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Abstract

Background: Parathyroid hormone (PTH) monitoring during the surgical procedure can confirm the removal of all
hyperfunctioning parathyroid tissue, as the half-life of PTH is approximately 5 min. The commonly applied Irvin
criterion is reported to correctly predict post-operative calcium levels in 96-98% of patients. However, the PTH
baseline reference concentration is markedly influenced by surgical manipulations during preparation of the
affected glands, interindividual variability of the PTH half-life and modifications in the physiological state of the
patient during surgery. The aim of this study was to evaluate the possible impact of the measurement of
intraoperative PTH 20 minutes after surgery.

Methods: Between 2003 and 2012, 188 patients underwent a focused parathyroidectomy associated to rapid
intraoperative PTH assay monitoring. Blood samples were collected: 1) at pre-incision time, 2) at 10 min after gland
excision and 3) at 20 min after excision, if a sufficient reduction of PTH value was not observed. On the bases of the
Irvin criterion, an intra-operative PTH drop>50% from the highest either pre-incision or pre-excision level after
parathyroid excision was considered a surgical success.

Results: A >50% decrease of PTH after gland excision compared to the highest pre-excision value occurred in
156/188 patients (83%) within 10 min and in further 12/188 after 20 minutes (6.4%). In the remaining 20 patients
(10.6%) values of PTH remained substantially unchanged or decreased less than 50% and for this reason bilateral
neck exploration was performed. An additional pathologic parathyroid was removed in 9 cases, a third in one. In
the other 10 cases further neck exploration by a standard cervical approach was negative and in four of these
persistent postoperative hypercalcemia was demonstrated. The overall operative success was 97.3%. Intraoperative
PTH monitoring was accurate in predicting operative success or failure in 96.3% of patients.

Conclusions: The 20 minutes PTH measurement appears very useful, avoiding unnecessary bilateral exploration and
the related risk of complications with only a slight increase of the duration of surgery and of the costs. PTH values
decreasing appeared to be influenced by surgical manipulations during minimally invasive parathyroidectomy.
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Background
Primary hyperparathyroidism is a common condition
caused by single or multiple parathyroid lesions [1,2]; it
is rare below the age of 50 years but rises thereafter, par-
ticularly in women; surgery offers the only definitive
treatment [2].
The aim of parathyroidectomy is to establish normo-

calcaemia trying to avoid complications such as persis-
tent or recurrent hyperparathyroidism, postoperative
transient or persistent hypoparathyroidism and recurrent
laryngeal nerve injury [2].
Primary hyperparathyroidism has traditionally been

managed by bilateral neck exploration and identification
of the four parathyroid glands with a success rate of
more than 95% when performed by experienced endo-
crine surgeons [2-6].
The traditional surgical approach with the visualization

of all parathyroid glands and the resection of apparently
enlarged glands has been increasingly replaced by minim-
ally invasive (unilateral) surgical procedures, supported by
preoperative imaging and rapid intraoperative parathyroid
hormone (PTH) assay measurement [4,6-8].
However, 5% to 20% of patients with primary hyper-

parathyroidism have multiglandular disease and require
bilateral neck exploration; in such cases, imaging studies
can be misleading [6].
PTH monitoring during the surgical procedure can con-

firm the removal of all hyperfunctioning parathyroid tis-
sue, as the half-life of PTH is approximately 5 min [2-4,7].
An insufficient decrease in PTH indicates persisting pri-
mary hyperparathyroidism, leading to more extended (bi-
lateral) exploration within the same session [3,4,7].
The commonly applied Irvin criterion (rapid intra-

operative PTH assay drop ≥ 50% from the highest value
of either pre-incision or pre-excision level at 10 min
after gland excision) is reported to correctly predict
post-operative calcium levels in 96-98% of patients and
incorrectly in only 2-4% [3,6,7,9]. Some authors suggest
to fulfill various percentage drop versus pre-incision or
pre-excision PTH, 5-10 min after resection of the
suspected parathyroid adenoma, or to reach a final PTH
concentration within the normal range [3,4].
However, the PTH baseline reference concentration is

markedly influenced by surgical manipulations during
preparation of the affected glands, interindividual vari-
ability of the PTH half-life and modifications in the
physiological state of the patient during surgery (such as
changes of clearing rate or expanded volume of intra-
operative infusions) [4,7,10].
Some authors have reported error rates of as much as

16% due to false-negative and false-positive results [3,11].
The aim of this study was to evaluate the role of the

measurement of intraoperative PTH 20 minutes after
surgery.
Methods
We conducted a retrospective study on 239 patients oper-
ated on for primary hyperparathyroidism in our surgical
department between May 2003 and December 2012. 202
patients were female and 37 were male, median age was
58 years (range 19-85). Before operation hypercalcemia
and elevated PTH levels were observed in all patients.
In order to localize hyperfunctioning glands, a TC99m-

sestamibi scan (MIBI) was performed in 191 patients
(79.9%): pathologic parathyroid was localized in 178 cases
(93.2%). High resolution ultrasound was associated in 233
patients and pathologic parathyroid was localized in 146
(62.7%). Association of ultrasound and 99m Tc-sestamibi
scan localized hyperfunctioning parathyroid in 163/174
patients (93.7%). SPECT-TC was performed on 140 pa-
tients and hyperfunctioning parathyroid was localized in
134 (95.7%). Association of SPECT-TC and ultrasonog-
raphy localized hyperfunctioning parathyroid in 121/122
patients (99.2%).
188 patients underwent a focused parathyroidectomy as-

sociated to a rapid intraoperative PTH assay monitoring.
All patients had normal renal function (serum creatinine
value ranging from 0.7 to 1.2 mg/dL) and gave informed
consent for the procedure. All operations were performed
under general anesthesia with endotracheal intubation and
by the same team of surgeons, who were highly experi-
enced in parathyroid surgery. Blood samples were col-
lected: 1) at pre-incision time, 2) at 10 min after gland
excision and 3) at 20 min after excision, if a sufficient
reduction of PTH value was not observed. The STAT-
IntraOperative-Intact-PTH Chemilluminescence immuno-
assay semiautomated mobile system (Future Diagnostics,
Wijchen, Netherlands) was used within the surgical suite
complex for the intraoperative quantitative determination
of PTH levels in EDTA plasma.
The study has been performed in accordance with the

Declaration of Helsinki. Ethical approval for our study
was obtained from institutional ethical committee of
Monserrato University Hospital, Cagliari, Italy. Informed
consent was obtained from participants for their inclu-
sion in our study.
On the bases of the Irvin criterion, an intra-operative

PTH drop >50% from the highest either pre-incision or
pre-excision level after parathyroid excision was consid-
ered a surgical success. A PTH drop of <50% from the
highest basal value within 20 min after gland excision
and/or a residual PTH-20 min level higher than the ref-
erence range were considered predictor of persistent
hyperfunctioning parathyroid tissue and further surgical
exploration was required.

Results
A >50% decrease of PTH within 10 min compared to the
highest pre-excision value occurred in 156/188 patients



Table 2 Characteristics of the 12 patients in which >50%
decrease of PTH was obtained after 20 minutes

Mean age 58.25

Positive and concordant localization studies 9/12

Negative or discordant localization studies 3/12

Mean baseline PTH (pg/ml) 170.33
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(83%). In 12 patients >50% decrease of PTH was obtained
after 20 minutes (6.4%) (Table 1). The characteristics of
the 12 patients of this group are shown in Table 2. Total
>50% decrease of PTH within 20 minutes was obtained in
168/188 patients (89.4%); postoperative normal calcemia
and PTH were found in 167 patients and persistent post-
operative hypercalcemia with increased value of PTH was
found in 1 patient. In the remaining 20 patients (10.6%)
values of PTH remained substantially unchanged or de-
creased less than 50%. In these patients the surgical pro-
cedure went on and bilateral neck exploration was
performed. An additional pathologic parathyroid was re-
moved in 9 cases, a third in one case. In these cases
histology exams showed hyperplasia in 5 cases, double ad-
enoma in 4 and single adenoma associated to hyperplasia
in 1. In the other 10 cases further neck exploration by a
standard cervical approach was negative and in four of
these persistent postoperative hypercalcemia was demon-
strated, whereas in six patients postoperative normal
calcemia and PTH were found.
Final histology showed a parathyroid adenoma in 150

patients, hyperplasia in 35, carcinoma in 3.
The overall operative success was 97.3%, with a 4.8%

incidence of multiglandular disease (9 cases).
Median duration of surgery was 60 minutes (range

40-80). Surgical complications have been observed in 3
patients: 2 transient recurrent laryngeal nerve paresis
and 1 hematoma necessitating reoperation. Transient
hypocalcemia occurred in 24 cases (12.7%) and was
treated with calcium and vitamin D per os with resolution
within 1 month. No cases of permanent hypocalcemia
were observed. There were no wound complications and
no perioperative deaths.
Median postoperative recovery was 2 days (range 1-3).

Intraoperative PTH monitoring was accurate in predic-
ting operative success or failure in 96.3% of cases. Thus
the method had a sensitivity of 96.5%, a specificity of
93.3%, a positive predictive value of 99.4% and a negative
predictive value of 70% (Table 3).
We compared the characteristics of patients in which

there was a >50% decrease of PTH within 10 minutes
(group A) to those with no decrease or late decrease
(group B). We found no significant difference for the age
and for preoperative localization studies, while the mean
value of baseline PTH was significantly lower in the first
group (Table 4).
Table 1 Decrease of PTH

Decrease of PTH Patients %

>50% decrease of PTH within 10 min 156/188 83%

>50% decrease of PTH after 20 min 12/188 6.4%

No >50% decrease of PTH 20/188 10.6%
Discussion
Currently, the success rate of parathyroidectomy is greater
than 95% in centers experienced in this procedure and
complications are rare [2,12,13].
Intraoperative PTH monitoring is a necessary adjunct

to detect multiglandular disease in patients undergoing
minimally invasive surgery for primary hyperparathyr-
oidism [14]. Pitfalls may occur due to technical assay
problems or blood sampling errors [10]. In particular,
blood collection timing appears to be a critical step [4].
Difficulties or unexpected outcomes can be encoun-

tered in patients with renal insufficiency and when PTH
spikes with consecutive delayed PTH reduction occur by
unintended manipulation of parathyroid adenomas dur-
ing mobilization [10]. In particular, during minimally
invasive parathyroidectomy, the manipulations by the
surgeons influence the PTH concentrations values until
parathyroidectomy obviously to a larger extent than with
conventional techniques. The preparation of the affected
gland within a small unilateral 1.5-cm skin incision may
cause squeezing of the glands as a result of mobilization
or untimely clamping of small vessels. Extirpation of the
adenoma no doubt stopped its PTH efflux into circula-
tion, irrespective of a previous stepwise clamping [7]. If
unintended manipulation results in a PTH peak, the
PTH decay is not exponential, and the criterion of 50%
reduction of the pre-incision baseline level is delayed to
more than 10 min in most patients after extensive ma-
nipulation. The PTH decay after manipulation may be
even prolonged in patients with impaired renal function
[10,15,16].
A slow decrease in PTH may also be caused by a

prolonged half-life and not necessarily by additional
hyperfunctioning glands [7].
Prolonged PTH monitoring at 20 min was suggested

by some authors which found that the best predictors of
operative failure and persistent (multiglandular) disease
Table 3 Results of intraoperative PTH monitoring in
focused parathyroidectomy

Sensitivity 96.5%

Specificity 93.3%

Positive predictive value 99.4%

Negative predictive value 70%

Overall accuracy 96.3%



Table 4 Comparison between patients in which there was
a >50% decrease of PTH within 10 min (group A) to
those with no decrease or late decrease (group B)

Group
A

Group
B

p

Patients 156 32

Mean age 59.4 59.9 0.84

Positive and concordant localization
studies

106 18 0.2857

Negative or discordant localization studies 50 14

Mean baseline PTH (pg/ml) 334.81 152.67 0.004
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are a PTH drop of <50% at 20 min and/or a residual
(at 20 min) PTH level above the normal range and/or a
significant increase of the PTH levels between the sample
obtained 20 min after gland excision with the respect to
the 10-min samples [3,4,17,18].
We performed PTH measurement after 10 minutes

and if a sufficient decrease of PTH value was not ob-
served after 20 minutes: only after this second measure-
ment we perform bilateral exploration. In 12 patients
(6.4%) >50% decrease of PTH was observed only after
20 minutes and an unnecessary bilateral exploration was
thus avoided. None of the 12 patients had impaired renal
function nor other comorbidities, so the delayed nor-
malization of PTH appears to be probably caused by the
excessive manipulation during the minimally invasive
parathyroidectomy.
In 6 patients, in which a >50% decrease of PTH in the

20 min sample was not obtained, postoperative normal
calcemia and PTH were found. In these cases, it is pos-
sible that a further sample after 30 minutes could have
obtained a >50% decrease. Possible explanations for
these unexpected outcomes are technical assay problems
or blood sampling errors; in particular unintended ma-
nipulation with a PTH spike could have resulted in a
delay of more than 20 minutes.
Baseline PTH values in patients without decrease or

with late decrease of PTH were significantly smaller than
those with a >50% decrease of PTH within 10 min. The
reason for this is not clear: it could be attributable to
PTH peaks due to manipulations that can obviously have
a more significant effect in patients with lower baseline
PTH values; moreover, lower PTH values generally cor-
respond to smaller parathyroid and more difficulties in
their intraoperative localization.
Our results are similar to those reported in literature

[4-6,17] showing an accuracy in predicting operative suc-
cess or failure in 96.3% of cases, a sensitivity of 96.5%, a
specificity of 93.3%, a positive predictive value of 99.4%
and a negative predictive value of 70%. Our incidence of
multiglandular diseases (4.8%) was instead only slightly
lower than that reported in literature (5-20%) [3,6,8,19],
and in these cases a correct diagnosis and a proper treat-
ment have been obtained.

Conclusions
Our approach with the PTH 20 minutes measurement
when the value does not decrease significantly at 10 mi-
nutes made it possible to achieve a significant accuracy,
sensitivity and specificity of the method avoiding un-
necessary bilateral explorations and associated complica-
tions in patients undergoing minimally invasive surgery.
Duration of surgery and related costs were only minim-
ally increased.
Monitoring of the PTH decay appeared to be influenced

by surgical manipulations during the more difficult aden-
oma preparation in minimally invasive parathyroidectomy.
The 20 minutes end-point seems to play a key role in

the correct determination of surgical outcome, strongly
improving the possibility of performing correct patient
treatment.
So the 20 minutes PTH measurement appears very

useful, avoiding unnecessary bilateral exploration and
the related risk of complications with only a slight in-
crease of the duration of surgery and its costs.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
PGC carried out part of the operations, conceived of the study and drafted
the manuscript. GP carried out part of the operations and revised the article.
GL participated in the design of the study and in the acquisition of the data.
FM participated in the design of the study and performed the statistical
analysis. LB carried out all the PTH measurements and participated in the
acquisition of the data. MA revised the article and participated in the
acquisition of the data. AN participated in the design of the study and
helped to draft the manuscript. All authors read and approved the final
manuscript.

Author details
1Department of Surgical Sciences, University of Cagliari, Cagliari, Italy. 2School
of Specialty in Clinical Pathology, University of Cagliari, Cagliari, Italy.

Received: 29 March 2013 Accepted: 17 September 2013
Published: 18 September 2013

References
1. Boi F, Lombardo C, Cocco MC, Piga M, Serra A, Lai ML, Calò PG, Nicolosi A,

Mariotti S: Thyroid disease cause mismatch between MIBI scan and neck
ultrasound in the diagnosis of hyperfunctioning parathyroids: usefulness
of FNA-PTH assay. Eur J Endocrinol 2013, 168:49–58.

2. Philips IJ, Kurzawinski TR, Honour JW: Potential pitfalls in intraoperative
parathyroid hormone measurements during parathyroid surgery.
Ann Clin Biochem 2005, 42:453–458.

3. Calò PG, Pisano G, Tatti A, Medas F, Boi F, Mariotti S, Nicolosi A:
Intraoperative parathyroid hormone assay during focused
parathyroidectomy for primary hyperparathyroidism: is it really
mandatory? Minerva Chir 2012, 67:337–342.

4. Di Stasio E, Carrozza C, Lombardi CP, Raffaelli M, Traini E, Bellantone R,
Zuppi C: Parathyroidectomy monitored by intra-operative PTH: The
relevance of the 20 min end-point. Clin Biochem 2007, 40:595–603.

5. Thier M, Nordenström E, Bergenfelz A, Westerdahl J: Surgery for patients
with primary hyperparathyroidism and negative sestamibi
scintigraphy - a feasibility study. Langenbecks Arch Surg 2009, 394:881–884.



Calò et al. BMC Surgery 2013, 13:36 Page 5 of 5
http://www.biomedcentral.com/1471-2482/13/36
6. Yang GP, Levine S, Weigel RJ: A spike in parathyroid hormone during
neck exploration may cause a false-negative intraoperative assay result.
Arch Surg 2001, 136:945–949.

7. Bieglmayer C, Prager G, Niederle B: Kinetic analyses of parathyroid
hormone clearance as measured by three rapid immunoassays during
parathyroidectomy. Clin Chem 2002, 48:1731–1738.

8. Elaraj DM, Sippel RS, Lindasy S, Sansano I, Duh QY, Clark OH, Kebebew E:
Are additional localization studies and referral indicated for patients
with primary hyperparathyroidism who have negative sestamibi scan
results. Arch Surg 2010, 145:578–581.

9. Calò PG, Tatti A, Medas F, Piga G, Farris S, Pisano G, Nicolosi A: Nuove
tecniche nella chirurgia delle paratiroidi. G Chir 2010, 31:322–324.

10. Riss P, Kaczirek K, Bieglmayer C, Niederle B: PTH spikes during parathyroid
exploration – a possible pitfall during PTH monitoring? Langenbecks Arch
Surg 2007, 392:427–430.

11. Westerdahl J, Bergenfelz A: Parathyroid surgical failures with sufficient
decline of intraoperative parathyroid hormone levels: unobserved
multiple endocrine neoplasia as an explaination. Arch Surg 2006,
141:589–594.

12. Barczynski M, Konturek A, Cichon S, Hubalewska-Dydejczyk A, Golkowski F,
Husznot B: Intraoperative parathyroid hormone assay improves
outcomes of minimally invasive parathyroidectomy mainly in patients
with a presumed solitary parathyroid adenoma and missing
concordance of preoperative imaging. Clin Endocrinol 2007, 66:878–885.

13. Sebag F, Hubbard JGH, Maweja S, Misso C, Tardivet L, Henry JF: Negative
preoperative localization studies are highly predictive of multiglandular
disease in sporadic primary hyperparathyroidism. Surgery 2003, 134:1038–1041.

14. Catania A, Sorrenti S, Falvo L, Santulli M, Berni A, De Antoni E: Validity and
limits of intraoperative rapid parathyroid hormone assay in primary
hyperparathyroidism treated by traditional and mini-invasive surgery.
Int Surg 2002, 87:226–232.

15. Conzo G, Perna AF, Sinisi AA, Palazzo A, Stanzione F, Della Pietra C, Livrea A:
Total parathyroidectomy without autotransplantation in the surgical
treatment of secondary hyperparathyroidism of chronic kidney disease.
J Endocrinol Invest 2012, 35:8–13.

16. Gioviale MC, Gambino G, Maione C, Romano G, Damiano G, Cocchiara G,
Pirrotta C, Moscato F, Lo Monte AI, Buscemi G, Romano M: Use of
monitoring intraoperative parathyroid hormone during
parathyroidectomy in patients on waiting list for renal transplantation.
Transplant Proc 2007, 39:1775–1778.

17. Carneiro DM, Solorzano CC, Nader MC, Ramirez M, Irvin GL: Comparison of
intraoperative iPTH assay (QPTH) criteria in guiding parathyroidectomy:
Which criterion is the most accurate? Surgery 2003, 134:973–981.

18. Lombardi CP, Raffaelli M, Traini E, Di Stasio E, Carrozza C, De Crea C, Zuppi C,
Bellantone R: Intraoperative PTH monitoring during parathyroidectomy: the
need for stricter criteria to detect multiglandular disease. Langenbecks Arch
Surg 2008, 393:639–645.

19. McGill J, Sturgeon C, Kaplan SP, Chiu B, Kaplan EL, Angelos P: How does
the operative strategy for primary hyperparathyroidism impact the
findings and cure rate? A comparison of 800 parathyroidectomies.
J Am Coll Surg 2008, 207:246–249.

doi:10.1186/1471-2482-13-36
Cite this article as: Calò et al.: Intraoperative parathyroid hormone
assay during focused parathyroidectomy: the importance of
20 minutes measurement. BMC Surgery 2013 13:36.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /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 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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


