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Abstract

OBJECTIVES: Obesity has been thought to predispose patients to excess morbidity after lung resection because of decreased diaphragm
excursion, reduced lung volumes and relative immobility. We assessed the relationship of body mass index (BMI) to acute outcomes after
major lung resection.

METHODS: Information from our database of lung resections was evaluated for the period 1980–2011. Univariate analysis for adverse
events (pulmonary, cardiovascular, other and overall) was used to select variables for inclusion in multivariate logistic regression analyses.
Missing values were imputed. BMI was categorized as underweight (<18.5), normal (18.5–24.9), overweight (25–29.9), obese (30–34.9) and
very obese (≥35).

RESULTS: Among 1369 patients, there were 703 males (51%) and the mean age was 62 ± 11 years. Complications included the following:
pulmonary 12%, cardiovascular 15%, other 16%, mortality 5% and any 29%. The incidence of complications decreased during each decade
of study (40, 30, 26, 20%; P < 0.0001) and the incidence of obese/very obese increased during the same intervals (11, 22, 30, 25%;
P = 0.0007). Adjusting for age, performance status, coronary artery disease, smoking status, diffusing capacity of the lung for carbon monox-
ide, forced expiratory volume in 1 s and operation year, being overweight/obese/very obese did not increase the risk of postoperative
complications in any category. In fact, patients in this group showed a lower rate of cardiovascular complications than those with BMI ≤ 25
(odds ratio (OR): 0.72; 95% confidence interval (CI): 0.51–1.00; P = 0.048). However, being underweight was importantly associated with an
increased risk of pulmonary complications (OR: 2.5; 95% CI: 1.3–4.9; P = 0.0087) and of operative mortality (OR: 2.96; 95% CI: 1.28–6.86;
P = 0.011).

CONCLUSION: Being overweight or obese does not increase the risk of complications after major lung resection. In contrast, patients who
are underweight are at significantly increased risk of pulmonary complications and mortality. Knowledge of the relationship of BMI to peri-
operative risk for major lung resection is essential in proper risk stratification.
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INTRODUCTION

Body mass index (BMI) intuitively influences the technical aspects
of lung cancer surgery and its outcomes. Surgeons traditionally
welcome the easily discerned internal anatomy of thin patients,
while reluctantly facing challenges that obese patients present.
The greater technical and physical demands engendered by sub-
stantial girth and excess mediastinal fat are associated with
increased operating time for major lung resection [1]. Obesity
intuitively increases the perioperative risks of lung surgery owing
to associated comorbidities such as diabetes, hypertension and

coronary artery disease, and physiological impairment of ventila-
tion. Results of recent reports on acute outcomes of major lung re-
section in obese patients are mixed: some reports substantiate this
increased risk [2, 3], while others demonstrate no increase in risk
[4, 5].
Being underweight, despite the perceived intraoperative advan-

tages for the surgeon, is theoretically associated with increased
perioperative risks owing to nutritional depletion, muscle weak-
ness and altered metabolism that affect responses to inflammation
and wound-healing processes. In contrast to the growing interest
in the relationship of increased BMI and surgical outcomes after
lung resection, there are no substantial reports on the effects of
underweight status specific to lung surgery. A recent report from
the Society of Thoracic Surgeons Database indicated that nearly
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26% of patients undergoing lung resection were obese, but did not
mention the percentage of patients who were underweight [6].

No clear consensus exists regarding the relationship of obesity
to outcomes after major lung resection, and there is little informa-
tion about the influence of being underweight on lung surgery.
Our aim in this study was to explore the relationship of BMI, par-
ticularly obese and underweight status, to perioperative outcomes
after major lung resection.

METHODS

We performed a retrospective review of an Institutional Review
Board-approved lung resection database for patients undergoing
major lung resection (lobectomy, bilobectomy and pneumonec-
tomy) from 1980 to 2011. Demographic, physiological, operative
and outcomes variables were collected. For patients undergoing
more than one major lung resection, only the first operation was
used in the analyses. Staging was performed according to the
American Joint Committee on Cancer seventh edition manual [7].
Operative mortality was defined as death during hospitalization
for lung resection or within 30 days of resection. Complications
were classified as pulmonary (respiratory failure, pneumonia,
lobar collapse requiring intervention and prolonged air leak), car-
diovascular (myocardial infarction, pulmonary embolism, arrhyth-
mia requiring therapy, cerebrovascular accident and transient
ischaemic attack), other (recurrent nerve injury, wound infection,
empyema, bronchopleural fistula and miscellaneous), mortality
and overall (pulmonary, cardiovascular, other and mortality).

BMI (kg/m2) was categorized as underweight (<18.5), normal
(18.5–24.9), overweight (25–29.9), obese (30–34.9) and very obese
(≥35). Univariate analysis for adverse events (pulmonary, cardio-
vascular, other and overall) was performed for the following vari-
ables: BMI, sex, age, diabetes mellitus, hypertension, preoperative
radiation therapy, preoperative chemotherapy, coronary artery
disease (CAD), cerebrovascular disease, Eastern Cooperative
Oncology Group performance status (PS), cigarette smoking status
(current vs prior), prior lung resection, diagnosis (cancer or
benign) and year of operation. Continuous variables were categor-
ized and χ2 analysis was performed except in cases in which there
were less than 10 events in any category, in which case the Fisher
exact test was performed. To handle missing data, we generated
five imputation datasets using the multiple imputation by chained
equations algorithm [8] with predictive mean matching option to
ensure that imputed values fell within the range of plausible
values. Significant variables on univariate analysis were used to fit
a multivariate logistic regression. A three-knot restricted cubic
spline function for BMI and a four-knot restricted cubic spline
function for year of operation were used to account for nonlinea-
rities on these variables. Different shapes of functions for males
and females were deemed not necessary. Results in the five impu-
tations were combined using Rubin’s rules for pooling analyses of
imputed data [9, 10]. Imputation was performed using Stata
version SE12. All remaining analyses were performed using the R
Statistical software [11] and the rms package in R [12].

RESULTS

Patient demographics and clinical characteristics are listed in
Table 1. There was a significant upward trend in the incidence of
obese/very obese during the decades of study (11, 22, 30, 25%;

P = 0.0007). There was a similar significant downward trend in the
incidence of underweight (8, 5, 3, 3%; P = 0.011). Surgical details
and outcomes are listed in Table 2. This data set contains a rela-
tively high number of surgical deaths, which is largely attributable

Table 1: Clinical characteristics of patients undergoing
major lung resection

Category Evaluable
patients

Value (±standard
deviation) or number
affected (percent)

Male gender 1369 703 (51)
Age at operation (years) 1369 62 ± 11
Serum creatinine (mg/dl) 1127 1 ± 1
Hypertension 1367 568 (42)
Coronary artery disease 1368 281 (21)
Diabetes mellitus 1368 197 (14)
Any tobacco use 1367 1184 (87)
PS 0–1 1351 1183 (88)
BMI 1366

Underweight (<18.5) 64 (5)
Normal (18.5–24.9) 489 (36)
Overweight (25–29.9) 489 (36)
Obese (30–34.9) 193 (14)
Very obese (≥35) 131 (10)

FEV1% 1318 84 ± 22
ppoFEV1% 1318 64 ± 20
DLCO% 1240 85 ± 22
ppoDLCO% 1240 64 ± 19
Pretreatment clinical stage 1145

I 587 (51)
II 286 (25)
III 250 (22)
IV 22 (2)

Induction chemotherapy 1302 125 (10)
Induction radiation therapy 1307 131 (10)

FEV1: forced expiratory volume in 1 s; DLCO: diffusing capacity of the
lung for carbon monoxide; ppo: predicted postoperative value

Table 2: Outcomes of patients undergoing major lung
resection

Category Evaluable
patients

Number affected
(percent)

Operation 1367
Lobectomy 1088 (80)
Bilobectomy 96 (7)
Pneumonectomy 183 (13)

Surgical outcomes 1369
Mortality 69 (5)
Pulmonary morbidity 161 (12)
Cardiovascular morbidity 202 (15)
Other morbidity 214 (16)
Overall major complications 401 (29)

Final pathological stage 1145
0,I 660 (58)
II 271 (24)
III 196 (17)
IV 18 (2)
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to the earlier decades of the study and the large proportion of
patients undergoing pneumonectomy during that time period.
Rates of complications decreased during the study period, both as
unadjusted rates and when adjusted for BMI, sex, age, coronary
artery disease, PS and smoking status (Table 3). The adjusted trend
line for pulmonary complications demonstrates a very steep re-
duction in the rate of such complications in more recent years
(Fig. 1).

Outcomes according to BMI category are listed in Table 4.
Being overweight/obese/very obese did not increase the risk of
postoperative complications in any category. In fact, patients in
this group showed a lower rate of cardiovascular complications
than those with BMI ≤ 25 (OR: 0.72; 95% confidence interval (CI):
0.51–1.00; P = 0.048). Being underweight was significantly asso-
ciated with an increased risk of pulmonary complications (OR: 2.5;
95% CI: 1.3–4.9; P = 0.0087) and of operative mortality (OR: 2.96;
95% CI: 1.28–6.86; P = 0.011).

The final model for complications contained the following pre-
dictors: BMI, sex, age at operation, CAD, PS and year of operation.
The log odds of complications as a function of BMI (adjusted for
the other variables in the model) are shown for four types of com-
plications in Fig. 2. The number of deaths was sufficiently small so

that generating a trend line was not appropriate. The incidence of
complications decreased with increasing BMI up to about 25 and
stabilized above that value. There was a suggestive uptick for very
obese levels for pulmonary complications, but this did not reach
statistical significance. Interaction between BMI and sex was
explored, but the differences fell well within confidence bands.

DISCUSSION

Obesity is associated with an increase in cancer risk and cardiovas-
cular disorders, and is accompanied by decreased life expectancy
and impaired quality-of-life in the general population [13]. Excess
body weight/mass has been explored as a predictor of post-
operative outcomes after a variety of surgical procedures. A recent
review of the link between excess BMI and outcomes after non-
bariatric general surgery identified mixed results, with increased
morbidity and mortality associated with extreme obesity, whereas
being overweight or moderately obese did not confer an increase
in perioperative risk [14]. Similar mixed findings have been
reported for outcomes from cardiovascular surgery. In contrast,
being underweight is consistently associated with increased risk of
operative morbidity and mortality, both in cardiac [15] and non-
cardiac [16] surgery.
Little information on the effects of BMI on outcomes after pul-

monary surgery has been published. Obesity is associated with
increased operating time [1], but whether obesity is associated
with increased risk is uncertain based on recent clinical reports [2–
5]. In contrast, little information has been published on the associ-
ation of low BMI and outcomes after major lung resection. The
growing obesity epidemic mandates that surgeons understand the
implications of the extremes of BMI for perioperative and long-
term outcomes after major lung resection.
We explored the interactions of BMI and acute outcomes after

major lung resection using our institutional database. Our patient
population changed over the more than three decades encom-
passed by our study, as evidenced by an increasing incidence of
obesity and decreasing frequencies of complications. Taking these
factors into account, we found no important increase in peri-
operative risk in any category associated with overweight or obese
status. In fact, overweight or obese status was associated with a
decreased risk of cardiovascular complications compared with
patients who were not obese/overweight. These findings are
similar to those reported by Smith et al. [4], Dhakal et al. [5] and
Thomas et al. [17]. The first two of these studies dichotomized BMI
(obese vs other and overweight vs other, respectively) which limits
comparisons of outcomes at the extremes. Our findings are

Table 3: Rates of complications by time period (percentages)

Category 1980–1989 1990–1999 2000–2010 2010–2011 P-value for unadjusted trend P-value for adjusted trenda

Pulmonary 17 14 10 4 1.56e-06 4.73e-06
Cardiovascular 22 14 13 9 0.000358 0.00182
Other 20 16 14 11 0.00218 0.013
Mortality 9 7 3 3 3.18e-05 0.0012
Overall 40 30 25 20 3.63e-07 1.28e-05

aAdjusted for BMI, age, sex, coronary artery disease, performance status, year of operation, smoking status, diffusing capacity (DLCO), FEV1.

Figure 1: Trend line for postoperative pulmonary complications over time
(adjusted for BMI, sex, age, coronary artery disease, PS and smoking status). The
grey band represents 95% CIs.
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similar to those of Thomas et al., who demonstrated no increased
risk in overweight and obese patients, and suggested a possible
protective effect of obesity on some perioperative outcomes.
Overall, we identified no strong evidence that the ‘obesity
paradox’ applies to major lung resection, although the vertices of
the outcomes curves centred on the intersection of overweight
and obese, indicating that the risks were lowest at that point. We
did note that there was an uptick in complication rates at the
extremes of obesity; this range of the obesity curve was not
explored by Thomas et al., and a more definitive answer awaits
further study. The small numbers of patients in the very obese cat-
egory may have precluded the identification of a statistically sig-
nificant risk for this subgroup. Overall, the overweight/obese
category is not uniform, and adverse outcomes risks are deter-
mined by a complex set of characteristics.

Being underweight in our study carried important increased risks
of postoperative complications, particularly pulmonary complica-
tions and mortality. Low BMI was recently identified by Thomas
et al. [17] as an independent risk factor for increased complications
after major lung resection, including pulmonary complications and
death. It also has been identified as a risk factor for increased com-
plications in a wide range of categories for nonbariatric general
surgery [18]. Low body weight is often associated with low serum
albumin, and the latter has been shown to adversely influence post-
operative morbidity and mortality following thoracic surgery in
general and pneumonectomy in particular [19, 20].

There are a number of potential explanations for these findings.
Adipose tissue, particularly nonvisceral adipocytes, secretes cyto-
kines that regulate inflammation, endovascular homeostasis and
insulin sensitivity. Adipose tissue is capable of scavenging inflam-
matory toxins, and lipoproteins that are often increased in the

obese can bind to and neutralize endotoxins [14, 21]. In contrast,
low BMI may not be a specific cause of increased risk, but instead
may be a result of other acute or chronic processes that them-
selves increase risk such as smoking and chronic obstructive pul-
monary disease (COPD). Extreme loss of muscle mass (sarcopenia)
may be related to decreased effectiveness of muscles of respir-
ation and relative inactivity, both of which may contribute to
increased perioperative risks, especially for pulmonary complica-
tions. Sarcopenia is common in patients with COPD and in those
with lung cancer [22, 23].
It is likely that the use of BMI as a risk predictor will be sup-

planted by more sophisticated techniques in the near future.
Sarcopenia is not confined to low BMI, but is common in patients
in all BMI categories [23, 24]. The challenge of identifying patients
with sarcopenic obesity requires adoption of new standards of risk
classification. Differentiating abdominal (visceral) adiposity from
general adiposity requires measurement of abdominal girth
waist-to-hip ratio, or waist-to-height ratio. Computed tomograph-
ic measurement of fat content and fat–lean muscle ratio may
permit a more definitive determination of both adiposity and sar-
copenia [23]. Static measurements may not be sufficient, however.
It is unclear whether being chronically underweight or experien-
cing weight loss leading to being underweight carries the most
risk, so assessment of weight change may be important in the
future. Weight change trajectories, including normal weight trend-
ing downwards and very obese trending upwards, are among the
highest risk settings for increased mortality risk [25].
Potential shortcomings of this study include the long period of

time over which data were collected, which influences demo-
graphics, patient selection, operative techniques and periopera-
tive management. Weight loss was not assessed, and in patients

Table 4: Association of BMI and complications after major lung resection

Complication BMI category OR 95% CI P-value

Pulmonary Underweight 2.48 1.26–4.88 0.0087
Normal 1.00 – –

Overweight 0.84 0.55–1.29 0.42
Obese 1.14 0.65–1.98 0.65
Very obese 0.75 0.36–1.57 0.44

Cardiovascular Underweight 1.45 0.72–2.95 0.30
Normal 1.00 – –

Overweight 0.72 0.49–1.05 0.085
Obese 0.83 0.50–1.39 0.49
Very obese 0.75 0.40–1.41 0.37

Other Underweight 1.21 0.61–2.39 0.59
Normal 1.00 – –

Overweight 0.91 0.64–1.30 0.62
Obese 0.76 0.45–1.27 0.30
Very obese 0.65 0.35–1.22 0.18

Mortality Underweight 2.96 1.28–6.86 0.011
Normal 1.00 – –

Overweight 0.45 0.23–0.89 0.022
Obese 1.11 0.50–2.44 0.80
Very obese 0.71 0.23–2.14 0.55

Overall Underweight 1.60 0.90–2.86 0.11
Normal 1.00 – –

Overweight 0.89 0.67–1.20 0.45
Obese 0.97 0.65–1.44 0.87
Very obese 0.64 0.39–1.05 0.077
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who received induction therapy it was not always possible to de-
termine whether baseline weight or posttreatment weight was
recorded. Albumin and other nutritional measures were not rou-
tinely recorded, making it impossible to correlate BMI with these
variables. No other measures of adiposity or muscle mass were
performed to assess their value relative to BMI in relation to peri-
operative outcomes.

In summary, patients who are overweight or mildly obese are at
somewhat lower risk for complications after major lung resection
compared with patients in other BMI categories. However, we
identified no consistent statistically significant protective effect of
obesity on outcomes. There was a suggestion that extreme obesity
put patients at increased risk. In contrast, being underweight was
associated with a substantial increased risk of perioperative com-
plications, particularly pulmonary complications and death.
Knowledge of the relationship of BMI to perioperative risk for
major lung resection is essential in proper risk stratification.
Routine use of more sophisticated methods of assessing lean body

mass, the amount and distribution of adiposity and weight change
trajectory should be considered.
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APPENDIX. CONFERENCE DISCUSSION

Dr A. Sihoe (Hong Kong, China): I note with interest that the patients who are
underweight actually are at higher risk, so I’m just wondering, although you’ve
alluded to the fact that you didn’t look at the nutritional status, do you think
this could have some relationship to the albumin levels? For example, would
that be linked to the underweight and, in turn, to the complications in this
cohort of patients?
Dr Ferguson: My guess, and it’s just a guess, is that the majority of patients

who were underweight were underweight as a result of more recent weight loss
and this probably also would be reflected in their nutritional status, yes.
Dr Sihoe: That leads on to my second question, actually. You mentioned the

rate of weight loss. I mean, would it be feasible or meaningful to look at the
patient’s premorbid BMI, is that data collectable?
Dr Ferguson: In our database it’s not collectable, but I think there are ways of

collecting reasonably useful information by taking more careful histories. The
information about weight loss trajectory is relatively new. The highest risk
patients are those who were underweight who had had recent weight loss and
those who were obese who had had important recent weight gain. So even
those extremes and the trajectories going in opposite directions predispose
those patients to substantially increased risk. This is after general surgical proce-
dures, but I think the lesson could apply to thoracic operations as well.
Dr G. Rocco (Naples, Italy): Mark, that was a very interesting talk. Back home,

we are looking at the relation between cardiopulmonary exercise, be it either
low tech or high tech, and BMI, to try to see whether there is a relation
between the two. Have you looked at that kind of particular issue?
Dr Ferguson: Unlike you and some of our colleagues, we haven’t routinely

done exercise testing as part of our preoperative workup. So our data are quite
limited and I don’t have information about the relationship between the two at
this point.
Dr Rocco: Can you speculate whether you think there could be an actual rela-

tion? Because, maybe your patients perform better from a cardiopulmonary
test point of view and that could result in a better predictor.
Dr Ferguson: I think the handicap that we have in discussing this now is

that BMI is a crude surrogate for other important elements such as sarcope-
nia, and obese and sarcopenic patients would probably perform poorly on
either type of exercise test. Underweight and sarcopenic patients would
also perform poorly, whereas you may find that underweight or obese
patients who are not sarcopenic have paradoxically good exercise capacity.
So I think we need to hone down a little bit better on the distribution and
amount of adiposity and the ratio between adiposity and lean muscle mass
to better define the performance characteristics of the patients. And that
could theoretically be done almost in an automated manner using the CT
scans that we already have available. We just haven’t availed ourselves of the
opportunity to do that.
Dr Sihoe: Could I ask one more question. Based on the results of this

quite big study, would you consider a low BMI now to be a trigger for
additional nutritional supplementation or management preoperatively or
perioperatively?
Dr Ferguson: Yes, the problem is the results of attempts at acute nutritional

repletion are quite mixed. I think that there is some evidence in more
recent years that there may be some benefit, so I think that’s an area worthy of
investigation.

TH
O
R
A
C
IC

M.K. Ferguson et al. / European Journal of Cardio-Thoracic Surgery e99

http://www.R-project.org/
http://www.R-project.org/
http://www.R-project.org/
http://www.R-project.org/
http://www.R-project.org/
http://CRAN.R-project.org/package=rms
http://CRAN.R-project.org/package=rms
http://CRAN.R-project.org/package=rms
http://CRAN.R-project.org/package=rms


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile 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 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


