read: I think it is up to the surgeon. I believe that its prob-
ably wise to do a bilateral repair if you can do it without
increasing the problems of the operation itself. You have
to be pretty skilled to take on that responsibility.
Kehlet: I think this is fascinating research but I should
like to take your hypothesis one step further into clinical
practice and the future. Given that we have a test, given
that we have a pharmaceutical agent to treat this collagen
disorder — and this should be lifelong treatment - do you
really think that this is the future compared to doing a
simple and cheap mesh repair?

Read: I just don’t know. We need more data. This is re-
search for the future.

Campanelli: In your last slide you talk about drugs. What
do you think about stem cells that restore the right col-
lagen in the future? Second, if the hernia is a collagen
disease, we don 't need any controlled and randomized
trial to decide to use always the prosthesis? If it is a col-
lagen disease, the simple suture repair does not make
sense. What do you think?

Read: Well, I agree with you that we should never use
sutures if there is presence of some connective tissue dis-
ease. Secondly, stems cells are an interesting observation.
I think that this is the future. Maybe we can grow some
new fibroblasts that are not damaged. I believe that fi-

broblasts can be damaged by smoking. There is evidence
for this. I also believe that fibroblasts can be damaged by
congenital changes in the DNA.

Mertens: I believe that it is a collagen disease. Actually
we are very close to having a test system. The next thing
is, we have to understand genomics much more than we
do right now. When you say congenital, you believe that
we have one set of genes that don’t alter at all during
a lifetime — and that is not true. Like you die because
your telomer length is shortened. So there is a change
over life. And the same happens with the collagen gene.
There are changes over time and such a test system will
prove that over time there are changes within the collagen
promotor region. This is what we are doing at present
and I will present it on Saturday. So I believe that we
have to understand that congenital does not mean that
it has to happen all the time and that there are confound-
ing factors like smoking which also affect these processes
over time and that in the end will lead to recurrence. I
hope that we will have this test system in the near future
that provides the advice whether to use mesh material or
not. Because I believe that meshes are required in most
instances in these patients, but these mesh materials
should not be inert but should somehow improve the scar
quality.

Read: I think that is a very important comment. I don’t
know anything about DNA and I know less about
RNA. But the point is that you people have demonstrated
that the RNA expression may change. We cannot com-
pletely separate congenital from acquired factors.
Schumpelick: Professor Mertens, can we treat the collagen
disease by any drug or method?

Mertens: I think that you produce a collagen disease every
day in your daily practice. When you use ACE-inhibi-
tors you block MMP-2 in the whole body. When you use
statins you have a huge effect on MMP-2 levels in your
cells. By the drugs that we use in our everyday practice
we change a lot of these things that are related to col-
lagen. When you have a vitamin C deficiency you get
scurvy. In all the medications we use we have not assessed
their impact on collagen turnover. My point of view is:
we have a set of genes that have some predictive factors
for a collagen disease. I even want to put it further: when
you look at patients that I normally treat like patients
with diabetes mellitus only 30% progress to end stage
renal disease. These 30% are different from the other
70%, and we don’t know yet why. This is some kind of
disturbed wound healing in the kidney from my perspec-
tive.

Kingsnorth: A drug is being developed for the treatment
of hernia which is calcitonin gene-related peptide. It is
not a drug that affects collagen metabolism but it is in
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research in Australia and that may be appropriate for
treating infantile hernias because it seems to shrink the
infantile hernia sac and may cause a retraction of the
infantile hernia sac, therefore not require herniotomy. So
the future is here, possibly very soon around the corner
with this peptide. My question is: you talked about tar-
geting different groups of patients that have an increased
incidence of hernias. Patients with Ehlers Danlos syn-
drome - of which there are seven types - don’t all have an
increased incidence of hernia. So, would it be appropriate
to take out one group and find out what is going on in
their genes? As we stated earlier, this is certain to be a
genetic polymorphism because it is a multifactorial thing.
Secondly, what about patients who have diastasis of the
rectus abdominis? These patients who have spontaneously
their linea alba stretched and these problems must be a
prime target for looking at patients who have a collagen
disorder and get ventral hernias.

Read: I think we have to build on the points that Dr.
Kingsnorth has made. I think the important thing is that
this is an enormous field now and the day that the hernia
was strictly a problem of the surgeon has gone. We need
help from different medical disciplines.

Bendavid: I should like to support the idea that not only
direct inguinal hernias - as you mentioned in the older
population — but now stronger evidence is beginning to
appear for the chemical basis also for indirect inguinal
hernias starting in children and there is a wonderful
work being done in Turkey, so that I think eventually
all hernias should be considered as a chemical or meta-
bolic collagen disease and where the mechanical aspects
will affect the chemical basis and the mechanical aspects
would be a strict reflection of the metabolic aspect. And I
do not want to finish without praising Professor Read for
his incredible research and for really giving a boost to this
area of hernia knowledge. Thank you, Dr. Read.



Introduction

Abdominal wall hernias may recur as long as 15 years after
herniotomy. Recurrences which appear within 6 months
following surgery are regarded as technical failures due
to inadequate surgical technique. Recurrences which
appear later than 6-9 months after the primary surgical
procedure may be considered as a result of the abnormal
collagen metabolism, which originally led to herniation
[1,2].

The pathological mechanisms for the non-surgical risk
factors associated with recurrence of inguinal hernia or
formation of abdominal wall hernia, for that matter, are
not fully understood. Roughly, these risk factors may be
divided into non-modifiable and potentially modifiable
risk factors.

The aim of this study is to review the literature regard-
ing non-surgical physiological and biochemical mecha-
nisms involved in both primary development and recur-
rence of abdominal wall hernia.

Non-Modifiable Risk Factors for Hernia
Formation and Recurrence

A higher prevalence of inguinal hernia is well known
among patients suffering from congenital connective
tissue disorders like osteogenesis imperfecta, cutis
laxa, Ehlers-Danlos syndrome, Hurler-Hunter’s and
Marfan’s syndrome [3-5]. In children with congenital

hip dislocation, inguinal hernia occurs more frequently
[6], and patients with Ehlers-Danlos syndrome exhibit
a higher incidence of recurrent incisional hernia [7].
There is no evidence, however, to suggest that other ge-
netically predisposed patients undergoing hernia repair
are more likely to experience recurrent hernia form-
ation.

The prevalence of inguinal hernia increases sig-
nificantly with patient age [8]. Experimental studies
show that the activity of collagen-degrading enzymes
is higher in elder patients, presumably due to a reduced
inhibition of collagenase [9, 10]. It is not clear whether
patient age is associated with recurrence of inguinal
hernia. In a study of 544 patients undergoing inguinal
hernia repair, a multivariate analysis showed that patient
age was not an independent risk factor for recurrence
within 2 years postoperatively [11]. In a recent study of
incisional hernia, patient age was inversely associated
with recurrence [12].

The incidence of inguinal hernia is higher in males,
a difference partly due to embryological characteristics
of each gender. It is puzzling, however, that one fifth
of men pass into adulthood with a patent processus
vaginalis, but less than half develop clinical herniation
[1, 13]. In addition, indirect inguinal hernia may appear
first in a man over 40 years of age [1]. These observa-
tions suggest that other factors may play a role in the
development of an indirect hernia including structural
abnormalities of the internal ring, acquired attenuation
of transversalis fascia or abnormal muscle function ac-
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companying a congenital defect [1, 14-16]. More recent
studies have found that men accumulate less collagen in
surgical test wounds compared to women presumably
due to discrepancy in systemic concentrations of female
reproductive hormones [17-19].

Further, there is evidence of a higher incidence of
abdominal incisional hernia in men than in women [20,
21]. Male patients with abdominal aortic aneurism spe-
cifically demonstrate high incidence of both, primary
and recurrent inguinal hernia [22-26], as well as a 30%
risk of incisional hernia following open aneurism repair
[22-25, 27-29]. These findings support the view of a
common causative connective tissue metabolism defect
in abdominal aortic aneurismal disease and abdominal
wall hernia formation and recurrence [24, 26].

Potentially Modifiable Risk Factors
for Hernia Formation and Recurrence

Prolonged strain of the fascia transversalis caused by
chronically raised intra-abdominal pressure is con-
sidered a facilitating factor for the formation of groin
hernia [5, 15, 30, 31]. This condition may be second-
ary to heavy work load, coughing, ascites, hyperplasia
of the prostate, constipation and pregnancy [5, 8, 16,
31-33]. However, raised intraabdominal pressure as a
causative factor in abdominal wall hernia recurrence is
speculative [34] and not supported by recent evidence
[11, 21]. More likely, it is a structural weakness in the
connective tissue that facilitates the hernia formation
rather than a momentary increase of the intra-abdomi-
nal pressure.

Smokers have a two-fold higher risk of inguinal
hernia recurrence and a four-fold higher risk of inci-
sional hernia independent of other risk factors [11, 21,
34]. Whether smoking is a risk factor for the formation
inguinal hernia, too, remains unclear, as the available
few and small studies report conflicting results [5, 32,
33, 35].

A biochemical study of smokers with inguinal her-
nia, especially the direct type, has demonstrated signifi-
cantly higher blood levels of elastine degrading activity
and lower levels of protease inhibitors [36]. Smoking
appears to induce a protease-anti-protease imbalance,
and may also partly explain the higher incidence of
other tissue-destructive disorders including abdominal
aorta aneurism, pulmonary emphysema and parodon-
tosis [26, 36-40].

Accordingly, recent studies have found a higher
neutrophil collagenase level and a higher reactivity of
neutrophils and monocytes in smokers compared to

non-smokers [41, 42]. Another explanation is impaired
collagen biosynthesis induced by smoking. Smokers
accumulate less collagen in surgical test wounds than
non-smokers [43] and tissue hypoxia induced by nico-
tine and carbon monoxide reducing the concentration
of molecular oxygen in the tissue has been suggested
as causative factors.

Connective Tissue Attenuation
as a Predisposing Factor for Abdominal
Wall Hernia and Recurrence

Structural studies on tissue samples obtained from the
anterior rectus abdominis sheath and from the fascia
transversalis in patients with groin hernia have shown
a significant attenuation of the fascia transversalis on
the asymptomatic contralateral side [1]. An increase in
levels of biological elasticity and maximal distension
of the fascia transversalis has also been found with the
highest levels in patients with direct inguinal hernia and
intermediate values in patients with indirect inguinal
hernia [44]. Corresponding alterations in the archi-
tecture of groin connective tissue have been reported,
suggesting higher levels of immature collagen and loss
of resiliency of the fascia transversalis [45, 46]. Signifi-
cantly lower levels of proline and lysine hydroxylation
have been reported in transversus abdominis fascia
samples from patients with direct hernia compared
to those with indirect hernia [30, 47]. This indicates
that the stability of the collagen in the transversus ab-
dominis fascia is compromised in patients with direct
hernias.

The ultrastructure of the connective tissue biopsies
from the anterior rectus abdominis sheath reveals a
lower collagen diameter and periodicity in patients
with direct inguinal hernia as compared to patients
with indirect inguinal hernia or controls [47]. Biopsies
obtained from the fascia transversalis or the peritoneum
from hernia patients show no differences in collagen
fibril diameter [30], but unevenly arranged collagen
microfibrils and more abundant interfibrillar matrix
and collagen build-up in the subserosal fibrous tissue
of hernial sacs. These findings — being at variance with
the most current surgical concept of hernia formation
- were more pronounced in direct than indirect ingui-
nal hernia [30, 48, 49]. There is evidence of alterations
in the elastic system of the fascia transversalis of her-
nia patients with a decrease in oxytalan fibres and an
increase in amorphous substance of the elastic fibres,
resulting in a lowered resistance of the fascia transver-
salis [50]. Interestingly, the qualitative changes observed
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in the rectus sheath biopsies from patients with direct
hernia have also been found in other tissues such as
the pericardium, supporting the view that the disease
is systemic [51].

Higher levels of soluble collagen in hernia patients
have also been observed [47, 52, 53]. The collagen I:
III ratio in fascia transversalis in hernia patients has
shown a significant ratio decrease and a concomitant
increase in collagen type III protein synthesis in di-
rect and indirect inguinal hernia as well in incisional
and recurrent incisional hernia. Similar results were
obtained when tissue from hernial sacs and skin fibro-
blasts was examined [54-60]. Supportive of this finding
is a significantly lower procollagen I.III ratio in skin
fibroblasts of hernia patients compared to controls [2].
However, other studies report conflicting results fail-
ing to detect any difference in the collagen I:III ratio
in fascia transversalis or anterior rectus abdominis
sheath between direct and indirect inguinal hernia
patients [30, 45]

It is unclear whether increased collagenolysis pre-
disposes to hernia formation or recurrence. The higher
prevalence of an inguinal hernia in patients with ab-
dominal aorta aneurysm (26-41%) suggests the view
that there is a common causative proteolytic factor
[24, 26]. Metalloproteinase I (MMP-1) expression was
more pronounced in patients with recurrent incisional
or inguinal hernias than in controls [60]. Significantly
higher levels of Metalloproteinase II (MMP-2) have
been found in transversus abdominis biopsies and in
fibroblasts from fascia transversalis from patients with
direct inguinal hernia compared to patients with indi-
rect hernia; this may reflect an overall proteolytic effect
[30, 31] A concomitant significant increase of MMP-1
mRNA and protein was found in skin fibroblasts in
patients with a recurrent inguinal hernia compared to
controls [61], but it remains unclear whether this is
associated with hernia formation [54, 58].

Impaired Wound Healing
as a Predisposing Factor for Hernia
Formation and Recurrence

Cultured fibroblasts from biopsies of patients with her-
nia have showed a longer generation time and a lower
incorporation of radioactively labelled (**C) proline,
indicating lower rates of cell proliferation and retarded
cellular biosynthesis. The lowest values were found in
patients with direct hernia, but the number of patients
in this study was too small to allow for a proper statisti-
cal evaluation [53]. In a larger study, it was found that
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fibroblasts obtained from the internal oblique muscle
and the cremasteric muscle in hernia patients exhibited
retarded proliferation compared to controls [62]. In
addition, the incorporation of radioactively labelled
proline in the tissue from cultured fibroblasts was sig-
nificantly depressed, suggesting a lower rate of synthesis
of matrix in hernia patients. A study from our group did
not show any difference between patients with inguinal
hernia and controls in the deposition of collagen as
measured in a subcutaneous test wound in the arm after
10 days [63].

We have assessed the possible link between concen-
trations of proteinases (MMP-2 and MMP-9) in the
wound fluid from hernia patients and the amount of
collagen deposited in an implanted ePTFE model within
the surgical wound [64]. High levels of MMP-9 were
found after 24 h, reflecting the inflammatory phase of
healing. The concentration of MMP-9 24 h after surgery
correlated negatively with the amount of collagen depos-
ited after 10 days in the implanted ePTFE fibre. It was
concluded that MMP-9 might be a predictor of impaired
healing in this type of wound. There are still no data,
however, on whether the wound fluid is representative
of the healing processes taking place in the transversalis
fascia.

Potential Treatment of Tissue Destruction
and Impaired Wound Healing

Transplantation of autologous tissue such as the an-
terior rectus sheath or the fascia lata has been shown
to accelerate the synthesis and deposition of collagen
for at least 2 years [65]. However, it has been argued
in many papers that patients with inguinal hernia
present a generalized defect in fibrillogenesis. The use
of autologous tissue may not be the perfect solution,
therefore, as this tissue may express the same abnor-
malities. There is reason to believe that synthetic ma-
terials such as polypropylene are to be preferred. Such
materials provide scaffolding and induce an intense
inflammatory response with brisk secondary fibrillo-
genesis.

In experimental studies, the implantation of type-
I collagen sponges seeded with fibroblasts or coated
with the growth factor bFGF raised the collagen de-
position and the tensile strength of dermal wounds
[66]. Future clinical studies will show whether there
is place for the application in hernia wounds of
similar material with stimulatory effects on collagen
synthesis and deposition resulting in more durable
tissues.



56  Biological Reasons to Fail

There is still too little knowledge on how to clas-
sify hernia patients into different categories of risk for
compromised healing and the development of hernia
recurrence in particular. If simple and relevant assays
on collagen metabolism should become available in
the future, there may be a place for a specific choice
of surgical technique based on the individual patient’s
wound-healing potential.

Conclusion

Although the literature contains diverging results, it
seems most likely that the pathophysiology of hernia
formation and recurrence is due to metabolic altera-
tions in the connective tissue. Data from smokers and
patients with abdominal aortic aneurismal disease
indicate that the connective tissue alterations toward
poorer or more immature collagen structure are syst-
emic.

The results from examinations of the fascia transver-
salis or the anterior rectus abdominis sheath also sup-
port the theory of a systemic connective tissue disease.
This is reflected by the frequent reports of inclining
connective tissue alterations with inclining disease - in-
dicating worse results in direct inguinal hernias com-
pared to controls, with intermediate values in indirect
inguinal hernias. A systemic alteration is also supported
by the fact that the connective tissue of the asymptom-
atic contralateral side of inguinal hernia patients already
is affected when compared to controls. The potential of
preventing hernia formation and recurrence is present
if future studies show that medical agents may reduce
tissue degradation or stimulate connective tissue forma-
tion of he abdominal wall.
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Discussion

Franz: Our group is very impressed by your results. In
fact, we now require our patients to cease smoking for
the month around the recurrent incisional hernia opera-
tion. We check urinary nicotines to make sure they are
compliant with our request. We don’t have any data that
this makes any difference, but we were so impressed with
your excellent work that that is how we practice now. Do
you have any idea what mechanism is responsible for
the effect? Is it oxygen delivery, is it some direct effect of
nicotine, is it coughing, is it a physiological effect? Finally,
in your last slides you showed an increased risk for infec-
tions. Which comes first: is the cigarette smoking a risk
factor for wound infections or are they independent?
Jorgensen: We have other data suggesting that cigarette
smoking increased the risk for wound infection. But for
sure, in the majority of patients who did not have wound
infection there is also a higher risk for hernia formation.
So it is multifactorial. I showed a slide with all potential
mechanisms: it concerns breakdown, hypoperfusion of the
tissue due to the nicotine action. Smoking one cigarette
diminishes subcutaneous perfusion for approximately
45 minutes.

Deysine: The first portion of your presentation I found
fascinating: you measure hydroxyproline deposition
in those PTFE implants. Have you measured collagen
quality and type, because this is an enormous science
and, for example, as mentioned before, patients with
Ehlers Danlos type 4 just do not produce collagen as
we do?

Jorgensen: We are doing that at the moment but we
just do not have the data. But I had to refer to the group
from Aachen where they have done a lot of these stud-
ies which is very interesting to consider the type-1/IIT
ratio.

Kingsnorth: Your data are very interesting. Perhaps, that
is suggesting that there are different etiological factors,
biological factors in failure of incisional as opposed to
inguinal hernia because the failure rate curves are differ-
ent. You can follow the failure rates for inguinal hernia
that show a constant increase of failure rate even after
20 and 25 years. Your data show us that with incisional
hernia most of these hernias are symptomatic after
3 months. Now either that suggests a different biological
phenomenon or maybe it is all mechanical, maybe it
is all the surgeon’s failure — an incisional and not a
collagen failure?

Jorgensen: Yes, a hard question! The idea of our study
was merely to point out that there are some common risk
factors but for sure there are several other factors to take
into consideration and I am not sure how each factor
weighs in this specific area of surgery.

Kingsnorth: Do you think that the surgeon has got more
to do with the failure than the collagen?

Jorgensen: Perhaps. But if you implant a mesh at the
primary surgical procedure it is perhaps to a higher de-
gree associated with the collagen potential. But these are
speculations.

Schumpelick: How do you explain the fact that ex-smok-
ers have bad results, too? Is it a chronic disease after
smoking? How long was the duration of ex-smoking?
Jorgensen: It seems that there are long-lasting effects of
smoking perhaps during the first couple of years after
quitting but I do not have data about the duration of
abstinence. But it supports the idea of a pathophysiologi-
cal factor.



Introduction

Materials and Methods

There is increasing evidence that inguinal hernia forma-
tion is based on a disorder of the connective tissue biol-
ogy [1-12]. Similarly, secondary herniations as incisional
hernias or diverse recurrent hernias are supposed to be
associated with biological factors that provoke an instable
scar formation during the wound-healing process. Patients
with congenital connective tissue disorders have a higher
risk of developing of incisional or recurrent hernias [13,
14]. Furthermore, aneurismal disease, as another colla-
gen disorder, has repeatedly been shown to be associated
with an increased risk for the development of incisional
hernias [15-17]. Previous work was able to support the
hypothesis of a dysregulation of the collagen metabolism
in patients with incisional hernias. In patients with either
primary or recurrent incisional hernias, a significantly de-
creased ratio of collagen type | to type Ill and alterations
of collagen-interacting proteins were found [18-21]. An
alteration of the collagen composition was further verified
by a comparative immunhistochemical analysis of surgical
mesh explants where patients operated for hernia recur-
rence had a lowered collagen I/Ill ratio as compared to
patients operated due to mesh infection or mesh-related
pain [22].

In order to understand what leads to this altered
connective tissue quality in (recurrent) incisional hernia
patients, we performed an immunohistochemical charac-
terization of factors with potential impact on the wound-
healing process in comparison to non-hernia patients.

Abdominal skin scars from patients with recurrent inci-
sional hernias were excised in the course of hernia repair.
Abdominal skin scars of patients without any history
or clinical evidence of hernia who underwent relapa-
rotomy due to diverse intra-abdominal diseases served
as controls. Patients under steroid therapy, extraordinary
obesity (body mass index > 35) or history of connective
tissue diseases were excluded from the study.

Immunohistochemical and cross polarization mi-
croscopy studies were performed with paraffin embed-
ded tissue sections. The following primary antibodies
were applied: catenin, c-myc, factor XIII, notch, SMA,
ESDN, TGF-f, PAL uPAR, YB-1, COX-2, p53. Colla-
gen-I/III ratios were analyzed as described previously
[21]. The expression of immunohistochemical param-
eters was analyzed by an immunoreactive score (IRS)
where the score ranges from 1 to 20 [23].

In order to characterize the functional network of the
investigated parameters, associations between variables
were calculated through two-sided Spearman correlation
test within each group. Associations between variables
were assumed with p values < 0.05 and shown graphi-
cally. Additionally, linkages between parameters were cal-
culated by the clustering coefficient c (see B Fig. 6.1):

B E
T OK(K-1)/2
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Results

Functional interferences of the matrix parameters within
the postulated network were assessed by two-sided
Spearman correlation analyses. B Figures 6.1 and 6.2
show the graphic representation of this network with
related parameters linked by bars (significant correla-
tion coefficient with p < 0.05). In summary, we found
differences in association patterns of matrix parameters
between skin scars from recurrent hernia and from con-
trol patients. In the recurrent hernia group associations
were found for collagen I/III with factor XIII and uPAR,
PAI and c-may and TGF-p and COX-2. In the control
group there were associations between SMA and catenin,
ESDN and p53, notch and TGF-p and COX-2 and be-
tween uPAR and c-myc, notch, catenin and SMA.

Calculated cluster coefficients (c) within the two
networks also showed pronounced differences between
both groups with a higher degree of crosslinking in
controls (¢ =0.1) as compared to recurrent hernia
(c =0.05).

Discussion

Wound healing and scar formation are tightly regu-
lated and highly dynamic and complex processes
characterized by permanent cell turnover and ma-
trix remodelling. The modulation of this network is
influenced by the interplay of numerous cellular and
extracellular factors, hereby determining the quality
of scar formation. Already mild disturbances of this
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system may thus predispose to insufficient scar forma-
tion, hereby leading to incisional or recurrent hernia
formation. For inguinal hernia recurrence, which might
be regarded as a subtype of incisional hernia showing
with similar alterations of collagen quality, Sorensen et
al. have shown that smoking is an important risk fac-
tor, presumably due to an abnormal connective tissue
metabolism in smokers [24, 25].

Previous investigations about the collagen-inter-
acting proteins in scar tissue from patients with inci-
sional hernias showed divergent expression patterns
for the matrix-metalloproteinase MMP-1 and the
discoidin domain receptor DDR-2 when compared to
controls [21]. Additionally, in in vitro studies about
fibroblast function in patients with recurrent incisio-
nal hernias we found a specific cell response after bio-
material contact as compared to control fibroblasts
[26].

These results indicated an altered remodelling and
phenotype in a population at risk that might be re-
garded as additional causative factors for a defective
scar formation. However, focusing on single alterations
of expression profiles does not reflect the complex
cross talk within the cellular and extracellular matrix
network during wound healing. With the analyses of
correlations and clustering of diverse parameters with
known impact on cell-cell adhesion and interaction,
migration, angiogenesis, cell differentiation and pro-
liferation we thus tried to map the scar architecture
in patients with recurrent incisional hernias as com-
pared to controls. Here, the different associations
between matrix parameters and respective clustering
coefficients indicate a different intercommunication
within the (cellular and extracellular) matrix in recur-
rent incisional patients that possibly is responsible for
a defective scarring process.

Conclusion

In addition to a modified cell function our results in-
dicate a disturbed intercommunication and a compre-
hensive change of matrix composition and turnover
within the scar tissue in recurrent incisional hernia
patients as a potential cause for the development of an
insufficient scar formation. Further studies are needed
for the understanding of the complex functions of this
biological network.
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Discussion

Franz: There are some recurrences so early so that there
has to be a mechanical surgical component and yet groups
like your own are demonstrating clear biological effects
in these complicated patients. I have two questions: can
you predict who is going to develop an incisional hernia?
Ifyou had a pre-operative biopsy, are you able to predict
who, after the laparotomy, will develop an incisional
hernia? Obviously that would be the ultimate goal. And
finally do you have any idea how possibly a failed wound
might lead to a systemic change? I personally think that
a lot of early surgical failures are the mechanism behind
these incisional hernias and yet you are demonstrating a
systemic effect. Are you able to predict prospectively who
develops a hernia and have you any idea how maybe an
early laparotomy wound might induce changes you are
seeing in the skin?

Rosch: With regard to the first part of the question I hope
that we will in future have a test and Dr. Mertens has
told us already that he will talk about this part. It might
be possible, but maybe not for all hernia patients because
there are also the technical reasons that have nothing to
do with a pathological scar formation or the collagen

metabolism. So we have to separate the patients at risk
from technical reasons and also from other factors like
smoking or medication. We still have to study a lot to
understand the system and it is still quite unclear where
to focus on — maybe on different parts of this network
structure.

Franz: But the skin of all these patients has healed despite
the measurement of a matrix disorder?

Rosch: Yes, the skin is easy to investigate; of course, it
would be better to investigate the fascial structures. But
what we found in the fascial structures before with re-
gard to the collagen type-I/1II ratio was the same as in
the skin.

Kehlet: I totally agree with you regarding incisional her-
nias. But what about the inguinal hernias? Do you think
that this is important in inguinal hernias and is it going
to replace a sufficient surgical technique or should we
simply not consider this for inguinal hernias?

Rosch: You have to separate the primary hernias from
the recurrent inguinal hernias, which in my opinion are
similar to incisional hernias with regard to their patho-
genesis — they are also a kind of incisional hernia.
Kehlet: But you see the problem with these series with
no recurrences so maybe it is a question of surgical tech-
nique and not of the collagen problem in inguinal recur-
rences?

Rosch: If you have a mesh structure in your inguinal
region it is more difficult to develop a recurrence.
Kingsnorth: I think we must separate the two problems.
Dr. Read was talking about direct herniation which is a
primary phenomenon of collagen. We must separate this
from the patients with wound failure, which is incisional
hernia. These patients have had their fascia disturbed
and it is a failure of the wound rather than a primary
failure of the fascia. So I think it is certain that there are
differences between these two mechanisms and we should
not confuse the two.

Rosch: Of course not. But the patients who will develop
primary hernias also more often develop secondary her-
nias, for example incisional hernias. The reason why the
collagen type-I/I1I ratio is disturbed might be different in
the secondary as compared to the primary hernias. But
the problem remains the same.

Kingsnorth: Yes, I agree, because we have just seen the
data this morning that show that patients with direct
hernias have a higher instance of recurrence. This is prob-
ably because they already have a primary phenomenon
that caused the direct hernia but in addition they may
have a secondary phenomenon which is scar failure,
wound failure itself. But I think that these are two sepa-
rate mechanisms.

Rosch: Yes, possibly different factors that are combined.



Introduction

Surgical mesh materials are the most frequently used
medical devices designed to reinforce fascial structures
and thereby treat hernia disease [1, 2]. The implantation of
non-absorbable polymeric biomaterials excites perpetual
activation of cytokine cascades and proteases that are a
chronic inflammatory reaction and postoperative compli-
cations like seroma, mesh shrinkage and migration, adhe-
sion, infection and pain may ensue [2]. To circumvent such
an on-going foreign body reaction, gold standard meshes
have been designed to improve biocompatibility. Such
meshes meet the demand for a reduced amount of im-
planted material, have optimized pore size and adjustment
to physiological requirements [3]. Besides this approach
to optimize mesh integration and concurrently replace
fascial structures in hernia patients, an open question is
whether there are alternate means of beneficially influenc-
ing the foreign-body reaction. To address this, an in-depth
understanding of the molecular mechanisms that guide
the extent of foreign-body reactions is required.

Mesh-Induced Foreign-Body Reaction

The fact that tissue cells respond to biomaterial im-
plantation is illustrated by granuloma formation and
cell infiltration surrounding mesh materials over
time (8 Fig. 7.1). Common cellular components of
such a reaction are infiltrating macrophages that are

dispersed in the developing granuloma. These cells
have the propensity to synthesize a plethora of pro-
inflammatory cytokines [transforming growth factor-f3
(TGF-B)], platelet-derived growth factor (PDGF),
vascular endothelial growth factor (VEGF)) and are
regarded as key players directing the extent of fibro-
sis with influence on the phenotypic behaviour of
surrounding fibroblasts [4, 5]. Residential fibroblasts
independently contribute to the regulation of tissue
remodelling and wound healing. They occur as ac-
tivated myofibroblasts encapsulating the mesh fila-
ments and are constitutionally involved in extracellular
matrix (ECM) remodeling by synthesizing type-I and
type-III collagen. Furthermore, fibroblasts are the
source of enzymes involved in matrix degradation
such as matrix metalloproteinases (MMPs) that may
affect the ongoing foreign-body reaction. MMPs are
the most abundant proteases in wound healing [6] and
MMP-2 (72-kDa collagenase, gelatinase A) enzymatic
activities are upregulated in diseases associated with
inflammatory reaction such as arthritis [7], cancer [8],
atheroma [9] and tissue ulceration [10]. A pivotal role
for MMP-2 in hernia disease was determined by a study
that detected elevated levels of MMP-2 enzymatic ac-
tivity in wound fluids of hernia patients [10]. Beyond
their capability to hydrolyze components of the ECM,
MMP-2 directly affects cellular phenotypes, prolifera-
tion rates and the inflammatory reaction, and several
studies indicate that MMP-2 is centrally involved in the
inflammatory and fibrotic response [11, 12]. Regarding
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foreign-body reaction, it is known that macrophages
are activated by polymeric nanoparticles and secrete
MMP-2 in vitro [13]. Blockage of MMP-2 activation
with MMP inhibitor Ilomastat dampens the inflamma-
tory cell infiltration, indicating that MMP-2 mediates
the cross-talk of cells and ECM components [15]. In
vivo, stimulation of MMP-2 expression may result from
a complex cross-talk between cells, especially fibroblasts
and macrophages in wound healing. These findings
hint at a pivotal role of MMP-2 in wound healing and
foreign-body reaction and suggest the investigation of
the molecular mechanisms that govern MMP-2 gene
transcription after biomaterial implantation.

Transgenic Mice: Models to Grasp Gene
Function in Wound Healing and Foreign-
Body Reaction

Transgenic mouse models are useful tools to illu-
minate the precise molecular regulation of wound
healing and the impact of mesh implantation on this
highly complex and well-balanced process [13]. Histo-
morphological studies revealed three major phases
of wound healing: early inflammation, followed by
proliferation and initial matrix deposition, and fin-
ally formation of granulation tissue and a “stable” scar.
The differential expression of growth factors, cytokines
and specific matrix components, especially fibrillar
type-I and -III collagens during each of these phases
leads to the approach of topical application of particular
cytokines aiming to alter wound healing kinetics [14].

B Fig. 7.1. Granuloma formation (dashed
lines) and cell influx (arrows) 24 months
after implantation of a Vypro mesh that
was explanted because of chronic pain.
HE staining, 200x magnification

Transgenic as well as knockout models were established
to elucidate the underlying gene regulation required for
wound healing. Transgenic technology has focused on
growth factors (FGFE, TGF-p) as well as matrix compo-
nents (plasminogen, stomolysin) [13]. Such transgenic
mice are created by injection of a gene of interest into
arecently fertilized one-cell embryo. The gene expres-
sion is governed by a chosen regulatory element that
was incorporated into the injected DNA construct
(transgene). Regulatory elements (promoters) contain
sequences activated by tissue-specific transcription fac-
tors and are small segments of DNA positioned in front
of specific genes. Previously, we have outlined specific
regulatory elements for the MMP-2 gene that reside
up to -1686 bp of the 5- flanking region [15, 16]. A
strong response element denoted RE-1 was identified
at -1282/1322 bps, to which the transcription factors
activating protein-2 (AP2) [17], Y-box protein-1 (YB-
1) [18], non-metastasizing protein 23 (nm23) [19],
signal transduction and activator of transcription fac-
tor 3 (Stat3) [20] and p53 [21], all may bind, mostly
cooperatively. Given the pivotal role of this enzyme
in wound healing, it was our primary goal to unravel
the molecular mechanisms that govern MMP-2 gene
transcription after biomaterial implantation in vivo.
Transgenic reporter mice were established that take
advantage of a LacZ reporter gene driven by MMP-2
gene regulatory sequences. Transgenic mice harbouring
bps -1686/+423 of the rat MMP-2 gene including the re-
sponse element RE-1 were utilized to determine timely
and spatial transcriptional regulation of the MMP-2
gene after biomaterial implantation.
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Meshes Interfere with Cell Cross Talk
and MMP-2 Gene Regulation

Meshes interfere with MMP-2 gene regulation due to
soluble factors, ECM modification or cell cross-talk. In
MMP-2/LacZ transgenic mice the impact of mesh im-
plantation on MMP-2 gene expression can be evaluated
and compared to MMP-2 enzymatic activity, protein
synthesis and expression/binding of transcription fac-
tors. As depicted in @ Fig. 7.2, implantation of polymeric
meshes induces MMP-2 gene expression (8 Fig. 7.2,
right panel). By performing a -galactosidase assay 90
days after mesh implantation, we detected reporter gene
expression surrounding the mesh material indicating
that the MMP-2 regulatory element —-1686/+423 drives
mesh-induced MMP-2 gene expression. In accordance,
in situ zymography assessed that matrix turnover in
vicinity to alloplastic material is predominantly pro-
vided by MMP-2 proteolytic activity (8 Fig. 7.2, left
panel). Immunfluorescence analysis was performed
to analyze mesh-induced MMP-2 gene transcription
at the cellular level. These experiments revealed that
macrophages and fibroblasts are distinctively involved
in MMP-2 gene transcription: macrophages that ex-
hibit the MMP-2 transcriptional phenotype are widely
distributed throughout the foreign-body granuloma
whereas macrophages in more than 80-100 um dis-
tance to the mesh filaments are not involved in MMP-2
transcription. Fibroblasts form band-like structures sur-
rounding the mesh filaments and exhibit strong staining
patterns for MMP-2 protein, but only a subgroup of
these cells is involved in MMP-2 gene transcription.
In contrast to our findings for macrophages, different
MMP-2 regulatory elements govern transcription in

B Fig. 7.2.a MMP enzymatic activity
(white holes, indicated by arrows) 90 days
after implantation of Vypro (dashed lines),
in situ zymography, 400x magnification. b
MMP-2 gene expression (blue color, indi-
cated by arrows) in MMP-2/LacZ transgenic
mice 90 days after implantation of Vypro
(dashed lines) B-galactosidase assay

fibroblasts that reside outside the tested promoter se-
quences. Such findings indicate an intimate cell cross-
talk initiated by implantation of alloplastic materials
and reflect a zonal as well as cell-specific MMP-2 gene
regulation in mesh-related foreign-body reaction.

Outlook

The pivotal role of meshes for MMP-2 gene expression
may lead to novel therapeutic strategies in mesh modifi-
cation that utilizes meshes as carriers for medication to
improve biocompatibility. Such bioactive meshes may
take corrective action in mesh-related impaired tissue
repair due to siRNA, mesh coating or comedication. In
a similar approach that aimed at a modified transcrip-
tional regulation of MMP-2, Miyake et al. demonstrated
that treatment with anti-NFkB and Ets chimeric decoy
oligonucleotides reduced the activities of MMP-2 and
MMP-9 and therefore prevented the development of
abdominal aortic aneurysms in a rabbit model [22]. In
view of the significance of optimizing biocompatibility
and avoiding short- and long-term postoperative com-
plications after mesh repair, the MMP-2/LacZ animal
model may be a useful model to test the effect(s) of
mesh modifications that are created to interfere with
MMP-2 transcription.
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Discussion

Schumpelick: Is it of importance? With the mesh we con-
struct a wall in front of the hernia, should we be interested
in what happens behind this wall?

Lynen-Jansen: We heard about the prospect of develop-
ing a bio-active mesh. As suggested by Dr. Sarr, mesh
modification might be the future. But if we want to cre-
ate such bio-active meshes we have to understand the
biology, and we still do not know the molecular biology
for simple polypropylene meshes. This understanding is
fundamental for future developments.

Schumpelick: Or could it be that the fixation of the mesh
in the long run - 20 years — is related to how the collagen
is formed behind the mesh?

Lynen-Jansen: We want to guide foreign-body reaction.
We want to have an impact on the pathophysiology of
our individual patient. Therefore we want to optimize
mesh materials.

Fitzgibbons: There are meshes being developed now. Is
there any drug or material that is anywhere near clinical
level in this line of research?

Lynen-Jansen: We are making a drug coating; Dr. Junge
will describe this on Saturday. In my opinion we have to
specify our modulations. In 2006 there was a study on
gene therapy and they used a rabbit model where the
development of aortic aneurism could be prevented by
blocking transcription factors and lowering the MMP-2
expression. We have to specify on the cellular level to
optimize a complex system such as the foreign-body re-
action.

Fitzgibbons: But there is nothing on the clinical level?
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Lynen-Jansen: Not yet.

Miserez: We also know that growth factors play a role
in bio-active regulation and using new meshes. Firstly,
what makes you think that MMP-2 is the way to go and
not growth factors? Secondly, if I am correct, there are
also some protective MMPs such as MMP-13. Could you
elaborate a little on that?

Lynen-Jansen: We know the studies on MMP-13 from
Dr. Klinge and he found an overexpression of MMP-13 in
incisional hernia, too. However, I have no idea about the
importance of MMP-13 on the cellular level. But I think
that not only growth factors will play an important role,
as has been presented by Dr. Rosch. Unfortunately, it is a
very complex system. I present a model which allows us to
specify MMP-2 regulation. In future, I guess, we have to
create a new balance in these processes, but it is evident
that if we manipulate on one side, especially via MMP-2,
we alter the complex reaction in a different direction.
Duh: You are studying the material itself and how it affects
the expression of some of these genes. Do you know whether
the stress by itself also can change some of the expressions?
Because when we fix hernias in addition to putting a mesh
in, there are obviously changes in stress in the wound.
Lynen-Jansen: No, it is a standardized animal model for
the cellular response where we did not investigate me-
chanical stress.

Mertens: When you have hyperbaric stress you can in-
duce this gene very heavily. So every form of cellular stress
most likely will have some kind of transduction into this
promotor. I would agree with your hypothesis that stress
may have an impact.

Sarr: All the studies that we do with meshes are abnormal
healing. As our body developed we did not develop a heal-
ing response to a clean not contaminated incision. We
used that as a model but maybe it is the wrong model; 500
years ago there were no clean incisions, only external and
dirty trauma. Shouldn’t we really be looking at a normal
healing response, which is the whole idea behind biopros-
theses, and try to let the body engineer a neo-abdominal
wall rather than a scar abdominal wall?

Lynen-Jansen: [ think we have to look at the normal heal-
ing because we want to modulate the collagen ratio. I can-
not adapt such an animal model to the in vivo situation
in the patient. But my knowledge can provide new tools
for the modulation of the collagen ratio in the end.
Franz: In your model, was there a normal mouse abdomi-
nal wall? Not a hernia model?

Lynen-Jansen: These were normal mice with an inte-
grated transgene.

Franz: I think it will be important eventually to see what
you can observe in the situation of a hernia. There are
animal models of incisional hernias. Do you have any
human data that supports your animal observation?
Mertens: This should not be an experimental model for
hernia disease. This should exemplify how an animal
treats a biomaterial. There are macrophages invading
and these macrophages talk to fibroblasts, and the fi-
broblasts that are close to the mesh respond differently
from the others that are far away. So this is a permanent
reaction that is going on in every patient that you treat
with a mesh. When you want to design a biocompatible
mesh, then with this knowledge you now can address this
question. If we want to get rid of MMP-2 in macrophages,
if we want to target these macrophages and fibroblasts
in a cell-specific fashion, then we have to know which
factors regulate MMP-2 in these cells. This is the answer
that Dr. Lynen has given, she can name these factors. I
believe we have some compounds we can use to target
these cells in a cell-specific way. This is my understand-
ing of this model.

Schumpelick: I would like to conclude from the Swedish
data that there is a high recurrence rate according to the
different types of operation; there is still a high rate of
recurrence in incisional hernia. We learned about the
evidence of published and non-published data. I think
the overall conclusion is that we still have a problem of
hernia recurrence, and we will talk in the coming days
about how to prevent this. Today we learned a little about
the biology, the collagen, the MMPs and the extracellular
matrix in hernia disease.
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Introduction

The successful development of laparoscopic fundoplica-
tion has made it a valid alternative to medical therapy in
the treatment of gastro-esophageal reflux. As experience
has grown, the laparoscopic approach is now used to treat
more complex conditions such as type Il (paraesophageal
hernia, PEH) or type-lll (mixed) hiatal hernia [1]. Results
from several series have shown that laparoscopic repair
is feasible and safe, in spite of the increased technical
difficulty, and its immediate and short-term results are
excellent (B Table 8.1) [2-13]. However, the incidence of
recurrences may be high, reaching 42% in one series [3].

The Problem

Experience over the past 15 years suggests that sur-
gical strategy for the laparoscopic treatment of PEH
includes viscera reduction, sac excision, retrogastric
crural closure and fundoplication [1, 14, 15]. Pexy of
the gastric plicature, abdominal wall gastropexy and
gastrostomy are the most controversial technical steps
in maintaining the stomach in place in the abdomen.
Though controlled comparative trials with the open
approach are lacking, the immediate clinical outcome
of laparoscopic repair of PEH is highly satisfactory.
However, the recurrence rate is higher than expected
at midterm follow-up - as high as 42%, when com-
pared with the open approach (8 Table 8.1), and

some authors have suggested that the laparoscopic
technique is unsuitable in this setting [3]. Recurrence
has been related to several factors [16, 17] — none of
which is clearly responsible — but the main reason
for failure of the hiatal repair is tension. Treatment
of all hernia repairs, such as the Lichtenstein repair
or incisional hernia repair is currently tension-free.
However, performing a tension-free repair in the
hiatus is controversial and technically very demand-
ing due to the oblique situation of the pillars and the
difficulty in securing the mesh. Furthermore, in in-
guinal or ventral hernia repair, the mesh provides pas-
sive support to the intra-abdominal viscera, while the
hiatus is a complex anatomical structure in which the
esophagus moves during respiratory excursion of the
diaphragm. Any prosthetic mesh will therefore be in
contact with the esophagus, so there is a theoretical risk
of esophageal erosion and complications.

Recurrences

Surgical treatment of gastro-esophageal reflux disease
(GERD) or PEH may fail due to relapsing symptoms or
to true anatomical failure, associated or not to clinical
symptoms. This anatomical failure may be the result
of a problem with the fundoplication (too tight or bro-
ken), or a hiatal recurrence. This chapter deals only with
anatomical hiatal recurrence. The incidence of recur-
rence is variable. Initial experience of fundoplication for
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B Table 8.1. Recurrence after laparoscopic treatment of PEH in series with systematic radiological control

Author No.? Recurrence [%] PEH recurrence Sliding Symptoms
Wu [2] 35/38 92% 23% 2 5 35%
Hashemi [3] 21/27 78% 42% ns ns 40%
Wiechmann [4] 44/60 73% 7% 3 0 100%
Khaitan [5] 15/25 60% 40% 1 5 50%
Jobe [6] 34/52 65% 32% 8 3 64%
Mattar [7] 32/125 26% 33% ns ns 43%
Keidar [8] ns 15% 0 5 40%
Diaz [9] 66/96 69% 32% 7 14 62%
Targarona [10] 30/37 81% 20% 1 5 50%
Andujar [11] 120/166 72% 28% 6 24 33%
Watson [12] 60/100 60% 30% 5 13 30%
Ferri [13] 91% 23% ns ns

2No. of patients with esophagogram

GERD was followed by a 10% recurrence rate, mainly
related to difficulty in closure of the hiatus [18]. With
current experience, recurrence rates of less than 5%
are expected in cases of pure G-E reflux or small type-I
sliding hernia. However, the incidence is highly vari-
able in the case of type-II-IV hernias, reaching 42% in
one series. Analysis of recurrences shows different pat-
terns of time and form of presentation (see @ Table 8.1).
Immediate postoperative recurrent hernias are usually
secondary to total disruption of the hiatal closure with
a relapsing PEH. Long-term recurrences may adopt
several patterns: complete recurrent PEH, fundopli-
cation migration, or a small sliding hernia, without a
clear recurrence of the paraesophageal sac. In the latter
subgroup, the incidence of symptoms is variable, and
most are identified only by esophagogram. Symptom
recurrences should be treated surgically, depending
on the severity. However, there is tacit agreement that
non-symptomatic recurrences, especially in cases of
small sliding hernia, do not require repair. Recurrent
hernias of any type should be considered technical fail-
ures, although the long-term outcome of asymptomatic
recurrent hernias is unknown.

Factors Related to Hiatal Hernia Recurrence

Many factors have been related to hiatal hernia recur-
rence. They include local or anatomical factors, tech-
nical-related factors and functional (patient-related)
factors (B Table 8.2). Few studies have analyzed the
individual responsibility of any of these factors as the
definitive cause of recurrence.

Local factors are of paramount importance because
the anatomical elements of the hiatus are widely dis-
torted, especially in PEH. Nevertheless, these elements
will be needed for the surgical repair (pillars). All the
anatomic factors are inter-related. Besides, the size of
the hernia and the amount of the herniated stomach are
related to the type of hernia, and may be type II, III or
IV. All correlate with the size or width of the hiatus, and
some paraesophageal hernias may be as large as 10 cm.
Consequently, surgical repair of type-I or pure GERD
diseases without hernia have a recurrence below 9%,
but recurrence after type II-IV is up to 40%.

It is not surprising that another factor favouring re-
currence is redo surgery. Re-dissection of a previously
operated area logically implies the use of fibrous and
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B Table 8.2. Results of comparative studies of paraesophageal hernia repair. Laparoscopy vs. laparoscopy + mesh

Author/year Groups No. T.Op Conv Follow-up Recur- Comment
rence
Basso [27]° Lap 65 78 1.5% 48.3 14% Ten-free
(polypr.)
Lap-mesh 67 70 0 225 0
Hui [28] Lap-mesh 12 226 8% 37 0 Se+ pcr + fp
(ptfe + polipr.)
Lap 12 202 ns 37 0 Se+ pcr + fp
Kamolz [29]¢ Lap 100 70 0 12 9% Pcr + fp
Lap mesh 100 70 0 12 ns Pcr + fp + mesh
polypr.
Frantzides Lap 36 ns 0 40 22% Se + pcr + fp
[30]¢
Lap mesh 36 ns 0 40 0 Se + pcr +fp +
ptfe
Granderath Lap 50 58 0 12 26% Pcr + fp
[32]
Lap mesh 50 58 0 12 8% Pcr + fp + mesh

polypr

**Non-randomized, include all types of hiatal hernias. ¢Prospective randomized trial. Se sac excision, Pcr posterior crural

repair, Fp fundoplication, ns not stated.

scar tissue. The incidence of recurrence is higher and it
may occur especially when a recurrent hernia is found
in the redo procedure [20].

Another factor related to recurrence is the anatomy
of the pillars. The hiatal crura are a fleshy structure
without tendinous reinforcement. Standard sutures
may cut the muscle, and if the hiatus is particularly
wide, when the pillars are approached, the lateral por-
tions of the diaphragm near the crura become tense,
especially on the right, and there is a potential risk of
disruption.

A second important group of factors which play
a relevant role in recurrence are technical aspects. In
spite of the success of laparoscopic surgery for gastro-
esophageal reflux, fundoplication and hiatal dissection
should be performed by means of a precise technique
which requires advanced laparoscopic surgical skills. In
the literature, many of the series of patients undergo-
ing surgery for large hiatal hernias were operated on
in the early days of laparoscopic fundoplication, and
there is inevitably a steep learning curve with this tech-

nique, as demonstrated by the reduction in operative
time and associated morbidity as experience is gained.
The current technique for the laparoscopic approach is
well systematized, and includes stomach reduction, sac
excision, esophageal mobilization, hiatus closure and
funduplicature. Any variation, pitfall or mishap could
be followed by a relapse [1, 14, 15].

One of the key factors for technical success is crural
closure, inevitably related with tension. Gentle intra-
operative manoeuvers and manipulation are needed to
avoid the tearing or rupture of the pillars. Crural clo-
sure poses some technical challenges, and in function
of the size and shape of the hiatus opening, posterior
or anterior stitches to the esophagus or the placement
of a mesh may be needed. Such technical options may
favour a defective closure of the hiatal passage and fa-
cilitate recurrence. The routine use of calibration has
been also suggested as a measure to minimize hiatal
recurrence [17]. Although it is rare, a short esophagus
is another controversial factor, especially in PEH which
do not have longstanding esophagitis.
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Additional factors which are difficult to evaluate
regarding their role in recurrence are the type of knot
performed (double knot, square knot, pledgets), the
type of knotting technique [intracorporeal, extra-
corporeal, Endo-StitchTM (Tyco)], and the material
used.

Some authors suggest the use of non-resorbable
sutures, as they consider that silk-braided string may
degrade over time and favour recurrence [21, 22]. Using
mesh to reinforce the pillars’ approximation may logi-
cally help to avoid recurrence. The mesh may be placed
by one of several methods and as yet there is no con-
sensus regarding the method of choice. However, mesh
placement in this setting continues to be controversial.
The hidden side is the number of underreported severe
complications secondary to the presence of a mesh near
the esophagogastric junction [14, 15].

Functional factors associated with the patient’s
general condition are sources of complications which
should also be taken into consideration. A number of
situations, mainly chronic disorders, are associated
with episodes of increased intra-abdominal pressure
and may have a direct effect on the repaired anatomi-
cal area [16, 17]. Another factor that may enhance the
effect of these functional stressors is the reduction of
postoperative adherences, a well-known characteristic
of laparoscopic surgery [12, 18, 23-25]. Obesity, chronic
pulmonary disease, constipation or gastro-esophageal
symptoms (gagging, belching, retching, hiccuping, vom-
iting) may promote recurrence. It goes without saying
that early or chronic weight lifting is also related to re-
currence.

Other Manoeuvers

Additional manoeuvers to secure the stomach in the
abdomen in an attempt to reduce recurrence include a
range of techniques: pexy of the fundoplication to the
diaphragm, pexy of the gastric body to the abdominal
wall, gastrostomy and ligamentum teres pexia [1, 14,
15]. Fundoplication itself may have some fixation effect.
Some authors consider the Toupet technique may help
to avoid recurrence because the posterior placement of
the fundus covers the crural closure and fixes it to the
diaphragm. However, as yet there are no definitive data
from randomized trials to support the routine use of
any of these measures.

It is not known whether collagen disorders are
related to the appearance of hiatal hernia or favour
recurrence, as has been observed in incisional her-
nia [26].

Analysis of the Factors Responsible
for Recurrence

There was little interest in this topic during the
prelaparosopic era, as is evident if we compare the
number of papers published before or after the de-
scription of laparoscopic repair. Besides, there are
no well-defined prospective trials analyzing the im-
portance of different factors on the appearance of a
recurrence. One major drawback is the failure to
stratify patients according to a homogeneous model.
Some studies include a variety of criteria (more than
30, 50%, intrathoracic stomach, gastric volvulus) that
make comparison difficult. Furthermore, patients’ as-
sociated medical conditions which may also impair the
anatomical outcome are not considered.

Factors related to hernia recurrence are shown in
O Tables 8.3 and 8.4. Soper [18] and Filipi’s group [17,
23, 24] worked on a group of GORD patients and both
found hernia size and diaphragmatic stressors were the
main factors related to recurrence. However, Watson’s
group [12] analyzed the same factors in the case of PEH
hernia and found that only age and obesity were predic-
tors for recurrence.

Comparative trials addressing hiatal closure with or
without the use of a mesh are few and their methodology
has some drawbacks. However, based on the observa-
tion of minimal recurrence with the use of a mesh, they
add further support to the hypothesis that tension is the
reason for failure. Four comparative studies have been
published (8 Table 8.3) [27-30], but only two were pro-
spective and randomized trials. In addition, two of the
comparative trials included patients with all types of hi-
atal hernias, and only one focused on PEH hernia repair.
Basso et al. [27] compared simple, tension-free closures
using an onlay piece of polypropylene, and divided their
personal series chronologically into two parts. Kamolz
etal. [29] compared simple closure with a reinforcement
procedure that places the stitches over a piece of poly-
propylene covering the hiatal closure. Neither study was
randomized; they were merely comparisons of initial
experiences without mesh and more recent experiences
with mesh. They also counted hiatal repair of all types,
including type-I hernias or pure GERD without hernia.
Mesh placement was followed by a lower incidence of
recurrences, without specific morbidity.

Frantzides et al. [30] reported their results of a pro-
spective randomized trial comparing simple closure
with PTFE onlay reinforcement for PEH hernia repair,
in cases with hiatus over 8 cm wide. Recurrences were
significantly reduced after mesh placement (20% vs. 0,
p < 0.00), without long-term sequel after a 40-month
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B Table 8.3. Multivariate analysis of factors related to hernia recurrence

Author Soper [18] Karkalapudi [24] Aly[12] Igbal [23]

Year 1999 2002 2005 2006

N 290 37 100 100

Hernia | 1l I-1l

type

Predictive Learning group vomiting (p < 0.03) age (p < 0.05) gagging (p < 0.005)
factor (p < 0.05) weight lift (< 0.02) obesity (p < 0.05) belching (p < 0.02)

Vomiting (p < 0.0001)
Other stressors®

(p <0.001)

Hiatal size (p < 0.005)

hernia size (p < 0.04)

2Diaphragmatic stressors: cough, sneezing, vomiting, motor vehicle accident, weight lifting.

B Table 8.4. Factors related to hiatal hernia recurrence

Type of
hernia

1/11-1IvV

Size
Primary/secondary
Pillars characteristic
Short esophagus

Technical
factors

Approach: laparoscopic vs. open
Surgical experience

Knots (type, intra-/extracorporeal)

Material
Calibration
Type of suture
Mesh

Redo

Patient
condition

Obesity

Pulmonary disease
Constipation

Symptoms of GERD recurrence
Gagging/belching/retching/
hiccoughing

Associated diseases

Weight lifting

Other ma-
noeuvers

Gastric pexia
Gastrostomy

Mesh

Ligamentum teres pexia

follow up period. Granderath et al. [31] recently showed
similar results with satisfactory long-term function,
but with only reinforcing the hiatus with a portion of
polypropylene mesh.

Discussion and Conclusions

Treatment for PEH and type-IIT mixed hernias has been
a challenge to digestive surgery for the past 30 years.
Surgical treatment was an option for a subset of elderly
patients, some of whom were particularly frail, and in
some cases it was associated to emergencies such as
gastric volvulus or gastric incarceration. However, the
results from centres with extensive experience showed
low morbidity and good long-term outcome after stan-
dard open transthoracic or transabdominal approaches,
though in most series the results were merely assessed
on the basis of the presence or absence of symptoms,
without any anatomical (X-ray) evaluation. Available
experience shows the efficacy of the laparoscopic ap-
proach for treatment of PEH [1]. Although the intra-op-
erative technical difficulty is greater, and although there
are no randomized trials comparing it with the open
approach to conclusively determine its relative merits,
the immediate outcome clearly endorses the use of this
minimally invasive approach in a population that is gen-
erally at a higher risk than conventional patients with
GERD or small type-I hiatal hernia. The large number
of series published in recent years (20 series related to
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open approach in 33 years, compared with 46 series in
12 years for the laparoscopic approach) bears witness
to the success of, and the interest in, the application of
laparoscopic techniques in PEH repair.

The most common technical approaches for surgery
of PEH include stomach reduction, sac excision and
closure of the hiatal defect — on occasion over 8 cm wide
— with or without the addition of some type of pexy. The
controversy arises after the definitive observation of a
variable recurrence rate (up to 42%) when a routine
radiological control is conducted. Some authors have
suggested that alternative approaches (open or thoracic)
may be better for this disease. Arguments put forward
to account for this unacceptably high recurrence rate
include the learning curve due to the technical difficulty
of the procedure, poor technical crural closure, or a
short esophagus. The learning curve for a difficult lapa-
roscopic procedure undoubtedly plays a role, and it has
been observed in several large series that the recurrence
rate falls as surgeons gain experience. The significance
of a short esophagus continues to be a controversial is-
sue. It has been considered a potential cause of failure,
but most PEH patients do not have advanced GERD
disease with esophageal scarring. The need to perform
a Collis gastroplasty to lengthen the esophagus varied
from 0% to 70% in the series analyzed and as yet there
is no clear agreement on whether this technical step is
needed during PEH repair.

Clearly, as with other abdominal wall defects, the
aim is to achieve adequate closure. In contrast with the
accepted standard concept for inguinal or ventral her-
nia, which is tension-free, the most widely supported
approach is to close the hiatus under tension, with the
obvious risk of disruption. The rationale for this judg-
ment is that, unlike the abdomen or groin, where repair
aims to achieve passive contention, the cardial region
- including the hiatus and the GE junction - is a highly
dynamic area and anatomical repair is thus justified.
However, since PEH repair causes wide-ranging ana-
tomic distortion and the risk of disruption is high, rein-
forcement with a mesh is a logical forward step. Hiatal
closure is occasionally difficult. Surgeons who do not
generally favour the placement of mesh in the hiatus are
sometimes obliged to use the procedure to correct the
gap, either because of the size of the hernia or because
it is technically impossible to proceed otherwise.

There are no clear explanations for the differences in
outcome after open or laparoscopic approach to PEH.
The final results of laparoscopic repair are possibly not
as good because the approach is more technically de-
manding [32]. However, performance of a systematic
radiological esophagogram in patients operated by the

open approach, including asymptomatic patients, has
evidenced a high number of recurrences. Haas et al.
[33, 34], for example, found an anatomical recurrence
rate of 42% after systematic radiological evaluation.
This suggests that the recurrence may also have been
high in the open era, but has only become relevant since
the laparoscopic revolution and the increased interest
in this topic.

One of the main arguments against mesh placement
is the emergence of complications, due in the main to
visceral erosion, a risk that is intrinsically related to
the existence of a foreign body [14, 15]. Based on this
rationale, many surgeons contra-indicate routine place-
ment. However, there are clear differences between the
placement of a mesh and insertion of an Angelchik de-
vice or bands for gastric banding in obese patients. The
latter devices are placed directly over the cardia, creat-
ing sustained tension and favouring potential erosion.
On the other hand, a mesh in the hiatus to reinforce
diaphragmatic closure is placed outside the esophagus
and direct contact is avoided. Though several severe
complications have been reported, the morbidity rate
associated with mesh placement is low.

Another controversial point is whether the use of
mesh for hiatal repair in PEH should be routine or selec-
tive. The local conditions of the hiatus after sac excision
may cause results to differ and sometimes, even though
the hernia sac is large, the pillars may be of good quality
and can be approached without difficulty. Regarding
recurrence after laparoscopic repair of PEH, few studies
to date have investigated the predictive factors [2, 18, 23,
24] possibly involving anatomical features of the hia-
tus (such as the size of the gap, tension, diaphragmatic
weakness), the type of repair (single stitches, pledget,
etc.), additional fixation manoeuvers (Toupet, pexy,
gastrostomy, etc.) and patient characteristics (heavy
work, constipation, chronic cough, etc.). Some authors
recommend a tailored approach, placing a mesh in cases
of major risk of recurrence, and this practice seems
more advisable in the case of redo operations. However,
the final decision whether or not to place a mesh will
evidently depend on the experience of the surgeon.

The controversy surrounding recurrence after surgi-
cal treatment of hiatus hernia will end when the long-
term follow-up of patients in whom a mesh has been
placed has been analyzed, and when randomized trials
have been performed. These should be designed to re-
solve the controversial technical aspects regarding the
type of mesh to be used, location of the lesion, selective
vs. routine use and additional manoeuvers such as pexy
and, Collis esophageal lengthening, and the definitive
role of diaphragmatic stressors.
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Discussion

Franzidis: Prof. Fuchs, you mentioned that, at the end
of the procedure or the hiatal hernia repair, the surgeon
is always happy with the repair. I would disagree with
that. I am often not happy with the primary repair. And
I have some parameters where I would say that these
patients, if I leave it the way it is, need one blow and
then it will fall apart.

Fuchs: There is a randomized trial showing that it is
helpful for the patient if you use a bougie, especially if
you are not very experienced to prevent a long persist-
ing dysphagia. I always advise in courses, that a bogie
should be used in order to prevent a persisting dysphagia.
I always tend to be happy at the end of the operation,
and I am not happy when I try to change what I have
done. As a matter of fact, I am pretty often happy. If the
condition is bad, then I use a mesh. I shall be happy,
when you have finished the study so that we have some
data on it.

Schumpelick: If you do a normal hernia, stitching to-
gether, it doesn’t work in an inguinal hernia or an in-
cisional hernia. Should it work here? Why? It is a per-
manently moving muscle, you stitch it together and rely
on that and say that this is hernia repair, and don’t talk
about reflux disease. I am talking about hernia repair.
I will not be certain that this suture repair of the hiatus
in the long run is sufficient. Have you any data? In my
opinion, we are not treating the hernia.

Fuchs: Of course we are not sure. Later in the summary I
will show some data on the number of patients that have
a migration. You can ask a lot of people doing reflux sur-
gery that having a migration is one of the problems. First
of all again, fixing the oesophagus at the diaphragm with
all its moving doesn'’t help. People who have done this, and
1 did this for a certain period, too, will experience that it
becomes loose, because of all the movement and tension
that there is. That is not enough. On the other hand, we
have to narrow it in order to have at least some kind of
resistance there. So the door is not wide open, but we
cannot close it, this is our problem. What we at least can
do is make sure that the narrowing that we can create
during the operation will stay like this. We know from
the randomized trials that the recurrence rate was 15%.
That was reflux recurrence. We don’t know the number
of hiatal recurrences from the very few references where
this is always documented. I agree with your opinion,
that we don’t treat the hernia.

Koéckerling: I agree with Prof. Schumpelick’s comment.
The recurrences we have seen have always the same ap-
pearance. The Nissen fundoplication was intact, but the
complete fundoplication slipped back into the thorax and

again we have a widening of the hiatus, which is the
problem. In my opinion we need a prospective random-
ized study comparing simple suture reconstruction and a
reconstruction using additional mesh material.

You have mentioned the close anatomical relation be-
tween the hiatus and the aorta. One very important step
is to really dissect the aorta so that you can grasp enough
of the muscle.

Fuchs: I agree with the second, maybe also with the first
comment. I have done two or three stitches in the aorta,
and with compression there was never a problem. This
can be really a problem for somebody who has no experi-
ence. Regarding the first comment, again I must say that
I am sure that the meshes do have a role in narrowing the
hiatus and making it stable. But, on the other hand, you
cannot close this hernia as you can close an incisional
or an inguinal hernia because you have a food passage
here. If you close it more you will have side effects that
the patient will not like. Even if you do a mesh on every
patient you will still have a gap that you will need for the
oesophageus, and through this gap you will have some
kind of recurrence.

Kéckerling: I tend now to say that the dysphagia we
sometimes see in patients is induced more by the Nissen
fundoplication and not by the very close suturing of the
hiatus. This is our experience. What we do now is make
a Toupet fundoplication and close the hiatus very densely
with four to five stitches using additional latches. Since
we have been doing this, we have never seen a patient
with postoperative dysphagia. In my opinion it is more the
fundoplication and not the closing of the hiatus.

Fuchs: I would disagree to that, because we have done
a thousand Nissens. And others who have done more
than a thousand Nissen fundoplications have not had
this dysphagia as others have.

Franzidis: If you review the surgical literature it is not
an American problem and not a European problem, it
is a world-wide problem. The main reason for recur-
rence of symptoms in patients with hiatal hernia reflux
is disruption of the hiatal hernia. When you claim that
you can leave the hiatal defect unrepaired, I think it is a
disservice to the patient. What must be done is prevent
recurrence of hiatal hernia.

Fuchs: I agree completely with you. But you will not be
able to do this even if you use a mesh. I have done redos
where I found meshes all over the place. It also can create
other problems.

Read: Dr. Targarona, some of these recurrences occur
through the diaphragm itself to do the lateral cross, and
they do not herniate through the esophageal hiatus.
Targarona: It is clear that hernia is mainly a disease of
the elderly. I don’t know if that favours the recurrence or
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if the older patients have more comorbidities, or difficult
tissues that make solution different. Also it is important
to remark that this special group of patients is sometimes
frail, which is also to be considered. In order to know that
you need a perfect anatomical hernia repair or we can
have some tolerance with this. This is also a matter of
discussion from the clinical point of view. If the hernia
is through the oesphagus or through the lateral pillow I
can not answer it really.

Ferzli: A quick comment on what you have said. I saw
your video and your standardization. Do you take a short
gas track, because there is a recent paper from Kleiber,
who uses the mesh routinely here in Switzerland? And
they also don’t take a short gas track.

Targarona: We take out the short vessels to avoid this for
every dysphagia. In these patients it is probably much
easier to dissect the sac. My practice now is to pull the
stomach to go through the short vessels till the beginning
of the sac in the inferior part of the left pillar and then you
begin to dissect the sac and you can take it out.

Fuchs: There is an interesting discussion based on some
randomized trials regarding the division of the short
gastrics. If you summarize the four randomized tri-
als that are available you are tempted to say it is not
necessary, but it depends also on to what extent you
dissect on the right side. If you minimize your dissec-
tion on the right side you need something on the left in
order to dissect the hiatus. I also mobilize the fundus
very posteriorly to make a symmetric wrap, but looking
at the evidence from some randomized trials we must
confess that the evidence is not clear, or rather contro-
versial.

Schippers: I have a comment on technique and a ques-
tion. You are in favour of placing a tube order to cali-
brate your fundoplication. I was afraid about this tech-
nique, because I had some better experience with our

anaesthologists. From that time I switched to doing an
intra-operative endoscopy after my procedure. If it is able
to pass the hiatus without pushing, I am quite lucky with
my operation.

You mentioned cases of big defects in the diaphragm.
With respect to the comment before, that we treat the
defect and not the disease, do we really have any evi-
dence-based literature which proves that we have to add
a fundoplication after our repair of the defect?
Targarona: I dor’t use calibration. I think it is finally not
necessary. I am also afraid, because sometimes it can
hurt the hiatal oesophagus and it is much more difficult
to handle this disruption. With the cutting of the short
vessels we can assure a really floppy Nissen.

The disease is at the hiatus. But we destroy all the para-
oesophageal attachment to the oesophagus. And at this
moment the most accepted technique is to add a fun-
doplication.

Schippers: I was not talking about the defect in the hiatus.
I was talking about lateral defects in the diaphragm. Do
we have to add a fundoplication in these patients?
Targarona: Then you need to put a mesh on the defect.
Ferzli: It is very controversial, because we are here as
experts. But we are in the area of GIA on the one hand,
and we have the experience that we are witnessing in
these patients that when we do a band on them, they
all get reflux; within a year when the laparoscopic lap
bands all have oesophagitis and reflux. Yet when we scope
a gastrectomy, they do not have a reflux. When we do
the vertical banded gastroplasty with the resection of the
upper part of the stomach, which is now the new vertical
gastric, these patients have no reflux. My question is,
shouldn’t we move into a new area of technique where
there is no wrap? There is now fear of migration of wrap,
maybe there is no need to reconstruct a hiatus which is
constantly under motion.



Mesh repair for reinforcement of large hiatal hernias
is being increasingly used [1]. Guidelines for this indi-
cation or publications about standard procedures are
still lacking.

The intention of our investigations was to study
some anatomical limitations for the usage of mesh
repair in the hiatal region. Therefore fixed and fresh-
frozen corpses were investigated.

In most publications a dorsal hiatal closure is used for
repair of hiatal hernia. This is also the technique used at
our clinig; so at first we focused on the question of what
size of overlap behind the oesophagus is possible.

B Fig. 9.1. Space between aorta and oesophagus

Due to position of the aorta passing the diaphragm,
the posterior space behind the oesophagus is lim-
ited. In the case of normal anatomy, the distance
between aorta and oesophageal wall is around 2 cm
(B Fig. 9.1). In the case of a large hiatal hernia, this
space may be increased after suture of the left and right
crus, but still remains the place of the smallest over-
lap.

In summary, a big 4-5 cm overlap as claimed
in abdominal hernia surgery is not possible to reach
[2].

The second interesting aspect concerns the con-
tact between the mesh and the oesophageal wall,
when placed behind the oesophagus. Many publica-
tions recommend placing the mesh at a distance to
the edge of the oesophagus, to prevent direct contact
with the prosthetic material. Our anatomical studies
revealed a different problem. During the presence of
pneumoperitoneum and laparoscopic preparation, an
angle between the hiatal crura and the oesophagus is
imitated (8 Fig. 9.2). In a normal and relaxed situa-
tion the hiatal crura and therefore the implanted mesh
will have broad contact to the posterior oesophageal
wall. With implanted retro-oesophageal mesh a broad
contact and possible fixation of the oesophagus and
therefore potential complications have to be taken in
account.
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Discussion

Deysine: At the moment I am feeling very humble. I
don’t know how to repair a hiatus hernia, and only did
a couple when I was a resident. But I have been listening
to this conference for a long time. With all respect, but
it seems to me that we are in the pre-Bassini rea. The
complications are terrible and we still suture muscle to
muscle, which is something that we don’t do anymore
anywhere in the body. On top of that, every time we try
to place a prosthesis, it may migrate into the oesopha-
gus. I don't see the results coming as fast and as well
as for other parts of our science in hernia. The ques-
tion is, have you tried biological meshes to repair these
hernias?

Fitzgibbons: We have considered the use of biological
prostheses and we use them all, all types. I hear this strong
criticism of repairing hiatal hernias, but we have got to
realize that in most series the quality of life is remark-
able improved, even though there may be recurrence of
the hernia. You may have a small sliding hernia or you
have a huge para-oesophageal hernia. Almost all studies
show 80-90% quality of life in long-term follow-up. So,

b mesh in place behind esophagus

B Fig. 9.2. Mesh placed behind the oeso-
phagus

to think we are not doing any good by closing the crural
is ridiculous.

Pointner: You have shown that you are talking about 2 or
3 cm. The normality is, that hernias are 4 to 5 cm, and
those are the large hernias. We have no contact between
the mesh and the oesophagus, because we are doing a
wrap and we have contact between the stomach and the
mesh. I don’t know if it is not necessary to have this con-
tact. I am not sure if we don’t need adhesions from the
stomach to the mesh. That is another problem.

Conze: If you do a fundoplication and wrap around it
you don’t have contact. But I think we should keep in
mind that we are in a situation where there is a lot of
mobility. The diaphragm itself moves, DeMeester says
it moves 25,000 times a day, so there is lots of mobility.
So you have the mesh, you have your adhesions and you
have this continuous up and down. I don’t know if you
really get that much adhesion there; it might even act
like a saw.

N.N.: I did use this biological mesh, but I have no long ex-
perience, for two reasons, so I cannot say anything about
the long time. But to manipulate in the laparoscopy is
not easy, because it is a material that is too thin and that
makes the same problem as if you would use polyester
in laparoscopy.

Kukleta: I want to make some personal comments on
this. Jacobs has used it routinely for several years and
seems to be very happy to advocate meshes. But I have
completely different information from somebody else, who
found an absolute catastrophe, having very long stenosis
of the oesophagus which he had to resect. But maybe we
can discuss this together with the meshes.



Introduction

Fundoplication is the most common surgical treatment
for both gastro-oesophageal reflux disease (GORD), with
sliding hernia and para-oesophageal hernia.

We must realize that there is no best before date for a
fundoplication, and recurrence can appear several years
after operation. The long-term outcome after fundoplica-
tion depends on several factors such as: the skill of the
surgeon, the severity of GORD, the size of the hiatal hernia
and the surgical technique.

Background

Mechanism of Action of the Fundoplication

The technical principles of surgical repair remain the
same in laparoscopic practice as in conventional trans-
abdominal procedure. Both, total and partial fundopli-
cation, anterior or posterior, work in similar fashions.
The principle is to mobilize the lower oesophagus and
to wrap the fundus of the stomach around the oesopha-
gus to create a functional valve. As a complement, the
crural diaphragm is narrowed with sutures to prevent
migration of the wrap up in the chest and to prevent
postoperative para-oesophageal herniation.

The goal is to overcompensate the antireflux bar-
rier, which will be done from both an anatomical and
a physiological point of view by

== reducing the hiatal hernia, stretching out the oeso-
phagus and repositioning the lower oesophageal
sphincter (LOS) into the abdominal positive pres-
sure environment;

= increasing the abdominal length of the LOS in order
to increase the resting pressure.

Postoperative Side-Effects
After Fundoplication

The most frequent side-effects after fundoplication
are solid food dysphagia (temporary or persistent), in-
ability to vomit, decreased ability or inability to belch,
epigastric pain, postprandial fullness, increased mete-
orism and increased flatulence. When performing a
fundoplication, especially a total, it is necessary to do
the wrap both floppy and short, trying to avoid these
side-effects.

As a surgeon you have to consider these side-
effects and put them in relation to the durability and
efficiency of the fundoplication.

Problem of Recurrence After Fundoplication

The different types of surgical failure after fundoplica-
tion are a wrap that is too tight or too loose, incorrectly
positioned or disrupted. The failure rate for total fundo-
plication (360°), at a follow-up interval of 5 years, is 10
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to 15%. A number of patients therefore need a second
operation because of dysphagia or recurrent heartburn.
The indication for re-operation is more urgent for pa-
tients with dysphagia than for patients with heartburn,
but when slippage occurs dysphagia might also develop
as a late symptom.

When there is a suspicion of failure, it is necessary
to detect the anatomical deficiencies with endoscopy
and/or barium swallow investigations. Hinder et al. [1]
have defined the underlying abnormalities responsible
for the need for re-operation and various radiological
types of failure have been demonstrated:
== Type I represents complete or almost complete dis-

ruption of the fundoplication, with recurrence of

the hiatal hernia in most cases.

== Type II involves slippage of part of the stomach
above the diaphragm. An hourglass defect is cre-
ated, with part of the stomach above and part below
the oesophageal hiatus in the diaphragm. This is
frequently caused by the fundoplication having been
incorrectly placed around the upper stomach rather
than around the oesophagus.

== Type III, so-called slipped Nissen. Part of the stom-
ach lies above and part lies below the fundoplication
and may also be associated with an hourglass defect.

This may occur as a result of slippage of the stomach

through the fundoplication or incorrect placement

of the fundoplication around the stomach at the time
of surgery.

== Type IV occurs when the intact fundoplication
herniates through the oesophageal hiatus into the
chest.

Another problem is postoperative para-oesophageal
herniation of the stomach into the chest, which is re-
ported to be more common after laparoscopic fundo-
plication [2]. Acute para-oesophageal hernia should be
repaired early to prevent gastric strangulation [3, 4].

Hiatal insufficiency with migration of an intact
repair into thorax is reported as the most common
complication after laparoscopic fundoplication [4-7].
One explanation is that patients operated on laparo-
scopically have less postoperative pain and might re-
turn to normal activity earlier than patients operated
on transabdominally.

Early activity raises the abdominal pressure before
adhesions have been established in the hiatal area [7].
When slippage and mechanical failure such as dyspha-
gia is presented, the medical treatment is not sufficient
and the patient is in a worse condition than before the
operation. A recurrence of a partial fundoplication is
probably not so dramatic.

Prevention of Recurrence

It is a fact that patients who really need an operation
are the most difficult to repair. To prevent recurrence
you have to select patients with mild disease and small
hernias, which is not acceptable because they can be
well treated with medication. The only way to prevent
recurrence is to improve the surgical technique. A com-
mon finding at re-operation is that the short vessels
of the major curvature are divided except the difficult
part, the upper vessels and the peritoneum between the
fundus and the diaphragm [8]. When the wrong part
of the fundus, or a too low part of the stomach, is used
for the valve there is a high risk of including the fat
pad at the oesophagogastric junction in the fundoplica-
tion. The valve functions perfectly early postoperatively
but there is then a high risk of slippage and rupture
later on.

To prevent migration of the wrap it is useful to add
two extra sutures from the upper part of the fundo-
plication to the undersurface of the diaphragm [9] in
combination with crural repair.

Some authors claim that it is essential to choose an
operation that is tailored to the patient’s physiology
and that a total fundoplication is an absolute contra-
indication in the presence of a primary oesophageal
motility disorder [3, 10, 11]. However, contradictive
results are presented in a randomized trial showing no
difference in outcome between total and partial fun-
doplication [12]. In patients with oesophageal stric-
ture and oesophageal shortening the fundoplication
can be combined with Collis gastroplasty [13]. This
uses the stomach adjacent to the lesser curvature to
create a longer tubular oesophagus. The procedure
can be done with both open and laparoscopic tech-
nique. This is a popular procedure as a redo opera-
tion because it is believed that oesophageal shortening
is often involved in failure of a fundoplication [1]. In
patients with recurrence, despite good fundal mobil-
ization, we must suspect inadequate suturing technique.
It is important to take good bites without tearing the
tissue. It is also obligatory to use non-absorbable su-
tures. Maybe it is also important to choose between
conventional open surgery and laparoscopy to prevent
recurrence. To compare open and laparoscopic total
fundoplication, we performed a randomized study in
our hospital [14]. Adult patients with hiatal hernia and
uncomplicated GORD were included during the years
1994-1998 in this prospective clinical trial. Two senior
surgeons well trained in laparoscopic antireflux surgery
performed the 45 laparoscopic operations. Forty-eight
patients underwent open surgery, performed and su-
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pervised by two other senior surgeons well trained in
gastro-oesophageal surgery. Early postoperative reflux
control was similar for laparoscopic and conventional
fundoplication. At long-term follow-up significantly
more patients were satisfied after laparotomy (91%)
than after laparoscopy (62%). Our findings are in ac-
cordance with a questionnaire study in Sweden, con-
cerning antireflux surgery [15]. This found a failure
rate of 29% for laparoscopy and 14% for laparotomy 4
years postoperatively.

Outcome of redo fundoplication has a somewhat
lower success rate than after first operation, with 79%
satisfied patients [16]. The success rate falls to 66% af-
ter a third operation and less than 50% after a fourth
procedure [17]. These success rates are after primary
open fundoplication and open redo surgery.

Laparoscopic redo fundoplication should be car-
ried out only by surgeons with a large experience in
laparoscopic antireflux surgery, because of technical
difficulties [1].
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Ferzli: In your data about the recurrence, in the laparo-
scopic group you had six and in the open group you had
two; now you show twenty-one. Similar to Dr. Filipi’s
recent paper again, from Omaha, mostly related to wrap
migration and tightness. What did you do for these pa-
tients? Could you at least please tell us what the operation
was, was it transthoracic, was it open? What operation
did you do for this redo, because we know that these redo
carry over 10% if not more?

Franzén: We did transabdominal open operations in ev-
ery redo. There is no short oesophagus in any patient,
and we use no mesh.

Fitzgibbons: Your explanation of the difference between
open and laparoscopic is not consistent with the rest of
the literature. And later to your point: how many times
did you link the oesophagus in the whole series? I didn’t
hear anything about that. Because if you have 0%, then
I expect you have no recurrence because of the short oe-
sophagus. Did the Swedish surgeons not believe in the
short oesophagus?

Franzén: We believe in it. But in these cases we found no
short oesophagus. If we found any short oesophagus on
the first operation, they were not included in the study.
Fuchs: What is your explanation for these differences
between laparoscopic and open?

Franzén: We must remember that this was 10 years ago.
But I think laparoscopic treatment was the same then
today.
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Read: From your extensive experience, I know you didn’t
operate difficult cases in your study. With your own un-
derstanding today, do you believe that the reflux opera-
tion helps the oesophagus or not?

Franzén: If you look at the international literature, there
was an accumulation of more than 14,000 fundoplica-

tions worldwide, and that report has shown 91% of the
patients with a high success rate. So how do you explain
your low success rate with the laparoscopic approach,
when the rest of the world has better results?

Fuchs: I cannot explain it. I can only explain it with the
lack of skill of the surgeon.
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Introduction

Despite over 85 years of experience in its surgical man-
agement [1], hiatal hernia remains a tremendous chal-
lenge to the gastro-intestinal surgeon. The difficulty in
effectively managing this disorder is evident in the large
amount of literature devoted to the topic and the myriad
of surgical options that are described, including open
transabdominal and transthoracic and, more recently,
laparoscopic and thoracoscopic approaches. The enthu-
siasm for laparoscopy and its many potential benefits has
made it the standard of care for antireflux surgery [2-4],
and there is compelling evidence to suggest that redo
surgery is also feasible [5-7]. This enthusiasm has naturally
carried over to the surgical management of hiatal hernia,
which frequently co-exists with reflux. Laparoscopic hiatal
hernia surgery, however, is not yet well established, and
concern has been voiced that it may not be a suitable ap-
proach for those patients with large hiatal hernia, and for
those with recurrent hernia after a primary laparoscopic
repair [8].

Concern with laparoscopic hiatal hernia repair stems
from outcome studies that suggest high recurrence rates.
Although some investigators have found the recurrence
rates for laparoscopic repair to be comparable to open
approaches [8], the highest quoted recurrence for laparos-
copy (42%) [9] by Hashemi and colleagues compared unfa-
vourably to their recurrence with open techniques (15%).
Other investigators, using mainly transthoracic techniques,
have quoted anatomical recurrence rates as low as 2% [10].

These excellent results from open surgery are attributed
to extensive mobilization and surgical lengthening of the
shortened esophagus (interestingly these maneuvers can
also be achieved with laparoscopy) [11]. Given the poten-
tially high recurrence rates with laparoscopic techniques,
the laparoscopic surgeon who is confronted with a recur-
rent hiatal hernia in a patient who has undergone primary
laparoscopic repair is faced with a dilemma: should the
redo operation be performed laparoscopically, or should
the surgeon abandon this approach in favour of an open
operation?

Technically speaking, the components of hiatal hernia
repair are essentially the same whether done laparoscopi-
cally or through an open incision. The difference is the
tools that one uses, and the way those tools are used.
Laparoscopy can be seen as an addition to the surgeon'’s
armamentarium, albeit one that requires considerable
technical skill; success is dependent on the facility of the
surgeon and the limitations of the technology. As lapa-
roscopic technology is continuously improving, based
on necessity and capability, the limitations are reduced.
In 1965, Gordon Moore, co-founder of Intel Corporation,
observed that the number of transistors per square inch
of an integrated circuit had doubled yearly since the inte-
grated circuit was invented [12]. Since then, progress has
slowed from Moore’s prediction; however, this technology
continues to double in capacity every 18 months. Tech-
nophiles are fond of applying this law to other aspects of
technological development. If this is true for laparoscopy,
then in time minimal access techniques will accomplish
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feats not possible by open surgery. Hints of this eventuality
are already emerging in the fields of robotic and translu-
menal surgery.

Proponents of laparoscopic surgery feel that every
aspect of hiatal hernia surgery that can be performed
through an open approach can be accomplished using
laparoscopic and/or thoracoscopic techniques. Therefore,
it is possible through attention to specific details of the
operative technique to use laparoscopic tools to effect a
secure hiatal hernia repair. This article briefly reviews the
classification of hiatal hernia and the nature of its recur-
rence, discusses the factors that may lead to recurrence
after laparoscopic hiatal hernia repair, and proposes strat-
egies that should be employed during the laparoscopic
procedure to prevent recurrence.

Classification of Hiatal Hernia
and the Nature of Recurrence

Hiatal hernia is composed of a widening of the esopha-
geal hiatus large enough to allow intra-abdominal com-
ponents of the GI tract to enter into the thoracic cavity.
Hernias are classified into three primary types [13], and
a fourth type is described for classification purposes
[14, 15]. The most common is type 1 (sliding hernia),
which generally involves a small hiatal defect with in-
trathoracic herniation of the gastro-esophageal junction
(GEJ) and proximal stomach. These make up 90-95%
of all hiatal hernia, and can either be aymptomatic or
manifest with gastro-esophageal reflux symptoms. Type
2 (para-esophageal) hernia comprises a larger defect
with normal infrahiatal placement of the GEJ but sig-
nificant herniation of the gastric fundus. These patients
are at risk of gastric ulceration with hemorrhage, and
gastric volvulus with necrosis and perforation. Prior to
these life-threatening sequelae, the hernia may be as-
ymptomatic and many surgeons consider an incidental
finding to indicate operative repair. Others believe in
a more selective approach [16] in patients who are at
poor surgical risk. Type-3 (mixed) hernia exhibits com-
ponents of both type 1 and 2, and clinically behaves as
a paraesophageal hernia. A type-3 herniation that also
involves other viscera such as colon, small bowel and
liver is referred to as a type 4.

Surgeons may embark on a hiatal hernia repair
as a component of an antireflux operation, or for the
specific goal of correcting a type-2 or -3 defect. Either
way, a fundoplication should be a component of the
repair [17-19]. Extensive hiatal and para-esophageal
dissection during antireflux surgery can disrupt the
integrity of the hiatus and ligamentous fixation of

the esophagus, creating a defect that predisposes to
herniation. The most common failure pattern for lapa-
roscopic antireflux surgery and hiatal hernia repair is
intrathoracic wrap migration (84% of failures) [20,
21], which results from crural repair breakdown [22].
These patients present with dysphagia and/or recur-
rent reflux. Interestingly, this is not the case for open
antireflux surgery, which has a wrap herniation rate of
about 22% [20].

Factors Promoting Hiatal Hernia
Recurrence

Recurrence of hiatal hernia can be traced back to a
number of factors that may have contributed to the fail-
ure of the initial operation. These factors are related to
the experience of the surgeon, the anatomy and nature
of the disease, the comorbidities of the patient and the
consequences of a laparoscopic approach. Understand-
ing these factors gives insight into strategies the surgeon
can use to maximize success of primary and redo lapa-
roscopic hiatal hernia repair.

The Surgeon

The surgeon who tackles hiatal hernia repair must
have considerable experience in esophagogastric
surgery in order to expect optimal results. As such,
repair of these defects should be performed at spe-
cialist centers where critical volumes can be accrued
and adequate expertise is present, particularly with
laparoscopy. Reviewing the Austrian experience with
redo fundoplication, Wykpiel and colleagues [22]
demonstrated an inverse relationship between com-
plication rate and experience with fundoplication proc-
edures.

The ability to perform a successful open hiatal her-
nia repair does not necessarily implicate immediate
success when changing to a laparoscopic approach.
Laparoscopy requires an entirely novel set of psychomo-
tor skills, and it is commonplace to acquire additional
training in advanced laparoscopic surgery through es-
tablished fellowships or “mini-residencies” [23]. The
surgeon who is newly adopting laparoscopy cannot
rely on his open surgical skills as a foundation for his
learning, and must often “unlearn” or replace his open
skills in order to gain laparoscopic facility. Although
dissection is essentially the same in laparoscopic and
open approaches, the principles of exposure and the
techniques of suturing are very different.
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Steep learning curves have been demonstrated for
a range of minimal access procedures [24-26]. Soper
and Dunnegan [27] found that laparoscopic fundoplica-
tion failure was significantly higher early in their learn-
ing curve, with a rate of 19% in the first 53 patients as
compared to 4% in the subsequent 237 patients. Also
of note, these surgeons did not routinely mobilize the
fundus and repair the crura in the early patients, but
subsequently felt this to be an important factor. It can
be expected that the learning curve plays a similar, if not
greater role, in the success and failure of the technically
more difficult laparoscopic hiatal hernia repair. Ferri
and colleagues [8] found their recurrence rate after lap-
aroscopic para-esophageal hernia repair to be higher in
their first 15 patients (5 recurrences, 33%) as compared
to their subsequent 20 patients (2 recurrences, 10%).
Overall, the recurrence rate at their institution for open
repair was higher (44%) than for laparoscopic repair
(23%).

The Disease

A number of anatomical features of hiatal hernia pre-
dispose to recurrence after repair. These issues must
be acknowledged and addressed by the operating sur-
geon at the primary repair, and again at redo opera-
tion. All hiatal hernias have an accompanying hernia
sac extending into the mediastinum. Because the sac
is composed of peritoneum, attempting crural repair
with the sac intact results in poor healing between the
two peritoneal surfaces, leaving a path for recurrence
[5]. The sac acts to tether the stomach and esophagus
in the mediastinum, impeding reduction into the abdo-
men and, furthermore, an intact sac can progress to a
mediastinal retention cyst which is at risk of infection
and mass effect [16].

A second important feature is the size of the hiatal
defect. Smaller defects (usually type 1) can be re-ap-
proximated with little or no tension. Type-2 and -3 de-
fects tend to be larger, and significant tension is placed
on the tissues with primary suture repair [28]. As we
have learned from groin hernia surgery, tension in the
repair can lead to recurrence. A further complicating
factor is that the tissues at the edge of the defect may
be attenuated or friable, and sutures may easily tear
through.

A final, and critical, anatomical concern is the
esophageal length. A number of investigators have iden-
tified shortened esophagus as a source of crural repair
breakdown [10, 20, 29-31]. Patients with hiatal hernia
frequently have severe reflux disease which results in

inflammation, fibrosis and consequent shortening of
the esophagus. Hernias of types 1 and 3 are most likely
to have a shortened esophagus, with the GEJ situated in
the mediastinum. A hiatal repair under these conditions
experiences tension when the fundoplicated esophagus
attempts to re-establish its intrathoracic position, and
the repair eventually breaks down, resulting in intra-
thoracic wrap herniation.

The Patient

The surgeon must recognize pre-operatively the pa-
tient-specific factors that can compromise success of
hiatal hernia repair. Patients with respiratory disease
may have chronic cough which can place great stress
on a crural repair through repetitive violent contrac-
tions of the diaphragm and severe transient increases
in intra-abdominal pressure. Patients with chronic
obstructive pulmonary disease or asthma may be on
steroid medications which can compromise tissue in-
tegrity and healing, further detrimenting the success of
a hiatal repair. Furthermore, patients with large para-
esophageal hernias are often elderly with poor nutrition
and healing ability.

Patients who retch or vomit are also at risk for
recurrence, and prone to acute postoperative wrap
herniation [5]. These patients can often be identified
pre-operatively, and the degree of their retching can
increase postoperatively, leading to considerable tension
on the repair. Pediatric surgeons are very familiar with
this problem in their neurologically impaired patients,
many of whom retch and gag as a consequence of poor
gastric motility, promoting a higher recurrence rate
[32].

The Laparoscopic Approach

Some benefits of the laparoscopic approach can also
be a detriment. Laparoscopy results in fewer adhesions
than open approaches, and this allows for redo lapa-
roscopic fundoplication. However, the Achilles” heel
[20] of laparoscopic fundoplication, intrathoracic wrap
herniation, is thought to be due to relatively reduced
adhesions posterior to the esophagus where most of
these herniations occur [20]. At redo fundoplication,
it is common to find multiple adhesions of the liver to
the wrap, but much reduced adhesions posteriorly at
the crural repair. Laparoscopists must pay particular
attention to this area in order to decrease the rate of
crural breakdown.
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Performing an Effective Laparoscopic
Redo Hiatal Hernia Repair

When confronted with a recurrent hiatal hernia follow-
ing primary laparoscopic repair, addressing the issues
outlined above and paying attention to key technical
details can help to prevent recurrence and effect a se-
cure redo operation. The surgeon can derive clues from
the pre-operative work-up about the technical source of
the failure. For example, intrathoracic wrap migration
where the GE]J has also relocated above the hiatus most
likely represents inadequate esophageal length in addi-
tion to crural repair breakdown. Alternatively, if the GEJ
is still intra-abdominal but there is herniated fundus,
then the culprit is the hiatal repair alone. Adherence to
the following principles may help to prevent recurrence
after primary laparoscopic repair, or effectively treat it
at re-operation.

Traversing the Learning Curve

Laparoscopic repair of large hiatal hernia is clearly an
advanced procedure that requires considerable skill and
comfort with minimal access surgery. Surgeons should
not attempt such a procedure early in their learning
curve. Learning laparoscopic surgery should not be
viewed as mastery of a successive series of operations,
but instead a gradual accumulation and refinement of
a repertoire of skills. Eventually, the surgeon masters
enough of these skills such that they can be applied to
virtually any operation. This comfort level is indicated
by a change in the way the surgeon approaches a surgi-
cal problem - they begin to think “laparoscopically”

Although the literature discusses specific numbers
of cases that must be done of a particular operation
before being considered competent, experience with
laparoscopic training shows that this can be highly vari-
able. Some surgeons can learn in two operations what
it might take another surgeon ten operations to learn.
A surgeon well advanced in his repertoire of skills may
be quite facile at a novel laparoscopic procedure despite
never having performed it before.

Surgeons interested in performing laparoscopic
hiatal hernia repair should first make an assessment
of their skill level. Skills are best accumulated by first
performing operations of lesser technical difficulty such
as cholecystectomy and appendectomy. Once working
in a laparoscopic environment becomes comfortable,
surgeons should accumulate experience with uncompli-
cated fundoplications, where less difficult intracorpo-
real suturing can be performed. It may also be useful to

use inanimate video box trainers and computer-based
virtual reality platforms for purposes of practice [33].
Working with a preceptor who is advanced in the learn-
ing curve can also accelerate learning [34]. Laparoscopic
hiatal hernia repair should only be performed once a
solid foundation is developed in the skills of laparo-
scopic dissection (blunt, sharp, and thermal), stapling,
and suturing.

Redo hiatal hernia surgery requires an even greater
degree of skill. In a review of the Austrian experience
with redo laparoscopic fundoplication, a six times
greater conversion rate as compared to primary lapa-
roscopic fundoplication attested to the difficulty of this
procedure. This was due mainly to adhesions between
the liver and the stomach and wrap, a factor responsible
for the more frequent complications of esophageal and
gastric perforations [35].

Preparing the Patient for Surgery

A number of steps can be taken in patient preparation
that will maximize chances for a successful operation.
Patients with COPD, asthma and other conditions that
can lead to chronic cough should have their medical
therapy optimized. A concerted effort should be made
to control symptoms with nonsteroid medications
and steroid use should be minimized. Anesthetic re-
versal and extubation should be performed carefully
to prevent violent coughing, and consideration given
to prolonged intubation to allow for a slow, easy wean
off the ventilator. Patients with a history of retching
and vomiting should be agressively treated peri-oper-
atively with anti-emetics. Finally, nutritional maximiza-
tion should be instituted prior to surgery.

Operative Strategy

To minimize hiatal hernia recurrence, special attention
must be paid to a number of key aspects of the laparo-
scopic procedure that address the disease-specific prob-
lems discussed above. These recommendations pertain
both to the primary operation and redo procedures.

Hernia Content Reduction, Sac Mobilization,
and Sac Resection

After mobilization of the fundal wrap off adjacent
structures, it is necessary to reduce the hernia con-
tents. In redo operations, it is important to first dissect
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the often dense adhesions between the wrap and the
liver. This is best accomplished by following the liver
surface, to avoid gastric perforation, and a lighted bou-
gie in the stomach may be helpful. The herniation of
the stomach typically occurs posteriorly and, depending
on the type of hernia, there may be varying degrees of
stomach and other viscera involved. All hernia content
must be completely reduced and adhesive attachments
to the mediastinum must be released, otherwise there
is tension on the reduced structures and a tendency
to reherniate. Moving these structures away from the
area also greatly helps in exposure when repairing the
hernial defect.

The hernia sac should then be completely excised.
This is done by incising the sac circumferentially around
the edge of the defect. Continuous traction is applied
while the sac is reduced from the mediastinum and
loose adhesions are transected bluntly or with a thermal
energy source. The entire sac should be removed, en
bloc if possible, so as not to leave sac remnants.

Assess and Address Esophageal Length

Because the esophagus is a dynamic structure that con-
tracts and extends in relation to the hiatus, it is difficult
to estimate its length using endoscopy or esophago-
gram, and only approximations can be made with these
modalities. Patients with severe esophagitis or stricture,
Barrett’s disease, para-esophageal hernia, and those
undergoing redo surgery have a higher likelihood of
foreshortened esophagus [36]. More accurate assess-
ment of esophageal length is made intra-operatively
with the laparoscope. Specifically, it is important to have
more than 2.5 cm [36, 37] of esophagus sitting without
tension below the hiatus. This ensures that there will be
no upward tension by the fundoplication on the hiatal
repair.

Inadequate esophageal length can in most cases be
addressed laparoscopically by generous mobilization
of the mediastinal esophagus [30, 31, 38]. Care must
be taken to not induce pneumothoraces by avoiding
violation of the pleura. In severe situations, mediastinal
mobilization is insufficient and an esophageal length-
ening procedure must be utilized. This has been done
both laparoscopically [39] and thoracoscopically [40],
and both are technically challenging. Lengthening typi-
cally takes the form of a Collis gastroplasty in which
a circular stapling device is used to make a defect on
the fundus from which a second linear stapler is fired
toward the angle of His adjacent to a bougie placed in
the esophagus to tubularize the proximal stomach. More

recently, surgeons experienced in these procedures have
recommended the use of a simpler wedge gastroplasty
[41]. This technique is more easily done using conven-
tional roticulating endoscopic staplers, and involves
an initial transverse staple fire across the fundus fol-
lowed by an inferior to superior staple fire parallel to
the left side of the esophagus. A wedge of fundus is
removed, while tubularizing the proximal stomach.
The lengthened portion of the esophagus can then be
fundoplicated, and care must be taken to incorporate
the superior-most fundoplication sutures into normal
esophagus in order to prevent an obstructive effect.

The Large Hiatal Defect - Mesh or No Mesh?

Some investigators define a large hiatal defect as those
greater than 4-5 cm in diameter [16], and others con-
sider 8 cm [42] as the cutoff. In general, a large defect
is one that cannot be closed primarily without excessive
tension. This latter definition, although subjective, ac-
counts for the quality of the tissues that are being re-
approximated. The problem with tension is that sutures
ultimately tear through, particularly with diaphragmatic
contraction, and friable tissues are more prone to this.
Poor tissue integrity is seen in the elderly, malnour-
ished, and those on corticosteroids. It is important also
to note that the magnified view provided by the lapa-
roscope may lead the surgeon to get insufficient crural
purchase during suturing of the hiatus, and that bigger
bites should be taken to compensate for this. Magnifica-
tion may also lead the surgeon to overestimate the size
of a defect, and so more objective means of measure-
ment should be employed.

When conditions exist that are not ideal for pri-
mary closure, the surgeon must consider alternate
forms of tension-free repair such as with mesh. Many
surgeons choose to avoid mesh due to concerns over
erosion, infection and stricture; however, when a large
hiatal defect recurs, mesh repair should be seriously
considered at redo operation. In addition to reducing
tension, the mesh most likely perpetuates robust ad-
hesions posterior to the esophagus that are otherwise
lacking with a laparoscopic approach. These adhesions
bolster the hiatal closure and secure the wrap in the ab-
domen.

Mesh can be used in two ways. One approach is to
suture the mesh patch to the edges of the defect without
re-approximating the crura [14]. This is the purest form
of tension-free repair of the hiatal defect. The concern,
however, is that the mesh cannot be anchored to the
esophagus at its anterior border, thereby leaving a po-
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tential defect. To avoid this, the mesh must abut the
esophagus in order to minimize the defect. The esopha-
gus is a dynamic structure that moves in a vertical plane
relative to the crura, and the resultant chronic abrasion
can result in mesh erosion into the esophagus.

As a remedy to this situation, a more popular ap-
proach is to re-approximate the crura primarily with
suture, then place a mesh onlay that is anchored to both
crura [43]. Although some authors describe creating a
horseshoe- or ovoid-shaped [16] mesh that encircles
the esophagus, there are concerns over mesh shrink-
age and consequent esophageal stricture [44], hence a
rectangular mesh situated posterior to and away from
the esophagus may be a better option. The mesh onlay
distributes tension more evenly, hopefully reducing the
chance of tissue tear at any one place. Once again, the
mesh must not abut the esophagus to avoid erosion,
and some surgeons recommend placing it such that it
abuts the fundal wrap [45]. Some authors advocate an
A-shaped mesh as optimal, based on studies of crural
mechanics [14, 46].

There has been excellent success reported with mesh
cruruplasty using both polypropylene and expandable
polytetrafluorethylyne (ePTFE; DualMesh, Gore-Tex;
W.L. Gore & Associates, Flagstaff, AR). Granderath
and colleagues [45] recently reported their experi-
ence in 100 consecutive fundoplication patients that
were randomized to crural closure with and without
polypropylene mesh overlay. A rectangular piece of
mesh was secured with suture to both crura after pri-
mary suture closure. Postoperative intrathoracic wrap
migration on fluoroscopy was significantly lower in
the mesh group than the non-mesh group (8 ver-
sus 26%). In an earlier study, Frantzides and colleagues
randomized a total of 72 hiatal hernia/reflux patients
to ePTFE mesh onlay or no mesh. An ovoid piece of
mesh with a “keyhole” was situated around the esoph-
agus and secured with tacks. In a follow-up ranging
from 6 months to 6 years, there were 8 (22%) recur-
rences in the non-mesh group versus none in the mesh
group [43].

A distinction must be made between polytetra-
fluoroethylene (PTFE) and expanded polytetrafluoro-
ethylene (ePTFE). There is a tendency in the surgi-
cal literature to incorrectly refer to ePTFE as PTFE.
Strictly speaking, PTFE, also known as Teflon (Du-
pont, Wilmington, Delaware), is frequently the material
of which pledgets are made and it has also been used
as a mesh onlay in the past. In distinction, ePTFE (ex-
panded polytetrafluoroethylene) is a processed form of
PTFE that is microporous and has unique mechanical
properties.

Concern with mesh repair as a potential source for
fistulization and esophageal erosion arises from reports
of polypropylene mesh erosion into the esophagus [47,
48] and PTFE into the stomach [49] after para-esopha-
geal hernia repair. There is one report in the literature
of Teflon pledgets used in hiatal hernia repair fistulizing
to the esophagus [50]. In addition, I recently operated
on a 12-year-old neurologically impaired patient who
had had mesh repair of a hiatal hernia as a 3-year-old
using a PTFE (Teflon) patch. The mesh had almost
completely eroded into the esophagus, causing obstruc-
tion, and was successfully removed using a laparoscopic
transgastric approach (narrowly avoiding a much more
involved operation such as esophagogastric resec-
tion) [53].

Although ePTFE is safely used for other diaphrag-
matic defects such as Bochdalek and Morgagni her-
nias, the hiatus represents a unique situation where the
esophagus may be exposed to chronic abrasion against
the mesh. Since PTFE (in Teflon mesh form) clearly
can erode into the esophagus, ePTFE (Gore DualM-
esh) should also be held in suspicion for erosion as an
eventuality. Nevertheless, when the surgeon is left with
no choice but to use mesh for the hiatal repair, ePTFE
is most likely the best compromise [37].

Hopefully future development of biological meshes,
such as those derived from porcine intestinal submu-
cosa [48, 51], will obviate the need for prosthetic mate-
rials and eliminate the concern over erosion.

Conclusion

Although there are few randomized prospective data
to make definitive conclusions, proponents of minimal
access esophagogastric surgery assert that proper use
of laparoscopic tools and approach can result in effec-
tive repair of hiatal hernia with minimal recurrence
[52]. These success rates are subject to the experience of
the surgeon, the nature of the disease and the comor-
bidities of these complex patients. Attention to these
issues, with specific modifications in peri-operative
care and technical approach, should minimize their
negative effects. Recurrence rates can be further ex-
pected to decline with introduction of improved lapa-
roscopic technologies and less troublesome biologically
derived prostheses. Patients with hiatal hernia, par-
ticularly the fragile elderly, greatly benefit from a mini-
mal access approach. For this reason alone, surgeons
should focus their efforts on maximizing the success
of laparoscopic hiatal hernia repair rather than aban-
doning it.
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Discussion

Read: I would like to point out that you mentioned
chronic cough and maybe you mentioned smoking. But
smoking not only causes chronic cough, but is chronic
and a big comorbidity. For decades, because I have been
around for decades, I have heard hernia surgeons or gen-
eral surgeons talking about chronic cough. In other words,
it is a mechanical problem. The cough and the increased
abdominal pressure blow the repair apart. I have heard
that for so long, that now, when you present this work
again, with that slide, you need to give not only chronic
cough but smoking as comorbidity.

Dutta: Thank you for the kind comments. I agree with
you that there are two aspects to smoking as a causal
factor, the chronic cough and the systemic effect on tis-
sue integrity.

Franzidis: I would like to congratulate you on this ex-
cellent presentation. I would agree with you, when you
have finished with the challenge of the redo, there are so
many factors that play a role, the adhesions with the left
lobe of the liver and so on. I wonder sometimes if you
are clear on the anatomy, because many times no matter
how many positions you have done, the anatomy is not
clear. What we have used is a light and bougie. I know
that it is controversial to introduce anything, especially
if the device is introduced by an anesthesiologist. But if
you have someone who can do this, he can clearly find
the anatomy in the gastro-oesophageal junction, so that
it is clear where you have mobilization of the oesophagus.
Also, when you are dealing with a young child, obviously
there is going to be a growth of tissue and the oesophagus
is going to become larger; do you account for that when
you place the mesh? I feel a little bit uncomfortable with
the idea of placing a mesh on a child.

Dutta: I like the idea of the bougie. I have not talked
about that, because my approach is just to stick onto
the liver. Liver bleeding always stops on its own or
with some pressure. With reference to your second
question, I do worry about that, but once again, it is
a compromise, and a judgment. With congenital dia-
phragm hernia we sometimes use Gore-Tex mesh to
close, sometimes we use a muscle flap. When we use a
mesh we see later on in life that these children have an
indentation of the rib cage on the left side, where we
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typically have the mesh. So yes, there is some issue with
growth.

LeBlanc: Do you have any comment on or experience
with the incision in the diaphragm and putting a mesh
there and taking the tension of?

Dutta: No, but I have read about it. There is something
intuitively that I worry about by making a hole some-

where, where there was no hole. But I understand the
concept, that it is a relaxing incision that has been done
for hernia surgery and groin hernia surgery. My answer
is, personally I would say that I would not do that, be-
cause of making another hole where I didn’t have one
before.

LeBlanc: It is just an option.



Introduction

Despite increasing experience with laparoscopic sliding or
para-oesophageal hernia repair, authors are continuing to
report recurrence rates between 30 and 40% with simple
primary suture repair of the hiatus [1-3]. This high recur-
rence rate is also documented for the open approach in
long-term follow-up series [4]. As there is a paradigm shift
in the repair of inguinal and ventral hernias, discussion
arises also for the hiatus, whether to close it by simple
suture technique, tension-free, or by the use of meshes.
The experience during the past 10 years suggests that
the most important technical steps for maintaining the
stomach in place in the abdomen are visceral reduction
and sac excision, fundoplication and crural closure [5].
Whereas there is wide agreement concerning sac excision
and fundoplication, controversy exists about the tech-
nique to close the crura. There are no exact data available
as to why hiatal hernias recur. The tension on the crura, the
diameter of the hiatus, the anatomy of the pillars and the
intra-abdominal pressure of the patient are suggested as
the main reasons for the failure of hiatal repair. As simple
sutures seem to be unable to restore the hiatal anatomy
for a long time and cannot provide a tension-free repair,
attention is being paid by a few surgeons to the use of
prosthetic material for repair or re-inforcement of the hia-
tus. There are only two randomized trials [6, 7] comparing
simple suture techniques to mesh techniques, demon-
strating extremely low recurrence rates for the mesh tech-
niques compared to simple sutures. The concept of using

prosthetic meshes is based on the lessening of tension on
the hiatal crura or the reinforcement of simple sutured
crura to prevent postoperative hiatal disruption. Since
the first description of prosthetic hiatal closure by Kuster
and Gilroy [8] in 1993, a number of techniques has been
published. There has been debate regarding the shape,
material and the placement of the mesh, and especially
whether a prosthetic hiatal reinforcement has to be ten-
sion-free. Additionally, there is no agreement regarding
the question of selective versus routine use of mesh. Some
authors recommend the routine use of prosthetic mesh in
order to prevent tension on the hiatal crura and therefore
decrease hiatal hernia recurrence. Other authors use mesh
selectively — for example in patients in whom a sufficient
tension-free hiatal closure cannot be achieved with simple
sutures. For some authors, the indication for reinforcement
of the hiatal crura with prosthetic material depends on the
size of the hiatal defect.

Methods

1. A search of electronic databases was performed to
identify available articles regarding prosthetic hiatal
closure for hiatal hernia repair. Feasibility, safety and
complications related to the use of meshes for hiatal
closure as well as recurrence rates were reviewed and
compared.

2. Additionally, our own patient material was followed

up:
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= Thirty-three patients presenting with recurrent
large hiatal hernia underwent prosthetic hiatal
closure with a circular polypropylene mesh. The
mesh was cut from a larger sheet of mesh, cut-
ting a circular defect of 3 cm as a keyhole in the
centre. The patch was applied as an onlay to the
suture diaphragmatic repair and was anchored in
place with a laparoscopic hernia stapler. Out of 33
patients, who were all controlled radiologically by
barium X-ray, 24 patients had a follow-up time
of 60 months or more.

= Between 11/2003 and 02/2005 in 15 patients with
a large hiatal hernia without any possibility of
approximating the crura by simple sutures, a
tension-free procedure, using a composite PTFE
mesh (BARD Crurasoft) was performed. This
special V-shaped mesh was fixed with interrupted
sutures on the edges of the mesh and secured
with staples on the lateral side of the mesh. An
X-ray control was performed in all these patients
in December 2005.

= Between 10/2003 and 12/2005 a mesh onlay pro-
cedure was performed in 20 patients with a large
hiatal hernia and weak crura using a dual mesh
(Parietex). This mesh has a three dimensional
weave of polyester on one side with a hydrophilic
collagen material on the other. With the specially
designed U-shape of the mesh it can specifically be
used as an additional reinforcement of primary su-
tured hiatal crura and is secured to the diaphragm
with a hernia stapler. In all these patients an X-ray
control was performed in December 2005.

Results

Review of the Literature

Kuster and Gilroy [8] were the first to report on ten-
sion-free anterior repair of a hiatal defect. In six patients
with large para-oesophageal hernias, a non-absorbable
polyester fibre mesh was placed on the hiatus as an
anterior onlay patch, overlapping the hiatal crura ap-
proximately 2 cm in all directions and securing the
crural edges with staples. No intra-operative or post-
operative mesh-related complications occurred during a
follow-up period of 8-22 months and X-ray showed no
evidence of postoperative hernia recurrence. A similar
technique was used by Paul [9] with a 5x10 cm PTFE
mesh in three patients, showing no complications and
no hernia recurrences for a mean follow-up period of
10 months.

Redo-Operations Open/Laparoscopically: Change of Technique or Make it Better?

In a series of 65 patients who underwent simple
sutured hiatal closure, Basso et al. [10] experienced a
hiatal hernia recurrence rate of 13.8% during a mean
follow-up of 48.3 months. After reviewing the video
tapes of these patients, it became clear that the crural
sutures were under tension leading to hiatal disruption
and intrathoracic migration of the fundic wrap. Due to
these findings, Basso et al. began using a 3x4-cm poly-
propylene mesh for posterior hiatal reinforcement. The
mesh was secured with staples as a tension-free hiato-
plasty. This technique was used in a subsequent group
of 67 patients who underwent Nissen fundoplication
for GERD. During a mean follow-up of 22.5 months,
there were no complications related to the prosthetic
mesh and no hiatal hernia recurrence.

Champion et al. [11] preferred a prosthetic rein-
forcement of primarily sutured crura. After placing in-
terrupted permanent sutures posteriorly to the esopha-
gus, a 3x5-cm polypropylene mesh was placed as an
onlay prostheses and then fixed with a hernia stapler
along the crural edges. This technique was performed
in 52 consecutive patients with symptomatic GERD
and a large hiatal hernia. During a mean postoperative
follow-up of 25 months, only one patient developed a
postoperative intrathoracic wrap migration. No mesh
migrations or visceral erosion occurred in this series
of patients.

Keidar and Szold [12] used a circular mesh with a
shape similar to that used by Frantzides and Carlson.
Out of a sample of 33 patients, 10 patients with large
para-oesophageal hernias underwent laparoscopic pros-
thetic hiatal repair. The simple cruroplasty was then re-
inforced with a polypropylene mesh. The mesh was pre-
cut to an oval sheet, placed around the esophagus and
fixed to the diaphragm using a hernia stapler. During
a follow-up of 46-76 months, the satisfaction score was
good to excellent for the majority of patients. Only one
of the mesh-repaired patients developed a hiatal hernia
recurrence compared to four patients who underwent
repair without mesh. No complications related to the
use of the mesh were seen in this study. To increase the
theoretical safety of the procedure, they began using a
preformed composite mesh with polyester on one side
and a hydrophilic collagen material on the other. In any
diaphragmatic hernia measuring 4 cm or larger, a loose
primary repair was performed and reinforced with the
precut Parietex mesh. The mesh was anchored with
hernia tacks at two or three points. During a period of 7
years, a total of 238 patients had a diaphragmatic hernia
repair. Of these, a mesh was used in 55 patients (23%).
Twenty patients were operated on for a recurrent dia-
phragmatic hernia and in 33 a mesh was used for repair
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of a defect larger than 4 cm. During a follow-up of 58
months, there were two symptomatic hernias (3.6%)
that necessitated a second repair. In addition, in four
patients (7%) a small, so-called sliding hernia was di-
agnosed that necessitated no intervention. There were
no long-term complications that could be related to
the use of the mesh.

Encouraged by a series of Condon [13] with 44 pa-
tients of open mesh repair with a polypropylene onlay to
the diaphragm showing a clinical recurrence rate of zero
during a 15-year period, Frantzides and Carlson [14]
were the first to address the problem of an unacceptably
high recurrence rate of the sutured hiatal herniorrhaphy
by using a mesh-reinforced cruraplasty with a mini-
mally invasive approach. They hypothesized that the
benefit from mesh placement would most likely be seen
in patients with a large hiatal defect; 72 patients with
GERD and large defect hiatal hernia were enrolled in a
trial randomizing the subjects between simple posterior
cruroplasty with or without PTFE onlay re-inforcement
followed by performing a floppy Nissen fundoplication.
After a mean follow-up of 3.3 years the recurrence rate
in the cruroplasty onlay group was 22% (8/36) and the
rate in the cruroplasty plus PTFE group was zero. There
were no mesh-related complications. The PTFE patch
was cut from a larger sheet of mesh with a 3.5-cm cir-
cular defect as a keyhole in the centre of the mesh to
accommodate the esophagus.

Results of Own Patient Material

1. All 33 patients with a recurrent hiatal hernia who
were treated with a circular polypropylene mesh
underwent X-ray-control in December 2005. A re-
current hiatal hernia was seen in two patients (6%);
24 patients had a follow-up time of 5 years or more.
The recurrences occurred in one patient after 1 year,
in the other after 4 years.

2. All 15 patients in whom a tension-free procedure
due to giant hiatal hernia was performed were con-
trolled by radiological barium swallow in Decem-
ber 2005. Before December a re-operation had to be
performed in three of them (20%): in one of them
because of increasing dysphagia caused by a sug-
gested impression of the mesh leading to an erosion
of the esophagus. Two patients had to be operated on
because of recurrences, one complete and one partial
recurrence (recurrence rate 13.3%). The performed
X-ray-control showed no further recurrences.

3. In all 20 patients with large hiatal hernias and treated
by a mesh onlay procedure an X-ray control was
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performed in December 2005. One patient had
experienced an accident with a sternum fracture a
few months before and had to be reoperated on. No
recurrences were found in this group of patients.

Complications

The use of prosthetic materials in surgery for large hia-
tal hernia repair is accompanied by a low incidence of
foreign-body complications. Visceral erosions, foreign-
body migrations or gastro-oesophageal fistulas after
surgery are reported. The focus is on the possibility of
erosion or migration of the mesh into the esophagus or
stomach as well as complications due to severe mesh ad-
hesions or the development of fibrotic strictures on the
hiatal area. Beneath these complications (8 Table 12.1),
there has been one fatal complication described by
Kemppainen [15] not primarily related to the use of
a mesh but to the use of a hernia stapler: after fixation
of the mesh to the diaphragm, the patient developed a
cardiac temponade caused by a stapler laceration of a
coronary vein.

Discussion

The incidence of 30-50% of anatomical recurrences
following simple sutured cruroplasty for both the open
and laparoscopic approach is unacceptably high. Con-
don [13] was the first to show that the recurrence rates
for the open approach could be minimized by using
meshes. Especially Frantzides and Carlson were en-
couraged by these results, leading to their well-known
randomized trial with 72 patients [6]. There are only a
few comparative studies and trials of laparoscopic hiatal
closure with simple sutures versus mesh hiatoplasty.
All of them have shown that patients with a prosthetic
hiatal closure have a lower rate of postoperative hiatal
hernia recurrence in comparison to patients with simple
hiatal repair (8 Table 12.2). There is debate not only
whether to use prosthetics but also when to employ
them. Champion [11] prospectively measured the hiatal
diameter in 476 primary laparoscopic antireflux proce-
dures with simple posterior suture closure of the hiatus,
and demonstrated a recurrence rate of 0.9% if the initial
crural diameter was <4.5 cm and a 10.6% recurrence
risk if the diameter was >4.5 cm. The difference was
highly significant. Since Frantzides and Carlson had an
impressive difference in outcome between the control
and mesh groups, they felt justified in broadening the
indication for mesh usage and decreased their threshold
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B Table 12.1. Complications of prosthetic crural closure

Author Type Complications Re-operation
Prolene Esophageal stenosis due to mesh- Laparoscopic revision
induced fibrosis
Trus [22] - Mesh-induced esophageal scari- Relaparotomy with esophageal
fication myotomy
Carlson [14] Prolene Esophageal mesh erosion Transhiatal esophagectomy
Kempainen [16] PTFE Cardiac tamponade secondary to
mesh fixation by tacks
v. d. Peet [23] Polyester Hiatal fibrosis Relaparotomy with mesh removal
Casabella [24] - Fibrotic hiatal damage/esophageal Relaparotomy with distal esopha-
mesh ersion gectomy
Coluccio [25] PTFE Penetration of the cardial lumen Relaparotomy with distal esopha-
gectomy
Zilberstein [26] Dacron Esophageal mesh migration Laparoscopic mesh removal

for mesh usage to hiatal defects whose diameter is 5 or
6 cm. The original indication for the utilization of PTFE
reinforcement during hiatal hernioraphy was a defect
size of more than 8 cm.

As documented in various papers before, in our own
patient material on the symptoms of GERD with hiatal
hernia, we experienced a significantly higher recur-
rence rate with simple suture herniorraphy compared
to patients with mesh usage [7, 16]. The evaluation of
our database led us to attempt different methods of
crural closure, depending on the size of the hiatal defect,
by measuring the hiatal surface area (HSA). This HSA
(B Fig. 12.1) can be calculated with the length of the
crura measured in centimetres beginning at the cru-
ral commissure up to the edge where the pars flaccida
begins and the circuit between the both crural edges is
measured. The HSA corresponds to the space of any
hernia ring in square centimetres. This proceeding is
equivalent to the way of fixing the threshold for mesh
usage as Frantzides or Champion do. Patients with
an HSA of <4 cm? undergo crural closure by simple
interrupted non-absorbable sutures. Patients with an
HSA >4 cm? with strong crura undergo simple sutured
crural closure and additional application of a 1x3-cm
polypropylene mesh which is cut out of a 10x15-cm
mesh, which is usually taken for laparoscopic ingui-
nal hernia repair. Patients with an HSA >4 cm? with

weak crura or narrow crura undergo primary simple
sutured crural closure and additional reinforcement
with a composite mesh. Basically in all patients with
extra large hiatal hernias with a HSA over 8 cm?, the
crural closure is performed without simple sutures
in a tension-free technique. After hiatal dissection,
a special v-shaped mesh with porous PTFE is posi-
tioned on the crura as a tension-free posterior onlay.
By thus tailoring the method of crural closure to the
size of HSA, the recurrence rates with a follow-up of
more than 2 years are very low. In all patients with
large hiatal defects undergoing laparoscopic redo-
surgery after failed primary hiatoplasty, the crura were
approximated by simple non-absorbable sutures and the
hiatus reinforced with a circular polypropylene mesh
[17]. Out of 33 patients with recurrent hiatal hernia
with a circular polypropylene mesh, only two patients
(6%) experienced recurrences in a follow-up of more
than 5 years. Although this follow-up is short compared
to the 20-year survey of Philip Allison [4], it has to
be taken into consideration that these patients are of
higher risk for experiencing recurrences, as they all had
large hiatal defects, weak crura and most of them were
obese. None of the papers, including our own dealing
with [19] mesh usage, reported about mesh erosion
or mesh migration into the esophagus or stomach. In
contrast to only a few reported prosthetic erosions and
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migrations associated with mesh at the hiatus, there are
no complications in larger series with prosthetic mesh
closure. Especially Gryska and Vernon [18] examined
the safety and efficacy of a tension-free crural repair

with a PTFE mesh in 135 patients with a mean fol-
low-up of 64 months. They reported one reherniation
but no migrations or erosions in that huge number of
patients.

B Fig. 12.1. Hiatal surface area (HSA)
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With the paradigm shift in the repair of inguinal
and ventral hernias to tension-free and mesh-inforced
procedures, the unacceptably high recurrence rate
of primary sutured repair of diaphragmatic hernias
came under discussion. As with any other hernia, the
goal for repair of the hiatus should be the creation of a
tension-free repair. The diaphragm is a dynamic area
with constant motion, even when at rest, and that may
explain why the repair of the diaphragmatic hiatus is
so difficult, with recurrence rates up to 50%. Of all the
trials yet published comparing primary suture repair
to mesh repair in hiatal hernia surgery, an advantage
for the mesh group was documented with significantly
lower recurrence rates. Although it seems to be evident
that mesh usage is superior to simple suture repair, a
lot of questions are unresolved: the technique for place-
ment of meshes varies; there is also no agreement as to
which mesh should be used, including the problem of
tension-free or non-tension-free repair. Above all, it
remains unclear how a recurrence is defined and what
the indications for re-operations are.
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Discussion

Fuchs: From the very few cases I have done, in two pa-
tient relaparoscopies where previously mesh was put in
similarly to this technique. What I could see was that the
hiatus in that posterior reach was very firm and scary.
The mesh was incorporated, it was hard to see that it
was a mesh, the colour had changed to the colour of the
muscle infect. But you could still feel it, when you touched
it.

Pointner: In those patients, we don’t see complete wrap
migration intrathoracically.

Ferzli: Do you know any case, or any situation while you
are doing the dissection and are planning to put a mesh
and you have an iatrogenic injury of the oesophagus or
the stomach? Would you go ahead and put a mesh; have
you had iatrogenic injury in this series that you have
repaired and put a mesh?

Pointner: In a few cases I had an injury of the stom-
ach and I put a mesh in and left it in, that is no
problem. I have never had an injury of the oesopha-

qus.
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Fuchs: I would like to confirm this from doing a Collis
together with a mesh. I have a suture line to the stomach
and this has been no problem.

Schippers: Do we not have to learn how to fix the mesh?
As I realized you changed suturing, you had tackers, you
mentioned one patient dying after spiral tackers; during
the coffee break I heard about two patients dying after
spiral tackers.

Pointner: You are completely right.

Kockerling: Why do you use the circumferential mesh
design in the recurrences, and in the primary case just
the small 1- to 3-centimetre piece?

Pointner: Because the recurrences had larger hernias,
and the other ones were just prospective, randomized
only non-mesh versus mesh, independent of which hernia
they had.

Fuchs: Without the study, would you still do this, or
would you use different sizes of mesh adapted to the
anatomical problems?

Pointner: I do not know if I would do it without the
studies. But we are working now according to the hiatal
surface area.



Introduction

Problem Analysis

The breakdown of crural repair occurs in 6-40% of laparo-
scopic hiatal surgery [5, 17] and often leads to recurrence
with intrathoracic wrap migration or para-oesophageal
herniation. In order to prevent this complication, various
surgeons attempt to reinforce the repair or patch the un-
sutured crural defect with prosthetic material.

Similarly to the problematic of intraperitoneal pros-
thetic repair of incisional hernias, the use of mesh in hia-
tal repair is still controversial. The impact of the surgical
technique and the unique behaviour of specific mesh ma-
terials is recognized but far from being well investigated,
understood and clearly standardized. Despite significant
decrease in recurrence rate, some sporadic dangerous
complications have been reported [9, 28]. One can assume
that the numbers and complexity of these adverse events
are strongly under-reported.

Method

Besides the review of the available literature published
in English between 1995 and 2005, a personal com-
munication of unpublished information to this rare
topic from various experts is added. Not unexpect-
edly, sometimes the personal opinion of experienced
laparoscopists differs from the trends imposed by the
latest scientific papers.

Many causes of recurrence are suggested and discussed
in the literature, but very few are supported by data, like
surgeon’s inexperience, postoperative vomiting, reten-
tion of the hernia sac and heavy lifting [1]. Although
statistically not proven, chronic cough, smoking-related
impairment of collagen synthesis and any other chronic
increase of intra-abdominal pressure are logical pro-
moting factors of recurrence.

Possible additional mechanisms directly related
to laparoscopic procedure include no nasogatric tube
in the early postoperative course, too early return to
normal activities before the scar tissue is formed, less
adhesions in laparoscopic surgery when compared to
open technique.

The early experience with laparoscopic repair of
hiatal hernias of type II and III demonstrated higher
recurrence rate than the open technique [2]. The indi-
vidual learning curve, failure analysis and corrections
of surgical technique, especially complete hernia sac
removal from mediastinum or its excision, improved
the durability of the repair [3, 4]. The significance of
oesophageal shortening caused by chronic inflamma-
tion is still under debate. Due to fear of postoperative
dysphagia, the crurorhaphy tends to become too loose
rather than too tight, especially since the hiatal calibra-
tion with large bougies is being given up by many to
avoid possible intra-operative perforation.
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The principle cause of crural disruption is the ten-
sion: either the defect is too big, the repair too weak
from the very start or it becomes insufficient due to
acute or chronic increase of intra-abdominal pressure.
The anatomical recurrence rate of non-reinforced
crurorhaphy in type-II and -III hernias is after longer
follow-up too high, but less than 50% of these patients
are symptomatic.

During the laparoscopy the diaphragm is distended
and stretched. This effect makes the available tissue
bites smaller and the repair weaker [1]. In redo sur-
gery, the crural repair is even more difficult, because the
disruption leads to a rigid defect and the crurorhaphy
increases the tension even more. In large defects the
posterior crural repair displaces the GE junction too
far ventrally, potentially resulting in impaired transit.

Although the diaphragm becomes thinner ventrally of
the oesophagus, the anterior crural repair appears to be
at least as good in the short term as posterior suturing as
a method of narrowing the hiatus during laparoscopic
Nissen fundoplication [13].

Results

As the use of prosthetic material is no longer taboo,
many investigators use various materials under un-
equal conditions, and with different indications
and additional technical modifications. There-
fore a comparison of the methods and their out-
come at this stage is nearly impossible (8 Figs. 13.1
and 13.2).

B Fig. 13.2. a Patched anterior repair. b Patched posterior repair. ¢ Patched circular repair



Some Laparoscopic Hiatal Hernia Repairs Fail

Most of the published experiences with the use of
mesh in hiatal hernia are from small series with limited
or rather short follow-up. Few comparative studies have
demonstrated significant reduction of recurrence mesh
vs. non-mesh, with a mesh-related complication rate
close to zero [5, 8, 12]. The overall mesh complication
reported is less than 2% [18].

Analysis of the complex issue of a prosthetic repair
shows at least five important mesh related variables: the
mesh material itself, its anchorage, its shape, position
and function.

Function

Intraperitoneal onlay mesh can be used to reinforce the
crural repair (not tension-free) [8, 9, 10, 11] or bridge/
patch the enlarged hiatus without crural approximation,
leaving the passage for the abdominal oesophagus free
in different ways (true tension-free repair) [6, 7, 15].

Fixation

The mesh can be anchored to crura with sutures, tacks
or staples. Sutures are more time consuming, staples
and tacks can be more dangerous, inconstantly not deep
enough and distort the mesh, depending on the mate-
rial used. Cardiac tamponade was reported following
tack fixation.

Position

Irrespective of the mesh purpose it can lie anteriorly [3,
6, 13] or posteriorly in relation to the oesophagus. Most
authors are used to perform a posterior crural repair
and therefore they buttress or patch posteriorly [7, 12].
The posterior total or partial fundic wrap protects the
oesophagus from direct contact with the implant or at
least from the transverse mesh edge.

Shape

A certain degree of creativity is still an important part
of our profession. Numerous shapes were suggested: oe-
sophagus totally encircling [19, 20] (A-shape, keyhole),
partially encircling (U-shape, Arc de Triomphe-shape
[3]) or not encircling triangular, rectangular, etc. (re-
inforcing, patching or covering the relaxation incision
of the right crus).
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Mesh Material

See @ Table 13.2.

Implant Site

The mesh-underlying tissue interface is similar, but not
identical with the one in inguinofemoral or laparoscopic
incisional hernia repair. The contact surface in hiatus
is a thin muscle with a good blood supply with vital
structures in the vicinity. The respiratory movements,
the heartbeat and the oesophageal peristalsis make the
region very difficult to be “just” stabilized.

Porosity

The macroporous meshes will induce and permit a
complete tissue ingrowth. After maturation of colla-
gen, a solid scar tissue is present thus incorporating
the mesh. The meshed area of the hiatus oesoph-
agei is in constant motion, therefore there must be a
solid fixation guaranteed in the early postoperative
period to prevent mesh dislocation and consecutive
recurrence. The appreciated inflammatory reaction re-
inforces the interface, but bears an uncontrollable risk
of oesophageal erosions or stenosis. The microporous
meshes require better fixation. The biological meshes
permit a complete ingrowth and cause a strong in-
flammatory reaction, which can lead to oesophageal
stenosis.

Transparency

Transparent meshes add more security to mesh fixation,
eliminate unrecognized bleeding when not blindly ap-
plying penetrating fixation and permit more generous
suture bites.

Stiffness

The biggest disadvantage of polypropylene and poly-
ester meshes is the loss of local elasticity due to fibrotic
fixation, and the mesh margins may become sharp. The
first may cause dysphagia due to impairment of peri-
stalsis or stenosis, the latter erosions, migration or late
oesophageal perforation. The resulting stiffness of the
traditional “heavy” materials is not existent in light-
weight meshes.
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B Table 13.1. Incomplete overview of prosthetic materials

Absorbable Polyglactin 910

Redo-Operations Open/Laparoscopically: Change of Technique or Make it Better?

Vicryl

Polyglycolic acid

Dexon

Non-absorbable Polypropylene Prolene, Marlex, Surgipro, Trelex, Parietene, Prolite, TiMesh
Polyester Mersilen, Parietex
PTFE Goretex, Dualmesh
Composites PP/e-PTFE Composix
PP/RCO Proceed
PP/Sepra Sepramesh
PP/Polyglactin 910, Vypro, Vypro-2
PP/Polyglecaprone Ultrapro
PP/collagen film Parietene composite
PE/collagen film
Parietex composite
PVDF/PE Dynamesh
Biomaterials Porcine SIS Surgisis
Porcine skin Permacol
Human skin Alloderm

Less risk-bearing appears e-PTFE (without any ob-
jective proof), because it stays much softer and is less
prone to adhesions, but is non-transparent and difficult
in handling. Gryska reported no erosions (135 patients)
after 10 years of experience [5].

Shrinkage

All mesh materials alter their extent after the primary
scar tissue reaction is over. This “hot or overheated” issue
in inguinofemoral hernia repair does not seem to be of
clinical importance in mesh-supported hiatal repairs. The
well-known pronounced shrinkage of the PTFE products
or heavy polypropylene meshes could theoretically cause
late dysphagias in patched repairs of large hiatal defects.
The use of light-weight meshes as a consequence of the
above fact has not yet been reported.

Infection Resistance

The incidence of infection of the prosthetic material in
this specific location is so low, that it does not seem to
be of significance as long as the digestive tract remains
intact.

Mesh-Related Complications

In the early postoperative course a higher incidence of
dysphagia of longer duration was reported [29].

The inflammatory reaction, which is a material-
specific host response to a foreign body, can cause
a material-specific morbidity even many years later.
Erosions have been reported after 3 years with poly-
propylene [9], late oesophageal perforation with
PTFE, Teflon pledget intrusion in oesophagus 9 years
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after repair [28]. The adhesiogenic potential is in given
localisation not of big concern as long as the oesopha-
gus is not encircled, the direct contact of mesh and
oesophagus can be avoided and materials, that turn to
be stiff when fibrotic reaction takes place, are not used
(heavy PP). Stiffness and wrinkles, that will become
sharp edges are the main problem.

Discussion

For well-known reasons the information and knowledge
being elaborated by studies even of a low level of evi-
dence pass through many different filters, suffer from
heterogeneity, difficulty of standardization and often
from the impossibility to exclude the major variable
factor in any clinical study - the personal experience of
the surgeon. Unpublished opinion of opinion leaders is
a different kind of information. It might be very subjec-
tive, it might not be scientifically correct, but it mostly
reflects a personal attitude of a professional based on
experience. To compare this personal information with
the published literature, the author contacted 30 expe-
rienced surgeons by e-mail. More than 50% answered
the simple question: what about a mesh in hiatal hernia
repair and what is your preferred solution?

Mesh at All?

The vast majority would use the mesh very selectively.
Some try to avoid prosthetic around oesophagus per prin-
ciple, some reinforce the suture with pledgets or bicrural
strips. Mesh as seldom as possible, most often only under
difficult conditions in redos. The fear of erosion is un-
derstandable after a personally experienced disaster, but
the general opinion seems to be overimpressed by few
reported cases. If prosthetic material is used, the distance
of the mesh margin to the oesophagus has to be warrant-
ed and encircling is not recommended (B Table 13.1).

What Material?

Most of the known materials did well in published
reports (B Table 13.2). The more personal experience
with the use of mesh in hiatus, the more often the bio-
material Surgisis is proposed. The satisfaction with this
product ranges from negative to very positive, from the
danger of being too reactive (leads to stenosis and oe-
sophageal-gastric resection) to a trend to reinforce even
small sliding hernias to reduce the chance of rehernia-

i vV

B Table 13.2. Reports on materials used

Source

Frantzides [8]

Material used

Circular PTFE, PCR

Granderath [29]

Circular PP, PCR

Kamolz [12]

PCR + PP retrooesophageal strip

Casaccia [6]

Parietex composite, A-shape

Basso [7] PP, retrooesophageal rectangular
patch

Keidar [19] Composix

Szold [20] Parietex composite

Gryska [5] PTFE retro-oesophageal, V-shape

Oelschlager [21]

Surgisis

Aregui Surgisis, PCR, relaxing incision
Gagner Surgisis

Jacobs Surgisis

McKernan Surgisis

Dallemagne Pledgets, Surgisis

Filipi PTFE, halfcircle

Himpens PTFE, slit mesh

Bailey M PP, bicrural strip, PCR
Giulianotti Teflonpledgets, PTFE, semicon-

cave, PCR

PP polypropylene, PCR posterior crural repair

tion. The most frequently used material is still e-PTFE
(according to the literature), being the best documented
and having the longest follow-up.

Which Additional Manoeuvres?

As already analyzed [22], there is no available evidence
on the use of additional “anti-re-herniation” surgical
steps like fixation of the wrap on the crural repair or
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gastropexy or gastrostomy. The importance of Collis
oesophagus lengthening gastroplasty is unclear.

Routinely or Selective Approach?

Surgeons who can rely on their own results reinforce
not only the redos or large type III, but even the small
sliding hernias, to secure their good functional results,
especially in long-term follow-up.

Is the Fear of Potential Mesh Complication
Justified?

The indication for a surgical intervention in the case of
large para-oesophageal hernia has often a prophylactic
character due to its known natural course with possible
serious complications. The minimally invasive solutions
make the decision for a repair easier even in the elderly,
but do not resolve the problem of recurrence. The vast
majority of experienced laparoscopists are very reserved
to foreign material in hiatus and would try to avoid it
in primary repairs. Despite the fact that reported ex-
perience with biomaterials is of singular nature, more
than half of the reviewed experts would advocate their
use. The use of mesh in crural repair will have to stay
selective until the mesh-related complications can be
eliminated by improved materials.

Conclusion

The evidence of the most reports is low (I c-V). The
very few existing comparative studies [7, 8, 12] have
demonstrated the superiority of mesh repair.

The incidence of serious mesh-related complications
is very low. Due to the fact that the reason for a break-
down of crural repair is multifactorial and the incidence
of type-III hernias is low, there are no objective data
available to justify the exclusive choice of one or another
mesh material. Based on the reported information, the
potential risk of visceral erosions, late fistulization and
wound sepsis known from inguinal and incisional her-
nia repairs should not be transferred 1:1 to hiatal repair.
However, the principles learned from experience should
finally influence the operative strategy of crural repair:
celebrating precise surgical technique and choosing
light-weight or tissue-separating coated meshes. The
objective value of biomaterials, although already very
promising, must be demonstrated in more extensive
studies.
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References

—_

10.

1

—_

12.

13.

14.

15.

. PuriV, Kakarlapudi GV, Awad ZT, Filipi CJ (2004) Hiatal hernia

recurrence. 8:311-317

. Hashemi M, Peters J, Demeester T, Huprich J, Queck M, Ha-

gen J, Crookes P, Theisen J, Demeester JR, Sillin L, Bremner
C (2000) Laparoscopic repair of large type Il hiatal hernia:
objective follow-up reveals high recurrence rate. J Am Coll
Surgeons 190: 553-560

. Leeder PC, Smith G, Dehn TC (2003) Laparoscopic manage-

ment of large paraesophageal hiatal hernia. Surg Endosc
17:1372-1375

. Edye MB, Canin-Endres J, Gattorno F, Salky BA (1998) Dura-

bility of laparoscopic repair of paraesophageal hernia. Ann
Surg 4: 528-535

. Gryska PV, Vernon JK (2005) Tension-free repair of hiatal

hernia during laparoscopic fundoplication: a ten-year ex-
perience. Hernia 9(2):150-155

. Casaccia M, Torelli P, Panaro F, Cavaliere D, Ventura A, Va-

lente U (2002) Laparoscopic physiological hiatoplasty for
hiatal hernia: new composite A-shaped mesh. Surg Endosc
16:1441-1445

. Basso N, DelLeo A, Genco A, Rosato P, Rea S, Spaziani E,

Privaera A (2002) 360° laparoscopic fundoplication with
tension-free hiatoplasty in the treatment of symptom-
atic gastroesophageal reflux disease. Surg Endosc 14:
164-169

. Frantzides C, Madan A, Carlson M, Stavropoulos G (2002) A

prospective, randomized trial of laparoscopic polytetrafluo-
roethylene (PTFE) patch repair vs simple cruroplasty for large
hiatal hernia. Arch Surg 137: 649-652

. Carlson MA, Condon RE, Ludwig KA, Schulte WJ (1998) Man-

agement of intrathoracic stomach with polypropylene mesh
prosthesis reinforced transabdominal hiatus hernia repair. J
Am Coll Surg 187:227-230

Morales-Conde S, Bellido J, Cadet I, Martin M (2002) Indi-
cations and management of prostheses to close the crura
during laparoscopic repair of paraesophageal hernias. Surg
Endosc 16: 284

. Champion JK, Rock D (2003) Laparoscopic mesh cruro-

plasty for large paraesophageal hernias. Surg Endosc 17:
551-553

Kamolz T, Granderath FA, Bammer T, Pasiut M, Pointner R
(2002) Dysphagia and quality of life after laparoscopic Nissen
fundoplication in patients with and without prosthetic rein-
forcement of the hiatal crura. Surg Endosc 16: 572-577
Watson DI, Jamieson GG, Devitt PG, Kennedy JA, Ellis T, Ack-
royd R, Lafullarde TO, Game PA (2001) A prospective random-
ized trial of laparoscopic Nissen fundoplication with anterior
vs posterior hiatal repair. Arch Surg. 136: 745-751.
Granderath F, Kamolz T, Schweiger U, Pointer R (2003)
Laparoscopic refundoplication with prosthetic hiatal clo-
sure after primary failed antireflux surgery. Arch Surg 138:
902-907

Paul MG, DeRosa RP, Petrucci PE, Palmer ML, Danovitch SH
(1997) Laparoscopic tension-free repair of large paraesopha-
geal hernias. Surg Endosc 11: 303-307

. Targarona EM, Balague C, Martinez C, Garriga J, Trias M (2004)

The massive hiatal hernia: dealing with the defect. Semin
Laparosc Surg 11(3): 161-169



Some Laparoscopic Hiatal Hernia Repairs Fail

17. Targarona EM, Novell J, Vela S, et al. (2004) Mid-term analysis
of safety and quality of life after the laparoscopic repair of
paraesophageal hiatal hernia. Surg Endosc 18: 1045-1050

18. Targarona EM, Bendahan G, Balague C, Garriga J, Trias M
(2004) Mesh in the hiatus — a controversial issue. Arch Surg
139:1286-1296

19. Keidar A, Szold A (2003) Laparoscopic repair of paraoesopha-
geal hernia with selective use of mesh. Surg Laparosc Endosc
Percutan Tech 13: 149-154

20. Szold, Sagie B. Laparoscopic mesh repair of diaphragmatic

hernias (2004) 26th Grepa congress in Prague
. Oelschlager BK, Barreca M, Chang L, Pellegrini CA (2003)
The use of small intestine submucosa in the repair of para-
esophageal hernias: initial observations of a new technique.
Am J Surg 186(1): 4-8
. Draaisma WA, Gooszen HG, Tournoij E, Broeders IAMJ (2005)
Controversies in paraesophageal hernia repair. Surg Endosc
19: 1300-1308

. Carlson MA, Richards CG, Frantzides CT (1999) Laparoscopic
prosthetic reinforcement of hiatal herniorrhaphy. Dig Surg
16:407-410

24. Frantzides CT, Richards CG, Carlson MA (1999) Laparoscopic
repair of large hiatal hernia with polytetrafluoroethylene.
Surg Endosc 13: 906-908

. Edelman DS (1995) Laparoscopic paraesophageal hernia
repair with mesh. Surg Laparosc Endosc 5: 32-37

26. Champion JK, McKernan JB (1998) Prosthetic repair of dia-
phragmatic crural defects during laparoscopic fundoplica-
tion. Hernia 2: 511

. Cadiere GB, Bruyns J, Himpens J, Vertruyen M (1996) Intra-
thoracic migration of the wrap after laparoscopic Nissen
fundoplication. Surg Endosc 10: 187

28. Arendt T, Stuber E, Monig H, Folsch UR, Katsoulis S (2000)
Dysphagia due to transmural migration of surgical material
into the esophagus nine years after Nissen fundoplication.
Gastrointest Endosc. 51: 607-610

29. Granderath FA, Schweiger UM, Kamolz T, Asche KU, Pointner
R (2005) Laparoscopic Nissen fundoplication with prosthetic
hiatal closure reduces postoperative intrathoracic wrap her-
niation - Preliminary results of a prospective randomized
functional and clinical study. Arch Surg 140: 40-48

2

-

2

N

2

w

2

w

2

~N

Discussion

Carlsson: Today I have heard a lot of anecdotal reports
about the possible danger about the prosthetic oesophageal
hiatus and in specific reference to a PTFE I have not been
able to find published evidence of PTFE as a primary cause
of erosion in the oesophagus. Now there are cases where
there was a secondary problem, for example if a surgeon
preparated the oesophagus and the stomach and then the
PTFE was found in the preparation. Then this was called an
erosion. But I have not been able to find a situation where
PTFE eroded into the lumen primarily. I would encourage
anyone in this room to report in published form these cases
of a mesh erosion, so we can get this out of the table.
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Miserez: I will not ask any questions about meshes, but
in your second slice you mentioned the absence of an
oesogastric tube postoperatively as a risk factor for an
early recurrence. How long do you keep this tube in and
on what evidence is this decision based?

Kukleta: We remove it before the patient wakes up in the
laparoscopic repair. In the open repair, we have a longer
ileus time so we keep it in. When the patients are fine they
start eating and then they go. Probably they go very early
they don’t have an oesogastric tube after the operation.
It is taken out in the recovery room.

Franzidis: This was an excellent presentation and what you
show is that we are not in a perfect world. This is an im-
perfect world with problems, and we want to have a perfect
operation and perfect prosthesis. I still believe that when the
literature shows that you have a 30-50% rate of recurrence,
then someone should come up with an alternative. Until then
we have to accept the consequences. The reported erosion of
PTFE or ePTFE is an anecdotal report. The same applies to
dual mesh. Maybe these complications are under-reported or
anecdotal. If the experts in the field would agree that this is
a standardization of the technique we might avoid erosions.
The advice is, that anybody embarking on this type of opera-
tion should be a very experienced laparoscopic surgeon and
should have done his homework in the laboratory.
Kukleta: But certainly we end up with the technical de-
tails. This is an evolution of 10 years, and in 10 years you
always add something to this, because it is difficult to stay
with the same regime. If some people can reach these, we
have to orient ourselves on those. That is my belief.
Schumpelick: There is something that I don’t understand
in this session. I hear that very small meshes fit, I hear
that big meshes are used, I heard that you use different
types of meshes, difficult localisations and you always
mesh a reflux as a criterion that works. Are there any ani-
mal or anatomical or postmortem studies that show how
the mesh really works? I think it is a bit like evidence level
five. Everybody says I have good results, but how does it
work? Some say better adhesions, some say it is better to
have a patch on it; it is absolutely confusing for me. Are
there better results in the literature than here?

Kukleta: We certainly have a problem with the incidence
of these big hernias. They are not so numerous as inguinal
hernias. If you have seen Dr. Pointners setup, there are
very few papers that have enough numbers, just seven
or eight studies with more than 100 cases. That is, why
I cannot answer this.

Ferzli: Carlsson made a report about PTFE and you men-
tioned about the erosion. Phillip Chowbey mentioned the
erosion of PTFE with a hiatal hernia into the oesophagus,
and Eric DeMaria from Virginia reported one erosion of
PTFE in the oesophagus. Just to clarify that.
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Pointner: Prof. Schumpelick, thank you for your com-
ments. In my opinion this is the important point. We
don’t know how large the hiatus really is. We have no
anatomical studies, and today this was the first presenta-
tion I have seen, heard or found.

Fuchs: Most important was the pre-operative radiog-
raphy; but this is an unreliable tool. Because you have
patients where these 5 cm you do two times with a swab
and they are down, and you have other patients where
you are busy for half an hour clearing it. So it is not reli-
able. Probably it is much more reliable, as you suggested,
to mesh the hiatus and then go on from there.

Dutta: I have two ideas. One is that mesh produces ad-
hesions; the other is that mesh produces tension. I was
fascinated by Dr. Pointner’s report of using small mesh.
I am thinking of the box a little bit and am wondering a

Concluding Remarks

Ferzli: What we heard this evening is much more contro-
versial than we thought. Now we are not able to say what
is the best. Most speakers have repeated the significant
points that are still unresolved. From the fixation to the
wrap, the fixation of the oesophagus. I cannot go ahead
and say we have a consensus. From what we have seen,
we still have to go a long way. Hopefully the future will
bring us some better answers.

Fuchs: If we look together at what to avoid, I think what
we have learned this evening, or what we have discussed
this afternoon, that we have here not one problem or not
one disease. We have basically two, the reflux problem
and the hiatal problem. In some patients, I would say
in most patients, the reflux problem is foremost, but in
some other patients it is maybe 10 to 20% it is the hiatus.
The hiatal problems are really those that must have a
higher priority. If I look at our experience of redos, there
are some patients who come for the second or the third,
fourth or even the fifth time. And if you come for sev-
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little if that small mesh probably is reducing tension if it is
causing adhesions. Has anyone thought about injecting a
sclerosing agent into the crural to introduce adhesions?
Kukleta: But the muscle does this.

Kéckerling: We can have our experimental experience
with the different types of polypropylene meshes. I agree,
obviously it is better to use light-weight polypropylene
meshes. What we have learned in our experimental stud-
ies is that after 3 months, when we sacrifice the animals,
this type of mesh behaves like nearly normal connecting
tissue. It has no sharp edges, it does not fold due to shrink-
age and other things, whereas the heavy-weight polypro-
pylene meshes do that, they have sharp edges, they fold,
they are stiff. From our point of view I would always pre-
fer, if you use polypropylene mesh, then the light-weight
mesh. Because it is like normal connective tissue.

eral times, migration is still, of course, a problem. Also a
spectrum of other reasons; we have to clarify, when mesh,
for example, can help. To start with, you have to avoid
that an operator who really has experience neither in
laparoscopic surgery nor in the reflux disease or hernia
repair, because that is really bad. Of course, you have to
avoid the oesophageal perforation, destroying the crurals
or injecting a sclerosing agent. This can be a real problem,
because then you have nothing to put together. Too much
tension on the suture, as we all know in the area of the
body is a problem. Placing too many sutures and that
is limiting, can be a problem. Placing too many sutures
creates an angle that might have the effect of dysphagia.
Or creating a stenosis is bad. Narrowing the hiatus insuf-
ficiently, even a gap, then the road is free for migration,
and using insufficient crural alone for narrowing, as we
have learned, is also a problem. So we need some material
over the next 5 years to learn what size, what material we
can use.
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Introduction

Despite advances in surgical technique and materials, ab-
dominal fascial closure has remained a procedure that of-
ten reflects a surgeon’s personal preference with a reliance
on tradition and anecdotal experience. Several theoretical
and practical facts have been described about operative
site healing and include the physiology of fascial healing,
the physical properties of specific closure methods, the
properties of the available suture materials and patient-
related risk factors [1, 2]. Yet the ideal techniques and ma-
terials, although suggested by the surgical literature, have
not been uniformly accepted.

The value of a particular abdominal fascial closure tech-
nique may be measured by the incidence of early and late
wound complications. Early complications include wound
dehiscence (sometimes associated with evisceration) and
infection, while late complications are hernia, suture sinus,
and incisional pain.

The best abdominal closure technique should be fast,
easy, and cost-effective, while preventing both early and
late complications. Traditionally, individual authors have
advocated one technique over another for theoretical or
practical reasons but, until recently, evidence-based prin-
ciples have not been applied to the subject as a whole.
Relevant factors for review include: 1) layered closure,
mass closure, and retention sutures, 2) continuous closure
and interrupted closure, 3) suture material and 4) suture
thickness and the suture-length-to-wound-length ratio.
Careful analysis of the current surgical literature, with the

identification of evidence-based conclusions, indicates
that there is relative consensus regarding the most effec-
tive method of midline abdominal fascial closure.

Methods

A MEDLINE (National Library of Medicine, Bethesda,
MD) search was performed. All articles related to ab-
dominal fascia closure published from 1966 to 2003
were included in the review.

Discussion

Layered Closure, Mass Closure and Retention
Sutures

Layered closure is described as the separate closure
of the individual components of the abdominal wall,
specifically the peritoneum and the distinct musculo-
aponeurotic layers. Mass closure is the closure of all
the layers of the abdominal wall (except the skin) as
one structure.

Layered closure, often in conjunction with a parame-
dian incision, is a technique that was viewed as essential
to adequate and appropriate wound closure in the past.
Discussion of the technique, however, has disappeared
from current surgical writing and it is little used in
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practice. The proponents of layered closure believed
that the approach reduced intra-peritoneal adhesions,
contributed to wound strength, discouraged dehiscence,
prevented leakage of intraperitoneal contents and pro-
moted hemostasis [3-8].

Smead first described a mass closure technique in
1900. Jones described the same technique in 1941 and
thereafter it was called the Smead-Jones technique.
Dudley, in an experimental study in 1970, showed
that mass closure was superior to layered closure when
using stainless steel wire [9]. In 1975 Golligher sup-
ported the concept of mass closure by demonstrating
a dehiscence rate of 11% with layered fascial closure
compared to a rate of 1% with mass closure. (It should
be noted, however, that chromic catgut, with its own
inherent reasons for wound failure, was used for
layered closure and was compared to stainless steel wire
for mass closure) [10]. In 1982 Bucknall and co-authors
prospectively studied 1129 abdominal operations and
demonstrated that layered closure was associated with
a significantly higher dehiscence rate compared to mass
closure (3.81 vs. 0.76%) [11].

Subsequent investigators, further questioning the
beneficial effects of layered closure, compared it with
mass closure techniques producing a number of conclu-
sions favoring the latter. Peritoneal closure, specifically,
has been shown to be associated with an increased in-
cidence of adhesions, compromise of the adequacy of
closure of the subsequent layers and increased duration
of operation [12-25]. Recently published meta-analy-
ses have confirmed a statistically significant reduction
in hernia formation and dehiscence with mass closure
[26-28].

Retention sutures (involving the entire thickness of
the abdominal wall including the skin and subcutane-
ous tissue) were first described by Reid in 1933 but
have lost much of their popularity in recent years. It
has been shown that the additional security of retention
sutures is largely hypothetical, that they are associated
with increased postoperative pain and that they make
site determination of enteral stomas difficult [13]. In
addition, retention sutures have not been shown to de-
crease the incidence of fascial dehiscence [13].

Continuous Closure and Interrupted Closure

Multiple reports show no difference in the incidence of
dehiscence or hernia formation when either technique is
used [29-32]. Proponents of continuous closure cite an
evenly distributed tension throughout the length of the
incision and a more cost-effective closure, requiring half

as much time and less suture material, as definite advan-
tages of continuous mass closure [26, 29-38]. It has also
been shown experimentally that the bursting strength
of a wound is significantly higher when a continuous
closure is used [39-40]. Continuous closure minimizes
the number of knots and has been shown to be associ-
ated with an equivalent or lower incisional hernia rate in
four meta-analyses [26, 27, 28, 41]. The only theoretical
disadvantage of continuous closure is that the security
of the wound is dependent on a single strand of suture
material and a limited number of knots. Disruption of
the knot or the suture, however, has been shown to be
a rare cause of wound dehiscence [33, 42].

Suture Material

Nonabsorbable, slowly absorbable, and rapidly absorb-
able suture materials are available. In addition, such
materials are available in monofilament and multifila-
ment (braided) form. The choice of material for closing
the abdominal fascia should be made in the light of
what is known about fascial healing and the physical
properties of suture material (strength, durability, ease
of handling, and resistance to infection) [43]. It was
demonstrated in the early 1950s that the healing pro-
cess of abdominal fascia after surgical incision lasts 9
to 12 months [44, 45]. Abdominal fascia regains only
51 to 59% of its original tensile strength at 42 days, 70
to 80% at 120 days and 73 to 93% by 140 days. Tensile
strength never rises to higher than 93% of the strength
of unwounded fascia [44, 45].

Nonabsorbable materials have been widely used for
abdominal fascial closure since the 1970s. The most
common nonabsorbable materials used are polypro-
pylene (Prolene), nylon (Nurolon), polyethylene (Et-
hibond) and polyamide (Ethilon) [46]. Stainless steel
wire and silk are only of historical note and are infre-
quently used in current surgical practice. Stainless steel
is difficult to handle and tie and tends to develop frac-
tures. Braided silk is a long-lasting biomaterial but is
associated with a rapid loss of tensile strength (similar
to absorbable sutures), a high association with infection,
and an intense inflammatory reaction [48-50]. Other
braided nonabsorbable suture materials have much bet-
ter tensile strength characteristics but are less resistant
to infection than nonabsorbable monofilament or ab-
sorbable materials [48-50].

Non-absorbable monofilament suture materials have
been shown to have more tissue reactivity compared to
stainless steel but less than that of absorbable materi-
als. They are more resistant to infection but their use
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is associated with a higher incidence of sinus forma-
tion, wound pain, and button-hole hernia [47-54]. The
benefits of nonabsorbable materials lie in the fact that
they retain their strength as the fascia develops intrinsic
strength in the process of wound healing.

Absorbable materials are designed to approximate
the fascia during the critical early healing period and
subsequently to undergo absorption in order to avoid
the complications of sinus formation, pain, and but-
ton-hole hernia associated with nonabsorbable sutures.
The incidence of chronic wound pain and suture sinus
formation has been found to be significantly less with
absorbable material [28, 47, 52, 53]. Absorbable sutures
may be classified as rapidly absorbable and slowly ab-
sorbable. Catgut, chromic catgut, polyglycolic acid,
and polyglactin 910 are examples of rapidly absorb-
able materials.

In surgical practice catgut and chromic catgut are no
longer widely used for fascial closure. Polyglycolic acid
(Dexon) and polyglactin 910 (Vicryl) are the most com-
monly used rapidly absorbable suture materials. Ab-
sorption of such materials lasts 15 to 90 days, although
most of their tensile strength is lost in 14 to 21 days
[46]. Dexon and Vicryl are braided materials but are
less reactive than silk or catgut since they are absorbed
by hydrolysis. Their absorption may be delayed by in-
fection and they may act as a focus for infection and
as a foreign body with an associated delay in healing
[26-28, 41, 49]. The rapidly absorbable suture materials
have been associated with increased rates of incisional
hernia formation when compared to nonabsorbable
sutures [28, 46, 47].

Polydioxanone (PDS) and polyglyconate (Maxon)
are the most commonly used slowly absorbable suture
materials. Absorption of such materials takes about 180
days and they maintain 50% of their tensile strength
for about 4 weeks [46, 56-61]. PDS has been shown to
have 1.7 times the tensile strength of Prolene. Maxon,
the newest of the synthetic absorbable materials, has
been shown to be 16% stronger than Vicryl [39]. PDS
and Maxon are more similar to nonabsorbable materi-
als than are Vicryl and Dexon in that they retain their
strength for a longer period during fascial healing. They
are absorbed slowly by hydrolysis and are not subject
to enhanced absorption by bacterial enzymatic activity.
Several studies have shown no statistically significant
difference in the incidence of incisional hernia forma-
tion, wound dehiscence, or infection between the slowly
absorbable and the nonabsorbable suture materials. In
contrast, nonabsorbable suture materials have been as-
sociated with statistically higher rates of incision pain
and suture sinus formation [28, 41, 44, 47, 52, 53].

Suture Size and Suture-Length-to-Wound-
Length Ratio

The mechanical reasons for wound dehiscence are as
follows:

== the suture breaks,

== the knot slips, or

== the suture cuts through the tissues.

Generally the first two reasons are rare and wound
dehiscence occurs when the suture material tears
through the fascia. The strength of a particular suture
material increases as its cross-sectional diameter in-
creases and smaller diameter sutures are associated with
a greater likelihood of tearing through the tissue [32,
33,42, 62, 63].

Most of the studies in the current surgical literature
employ a number zero or larger-sized suture to close
the fascia. It should be noted, however, that one series
found no increase in the incidence of wound dehiscence
when size 2-0 suture material was used to close the fas-
cia [52]. The double-loop closure method provides the
most tensile strength, but in one study was associated
with a significantly increased rate of pulmonary com-
plications and postoperative death, possibly related to
decreased compliance of the abdominal wall [64]. The
suture thickness chosen, then, must provide adequate
tensile strength as well as adequate elasticity to accom-
modate an increase in intra-abdominal pressure in the
postoperative period.

The suture-length-to-wound-length ratio involves
a geometric approach that aims to avoid wound de-
hiscence and hernia formation. It has been shown ex-
perimentally by Jenkins that the length of a midline
laparotomy incision can increase up to 30% in the
postoperative period in association with a number
of factors that increase the intra-abdominal pressure
[65]. If the bites taken in suturing (and the associated
length of suture material used) are not large enough to
accommodate the potential increase in wound length,
then the suture may cut through the fascia, resulting
in wound dehiscence. Jenkins, using the principles of
geometry and the rules that apply to the component
sides of triangles, studied the relationship of the bites of
tissue taken in suturing to the amount of suture mate-
rial used. He concluded that the bite of tissue needed to
avoid suture pull-through could be expressed in terms
the length of suture material needed for the incision
under consideration. In the study it was determined
that a suture-length-to-wound-length ratio of 4:1 would
incorporate a large enough bite of tissue such that su-
ture pull-through could not occur even with maximal
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lengthening of the incision in the postoperative period
[65, 66, 67]. The 4:1 suture-length-to-wound-length
ratio was achieved in Jenkins’ study by placing the su-
tures approximately 2 cm away from the fascial edge
and approximately 2 cm from one another.

Conclusion

The best abdominal closure technique should be fast,
easy, and cost-effective while preventing both early
and late complications. The early complications that
are to be avoided are wound dehiscence and infection
and the late complications to be avoided are hernia,
suture sinus, and incisional pain. Careful analysis of
the current surgical literature, with the identification
of evidence-based conclusions, indicates that there is
an optimal technique. The most effective method of
midline abdominal fascial closure involves mass clo-
sure, incorporating all of the layers of the abdominal
wall (except skin) as one structure, in a simple running
technique, using #1 or #2 absorbable monofilament
suture material with a suture length to wound length
ratio of 4 to 1.
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Discussion

Deysine: In the 1970s Dr. Goligher introduced a continu-
ous suture with nylon for the closure of laparotomies. At
that time the number of laparotomies exploded in the
world because of vascular surgery and they used be closed
by a running suture. This technique by Dr. Golligher is
very well depicted and those who practice it, like me, are
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very happy with it. It is a continuous suture with a thick
no.1 nylon and it accommodates to the changes in the
abdominal wall and, to my surprise, it does not include
the skin but all the other layers; the patients have very
little pain with this kind of closure.

Ceydeli: Yes, in the NY State survey also the nonabsorb-
able, monofilament nylon suture was the most common
suture but in the review the most common one was PDS,
late absorbable.

Jeekel: But nylon causes more pain.

Amid: We really need a correct terminology. The most
common mistake that is made is the issue of fascia vs.
aponeurosis. When we close midline the abdominal
wall we don’t close fascia, we close the linea alba or rec-

tus sheath; the fascia is a very thin investing layer of
the muscle that has absolutely no role in hernia surg-
ery.

Jeekel: The suture-length-wound-length ratio, please one
remark to small or large bites.

Israelsson: I was a bit concerned about the recommenda-
tion of taking 2-cm-large bites. There are several clinical
studies that show that by taking that big size of the bite
you will end up with a high rate of incisional hernia
and wound infection. There is also strong evidence by
experimental studies that a suture-length-wound-length
ratio of 4:1 should be achieved by small tissue bites at
short intervals.

Jeekel: But this is only experimental evidence.



Incisions

Any incision chosen for access to the abdominal cavity
needs to provide access to the viscera or the lesion to
be treated. Furthermore, an incision needs to provide
extensibility and permit subsequent secure closure. A
further demand may be the postoperative preserva-
tion of function [1] such as containment of abdominal
organs and respiration. Additional considerations in
choosing the incision are the speed of entry, presence
of scars, possibility of hemostasis and a cosmetically
pleasing outcome.

Secure closure must be possible and various suture
materials are used in this day and age. Suture materi-
als should ideally: be sufficient to hold parts together;
disappear as soon as its work is accomplished; be free
of infection; and be non-irritant.

To appreciate the different incisions and problems
with closure, thorough knowledge of the anatomy of
the abdominal wall is mandatory.

Anatomy Ventral Abdominal Wall

The ventral abdominal wall consists of the rectus ab-
dominis muscle on contralateral sides of the line alba.
The origo of the rectus muscle are the 5th, 6th and 7th
rib, the insertion is the pubic bone. The rectus mus-
cles are each contained in a fascial layer, the anterior
and posterior rectus sheath, which is made up of the

aponeurosis (insertion) of the internal, external and
transverse muscle. The rectus muscle is horizontally
incised by the three inscriptiones tendinea. Lateral to
the rectus abdominis the abdominal wall is made up
of the afore-mentioned external oblique, the internal
oblique and the transverse muscle, which extend over
the ventral and lateral part of the abdomen (the part
not covered by the rectus muscle). The origo of the ex-
ternal oblique muscle runs from the 5th to the 12th rib.
The internal oblique originates from the iliac crest. The
transverse muscle, with its horizontal fibre direction,
originates from the previously mentioned iliac crest,
the lumbodorsal fascia and the lower six ribs superiorly.
The lateral border of the rectus muscle forms the linea
semilunaris. At the symphysis pubis the posterior sheath
ends in the thin curved margin, the linea semicircularis
(Douglasi). Below this level the aponeuroses of all three
muscles passes in front of the rectus abdominis and the
fascia transversalis is responsible for the separation of
the rectus from the peritoneum. The pyramidalis muscle
(if present) lies anterior to the lower part of the rectus
abdominis muscle. It arises from the superior surface of
the pubic ramus and inserts at the linea alba.

The vasculature of the muscles of the abdominal
wall consists of the superior and inferior deep epigas-
tric vessels as well as transverse segmental branches of
the aorta. The superior and inferior deep epigastrics
are located in front of the posterior rectus sheath and
the rectus muscle and form its blood supply through
perforating vessels. The inferior deep epigastric ar-
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tery branches from the external iliac artery whereas
the superior deep epigastric is a branch of the internal
thoracic artery. The deep epigastric arteries are anas-
tomosed and thus form the deep epigastric arcade. The
transverse segmental arteries supply the transverse
muscle, the internal and external oblique and are situ-
ated between the transverse and internal oblique. Blood
supply to the relatively avascular linea alba originates
from the perforating vessels of the superior and inferior
deep epigastrics.

Innervation of the abdominal wall is achieved
through intercostals nerves, the ilioinguinal and the
iliohypogastric nerve. The intercostals nerves are ven-
tral branches of thoracic nerves originating from levels
Th 5 through Th 12 of the spinal cord.

Midline Incisions

to 2.1% in 243 patients after a follow-up between 1.6
and 7.8 years [6].

The upper right quadrant transverse incision re-
quires transsection of the oblique and transverse mus-
culature as well as the rectus muscle. The linea alba is
incised most commonly when extending the transverse
incision across the midline. Dividing the rectus muscle
requires ligating the epigastric arcade yet poses minor
damage to the intercostals nerves and superficial arter-
ies supplying the transverse and oblique musculature
[7]. The transverse incision is thus accompanied by
more blood loss than the midline incision and takes
longer to achieve [4, 8]. Exposure of the lesion is gener-
ally good, although unilateral incisions may provide a
somewhat limited view.

Closure of Incisions

The midline incision is possibly the most popular in-
cision amongst surgeons today. When investigating
alternatives to it, the baseline characteristics need to
be described. Midline incisions incise the skin, subcu-
taneous tissue, linea alba and the peritoneum vertically.
Midline incisions are easy, relatively little blood is lost
and the incision takes an average of 7 min to perform
[2-4]. The exposure achieved through a midline in-
cision encompassing the umbilicus is excellent, and
includes access to the retroperitoneum. The upper or
lower abdominal midline incisions may be utilized in
case the expected pathology is situated in the upper or
lower quadrants of the abdomen respectively. Exten-
sions may be made in cranial or caudal direction when
deemed necessary. The qualities mentioned above make
the midline incision the most ideal for emergency and
exploratory surgery.

Transverse Incision

Transverse incisions are possible at all levels of the abdo-
men. Common examples are the Pfannenstiel incision
just above the pubic bone and the upper right quadrant
transverse incision just below the costal margin.

The Pfannenstiel incision is approximately 8-12 cm
in length (distance between the superfiscial epigastric
arteries) and transsects the superficial fascia and the
fibrous rectus sheath. Further access is achieved by
a slightly more cranial, vertical incision of the fascia
transversalis, the preperitoneal fat and the peritoneum
[5]. Luijendijk has described incisional hernia forma-
tion in Pfannestiel incisions most recently and came

Midline Closure

Studies describing closure of incisions have been per-
formed focusing on continuous, interrupted, layered
closure and various suture materials (absorbable and
non-absorbable). A recent meta-analysis reviewed 13
[9-21] clinically homogeneous randomized controlled
trials comparing absorbable, non-absorbable, continu-
ous and interrupted closure of abdominal incisions [22].
Non-absorbable sutures were found to reduce incisional
herniae when compared with absorbable sutures. The
odds ratio (OR) favouring non-absorbable sutures was
0.68 (95% CI 0.52-0.87) combining data from nine trials
[9-12, 15-18, 21]. Neither wound infection nor wound
dehiscence was statistically more likely in absorbable
sutures. In contrast, suture sinuses and wound pain
were significantly more frequent in the non-absorbable
suture group with respective odds ratios of 2.18 (95%
CI 1.48-3.22) and 2.05 (95% CI 1.52-2.77).

Six trials were identified in the afore-mentioned
meta-analysis comparing interrupted and continuous
suture technique disregarding suture type [9, 12, 14,
17, 20, 21]. Continuous sutures compared favourably
to interrupted sutures (OR 0.73; 95% CI 0.55-0.99). No
statistical differences were found for wound dehiscence
and wound infection.

When taking into account the differences in tech-
nique (nine trials), continuous non-absorbable sutur-
ing outperformed the continuous absorbable suture in
incisional hernia prevention (OR 0.61; 95% CI 0.46-0.8)
[9-11, 14, 16-18, 21]. No significant differences were
found when comparing interrupted absorbable and
interrupted non-absorbable closure.



Closure of Transverse Incisions

A subgroup analysis revealed that use of slowly
absorbable polydioxanone (PDS) and polyglycolic
acid (Dexon) did not significantly increase the risk
for incisional hernia formation compared to polypro-
pylene. Polyglactin (Vicryl) compared unfavourably
with non-absorbable sutures. Previously Wissing et al.
have found that nylon has the lowest incidence of inci-
sional hernia yet is unfavourably associated with more
wound pain and suture sinuses than polydioxanone
sutures [21].

B Table 15.1. Randomized studies on incisional hernia
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Transverse Closure

Randomized studies, not mentioned earlier, specifi-
cally describing incisional hernia formation with re-
spect to midline, transverse and oblique incisions are
summarized in @ Table 15.1. Transverse incisions were
found to be prone to incisional hernia formation in
3.6 — 40% of patients. Fassiadis et al. used continuous
single-layered closure with nylon in the trial reported.
The hernia incidence in high-risk patients undergo-

Author Year Patients Incision(s) Fol- Rate of Technique, suture P
[N] low-up incisional type, layers [L] value
[months] hernia [%]

Blom- 1972 30 Transverse 8-24 9.5 Various suturesa, ns
stedt 2L <0.01
[24]

RCT 115 Midline 13.9 Various suturesa,

1L
80 Oblique 3.8 Various suturesa,
2L

Greenall 1980 235 Transverse >6 6.4 Variousa, 1 L, cont. ns
[8]

RCT 234 Midline >6 8.1 Variousa, 1L, cont.
Ellis [25] 1984 50 Transverse <12 14.0 Nylon, 1L, cont. ns

RCT 46 Parame- <12 174 Nylon, 1L, cont.

dian
Schoetz 1988 28 Transverse 1-12 3.6 PDS, 1L, cont. ns
[26]
172 Midline 1-12 2.9 PDS, 1L, cont.

Lord 1994 126 Transverse 12-72 135 Nylon, 2 L, cont. ns
[27]

RCT 109 Midline 16.5 Nylon, 1L, cont.
Fassia- 2005 15 Transverse >48 40 Nylon, 1L, cont. <0.01
dis [23]

RCT 22 Vertical 91 Nylon, 1L, cont.
Halm Sub. 60 Transverse 12-36 2 Vicryl, 2 L, comb. p=

0.02
RCT 63 Vertical 14 Vicryl, 1L, inter.

“absorbable/non-absorbable. RCT randomized controlled trial; ns not significant; cont. continuous; inter. interrupted;

comb. one layer cont. and one layer inter.; L layer; sub. submitted
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ing abdominal aortic aneurysm surgery was reported
to be 40%. In the transverse incisions studied by Fas-
siadis (using ultrasound) the incisional hernias were
found predominantly at the lateral border [23].

Schoetz found the most encouraging results in
closure of transverse incisions, 3.6% incisional hernia
incidence after continuous closure with polydioxa-
none.

No studies were found specifically comparing dif-
ferent methods of closure (materials or technique) for
the transverse incision.

Currently unpublished (submitted) results from
a randomized study (n = 150) performed at our own
institute confirmed the results that transverse incisions
(2% incisional hernia) are significantly less likely to de-
velop hernias compared to upper abdominal midline
incisions (14% incisional hernia) in the patients seen
at follow-up (B Table 15.1). Closure of the transverse
incision of the abdominal wall was achieved by closure
of the peritoneum and the posterior rectus fascia us-
ing a continuous, polyglactin 910 suture (Vicryl). The
anterior rectus sheath and the fascia of the internal and
external transverses were closed using simple inter-
rupted polygalactin 910 sutures (Vicryl).

Complications: Pain, Wound Infection
and Burst Abdomen

Armstrong et al,, reporting a randomized study compar-
ing midline and transverse incisions in 60 patients, have
documented significantly reduced postoperative pain

B Table 15.2. Data on burst abdomen incidence

for transverse incisions [28], a result that we confirmed
in our own (submitted) randomized trial. Halasz et al.
found a reduction in the use of analgesics in patients
after an oblique incision when compared to a parame-
dian approach [29]. A similar result was found by Gar-
cia-Valdecasas comparing oblique to midline incisions
[30]. The review by Burger et al. concluded that none
of the trials performed to date reported a significant
difference in surgical site infection rates [31].

Burst abdomen has an incidence between 0 and
2.5% and was found to be more likely after vertical in-
cisions. Pooling of data by Grantcharov and coworkers
revealed a significant difference between the incidence
of burst abdomen after vertical incision of 1% (46/4480)
and after transverse incision of 0.34% (15/4365) [32].
An odds ratio of 2.86 favouring transverse inci-
sion 95% CI 1.72-4.73 was subsequently calculated
(B8 Table 15.2).

Randomized Controlled Trial

The POVATI trial (ISRCTN 60734227), as initiated
by researchers from Heidelberg, Germany (Prof.
Dr. M.W. Biichler), compares the two most com-
mon incisions in general surgery, midline and trans-
verse [34].

The trial, which was started in July 2003, proposes
abdominal wall closure in a standardized way in both
groups: four Mikulicz clamps are to be placed at the
edges of the abdominal fascia and a continuous, all-
layer closure technique with two Mono Plus loops

Author Type No. of patients Incision(s) Rate of burst p value
of publication abdomen [%)]

Greenall [8] RCT 292 Transverse 0 0.2453
287 Midline 0.69

Thompson [33] Retr. 760 Transverse 0.5 0.004
603 Midline 25

Halasz [29] Retr. 3313 Transverse 0.33 0.009

3590 Midline 0.81

RCT randomized controlled trial; Retr. retrospective
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(Aesculap, Tuttlingen, Germany) performed, starting
from both ends of the incision with a 4:1 ratio (suture
length:wound length). Neither subcutaneous closure
nor subcutaneous drainage is proposed. Skin closure
is to be achieved with skin clips.

Primary outcome measures are the requirement of
analgesics and patient satisfaction. Secondary outcomes
are incisional hernia 1 year postoperative (diagnosed
by ultrasound). Burst abdomen, pulmonary infection
and wound infection are secondary endpoints, but are
also defined as adverse events.

Closure of the Transverse Incision:
How We Do It

Currently, hepaticopancreaticobilliary surgeons of the
Erasmus MC propose double-layered closure of trans-
verse incisions, reasoning that the cosmetic outcome
is more pleasing since, in their experience, the skin
inadvertently inverts when single-layered closure is
employed.

In detail, a USP 0 PDS loop (Ethicon, Johnson &
Johnson Amersfoort) is used to close the posterior fas-
cia in a continuous fashion starting at the lateral border
of the incision. Upon reaching the medial border of
the incision, the same loop, without interruption, is
employed to approximate the anterior fascia and the
internal and external obliques. A suture-length-to-
wound-length ratio of 4 to 1 is maintained through-
out. Subcutaneous closure is achieved in case the dead
space observed is deemed too large in the eyes of the
surgeon. For reduction of dead space interrupted
Vicryl (Ethicon, Johnson & Johnson, Amersfoort)
sutures are used. Skin closure is achieved by intra-
cutaneous, continuous suturing using Monocryl 5-0
(Ethicon, Johnson & Johnson, Amersfoort, The Nether-
lands).

Conclusion

Closure of transverse incisions can be achieved securely
using single as well as double-layered closure. Non-
absorbable or slowly absorbable sutures seem to be
advantageous in the prevention of incisional hernia,
as is continuous suturing technique. Slowly absorb-
able sutures seem to reduce the incidence of wound
pain and suture sinuses. Further research in the form of
randomized controlled trials seems warranted in light
of the lack of data on the topic of transverse closure
techniques.
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Schumpelick: How should we close transverse incisions,
what is your recommendation: single or double layer?
Jeekel: I close by single layer when it is a small muscle
and when it is a big muscle I do a double layer.



Introduction

Incisional hernia continues to represent a significant prob-
lem within the context of abdominal wall pathologies.

The incidence of incisional hernia has remained con-
stant over the past decade, despite numerous modifica-
tions in the techniques and materials used. It is a frequent
complication of abdominal surgery, with a reported inci-
dence of 2-11%. After procedures such as aortic surgery,
the rate can be as high as 16-20%. In the USA, 4 to 5 mil-
lion laparotomies are performed annually, which means
that at least 400,000 to 500,000 incisional hernias can be
expected to develop each year. Incisional hernia repair
is performed approximately 200,000 times per year. The
total financial cost of these operations could be around
2.5 billion dollars [1].

In general, the wound-healing process can be divided
into three stages: an inflammatory stage, a fibroplastic
stage and a stage of maturation. The inflammatory stage
lasts for 4-6 days, during which time the wound is pre-
pared for subsequent healing by removal of necrotic tis-
sue and bacteria. During this period, the wound has no
intrinsic strength and its integrity is entirely dependent on
the suture and the suture-holding capacity of the tissues.
This stage is followed by a fibroplastic phase character-
ized by collagen synthesis. During this second stage, the
wound rapidly gains in tensile strength by the bridging
over of collagen fibres. The fibroplastic stage is gradually
followed by a prolonged phase of maturation in which
collagen fibres are remodelled.

The tensile strength of a sutured aponeurosis after 2-3
weeks is about 20% that of unwounded tissue, and after 4
weeks is about 50%. After 6-12 months, the aponeurosis
attains about 80% of its original strength, but complete
recovery is never achieved.

Factors Contributing to the Genesis
of Incisional Hernia

Why do incisional hernias occur? Incisional her-
nias occur as the result of a biomechanical defect in
acute fascial wound healing, which affects the nor-
mal capacity of the abdominal wall to support in-
creasing tension during the postoperative recovery
period.

Most studies now support the theory that acute
fascial separation occurs early in the postoperative
period, during the course of acute wound healing at
a time when wound tensile strength is very low or ab-
sent (postoperative days 0-30), and leads to the de-
layed clinical development of abdominal wall incisional
hernias [2].

It is during this early period of acute wound healing
that the scar depends entirely on the integrity of the
suture to keep the abdominal wall closed. This integrity,
in turn, also depends on the success of the wound repair
process in each individual.

Several factors have been implicated in the aetiology
and pathogenesis of the incisional hernia [3].
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The most frequently identified clinical risk factors
for fascial wound failure and primary incisional hernia
formation include:
== Type of laparotomy
== Suboptimal closure technique
== [nfections
== Malnutrition
== Preoperative hypotension
== Jaundice, anaemia, corticosteroid therapy
== Biological disorders (collagen-related)

Transverse laparotomies generally show a lower inci-
dence of incisional hernia than vertical ones [4].

Many laparotomy closures are incorrectly under-
taken and basic rules such as the 4:1 Jenkins rule are
neglected [5]. In many cases, closure is undertaken by
surgeons early on in the learning curve with insufficient
training.

Infection has been directly linked to over 75% of
incisional hernias. In addition, malnutrition and sub-
stantial blood loss during surgery have been related to
a greater incidence of incisional hernia. Other factors
such as jaundice, anaemia and steroid treatment in-
terfere with the entire healing process in general and
therefore contribute to the appearance of this abdomi-
nal wall pathology.

Finally, there is also a series of factors related to
the tissue biology of each individual. These factors are
associated with the biological wound repair, or scar-
ring process. The scarring process in one subject ob-
viously differs to that in another, mainly because of
tissue components and inducers that mediate the pro-
cess.

Biological factors include the components of the ex-
tracellular matrix such as collagens and the enzymes
metalloproteinases (MMPs). Exogenous variables can
also predispose an individual to incisional hernia such
as smoking or a concurrent disease whose underlying
cause is a collagen alteration, including aortic aneurysm,
cutis laxa, Marfan’s syndrome, osteogenesis imperfecta,
and Ehlers-Danlos syndrome.

Biological Factors

The search for biological factors involved in the ap-
pearance of incisional hernia has been limited, un-
like the case for biological factors contributing to the
genesis of groin hernias. This is possibly because the
pathogenesis of incisional hernia depends on many
other factors other than those strictly classed as bio-
logical factors.

Biological factors, in an individual manner, closely
modulate the repair process at the level of the fascia;
this is the only retaining structure after a laparotomy
closure.

In fascial tissue, the mechanisms regulating the pro-
liferative and synthesizing capacity of fibroblasts have
not yet been defined. Neither do we know the reason
for the failure of a surgical wound that generates inci-
sional hernias.

To date, it has not been possible to establish a cor-
relation between the proliferative response of fascial
fibroblasts at the level of the cell cycle and wound heal-
ing failure [2].

Ischemia at the level of the fascial continuum could
arrest the cell cycle of the fibroblast as a reparatory cell.
This could occur in a technically deficient closure (when
the suture is too tight or closure is under tension) or in
cases of sustained intra-operative hypotension when the
oxygen supply to the tissues is reduced.

Notwithstanding, in the past few years some inves-
tigations have centred on those factors or diseases that
could condition the appearance of an incisional hernia
following laparotomy. Many of the factors identified
so far have also been implicated in the genesis of other
types of hernia such as groin hernias.

Experimental Models

Role of Cytokines: TGF-beta and FGFb

In a rat model, Franz et al. [6] created incisional her-
nias after performing a midline laparotomy closed
with a suture that was absorbable in the short term.
This generates a defect in the abdominal wall that pro-
duces a postlaparotomy hernia. Topical treatment of
laparotomy closures with recombinant TGF-p2 in an
aqueous medium has been noted to diminish the ap-
pearance of incisional hernia and to increase fibroblasts,
and collagen type-I and -III deposition, detected by
immunohistochemistry.

Using the same experimental model, DuBay et
al. [7] reported that by treating the fascia with FGFb
loaded in a polymer vehicle, the appearance of inci-
sional hernia was significantly reduced. In animals
treated with this growth factor, angiogenesis and col-
lagen deposition were also found to improve.

Another hypothesis proposed by the group of
Franz and Dubay [6,7], is that the aponeurotic tissue
of the abdominal wall is also dependent on mechani-
cal signals to regulate the homeostasis of the fascial
fibroblast. This mechanico-transduction theory pro-



Biological Reasons for an Incisional Hernia

poses that the load on soft tissue or bone is transmitted
to structural cells through the extracellular matrix, and
that there are integrin type receptors on the cell surface.
Mechanical failure or reduced mechanical signals, for
instance, when a suture fails, could lead to the impaired
kinetics and proliferative capacity of the reparative fi-
broblast.

It has been well established that during the repair
of tendons and ligaments, the mechano-transduction
pathway is important for triggering the repairing ac-
tions of fibroblasts. A wound in the fascia could show
similar behaviour.

Clinical Studies

Role of Collagen

Collagen plays a predominant role in any wound-repair
process. It constitutes the main axis of wound healing
along with the enzymes metalloproteinases (MMPs),
which balance their production and lysis.

Klinge et al. [8] observed an imbalance between col-
lagen I and III in patients with inguinal and incisional
hernia.

In cultures of fibroblasts taken from the skin of
patients with recurrent incisional hernia, Si et al. [9]
also noted an imbalance between collagen type I and
III. These authors also reported generally disorganised
levels of collagens in the extracellular matrix.

Rosch et al. [10] also described a reduction in the
collagen I/III ratio in patients with incisional hernia.

MMPs and Incisional Hernia
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Aortic Aneurysm and Incisional Hernia

The relationship among disorders in which extracel-
lular matrix components are involved, such as aortic
aneurysm, has been widely described in the litera-
ture.

Stevick et al. [15] first pointed out the link between
post-laparotomy incisional hernia and aortic aneurysm,
although Cannon et al. [16], had previously observed
a relationship between patients with inguinal hernia
and aneurysm.

In subsequent studies [17-19], a high incidence of
aortic aneurysm was correlated with a similar incidence
of incisional hernia.

The rate of incisional hernia has been reported
to be as high as 31% following midline laparotomy
for abdominal aortic-aneurysm repair [20, 21]. In a
recent randomized study performed on patients un-
dergoing surgery for aortic aneurysm, Fassiadis et al.
[22] noted a lower incidence of incisional hernia in
transverse laparotomies compared to midline proced-
ures.

Alterations to the extracellular matrix have been
reported by several authors.

In 1993, White et al. [23] reported that adventitial
elastolysis was a primary event in aneurysm forma-
tion. Later, enhanced MMP-2 and MMP-9 expression
was reported by Patel et al. [24], Skalihasan et al. [25],
and Tamarina et al. [26]. In cultured muscle cells har-
vested from the medial layer of the aortic aneurymal
wall, increased MMP-2 expression has been described
[27].

Smokers

A balance between extracellular matrix synthesis and
degradation is important for tissue integrity, because re-
modelling occurs continuously. MMPs are the enzymes
that regulate the components of the extracellular matrix.
Changes or defects in matrix molecules may also alter
tissue architecture, impairing the proper assembly of
the matrix components and modifying the mechani-
cal properties of the tissue. Some of these enzymes
play an important role in the general scarring process
[11,12]. Thus, wounds that are difficult to repair such
as in patients with diabetes show high MMP levels. In
these patients, skin fibroblasts have been found to show
increased amounts of MMP-2 [13].

In incisional hernias, Klinge et al. [14] found re-
duced MMP-1 expression compared to controls through
Western blot analysis of fascial tissue.

Smokers have a high risk of incisional hernia forma-
tion independent of other recognized risk factors, pre-
sumably owing to the detrimental effect of smoking
on wound healing. Diminished collagen deposition
in surgical test wounds has been observed in smok-
ers [28].

The link between inguinal hernia, aortic aneurysm
and smoking was first suggested by Read [29]. Accord-
ing to Read, the degradation of connective tissue caused
by imbalance between proteases and their inhibitors
could also be a contributing factor. Smoking has been
related to increased proteolytic activity, activation of
neutrophils and macrophages and the release of oxi-
dants, impairing the antiprotease defence mechanism,
leading to increased collagenolysis and inappropriate
repair [30].
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In a recent study, Sorensen et al. [31] linked smok-
ing with the appearance of incisional hernia. In this
study, the incidence of incisional hernia is four times
higher in smokers than non-smokers. A relationship
between smoking and hernia recurrence had already
been reported [32] in a study in which recurrence was
found to occur more frequently in smokers undergoing
herniorraphy.

In general terms, all the biological factors that
could induce the appearance of an incisional her-
nia are inter-related. It thus becomes obvious that in
the absence of other risk factors (infection, an inap-
propriate closure technique, malnutrition, jaundice
etc.), the biology of the individual plays a pivotal role.
Hence, when several biological risk factors are pres-
ent these could have a synergistic effect on the repair
process.

A smoker who also has a collagen disorder will
have a greater risk of developing an incisional her-
nia after a laparotomy. This would explain why her-
nia recurrence sometimes occurs after the successful
surgical repair of an incisional hernia. This event was
described in a recent report [33], in which recurrence
mechanisms of operated incisional hernias were classi-
fied.
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Discussion

Franz: In our experimental work we never found a collagen
synthesis defect in our animals. We can generate something
in the animal that looks very much like a human incisional
hernia without any recognizable biological defect, and that
is what bothers us as surgeons, that so many patients will
fail despite any easily recognizable biological defect; how-
ever, once the failure occurs and we are able to measure
postmechanical failure defects on the fibroblastic level, one
of our first surprising observations was that there never
was a defect in the collagen production either in the wound
or in the isolated fibroblast. The German group is good
about demonstrating isonomic imbalances and showing
perhaps pathology level that way, but we were never able
to measure a collagen total synthesis defect.

Kingsnorth: What has not been mentioned are two small
randomized trials using meshes prophylactically to sup-
port the wound, in aortic aneurysms and bariatric surgery.
This is probably working better than trying to supplement
the biological factors in the wound. What is your view of
prophylactic mesh in patients with high risk?

Bellon: I think that is the future ....



17.1 Technical Factors Associated With the Development of Incisional Hernia
M.A. CARLSON
Introduction Dehiscence vs. Incisional Hernia:

“Occasional contributions have appeared on the subject of
disruption of wounds for a long time, but more than forty ar-
ticles have been found in the American literature alone during
the last few years as evidence of its importance” (Singleton
and Blocker 1939 [1]).

Postoperative abdominal incision failure remains as much
a problem and topic of controversy today as it did nearly
a century ago. The predominance of the surgical literature
on incisional hernia describes and evaluates various repair
techniques; less is written on predisposition and prevention.
In the latter subset of the literature, emphasis has been
placed upon patient-associated risk factors in the patho-
genesis of incisional failure. Over the past several decades,
however, the idea that surgeon-associated (i.e., technical)
risk factors may be important in the etiology of incisional
hernia has been gaining more acceptance [2]. The postula-
tion that the surgeon could be the most important risk fac-
tor for this complication, however, is a more radical concept.
This brief review will emphasize the role of surgeon-related
factors in the development of incisional hernia.

Separate or the Same?

Abdominal wound dehiscence (variably known as
wound disruption, acute wound or fascial failure,
burst abdomen, etc.) and incisional hernia often are
thought of as two separate entities, but they prob-
ably are ends of the same continuum. In general, the
fascial disruption of wound dehiscence occurs in the
early postoperative period (within the first several
weeks); with incisional hernia, the disruption mani-
fests later. The skin remains intact in the latter, having
had ample time to heal, while in the former the skin
either disrupts with the fascia or leaks fluid. So does
an incisional hernia develop in a scar that has healed
and then weakens over time? The current data sug-
gest that a patient who acquires an incisional hernia
will have had evidence of that hernia in the early post-
operative period, i.e., during the time that a wound
dehiscence presents. This has been demonstrated in
midline incisions with the use of metal clips and plain
radiographs [3] or by measuring the distance between
the recti on CT scans [4].
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This would suggest that the hernia formation begins
very early. In other words, an incisional hernia might
be thought of as a “subclinical dehiscence” in which the
fascial failure, while not catastrophic and/or eviscerat-
ing, results in a gradually widening fascial defect. Of
course, not all incisional hernias would fall under this
etiology (see later discussion about buttonhole hernias),
but the realization that postoperative abdominal wall
hernia may have a very early origin implies that its cause
could be similar to that of wound dehiscence; and the
cause of wound dehiscence in the vast majority of cases
is a technical inadequacy [5-7]. That is, the fault lies
with the surgeon.

Choice of Incision

So if the responsibility for abdominal incisional her-
nia formation is technical inadequacy, what can the
surgeon do to circumvent this? In other words, what
are the forms of the technical inadequacy? The first
(in temporal order) is the choice of incision. The best
incision the surgeon can choose which will minimize
the risk of incisional hernia is a minimal incision. If
properly closed, trocar punctures from a minimally
invasive procedure produce incisional hernia in ~1%
of cases [8], which is much less than the 10-30% rate of
herniation typically quoted for conventional incisions.
Furthermore, since emphasis is being placed on the
utilization of laparoscopic instruments with a diameter
of <5 mm, the incidence of trocar hernia most likely
will decrease.

If a laparoscopic approach is not feasible, then for
a major intra-abdominal procedure the surgeon has a
variety of incisional choices; for simplicity, these will be
classified as either vertical (most commonly midline,
through the linea alba) or transverse. There is a large
amount of historical, retrospective data which suggests
that the transverse incision has a lower incidence of
dehiscence and hernia; for an early example of this,
see Singleton and Blocker’s review of 9000 incisions
[1]. This retrospective data is influenced by various
confounding factors (e.g., use of short transverse inci-
sions for cholecystectomy vs. longer midline incisions
for emergency procedures), but the preponderance of
the data (not reviewed here) favors the transverse in-
cision.

Three randomized controlled trials comparing
hernia rates in vertical vs. midline incisions have been
published [9-11], and these provide some support for
a lower risk of incisional hernia in transverse incisions.
The most recent trial [11] found a large, statistically

significant increase in the incidence of hernia in mid-
line compared to transverse incisions in a small group
(<40) of aortic aneurysm patients. This finding needs
to be tempered by the fact that the hernia incidence in
the midline group was 94% (certainly the highest ever
recorded in a hernia trial), which suggests a problem
with suture technique (an uncontrolled variable in this
trial). Currently there are no controlled data compar-
ing transverse to midline incisions in which the suture
technique is optimized and constant.

Two UK institutions reported a very low (1% or
less) incidence of postoperative hernia with the lateral
paramedian incision in trials during the 1980s [12-17].
This is a vertical incision through the lateral portion of
the rectus sheath, about two-thirds the distance from
the medial edge of the rectus. The rectus muscle is re-
flected medially during the operation, so upon layered
closure of the rectus sheath, the muscle covers the fas-
cial incisions. This provides a splinting effect which,
the authors claim, is the basis for the robustness of the
incision. The lateral paramedian incision generally takes
longer to perform, and requires more expertise than
the midline incision. Unfortunately, there have been
no corroboratory publications from other institutions
which validate the superiority of the lateral paramedian
incision.

Abdominal Entry

The next choice the surgeon has which may influence
the risk of wound failure is the act of incising the layers
of the abdominal wall. Animal experimentation has
shown that a small amount of tissue injury (such as
delivered with a scalpel blade) is important to incite
the appropriate amount of inflammation which will
produce the strongest scar [18]. On the other hand, too
much injury (such as that delivered with coagulation
current from the cautery blade) inhibits healing because
of fascial necrosis [19]. Even more dramatic is the effect
of delayed primary or secondary wound closure which,
in animals, can increase wound breaking strength (fas-
cial or dermal) by as much as 100% at 60 days compared
to primary closure [20, 21]. The presumptive cause of
this effect is the greater fibrotic reaction inherent with
an open wound. Data from humans in this area are ab-
sent and, of course, no one would recommend delayed
primary or secondary wound closure as the standard
operating procedure for elective laparotomy closure.
The time-honored tradition of entering the abdomen
with a clean swipe of the scalpel [22], however, still
applies.
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Choice of Suture Material

After the intra-abdominal procedure has been com-
pleted, the next choice the surgeon faces that may in-
fluence the risk of incisional hernia is suture material.
There is a wealth of both retrospective and controlled
data (not to be reviewed here) that scrutinizes suture
material. The bottom line is that with modern suture
material, the suture choice is of much less importance
than how the surgeon actually places it (see below).
That being said, there have been a number of meta-
analyses and systematic reviews which have favored
either nonabsorbable suture material (e.g., nylon, poly-
propylene) or slowly absorbable suture material (e.g.,
polydioxanone) in the closure of laparotomy incisions
[23-26]. The perceived detraction to using nonabsorb-
able suture is the development of buttonhole hernia [27,
28] which is a fascial defect created by the perpetual
sawing motion of the suture where it penetrates the
fascia. A patient can develop a cluster of these hernias
and end up with a so-called Swiss cheese abdomen.
Buttonhole hernia may be the reason why incisional
hernias continue to develop years out from the index
procedure [29]. It is difficult to say if the incidence
of buttonhole hernia is less with a slowly absorbable
suture.

Suture Technique: Suture-Length-
to-Wound-Length Ratio

The single most important surgeon-related factor in
the risk for incisional hernia is suture technique, which
entails items such as tissue bite, stitch interval, stitch
tension, and so on. In cases of wound dehiscence not
involving fasciitis, the most common cause of failure
is suture tearing through the fascia [5]. One possibility
suggested by this observation is that an inadequate tissue
bite during incisional closure will predispose the patient
to tissue tearing, which can result in acute wound failure
or delayed hernia. It is not surprising that in animal and
cadaver studies, a wider bite of fascia with the suture
results in a higher pull-out strength [30-32]. Further-
more, it has been shown that suture holding capacity in
experimental incisions of both the abdominal fascia and
hollow viscera actually decreases during the early post-
operative period [33], presumably because the region
immediately adjacent to the incision is biochemically
active (e.g., matrix metalloproteinase activation) and
becomes “soft” [34]. So, taking a wide bite with the
suture needle would avoid this biochemically active
wound region.
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B Fig. 17.1. Suture-length-to-wound-length ratio [6]

So how wide a bite should be taken? If 1 cm is bet-
ter than 5 mm, then why not 2 or 3 cm? Indeed, in
some of the early experience with wide bite closure,
some surgeons routinely placed retention sutures. For
example, Kennedy [35] informally described the per-
formance of around 30,000 abdominal incisions over
a 56-year period (between him and his mentor, Joseph
Price), and could recount only one case of dehiscence
and no hernias (!). Their technique of closure involved
through-and-through (all layers, dermis to peritoneum)
silk sutures, placed 1 inch (2.5 cm) back from the
wound edge, three for every inch of incision, and tied
loosely. They also closed the fascia with buried sutures
prior to tying the through-and-through sutures. The
silk retentions typically were removed on postoperative
day 10. Such routine retention suture placement prob-
ably would not be readily accepted today, but the above
experience is illustrative of the benefit of generous tis-
sue bites and short stitch interval on the prevention of
wound failure.

The first individual to apply some science to wide
bite closure was TPN Jenkins [6, 36]. He introduced the
concept of suture-length-to-wound-length ratio (SL:
WL), as shown in B Fig. 17.1. This applied to continu-
ous closures, and was equal to the length of suture used
to close the incision divided by length of the incision.
The suture length was dependent on two parameters:
the stitch interval (distance AB in 8 Fig. 17.1) and the
tissue bite (one half of the distance TD in B Fig. 17.1).
Jenkins determined that a SL:WL of > 4 was protec-
tive of dehiscence; he had only one burst abdomen in
1500 closures in which he maintained this ratio (0.07%
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B Fig. 17.2. Role of stitch interval vs. tissue
bite in rat vertical midline wounds closed

with a constant SL:WL of 4. The wound

in C was the strongest immediately after
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dehiscence rate). Jenkins also applied this technique to
primary suture repair of incisional hernia and, employ-
ing SL:WL as high as 44, he achieved a relatively low
recurrence rate of 8%.

The use of SL:WL in abdominal incision closure
was popularized by Israelsson and colleagues dur-
ing the 1990s [2, 7, 37-40]. They demonstrated that
maintenance of a SL:WL greater than 4 (particularly
in regard to vertical midline incisions) minimized the
occurrence of both dehiscence and hernia. The primacy
of a SL:WL of 4 in the prevention of wound failure was
corroborated experimentally by the Aachen group [41,
42]. But, analogous to the question above, if a SL:WL
of 4 is good, would 5 or more be better? Perhaps not;
clinically it was observed that a SL:WL > 5 was associ-
ated with an increased incidence of wound infection
(and subsequent wound failure), especially in obese
patients [43, 44].

Experimentally, excessively wide bites have dis-
advantages. In rat incisions closed with a constant SL:
WL of 4 [45], wounds with a relatively short stitch
interval and small tissue bite were stronger on post-
operative day 4 than wounds with a relatively long
stitch interval and large tissue bite (8 Fig. 17.2). That
is, the wounds with more stitches and smaller bites
fared better. In a study with pigs [46], closing a vertical
midline incision with wide interrupted bites through
the rectus sheath and then maintaining 20 mmHg of
intra-abdominal pressure for 3 h resulted in rectus
muscle tearing and hemorrhage with greater wound
edge separation (as marked with metal clips), as com-
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closure, but the wound in A and B were
stronger on postoperative day 4 [45]

pared to wounds in which stitches took only bites
of the anterior sheath. Early wound separation is, as
noted above, an early indicator of incisional hernia.
The implication of these experimental data and the
above clinical studies was that a mass stitch in wide
bite closure might be detrimental to incisional heal-
ing. So the simple concept of “more is better” in wide
bite closure may be subject to some qualifications. The
final word probably has not been heard in this arena.

Suture Technique: Tension

There are two types of tension which are relevant to
incisional healing. The first type is tension that the
surgeon (or first assistant) places on the suture during
closure. It has been shown experimentally that excessive
suture tension decreases wound strength [30, 42, 47-49]
and perfusion to the central portion of the wound [50].
Of course, inadequate tension on the suture (i.e., too
loose) will result in protrusion of intestinal loops, peri-
toneal fluid leaks, wound edge separation, and eventual
hernia. One group found that compression suture of
vertical midline incisions (in which each individual
loop of a continuous suture was tightened with 5 kg of
force) in patients resulted in fewer wound complica-
tions compared to a closure with nontightened loops
[51]. This finding is somewhat counterintuitive to the
clinical adage of “approximate, don’t strangulate” Cur-
rently, there is no consensus on the amount of tension
to place on suture during closure.
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The second type of tension relevant to incisional
healing is that required to bring the wound edges to-
gether, or tissue tension. This also is the tension across
the wound, or suture line, after closure has been com-
pleted. Another maxim in surgery is that suture lines
under tension will be at an elevated risk for failure; this
has been confirmed in the laboratory [47, 52]. There
are some experimental conditions, however, in which
suture line tension actually increased wound disrup-
tion strength [3, 53]; in addition, tension stimulated
granulation tissue growth in animal excisional wounds
[54, 55]. There may be some level of tissue tension that
is optimal for incisional healing; clinically, however,
this has not been defined. Furthermore, a critical level
of tissue tension beyond which the risk for incisional
failure is unacceptable also is not known.

Suture Technique: Other Issues

Perhaps less controversial in the recent literature are
choices between continuous vs. interrupted sutures and
mass vs. layered technique. There have been multiple
retrospective reviews that document the efficacy of vari-
ous combinations (running mass, interrupted layered,
etc.) which will not be reviewed here. There also have
a number of meta-analyses which have concluded that
continuous sutures are superior to interrupted [23-26,
56]. One large randomized controlled trial comparing
running vs. interrupted laparotomy closure [57] dem-
onstrated that the former had fewer wound complica-
tions (mainly dehiscence; follow-up was for 30 days).
The Smead-Jones suture technique [58], also known
as far-near near-far sutures, intermittently has been
touted (with uncontrolled clinical data) as protective
against wound failure. A variant of this technique, the
continuous double-loop suture, was shown to be acutely
stronger than other techniques in the rat; interestingly,
this technique failed in comparison to conventional
running suture in a clinical trial [59]. Retrospective data
has demonstrated that routine retention suture place-
ment (Mont Reid type [60]) at the index laparotomy
prevents acute wound failure [35, 61]. This was con-
firmed experimentally in dogs [62], but not in a clinical
randomized trial [63]. Other than the salutary effect of
closely spaced retention sutures on hernia prevention in
older retrospective data [35], the efficacy of retentions
in modern-day hernia prophylaxis is unknown.
Prophylaxis of surgical wound infection, while not
completely under control of the surgeon, should be
mentioned in an article such as this, because infection
repeatedly has been shown to be an independent risk
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factor in the development of incisional hernia (data not
reviewed here). Of note, the Israelsson group has shown
that a SL:WL of 4.0-4.9 is optimal value for minimizing
wound infection risk and subsequent incisional hernia
[38,43].

Novel Techniques for Prevention
of Incisional Hernia

Recently, the feasibility and efficacy of prophylactic
mesh placement for reinforcement of laparotomy clo-
sure has been demonstrated in one small randomized
trial of high-risk patients [64] and two small series
of bariatric [65] and aortic aneurysm [66] patients.
The optimal placement technique (e.g., sublay vs.
onlay) is not known. In regard to intestinal stomas,
there has been one small randomized trial of routine
placement of a light-weight composite mesh (Vypro)
at the time of stomal creation [67], which demon-
strated a reduction of parastomal hernia formation in
the mesh patients. Mesh reinforcement of primary hia-
tal herniorrhaphy also was efficacious in reducing her-
nia recurrence in a randomized trial [68]. Prophylactic
mesh placement is an exciting and intriguing area in
abdominal wall surgery, and needs further study.

A novel technique of laparotomy closure recently
described in animals by the Aachen group is tension
banding or the bridging technique [50, 69], in which
the fascial edges of a vertical midline incision are coated
by polylactide (slowly absorbable synthetic) U-stitches
placed into two parallel polylactide strips that have
been affixed to the anterior sheath (8 Fig. 17.3). This
technique provided equivalent or better wound perfu-
sion and strength compared to conventional suturing
or onlay mesh placement. The advantage of the bridg-

B Fig. 17.3. Tension banding for laparotomy closure [50]
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ing technique has been postulated to be the avoidance
of both foreign material at the wound edge and the
strangulating effect of incisional sutures. Clinical data
are not yet available.

Recommendations

The ability to prevent both abdominal wound dehis-

cence and incisional hernia primarily lies with the sur-

geon and the technique used to close the laparotomy

incision. That being said, the technical recommenda-

tions to minimize the risk of incisional hernia after

major laparotomy which are promoted by this article

are as follows:

== Avoid large incisions by performing a minimally
invasive procedure whenever possible.

== Consider transverse incision as an alternative to the
vertical midline incision.

== Avoid the coagulation current of the cautery when
incising the aponeurosis.

= Utilize either a nonabsorbable or a slowly absorb-
able suture.

== In a running closure of a vertical midline incision,
maintain the suture-length-to-wound-length ratio
between 4 and 5.

== Avoid excessively wide suture bites which incorpo-
rate large masses of muscle and fat.

== Avoid incisional closure in the presence of excessive
tissue tension.

== Maintain adequate suture tension to coapt the fascial
edges, but do not strangulate the tissue.

== Choose running suture over interrupted.

== Minimize the risk of surgical wound infection.

== Consider prophylactic mesh placement for the pa-
tient at high risk for wound failure.
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Discussion

Schumpelick: What about the time course of incisional
hernia development? There are interesting investigations,
for example by CT scan from Prof. Jeekel. The second
question is about suture tension: what is tension? How
do you measure it?

Carlson: The time course is difficult to say. The risk re-
mains forever. A number of people have documented
hernia formation 10 or 20 years after the operation, I
think those are typically buttonhole hernias that you see

after these years, but the risk remains as long as you
live. The suture tension remains a secret, we know it is
important but we have no way to quantify. How to stan-
dardize so that 1000 surgeons can do the same thing, we
don’t know.

Schumpelick: About 3 years ago we developed a tensiom-
eter, measuring the knotting tension of different doctors.
At a different time of the day and at different types of
operations. It showed that we use too much tension, with
a little less in the afternoon than in the morning, and in
a re-operation there is a higher tension, that means we
have to measure it. More studies concerning the problem
and validation of tension are necessary.

Jeekel: In the mentioned CT investigation it was shown
that in people who developed a hernia it was already vis-
ible on the CT scan with the fascia edges widening.
Deysine: I heard several times to use a mesh when the
fascia has not enough strength, in other words support a
wound with a mesh. I want to caution that when you do
that you have to double the caution to keep the wound
clean, asepsis and antisepsis and antibiotics, in other
terms, the rate of wound infection will increase.

Kehlet: I think we have a great problem to translate sci-
ence into the daily clinical practice. Every lecture says
transverse incisions and suddenly you say you are not
using it and when I look around seeing fast-track surgery
they never use transverse incisions, so how can we spread
the message and why is it that you are using vertical in-
stead of transverse incisions? Here in the lecture room you
say transverse but when you go home to your operation
room you do the opposite.

Jeekel: And then, Dr Kehlet, we talk about prevention
by using a mesh instead of using the right incision, yes
thats amazing.

17.2 Technical Pitfalls Favouring Incisional Hernia From an Expert in Laparoscopic Surgery

S. MORALES-CONDE

Introduction

Laparoscopic surgery continues to advance in achieving
further benefits over the conventional approach for cer-
tain pathologies. In 1991 LeBlanc et al. carried out the first
laparoscopic repairs of ventral hernias [1]. Although not
originally considered to be a pathology that could benefit
from this approach, laparoscopic repair of ventral hernias
has attained wide acceptance in recent years because of

the significant advantages afforded by improvements in
prosthetic materials and in attachment methods, as well as
in the surgical technique used. The laparoscopic procedure
offers greater comfort during the postoperative period, re-
duces hospitalization time and lowers complication rates.
Even though many series still have a limited follow-up,
the technique has shown lower rates of recurrence than
the open methods, making it a procedure that solves a
long-standing challenge for the surgeon. The relationship
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between laparoscopic surgery and ventral hernias could be
established in three senses. On the one hand, the fact that
the rate of recurrences after laparoscopic ventral hernia repair
is lower compared to an open repair, due to different factors
that could be analyzed; on the other hand, there are some
technical aspects of the laparoscopic repair of ventral hernias
that may influence in the possibility of having a recurrence.
Finally, laparoscopy, as an approach, could be involved in
the production of hernias, such as trocar site hernias or tack
hernia, as we will describe during this chapter.

Factors That May Influence a Lower
Incidence of Recurrences After Laparos-
copic Incisional Hernia Repair Compared
to an Open Repair

There are different comparative studies published in the
literature comparing laparoscopic and open ventral her-
nia repair (B Table 17.1). The purpose of these studies
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was to determine whether laparoscopic intraperitoneal
prosthetic patch repair of a ventral hernia is superior to
open-mesh repair. Laparoscopic hernioplasty is as safe
and effective as the traditional open technique with
shorter length of stay and decreased hospital costs.
In these series that have been published [2-6, 8-10],
laparoscopic ventral hernioplasty compares favourably
also with respect to wound complications, hospital stay,
operative time and recurrence rate, and only one study
[7] shows that laparoscopic incisional hernia repair of
at least moderate complexity had no demonstrable ad-
vantage over the open repair.

Different questions arise after analyzing these
studies, such us why laparoscopic repair shows better
results than open conventional mesh repair and, es-
pecially why the rate of recurrences is lower. Differ-
ent factors have been related to recurrences after
open repair including wound infection and other lo-
cal wound complications, size of the hernia, obesity,
age, respiratory disease, sex (male), site of the her-

B Table 17.1. Comparative studies between laparoscopic and open ventral hernia repair

Technique No. Compl. Operative Hospital Infection Recurren-
[%] time [min] stay [days] [%] ces [%]

Holzman et Open 16 31 98 5 6 13
al. (1997) [2] Laparoscopic 20 23 128 1.6d 5 10
Park et al. Open 49 37 78 6.5 2 35
(1998) [3] Laparoscopic 56 18 95 3.4 0 11
Ramshaw et Open 174 26 82 2.8 3 20.6
al. (1999) [4] Laparoscopic 79 15 58 1.7 0 25
Carbajo et al. Open 30 50 112 9.1 18 7
(1999) [5] Laparoscopic 30 20 87 2.2 0 0
De Maria et Open 18 72 - 44 33 0
al. (2000) [6] Laparoscopic 21 57 - 0.8 10 6
Chari etal. Open 14 14 78 55 0 -
(2000) [7] Laparoscopic 14 14 124 5 7 -
Robbins et al. Open 23 - - - 30 -
(2001) [8] Laparoscopic 31 - - - 16 -
Wright et al. Open mesh 90 28 102 25 13 6
(2002) [9] Open nom 119 22 70 1.5 10 9

Laparoscopic 86 24 131 1.5 9 1
MacGreevy et Open 71 21 1.7h 1.5 - -
al. (2003) [10] Laparoscopic 65 8 22h 1.1 - -
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nia, number of times the hernia have recurred and
the presence of non-palpable defects. Some of the
advantages of laparoscopic repair are the possibility
that this approach offers to reduce the presence of
some of the factors involved on having a recurrence.
The rate of local wound complications, and especially
wound infection, is lower after a laparoscopic repair,
as has been demonstrated in different studies, decreas-
ing from 30 to 16% in some series that specifically have
measured the rate of this complication, while some se-
ries demonstrated that this rate can even be reduced to
0% [3-5] after the laparoscopic approach. We believe
the main reason for this is the fact that the presence
of seroma after an open and a laparoscopic repair is
very frequent. After an open repair the possibility of
infection of the seroma is higher since the incision
performed is localized at the top of this fluid, which is
close to the mesh. In these situations, bacteria from the
skin could easily come into contact with the seroma,
and the possibility of contamination infection of the
seroma and the mesh increases. On the other hand,
after a laparoscopic approach, trocar sites are far from
the area where the seroma and the mesh are, so this area
could be maintained under sterile conditions and the
possibility of infection decreased (8 Fig. 17.4a,b).

Another factor that is involved in the presence of
hernia recurrences after an open repair is obesity. Pa-
tients who are morbidly obese traditionally have been
considered poor surgical candidates for ventral hernia
repair because of their associated comorbidities and
risk of postoperative wound infection and hernia recur-
rence. Laparoscopic repair of ventral hernias in patients
who are morbidly obese is both safe and feasible, and
can be performed with minimal morbidity. Birgisson
et al. [11] have demonstrated that this factor does not
play a role in recurrences during laparoscopic repair,
since the rate of recurrences after this approach has no
relation to the BMI of the patient.

One of the advantages of laparoscopic surgery is that
it offers the possibility to find the presence of non-pal-
pable defects that have not been detected during clinical
examinations. The laparoscopic approach allows a total
exposure of the incision once adhesiolysis is completed,
and those small defects or weakness of the anterior ab-
dominal wall can be easily detected, factors that could
be involved in the presence of further recurrences and
that are difficult to identify during an open repair. One
of the recommendations during the laparoscopic ap-
proach of incisional hernias is to expose the whole area
of the incision to detect these weak areas, which must be
covered with the mesh with a proper overlap. In fact, it
has been published [12] that 13.1% of the patients who
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B Fig. 17.4. a Seroma after open mesh repair. Incision is at the
top of the fluid collection, which increases the possibility of
contamination infection. b Seroma after laparoscopic mesh re-
pair. Trocar site is far from the serma and the mesh, which are
under sterile conditions

undergo a laparoscopic repair of an incisional hernia
have multiple defects, and the average number of defect
found is 4.8, more than the number detected during
clinical examination [13].

Technical Aspects of Laparoscopic Ventral
Hernia Repair That May Influence in Hernia
Recurrences

Incisional hernia underwent a change from conven-
tional techniques to laparoscopic approach. The rel-
evance of different factors, such as operative technique,
mesh material and fixation, concerning the outcome
following laparoscopic repair, are still under debate.
Laparoscopic repair revealed acceptable recurrence
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rates with high patient comfort. From a surgical point
of view, the most important prognostic factor following
mesh repair is the surgeon’s experience, although some
factors can be analyzed to try to reduce the presence
of recurrences.

What Area Should Be Covered?

New hernias below original hernias have been de-
scribed as a factor of recurrence after open repair.
This factor has also been described after laparoscopic
approach [14], which has led to recommending to
cover the entire incision even in those cases in which
a weak area is not detected, since this damaged tissue
could be involved in the presence of a new hernia.
At present, it appears evident that when undertaking
laparoscopic repair of an incisional hernia, adhesio-
lysis must cover the entire area of the previous scar
in order to identify possible wall defects at this level,
other than those originally destined to be repaired. This
is precisely one of the advantages of laparoscopy over
traditional open repair. Defects that were not identified
during the clinical examination and that were the cause
of recurrence or appearance of a new defect after open
repair can be detected and repaired in the same surgical
procedure [15].

How Should the Area of Placing the Mesh Be
Prepared?

There are two factors that may influence a proper repair
of a ventral repair regarding the area where the pros-
thetic material is going to be implanted. On one hand,
the intraperitoneal fatty tissue of the anterior abdominal
wall must be removed to guarantee a proper fixation
of the mesh. This fatty tissue, including the round and
the falciform ligament, should be removed so the spiral
tacks could reach the aponeurosis of the muscle to fix
the mesh more consistently.

On the other hand, the process of removing this
fatty tissue, together with the adhesiolysis, will produce
an inflammatory reaction of the peritoneum, which
will increase the ingrowth of the prosthetic materi-
als. This fact is especially important when composite
materials with polypropylene mesh in the parietal side
are used, since this material needs this inflammatory
reaction to improve the ingrowth. This does not oc-
cur with meshes of ePTFE since this material follows a
pattern of encapsulation to be attached to the anterior
abdominal wall.
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How Should Size of the Mesh Be Selected?

The two factors that should be considered during
a laparoscopic repair regarding mesh size are the
following: it is safer to avoid recurrences by using
one large mesh than two pieces of the material, since
the area where the two meshes overlap is a weak
area that has been related to the presence of recur-
rences [16].

On the other hand, it has been described that recur-
rences were reduced because of the use of an increased
overlap of the biomaterial [14]. Prostheses initially rec-
ommended were small; overlapping the defect by only
2 (17, 18] to 2.5 cm [3] in all directions, and not the
minimum of 3-5 cm currently recommended. Recently,
we have demonstrated in an experimental study that
expanded polytetrafluoroethylene (ePTFE) prosthe-
ses decreases in size once they have been implanted
(1.63 cm out of 4 cm after 5 weeks), probably because
of the scar tissue reaction and the encapsulation process
experienced by the mesh [19], so recurrences in these
initial experiences could have happened mainly because
of the smaller size of the mesh.

How to Fix the Mesh?

One of the most interesting points currently being de-
bated is whether or not it is necessary to use sutures
and tacks or tacks alone, following the double crown
technique (B Fig. 17.5), or other additional methods of
fixation, such as biological glues or the new method of
fixations available.

Despite the lower recurrence rate, various authors
have made efforts to analyze the causes for recurrence
in order to adequately define the laparoscopic tech-
nique and thereby achieve an even lower recurrence
rate. Initial laparoscopic ventral hernia repair series
established a direct correlation between recurrence
and the absence of transfascial sutures [9, 18, 21]. In
fact, they demonstrated that one of the essential fac-
tors to avoid recurrence is the use of these sutures
[22]. Analysis of the data derived from these early
series, data which were later the basis for recommen-
dations on the use of sutures, shows that there could
have been other factors involved in the development
of recurrence in these patients besides the use or not
of transfascial sutures: prostheses initially recom-
mended were small, the method of fixation was also
inadequate, since tacks were not yet available and mesh
patches were anchored with the old endostaplers that
did not ensure secure attachment of the material, and
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B Fig. 17.5. Double crown technique for laparoscopic ventral
hernia repair. Tear in the peritoneum and the muscle produced
by a tack in a pig after increasing intra-abdominal pressure after

a laparoscopic incisional hernia repair. These tears could be a
tack hernia in the future

lastly, the learning curve of these initial series could
be more directly related to the appearance of recur-
rences.

An analysis of our recurrences following the double
crown technique shows that they were not directly re-
lated to the use of sutures [20] In a series that advocates
the use of sutures, the recurrence rate ranges anywhere
from 0 to 8.3%, with a mean of 3.98% [21]. The recur-
rence rate of our series is 2.14% with a mean follow-up
of 40 months [20].

This surgical technique, double crown, has some
advantages over the use of transfascial sutures that
could be related to the presence of recurrences, since
this technique reduces the dead space between the mesh
and the anterior wall of the abdomen, which will reduce
the amount of fluid from the seroma in this area, what
will favour the ingrowth of the mesh, accelerating the
biological fixation of the mesh. On the other hand, the
inner crown of spiral tacks will guarantee a proper fixa-
tion of the mesh since the scar tissue at the edge of the
defect will offer a consistent fixation.

How Could the Seroma be Decreased?

Seroma is a frequent complication of laparoscopic or
open repair of ventral hernias. The presence of seroma
is due to different factors, one of them related to the fact
of leaving the sac in place during the procedure, since
the sac is not excised once adhesiolysis is completed. A
recent study revealed the presence of seroma in 100%
of patients when an ultrasound examination is done,

B Table 17.2. Decrease in the rate of seroma after injec-
tion of fibrin glue (Tissucol, Baxter Biosurgery) in the sac
of the hernia

3 months

1 week 1 month

Seroma 95.2 529 0
without

fibrin

glue [%]

Seroma 66.6 83 0
with fib-
rin glue

[%]

while it is diagnosed clinically in only 35% of cases [23],
this rate being very variable in the literature; but the real
incidence has not been established properly. Seroma
can produce pain and discomfort in the abdominal wall
of the patients, and could also have some influence in
recurrences for two reasons: the fluid between the mesh
and the abdominal wall will delay ingrowth of the pros-
thetic material and, on the other hand, aspiration of the
content has the risk of introducing bacteria, resulting in
infection and the recurrence of the hernia.

Different methods have been proposed to decrease
the incidence of seromas with not too good results, by
cauterizing the sac by monopolar cautery, harmonic
scalpel [24] or using argon beam. For these reasons we
have been working to reduce the presence of seroma
after the laparoscopic repair. The injection of fibrin glue
(Tissucol, Baxter Biosurgery) in the sac of the hernia,
after the repair has been completed, has reduced the
rate of seromas after the surgery in a study we are con-
ducting in our hospital. Our preliminary results show
a reduction of the presence of the seroma 1 week after
surgery from 95.2 to 66.6% and from 52.9 to 8.2% after
1 month (B Table 17.2).

Laparoscopy as a Factor in Production
of Hernias

Hernia at Trocar Sites

Incisional hernia after laparoscopic surgery is related
to trocar sites. Such hernias are attributed to the dif-
ficulty of applying standard suturing techniques to
wound closure, and to the fact that intra-operative
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dislodgment and re-insertion of working trocars may
create fascial defects larger than the actual size of the
trocar. Trocar-site incisional hernias and their com-
plications are reported in 1 to 6% of patients [25],
and they have even been described after using 3-mm
trocars [26]. The following risk factors for the devel-
opment of trocar site hernias have been identified:
the trocar diameter, the trocar design, pre-existing
fascial defects, and some operation- and patient-
related factors. Peritoneal and fascial closure should
be done when blunt trocars of >10 mm have been
employed. In order to avoid these hernias, fascial de-
fects of 10 mm or larger should be closed, including
the peritoneum. Opinion varied if a 5-mm trocar site
defect should be closed [27], although complications
have been reported in the literature related to this trocar
size especially in infants, this fact have lead to recom-
mend to close this trocar in children [28]. The site of
the trocar is also important since umbilical trocars are
more likely to produce incisional hernia than extraum-
bilical hernias. The frequency of incisional hernias at
extraumbilical 10 and 12 mm trocar insertion sites is
0.23 and 3.1% [29], respectively, rates lower than series
in which umbilical trocars are included.

With increasing numbers of laparoscopic procedures
more postoperative trocar site hernias can be expected;
23% of the laparoscopic ventral hernias repair we per-
formed in our unit in 2005 were hernias at the trocar
sites. This complication of minimally invasive surgery is
rare but potentially dangerous. Among trocar site her-
nias, Richter’s hernias are the most frequent, accounting
for two-thirds of all small intestinal hernias [30].

Umbilical Hernia and Laparoscopic Approach

The incidence of umbilical hernias following laparo-
scopic surgery varies from 0.02-3.6%. The incidence
of pre-existing fascial defects, however, may be as high
as 18% in patients undergoing abdominal laparoscopic
surgery [26]. The presence of pre-existing fascial defects
can cause increased morbidity in any laparoscopic sur-
gery, and may predispose the patient to site herniation.
The detection and management of these defects is cru-
cial in preventing postlaparoscopic complications.

In our institution, 6.4% of the patients who under-
went a laparoscopic cholecystectomy in 2005 showed
the presence of an umbilical hernia, which is considered
a factor that increases the possibility of developing an
incisional hernia at this trocar site. Our approach to
the combination of these pathologies in a patient who
undergoes a laparoscopic cholecystectomy is as follows:
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in case the hernia is smaller than 3-4 cm a herniorraphy
is performed, but if the hernia is larger than 4 cm a
laparoscopic mesh repair is carried out, if the condition
of the gallbladder allows this repair to be performed
without any risk of contamination of the mesh.

Tack Hernias

Laparoscopic repair of incisional and ventral hernias is
evolving into the armamentarium of many surgeons.
Currently, most surgeons use transfascial permanent
sutures to fixate the mesh securely or the double crown
technique to perform this surgery. The placement of
additional tacks along the periphery of the prosthe-
sis, in those who use transfascial sutures, serves to ap-
proximate the patch so that ingrowth of tissue can occur
and also to prevent the migration of bowel between the
sutures. Since the helicoidal tacks have been available,
surgeons have used them to secure the mesh without
apparent complications. The increased use of this tech-
nique may identify unusual or unexpected outcomes.
One of these has been identified as a tack hernia. Tack
hernia was first described by LeBlanc in 2003 [31], due
to the presence of a hernia in two patients previously
submitted to a laparoscopic ventral hernia repair. This
new entity is a hernia at the site were the tacks were
placed. This discovery of fascial disruption by these
devices that has resulted in herniation is a completely
new finding. Conceivably, there may be several of these
“failures” noted in the future. Conversely, it is also pos-
sible that some of the recurrent hernias that have been
reported in the literature may, in fact, have been the
result of the development of these tack hernias. It is
believed that once these hernias have enlarged signifi-
cantly, it may be quite difficult to identify the etiology
with absolute certainty.

In a study conducted in our institution, we have
demonstrated that the increase in the intra-abdominal
pressure in the immediate postoperative period may be
the etiologic pathology that results in the production
of this new entity. Ten pigs underwent a laparoscopic
repair of a ventral hernia following the double crown
technique in our lab. Following the implantation of a
ePTFE mesh, pigs were submitted to the maximal hu-
man physiological increase of intraabdominal pressure
from 113 mmHg (Valsalva manoeuvre) to 277 mmHg
(during weight lifting in male athletes). This increase in
intra-abdominal pressure was performed immediately
following patch implantation, five times during 20 s
duration, and during a single duration of 5 min. Any
observable changes between the interface of the mesh
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and the abdominal wall of the pigs were observed. Tears
in the peritoneum, fascia and/or muscle were observed
in five of the ten pigs studied (50%) subsequent to the
initial increase in intra-abdominal pressure. These tears
were observed along the edge of the mesh at the tack
sites and resulted from the movement of the mesh that
was caused by the increase of the intra-abdominal pres-
sure and the distension of the abdominal wall.

The conclusion of this study shows that the avoid-
ance in any cause of the increase in the intra-ab-
dominal pressure following surgery during the post-
anesthesia period or by postoperative emesis may pre-
vent this entity.
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Discussion

Read: You talked about removing fat from the abdomen,
and I think we have to be careful when we describe fatty
deposits we have to remember there is an extraperito-
neal fatty layer and this may herniate, then there can be
separate lipomas, there can even be leiosarkomas, so 1
think we have to be careful in the use of terms in regard
to the abdominal fat.

Van Geffen: I want to go back some steps to the indication,
because in the whole group of patients with incisional her-
nias there is on the one hand a primary incisional and on
the other hand patients with an abdominal disaster, such
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as severe pancreatitiy, treatment with open abdomen.
Where are the borders of laparoscopic approach? Within
which indications do you try a laparoscopic approach in
a patient or not?

Morales Conde: Talking about indication we have our
philosophy. We can talk about size and adhesions, but
the cases where you should avoid a laparoscopic ap-
proach are those with previous tuberculosis or patients
after radiotherapy. The problem about the other cases
with peritonitis ... you have to find a safe access to the
abdomen.

Another thing is, it depends how the rectus muscle is, so
maybe in some cases you need to approximate the rectus
muscle to have a physiological function of the abdominal
wall, something we don’t know yet.

Van Geffen: So if I understand you right, beside the pa-
tients with an enormous loss of abdominal wall there is
no contra-indication to trying to get access and trying a
laparoscopic approach.



Introduction

Our understanding of the pathobiology of hernia forma-
tion has grown tremendously in the past decade. Indeed,
several well-designed, molecular-based studies have
shown that many acquired hernias (e.g. direct inguinal
hernia) as well as incisional hernias arise in the setting
of measurable abnormalities in tissue healing - either in
the production of the various types of collagen or in the
remodeling and breakdown via matrix metalloprotein-
ases [1, 2]. In addition, several well-conducted, long-term
studies (>5 years follow-up) have shown that the rate of
recurrences after primary autogenous repairs of incisional
hernias is really much greater than we ever appreciated
previously [3, 4].

These types of studies in the basic science of hernia for-
mation, complemented by clinical experience with pros-
thesis-based repairs, have virtually revolutionized the field
of inguinal herniorraphy. Few surgeons currently would
consider repairing a direct inguinal hernia without some
form of permanent prosthetic material — quite a change
from the classic, accepted autogenous repairs of Bassini
and McVay of just 20-30 years ago.

But, where are we currently with the concept of optimal
repair of incisional hernias? The scientific data supporting
the presence of a basic abnormality in the biology of tissue
healing in the majority of patients who develop incisional
hernias (in the absence of any technical factors or tissue
loss) are compelling [1, 2]. Combine this mechanistic data
with the (now appreciated) inordinately high rate of re-

currence after primary autogenous repair [3, 4], and one
might wonder why all abdominal incisional hernias are
not also repaired routinely with some form of prosthesis
reinforcement.

Several explanations prevail. First, the rate of recur-
rence after repair is not well appreciated. We all (as sur-
geons) think we do excellent repairs (they all look great
intra-operatively), yet we also know that many patients
will seek a different surgeon when a recurrence occurs,
and often we never find out about the recurrence (un-
less we look, look for up to 10 years!). Second, prosthetic-
based repairs involve more dissection, especially when
performed as a sublay repair, take more time, and require a
more involved anesthetic (and possibly a longer and more
costly hospitalization). Third, the prostheses are expensive,
especially when placed with broad lateral overlap. And,
fourth, and possibly the most important, all surgeons are
worried about mesh infection and the potential of mesh
erosion/bowel fistula.

Concepts of Bioprostheses

If one accepts the concept that some additional form
of support is necessary for incisional herniorraphy
because of the unacceptably high recurrence rate
with autogenous repairs, and that lack of a perma-
nent foreign body would be optimal, then several
approaches have been proposed. Currently, most re-
inforced incisional hernia repairs use synthetic pros-
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theses such as polypropylene or expanded polytetra-
fluoroethylene (ePTFE). The polypropylene mesh gen-
erates an intense, perifilamentous inflammatory reac-
tion resulting in the mesh being encapsulated by a rigid
scar plate and shrinking in surface area by as much as
30% [5, 6]. Similar changes occur at the interface of the
native abdominal wall and the ePTFE. The permanent
scar plate represents a chronic, foreign-body reaction
that reduces abdominal wall compliance, increases the
risk of recurrent hernia, and continues to predispose to
infection. Such concerns have spawned the interest in
bioprostheses designed both to limit the foreign-body
reaction (eventually the components of the biopros-
thesis will be broken down and fully absorbed) and to
regenerate as normal and compliant a neo-abdominal
wall as possible.

Autografts

Fascia lata autografts (from the same patient) have been
utilized to bridge fascial gaps or to reinforce tenuous,
autogenous closures. These nonvascularized, free fascial
transfers, though initially strong, are degraded via an
inflammatory reaction and are eventually re-absorbed.
Long-term studies of durability have not yielded great
success. Similarly, homografts of fascia from cadavers
would be even less successful, in part, because of an
allogeneic immune response.

Xenograft Bioprostheses

Nontreated xenografts (animal tissue) are, of course,
contra-indicated because of the intense immune re-
sponse generated by a multitude of foreign antigens.
Several technologies, however, have emerged to chemi-
cally treat such xenografts in a way that removes es-
sentially all cells and most associated foreign antigens,
leaving (allegedly) just the components of the extracel-
lular matrix. The basic concept is that the resultant bio-
graft minimizes the immune reaction, and by serving
as a lattice work, stimulates the ingrowth of tissue stem
cells and fibroblasts, vascularization, and ultimately the
laying down of a strong, dynamic, plastic neofascia.
The components of the underlying xenograft are then
re-absorbed slowly and replaced by a more functional,
host-derived neofascia and host-derived extracellular
matrix. Being a re-absorbable bioprosthesis, which al-
lows vascularization, both the acute and especially the
long-term risks of infection are less than with perma-
nent prosthetic materials.

The principle behind the xenograft bioprostheses
relies on processing the initial xenograft to minimize
both the immune and inflammatory reaction and
maximizing host-derived tissue repair. The process
must thus stimulate vascularization, recruitment of
growth factors, and ultimately the development of a
stable, neo-abdominal wall from host-derived tissue
healing/repair. Examples of treated xenografts include
porcine, submucosal bioprostheses (Surgisis, Cook Sur-
gical, Bloomington, IN, USA), treated porcine dermis
bioprostheses (Permacol, Tissue Science Laboratories,
Covington, GA, USA) and treated bovine pericardial
collagen bioprosthesis (Veritas, Synovis Surgical In-
novations, Lino Lakes, MN, USA).

Allograft Bioprostheses

Similar in principle to treated xenografts, allogeneic
(from human tissue) biografts have been developed
as well. Human dermis harvested from cadavers can
be treated to remove all cells and allogeneic antigens,
leaving intact the three-dimensional extracellular
matrix, as well as the structural components of the
vascular channels devoid of endothelial cells. Being
allogeneic as opposed to xenogeneic, allegedly the abil-
ity to recruit tissue stem cells and to initiate the host-
derived healing/repair process is superior to xenograft
bioprostheses. In addition, maintaining the vascular
tubes allows so-called inosculation, i.e., host-derived
endothelialization of these vascular channels, which
speeds the vascularization of this extracellular matrix.
By maintaining the three-dimensional structural com-
ponent of the extracellular matrix and allowing inoscu-
lation, allegedly the process of tissue repair/remodeling
can generate a structurally complete, plastic, and pliable
neo-abdominal wall rather than the post-inflammatory
scar/fibrosis often generated by the treated xenograft
bioprostheses. An example of an allograft bioprosthesis
is treated human dermis matrix (Alloderm, LifeCell,
Branchburg, NJ, USA).

Unknown Considerations in Bioprostheses

Proponents of the expanded use of bioprostheses cite
the advantages of an increased resistance to infection,
the lack of permanent foreign material and its primary
inflammatory response, and the host’s ability to form
endogenously a functional neo-abdominal wall. This
latter contention is potentially problematic for the same
reasons that the incisional or acquired hernias form in
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the first place. Patients who form these hernias have a
basic defect in tissue healing/repair. Whether or not
these bioprostheses can induce a robust-enough re-
sponse and a durable neofascia/neoabdominal wall,
though suggestive, is not proven, as will be discussed
below. Indeed, good, objective, long-term (>5 years)
studies (or experience), confirmed by several medical
centers, remain absent.

Clinical Studies

Porcine Submucosal Acellular Extracellular
Matrix (Surgisis)

This bioprosthesis is a resorbable biomaterial derived
from the submucosal extracellular matrix of the pig
small intestine. After removing the muscularis externa
and the mucosa, the 80-pum submucosa is treated with
0.1% peracetic acid, which removes all cells, is rinsed,
and sterilized with ethylene oxide; a construct of eight
separate, stacked sheets of this three-dimensional extra-
cellular matrix oriented at 45° angles to adjacent sheets
are then subjected to vacuum compression. The resul-
tant eight-sheet complex is perforated with 0.9-mm
holes spaced about 7 mm apart [7]. In a dog model
replacing a partial thickness, abdominal wall defect
with an inlay of Surgisis at 3 months postimplantation, a
well-organized, smooth, dense connective tissue of col-
lagenous material appeared to be well-incorporated into
adjacent fascia and muscle, closely resembling the native
fascia [8,9]. The non-cross-linked preparation com-
posed primarily of fibrillar collagens (types I, III, and
IV) and various glycosamine glycans, proteoglycans,
and glycoproteins, the relative lack of cellular antigens,
and the minimal immune response allegedly supports
a site-specific tissue remodeling [10,11].

Clinical studies specifically of ventral hernia repair
using Surgisis, however, are limited to preliminary, short
duration studies; there are no long-term (>5-year) stud-
ies available. When reviewing the reported studies [12-
15], one must be cognizant of several considerations:
first, follow-up is short and poorly defined in terms
of definitions of recurrence and actual repeat physical
examination/imaging; and second, many patients were
recruited because of contaminated or grossly infected
surgical fields [13-15]. Small, uncontrolled studies sug-
gest good initial strength in preventing evisceration and
minimizing dehiscence, and early studies suggested a
minimal recurrent rate in clean wounds of 0% [12], 0%
[14] and 15% [15], but allegedly with short <2-year mean

follow-up. When carried out in potentially or grossly
contaminated wounds, recurrence rates increased to
20-80% [13,15]; several episodes of infection and partial
or total degradation (digestion) of the Surgisis were de-
scribed, stimulating Helton et al. [15] to suggest leaving
the skin edges open with the Surgisis exposed and the
placement of a wound vacuum device. Superficial infec-
tion may lead to a peeling off of the superficial layer(s)
of the eight-ply prosthesis but ingrowth into the deeper
layers of the biograft. In addition, these latter investiga-
tors described a short-lived, noninfective inflammatory
reaction characterized by erythema, induration, and
pain that responded to nonsteroidal anti-inflammatory
agents; this reaction was neither noted nor described,
curiously, in the other series [12-14].

In summary, use of Surgisis as a bioprosthesis has
performed reasonably well as a biologic dressing in con-
taminated wounds, is considerably cheaper than several
of the other bioprostheses (Permacol, Alloderm), and
appears effective in the short term; however, long-term
studies with objective criteria of follow-up and recur-
rence are lacking.

Porcine Acellular Cross-Linked Dermal
Collagen Implant (Permacol)

Permacol is made from pig dermis, and, unlike Sur-
gisis or Alloderm, is subjected to trypsinization and
extraction of all cellular elements and genetic mate-
rial followed by gamma irradiation and a proprietary
cross-linking process using hexamethylene diisocyanate
to provide a strong, chemical bonding stability of the
extracellular matrix; this chemical cross-linking makes
the bioprosthesis more resistant to degradation by hu-
man and bacterial collagenase. The resulting biograft is
a three-dimensional material consisting largely of elas-
tin and types-I and -III collagen. This technology also
is designed to elicit a minimal inflammatory response
but to maintain form and strength while host tissues
integrate into the bioscaffold. Published experimental
[16] and clinical [17] studies of Permacol are very lim-
ited, but unpublished, anecdotal abstracts presented at
national meetings are supportive.

Implantation in a rat model showed infiltration by
neovascular channels and a present, albeit less inten-
sive, foreign-body reaction; there were no neutrophils,
lymphocytes, or macrophages at 12 weeks postimplant,
and no (ostensible) structural changes in the collagen
organization and content, presence of elastin, and thick-
ness of the biograft, although these parameters were not
quantitated or assessed biomechanically [16].
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Clinically, Adedeji et al. [17] report one patient re-
paired successfully in a contaminated wound without
recurrence at 12 months. Several unpublished “reports”
available from the manufacturer of a total of 72 patients
with ventral hernias repaired with Permacol relate a
recurrence rate of about 8%, but no data are available
concerning duration and type of follow-up, and these
reports remain unpublished.

Allogenic (Human) Acellular Dermal Matrix
(Alloderm)

This biograft was engineered to maintain a three-dimen-
sional structure of extracellular matrix from human tis-
sue and without chemical cross-linking, thereby further
decreasing the possibility of immune reaction. In brief,
partial thickness sheets of cadaver skin are harvested
with a dermatome; using proprietary methodology, the
epidermis separated off, and all cells are removed by
sodium deoxycholate which simultaneously eradicates
donor major histocompatibility class-I and -II antigens
[18, 19]. After freeze-drying, the biomaterial contains a
structurally intact basement membrane with the overly-
ing matrix containing glycosaminoglycans, intact fibers
and bundles of type I, IT], IV, and VII collagen, and intact
elastin and laminin [20, 21]. Moreover, the biomaterial
maintains the extracellular matrix of the vascular tubes
devoid of endothelial cells, allegedly permitting a more
rapid revascularization (inosculation) of the bioprosthe-
sis (personal communication, J. Harper, LifeCell).

Experimental work in animal models is supportive
in principle. Rabbit [22] and pig [23] models of abdomi-
nal wall defects confirmed a rapid revascularization
and cellular repopulation without a substantive inflam-
matory foreign-body reaction of the bioprosthesis yet
maintenance of essentially normal breaking strength
as evaluated by tensiometry.

As with Permacol, published clinical studies are
limited and represent initial preliminary results [18,
24-28]. After an anecdotal report [26], Hirsch and
colleagues [25] introduced its use for early definitive
closure of the open abdomen, which had been reported
previously in nine patients by Guy and colleagues [27]
with good results. The use of Alloderm in the elective
setting, either for repair of fascial weaknesses/repairs
in 18 patients after TRAM flaps [28] and in 85 patients
for abdominal wall hernias or defects [18,28,24] also
is promising, although again, follow-up is short, and
details of the follow-up are lacking; recurrences after
repair of ventral hernias or postresection abdominal
wall defects were noted but were <15%.

Summary

Current standard of care for repair of incisional her-
nias probably should involve some form of perma-
nent prosthetic reinforcement unless the hernia is
secondary to technical mishap, a limited defect sec-
ondary to tissue loss, or the operative field is poten-
tially (clean-contaminated) or grossly contaminated.
Currently, under these latter situations, the use of a
bioprosthesis has considerable support in the litera-
ture and possibly is a better choice than a temporary
polyglycolic acid closure which will lead to an abdomi-
nal wall defect. Although very attractive in theory, and
preliminary, largely anecdotal experience suggests good
results using a bioprosthesis rather than a permanent
prosthesis for elective repairs. The current literature is
as yet too immature in terms of breadth of experience,
duration of detailed objective follow-up, and well-de-
signed, prospective, randomized studies to support the
replacement of the newer, soft, lightweight permanent
prostheses with a bioprosthesis in elective, clean inci-
sional herniorrhaphies.
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Discussion

Halm: In our own rat animal model we tested quite a
number of prostheses, resorbable and non-resorbable,
and also the bioprosthesis to mesh, Pericard

We found absolutely no adhesions to the Tuto mesh.
The question | have is: you spoke briefly of fistula for-
mation when placing a polypropylene mesh within the
abdominal cavity. We have one study that was performed
by a colleague of mine, who found in a retrospective set-
ting of a larger group of patients no fistula and I recently
concluded a series of patients all with an intraperitoneal
polypropylene mesh and found very little fistula forma-
tion, 3%, that was two patients. Is fistula formation really
a problem?

Sarr: I think fistula formation is a problem and 3% is
unsatisfactory, if you ask me. It usually occur at the edge
where it rolls over because the bowel gets stuck up under
it. Your idea of using it as a barrier in the abdomen is a
very attractive concept of bioprosthesis because at least
in theory it shouldn’t form any adhesions. I maintain
that the concern of permanent intraperitoneal prostheses
that is not a non-mesh, Gore Tex is really a non-mesh,
it is a problem.

LeBlanc: I am really surprised how many people use these
bioprostheses without any data. I have used almost all of
them and I had a 100% failure rate, every single one of
them. I think the only time that it might be effective is in
combination with an abdominal component separation
technique, and laying something like Permacol on top. I
had good results with that in an infected field.
Schumpelick: Dr. Sarr, do you see any future for stem-
cell implantation?

Sarr: It has all been done as far I can say. The whole idea
behind tissue engineering is to get the tissue-specific stem
cells in the environment with the growth factors in that



156  Abdominal Wall Closure

area to regenerate the linea alba, to regenerate fascia, to
regenerate bowel, to regenerate bladder.. we must keep
an open mind. I think that this is the future!

Kockerling: You have mentioned the disadvantages of the
polypropylene meshes with 30% shrinkage rate and scar
formation. This is really true for the heavy-weight poly-
propylene meshes, but no longer true for the light-weight

Concluding Remarks

Read: I just want to say that in this session and in this
conference here, we have learned that we have to separate
the responsibility of the surgeon in the wound and repair
from the biological problem. I think for the future that
when we pre-operatively have some assessment of the
degree of biological comorbidity and when we have a
series of patients in whom we can separate out the impor-
tance of biological comorbidity, then we can determine
the importance of the surgeon. We are moving on rapidly
in that field and I am pleased about it.

meshes because we have done some experimental work
and the shrinkage rate of the modern meshes is around
3% and you will find no scar formation, just around the
filaments not over the whole surface.

Sarr: But does it regenerate a neo-abdominal wall?
Kéckerling: Yes, as far as we can say from our experi-
ence.

Jeekel: Closing the abdominal wall we know we should
not, and should not have to close the peritoneum, we
should close the line alba probably not with too large bites,
very large bites can be very dangerous, do continuous
suturing with non-resorbable or slowly resorbable suture
with a suture-length-to-wound-length ratio of more than
4. Amazing is that we all recognize that we can prevent
hernias and that we don’t do it. As Dr Kehlet says, we
don’t do the transverse incision, ... we don’t use it because
it is so easy to use the midline.
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Indications for Repair of Recurrent
Incisional Hernia

The treatment of incisional hernias has changed dra-
matically with the innovation of mesh prostheses and
with the introduction of laparoscopy, while the indica-
tions for repair of a recurrent incisional hernia have
remained unchanged (8 Table 19.1). The decision re-
garding the technique and timing of a repair should be
based on the characteristics of the hernia and the man-
agement of the risk factors for re-recurrence. Since a
previous recurrence is a significant risk factor for failure
[1], a strong emphasis should focus on the pre-operative
preparation of the patient to ultimately improving the
success rate of repair.

There are three common indications for elective
repair of an incisional hernia recurrence. The main
indication is symptoms. Clearly, pain and discomfort
can adversely affect the patient’s occupation and qual-
ity of life. In addition, dissatisfaction with the cosmetic
appearance of a disfiguring bulge can negatively impact
self-esteem and perception. Repair is also indicated for
significant and progressive defect enlargement, in ef-
fect to prevent a loss of abdominal domain. The third
indication is to prevent complications, such as strangu-
lation, intestinal obstruction or incarceration.

The indication for semi-urgent repair is an asso-
ciation with either an entero-cutaneous fistula, skin
erosion with exposed mesh or chronic infection. Any
repair would be in a contaminated or dirty field. There

is also a significant likelihood of concomitant bowel
resection [2]. The operation should not be undertaken
until the optimal treatment of wound sepsis has been
achieved. The pre-operative medical management of
infected meshes involves local wound care, drainage
of collections and antimicrobial therapy. Once the
degree of infection has been resolved or minimized,
the infected mesh can be resected and the recurrence
repaired, either immediately or staged. Immediate re-
pair can be done primarily with sutures or with ab-
dominoplasty [3], such as bilateral sliding rectus ab-
dominis myofascial advancement flaps [2, 4]. The use
of a permanent mesh has been described but is at very

Elective == Symptomatic (pain, disfiguring)

Enlargement and prevention of loss

of domain

== Prevention of complications (strangu-
lation, obstruction incarceration)

Semi- == Chronically infected mesh

urgent == Skin erosion and mesh exposure
== Enterocutaneous fistula

Urgent == Strangulation and intestinal gangrene
== Sepsis
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high risk of complication in a dirty field [5-7]. More
recently, intestinal submucosal meshes were developed
and intended to diminish the rate of infection and re-
recurrence in clean-contaminated wounds [8, 9], but
long-term studies of these bioprostheses have yet to be
published. In addition, preliminary evidence shows a
high risk of recurrence and dehiscence when used in
a dirty wound [10]. In staged repairs, the temporizing
measures include using an absorbable mesh and pos-
sibly a skin graft [7, 11]. The delay of definitive repair
should be for at least 6 months and up to 1 year, until
such time as the hernia field is free of infection and the
wounds are matured [12]. The options for definitive
repair include primary repair, component separation
or mesh. Postoperatively, closed suction drains and an-
timicrobial therapy are used commonly, although their
effectiveness in preventing infection and re-recurrence
has yet to be proven in clinical trials.

If the wound sepsis cannot be managed medically,
urgent debridement of the infected mesh is necessary
to obtain source control. A minimal attempt at hernia
repair should be made at this initial stage, either by
suture repair or with absorbable mesh. The emphasis
is to conserve the maximal amount of tissue for the
delayed definitive repair.

An urgent repair is also required for compromised
or gangrenous intestine incarcerated in the recurrent
hernia. A conservative staged approach would be indi-
cated. Initially, the hernia should be reduced with intes-
tinal resection, and the infected mesh and any necrotic
tissue should be debrided. Preservation of healthy tissue
is vital for the staged repair. The definitive repair can be
delayed for up to a year allowing for wound maturation
and patient recovery, as necessary.

Pre-Operative Preparation
and Risk Factor Management

The pre-operative assessment of patients with inci-
sional hernia recurrence has to be comprehensive.
The management should be individualized and begins
upon initial assessment. Several factors are important,
including the characteristics of the hernia, the planned
surgical technique and the risk factors for recurrence
and re-recurrence. The principles should focus on the
preparation of the abdominal wall for repair, and the
treatment of comorbidities to optimize the patient
medically. All of this is in a concerted effort to increase
the likelihood of a successful repair.

The characteristics of the hernia can be defined ac-
cording to location, size, recurrence, reducibility and

symptoms [13]. In addition to physical examination,
imaging with CT accurately determines the size, sac
contents, and the number and location of defects [14].
Full knowledge of the quality of a hernia allows proper
planning and avoids intra-operative surprises.

Today, the widespread use of imaging has widened
the detection of incisional hernia recurrences. It is
useful in situations of difficult clinical examination
secondary to body habitus, pain or scarring. CT scan-
ning is valuable in the diagnosis of occult hernias in
obese patients with aspecific symptoms, and provides
the definition of the location, sac and contents [15].
It is actually superior to physical exam in confirming
a suspected symptomatic recurrence [16]. However,
there is no indication for repair of occult or inciden-
tal hernias in asymptomatic patients [17]. The precise
role of pre-operative imaging requires further study,
and could address cost-effectiveness and the impact
on recurrence.

The options of the surgical repair include the tech-
nique, the type of mesh prosthesis, location of mesh
placement and the timing. The open sublay mesh
repair or the Rives-Stoppa technique is the current
gold standard. Mesh hernioplasty is indicated in the
majority of recurrences, particularly for primary ap-
proximation under tension, proximity to bony land-
marks, and multiple defects [18]. The choice of lapa-
roscopic repair depends largely on the surgeon and
hospital, and is applicable only to specific patients
[19]. There are particular benefits in terms of post-
operative pain and length of stay and, perhaps most ap-
pealing, the decrease in the amount of abdominal wall
dissection [20]. The timing of the repair should not be
rushed. Wound healing and maturation can take up to
1 year, so the elective repair should not be undertaken
during this period.

The preparation of the abdominal wall for surgery
is vital for successful repair. The two most significant
risk factors for repair failure are infection and obesity.
Obesity is a commonly cited risk factor for recur-
rence [22, 23] and for the development of incisional
hernia [24, 25], even specifically in prosthetic repairs
[21]. A massive volume of abdominal fat increases
intra-abdominal pressure and limits the reducibility
of the hernia for repair. The enormous weight of the
panniculus literally pulls apart the surgical incision
[26]. Weight loss is obviously desirable and definitely
possible prior to repair. A supervised weight loss pro-
gramme can contribute to good clinical results, as
our group has previously published [18]. Our pro-
gramme includes a diet eliminating the excess fat and
carbohydrates that is typical to Western diets, multivi-
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tamin supplementation, and a daily physical exercise
routine to strength the abdominal muscles by sit-ups
or straight leg lifts. If compliant over several months,
the majority of overweight and obese patients can at-
tain a BMI under 30 kg/m? The regime should also be
enforced postoperatively.

The other major risk factor for recurrence is post-
operative wound infection [18, 23, 27]. The vast major-
ity of these complications can be treated conservatively
with local wound care and occasionally require antibi-
otic treatment. Once a recurrence has occurred, it is of
utmost importance to allow the infection to clear prior
to attempting a repair. We will wait at least 1 year from
the resolution of the infection before repair. Although
chronic infection of the prosthesis may be adequately
treated with drainage [28], a recurrence in this setting
would necessitate a conservative staged repair. Place-
ment of a permanent mesh in an infected wound has a
high rate of complications [6].

Smoking is a risk factor for incisional hernia devel-
opment [29], increased anaesthesia-related respiratory
complications and postoperative wound infection [30].
Clinical trials have shown that abstinence from smok-
ing (> 4 weeks) can decrease the rate of infection and
peri-operative complications [31, 32]. Although there
are no studies specific to incisional hernia recurrences,
there is no reason not to implement a smoking cessation
programme for this population.

There are a host of other comorbidities that may
affect the durability of the repair (B Table 19.2), such
as chronic lung disease, ascites, cirrhosis, jaundice, dia-
betes, aneurismal disease, renal failure, malignancy and
steroid treatment [33]. Many factors have been sug-
gested, with a variable quality of evidence. Some of these
may require medical optimization, although the actual
effect on the outcome of hernioplasty is unknown.

The pre-operative management of an incisional her-
nia recurrence must be tailored to eliminate the factors
that contributed to the failure of a repair. This requires
dedicated time and effort to be addressed properly prior
to re-operation.

Conclusion

Incisional hernia repairs are common procedures
whose results have improved significantly. The indica-
tions and goals of elective repair must be understood
clearly by the patient, whether it is for symptomatic
relief, cosmetic or preventative reasons. The factors that
contributed to a recurrence need to be identified and
addressed explicitly for significant degrees of compli-
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B Table 19.2. Risk factors for recurrent incisional
hernias

Abdominal
wall factors

Infection

Obesity
Seroma/hematoma
Location

Size

Previous surgical technique
Surgeon

Comorbid
disease

Older age

Male sex

Collagen

Smoking

Renal failure

Chronic lung disease
Diabetes mellitus
Steroid use
Malignancy
Malnutrition
Anticoagulation therapy
Jaundice and cirrhosis

ance with any peri-operative care and management
plans. Non-elective repairs require specialized care to
save the maximal amount of healthy tissue, resolve the
concomitant infection and then ultimately to fix the
recurrence. The newest mesh technology aims to tackle
this subpopulation; however, until clear evidence of
improved outcomes is published, a conservative staged
approach is the most prudent.

References

1. Manninen MJ, Lavonius M, Perhoniemi VJ (1991) Results of
incisional hernia repair. A retrospective study of 172 un-
selected hernioplasties. Eur J Surg 157 : 29-31

2. Szczerba SR, Dumanian GA (2003) Definitive surgical treat-
ment of infected or exposed ventral hernia mesh. Ann Surg
237:437-441

3. Van Geffen HJ, Simmermacher RK (2005) Incisional hernia
repair: abdominoplasty, tissue expansion, and methods of
augmentation. World J Surg 29: 1080-1085

4. Disa JJ, Goldberg NH, Carlton JM, Robertson BC, Slezak S
(1998) Restoring abdominal wall integrity in contaminated
tissue-deficient wounds using autologous fascia grafts. Plast
Reconstr Surg 101: 979-986

5. 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
complications. Ann Surg 194: 219-223

6. Jones BV, Sanchez JA, Vinh D (1989) Acute traumatic ab-
dominal wall hernia. Am J Emerg Med 7: 667-668



162

~N

[or]

0

20.

2

2

N

2

w

24,

Incisional Hernia

. Dayton MT, Buchele BA, Shirazi SS, Hunt LB (1986) Use of an

absorbable mesh to repair contaminated abdominal-wall
defects. Arch Surg 121: 954-960

. Franklin ME Jr, Gonzalez JJ Jr, Michaelson RP, Glass JL, Chock

DA (2002) Preliminary experience with new bioactive pros-
thetic material for repair of hernias in infected fields. Hernia
6:171-174

Ueno T, Pickett LC, de la Fuente SG, Lawson DC, Pappas
TN (2004) Clinical application of porcine small intestinal
submucosa in the management of infected or potentially
contaminated abdominal defects. J Gastrointest Surg 8:
109-112

. Helton WS, Fisichella PM, Berger R, Horgan S, Espat NJ, Ab-

carian H (2005) Short-term outcomes with small intestinal
submucosa for ventral abdominal hernia. Arch Surg 140: 549
560; discussion 560-542

. Fabian TC, Croce MA, Pritchard FE, Minard G, Hickerson WL,

Howell RL, Schurr MJ, Kudsk KA (1994) Planned ventral her-
nia. Staged management for acute abdominal wall defects.
Ann Surg 219: 643 650; discussion 651-643

. Cohen M, Morales R Jr, Fildes J, Barrett J (2001) Staged re-

construction after gunshot wounds to the abdomen. Plast
Reconstr Surg 108: 83-92

. Korenkov M, Paul A, Sauerland S et al. (2001) Classification

and surgical treatment of incisional hernia. Results of an
experts’ meeting. Langenbecks Arch Surg 386: 65-73

. Zarvan NP, Lee FT Jr, Yandow DR, Unger JS (1995) Abdominal

hernias: CT findings. AJR Am J Roentgenol 164: 1391 1395

. lanora, AA, Midiri M, Vinci R, Rotondo A, Angelelli G (2000)

Abdominal wall hernias: imaging with spiral CT. Eur Radiol
10:914-919

. Gutierrez de la Pena C, Vargas Romero J, Dieguez Garcia

JA (2001) The value of CT diagnosis of hernia recurrence
after prosthetic repair of ventral incisional hernias. Eur Radiol
11:1161-1164

. Rodriguez HE, Matsumura JS, Morasch MD, Greenberg RK,

Pearce WH (2004) Abdominal wall hernias after open abdomi-
nal aortic aneurysm repair: prospective radiographic detection
and clinical implications. Vasc Endovascular Surg 38: 237-240

. Chan G, Chan CK (2005) A review of incisional hernia repairs:

preoperative weight loss and selective use of the mesh re-
pair. Hernia 9: 37-41

. SSAT patient care guidelines (2004) Surgical repair of inci-

sional hernias. J Gastrointest Surg 8: 369-370
Cobb WS, Kercher KW, Heniford BT (2005) Laparoscopic repair
of incisional hernias. Surg Clin North Am 85:91-103, ix

. Anthony T, Bergen PC, Kim LT, Henderson M, Fahey T, Rege RV,

Turnage RH (2000) Factors affecting recurrence following inci-
sional herniorrhaphy. World J Surg 24: 95-100; discussion 101

. Sauerland S, Korenkov M, Kleinen T, Arndt M, Paul A (2004)

Obesity is a risk factor for recurrence after incisional hernia
repair. Hernia 8: 42-46

. Hesselink VJ, Luijendijk RW, de Wilt JH, Heide R, Jeekel J

(1993) An evaluation of risk factors in incisional hernia re-
currence. Surg Gynecol Obstet 176: 228-234

Sugerman HJ, Kellum JM Jr, Reines HD, DeMaria EJ, Newsome
HH, Lowry JW (1996) Greater risk of incisional hernia with
morbidly obese than steroid-dependent patients and low
recurrence with prefascial polypropylene mesh. Am J Surg
171:80-84

25. Christou NV, Jarand J, Sylvestre JL, McLean AP (2004) Analysis
of the incidence and risk factors for wound infections in open
bariatric surgery. Obes Surg 14: 16-22
26. Wantz G (1991) Atlas of Hernia Surgery. Raven Press, New
York
27. Burger JW, Luijendijk RW, Hop WC, Halm JA, Verdaasdonk EG,
Jeekel, J (2004) Long-term follow-up of a randomized con-
trolled trial of suture versus mesh repair of incisional hernia.
Ann Surg 240: 578 583; discussion 583-575
28. Petersen S, Henke G, Freitag M, Faulhaber A, Ludwig K (2001)
Deep prosthesis infection in incisional hernia repair: predic-
tive factors and clinical outcome. Eur J Surg 167: 453-457
29. Sorensen LT, Hemmingsen UB, Kirkeby LT, Kallehave F, Jor-
gensen LN (2005) Smoking is a risk factor for incisional her-
nia. Arch Surg 140: 119-123
30. Myles PS, lacono GA, Hunt JO, Fletcher H, Morris J, Mcllroy D,
Fritschi L (2002) Risk of respiratory complications and wound
infection in patients undergoing ambulatory surgery: smok-
ers versus nonsmokers. Anesthesiology 97: 842-847

. Sorensen LT, Karlsmark T, Gottrup F (2003) Abstinence from
smoking reduces incisional wound infection: a randomized
controlled trial. Ann Surg 238: 1-5

32. Moller AM, Villebro N, Pedersen T, Tonnesen H (2002) Effect
of preoperative smoking intervention on postoperative com-
plications: a randomised clinical trial. Lancet 359: 114-117

33. Yahchouchy-Chouillard E, Aura T, Picone O, Etienne JC, Fin-
gerhut A (2003) Incisional hernias. |. Related risk factors. Dig
Surg 20: 3-9

3

-

Discussion

Schumpelick: Dr Chan, is a 1-year waiting period today
still justified in our fast-living society? 1 year with an
incisional hernia can be a long period.

Chan: If you talk to the patient they can carry on their
life very easily, with some abdominal impairment, if they
have a really big hernia.

Schumpelick: But if he wants a repair within a quarter of
a year, if he is a sportsman who wants the repair now?
Chan: That’s why I say, there is no clinical trail, it’s a feel-
ing but not rational. Like the last case I had, a patient
after a perforated appendicitis. When I go in, even after
1 year, it’s like concrete.

Itany: We have a real problem with obesity in the United
States, and when I looked at it last year in our hospital
about 80% of our patients undergoing abdominal surgery
had a BMI above 30, and 40% had a BMI above 35%.
Most of our patients are above the age of 60. Do you have
any advice for these patients or for us surgeons that are
operating on these incisional hernias, and how to address
the problem of obesity?

Chan: I think it’s a question of motivation. They usually
come to see us and say: Doctor, you are our last resort.
So we can tell them: you do what I say and we fix your
hernia! You need motivated patients.
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How to Create a Recurrence After Incisional Hernia Repair as an Expert of Suture Repair

Should Suture Repair be Considered at All?

In a Pubmed search using the terms incisional hernia
limited to clinical trials, 122 hits were found. There were
two randomized trials. The best-known is the Luijen-
dijk study with after long-term follow-up a significantly
lower recurrence rate after mesh sublay repair when
compared to suture repair (8 Table 20.1) [1].

In a randomized clinical trial by Korenkov, results
after a follow-up of 13 months in 100 patients with non-
complex incisional hernia (< 10 cm) showed the follow-
ing recurrence rates: suture repair 4/33, polypropylene
onlay mesh 3/39 and autodermal graft 4/28 [2]. The
differences were not significant. Mesh repair showed
(marginally significantly) more infectious complica-
tions than suture repair. In 4 non-randomized studies
recurrence rates for suture repair varied from 25-63%
(@Table 20.2) [3].

Flum et al. indicated in a statewide population-based
study that the hazard for recurrence after suture repair
was 24%; on the other hand, introducing new mesh-
based repairs had not shown a decrease in the yearly
number of incisional repairs performed [4].

As shown above, suture repair should not be first
choice for treatment of incisional hernia.

Suture 43% 63%
Mesh 24% 32%
(p=0,02) (p<0,001)

Liakakos 25 8
Schumpelick 33 13
Koller 63 13
Clark 36 23
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What Suture Repair Techniques Are There?

Suture Repair or Mesh Repair?

Many suture techniques have been described, but none
has proven to be superior to the other in well-performed
clinical trials. Documented suture repair techniques are,
for example: Keen, Nattal, fascial, mass nylon, layered
steel wire, rectus-relieving incision, sliding door, Cardiff
and Mayo [3]. The recurrence rates varied from 0-49%,
depending on technique and methods of follow-up.
Ramirez described the component separation technique
with good personal results [5]. In a randomized trial
(submitted for publication), results of Ramirez could
not be reproduced, with a high percentage of recur-
rences after 2 years. Often relaxing incisions in the
rectus are advised to reduce tension on sutures. Many
devices have been used and discarded, e.g. the Ton
device, subcutaneous rods etc. There is little evidence
to indicate what results one can expect. The studies
are heterogenous, there is no consistent classification
system and thus the level of evidence does not exceed
3 (retrospective case control studies).

On a theoretical basis an incisional hernia has an
increased risk of occurring after a number of factors
that are difficult, if not impossible, to influence.

Patient- and Hernia-Related Risk Factors
for Incisional Hernia

= Gender
= Age
== Intra-abdominal pressure
= Obesity
= COPD
= Impaired wound healing
= DM
= Corticosteroids
= Malnutrition
= Smoking
= Oncologic disease (chemo/RT)
= Obstructive jaundice
= Collagen disease
== Previous repairs
== Previous wound dehiscence
== Previous laparotomies
== Hernia size
== Number of hernias
== The hernia-free interval

These factors, usually predominant in patients with in-
cisional hernia, preclude the goal (and possibility) of ap-
proximating healthy tissue in a tension-free manner.

It is the opinion of many experts that non-mesh repairs
are indicated only when the operation is performed
under septic circumstances or when mesh is not avail-
able. Small incisional hernia (< 2-4 cm) is a relative
indication for mesh repair. There is no level-1 evidence
whether these need mesh repair.

It seems obvious to follow the principles of closure
of a laparotomy wound when performing suture repair
of an incisional hernia. As described in other chapters
and in the meta-analysis of van t'Riet, probably the best
technique is tension-free running suture of slowly ab-
sorbing or non-absorbable type [6]. Where possible,
tension on sutures and tissues must be avoided by us-
ing relaxing incisions or the principles of component
separation technique as described by Ramirez.

How to Create a Recurrence After
Incisional Hernia Repair as an Expert
of Suture Repair?

The short answer is: by using it. The longer answer:
close the defect with knotted catgut stitches under as
much tension as possible.
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Discussion

Schumpelick: How do you handle small trocar hernias?
Mesh or suture?
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Simons: I think there is a place for randomizing the small
hernias, suture vs. mesh. We are going to do a trial with
Rotterdam on umbilical hernia looking for what do
you do in 2-cm hernias or 1-cm hernias. I don’t know
whether you have to use a mesh in that case. There is
only little evidence, and we should randomize these
patients.

Halm: In our study we advised abandoning suture repair.
Now you say that when you have to do a suture repair
you have to do it in the following way. Maybe you should
go one step further and say never do suture repair, and
follow the patients until they have serious problems. Is
there any indication for doing suture repair in the first
place? It gives so many problems; one should never do
it anyway.

Simons: Are you talking about the non-operative treat-
ment?

Halm: Yes, perhaps the non-operative treatment is a far
better choice than the suture repair.

Simons: I think in asymptomatic patients there is a lot
of room for non-operative treatment. Don’t operate on
people that don’t complain, and in very large hernias I
send them home also, because the risks don’t outweigh
the benefit.

Simons: Covering the mesh or trying to close the abdomi-
nal wall over the mesh vs. leaving the defect as it was or
only approximating it. When you leave a defect, do you
suture the borders of the fascia to the mesh or do you just
stick to stitches that you have at the bilateral sides?
Flament: In my opinion, closure of the tissue in front of
the mesh is only to prevent contact between the skin and
the mesh. Sometimes, if we want to close the muscles, we
use some relaxing incisions, but not very often. We use
anything we can, e.g. a small amount of the peritoneal
sac, but we never stitch the limits of the abdominal wall
to the prosthesis.

Simons: In what percentage would you estimate that you
leave a defect after the Rives-Stoppa-Flament repair?
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Flament: If we give enough tension on the prosthesis, we
usually close the fascia in all cases.

Kingsnorth: The Rives technique in the hand of experts
produces extremely good results. There are no national
surveys; we don’t really know what proportion of general
surgeons uses this technique. But it is my impression that
most general surgeons will choose the onlay technique be-
cause it is simpler. Do you think we should have a random-
ized trial concerning sublay vs. onlay. We have never had
one; the two techniques have been around for 30 years, but
a randomized trial has never been done? Why?
Flament: I don’t know. Maybe everybody believes that his
technique is the best and has good results. If you promote
a prospective trial on the two techniques I will never see
the results.

Kingsnorth: All we can say is that it produces good results
in the hand of experts and we can say nothing more than
that. We don’t know whether it produces good results in
the hand of ordinary general surgeons.

Flament: The only objection we have with the Chevrel
procedure is the need for big skin flaps, sometimes with
necrosis. Chevrel saw a lot of seromas before he glued
the prosthesis.

Kingsnorth: Do you think a recommendation of this
meeting would be to encourage the industry to support
a trial of sublay vs. onlay?

Flament: Maybe.

Fitzgibbons: I just would like to make a point: you
showed that the Reverdins needle goes through the skin.
Do you routinely do this or do you ever bring it out in
the subcutaneous tissue?

Flament: As someone said, usually we have fatty patients.
The needle with the stitches is not long enough when
you have 10 cm of fat below the skin, so to go through
the skin you have to use a long needle. As I have shown
in other communications, the laparoscopist use the Gor
needle which looks exactly like the Reverdin needle to pass
transfixing stitches in laparoscopic procedures.

20.2 Open Onlay Mesh Reconstruction for Incisional Hernia

T.S. pE VRIES REILINGH, O.R. BUYNE, R.P. BLEICHRODT

Introduction

Nowadays, prosthetic repair is the standard technique to
repair incisional hernias. Basically there are three meth-
ods for implantation of prosthetic meshes when used for
reconstruction of abdominal wall defects: inlay, onlay or

sublay. The choice of each method is predominantly based
on the surgeon'’s preference. For a proper reconstruction
the prosthetic mesh must have a sufficient overlap with
the fascia. The onlay and sublay techniques both provide a
proper overlap between the mesh and the fascia, whereas
the inlay technique does not provide enough contact be-
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tween the myoaponeurotic fascia and the mesh to guar-
antee proper anchorage. Therefore the latter technique
must be abandoned [1].

The onlay technique is simple, no extensive adhesioly-
sis is needed, and fixation of the mesh is easy and can
be an attractive alternative to the more difficult sublay
technique.

Operative Technique

The skin and subcutaneous fat are dissected free from
the hernia sac and the anterior fascia, far laterally. The
hernia is reduced and the fascia is closed primarily, if
possible. When primary closure is not possible, the peri-
toneum covering the bowels or the greater omentum
is used as an interface between the intra-abdominal
viscera and the mesh. Subsequently, a prosthetic mesh
is positioned on the ventral fascia, with an overlap of
at least 5 cm between the fascia and the mesh. The
prosthetic mesh is fixed to the fascia with non-resorb-
able sutures or staples. The prosthetic mesh must be
firmly fixed to the fascial edges to prevent herniation
between the ventral fascia and the mesh [1]. Scarpa’s
fascia and skin are closed over the prosthetic mesh.
(8 Figure 20.1a,b) If no full thickness skin is available
the greater omentum or a composite myocutaneous flap
should is used to cover the prosthetic mesh [2].

Patients and Methods

From 1996 to 2000, 17 patients (9 women and 8 men)
with a ventral hernia were operated using the onlay
technique using polypropylene mesh. All patients re-

ceived standard thrombo-embolic and antibiotic pro-
phylaxis.

The records of the patients were reviewed. The fol-
lowing data were extracted from the medical record:
size and cause of the hernia, pre- and postoperative
mortality and morbidity, with special attention to
wound complications. All patients were invited to come
to the outpatient clinic for physical examination of the
abdominal wall, at least 1 year after operation.

Results

Reconstruction was performed under clean condi-
tions in all patients. The cause of the hernia was open
treatment of generalized peritonitis in four patients
and a recurrent hernia in two patients. In four patients
the abdominal wall was closed primarily, covered with
an onlay polypropylene mesh. In 9 patients the fascial
gap was bridged with an onlay polypropylene mesh.
In all patients, the mesh was fixed to the fascia with
iron staples.

The postoperative course was uneventful in four
patients. Wound complications occurred in 13 patients:
one patient had a wound infection, two patients had
skin necrosis and 12 patients had a seroma. In one of
these 12 patients the seroma became infected after
puncture, another patient developed skin necrosis
secondary to seroma.

Two patients died within 1 year after the operation,
not related to the hernia operation. Fifteen patients were
seen in the outpatient clinic after a median follow-up
of 18.5 months (range 12-28 months). Three patients
had a recurrent hernia (20%), five patients complained
about a rigid abdominal wall.

B Fig. 20.1a,b. Reconstruction of an incisional hernia using the onlay reconstruction. a The rectus abdominis muscle is approximated
in the midline. The polypropylene mesh should be fixed to the fascia with an overlap of at least 5 cm in all directions and with a
double row of non-resorbable sutures. b The fascia cannot be approximated under the mesh. Omentum is placed between mesh
and bowels. The inner row of sutures should be positioned from the fascial edges. If this inner row of sutures is placed away of the
fascial edge, the intra-abdominal pressure might push the mesh away from the fascia and a recurrence can easily to occur
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Discussion

Abdominal wall hernia reconstruction using an onlay
polypropylene mesh seems the most straightforward
method, but is associated with serious postoperative
complications.

The prosthetic mesh can be used in two ways. First,
as a support when the fascia can be closed primarily.
Then the mesh can be positioned either as an onlay
or a sublay, because the biomechanical circumstances
are similar. Still, the sublay technique is preferred since
wound complications such as seroma formation and in-
fection are rather frequent. Using the sublay technique,
the retromuscular position will prevent the exposure
of the prosthesis if wound complications occur. Sec-
ond, prosthesis can be used to bridge fascial defects if
the fascia cannot be closed primarily [1, 3-5]. Under
these circumstances, the sublay technique, where the
intra-abdominal pressure (0.2-2.0 kPa) presses the
prosthesis against the ventral abdominal wall, is pre-
ferred as well. If properly fixed, the forces on the mesh
are counteracted by the abdominal wall, thus prevent-
ing reherniation [6]. The sutures in concert with the
fibro-collagenous tissue that surrounds the prosthetic
mesh will counteract the small sheering forces on the
prosthesis (@ Fig. 20.2).

When using the onlay technique, the intra-abdomi-
nal pressure is not counteracted and the much larger
forces will put a continuous stress on the fixating su-
tures and the fibro-collagenous tissue, with the risk of
tearing the prosthesis from the fascia (@ Fig. 20.3). Al-
though the sublay mesh reconstruction is superior, the
onlay mesh reconstruction might be helpful in selected
patients, for example, to prevent contact between the
prosthesis and the bowel and when the sublay technique
is not possible for technical reasons.

Force on
sutures
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B Fig. 20.2. Due to the intra-abdominal pressure, a rehernia-
tion occurred

In the literature, ten series report the results of onlay
mesh reconstruction [7-16] (B Table 20.3). All but one
of the series are retrospective case series. The number
of patients included varies from 9-70. The series have
a wide range of follow-up and the method of follow-up
was mentioned in none of the studies. The reherniation
rate varied between 0 and 13%. The reherniation rate
in our series was 20%, but it is the only series where
all patients were seen in the outpatients’ clinic after an
adequate follow-up period. The results are similar to
other series with adequate follow-up [4].

Several prosthetic materials can be used to repair
incisional hernias. Expanded-polytetrafluoroethylene
(ePTFE) patch and polypropylene mesh (PPM)-based
prosthesis are the most frequently used prosthetic ma-
terials. PPM is the preferred prosthetics material when
the onlay technique is used. First, because the anchorage
of the prosthesis to the adjacent fascia is superior to
the ePTFE patch. Fixation of the ePTFE patch depends
solely on the fixating sutures, because the micropores
(20 um) in ePTEFE patch are too small to allow ingrowth
of fibro-collagenous tissue [17, 18]. PPM is completely

B Fig. 20.3. In an intact abdominal wall
the intra-abdominal pressure (L.A.P) is
compensated by the muscle strain (MR).
In the midline of the abdominal wall there
always a muscle strain to the lateral border
caused by the oblique abdominal muscles
and compensated by the opposite site,
there is a balance. The intra-abdominal pres-
sure (L.A.P) on the inner row of sutures of an
onlay reconstruction is not compensated
by muscle strain (MR), but the muscle still
gives a constant strain to the lateral border
(M). This result is a constant force on the
sutures (in black)
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B Table 20.3. Onlay technique

Author Year Patients Complications Reherniation Follow-up
n (%) n (%) mean (range)
months
Larson 1978 9 0 0 ? (12-60)
Deitel 1979 36 4 (11%) 2 (6%) 42(7)
Lewis 1984 50 5 (10%) 3 (6%) 30(2)
Wagman 1985 9 0 0 14(7)
Molloy 1991 50 10 (20%) 4 (8%) 45 (6-120)
Liakakos 1994 49 4 (8%) 4 (8%) ?7(0-16)
Birolini 2000 20 5 (25%) 0 ?7(12-84)
Korenkov 2002 70 14 (20%) 6 (9%) 14 (11-24)
De Vries 2004 17 13 (76%) 3 (20%) 18.5 (12-28)
Reilingh
Machairas 2004 43 9 (21%) 4 (9%) 54.4 (4-106)
Kingsnorth 2004 16 5(31%) 2 (13%) ? (6-60)

incorporated into fibro-collagenous tissue and firmly
anchors to the adjacent fascia. Second, because PPM
is rather resistant against infection, whereas infected
ePTFE patches have to be removed. Since wound in-
fections occur in 17-50% of patients, the use of ePTFE
patch to repair incisional hernias by the onlay technique
is too risky [19-21]. Korenkov et al. performed a ran-
domized clinical trial comparing onlay polypropylene
mesh repair with suture repair and onlay dermal graft
repair [16]. This trial is the only randomized clinical
trial comparing onlay reconstruction with two differ-
ent biomaterials. Wound complications occurred in
20%. Although none of the meshes had to be removed
because of infection, the trial was stopped because of
the high complication rate.

In our series, 76% of patients suffered from seroma
after the operation, compared to 0-31% in other series
(B Table 20.3). Seromas are a consequence of the large
subcutaneous wound surface that is created to fix the
prosthetic mesh with an adequate overlap to the fascia.
Seromas are a frequent complication after reconstruc-
tion of large abdominal wall hernias occurring in up
to 30% [19, 22]. Moreover, wound infections are fre-
quent. In our series, 24% of patients suffered a wound

infection, which is similar to the frequency found in
other series [14, 16]. Wound infection may also occur
secondary to skin necrosis. Separation of the epigas-
tric perforating arteries endangers the vascular supply
of the skin, which may interfere with wound healing
and may result in skin necrosis and subsequent infec-
tion.

In conclusion, onlay prosthetic repair of abdominal
wall hernias is easy but, because of the increased chance
of reherniation and loss of the prosthesis in the case of
wound complications, the use of onlay prosthetic repair
must be discouraged and be performed only when the
superior sublay repair is not possible.
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Discussion

Flament: I am surprised that no one has mentioned re-
laxing incisions today, because with them a suture repair
may be achieved in cases where non-absorbable meshes
are not suitable, e.g. in infected cases. Main part of the on-
lay repair by Chevrel was a relaxing incision of the ante-
rior sheath of the rectus muscle and a prosthesis covering,
reinforcing and recreating the anterior rectus sheath. That
is a little different from what you have shown compared
to the 400 cases of Chevrel published in Hernia.

deVries Reilingh: There is a randomized clinical trial in-
cluding patients for Ramirez technique with and without
mesh reinforcement, and the mesh is placed in the sublay
position, not onlay. We choose this technique because of
the large wound complication described by onlay mesh
plasty and also with the Ramirez technique, and it seems
not suitable to put a mesh in areas where they might
cause problems.

Kurzer: [ was interested, but not surprised, to see your high
rate of wound complication and abdominal wall stiffness.
I am interested that Prof. Flament and his colleagues have
a vast experience with sublay mesh and have shown over
many years that it works very well. Prof. Kingsnorth, with
respect, is advocating a randomized trial of a bad opera-
tion against a good operation done badly, and I can’t see
the point in doing that. Do a good operation well. We
should be teaching the people to do the good operation, not
doing more randomized clinical trials of two very different
operations, one of which doesn’t work well at all. I am
pleased that you are moving over to sublay mesh.

Chan: In my study and review we have taken a lot of
onlay mesh, that’s all I can tell you, especially for big ones.
It just doesn’t work, because most of the time the defect is
just so big, its too tight to put it in, so it just won't work,
I would recommend not to use it at all.

Kingsnorth: I would like to speak up in favour of the
onlay technique. Firstly, we must not ignore the results
of Prof. Chevrel, that are every bit as good as the sub-
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lay technique; we cannot call the onlay a bad operation.
Secondly, I think it is very versatile; the best place for the
sublay technique is only in the upper abdomen because
you can then put it in front of the posterior rectus sheath;
once you get below the linea arcuata, you then only have
peritoneum, that often tears and then you have mesh in
direct contact with bowel, so I think in the lower abdomen
the onlay technique maybe advantageous. We must give
the onlay technique a chance, it is more versatile, it is
easier, and general surgeons are capable of using it under
more circumstances than the sublay technique.

Schumpelick: I would also like to say something in fa-
vour of the onlay technique, even as a sublay man. In
the recurrent cases, where the retromuscular space is al-
ready obliterated by a mesh, it is sometimes very difficult
to place another mesh in the same space. With the new
meshes you can do an onlay repair. The main problem
with the old meshes in the onlay position was infection,
something we don’t see with the new large pore meshes
that are better integrated. And even in the case of infec-
tion there is no need for explantation. We have done some
in this technique with good results.

20.3 Technical Factors Predisposing to Recurrence After Minimally Invasive Incisional

Herniorrhaphy

C.T. FRANTZIDES, L.E. LAGUNA, M.A. CARLSON

Introduction

Since 1993, experience in minimally invasive incisional
hernia repair has accumulated such that we now have
some basic understanding of how to optimize the tech-
nical outcome of this procedure. In this review we will
summarize technical maneuvers which we believe will
minimize the risk of recurrence after minimally invasive
incisional herniorrhaphy. The conclusions and recom-
mendations of this review are based on our own clinical
experience [1] and a review of the surgical literature. As is
the case in most areas of surgery, the recommendations
given in this review are based on uncontrolled clinical se-
ries and expert opinion; there are little to no data available
from randomized controlled trials in the field of minimally
invasive incisional hernia surgery.

Methods

An internet search of the literature was performed
(PubMed/National Library of Medicine, www.ncbi.
nlm.nih.gov/entrez/) using various combinations of the
following keywords: minimally invasive, laparoscopic,
ventral, incisional, hernia. The inclusion criteria were
papers that contained adequate data on > 10 patients
undergoing minimally invasive incisional or ventral
herniorrhaphy. To be included, a paper needed to de-
scribe patient demographics, surgical technique, peri-
operative events, and some follow-up/recurrence data.
In addition to internet search, the references of selected

papers were searched manually to identify any possible
manuscripts that were missed (none were found with
this secondary search). In some instances, a group of
authors had multiple publications on the same series
of patients; in these cases only the most recent update
of a given patient series was included in the present
review.

Results for Hernia Recurrence

A total of 53 manuscripts met the inclusion criteria
(B Table 20.4); these papers described 5227 minimally
invasive incisional or ventral herniorrhaphies (a com-
prehensive analysis will be submitted for later publi-
cation.) Certain aspects of herniorrhaphy technique
were virtually identical among all 53 manuscripts:
intraperitoneal sublay of prosthetic mesh which ex-
tended beyond the margins of hernia in all directions,
with no excision of the hernia sac. The papers differed
in the type of mesh used, the amount of mesh overlap
of the defect, and in the technique of mesh fixation
(see discussion below). The rate of hernia recurrence in
these 5227 published procedures was 3.98%. Of course,
this result is mostly the product of specialty centers in
which minimally invasive surgery is prominent, so the
recurrence rate for all operators is likely to be higher.
The results from the 53 manuscripts of this review also
is subject to publication bias (i.e., better results have a
greater likelihood of being submitted than mediocre
results). The reported recurrence rate from open in-
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B Table 20.4. Papers included in review of minimally invasive incisional/ventral hernia surgery

7 Vi

Ref. no. Year Authors Institution Procedures
[7] 1997 Holzman et al. Duke 21
[8] 1998 Toy et al. Multicenter 144
[9] 1998 Tsimoyiannis et al. Hatzikosta General Hospital, loannina 1
[10] 1999 Koehler et al. Martha’s Vineyard Hospital 32
[11] 1999 Kyzer et al. Tel Aviv Univ 53
[12] 1999 Sanders et al. Tulane Univ, Henry Ford Hospital 12
[13] 2000 Charietal. Meridia Huron Hospital, Cleveland 14
[14] 2000 Chowbey et al. Sir Ganga Ram Hospital, New Delhi 202
[15] 2000 DeMaria et al. MCV, Richmond 21
[16] 2000 Farrakha Abu Dhabi, UAE 18
[17] 2000 Reitter et al. Ul Peoria, IL 49
[18] 2000 Szymanski et al. Scarborough Hospital, Canada 44
[19] 2001 Birgisson, Park et al. UKY 64
[20] 2002 Andreoni et al. UNC Chapel Hill 13
[21] 2002 Aura et al. Aulnay-Sous-Bois, France 86
[22] 2002 Bageacu et al. Saint-Etienne, France 159
[23] 2002 Ben-Haim et al. Tel Aviv Univ 100
[24] 2002 Berger et al. Baden-Baden 150
[25] 2002 Gillian et al. Southern Maryland Hospital 100
[26] 2002 Kirshtein et al. Ben Gurion Univ, Beer Sheva, Israel 103
[27] 2002 Kua et al. Royal Brisbane Hospital, Queensland, Austral 30
[28] 2002 Lau et al. Univ Hong Kong Med Ctr 1
[29] 2002 Parker et al. Univ South Carolina 50
[30] 2002 Raftopoulos et al. Ul Chicago 50
[31] 2002 Salameh et al. Baylor, Houston TX 29
[32] 2002 van't Riet et al. Erasmus U Med Ctr, Rotterdam 25
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B Table 20.4. Continued

Ref. no. Year Authors Institution Procedures
[33] 2002 Wright et al. Hennepin County Med Ctr, Minneapolis 90
[34] 2003 Carbajo et al. Valladolid, Spain 270
[35] 2003 Chelala et al. Univ Hosp Tivoli, Belgium 120
[36] 2003 Chowbey et al. Sir Ganga Ram Hospital, New Delhi 34
[37] 2003 Eid et al. UPitt, VAMC Pitt, UMN 79
[38] 2003 Heniford et al. Carolinas Medical Center, UKY, Emory, UTN 850
[39] 2003 LeBlanc et al. Min Invas Surg Inst, Baton Rouge 200
[40] 2003 McGreevy et al. Dartmouth-Hitchcock Med Ctr, VAMCVT 65
[41] 2003 Mizrah et al. Ben Gurion Univ, Beer Sheva, Israel 231
[42] 2003 Rosen et al. Cleveland Clinic 114
[43] 2004 Bamehriz and Birch McMaster Univ, Hamilton, Can 28
[44] 2004 Bencini and Sanchez Florence, Italy 64
[45] 2004 Bower et al. East Carolina Univ, Greenville 100
[46] 2004 Franklin et al. Texas Endosurgery Institute, MGH, Monterrey 384
[1] 2004 Frantzides et al. NWU, UNMC, UTN 208
[47] 2004 Gal etal. Bugat Pal Hosp, Hungary 15
[48] 2004 Kannan et al. Changi General Hosp, Singapore 20
[49] 2004 McKinlay and Park Univ Maryland 170
[50] 2004 Moreno-Egea et al. Murcia, Spain 920
[51] 2004 Muysoms et al. Ghent, Belgium 52
[52] 2004 Sanchez et al. Florence 90
[53] 2004 Ujiki et al. NWU, UHawaii, Hines VA 100
[54] 2004 Verbo et al. Catholic Univ, Rome Italy 45
[55] 2005 Angele et al. Ludwig-Maximilians Univ, Munich 28
[56] 2005 Johna Loma Linda Univ, CA 18
[57] 2005 Olmi et al. Monza, Italy 50
[58] 2005 Perrone et al. Washington Univ 121
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cisional herniorrhaphy (not reviewed here) is widely
variable, from several percent to 20% or more. Need-
less to say, a prospective randomized comparison of
open vs. minimally invasive incisional hernia repair has
not been done. Considering the inherent advantages of
minimally invasive surgery, however, it would be rea-
sonable to predict that the overall results (including
recurrence, infection, pain, patient satisfaction, etc.) of
the minimally invasive approach would be as least as
good, if not better, than the open approach.

Technical Factors: Entry and Exposure

For any laparoscopic procedure, the surgeon can
minimize the risk of port-site hematoma by transil-
luminating the abdominal wall prior to trocar inser-
tion. This maneuver minimizes the risk of abdominal
wall vessel laceration. It is not clear, however, whether
a port site hematoma predisposes a patient to recur-
rent hernia. In order to prevent port-site hernia, the
surgeon should close all port sites for trocars > 5 mm,
and for 5mm if the site has become stretched or en-
larged [2].

Probably the first major technical issue that the sur-
geon encounters during a minimally invasive incisional
hernia is intra-abdominal exposure. Retrospective anal-
ysis has determined, not surprisingly, that inadequate
dissection of the hernial defects will increase the risk
of hernia recurrence [3]. Nearly all authors of the 53
manuscripts of the present review stress complete ex-
posure of the ventral abdominal wall with takedown of
all adhesions to the viscera. The entire incision needs to
be visualized. Such a maneuver will prevent the surgeon
from missing a small, asymptomatic defect which later
could enlarge into a symptomatic one. This is especially
important with long midline incisions closed with run-
ning nonabsorbable suture, in which the so-called Swiss
cheese abdomen (i.e., multiple small hernias deriving
from the cutting action of the suture) can develop. Small
hernias can be hidden in a mass of dense adhesions, so
complete adhesiolysis is essential.

Technical Factors: Mesh Type

Vi
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surface construct available from W. L. Gore and As-
sociates, Inc. (i.e., DualMesh). This mesh has a closed
structure surface on the side facing the viscera; this
is intended to reduce tissue attachment. The other
side (facing the abdominal wall) has a macroporous
structure (corduroy), which is intended to enhance
tissue attachment. Interestingly, an improvised dual-
surface mesh for minimally invasive incisional her-
niorrhaphy already was in use by the early 1990s [4].
This was a bilaminar prosthesis consisting of a sheet
of ePTFE and a sheet of polypropylene sewn together;
the polypropylene side was applied to the abdominal
wall while the ePTFE side contacted the viscera. This
dual-surface arrangement encouraged tissue ingrowth
on the abdominal wall side, thereby increasing the ro-
bustness of the repair, yet minimized intestinal reaction
to the mesh. So far, published clinical experience with
the dual-surface mesh configuration has shown it to be
safe. To our knowledge, there have been no published
cases of primary erosion of ePTFE into the viscera after
incisional herniorrhaphy with ePTFE. In laparoscopic
incisional hernia repair the prosthesis is typically placed
in direct contact with the viscera which, in the case of
heavy-weight polypropylene mesh, introduces the risk
of visceral erosion. The dual-surface mesh configura-
tion appears not to have this risk.

The use of ePTFE has undergone a resurgence with
the advent of minimally invasive incisional hernia
repair. This material was less popular in open hernia
repair because it was more prone to infection and in-
corporated less well than other materials (e.g., poly-
propylene). Since mesh infection appears to be less of
a problem with the minimally invasive approach, and
with the introduction of the dual-surface product which
incorporates strongly into the abdominal wall yet is
benign to the viscera, dual-surface ePTFE has become
the material of choice for the majority of the authors
in this review. It should be noted, however, that there
are a number of light-weight/composite polypropylene
hernia meshes now available which may be suitable (or
even better) alternatives to ePTFE. Long-term compara-
tive data in patients are not available.

Technical Factors: Mesh Overlap

The next choice of potential consequence during min-
imally invasive incisional hernia repair is the mesh
type. Expanded Polytetrafluoroethylene (ePTFE) was
the prosthetic material used in the majority of proce-
dures in 41 (77%) of the 53 manuscripts; of these 41
papers, 33 (62%) specified their ePTFE as the dual-

As indicated above, the universal approach to minimally
invasive repair of hernia of the ventral abdominal wall
in manuscripts of this review is sublay positioning of
prosthetic mesh, a technique originally described in
open surgery by Rives and Flament [5] and also by
Stoppa in the groin [6]. For repairs of this type, one
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requirement for the mesh is that it should have adequate
overlap (a more accurate term would be underlap) of
the hernial defect [3]. That is, the margin of the mesh
should extend beyond the margin of the defect by an
appropriate amount throughout the defect’s entire cir-
cumference. The range of mesh overlap in the 53 manu-
scripts of this review is shown in @ Fig. 20.4. Most (60%)
of the authors favoured a minimum of 3cm of overlap;
24% indicated 4cm or more. One might hypothesize
that the recurrence rate would decrease as the overlap
increased, but this is not supported by plotting these
two variables, as shown in 8 Fig. 20.4 (it should be ad-
mitted that this is a relatively unscientific manipulation
of uncontrolled data). The final answer to an appropri-
ate amount of mesh overlap during minimally invasive
incisional herniorrhaphy is not known, although 3cm
most commonly is chosen. The optimal distance most
likely is dependent on multiple variables, and may not
be simply defined by “more is better”

Technical Factors: Mesh Fixation

One of the more controversial issues in minimally
invasive incisional herniorrhaphy is the technique of
mesh fixation. At a minimum, the laparoscopically
performed sublay technique requires some fixation to
keep the mesh anterior while pneumoperitoneum is
present. Further fixation beyond this would be intended
to prevent mesh migration/slippage with subsequent
reherniation. The basic choices for fixation are (1)
tacking/stapling, (2) transabdominal fixation sutures,
or (3) a combination of both. Of the 53 manuscripts in
this review, 44 contained sufficient details regarding

ventral herniorrhaphy. Complete data
were available from 45 of the 53 manu-
scripts shown in @ Table 20.4

mesh fixation; 69% of the papers utilized a combina-
tion of tacking/stapling and fixation sutures, while 29%
utilized tacking/stapling alone (one paper used sutures
alone). A plot of fixation technique vs. recurrence rate
is shown in @ Fig. 20.5; there was no statistical differ-
ence in recurrence with respect to fixation. Neverthe-
less, given that a common cause of recurrent herniation
is mesh slippage, it would seem reasonable to use the
maximum amount of mesh fixation (i.e., lots of tacks/
staples + lots of fixation sutures). Unfortunately, fixa-
tion sutures are associated with long-term abdominal
pain, and they also require additional stab incisions
in the skin and more operating time. We have spoken
with surgeons who anecdotically claim that their recur-
rence rate is less with the combined use of tacks/staples
and sutures, but controlled data are lacking. Further-
more, there are details of fixation technique (e.g., spi-
ral tacks vs. straight staples, single vs. multiple rows
of tacks, spacing between tacks and/or sutures, etc.),
which further complicate the fixation issue. One of us
(C.T.E) utilizes a single row of straight staples at 1cm
intervals (having obtained a 1.4% recurrence rate [1],
while the other (M.A.C.) has changed his technique to
a single row of spiral tacks at 1cm intervals with 2-0
polypropylene transabdominal fixation sutures placed
every 5-7cm. The first author (C.T.E) places each staple
radially so that one end is buried into the PTFE while
the other end takes tissue. In addition, he is careful that
each staple enters the abdominal wall perpendicularly
(using the two-handed stapling technique) to ensure
maximum tissue penetration. It is this type of technical
detail that could make the difference between a 1% vs.
a 5% recurrence rate. In any event, it is difficult to rec-
ommend one fixation technique over another without
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controlled data. This is another area of surgery which
will continue to be dictated by training environment,
local experience, and so forth.

Technical Factors: Infection

Wound infection has been shown to be an independent

risk factor for recurrence after open incisional hernia

repair in numerous clinical series (data not reviewed

here). Port-site infection after laparoscopic incisional

hernia repair usually can be handled with antibiotics

and local care without endangering the mesh; infec-

tion of ePTFE mesh itself, however, invariably means

mesh removal with subsequent hernia recurrence.

Although seemingly less common with the minimally

invasive approach, mesh infection still had an incidence

of 0.89% in the 5227 procedures of this review. There

are a number of recommendations (expert opinion,

not necessarily standard of care) to minimize the risk

of major wound/mesh infection in minimally invasive

incisional herniorrhaphy:

== pre-operative bowel preparation (mechanical and
oral antibiotics);

== appropriate use of antibiotic prophylaxis;

== use of an antimicrobial-impregnated adhesive
drape;

== avoidance of ePTFE contact with skin;

== changing surgical gloves prior to handling the
mesh;

== careful surgical dissection with minimal blood
loss;

== deferral of operation in the presence of incisional
inflammation or stitch abscess.

B Table 20.4

Smoking should be minimized/eliminated pre-op-
eratively, as this has been shown to be a risk factor for
failure in open incisional herniorrhaphy. If the patient
develops a large seroma postoperatively, then the sur-
geon should avoid the temptation of aspiration/drain-
age. The vast majority of these seromas will resolve
without intervention; unnecessary violation of the space
may introduce bacteria.

An issue related to infection is the management of
intra-operative small bowel perforation. This compli-
cation occurred in 81 (1.6%) of the 5227 cases of this
review. Details on the management of these cases were
not available for all of them. In general, however, a
surgeon has at least three options when a small bowel
perforation is recognized intra-operatively: (1) convert
to an open procedure, repair the enterotomy, and close
the hernial defect primarily without a mesh;; (2) if there
is no enteric spillage, then repair the enterotomy lapa-
roscopically and complete the mesh herniorrhaphy as
planned; (3) repair the enterotomy laparoscopically,
place the patient on I'V antibiotics for several days, and
then perform the minimally invasive incisional hernior-
rhaphy with mesh (usually the authors choice). There
are variations to these options, but the essential choice
is conversion vs. laparoscopic bowel repair and herni-
orrhaphy vs. laparoscopic bowel repair with delayed
herniorrhaphy. The idea of placing a piece of PTFE in
the face of potential enteric contamination (option 2
above) may not seem safe, but there are numerous suc-
cessful examples of this management in the 53 articles
of this review. Since the incidence of this complication
is relatively low, it will be difficult to ascertain the op-
timal management, especially with respect to patient
comorbidities. Consequently, treatment for each case
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of intra-operative small bowel perforation will depend
on the characteristics of the injury, surgeon’s bias and
experience, patient comorbidities, and so on. Intra-op-
erative colon injuries are more rare; since the bacterial
concentration in the colon is at least a millionfold of that
in the small bowel, however, one should be wary of simul-
taneous repair of a colon injury and mesh placement.

Summary

At this relatively early stage in the history of minimally
invasive repair of ventral/incisional hernia, a few rec-
ommendations for optimizing technique and reducing
recurrence may be given:

1. Completely, yet carefully, expose the entire incision
and anterior abdominal wall.

2. For intraperitoneal mesh placement, a dual-surface
mesh which incorporates into the abdominal on one
side while remaining relatively nonreactive to the
viscera on the other appears optimal.

3. The ideal amount of mesh overlap of the defect is
not known; a 3cm overlap seems reasonable.

4. The optimal form of mesh fixation needs to be stud-
ied by a carefully designed and controlled trial. At
this point tacks/staples * fixation sutures are the
most popular techniques.

5. Minimize the risk of mesh infection; have a plan
ready in the event of an intra-operative small bowel
enterotomy.

6. Close all port sites for trocars >5mm.
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Discussion

Itani: One of the issues that nobody addresses with lapa-
roscopic surgery is the issue of cosmesis. As you know, in
open surgery in all these deformed abdominal walls it is
very easy to remove the scar, doing an abdominal plasty

if needed, remove excess skin, but you cannot do that with
the laparoscopic procedure.

Frantzides: You can do that with a laparoscopic proce-
dure at the latest stage, which means a second operation
later on.

LeBlanc: One thing that you didn’t mention when you
look at the fixation, and I know that you are not a pro-
ponent of suture as I am, there is no good consensus, but
a lack of adequate follow-up in the majority of series
that allow anyone to make a firm determination. There
are only two or three series that have followed up be-
yond 2 or 3 years, so there are just not enough data; we
need more prospective randomized trials to answer that
question.



The surgical armamentarium to solve the persisting
problem of incisional hernia has grown over the decades
and recently expanded essentially by the laparoscopic
techniques. However, the multitude of techniques is a
typical sign that no procedure meets all requirements
to answer every fascial defect of the abdominal wall.
This might be explained by the different and difficult
anatomy of the abdominal wall in the median com-
partment and both lateral compartments and their
complicated transition zone of muscles, fascias and
aponeuroses (B Fig. 21.1).

The muscles of the abdominal wall, antagonistic to
the muscles of the back, are important for every move-
ment of the trunk. They are essential for erect position,
regulate the intra-abdominal pressure, support defeca-
tion and furthermore they are permanently involved in
supporting breathing.

From topographic-anatomical aspects the abdo-
minal wall closes the s