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Abstract

Background: Laparoscopic repair of large paraesopha-
geal hernias (PEH) is associated with significant
recurrence rates. Use of prosthetic mesh to complete
tension-free repair of the hiatus has been suggested to
decrease the recurrence rate.

Methods: Fifty-nine patients with large (n = 44) or
recurrent (n = 15) PEH were operated on via the
laparoscopic approach with the use of prosthetic mesh.
Patients were followed with office visits and phone
interviews. All patients were referred for barium stud-
ies. Data analysis included all patients, including con-
versions, on an intention-to-treat basis.

Results: Followup was completed in 56 (95%) patients.
Mean followup time was 28.4 months. Forty patients
(74%) had significant relief of all symptoms. Barium
studies were performed in 45 patients (80.3%), includ-
ing all symptomatic patients. Fifteen patients (33%)
had a small sliding hernia, six (13.3%) had recurrent
PEH, and four (8.8%) had narrowing of the gastro-
esophageal junction. Most patients with small hiatal
hernias were symptomatic (60%). All responded to
medical treatment.

Conclusions: Laparoscopic repair of large PEH with
reinforcement mesh is feasible and safe with excellent
short-term results. Long-term followup shows a low
PEH recurrence requiring reoperation, but a significant
number of patients develop symptomatic recurrent
small hiatal hernias that can be managed nonopera-
tively.
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Paraesophageal hernias (PEH) account for approxi-
mately 5% of all hiatal hernias [9]. This condition occurs
mainly in elderly patients and if left untreated may cause
complications such as gastric vulvulus, strangulation, or
gastrointestinal hemorrhage. Therefore, it is generally
recommended that once diagnosis is made, elective re-
pair be performed.

Several series have shown that open repair of PEH is
associated with a recurrence rate of up to 10% [1, 4, 6].
Thanks to the experience gained with laparoscopy, most
of which was acquired in treating gastroesophageal re-
flux disease, the laparoscopic approach became common
practice in large PEH as well. Several series have shown
this technique to be feasible and safe with excellent
short-term results [16, 21]. However, the recurrence rate
with the laparoscopic approach for large PEHs has been
shown to be higher than in the open technique, ranging
between 10.5% and 42% [8, 11, 12, 19, 22]. Most failures
are caused by crural breakdown and migration of the
wrap to the mediastinum [12, 19]. The use of a prosthetic
mesh to complete a tension-free or buttressed repair of
the hiatus has been suggested by several authors to de-
crease the recurrence rate [5, 7, 14, 20]. In this article we
report the outcome of 59 patients with large PEHs (ei-
ther primary or recurrent after previous failed repair)
who underwent laparoscopic repair with prosthetic
mesh placement.

Patients and methods

We retrospectively reviewed the database of 170 patients with a
diagnosis of PEH between October 1996 and October 2004 at our
institution. All patients that underwent open or laparoscopic repair
without the use of prosthetic mesh were excluded.

Study inclusion criteria were large or recurrent PEH, laparoscopic
repair, and use of prosthetic reinforcement mesh for the repair of the
hernia. Prosthetic reinforcement mesh was used only in patients who
had large diaphragmatic hernias that required considerable tension to
repair the defect. No mesh was used for patients with smaller hernias in
which a tension-free repair could be achieved with primary repair, and
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these patients were not included in this study. The size of the hiatal
defect was not routinely measured because the decision to use the mesh
was not based on size alone but rather on the surgeon’s assessment of
whether a safe, tension-free repair was feasible.

Information on presenting symptoms, preoperative workup,
operative procedures, and postoperative course was extracted from the
patients’ files.

Operative technique

After general anesthesia is induced, the patient is operated on while in
the modified lithotomy position with the surgeon standing between the
patient’s legs. The procedure is carried out through four or five trocars.
After the left lobe of the liver is retracted, the peritoneum is incised
around the diaphragmatic defect and the dissection performed beyond
the hernia sac, in an avascular plane between the sac and the medi-
astinum. No effort is made to reduce the sac content but rather the sac
and its content are reduced en bloc. It is sometimes necessary to divide
some of the short gastric vessels to give free access to the left crus, but
this is not always necessary. After the sac is completely reduced, dis-
section in the mediastinum is performed to free the esophagus and
ensure that the gastroesophageal junction is well below the diaphragm
without tension. Occasionally, the pleura is opened during the dis-
section. This usually does not create a problem and is easily sutured
when needed.

After the sac is reduced it is resected, taking care not to injure the
vagal nerves. The esophagus is then encircled with nylon tape used for
retraction. The repair is performed with interrupted nonabsorbable 00
braided sutures, dorsal and ventral to the esophagus, so as to place it
approximately in its normal anatomical position. After the crura are
approximated dorsally with several sutures, a precut mesh is placed
around the distal esophagus and secured to the diaphragm using a
hernia stapler or sutures, leaving a sufficient gap between the mesh and
the esophagus. We used several meshes during the course of the study
period. The first one was a polytetrafluoroethylene (PTFE) mesh that
we stopped using because of reports that had appeared in the literature
of mesh erosions, even though none of our patients developed this
complication. We then used Gore-Tex mesh, which we found difficult
to handle endoscopically. We recently started using a coated, pre-
formed, polyester mesh (Pariatex mesh, Sofradim, Lyon, France) that
is more easy to handle and less expensive.

A Nissen fundoplication is performed as part of the procedure in
most cases. In some patients division of the short gastric vessels is not
needed because the stomach, now reduced from the chest, is redundant
enough to allow a “floppy”” wrap. A 2-3-cm wrap is constructed and
fixed by three stitches, with the upper one anchoring the wrap to the
esophagus, taking care to spare the anterior vagus. No other procedure
(e.g., anterior fundophrenopexy) is performed to further secure the
stomach in the abdomen.

The repair of the diaphragm and the fundus is performed over a
large nasogastric tube only. This is removed at the end of the proce-
dure or shortly thereafter. Oral feeding is started the day after the
operation, beginning with clear fluids and quickly proceeding to
blended food, followed by a regular diet as tolerated.

Followup data

Patients were followed up with office visits and phone interviews.

We do not routinely perform postoperative barium studies on
asymptomatic patients. The patients included in this study, however,
were all referred for barium studies regardless of symptomatology.

Results

A total of 59 patients underwent LMRPEH between
October 1996 and October 2004 in our institution. Two
patients had died after the operation and one patient
was lost to followup. The deaths of the two patients
during the followup period were due to lung cancer and

Table 1. Presenting symptoms of patients with large and recurrent
diaphragmatic hernias

Main symptom No. patients (%)

Epigastric pain 61%
Heartburn 44%
Anemia 22%
Regurgitation 19%
Dysphagia 17%
Acute gastric volvulus 13%
Respiratory related symptoms 13%
Recurrent vomiting 7%

Early satiety 7%

Weight loss 4%

Table 2. Perioperative complications of laparoscopic mesh repair of
large and recurrent diaphragmatic hernias

Complication No. patients (%)

Pleural bleeding 2 (3.6%)
Esophageal perforation 1 (1.8%)
Pneumothorax 3 (5.5%)

acute myocardial infarction and occurred more than one
year after the operation. Neither death was related to
the procedure or to the PEH.

The mean age at presentation was 65.5 years
(range = 26-82 years), and the female/male ratio was
1.19. The main presenting symptoms are outlined in
Table 1. Mean duration of symptoms was 44 months
[range = 0 (patients who presented with gastric vulvu-
lus without prior symptomatology) to 10 years]. Pre-
operative diagnosis of PEH was made with a barium
study in 51 patients (91%), CT scan in 4 patients (7%),
and chest X ray in 1 patient (1.8%). Upper endoscopy
was performed in 41 patients (73%). Fifteen patients
(27%) underwent a previous diaphragmatic hernia re-
pair (all without use of prosthetic mesh) and presented
with recurrence of symptoms and radiographically
proved PEH.

Fundoplication was performed in 57 patients (96%),
including Nissen fundoplication in 55 patients (93%),
Toupet in 1 patient (1.8%), and Belsey in 1 patient
(1.8%). Gastropexy was performed in one patient
(1.8%). Mean hospital stay was 5.9 days (range = 2-70
days). Conversion to the open technique was required in
four patients (7.1%). Perioperative complications oc-
curred in six patients (11%) and are summarized in
Table 2. Reoperation as a result of significant pleural
bleeding was required in one patient.

Mean followup was 28.4 months (range = 6-92
months). Fifty-four patients (96.4%) were available for
followup and 43 patients (77%) were available for fol-
lowup for one year. Barium study was performed in 45
patients (80.3%), including all symptomatic patients.
Nine asymptomatic patients preferred not to undergo
the barium study. The incidence of postoperative
symptoms is summarized in Table 3. Forty patients
(74%) had significant relief of all symptoms; 25 of them
were completely asymptomatic. In the remaining pa-



Table 3. Postoperative symptoms following laparoscopic mesh repair
of large and recurrent diaphragmatic hernias

Symptom No. patients (%)
Significant relief of all symptoms 40 (74%)
Totally asymptomatic 25 (46%)
Epigastric pain 13 (24%)
Heartburn 10 (18%)
Dysphagia 7 (13%)
Diarrhea 2 (3.6%)

tients the predominant symptoms included heartburn,
epigastric pain, and dysphagia. Results of the barium
studies and associated symptoms are summarized in
Table 4. Twenty-five patients (55.5%) had an abnormal
barium esophagram: 15 patients (33.3%) had a small
type I sliding hernia, 6 patients (13.3%) had recurrent
PEH, and 4 patients (8.8%) had narrowing of the gas-
troesophageal junction. Presenting symptoms of pa-
tients with recurrent PEH included recurrent vomiting
(2 patients), recurrence of epigastric pain (3 patients),
and heartburn (1 patient). Most patients with small
hiatal hernias were symptomatic (60%); the most
prominent symptoms were epigastric pain (40%) and
heartburn (33%).

Operative complications, conversion rates, and PEH
recurrence in patients who underwent first repairs
compared with patients operated on for recurrent PEH
are summarized in Table 5.

Discussion

PEH is associated with a significant risk of life-threat-
ening complications [18]. Therefore, it is generally
agreed that PEH patients should undergo elective repair
of PEH shortly after diagnosis is made. Recently it was
debated whether asymptomatic patients should be
treated. Open surgical repair of PEH is a highly effective
procedure, with reported recurrence rates of up to 10%
in most series [1, 4, 6]. Laparoscopic repair of PEH is a
feasible and safe but technically demanding procedure.
Several series have shown that the short-term results of
laparoscopic repair of PEH are excellent [16, 21]; how-
ever, the incidence of hernia recurrence may be signifi-
cantly higher than with the open approach, as high as
42% in one series [11]. One possible reason for the high
recurrence rate may be the high tension that is formed
when a wide crural gap is sutured. This hypothesis led
some authors to recommend the use of prosthetic mesh
to reinforce the hiatus and form a tension-free repair of
the wide hiatal gap [5, 7, 14, 15, 20].

The short-term results following laparoscopic mesh
repair of PEH in our series are excellent. After a mean
followup time of 28.4 months, 74% of the patients have
significant relief of all symptoms, and most of the
remaining patients have mild to moderate symptoms
typical of gastroesophageal reflux. The rate of demon-
strated PEH recurrence in our study was relatively low,
11.2% (13.3% of patients that underwent barium studies
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and 11.2% of all patients; all symptomatic patients
underwent a barium study). However, in addition to the
patients who had PEH recurrence, 42% of the patients
who underwent barium studies also had either a small
hiatal hernia (33%) or a gastroesophageal junction
(GEJ) stricture (8.8%). Sixty percent of the patients with
a small hiatal hernia and all of the patients with a GEJ
stricture were symptomatic. However, the severity of the
symptoms was mild to moderate and in most cases was
well controlled with medication. Two patients required
balloon dilatations of a strictured GEJ, and none of the
patients with small sliding hernias required operation.
We believe that because the indication for surgery in
patients with PEH is to eliminate the chance of hernia
incarceration, a potential fatal complication, patients
with a small postoperative symptomatic sliding hernia
may have a certain impact on the quality of life, but it is
still an acceptable condition that has no potential for
life-threatening complications.

The relatively high incidence of small postoperative
sliding hiatal hernia following repair of large PEH has
been reported previously [2, 11], and the clinical signif-
icance of these hernias is a controversial issue. Andujar
et al. [2] reported a 20% rate of sliding hiatal hernia
following laparoscopic repair of PEH without the use of
mesh. These patients had similar postoperative symp-
tom improvement compared with the group of patients
without a sliding hernia. The patients remained
asymptomatic on long-term followup as well, and the
authors question whether the occurrence of such small
hiatal hernias is an important clinical finding after a
repair of large PEH. However, in our series most pa-
tients with small sliding hernias (60%) were symptom-
atic, with the most prominent complaints being
heartburn and epigastric postprandial pain. This is cer-
tainly a disturbing finding because of the high incidence
observed in our series (35%).

One of the main concerns regarding mesh placement is
the possibility of mesh erosion into the esophagus or
other abdominal viscera. There are several reports of this
rare complication [3, 4, 17]. However, in our series no
such complication occurred. Another concern when using
prosthetic mesh is that in the event of postoperative intra-
abdominal infection that involves the mesh, eradication
of infection may require prolonged antibiotic treatment,
multiple drainage procedures, and, in certain cases, even
mesh removal, a procedure that may carry significant
morbidity. This was evident in one of our patients with a
postoperative esophageal leak that required approxi-
mately six months of antibiotic treatment and recurrent
drainage procedures until resolution of infection was
obtained. Fortunately, mesh removal was not necessary
in this patient. We therefore generally do not use pros-
thetic mesh when contamination of the operative field by
inadvertent perforation of esophagus has occurred.

Another concern when using mesh repair of PEH is
the occurrence of postoperative dysphagia. Dysphagia is
a main problem after antireflux procedures, with a re-
ported incidence of 3%—24% after Nissen fundoplication
[10, 13]. Usually the dysphagia is mild and resolves
within several months. Granderath et al. [10] reported
that patients with mesh repair of PEH had a higher rate
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Table 4. Postoperative barium study and association with symptoms of 45 patients who underwent laparoscopic mesh repair of large and recurrent

diaphragmatic hernias®

Mean time from surgery

Barium study result No. patients (%) (months)

Asymptomatic Symptomatic

Normal 20 (44%) 20.6

Recurrent PEH 6 (13.3%) 27.4
15 (33.3%) 349

Small sliding hernia

Stenosis at GE junction 4 (8.8%) 31.7

50% 50%
Dysphagia (21%)
Heartburn (15%)
Epigastric pain (17%)
0 100%
Hearburn (17%)
Epigastric pain (50%)
Vomiting (33%)
60%
Dysphagia (7%)
Heartburn (33%)
Epigastric pain (40%)
0 100%

Dysphagia (100%)

40%

% Some patients suffered from more than one symptom

Table 5 Operative complications, conversions to laparotomy, and recurrences in patients operated on for recurrent diaphragmatic compared to

primary repairs

First repair (n = 40) Recurrent hernia (n = 15) p value
Conversion rate 1 (2.5%) 3 (20%) 0.057
Operative complications: 5 (12.5%) 6 (6.7%) 0.67
Pneumothorax 3 (7.5%) 0
Hemorrhage 2 (5%) 0
Esophageal perforation 0 1 (6.7%)
Hospital stay 4.35 9.9 0.09
Patients with barium studies 32 (80%) 11 (73%) 0.71
Recurrence of PEH 5 (15.6%) 1 (9.1%) 0.67
Small hiatal hernia 13 (40.6%) 2 (18.2%) 0.61
Stricture 2 (6.3%) 2 (18.2%) 0.57

of postoperative dysphagia compared with the primary
repair (4% vs. 16%), but one year after surgery both
groups had similar dysphagia rates (4%). In our series
the rate of persistent postoperative dysphagia one year
or more following the operation was 13%, with two
patients (3.6%) requiring endoscopic interventions.

The decision whether to use prosthetic mesh or
perform a primary repair in each case was made by the
operating surgeon. Currently, there are no objective
parameters (such as gap size, patient characteristics,
etc.) that predict recurrence. Prosthetic mesh was used
according to the personal experience of the operating
surgeon whenever the subjective assessment of the sur-
geon was that tension-free repair could not be per-
formed without mesh placement. As experience was
gained, a larger percentage of laparoscopic PEH repairs
were performed with mesh. Mesh was not used in cases
of small hiatal gaps and good-quality crurae that could
be approximated without difficulty, and in the rare cases
of esophageal perforation during sac dissection.

We used several mesh types over the years, including
PTFE, polypropylene, and coated polyester (Parietex)
mesh. The type of mesh used may have an impact on
recurrence rate. Unfortunately, we could not extract the
data of the specific mesh type used in each patient.

In conclusion, laparoscopic mesh repair of large
PEH is a safe procedure with excellent short-term re-

sults. Symptomatic PEH recurrence requiring reopera-
tion is uncommon, occurring in 11% of the cases. A
significant number of patients (33%) have radiographi-
cally demonstrated small hiatal hernias that are usually
symptomatic but can be managed nonoperatively. More
long-term followup is required to more clearly deter-
mine the incidence of recurrence and the clinical signif-
icance of recurrent small hiatal hernias.

References

1. Altorki NK, Yankelevitz D, Skinner DB (1998) Massive hiatal
hernias: the anatomic basis for repair. J Thorac Cardiovasc Surg.
115: 828-835

2. Andujar JJ, Papasavas PK, Birdas T, Robke J, Raftopoulos DJ,
Gagne DJ, Caushaj PF, Landreneau RJ, Keenan RJ (2004) Lap-
aroscopic repair of large paraesophageal hernia is associated with
a low incidence of recurrence and reoperation. Surg Endosc 18:
444447

3. 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

4. Carlson MA, Condon RE, Ludwig KA, Schoulte WIJ (1998)
Management of intrathoracic stomach with polypropylene mesh
prosthesis reinforced transabdominal hiatal hernia repair. J Am
Coll Surg 187: 227-230

5. Champion JK, Rock D (2003) Lparoscopic mesh cruroplasty for
large paraesophageal hernias. Surg Endosc 17: 551-553



12.

13.

. Deschamps C, Trastek VF, Allen MS, Pairolero PC, Johnson JO,

Larson DR (1997) Long term results after reoperation for failed
antireflux procedures. J Thorac Cardiovasc Surg 113: 545-551

. Frantzides CT, Richards CG, Carlson MA (1999) Laparoscopic

repair of large hiatal hernia with polytetrafluoroethylene. Surg
Endosc 13: 906-908

. Frantzides T, Madan AK, Carlson MA, Stavropoulos GP (2002)

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

. Geha AS, Massad MG, Snow NJ, Baue AE (2000) A 32-year

experience in 100 patients with giant paraesophageal hernia: the
case for abdominal approach and selective antireflux repair. Sur-
gery 128: 623-630

. Granderath FA, Schweiger UM, Kamolz T (2005) Laparoscopic

Nissen fundoplication with prosthetic hiatal closure reduces
postoperative intrathoracic wrap herniation. Arch Surg 140: 40-48

. Hashemi M, Peters JH, Demeester TR, Huprich JE, Quek M,

Hagen JA, Crookes PF, Theisen J, DeMeester SR, Sillin LF,
Bremner CG (2000) Laparoscopic repair of large type 3 hiatal
hernia: objective follow-up reveals high recurrence rate. J Am Coll
Surg 190: 553-560

Horgan S, Pohl D, Bogetti D, Eubanks T, Pellegrini C (1999)
Failed antireflux surgery. Arch Surg 134: 809-817

Hunter JG, Swanstrom L, Waring JP (1996) Dysphagia after
laparoscopic antireflux surgery: the impact of operative technique.
Ann Surg 224: 51-57

14.

16.

17.

20.

21.

22.

. Pierre

741

Leeder PC, Smith G, Dehn TCB (2003) Laparoscopic manage-
ment of large paraesophageal hiatal hernias. Surg Endosc 17:
1372-1375

AF, Luketich JD, Fernando HC, Christie NA,
Buenaventura O, Litle VR, Schauer PR (2002) Results of lapa-
roscopic repair of giant paraesophageal hernias: 200 consecutive
patients. Ann Thorac Surg 74: 1909-1916

Pitcher DE, Curet MJ, Martin DT, Vogt DM, Mason J, Zucker
KA (1995) Successful laparoscopic repair of paraesophageal her-
nia. Arch Surg 130: 590-596

Schauer PR, Ikramuddin S, McLaughlin RH, Graham TO, Slivka
A, Lee KK, Schraut WH, Luketich JD (1998) Comparison of
laparoscopic versus open repair of paraesophageal hernia. Am J
Surg 176: 659-665

. Skinner DB, Belsey RH (1967) Surgical management of esopha-

geal reflux and hiatus hernia: lont-term results with 1030 patients.
J Thorac Cardiovasc Surg 53: 33-54

. Soper NJ, Dunnegan D (1999) Anatomic fundoplication failure

after laparoscopic antireflux surgery. Ann Surg 229: 669-677
Targarona EM, Bendahan G, Balague C, Garriga J, Trias M
(2004) Mesh in the hiatus. A controversial issue. Arch Surg 139:
1286-1296

Willekes CL, Edoga JK, Frezza EE (1997) Laparoscopic repair of
paraesophageal hernia. Ann Surg 225: 31-38

Wu JS, Dunnegan DL, Soper NJ (1999) Clinical and radiologic
assessment of laparoscopic paraesophageal hernia repair. Surg
Endosc 13: 497-502



	Prosthetic mesh repair of large and recurrent diaphragmatic �hernias
	Abstract
	Background
	Methods
	Results
	Conclusions
	Patients and methods
	Operative technique
	Followup data
	Results
	Tab1
	Tab2
	Discussion
	Tab3
	References
	CR1
	CR2
	CR3
	CR4
	CR5
	Tab4
	Tab5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


