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Abstract Background: The incidence of laparoscopic
hiatal hernia recurrence is less than ideal. The reasons are
more theoretical than objective, as the literature has little
data in support of specific mechanisms of recurrence.
Method: A recent literature review using all Internet-
available, English-language articles on laparoscopic
hernia repair was completed. Results: A multitude of
mechanisms of recurrence are suggested, but only sur-
geon inexperience, postoperative vomiting, heavy lifting,
and retention of the hernia sac are supported by data.
Conclusion: The incidence of hiatal hernia recurrence has
stabilized. The role of an onlay mesh prosthesis for the
prevention of hiatal hernia recurrence is under investi-
gation, and long-term results are awaited.
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Introduction

The laparoscopic repair of routine hiatal hernias may be
problematic. Clearly the initial experience with repair of
large type III hernias was a concern for all laparoscopic
surgeons. An unusually high cumulative recurrence rate
[1, 2, 3], as compared to the open technique (Table 1),
lead some to believe that all paraesophageal hernias
should be repaired using the open operative approach.
Recurrences are not defined well in some studies, and
end points for hernia definition vary between studies.

Nevertheless, the available data, as imperfect as it was,
convinced many that a problem existed.

Subsequent laparoscopic hiatal hernia repair data
have shown an overall improvement in recurrence rates,
although length of follow-up is relatively short. Appar-
ently this improvement is a manifestation of the learning
curve. Nevertheless, the cumulative recurrence rate re-
mains higher than ideal.

This article will review the previously mentioned
causes for the high recurrence rates [4, 5] and elucidate
several additional mechanisms for hernia recurrence.
Suggested technical alterations will be given.

Prosthetic onlay reinforcement of the crus closure [6,
7] has become a popular alternative. Low recurrence
rates have been demonstrated, although long-term fol-
low-up is not available. This alteration in technique will
be discussed as well.

Methods

A Medline review of the English literature was per-
formed. The early and late laparoscopic hiatal hernia
repair data are compared against results from open
hiatal hernia repair. The early experience from laparo-
scopic repair is summarized in Table 2 (1997–2000).
Subsequent series of laparoscopic repair are included in
Table 3. Series with fewer than 15 patients were ex-
cluded from the tables. Smaller series have, however,
been included for the data on repair using mesh. Articles
describing specific mechanisms of hiatal hernia recur-
rence were reviewed and included.

Results

Table 1, Table 2, Table 3, and Table 4 show the series
that are germane. Table 2 demonstrates the early expe-
rience of laparoscopic surgeons and Table 3 the more
recent experience with laparoscopic repair of hiatal
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hernias. The cumulative recurrence rates for Table 2 and
Table 3 are 8.1% and 9.6%, respectively.

Proven mechanisms of recurrence for hiatal hernia

Previously only vomiting, surgeon inexperience, and
heavy lifting have been conclusively associated with

recurrent hiatal formation [4, 5, 8, 9]. Postoperative
vomiting is clearly the most agreed upon mechanism
of hiatal hernia recurrence. If the patient experiences
dry heaving, the chances of hiatal hernia recurrence
also increase. This may occur more often with lapa-
roscopic operations, as the patient does not have
nasogastric decompression often utilized with open
surgery.

Table 2 Laparoscopic paraesophageal hernia repair without mesh: Early experience

Author (year) Patients
(n)

Conversions
(n)

Recurrences
(%)

Complications Follow-up
(months)

Perdikis et al. [28] (1997) 65 2 15.2 Gastric perforation 2, bleed 6 18
Huntington [29] (1997) 58 1 0 Major 4 12
Gantert et al. [30] (1998) 55 6 4 Intraoperative technical 5, pulmonary

embolus 1
11

Hawasli and Zonca [31] (1998) 27 0 0 Stoke 1 1–56
Horgan et al. [32] (1999) 41 2 12 Death 1, stomach perforation 1 36
Edye et al. [10] (1998) 55 0 12.7 Dysphagia 2, gastroparesis 1 20–40
Schauer et al. [26] (1998) 70 3 0 symptomatic Gastrotomy 1, esophageal perforation 4 13
Wiechmann et al. [33] (2001) 60 6 9 Esophageal perforation 2 12
Swanstrom et al. [34] (1999) 52 0 8 Intraoperative 3, postoperative 3 18
Watson et al. [11] (1999) 86 20 1 Early 11 12
Carlson et al. [35] (1999) 16 0 18.8 Pneumothorax 1 12–36
Hashemi et al. [1] (2000) 27 0 42 Major 2 24

Table 3 Laparoscopic paraesophageal hernia repair without mesh: Recent experience

Author (year) Patients
(n)

Conversions Recurrences Complications Follow-up
(months)

Pierre et al. [36] (2002) 203 3 5 (2.5%) needed reoperation Leaks or perforations 15 18
Jobe et al. [2] (2002) 52 0 32% — 37
Diaz et al. [3] (2003) 116 0 21 (22%) 3 (3%) reoperation 5 (4.7%) major 30
Balsara et al. [37] (2002) 22 0 0 1 major 3–24
Khaitan et al. [38] (2002) 31 6 7% herniated wrap 33% 2 25.2
Dahlberg et al. [39] (2001) 37 2 12.9% Intraoperative 6,

postoperative 5
15

Velanovich and Karmy-Jones
[40] (2001)

31 5 3 (12%) 1 major ?

Mattar et al. [41] (2002) 136 3 3 (2.3%) symptomatic 14 (12.2%) 40
Leeder et al. [12] (2003) 37 4 2 (6%) 1 major 6–89
Keidar and Szold [42] (2003) 20 0 18% 15% 58
Frantzides et al. [7] (2002) 36 0 8 (22%) 0 major 40

Table 1 Open paraesophageal
hernia repair

T=thoracic; A=abdominal

Source No. of patients Recurrence
rate (%)

Length follow-up
(months)

Surgery

Orringer et al. [8] (1972) 892 14.5 120–180 T
Nicholson and Nohl-Oser [16] (1976) 283 13.1 12 T
Mokka et al. [17] (1977) 50 12 60 A
Gardner et al. [18] (1977) 42 0 38.5 A
Gatzinsky et al. [19] (1979) 105 9.5 48 A+T
Refsum and Nygaard [20] (1979) 43 16.3 35 A
Singh [21] (1980) 238 8.4 84–120 T
Pearson et al. [22] (1983) 53 17 74.4 A+T
Ellis Jr. et al. [23] (1986) 51 8 59 A+T
Williamson et al. [24] (1993) 119 10 61.5 A
Weissberg and Refaely [25] (1995) 55 5.5 108 A+T
Schauer et al. [26] (1998) 25 8 48 A+T
Rogers et al. [27] (2001) 60 1.5 19 T
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Surgeon inexperience was demonstrated as a factor in
a study by Orringer et al. [8]

Another cause of hernia recurrence that appears to be
conclusively established is the retention of the hernia sac
[10, 11, 12]. The removal of the sac from the mediasti-
num, if not the complete sac excision, is now a routine
part of the laparoscopic repair of large hiatal hernias.

A variety of other suspected mechanisms have been
associated with recurrence, and additional risk factors
for laparoscopic hiatal surgery have been suggested. The
latter prove important because the follow-up by en large
is shorter for the laparoscopic series. Thus these factors,
although theoretical, still may be of importance.

Possible mechanisms of recurrence common to
both open and laparoscopic operations

Coughing, smoking, and collagen-metabolic disorders

The inevitable secondary coughing from smoking is the
probable reason for the adverse relationship; however,
Read has theorized and Jorgensen has proven a rela-
tionship between collagen-metabolic disorders and
smoking [13]. Regardless, increased intra-abdominal
pressure from coughing is a known factor for wound
dehiscence [14], and it is recommended that all patients
observe smoking-cessation measures preoperatively.

The short esophagus

For years surgeons have debated the existence of the
short esophagus. There is agreement that some patients
suffer from severe reflux disease that results in deep
ulcerations and, in some circumstances, panmural fi-
brotic stricture formation. Many surgeons also attest to
paraesophageal inflammation found during mediastinal
dissection of the esophagus. The significance of this
phenomenon and the many points in favor or against the
influence of esophageal shortening are beyond the scope
of this paper. It is fair to summarize by saying that the
number of publications in favor of the concept exceed
those opposed. If indeed the short esophagus exists, it
does make sense that the incidence of re-herniation

would be increased as the fundoplication is attached to
the distal esophagus.

Possible mechanisms of recurrence unique
to laparoscopic operations

Premature return to normal activity

A suspected cause of recurrent hiatal hernia formation
after laparoscopic surgery is a too-rapid return to a
normal lifestyle. There is a shorter hospital stay because
a paralytic ileus is not experienced, plus pulmonary
complications are less likely. With decreased postoper-
ative pain, the laparoscopic operation allows the patient
to be discharged from the hospital in 1–2 days and
usually to be back to their place of work in 7–10 days.
The patient expects this, the physician expects this, and
the employer expects this, and in many respects, there is
no apparent reason not to return to work. The incisional
pain has diminished, if not disappeared, normal eating
habits have resumed, and physiologically the body has
resumed normal functions in every respect. However,
the adhesions and eventual fibrosis are still poorly
formed at 1 week. Normal activity means normal
stresses on the crural closure with only early adhesions
to secure the stomach in its anatomical position.

Decreased adhesion formation

The intraperitoneal reoperative findings and the techni-
cal disparities between open and laparoscopic hiatal
hernia are considerable, not the least of which is the
difference in adhesion formation. In the senior author’s
experience after performing over 100 laparoscopic re-
operative procedures for failed Nissen fundoplication,
the patients with open repairs had far more adhesions
than the laparoscopic patients. The open operative
adhesions almost always involved the anterior abdomi-
nal wall binding the stomach to the peritoneum (a
pseudogastropexy) but also the under surface of the
liver. Although the strong majority of the laparoscopic
operations have adhesions to the posterior surface of the
lateral segment of the left lobe of the liver, they are in

Table 4 Paraesophageal hernia repair with mesh

Author (year) Patients
(n)

Open/Laparoscopic Recurrences
(%)

Complicatio-ns Follow-up
(months)

Carlson et al. [43] (1998) 44 O 0 Major 3 52
Carlson et al. [35] (1999) 15 L 0 Major 0 12–36 Keidar
Hui et al. [44] (2001) 12 L 8.5 Major 1 37
Livingston et al. [45] (2001) 10 L 0 Major 0
Casaccia et al. [46] (2002) 8 L 0 Major 0 8
Frantzides et al. [7] (2002) 36 L 0 Major 0 20.4
Champion and Rock [6] (2003) 52 L 1.9 Major 0 25
Granderath et al. [47] (2003) 24 L 0 Major 0 12
Keidar and Szold [42] (2003) 10 L 10 Major 1 58

O=open; L=laparoscopic
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general grade 2�3 adhesions. The gastric liver adhesions
are grade 3 or 4 adhesions.

The grade of adhesions in the hiatus is often similar
between the open and laparoscopic repair with the
posterior hiatal adhesions being the most dense. Previ-
ous dissection in the mediastinum and the amount of
gastric or adipose tissue incarcerated within the medi-
astinum also governs the difficulty of the dissection but
is not obviously different between the two techniques.

Less tissue inclusion in the closure

Distortion of hiatal structures The configuration of the
hiatus during surgery is different for the laparoscopic
approach. With insufflation, there is always an anterior
and lateral stretch of abdominal wall and the attached
diaphragm, creating a more vertical orientation and
attenuation of the diaphragmatic crura. As a result, there
is less crural tissue available for suture inclusion, as with
the open repair, the crura lie in a more horizontal and
relaxed position. In addition, the senior author has no-
ticed when performing an open Nissen fundoplication
that Penrose drain retraction is in amore caudad direction
rather than anterior and to the left, as when performing a
laparoscopic operation. This results in a more anterior
stretch of the crura with the laparoscopic technique.

Different needles The ski-shaped needle is often used for
the laparoscopic operation because the needle passes
through a smaller trocar. The needle is shaped from a
curvilinear needle; therefore, its length is the same.
Sometimes it is awkward to back the needle into the
posterior gastroesophageal window because of the nee-
dle length. This can result in a more superficial inclusion
of the posterior left limb of the right crus. Secondly, the
straight configuration makes it more likely to puncture
the aorta with the most posterior positioned suture, so
the natural tendency is to include less tissue, especially
on the left side; the right limb of the right crus is easier to
position the suture in because it usually is less bulky and
the aorta is out of harm’s way. The vena cava is to the
right of the right limb but is almost always easy to avoid.

The use of automatic-suture devices should be avoi-
ded. The ones available do not include more than 1 cm2

of tissue, and although easy to use, tissue inclusion ap-
pears to be the most critical factor in an effective crural
closure.

The exclusion of the subdiaphragmatic fascia we have
measured the thickness of the left subdiaphragmatic
fascia, as compared to the overlying peritoneum of the
right limb of the right crus and found it to be four times
thicker. The subdiaphragmatic fascia covers the left limb
of the right crus but is divided on the medial surface of
the left limb during laparoscopic Nissen fundoplication.
This is in contrast to the open repair, when a finger is
simply placed around the esophagus to create the pos-
terior window. The cutting of the fascia was found to be
necessary, but the reason is now suspect. Formerly

laparoscopic surgeons felt this was the only way to safely
create the posterior window. Blunt or sharp dissection
from the right side was risky. If one now utilizes a left-
side-first technique and divides all the short gastric
vessels and posterior attachments of the stomach to the
pancreas, a window can be easily made if the posterior
aspect of the left limb is identified from the right side.

The problem with dividing the left subdiaphragmatic
fascia is that it migrates to the left with the anterior and
lateral distention of the insufflated abdomen, which
makes suture inclusion less likely. It has been well pro-
ven by inguinal hernia surgery that muscle apposition
will result inevitably in suture pull out and hernia
recurrence. To think in any other way seems short-
sighted. Thus fascia and peritoneum inclusion in the
hiatal closure is probably crucial to the success of the
operation. Peritoneal inclusion on the right side is less
problematic, perhaps explaining why most of the suture
tear out that I have observed comes from the more bulky
left limb of the right crus.

Knot tying

Another potential difference between the open and lap-
aroscopic techniques is the placement and knot-tying
sequence. Most surgeons, when performing the open
technique, place their sutures and then attach a hemostat
to each subsequent suture but do not tie the sutures until
all the sutures have been placed. This is in contradis-
tinction to the laparoscopic operation when, after each
suture placement, the same suture is tied or secured in
whatever other fashion the surgeon chooses. This is to
prevent suture fouling, which can more easily happen
during laparoscopic operations. This may make the
laparoscopic closure less favorable, as the exposure for
needle placement is less ideal, and thus the inclusion of
tissue becomes more of an issue as the suture placement
progresses from posterior to anterior. Suture tying is
somewhat more suspect with the extracorporeal tech-
nique, as compared to open tying because tactile feed-
back is less with the former method. The tye-knot device
(Ti-knot LSI Solutions, Victor NY USA) has been our
choice for suture apposition and does provide better
tactile feedback, plus there is only one application rather
than 3–6 half hitches, depending upon what type of
nonabsorbable suture is utilized.

No hiatal calibration

Finally there is the issue of hiatal calibration. Many
surgeons have avoided dilator hiatal closure calibration
because of an early publication that described frequently
experienced intraoperative esophageal perforation from
the bougie introduced by the anesthetist. A visual
estimate has been used, and this increases the risk of a
too-loose closure, as opposed to a too-tight closure, as
the esophagus often has attached adipose tissue, making
it appear larger than it actually is. This, too, then can
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lead to the increased incidence of hiatal hernia recur-
rence, as the fundoplication can more easily migrate
intrathoracically (essentially a paraesophageal hiatal
hernia).

Mesh repairs

The placement of an onlay mesh repair may assist in
preventing hiatal hernia recurrence (Table 4). There are
short follow-up publications that attest to that fact, yet
anecdotal cases of mesh erosion into the esophagus are
often mentioned by experienced surgeons. Further
follow-up and randomized prospective trials are needed
to substantiate the true benefits of the mesh onlay
repair. In addition, indications and technical precau-
tions when using mesh reinforcement are yet to be well
defined.

Discussion

There is little to suggest a learning curve on this basis of
Table 2 and Table 3 cumulative recurrence rates; how-
ever, the methods used for detection of a recurrent hiatal
hernia vary between series. Some investigators routinely
perform endoscopies and barium studies for all patients,
while others simply follow them clinically. However,
some authors comparing their initial cases and later
cases note the sharp decline in recurrence rates, apparent
evidence that the learning curve is being surmounted
[12].

The learning curve or the lack thereof and the
mechanisms of hiatal recurrence have been reviewed
with the purpose of underlining for practitioners addi-
tional measures that can be taken to improve results. All
of this may be precluded by mesh repair (Table 4);
however, there is an inherent and significant apparent
risk with mesh reinforcement. Therefore, continued
efforts at improving technique should be sought prior to
randomly abdicating to mesh reinforcement. Eventually
improved biomaterials that avoid esophageal erosion
may be the answer. In concert with their development,
further long-term results from trials with mesh will be-
come available, perhaps making the correct choice more
apparent to clinicians.

Regardless of the operative technical measures taken,
the office staff must emphasize that the success of the
operation is partly dependent on the success of pre-
venting vomiting, dry heaving, and constipation. The
patient’s compliance with rapid reporting of excessive
nausea is imperative and must be emphasized. At our
institution, patients are routinely given a prescription for
antiemetics in addition to written instructions concern-
ing nausea and activity. Our preoperative office
instructions explain the importance of avoiding heavy
lifting, and if patients are required to lift heavy objects,
they are excused from work for 6 weeks.

The primary mechanism of hernia recurrence for
inguinal hernias and ventral hernias is closure under
tension. This can probably be said for hiatal hernias as
well. However, the tension applied to the hiatal closure
by normal physiologic forces may be due to the de-
creased influence of gravity when in the upright position.
An additional and confounding factor is the negative
pressure of the thoracic cavity and the increased move-
ment in the hiatus and its surrounding organs. Every
heartbeat and breath is part of the hiatal dynamic.
Peristaltic movement of the gastroesophageal junction
may be a factor as well.

Although these considerations are perhaps of interest,
there are essentially no data concerning the vector-force
analysis experienced in the hiatus. Much additional work
is needed to determine the optimal hiatal hernia closure.
An intraperitoneal mesh repair, as performed with lap-
aroscopic ventral hernia repair, has been demonstrated
to work. Strong lateral attachments are necessary; how-
ever, this is difficult to achieve with mesh placed upon the
crural closure. Perhaps glue will suffice, but it would be
helpful to understand the range of the disruptive forces
applied to the hernia repairs mentioned, the adhesive
resistant forces created by various meshes, the mesh-tis-
sue interface surface-area ratio resistance, and the
fixation devices currently used.

Collagen metabolism remains another significant
unknown influence on the recurrence of hiatal hernias.
Recent work by Dr. Schumpelick’s group demonstrates
that patients with recurrent incisional hernia showed the
lowest ratios of collagen types I to III in their tissue [15].
The altered collagen ratio might be the result of the
decreased activity of MMP-1. The observed alterations
in the expression of collagen-interacting proteins again
indicate the possibility of a fundamental connective-tis-
sue disease as the causal factor in the pathogenesis of
hernias. Obviously, further scientific investigation is re-
quired to assist us in understanding the ideal repair and
the additional considerations mentioned.

Conclusion

Hiatal hernia recurrence is a problem that must be
solved. There are abundant opportunities for further
research. The theorized mechanisms need to be proved
or disproved. The role of prosthetic mesh in the pre-
vention of hiatal hernia formation is unclear.
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