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Introduction: To investigate the ultrasound characteristics of recurrent laryngeal
nerves (RLNs) during radical surgery for thyroid cancer and to enhance the
understanding of RLN ultrasound features.

Methods: From October 2021 to December 2022, a prospective study was
conducted involving 24 patients scheduled for bilateral thyroid surgery. Near
the conclusion of the surgery, intraoperative ultrasonography of the RLN within
the tracheoesophageal groove was performed using a 15-7 MHz transducer. The
thickness and width of the RLN were measured during the procedure.

Results: The internal architecture of the RLN was observed to consist of multiple
hypoechoic, parallel, but discontinuous linear hyperechoic areas separated by
bands. In the normal RLN group, the diameter of the RLN was relatively
consistent, with thickness ranging from 2.20 to 2.71 mm (mean: 2.48 +
0.14 mm) and width from 1.25 to 1.70 mm (mean: 1.45 + 0.11 mm). Both
weight and the body mass index (BMI) showed a statistically significant
correlation with RLN thickness (Weight: r=0.544, P=0.001; BMI: r=0.605,
P=0.001). The BMI also showed a statistically significant correlation with the
RLN width (r=0.377, P=0.033). In the RLN invasion group, the width of invaded
RLNs ranged from 1.9 to 2.3 mm (mean: 2.10 + 0.11 mm), while the width of non-
invaded RLNs ranged from 2.6 to 3.2 mm (mean: 2.93 + 0.20 mm).

Conclusions: Ultrasound effectively reveals the structural features of the RLN and
enhances sonographers’ understanding of RLN characteristics.
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Introduction

The recurrent laryngeal nerve (RLN), which is crucial for vocal
fold mobility, is located in close proximity to the thyroid gland. The
left vagus nerve descends along the carotid artery, enters the
mediastinum, and passes anterior to the aortic arch. The left RLN
(Figure 1), originating from the vagus nerve, loops medially under
the aorta and ascends through the tracheoesophageal groove.
Similarly, the right vagus nerve descends alongside the right
common carotid artery, with the right RLN looping around the
right subclavian artery and ascending along the tracheoesophageal
groove (1, 2). In <1% of individuals, the right recurrent nerve
originates directly from the vagus nerve at the level of the thyroid.
Damage to the RLN can result in dysphagia and vocal cord
hoarseness, while bilateral RLN injury can cause bilateral vocal
cord paralysis, potentially leading to respiratory difficulties and
posing a significant threat to patient life (3, 4). Studies have shown
that thyroid surgery is the most common cause of RLN damage,
with 5-10% of patients undergoing thyroid surgery experiencing
RLN injury. This damage may result from thermal injury, traction,
compression, cutting, or ligature during the surgical procedure (5).

High-frequency ultrasound is a highly effective diagnostic tool
for examining superficial organs, as well as nerves, tendons,
muscles, joints, and other soft tissues (6). It is widely used for the
localization and visual assessment of peripheral nerves (7-9). Lu
et al. demonstrated the practicality of ultrasonography in evaluating
persistent peripheral nerve injuries 1 year after the Wenchuan
earthquake, reinforcing its value for nerve evaluation (10).
Additionally, studies have indicated that ultrasound-guided celiac
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plexus neurolysis is a safe and effective method for alleviating
intractable upper abdominal pain in patients (11).

The structure of peripheral nerves typically appears as multiple
parallel, yet disjointed, hypoechoic linear areas separated by
hyperechoic bands in longitudinal views, and as multiple rounded
hypoechoic areas within a homogeneous hyperechoic background
in transverse views (12). However, research on the structural
morphology of the RLN is relatively limited. The ultrasound
images of the RLN presented in a few studies have shown
inconsistent findings (12, 13). Some studies have described the
RLN as a thin, hypoechoic structure, while others have depicted it as
hyperechoic tissue (12, 13). This discrepancy creates confusion for
sonographers, making it difficult to accurately identify the RLN.
Moreover, there is a lack of studies providing a clear ultrasound
visualization of the RLN in a living individual. In this study, we
aimed to investigate the ultrasonographic structure of the RLN
during radical thyroid cancer surgery, aiming to enhance the
understanding of its ultrasonographic characteristics. Notably,
this study provides the first clear observation of the RLN
structure via ultrasound.

Materials and methods

Between October and December 2022, we conducted a
prospective study involving 24 patients diagnosed with papillary
thyroid carcinoma (PTC) scheduled for bilateral thyroidectomy.
The inclusion criteria were as follows: (i) patients diagnosed with
thyroid cancer and undergoing radical surgery; (ii) patients aged

(A) Dorsal view of the thyroid gland. (B) Lateral view of the neck, illustrating the pathway of the vagus nerve. The vagus nerve originates from the
medulla oblongata, exits the skull through the jugular foramen, and travels within the carotid sheath alongside the jugular vein. Before entering the
carotid sheath or at the level of the greater horn of the hyoid bone, the vagus nerve gives rise to the superior laryngeal nerve. This nerve divides into
medial and lateral branches, with the medial branch innervating the glottis and providing sensation in the throat, while the lateral branch innervates
the cricothyroid muscle. The vagus nerve continues downward, giving off the left and right recurrent laryngeal nerves. The left recurrent laryngeal
nerve loops around the aortic arch and ascends along the tracheoesophageal groove, taking a relatively long course. In contrast, the right recurrent
laryngeal nerve encircles the subclavian artery, traverses the anterior part of the tracheoesophageal groove, and ascends obliquely upward and
inward, following a shorter course. Both recurrent laryngeal nerves enter the larynx through the posterior aspect of the cricothyroid joint.

(C) Intraoperative exposure of the RLN following thyroidectomy. The exposed segment of the RLN extends from the intersection of the RLN with the
inferior thyroid artery branch to the lower edge of the cricoid cartilage, leading to the RLN's entry into the larynx. RLN, recurrent laryngeal nerve;

SLN, superior laryngeal nerve.
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218 years; (iii) normal preoperative laryngeal findings; and
(iv) normal preoperative voice. The exclusion criteria included:
(i) pregnancy, significant coagulopathy, or severe systemic diseases;
(ii) a history of thyroid, parathyroid, or neck dissection surgery, or
microwave ablation (MWA) treatment; (iii) age <18 years; (iv) a
history of neurological disorders or diseases, such as multiple
sclerosis; (v) any preoperative benign vocal cord lesions or other
voice disorders; and (vi) any preoperative pathological findings on
videolaryngoscopy. All participating patients provided written
informed consent. The study was approved by the Medical Ethics
Committee of the Sichuan Cancer Hospital and Institute
(SCCHEC-03-2017-008).

Procedures

Thyroid surgery

Under general anesthesia, patients were positioned supine with
their necks extended. Continuous nerve monitoring was employed
throughout the surgery. A single arc-shaped incision, 2-4 c¢m in
length, was made at the midline of the neck, just above the sternal
notch, to perform the thyroidectomy. The skin, subcutaneous tissue,
and platysma muscle were incised, and a skin flap was elevated,
extending from the superior horn of the thyroid cartilage to the
suprasternal fossae. Both ends of the flap were secured to the
midline of the suprasternal fossae. The anterior neck muscles
were retracted laterally, and the midline (linea alba cervicalis) was
incised to expose the thyroid gland.

Neuromonitoring was performed using a commercial system
(NIM-Response 2.0, Medtronic Inc., Minneapolis, MN), with
surface electrode tubes used to record electromyography signals
from the vocal cords (Medtronic Inc.). To minimize potential
technical bias, endotracheal tube placement was typically handled
by an experienced anesthesiologist. Intraoperative neuromonitoring
(IONM) was conducted in accordance with the guidelines of the
International Neural Monitoring Study Group (5).

US feature

As the operation neared completion, the RLN located in the
tracheoesophageal groove became visible after the complete
removal of the thyroid lobe containing the lesions. At this stage,
the surgical area was rinsed with warm saline, and intraoperative
ultrasonography was performed using a 15-7 MHz transducer of a
Philips TU 22 ultrasound system (Philips, Amsterdam, The
Netherlands). The probe, enclosed in a sterile sleeve and coated
with acoustic gel, was placed over the RLN. During the ultrasound
examination, the thickness and width of the RLN were measured.
Each RLN was measured three times, and the average value was
used for further analysis.

Statistical analysis

Statistical analyses were conducted using SPSS 20.0 software
(IBM, Armonk, NY, USA). Data with a normal distribution are

presented as means * standard deviations. Pearson’s correlation
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was used to assess the relationship between RLN thickness and
width with patient weight, height, and BMI. Categorical data were
analyzed using chi-square tests and are presented as percentages.
Statistical significance was set at P<0.05.

Results
Clinical, surgical, and pathologic findings

All patients were pathologically confirmed to have PTC, with
eight out of the 24 patients exhibiting surgical or pathological
evidence of tumor invasion into the RLN. During surgery, RLN
invasion was identified, and the nerve was separated from the tumor
in these eight patients. The patients were categorized into two
groups: those with normal RLN and those with RLN invasion. None
of the patients presented with non-RLNs or symptoms indicative of
RLN injury, such as vocal cord paralysis or hoarseness.
Additionally, no incidents of signal loss were observed during
IONM in any of the patients. Detailed patient information is
provided in Table 1.

Average parameter values of RLNs

A total of 48 RLNs were identified. In the normal RLN group,
the RLN diameter was relatively consistent (Figure 2). The thickness
of the RLNs ranged from 2.20 to 2.71 mm, with an average of 2.48 +
0.14 mm, and the width ranged from 1.25 to 1.70 mm, with an

TABLE 1 Characteristics of the patients at baseline.

Patients N=24

Age(years) 29.79 £ 6.00
Sex

male 9

female 15
Weight (Kg) 58.50 + 9.85
Height (cm) 164.63 £ 6.93
BMI (Kg/m?) 21.55 + 3.17

Recurrent Laryngeal Nerves (RLN normal group)
Thickness (mm) 248 +0.14
Width (mm) 1.45 £ 0.11

Left and Right RLN Thickness (RLN normal group)

Left (mm) 2.48 +0.17
Right (mm) 2.47 +0.11
Left and Right RLN Width (RLN

normal group)

Left (mm) 1.45 £ 0.12
Right (mm) 1.46 + 0.11
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FIGURE 2

This figure depicts a 32-year-old female patient with a nodular goiter in the right lobe of the thyroid gland. (A) Long-axis ultrasound section of the
normal RLN (asterisk). (B) Short-axis ultrasound section of the normal RLN (asterisk). (C) Intraoperative exposure of the normal RLN (asterisk)
following thyroid gland excision. (D) Intraoperative ultrasound probe image of the normal RLN. A warm solution of physiological saline is
administered into the surgical field, and the ultrasound probe is positioned above the RLN for imaging. RLN, recurrent laryngeal nerve.

10.3389/fendo.2024.1356935

average of 1.45 + 0.11 mm. No significant differences were observed
in the width and thickness of the RLN between the left and right
sides (P>0.05). Table 2 presents the correlation between patient
characteristics and RLN thickness and width in the normal RLN

TABLE 2 Association between characteristics of the patients and the
thickness and width of RLN in RLN normal group.

Characteristics Pearson

Correlation

Thickness
Age 0.169 0.354
Weight 0.544 0.001*
Height 0.016 0.93
BMI 0.605 0.001*
Width
Age -0.271 0.134
Weight 0.280 0.121
Height -0.131 0.474
BMI 0.377 0.033*

The symbol "*" means that p is less than 0.05, and the difference is statistically significant.

Frontiers in Endocrinology

group. Both weight and BMI showed a statistically significant
correlation with RLN thickness (correlation coefficients: weight,
r=0.544, P=0.001; BMI, r=0.605, P=0.001). A significant correlation
was also found between the BMI and the RLN width (correlation
coefficient: BMI, r=0.377, P=0.033).

In the RLN invasion group, the RLN diameter at the site of
invasion was relatively smaller, whereas other parts of the RLN were
thicker (Figure 3). The width of the invaded RLNs ranged from 1.9
to 2.3 mm, with an average of 2.10 + 0.11 mm. In contrast, the width
of other parts of the RLNs ranged from 2.6 to 3.2 mm, with an
average of 2.93 + 0.20 mm.

The echotexture of recurrent
laryngeal nerves

In the in vivo assessment of isolated RLNs using a 15-MHz
probe, the internal structure of the nerves was characterized by
multiple parallel, yet discontinuous, hypoechoic linear areas
separated by hyperechoic bands in both the normal and invasion
groups. The hypoechoic areas appeared sequentially, with an
elongated and well-defined morphology. On transverse sections,
multiple rounded hypoechoic areas were observed against a
uniformly hyperechoic background.
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FIGURE 3

This figure illustrates a 26-year-old male patient with papillary carcinoma of the right lobe of the thyroid gland and invasion of the RLN. (A) Long-
axis ultrasound section of the invaded RLN (asterisk), showing the distal end of the invasion site. (B) Short-axis ultrasound section of the invaded RLN
(asterisk), highlighting the proximal segment of the invasion site, where the separated RLN appears very fine. (C) Intraoperative exposure of the

invaded RLN (asterisk). RLN, recurrent laryngeal nerve.

Discussion

Neuronal fascicles, which are the fundamental components of
nerve structure, appear as hypoechoic on ultrasound. These
fascicles consist of axon bundles interconnected by fine collagen
strands, forming the endoneurium (14). Each fascicle is individually
encased within a thin concentric layer of dense connective tissue
known as the perineurium and is further bound to adjacent fascicles
by the epineurium, a matrix of loose connective tissue (14).
Sonographically, the homogeneous neuronal matrix within the
fascicles may present as hypoechoic, while the surrounding
connective stroma, which contains highly reflective adipose tissue,
tends to appear hyperechoic. The number of fascicles is reportedly
correlated with nerve size, with smaller nerves, such as those found
in the extremities, often containing a single fascicle (15). Ultrasound
has been extensively utilized in nerve studies, including
observations of the sciatic and carpal nerves. In our study, the
RLN was clearly visualized using warm physiological saline as an
acoustic window. The RLN appeared as an oval, hypoechoic
structure encased in hyperechoic tissue. This represents the first
in vivo observation of the distinct ultrasonic structural
characteristics of the RLN.

In the normal RLN group, no significant differences were
observed in the width and thickness between the left and right
RLNs. Our findings demonstrated a significant correlation between
RLN thickness and factors, such as body weight and BMI.
Additionally, RLN width was closely associated with BMI.
Similarly, Wu et al. reported that RLN diameter was positively
correlated with body size, as determined by weight, height, and BMI
(16). In the RLN invasion group, the RLN diameter was reduced at
the site of compression, while the distal end of the nerve became
thicker, likely due to edema. Wu et al., using a Castroviejo caliper to
measure the maximum RLN diameter, documented an average RLN
diameter of 1.71 mm (16).

Frontiers in Endocrinology

In our study, the thickness of the RLNs ranged from 2.20 to
2.71 mm, with an average of 2.48 + 0.14 mm, and the width ranged
from 1.25 to 1.70 mm, with a mean of 1.45 + 0.11 mm. It is
important to acknowledge potential discrepancies in measurement
methods, as our study utilized ultrasonic measurements, which may
introduce certain data variances when compared to the study by
Wu et al. We observed that the RLN diameter at the site of invasion
was relatively smaller, while other parts of the RLN were thicker in
the RLN invasion group. This observation is consistent with the
findings of Serpell et al., who reported an approximate 1.5-fold
increase in RLN diameter during lobectomy procedures (17). This
phenomenon can be attributed to intraoperative nerve swelling.

In conclusion, this study represents the first application of
intraoperative ultrasound to investigate the RLN. Ultrasound
provides a distinct visualization of the structural characteristics of
the RLN, enhances the understanding of this nerve among
ultrasound practitioners, and facilitates the preoperative
ultrasound assessment of the RLN.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Medical
Ethics Committee of the Sichuan Cancer Hospital and Institute.
The studies were conducted in accordance with the local legislation
and institutional requirements. Written informed consent for

frontiersin.org


https://doi.org/10.3389/fendo.2024.1356935
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Hu et al.

participation in this study was provided by the participants’ legal
guardians/next of kin. Written informed consent was obtained from
the individual(s), and minor(s)’ legal guardian/next of kin, for the
publication of any potentially identifiable images or data included in
this article.

Author contributions

ZH: Conceptualization, Data curation, Formal Analysis,
Investigation, Methodology, Project administration, Resources,
Software, Supervision, Validation, Visualization, Writing — original
draft, Writing - review & editing. ML: Funding acquisition,
Investigation, Methodology, Project administration, Visualization,
Writing - original draft, Writing - review & editing. ZJ: Data
curation, Formal Analysis, Investigation, Writing - review &
editing. XW: Formal Analysis, Visualization, Writing — review &
editing. WY: Methodology, Visualization, Writing - review & editing.
YF: Formal Analysis, Methodology, Writing - review & editing. TL:
Formal Analysis, Writing - review & editing. LW: Formal Analysis,
Writing - review & editing. TW: Methodology, Writing - review &
editing. QD: Formal Analysis, Writing — original draft.

References

1. Ardito G, Revelli L, D'Alatri L, Lerro V, Guidi ML, Ardito F. Revisited anatomy of
the recurrent laryngeal nerves. Am ] Surg. (2004) 187:249-53. doi: 10.1016/
j.amjsurg.2003.11.001

2. Lee MS, Lee UY, Lee JH, Han SH. Relative direction and position of recurrent
laryngeal nerve for anatomical configuration. Surg Radiol Anat. (2009) 31:649-55.
doi: 10.1007/s00276-009-0494-y

3. Chiang FY, Lu IC, Kuo WR, Lee KW, Chang NC, Wu CW. The mechanism of
recurrent laryngeal nerve injury during thyroid surgery-the application of
intraoperative neuromonitoring. Surgery. (2008) 143:743-9. doi: 10.1016/
j.surg.2008.02.006

4. Snyder SK, Lairmore TC, Hendricks JC, Roberts JW. Elucidating mechanisms of
recurrent laryngeal nerve injury during thyroidectomy and parathyroidectomy. J Am
Coll Surg. (2008) 206:123-30. doi: 10.1016/j.jamcollsurg.2007.07.017

5. Randolph GW, Dralle H, International Intraoperative Monitoring Study Group ,
Abdullah H, Barczynski M, Bellantone R, et al. Electrophysiologic recurrent laryngeal
nervemonitoring during thyroid and parathyroid surgery: international
standards guideline statement. Laryngoscope. (2011) 121 (Suppl 1):S1-16.
doi: 10.1002/lary.21119

6. Kaplan PA, Matamoros A Jr, Anderson JC. Sonography of the musculoskeletal
system. AJR Am ] Roentgenol. (1990) 155:237-45. doi: 10.2214/ajr.155.2.2115246

7. Abraham A, Izenberg A, Dodig D, Bril V, Breiner A. Peripheral nerve ultrasound
imaging shows enlargement of peripheral nerves outside the brachial plexus in
neuralgic amyotrophy. J Clin Neurophysiol. (2016) 33:e31-3. doi: 10.1097/
‘WNP.0000000000000304

8. Ng ES, Vijayan J, Therimadasamy A, Tan TC, Chan YC, Lim A, et al. The added
value of preoperative ultrasonography of the ulnar nerve: an observational study.
Muscle Nerve. (2010) 42:613-4. doi: 10.1002/mus.21800

Frontiers in Endocrinology

06

10.3389/fendo.2024.1356935

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study
was funded by Nature Science Foundation of China (to ML, grant
number 82272015).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

9. Samarawickrama D, Therimadasamy AK, Chan YC, Vijayan ], Wilder-Smith EP.
Nerve ultrasound in electrophysiologically verified tarsal tunnel syndrome. Muscle
Nerve. (2016) 53:906-12. doi: 10.1002/mus.24963

10. Lu M, Wang Y, Yue L, Chiu J, He F, Wu X, et al. Follow-up evaluation with
ultrasonography of peripheral nerve injuries after an earthquake. Neural Regener Res.
(2014) 9:582-8. doi: 10.4103/1673-5374.130095

11. WangL, LuM, Wu X, Cheng X, Li T, Jiang Z, et al. Contrast-enhanced ultrasound-
guided celiac plexus neurolysis in patients with upper abdominal cancer pain: initial
experience. Eur Radiol. (2020) 30:4514-23. doi: 10.1007/s00330-020-06705-z

12. Silvestri E, Martinoli C, Derchi LE, Bertolotto M, Chiaramondia M, Rosenberg L.
Echotexture of peripheral nerves: correlation between US and histologic findings and
criteria to differentiate tendons. Radiology. (1995) 197:291-6. doi: 10.1148/
radiology.197.1.7568840

13. HeY, Li Z, Yang Y, Lei ], Peng Y. Preoperative visualized ultrasound assessment
of the recurrent laryngeal nerve in thyroid cancer surgery: reliability and risk features
by imaging. Cancer Manag Res. (2021) 13:7057-66. doi: 10.2147/CMAR.S330114

14. Bloom W, Fawcett DW. A textbook of histology. 11th ed. Philadelphia, pa:
saunders (1986) p. 335-7.

15. Ham AW, Cormack DH. Histology. 8th ed. Philadelphia, pa: lippincott (1979) p.
527-9.

16. Wu KT, Chan YC, Chou FF, Wu YJ, Chi SY. Association between recurrent
laryngeal nerve calibre and body figure: A preoperative tool to assess thin-diameter
nerves in thyroidectomy. World J Surg. (2020) 44:3036-42. doi: 10.1007/s00268-020-
05549-4

17. Serpell JW, Lee JC, Yeung M]J, Grodski S, Johnson W, Bailey M. Differential
recurrent laryngeal nerve palsy rates after thyroidectomy. Surgery. (2014) 156:1157-66.
doi: 10.1016/j.surg.2014.07.018

frontiersin.org


https://doi.org/10.1016/j.amjsurg.2003.11.001
https://doi.org/10.1016/j.amjsurg.2003.11.001
https://doi.org/10.1007/s00276-009-0494-y
https://doi.org/10.1016/j.surg.2008.02.006
https://doi.org/10.1016/j.surg.2008.02.006
https://doi.org/10.1016/j.jamcollsurg.2007.07.017
https://doi.org/10.1002/lary.21119
https://doi.org/10.2214/ajr.155.2.2115246
https://doi.org/10.1097/WNP.0000000000000304
https://doi.org/10.1097/WNP.0000000000000304
https://doi.org/10.1002/mus.21800
https://doi.org/10.1002/mus.24963
https://doi.org/10.4103/1673-5374.130095
https://doi.org/10.1007/s00330-020-06705-z
https://doi.org/10.1148/radiology.197.1.7568840
https://doi.org/10.1148/radiology.197.1.7568840
https://doi.org/10.2147/CMAR.S330114
https://doi.org/10.1007/s00268-020-05549-4
https://doi.org/10.1007/s00268-020-05549-4
https://doi.org/10.1016/j.surg.2014.07.018
https://doi.org/10.3389/fendo.2024.1356935
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Echotexture of recurrent laryngeal nerves: the depiction of recurrent laryngeal nerves at high-frequency ultrasound during radical thyroidectomy
	Introduction
	Materials and methods
	Procedures
	Thyroid surgery
	US feature

	Statistical analysis

	Results
	Clinical, surgical, and pathologic findings
	Average parameter values of RLNs
	The echotexture of recurrent laryngeal nerves

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


