
Original Article

Is There an Association Between Hyperbaric
Oxygen Therapy and Improved Outcome of
Deep Chemical Peeling? A Randomized Pilot
Clinical Study

Y a-t-il un lien entre l’oxygénothérapie hyperbare et l’amélioration
des résultats de l’exfoliation chimique? Un projet pilote clinique
aléatoire

Itay Wiser, MD, PhD1,2, Averbuch Sagie Roni, MD1, Ella Ziv, MOcH1,2,
Mony Friedman, MD2,3, Shay Efraty, MD2,3, Lior Heller, MD1,2,
Marina Landau, MD2,4, and Tali Friedman, MD1,2

Abstract
Background: Phenol chemical peeling (PCP) treatment is associated with prolonged recovery and sustained adverse events.
Hyperbaric oxygen therapy (HBOT) is known to accelerate wound healing. The purpose of the current study was to evaluate the
effect of HBOT on PCP recovery period and adverse events. Methods: This is a pilot randomized controlled clinical study.
Women following PCP underwent 5 consecutive daily HBOT sessions, compared with PCP alone. Pain, pruritus, erythema,
crusting, scaling, and edema were daily evaluated up to 28 days following PCP. Photographs taken on days 14 and 35 following PCP
were assessed. Confidence to appear in public was assessed 14 days following PCP. Results: Eight participants equally assigned to
HBOT and control groups. Lower severity scores for erythema, scaling, and pruritus were documented in the HBOT group
(mean difference 1.19, P¼ .006; .84, P¼ .04; and 2.19, P¼ .001, respectively). Photographic assessment severity score was higher
for skin tightness, edema, erythema, crusting, and scaling in the control group on day 14 post PCP (P < .05) and for erythema on
day 35 post PCP (P < .05). Epithelialization percentage was higher in the HBOT group on day 14 post PCP compared with controls
(98.5% + 1% vs 94.2% + 1%; P ¼ .021). The HBOT group scored higher in confidence to appear in public (20.8 + 1.7 vs
14.5 + 1.3; P ¼ .029). Conclusion: Hyperbaric oxygen therapy following PCP is associated with faster recovery as assessed by
both patients and caregivers. So far, HBOT was mainly used in the treatment of problematic or chronic wounds. Our study suggests
expanding the indications in which hyperbaric oxygen treatment is applicable and recommended.

Résumé
Historique : Le traitement par exfoliation chimique au phénol (ECP) s’associe à une convalescence prolongée et à des
événements indésirables soutenus. On sait que l’oxygénothérapie hyperbare (OTHB) accélère la guérison des plaies. La présente
étude vise à évaluer l’effet de l’OTHB sur la convalescence et les effets indésirables après une ECP. Méthodologie : Dans le cadre
du présent projet pilote clinique aléatoire et contrôlé, des femmes ont suivi cinq séances d’OTHB quotidiennes consécutives
auprès une ECP, par rapport à l’ECP seule. Les chercheurs ont évalué la douleur, le prurit, l’érythème, la formation de croûtes, la
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desquamation et l’œdème tous les jours jusqu’à 28 jours après l’ECP. Ils ont évalué les photos prises les jours 14 et 35 après l’ECP
ainsi que la confiance à être vus en public 14 jours après l’ECP. Résultats : Huit participants participantes ont été réparties
également entre l’OTHB et des groupes témoins. Le groupe d’OTHB présentait des scores de gravité plus faibles pour ce qui est
de l’érythème, de la desquamation et du prurit (différence moyenne 1,19, P ¼ 0,006; 0,84, P ¼ 0,04; et 2,19; P ¼ 0,001,
respectivement). Le score de gravité par évaluation photographique était plus élevé pour ce qui est de l’élasticité de la peau, de
l’œdème, de l’érythème, de la formation de croûtes et de la desquamation dans le groupe témoin le jour 14 après l’ECP (P < 0,05)
et de l’érythème le jour 35 après l’ECP (P < 0,05). Le pourcentage d’épithélialisation était plus élevé dans le groupe d’OTHB le jour
14 après l’ECP que dans les groupes témoins (98,5 %+1 % par rapport à 94,2 %+1 %, P ¼ 0,021). Le groupe d’OTHB a obtenu
des scores de confiance plus élevés à être vus en public (20,8 + 1,7 par rapport à 14,5 + 1,3, P ¼ 0,029). Conclusion : Selon
l’évaluation des patientes et des soignants, l’OTHB s’associe à une convalescence plus rapide après l’ECP. Jusqu’à maintenant,
l’OTHB était surtout utilisée pour traiter des plaies problématiques ou chroniques. D’après la présente étude, il est possible
d’élargir les indications pour lesquelles l’OTHB est applicable et recommandée.
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Introduction

Phenol is a deep chemical peeling (PCP) agent used for

removal of fine and coarse facial wrinkling, irregular pigmen-

tation localized to the dermis, and ablation of actinic keratosis.1

It causes both keratolysis and keratocoagulation, followed by

cutaneous regeneration that extends to the reticular dermis.2-5

Alongside its skin rejuvenation effect, PCP is associated

with a prolonged recovery period and significant bleaching

effect. Some of its adverse events include edema, pruritus and

exfoliation of skin, photosensitivity, post peel hyperpigmenta-

tion, infection, milia, scarring, and long-standing erythema

(up to 12 weeks).5-7 Achieving a shorter recovery time with

lower adverse events rate, especially erythema clearance, will

allow a more tolerable and safer treatment.

Hyperbaric oxygen therapy (HBOT) augments tissue oxy-

gen content and thus serves as a primary or adjunctive therapy

for a diverse range of medical conditions such as decompres-

sion sickness, carbon monoxide poisoning, ischemia, aggres-

sive soft tissue infections, non-healing ulcers, or compromised

skin grafts and flaps.8-13

We hypothesize that HBOT would accelerate wound

healing process and decrease the severity of local skin reac-

tions. Therefore, the purpose of this study was to assess the

effect of HBOT on adverse event rate and recovery time

following PCP treatment.

Methods

Study Design

A pilot, open-label, randomized controlled clinical study was

planned to assess the effect of HBOT on PCP outcome.

Ethical Approval

This clinical study was performed in accordance with the

Declaration of Helsinki (1975) and was approved by the insti-

tutional review board. Prior to enrollment, participants were

informed of the study procedures, possible risks, benefits, and

complications. All participants signed an informed consent

form. Additional informed consent was obtained from all indi-

vidual participants for whom identifying information is

included in this article.

Study Participants

We enrolled healthy, Fitzpatrick skin type 2, non-smoking

women, aged 60 to 70 years old, who were candidates for PCP

treatment. Participants who had a history of abnormal wound

healing, keloid formation, autoimmune disease, or immunode-

ficiency and under immunosuppressive or systemic steroids or

retinoid treatment were excluded. Participants were also

excluded if they had received any facial chemical peeling or

laser therapy up to 1 year prior to study occurrence.

Randomization

Following PCP treatment, each participant was randomly

assigned to either HBOT or control group by opening a sealed

envelope with its group allocation.

Hyperbaric Oxygen Therapy Protocol

The study group received 5 consecutive daily hyperbaric treat-

ments, 1 hour long each, at 2 atm (202.65 kPa) with FIO2 ¼ 1.0

via face mask (held by patients who were instructed not to

apply pressure), starting 7 days following PCP due to patient

feasibility to attend the session.14

Phenol Chemical Peeling Protocol

All chemical peels were performed by a single dermatologist.

Prior to treatment, skin type, hue, and indication for peeling

were determined.

After each region of the face has been completely covered with

the peeling solution (active ingredients phenol 65%, 0.6% croton

oil), an occlusive dressing was applied for 24 hours. The occlusive

dressing was removed at the next day and bismuth subgallate was
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applied to the facial skin for a week until reepithelizition. After a

week, it was removed using Vaseline (day 7).

Follow-Up and Outcome

All PCP outcomes were assessed using a Likert scale 5-point

severity score (5: severe, 4: moderately severe, 3: moderate, 2:

mild, 1: none). Participants were asked to self-assess overall

improvement of pain, pruritus, erythema, crusting, and scaling

separately during days 7 to 14 following PCP.

Standardized digital facial photographs using identical cam-

era (Nikon D60, Tokyo, Japan) and lightning settings were

taken during a PCP follow-up examination on days 14 and

35. Photographs were used to assess participants’ skin tight-

ness, swelling/edema, erythema, crusting, and scaling by 2

independent investigators (a 20-year experienced dermatolo-

gist and a 10-year experienced plastic surgeon, both were una-

ware to patients’ group ascription). All photographs were taken

at afternoon hours.

Macroscopic quantification of the skin epithelialization was

performed using the computer-assisted image analysis software

NIS-Elements Ar (Nikon Instruments Europe BV, Amstelveen,

the Netherlands), using a method described previously.15 All par-

ticipants filled a 5-item questionnaire on their confidence to appear

in public, 14 days following PCP. Each item had a 5-point Likert

scale. A summary score was used for analysis, ranges between 5

points (lowest confidence) and 25 points (highest confidence).

Adverse events were assessed based on participant’s self-report.

Data and Statistical Analysis

Statistical data were calculated by PASW, SPSS version 18

statistical software (IBM, Chicago, IL, USA). Continuous data

are expressed as means (standard deviations). Daily patient

scores were compared using repeated-measures test. Photo-

graphic assessments and public appearance confidence scores

were compared using Mann-Whitney U test. Inter-observer

agreement was assessed using Spearman r. The level of sig-

nificance was defined as P < .05.

Results

A total of 8 participants who met the study criteria were

enrolled to the study and randomly assigned to HBOT and

control groups. Mean age was 62.9 + 4.15 years in both groups

(P ¼ .93).

Participants Self-Assessment Comparison

No differences in mean severity scores between the HBOT and

control groups for all categories were observed prior to HBOT

(see Table 1, day 7 column). The mean severity scores of

erythema and pruritus were lower in the HBOT group than in

the control group (mean difference 1.23, P ¼ .015 and 2.125,

P ¼ .004, respectively; see Table 1 and Figure 1).

Photograph Assessment

Photographic assessment mean severity scores of swelling,

erythema, crusting, and scaling 14 days following PCP treat-

ment were lower in the HBOT group (P ¼ .029; see Table 2).

Percentage of epithelialization at day 14 post PCP treatment

was significantly higher in the HBOT group compared to con-

trols (98.5% + 1% vs 94.2% + 1%; P ¼ .021). Correlation

coefficients of investigators’ inter-observer agreement were

0.77 to 1 for all categories (P < .05). In Figures 2 and 3,

photographs of representative cases from both the HBOT and

control groups are shown.

Table 1. Comparison of Participants’ Self-Assessment 5-Point Mean Severity Scorea Between HBOT (n ¼ 4) and Control (n ¼ 4) Groups.

Side Effect Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 P Valueb

Erythema
HBOTc 5.0 (0.0) 4.3 (0.5) 3.5 (0.6) 2.8 (1.2) 2.3 (1.3) 2.0 (0.8) 1.5 (1.0) 1.3 (0.5) .006
Control 5.0 (0.0) 4.8 (0.5) 4.3 (0.5) 3.5 (0.6) 3.5 (0.6) 3.5 (0.6) 3.8 (0.5) 3.8 (0.5)

Pain
HBOT 3.3 (1.7) 3.0 (1.6) 2.3 (1.0) 1.8 (1.0) 1.3 (0.5) 1.3 (0.5) 1.3 (0.5) 1.3 (0.5) .75
Control 1.8 (1.5) 1.8 (1.5) 1.8 (1.5) 1.8 (1.5) 1.8 (1.5) 1.5 (1.0) 1.5 (1.0) 1.5 (1.0)

Crusting
HBOT 3.0 (1.4) 2.3 (1.3) 2.3 (1.3) 1.8 (1.0) 1.3 (0.5) 1.0 (0.0) 1.0 (0.0) 1.0 (0.0) .26
Control 3.5 (1.0) 3.3 (0.5) 2.8 (1.0) 2.8 (1.0) 1.8 (1.0) 1.8 (1.0) 1.8 (1.0) 1.8 (1.0)

Scaling
HBOT 3.5 (1.0) 2.8 (1.0) 2.3 (0.5) 1.8 (0.5) 1.5 (0.6) 1.5 (1.0) 1.3 (0.5) 1.0 (0.0) .04
Control 3.8 (0.5) 3.5 (0.6) 2.8 (0.5) 2.8 (0.5) 2.8 (0.5) 2.3 (0.5) 2.3 (0.5) 2.3 (0.5)

Pruritus
HBOT 2.5 (0.6) 2.5 (0.6) 1.8 (0.5) 1.5 (0.6) 1.8 (1.5) 1.8 (1.5) 1.3 (0.5) 1.0 (0.0) .001
Control 4.5 (1.0) 4.0 (0.8) 3.8 (1.0) 4.0 (0.8) 4.5 (1.0) 3.8 (0.5) 3.5 (1.0) 3.5 (1.0)

Abbreviation: HBOT, hyperbaric oxygen therapy treatment.
aSeverity score for pruritus, pain, erythema, crusting, and scaling ranging from 1 (less severe) to 5 (more severe).
bP value was obtained using a repeated-measures test.
cData presented as mean values (standard deviation).
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Appearance in Public Questionnaire

Confidence to appear in public questionnaire scored higher

in the HBOT group than controls (20.8 + 1.7 vs 14.5 + 1.3,

P ¼ .029).

Adverse Event Report

No other systemic adverse event was reported by participants

throughout the entire study and 3 months after the last

follow-up examination.

Discussion

The goal of the pilot study was to assess whether HBOT can

accelerate wound healing following PCP, as well as decrease

the rate and severity of local adverse events and systemic com-

plications. To our knowledge, this is the first study to demon-

strate accelerated epithelialization rate and reduction in local

adverse reactions following HBOT, as evaluated by both

patients and caregivers. In addition, patients treated with

HBOT felt more confident about public appearance sooner than

controls. Finally, we found that HBOT was safe, well tolerated,

and effective among study participants.

Figure 1. Comparison of participants’ self-assessment 5-point mean
erythema severity score between the HBOT (n ¼ 4) and control
(n ¼ 4) groups. HBOT indicates hyperbaric oxygen therapy.

Table 2. Comparison of Photographic Assessment Mean Severity Scoresa Between HBOT (n ¼ 4) and Control (n ¼ 4) Groups.

Side Effect

Days Post Peeling

14 35

HBOTb Control P Valuec,d HBOT Control P Valued

Tightness 1.88 (0.25) 4.75 (0.29) .029 3 (0.41) 3.5 (0.58) .343
Edema 1.88 (0.25) 4.75 (0.5) .029 1.38 (0.48) 2 (0.41) .114
Erythema 1.75 (0.29) 4.63 (0.48) .029 1.5 (0.41) 2.75 (0.5) .029
Crusting 1.63 (0.48) 4.13 (0.63) .029 1.13 (0.25) 1.5 (0.58) .486
Scaling 1.88 (0.25) 4.63 (0.48) .029 1.13 (0.25) 2 (0.71) .114
Epithelialization (%) 98.5 (1.0) 94.2 (1.0) .021 100 (0) 100 (0) NA

Abbreviations: HBOT, hyperbaric oxygen therapy treatment; NA, not applicable.
bSeverity score for tightness, edema, erythema, crusting, and scaling ranging from 1 (less severe) to 5 (more severe). Epithelialization is presented as percentage of
the treated skin area.
cData are presented as mean values (standard deviation).
dP value was obtained using a Mann-Whitney U test.

Figure 2. Photographic images of the control group participant (A) before PCP treatment, (B) 14 days after treatment, and (C) 35 days after
PCP treatment. PCP indicates phenol chemical peeling.
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Hyperbaric oxygen therapy is known to accelerate wound

healing through several physiological mechanisms. First,

HBOT increases arterial oxygen partial pressure by 40 mm

Hg or higher, thus allowing oxygen-dependent collagen matrix

formation.16 Another contribution to oxygen delivery to the

wound site is achieved by stimulation of neovascularization

by HBOT, either through increased oxygen gradient17 or

through triggering tumor necrosis factor a release.18 In the

cellular level, HBOT contributes to apoptosis attenuation and

reduced inflammation through downregulating hypoxia-indu-

cible factor-1a (HIF1a).19 Increased tissue oxygenation is

known to decrease peripheral edema and improve skin viabi-

lity.20 Up until now, HBOT was mainly used in the treatment of

problematic or chronic wounds such as radiation necrosis and

diabetic wounds. As for acute wounds, HBOT was mainly

recommended for problematic acute wounds (eg, compromised

flaps and grafts).20 So far, HBOT effect on accelerated healing

has been demonstrated in several human and animal stud-

ies.21,22 In our study, we found increased epithelialization rates

in the HBOT group. Together with decreased severity of

adverse events following PCP treatment, and although they

only received a single treatment about a week later, study

results indicate the potential of HBOT to further accelerate

wound healing in PCP treatment, if implemented earlier or

even before the treatment and performed more than once.

Phenol chemical peeling is used for a variety of indications

but is associated with prolonged adverse effects. To date, no

clinical study was preformed to evaluate the benefits of HBOT

on acute wounds such as those created by PCP. Attempts to

minimize the side effects of phenol peel while maintaining its

positive effects in previous studies were concentrated on devel-

oping various new phenol peeling formulas such as buffered

phenol peel, Venner-Kellson, Baker Gordon, Litton, Mee, and

Exoderm.7 Another approach to minimize side effects was the

use of different occlusive dressings and powders such as bis-

muth subgallate.23

In conclusion, this study innovates by showing that HBOT,

in addition to its known benefits in problematic wounds, is also

beneficial in accelerating the healing of the non-problematic

wound and decreasing the side effects of facial peeling. Our

study findings can also be relevant to other laser or chemically

based skin resurfacing interventions, providing a faster recov-

ery and milder skin inflammatory reactions compared to stan-

dard treatment.

Our pilot study was subject to several limitations such as

small sample size not sufficient to assess accurate efficacy and

less common adverse events of HBOT. In addition, study par-

ticipants share a relatively narrow age span and the same Fitz-

patrick skin type, and thus, we cannot apply our conclusions to

other age and skin type groups.

Authors’ Note

All procedures followed were in accordance with the ethical stan-

dards of the responsible committee on human experimentation (insti-

tutional and national) and with the Helsinki Declaration of 1975, as

revised in 2008. Informed consent was obtained from all patients for

being included in the study. Additional informed consent was

obtained from all patients for which identifying information is

included in this article.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

References

1. Fischer TC, Perosino E, Poli F, Viera MS, Dreno B; Cosmetic

Dermatology European Expert G. Chemical peels in aesthetic

Figure 3. Photographic images of the HBOT group participant (A) before PCP treatment, (B) 14 days after treatment, and (C) 35 days after PCP
treatment. HBOT indicates hyperbaric oxygen therapy; PCP, phenol chemical peeling

254 Plastic Surgery 26(4)



dermatology: an update 2009. J Eur Acad Dermatol Venereol.

2010;24(3):281-292.

2. Coleman WP. Dermal peels. Dermatol Clin. 2001;19(3):405-411.

3. Matarasso SL, Brody HJ. Deep chemical peeling. Semin Cutan

Med Surg. 1996;15(3):155-161.

4. Monheit GD. Chemical peels. Skin Therapy Lett. 2004;9(2):6-11.

5. Stuzin JM. Phenol peeling and the history of phenol peeling. Clin

Plast Surg. 1998;25(1):1-19.

6. Landau M. Chemical peels. Clin Dermatol. 2008;26(2):

200-228.

7. Park JH, Choi YD, Kim SW, Kim YC, Park SW. Effectiveness of

modified phenol peel (Exoderm) on facial wrinkles, acne scars

and other skin problems of Asian patients. J Dermatol. 2007;

34(1):17-24.

8. Gill AL, Bell CN. Hyperbaric oxygen: its uses, mechanisms of

action and outcomes. QJM. 2004;97(7):385-395.

9. Hart GB, Lamb RC, Strauss MB. Gas gangrene. J Trauma. 1983;

23(11):991-991000.

10. Leach RM, Rees PJ, Wilmshurst P. Hyperbaric oxygen therapy.

BMJ. 1998;317(7166):1140-1143.

11. McLoughlin PL, Cope TM, Harrison JC. Hyperbaric oxygen ther-

apy in the management of severe acute anaemia in a Jehovah’s

witness. Anaesthesia. 1999;54(9):891-895.

12. Tibbles PM, Edelsberg JS. Hyperbaric-oxygen therapy. N Engl J

Med. 1996;334(25):1642-1648.

13. Wattel F, Mathieu D, Neviere R, Bocquillon N. Acute peripheral

ischaemia and compartment syndromes: a role for hyperbaric

oxygenation. Anaesthesia. 1998;53(suppl 2):63-55.

14. Hampson NB. Hyperbaric oxygen: a plea for uniform nomencla-

ture. Undersea Hyperb Med. 1999;26(4):267.

15. Bloemen MC, Boekema BK, Vlig M, van Zuijlen PP, Middelkoop

E. Digital image analysis versus clinical assessment of wound

epithelialization: a validation study. Burns. 2012;38(4):501-505.

16. Boykin JV Jr. Re: Oxygen in wound healing: more than a nutrient.

Wound Repair Regen. 2001;9(5):391-392.

17. Knighton DR, Silver IA, Hunt TK. Regulation of wound-healing

angiogenesis-effect of oxygen gradients and inspired oxygen con-

centration. Surgery. 1981;90(2):262-270.

18. Lahat N, Bitterman H, Yaniv N, Kinarty A, Bitterman N. Expo-

sure to hyperbaric oxygen induces tumour necrosis factor-alpha

(TNF-alpha) secretion from rat macrophages. Clin Exp Immunol.

1995;102(3):655-659.

19. Zhang Q, Chang Q, Cox RA, Gong X, Gould LJ. Hyperbaric oxygen

attenuates apoptosis and decreases inflammation in an ischemic

wound model. J Invest Dermatol. 2008;128(8):2102-2112.

20. Dauwe PB, Pulikkottil BJ, Lavery L, Stuzin JM, Rohrich RJ. Does

hyperbaric oxygen therapy work in facilitating acute wound heal-

ing: a systematic review. Plast Reconstr Surg. 2014;133(2):

208e-215e.

21. Abidia A, Laden G, Kuhan G, et al. The role of hyperbaric oxygen

therapy in ischaemic diabetic lower extremity ulcers: a double-

blind randomised-controlled trial. Eur J Vasc Endovasc Surg.

2003;25(6):513-518.

22. Kessler L, Bilbault P, Ortega F, et al. Hyperbaric oxygenation

accelerates the healing rate of nonischemic chronic diabetic foot

ulcers: a prospective randomized study. Diabetes Care. 2003;

26(8):2378-2382.

23. Demas PN, Bridenstine JB. Diagnosis and treatment of postopera-

tive complications after skin resurfacing. J Oral Maxillofac Surg.

1999;57(7):837-841.

Wiser et al 255



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /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
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


