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¤ ¤
Purpose: To evaluate the frequency of type II endoleaks after endovascular aneurysm
repair (EVAR) and to compare sac diameter and neck changes in patients with type II
endoleak to endoleak-free patients with at least 3-year imaging follow-up.
Methods: Among 407 consecutive EVAR patients, 109 patients (101 men; mean age
72.1 years, range 55–86) had at least 3-year computed tomography (CT) data and no type I
or III endoleak. In this cohort, 49 patients presented with a type II endoleak at some time
and 60 patients had no endoleak. Patients with type II endoleaks were further divided into
subgroups based on the vessel origin and the perfusion status (persistent or transient). The
course of the perfusion status of type II endoleaks and changes in the aneurysm sac
diameters, neck diameters, and renal to stent-graft distances (RSD) were evaluated in the
defined groups. Reintervention and death rates were also reported.
Results: The mean follow-up was 68.1623.8 months. Compared to the no endoleak group,
overall sac diameter increased significantly in the type II endoleak group (p50.007), but
vessel origin did not have any influence. With regard to the perfusion status of type II
endoleaks, aneurysm sac changes were significantly higher (p50.002) in the persistent
endoleak group. During the study period, the increase in the proximal neck diameter was
significantly higher in the no endoleak group compared to the type II endoleak group
(p50.025). No significant difference was found in RSD changes between the defined
groups. Reinterventions were performed in 20 (18.3%) patients (13 for type II endoleak); 2
(1.8%) patients without type II endoleak died of ruptured aneurysm.
Conclusion: Persistent type II endoleaks led to significant aneurysm sac enlargement, but
without increased mortality or rupture rates.
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Successful exclusion of infrarenal aortic an-
eurysms after endovascular aneurysm repair

(EVAR) is defined by the absence of endo-
leaks and stable or shrinking aneurysm sacs,

as well as freedom from reintervention. In a

recent study comprising $10,000 patients,

Schanzer et al.1 reported post-EVAR aneu-

rysm sac enlargement in 3%, 17%, and 41% of

patients at 1, 3, and 5 years. In this multicen-

ter observational study, the presence of any
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endoleak was 32%, which resulted in aneu-
rysm sac enlargement in 21%. There is a
general consensus that reinterventions are
necessary to prevent adverse events, includ-
ing rupture, in patients with endoleaks.2,3

The long-term clinical course of type II
endoleak, which is reported in 7% to 42% of
EVAR patients, is unclear because of reported
heterogeneity in aneurysm sac changes and
the need for reinterventions.4,5 Mean time to
reintervention in type II endoleak was 26.1
months in a recent report by Sarac et al.6

Current data report reintervention rates of
9.8% to 31%.5,7,8 However, the rupture rate
from type II endoleak appears to be low at
0.5% to 2.4%.8,9 To our knowledge, no one
has yet presented long-term data about the
influence of type II endoleak on morpholog-
ical changes in abdominal aortic aneurysms
(AAA) after EVAR. Thus, we sought to present
our single-center experience in the course of
type II endoleak, including aneurysm sac and
neck changes, in patients with an at least 3-
year computed tomography (CT) follow-up.

METHODS

Study Design

A retrospective study was devised to examine
changes in aneurysm sac and proximal neck
diameters based on preoperative and .3-year
CT data in AAA patients who underwent EVAR
and correlate the differences in diameters to
the presence or absence of type II endoleak
(EL-II). With approval of the local ethics
committee, the computerized medical records
of all patients undergoing EVAR at our institu-
tion were searched to identify patients with at
least 3-year CT follow-up and no type I or III
endoleak. Data were gathered on presence/
absence of EL-II, endoleak perfusion status
(persistent or transient), reinterventions, and
mortality (the latter was provided by the
Statistics Austria, an independent, non-profit
federal institution under public law).

Study Cohort

Among 407 consecutive EVAR patients, 109
patients (101 men; mean age 72.1 years, range
55–86) meeting the criteria were identified; 60

had no endoleak and 49 patients presented
with an EL-II on at least 1 scan. The other 298
patients were excluded from the evaluation
because they did not have $3-year CT data
(n5251), they had types I/III endoleak (n533),
or they were lost to follow-up (n514).

In the study group, EVAR was performed
with 7 different stent-grafts: Excluder (W.L.
Gore & Associates, Flagstaff, AZ, USA; n560);
Talent (Medtronic Vascular, Santa Rosa, CA,
USA; n525); Zenith (Cook Medical, Blooming-
ton, IN, USA; n513); Vanguard (Boston
Scientific, Natick, MA, USA; n58); TriVascular
(Trivascular Inc., Santa Rosa, CA, USA; n51);
Stentor (MinTec, Freeport, Bahamas; n51);
and Powerlink (Endologix, Irvine, CA, USA;
n51).

Measurements

For the diameter analyses, the findings of
the pre-discharge (4.062.8 days after EVAR)
and last available CT scans were compared.
The maximum aneurysm diameter and the
proximal neck diameter were measured per-
pendicular to the central lumen line in
accordance with the Society for Vascular
Surgery reporting standards for EVAR.10 An-
eurysm sac diameter changes were defined as
a .4-mm difference in measurements, as
proposed by Wever et al.11; for the proxi-
mal neck, a .3-mm difference between the
measurements denoted diameter change. A
change in the renal artery to stent-graft dis-
tance (RSD) was the reference for migration.
All measurements and endoleak classifica-
tions were evaluated by 2 independent ex-
perienced readers (M.S., R.N.). Interobserver
differences in readings were resolved by
consensus.

Definitions and Statistical Analyses

Patients were divided according to the
presence/absence of EL-II. Patients with EL-II
were further categorized according to the
vessel origin: lumbar arteries or combined
[lumbar arteries and inferior mesenteric ar-
tery (IMA), and/or an accessory renal artery,
and IMA alone]. For perfusion status of EL-IIs,
endoleaks identifiable on the first postopera-
tive and the last CT scans were classified as
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persistent; leaks detected on only 1 CT scan
were classified as transient.

Continuous data are represented as the
mean 6 standard deviation or, if appropriate,
as the median and range. Comparisons be-
tween groups were analyzed for significance
using an analysis of variance (ANOVA) with
the Tukey correction, the t test, or the Fisher
exact test, as appropriate. Kaplan-Meier life-
table methods were used to determine surviv-
al; comparisons of survival between groups
were analyzed for significance using the log-
rank test. All tests were 2-sided; significance
was assumed at p,0.05. All statistical analyses
were performed using SPSS for Windows,
(version 16.0; IBM Corporation, Somers, NY,
USA).

RESULTS

Mortality

During a mean follow-up of 68.1623.8
months, the mortality was 29.4% (n532). Ma-
lignancy was the most frequent cause of
death (n513, 11.9%), followed by cardiovas-
cular events (n510, 9.2%), renal failure (n52,
1.8%), pulmonary disease (n53, 2.8%), gas-
trointestinal disease (n52, 1.8%), and aneu-
rysm rupture (n52, 1.8%). Rupture was due to
endotension (sac enlargement without iden-
tifiable endoleak on CT and magnetic reso-
nance angiography) in 1 patient 7 years after
implantation of an Excluder endoprosthesis.
The second patient, who had been treated
with an Excluder endoprosthesis, died from
rupture after developing a type III endoleak
due to disconnection of the iliac limb 5 years
after EVAR. In both patients, there was no
diagnosis of an EL-II at any time.

The overall cumulative survival rates after
5, 8, and 10 years were 87%, 49.5%, and
39.6%, respectively. In the subgroups, cumu-
lative survival rates (Fig. 1) at the same time
point were 87.3%, 45.4%, and 45.4% for
patients without EL-II vs. 86.3%, 50.6%, and
33.8% for patient without endoleak (p50.770).

Endoleak Analysis

The EL-IIs in the study group had origins in
the lumbar arteries (n527), combined lumbar/

IMA (n512), an accessory renal artery (n52),
and the IMA alone (n58). During the obser-
vation period, 18 (36.7%) EL-IIs were transient
and 31 (63.3%) persistent. Overall, aneurysm
sac changes were significantly higher (p5

0.002) in the persistent endoleak group.
In all patients, the aneurysm sac diameter

was 58.4611.4 mm at the pre-discharge CT
vs. 57.6618.0 mm at the last CT, resulting
in a diameter difference of 20.7614.5 mm
(p50.608). During follow-up, mean maximum
aneurysm sac diameter in the no endoleak
group was significantly decreased (p50.045),
whereas in the EL-II group, there was a
significant (p50.036) enlargement (Table). The
distribution of aneurysm sac diameter changes
based on the means of the 2 groups is given in
Figure 2. At the pre-discharge CT, there was no
significant difference in aneurysm sac diame-
ters of patients with and without EL-II (57.16

11.5 vs. 59.4611.4 mm; p50.303). However,
comparing the aneurysm sac diameter changes
at follow-up, the difference was significantly
higher in patients with an EL-II compared to
patients without (p50.007).

When sac diameter differences were com-
pared based on the means of the endoleak
perfusion status, persistent leaks showed
significantly larger sac diameter differences
than transient ones (p50.013; Fig. 3A). Based
on the vessel origin, there were no significant

Figure 1¤ Freedom from death in patients with
and without (nEL) type II endoleak (EL).
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differences in sac diameter changes when
comparing lumbar endoleaks with combined
endoleaks (p50.986).

Overall, proximal neck diameter dilatation
was observed in 11 (10.1%) patients. Of those
patients, 8 (7.3%) occurred in the no endoleak
group and 3 (2.8%) in the EL-II group (p5

0.339). Overall, neck diameter and RSD were
25.465.3 mm and 2.763.7 mm, respectively,
at baseline and 27.265.6 mm and 3.364.0 mm
at the last CT examination, resulting in neck

diameter increase of 1.861.9 mm (p,0.001)
and RSD differences of 0.761.4 mm (p,0.001)
during a mean follow-up of 68 months. None
of these changes resulted in a type I endoleak.

The proximal neck diameter increase was
significantly higher in the no endoleak group
(p50.025). However, RSD changes showed no
significant difference (p50.270) between the
groups. When the proximal neck diameter
changes were compared, the diameter increase
was significantly higher in the no endoleak
group than in the persistent endoleak group
(p50.040), but there was no significant change
between the no endoleak and transient endo-
leak groups (p50.424; Fig. 3B).

Interventions

Secondary interventions were performed in
20 (18.3%) patients after a mean of 57.66

29.5 months. An additional stent was implant-
ed in 5 (4.6%) patients with a stenosis in the
stent-graft limb. A distal extension of the iliac
limb was necessary in 2 (1.8%) patients who
had progression of their aneurysmal disease.
An embolization of either the IMA or the lumbar
arteries via the internal iliac artery was per-
formed in 4 (3.7%) and 7 (6.4%) patients,
respectively. Two (1.8%) patients were treated
for persistent lumbar endoleaks with a percu-
taneous translumbar thrombin injection. In
patients treated for EL-II, mean time to re-
intervention was 43.465.5 months (range

Figure 2¤Distribution of mean aneurysm sac
diameter changes in patients with and without
(nEL) type II endoleak (EL).

¤ ¤
TABLE

Subgroup Analyses of Diameter Differences Between the First Postoperative and the Last CT Scans

Group
Sac Diameter Difference,

mm
Proximal Neck Diameter Difference,

mm
RSD Difference,

mm

Type II endoleak

No (n560) 24.1616.2 (p50.045) 2.262.3 (p,0.001) 0.861.7 (p,0.001)
Yes (n549) 3.4611.1 (p50.036) 1.461.2 (p,0.001) 0.560.8 (p,0.001)

Vessel origin

Lumbar (n527) 1.6615.5 (p50.477) 1.561.3 (p,0.001) 0.560.8 (p,0.001)
Combined* (n522) 5.6610.4 (p50.019) 1.261.1 (p,0.001) 0.560.9 (p50.029)

Perfusion status

Transient (n518) 21.7611.0 (p50.528) 1.661.7 (p50.001) 0.761.0 (p50.010)
Persistent (n531) 8.8614.2 (p50.005) 1.361.0 (p,0.001) 0.460.7 (p,0.001)

¤ ¤
Data are presented as the means 6 standard deviation.
CT: computed tomography, RSD: renal artery to stent-graft distance.
* Lumbar and inferior mesenteric arteries, and/or accessory renal artery, and IMA alone.
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36.5–51.1), and the mean aneurysm enlarge-
ment was 13.467.4 mm (range 5–30). By way of
comparison, in the 298 patients excluded from
this study (mean survival 32.9631.1 months),
more than half of the patients (159, 53.4%)
patients were without an endoleak. Of the 92
(30.9%) patients who had an EL-II, 16 (17.4%)
were treated. In all, 33 (11.1%) patients had
further interventions for endoleak.

DISCUSSION

The incidence of EL-II ranges widely (7%–
42%),5,7,8 as do the reported rates of persistent

EL-II (4% to 23%).5,8 In our institution, more
than a third of all our treated patients (34.6%)
have developed an EL-II during the observa-
tion period. Among the 49 observed EL-IIs in
the study group, more than two thirds were
persistent.

The aneurysm-related adverse events and
death rates of EL-II during long-term follow-
up after EVAR are unclear, and the clinical
relevance of persistent EL-II has been the
subject of some controversy. Some authors
identified persistent EL-II as a significant risk
factor for late adverse events, with a rupture
rate up to 2.4%8; however, in other studies,
EL-IIs were not associated with aneurysm sac
rupture during midterm follow-up.4,5 In our
study cohort, we observed 2 (1.8%) ruptures;
neither patient had an EL-II. Overall, mortality
after EVAR is more often caused by cardio-
vascular events and malignancy than by
aneurysm-related death.12–14 Cumulative sur-
vival rates in our study group, which were
in accord with the survival rates reported in
2 randomized controlled trials,13,15 did not
differ significantly between the EL-II and the
no endoleak groups. In the presence of an EL-
II, several authors observed aneurysm sac
enlargement in 24% to 55% of patients during
midterm follow-up.4,8,16 Moreover, van Mar-
rewijk et al.7 found this sac enlargement to be
significant.

We observed a significant decrease in aneu-
rysm sac diameters in the no endoleak group,
whereas there was a significant sac enlarge-
ment in the EL-II group during a mean follow-
up of 68 months. Regardless of the fate of the
EL-II, an increase in the aneurysm sac was
observed in nearly one fifth of our patients.
However, there was a tendency toward sac
retraction in patients with transient EL-IIs,
which Arko et al.17 also noted in their study
of sealed vs. persistent EL-II.

When combined and lumbar endoleaks
were compared in our patients, a change in
sac diameters was unrelated to the aortic
branch vessels involved. Basing the need for
reintervention in EL-IIs on increasing aneurysm
size, Keedy et al.18 and Sarac et al.6 did not
report a difference in the reintervention rate
based on different branch vessel involvement,
although Keedy et al.18 identified endoleak
transverse diameter and communicating vessel

Figure 3¤Box plots of mean (A) aneurysm sac
diameter and (B) proximal neck diameter differ-
ences by perfusion status. The box represents the
75th to 25th percentiles, the bar is the median, and
the whiskers are the 10th/90th percentiles. The
outliers are defined as within 3 standard deviations
(u) or .3 standard deviations (*).
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maximum diameter as characteristic features in
predicting need for reinterventions, with sensi-
tivity/specificity of 0.74/0.80 and 0.74/0.54, re-
spectively. Moreover, Timaran et al.16 also
found no significant influence of the feeding
sac vessels on either an increasing or decreas-
ing aneurysm sac, but reported that a maxi-
mum nidus diameter .15 mm increased the
risk for aneurysm enlargement. In a later study,
the rates of freedom from aneurysm rupture
and conversion to open aneurysm repair at
5 years were 92% and 75%, respectively.
However, in persistent type EL-IIs, that study
found a median increase in aneurysm diameter
of 10 mm in 41% of patients. This finding is
quite comparable with the mean diameter
enlargement of 9 mm in our patients with
persistent EL-IIs, which was significantly higher
than in transient EL-IIs.

Several reports have focused on the prox-
imal aneurysm neck changes and migration
during short- and midterm follow-up.19–22

However, none of them highlighted the dyna-
mics at the proximal anchoring zone with
regard to existing EL-IIs. Cao et al. 22 reported
neck enlargement in 13.5% and a migration
rate of 4.9% during a mean follow-up of
25 months. In a study by Resch et al.,21 50%
of patients with migrated stent-grafts had di-
latation of the proximal aneurysm neck. Fur-
thermore, Litwinski et al.19 reported a signif-
icant neck diameter increase in patients with
complete loss of seal at the proximal anchor-
ing zone. Overall, neck dilatation in our study
cohort was found in 10%, which is consistent
with other results.22 Nonetheless, we did not
see significant migration during long-term
follow-up, and none of our patients devel-
oped a type I endoleak. When the no endoleak
and the EL-II groups were compared, the
proximal neck diameter increase was signi-
ficantly higher in the no endoleak group.
Comparing neck diameter changes in aneu-
rysms with persistent, transient, or no EL-II,
Arko et al.17 did not find a significant change
during a mean follow-up of 21.7 months. As
mentioned before, Litwinski et al.19 found
significantly greater diameter dilatation in
patients with a complete loss of stent-graft
fixation within the aneurysm neck compared
to patients with incomplete migration; how-
ever, the presence of an EL-II was not

different between the 2 groups.19 In a recently
published experimental study, peak forces to
initiate stent-graft migration were significant-
ly higher in the model with an EL-II, which
was associated with significantly higher
sac pressure compared to the endoleak-free
models.23 The authors concluded that an
increased sac pressure inhibits migration
and may stabilize the stent-graft. Therefore,
we speculate that the significantly smaller
change in neck diameter in the EL-II group
could have been caused by restricted pulsa-
tile stent-graft movement. However, this
supposition has to be confirmed in a pro-
spective study that assesses endograft de-
formation and motion.

Limitations

Admittedly, our study is limited by its
retrospective nature. Moreover, the study
cohort included patients who were treated
with the original Excluder endoprosthesis,
and the presence of endotension might
have influenced diameter changes. Because
we observed no rupture in patients with
EL-II, we cannot recommend criteria for
reintervention.

Conclusion

Persistent EL-II, independent of vessel ori-
gin, leads to significant aneurysm sac en-
largement compared to aneurysms with tran-
sient or no EL-II during long-term follow-up.
In our study cohort, EL-IIs, persistent or
transient, did not cause an increase in the
rupture or mortality rates. Close surveillance
in growing aneurysms with persistent EL-II
seems to be advisable.

REFERENCES

1. Schanzer A, Greenberg RK, Hevelone N, et al.
Predictors of abdominal aortic aneurysm sac
enlargement after endovascular repair. Circu-
lation. 2011;123:2848–2855.

2. Wyss TR, Brown LC, Powell JT, et al. Rate and
predictability of graft rupture after endovascu-
lar and open abdominal aortic aneurysm
repair: data from the EVAR Trials. Ann Surg.
2010;252:805–812.

198 LONG-TERM FOLLOW-UP OF TYPE II ENDOLEAKS
Nolz et al.

J ENDOVASC THER
2012;19:193–199



3. De Bruin JL, Baas AF, Buth J, et al. Long-term
outcome of open or endovascular repair of
abdominal aortic aneurysm. N Engl J Med.
2010;362:1881–1889.

4. Rayt HS, Sandford RM, Salem M, et al. Con-
servative management of type 2 endoleaks is
not associated with increased risk of aneurysm
rupture. Eur J Vasc Endovasc Surg. 2009;38:
718–723.

5. Arko FR, Rubin GD, Johnson BL, et al. Type-II
endoleaks following endovascular AAA repair:
preoperative predictors and long-term effects.
J Endovasc Ther. 2001;8:503–510.

6. Sarac TP, Gibbons C, Vargas L, et al. Long-term
follow-up of type II endoleak embolization
reveals the need for close surveillance. J Vasc
Surg. 2012;55:33–40.

7. van Marrewijk CJ, Fransen G, Laheij RJ, et al. Is
a type II endoleak after EVAR a harbinger of
risk? Causes and outcome of open conversion
and aneurysm rupture during follow-up.
Eur J Vasc Endovasc Surg. 2004;27:128–137.

8. Jones JE, Atkins MD, Brewster DC, et al.
Persistent type 2 endoleak after endovascular
repair of abdominal aortic aneurysm is associ-
ated with adverse late outcomes. J Vasc Surg.
2007;46:1–8.

9. van Marrewijk C, Buth J, Harris PL, et al.
Significance of endoleaks after endovascular
repair of abdominal aortic aneurysm: the EURO-
STAR experience. J Vasc Surg. 2002;35:461–473.

10. Chaikof EL, Blankensteijn JD, Harris PL, et al. Re-
porting standards for endovascular aortic aneu-
rysm repair. J Vasc Surg. 2002;35:1048–1060.

11. Wever JJ, Blankensteijn JD, van Rijn JJ, et al.
Inter- and intraobserver variability of CT mea-
surements obtained after endovascular repair
abdominal aortic aneurysms. AJR Am J
Roentgenol. 2000;175:1279–1282.

12. Wibmer A, Nolz R, Teufelsbauer H, et al.
Complete ten-year follow-up after endovascu-
lar abdominal aortic aneurysm repair: survival
and causes of death. Eur J Radiol. 2011 Apr 25.
[Epub ahead of print]

13. United Kingdom EVAR Trial Investigators,
Greenhalgh RM, Brown LC, et al. Endovascular
versus open repair of abdominal aortic aneu-
rysm. N Engl J Med. 2010;362:1863–1871.

14. Brown LC, Thompson SG, Greenhalgh RM,
et al. Incidence of cardiovascular events and
death after open or endovascular repair of
abdominal aortic aneurysm in the randomized
EVAR trial 1. Br J Surg. 2011;98:935–942.

15. EVAR trial participants. Endovascular aneu-
rysm repair versus open repair in patients with
abdominal aortic aneurysm (EVAR trial 1):
randomised controlled trial. Lancet. 2005;365:
2179–2186.

16. Timaran CH, Ohki T, Rhee SJ, et al. Predicting
aneurysm enlargement in patients with persis-
tent type II endoleaks. J Vasc Surg. 2004;39:
1157–1162.

17. Arko FR, Filis KA, Siedel SA, et al. Intrasac flow
velocities predict sealing of type II endoleaks
after endovascular abdominal aortic aneurysm
repair. J Vasc Surg. 2003;37:8–15.

18. Keedy AW, Yeh BM, Kohr JR, et al. Evaluation
of potential outcome predictors in type II
endoleak: a retrospective study with CT angi-
ography feature analysis. AJR Am J Roentgenol.
2011;197:234–240.

19. Litwinski RA, Donayre CE, Chow SL, et al. The
role of aortic neck dilation and elongation in
the etiology of stent graft migration after
endovascular abdominal aortic aneurysm re-
pair with a passive fixation device. J Vasc Surg.
2006;44:1176–1181.

20. Zarins CK, Bloch DA, Crabtree T, et al. Stent
graft migration after endovascular aneurysm
repair: importance of proximal fixation. J Vasc
Surg. 2003;38:1264–1272.

21. Resch T, Ivancev K, Brunkwall J, et al. Distal
migration of stent-grafts after endovascular
repair of abdominal aortic aneurysms. J Vasc
Interv Radiol. 1999;10:257–264.

22. Cao P, De Rango P, Parlani G, et al. Durability
of abdominal aortic endograft with the Talent
Unidoc stent graft in common practice: core
lab reanalysis from the TAURIS multicenter
study. J Vasc Surg. 2009;49:859–865.

23. Knowles M, Pellisar T, Murphy EH, et al. In
vitro analysis of type II endoleaks and aneu-
rysm sac pressurization on longitudinal stent-
graft displacement. J Endovasc Ther. 2011;18:
601–606.

J ENDOVASC THER
2012;19:193–199

LONG-TERM FOLLOW-UP OF TYPE II ENDOLEAKS 199
Nolz et al.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


