
The Effects of Diabetes Mellitus on 
Coronary Artery Bypass Graft Surgery

Bruce J. Leavitt, MD

Corresponding author
Bruce J. Leavitt, MD

Fletcher Allen Health Care, Cardiothoracic Surgery, Fletcher 454, 

111 Colchester Avenue, Burlington, VT 05401, USA.

E-mail: bruce.leavitt@vtmednet.org

Current Diabetes Reports 2007, 7:20–24
Current Medicine Group LLC ISSN 1534-4827

Copyright © 2007 by Current Medicine Group LLC

Coronary artery bypass graft (CABG) surgery has been 

a mainstay in the treatment of coronary artery dis-

ease. Diabetes is prevalent in these patients and has 

significant effects in the operative period as well as in 

long-term survival. Diabetes is a risk factor in increased 

incidence of mortality as well as deep sternal wound 

infection after CABG surgery. Long-term survival is also 

significantly affected by diabetes. Clinicians who treat 

diabetic patients with coronary artery disease should be 

aware of the effects this condition has on the outcomes 

of CABG surgery. 

Introduction 
Diabetes mellitus (DM) is a risk factor for the develop-
ment of coronary artery disease (CAD). Since the 1960s, 
coronary artery bypass graft (CABG) surgery has been a 
mainstay in the treatment of CAD. Percutaneous coronary 
interventions such as balloon angioplasty and coronary 
artery stenting are also used to treat patients with CAD. 
The choice of which revascularization method to use with 
diabetic patients is discussed in this article.

It is also well known that diabetes can adversely affect 
the outcomes of any surgery, especially in the incidence of 
complications such as wound infections. Also, DM has a 
significant effect on long-term survival of these patients. 
Both short- and long-term outcomes of patients with DM 
undergoing CABG surgery are described in this article.

Prevalence
At the end of 2006 it was estimated that 500,000 patients 
in the United States will undergo CABG surgery in 2007 
[1]. There are an estimated 25 million people in the United 
States that have DM [2]. The incidence of DM in patients 
undergoing CABG surgery is between 18% and 38% 

[3–5,6••]. Therefore, it is estimated that 210,000 diabetic 
patients will undergo CABG surgery in 2005. Diabetes 
plays a significant role in the treatment of these patients 
as well as their short- and long-term outcomes.

Perioperative Complications
In 1988, Lilienfeld et al. [7] conclusively showed that DM 
is a risk factor for the development of infections after car-
diac surgery. The Northern New England Cardiovascular 
Disease Study Group (NNE) has been prospectively col-
lecting data on cardiac surgical patients in Vermont, New 
Hampshire, and Maine since 1987. All patients in these 
three states who have undergone CABG surgery are in the 
NNE registry. Braxton et al. [8] documented that DM is 
an independent risk factor for the development of medias-
tinitis. Loop et al. [9] and Grossi et al. [10] both showed 
that the use of bilateral internal mammary artery (IMA) 
bypass grafts among diabetic patients having CABG sur-
gery has been associated with an increased risk of deep 
sternal wound infection (DSWI). Since the paper by Loop 
et al. [9], it has been an accepted practice by most car-
diac surgeons to not use bilateral IMA grafts in patients 
with DM. Most commonly, the IMA has been taken as a 
muscular pedicle. Recent early reports of using bilateral 
skeletonized IMAs in patients with DM has been shown 
to not increase the risk of DSWI [11].

The Society of Thoracic Surgeons (STS) created a 
national voluntary database involving patients undergoing 
cardiac surgery. This database is the largest cardiac surgical 
database in the United States. In 1997, Edwards et al. [12] 
used logistic regression analysis to determine the odds ratio 
for mortality in patients undergoing CABG surgery. This 
risk model was developed using the STS National Cardiac 
Surgical Database. Diabetes had an odds ratio for mortality 
of 1.3. Clough et al. [13] showed that DM is an independent 
predictor of in-hospital mortality in patients undergoing 
CABG surgery. The odds ratio for death for mortality in 
diabetic patients was 1.19 (95% CI, 1.01 to 1.40; P = 0.03).

Choice of Revascularization
Since the development of percutaneous coronary inter-
ventions (PCIs), clinicians are now faced with a markedly 
different choice in regard to revascularization. There have 
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been several randomized trials studying CABG surgery 
versus percutaneous transluminal coronary angioplasty 
(PTCA) for patients with ischemic CAD needing 
revascularization. The BARI (Bypass Angioplasty Revas-
cularization Investigation) study has published several 
papers on the differences in outcomes of patients with 
DM enrolled in this national trial [4,14,15]. In 1997, 
BARI [4] investigators first published data that clearly 
showed that patients with DM who had three-vessel CAD 
had improved 5-year survival with CABG surgery com-
pared with PTCA. The mortality at 5 years was 5.8% in 
the CABG surgery group and 20.6% in the PTCA group. 
The benefit was seen in patients who received at least one 
IMA graft. In 2000, Detre et al. [15] documented that 
patients with DM treated initially by CABG surgery in 
the BARI trial had improved survival with a subsequent 
acute myocardial infarction compared with patients 
randomized to receive PTCA. Their conclusions were 
that this study should influence the choice of revascular-
ization in patients with DM needing revascularization. 
In 2001, Niles et al. [16] published a paper on series of 
patients similar to the BARI study [16]. Only 14% of the 
PCI patients had stents in this study. In the BARI study, 
all patients underwent PTCA in the PCI group. Niles et 
al. [16] found similar results to the BARI study, in that 
the 5-year survival of PCI patients was significantly 
less that the CABG surgery group. In the EAST (Emory 
Angioplasty versus Surgery Trial) trial, insulin-requiring 
diabetic patients had improved 5- and 10-year survival 
in the CABG surgery cohort compared with patients ini-
tially receiving PTCA as a revascularization strategy [17]. 
In one of the only studies that used stenting as an arm 
in a randomized trial comparing PCI with CABG sur-
gery, surgery was again significantly associated with an 
improved 1-year survival [18]. One can conclude that in 
diabetic patients with three-vessel CAD, CABG surgery 
has a survival advantage over PTCA in regard to choice 
of revascularization treatment for ischemic CAD. How-
ever, most of these studies were done prior to the use of 
drug-eluting stents as well as the use of platelet IIb/IIIa 
inhibitors. To date, there have been no published random-
ized trials comparing drug-eluting stents and/or platelet 
IIb/IIIa inhibitors in patients with DM undergoing revas-
cularization treatment for ischemic CAD. Flaherty and 
Davidson [19•] nicely summarized the issues of the choice 
of revascularization in patients with DM.

Improvements in Glucose Control
Insulin has been the mainstay of the acute treatment of 
hyperglycemia in patients with DM undergoing surgery. 
Until recently, most clinicians used subcutaneous insulin to 
control blood glucose levels. In 1997, Zerr et al. [20] showed 
that blood glucose levels of greater than 200 mg/dL on the 
first and second postoperative day after CABG surgery were 
associated with an increase in DSWIs. They also showed 

that improved glucose control lowers the risk of wound 
infections after heart surgery.

Furnary et al. [21] have dramatically changed the 
process of controlling postoperative serum glucose lev-
els in diabetic patients undergoing CABG surgery. They 
developed a continuous insulin infusion practice that is 
now known as the Portland Protocol. This protocol was 
published in 1999 in the Annals of Thoracic Surgery [21]. 
This protocol was published in addition to the prospective 
study of 2467 diabetic patients undergoing open heart 
surgery between 1987 and 1997. Patients were classified 
into two groups: 1) 968 patients with intermittent sliding 
scale subcutaneous insulin (SQI); and 2) 1499 patients 
who were treated with a continuous insulin infusion 
(CII) to maintain a blood glucose level of less than 200 
mg/dL. Blood glucose levels (mg/dL) were significantly 
lower in the CII group compared with the SQI patients 
(day of surgery, 199 vs 241; postoperative day [POD] 
#1, 176 vs 206; POD #2, 181 vs 195; and POD #3, 179 
vs 188). There was a 2.5-fold reduction in incidence of 
DSWIs in the CII group compared with the SQI control 
group (0.8% vs 2.0%, P = 0.001). Obesity and the use 
of an internal thoracic artery pedicle also increased the 
incidence of DSWIs. The published Portland Protocol 
in 1999 used a continuous intravenous insulin infusion 
through a piggyback pump. Blood glucose monitoring 
was either by fingerstick blood sample or arterial line 
drop sample. Insulin was started up to 3 units per hour. 
Blood glucose testing was done at every 1-hour interval 
until the glucose was between 150 and 200 mg/dL; then 
it was measured every 2 hours. Changes in the insulin 
infusion rate are then determined by a scale that uses the 
last blood glucose level. The insulin infusion was car-
ried out until POD #3 when the patient had started oral 
intake of nutrition and the preadmission glycemic control 
medications were restarted. In patients with previously 
undiagnosed DM, an endocrinology consult was ordered. 
The Portland Protocol for continuous insulin infusion in 
patients undergoing cardiac surgery is available online at 
http://www.providence.org/oregon/programs_and_ser-
vices/heart/portlandprotocol/default.htm.

In 2003, Furnary et al. [22] published a second paper 
that studied mortality in the same two groups of patients. 
They compared two cohorts of patients: 1) 942 patients in 
the SQI group (1987 through 1991); and 2) 2612 patients 
in the CII group (1991 through 2001). The mortality rate 
in the SQI group was 5.4% compared with a mortality 
of 2.5% in the CII group. Multivariate analysis showed 
that CII was protective (odds ratio for mortality 0.50, 
P = 0.005). A major limitation of this study is the fact that 
the two cohorts were from significantly different time 
frames. Mortality rates in many regions have decreased 
significantly during that time frame and the cause of that 
decrease is multifactorial [23].

In 2004, Lazar et al. [24] studied 141 diabetic patients 
undergoing CABG surgery and prospectively randomized 
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the patients into two groups based on method of treating 
hyperglycemia. One group received standard subcutane-
ous insulin for 12 hours after arrival in the intensive care 
unit and the other group received a continuous infusion of 
glucose, insulin, and potassium (GIK) for a similar time. 
After the study period ended, the patients were placed 
back on their preoperative diabetic medical regimen. 
Patients in the GIK group had a significantly lower blood 
glucose (138 vs 260 mg/dL), shorter length of stay (6.5 vs 
9.2 days), and lower incidence of atrial fibrillation (16.6% 
vs 42%). Two-year survival was improved in the GIK 
group. In addition, there were less postoperative infec-
tions in the GIK group compared with the subcutaneous 
insulin group (1% vs 10%, P = 0.03).

Graft Patency
There are few studies looking at graft patency in patients 
with DM. In 2002, Schwartz et al. [14] published CABG 
surgery patency in patients involved in the BARI trial. 
There were 1526 patients who had CABG surgery in the 
BARI study, and 292 had DM. Thirty-four percent of the 
DM patients and 38% of the non-DM patients had angio-
graphy at a mean of 3.9 years. There were 3.0 grafts per 
CABG surgery patient in the DM group and 2.9 grafts per 
patient in the non-DM group. Only one third of the patients 
in both groups received an IMA graft. This percentage of 
IMA grafts is significantly lower than is currently being 
used [25]. Patients with DM had smaller and poorer quality 
vessels; however, the patency was similar in the two groups. 
IMA patency at 3.9 years was 89% in the DM group com-
pared with 85% in the non-DM group. Vein graft patency 
was 71% versus 75% in the non-DM group.

Long-term Survival
In 1997, Barsness et al. [26] studied the relationship 
between DM and long-term survival after CABG surgery 
and PTCA. The study included 3220 patients undergo-
ing CABG surgery or PTCA from 1984 through 1990. 
Twenty-four percent had DM. Both adjusted (89% vs 
93%) and crude (74% vs 86%) 5-year survival rates for 
DM patients undergoing CABG surgery were significantly 
worse compared to patients without DM. There was 
no significant difference in the survival of PTCA versus 
CABG surgery patient in this study, which was a differ-
ent finding compared with many other studies comparing 
CABG surgery to PCI in patients with DM [4,16,17,27].

In 1999, Thourani et al. [28] looked at the influence 
of DM on early and late outcomes after CABG surgery. 
There were 12,198 patients operated on between 1978 
and 1993. Nineteen percent had DM (2278 patients). 
There were a greater percentage of significant comor-
bidities (hypertension, chronic heart failure, previous 
myocardial infarction, left main stenosis, and lower ejec-
tion fraction) in this group compared to those patients 

without DM. Patients with DM had a higher postopera-
tive mortality (3.9% vs 1.6%) and stroke (2.9% vs 1.4%) 
compared to those patients without DM. Five-year sur-
vival (78% vs 88%) and 10-year survival (50% vs 71%) 
were significantly lower in the DM group compared with 
the non-DM group. Patients requiring insulin for treat-
ment of their DM had a worse 5- and 10-year survival 
compared with noninsulin-treated diabetic patients. They 
postulated that the requirement of insulin treatment might 
reflect a greater severity of the diabetic disease process, 
and therefore contribute to greater complications that 
affect long-term survival.

In 2000, Whang and Bigger [3] reported the effect 
that DM has on the outcomes of patients with severe left 
ventricular function (ejection fraction < 36%) undergoing 
CABG surgery in the CAGB Patch Trial database. There 
were 342 patients with DM followed up for 48 months. 
There was no difference in survival in these patients com-
pared to those without DM (74% vs 76%).

Colleagues from the NNE and I recently reported 
the effects of DM and associated medical conditions on 
long-term survival after CABG surgery [6••]. There were 
36,641 consecutive, isolated CABG surgery procedures 
performed in Vermont, Maine, and New Hampshire from 
1992 through 2001. Thirty-one percent of our patients 
had DM. Our database was linked to the National Death 
Index to assess long-term mortality. Survival was strati-
fied into three categories: no diabetes; diabetes without 
renal failure and peripheral vascular disease; and diabetes 
with peripheral vascular disease and/or renal failure. The 
reason to examine the subgroup of diabetic patients with 
the comorbid conditions of renal failure and/or peripheral 
vascular disease was to see if these conditions affected 
long-term survival in patients with DM compared to 
those diabetic patients without those conditions. The 
annual incidence of death (AIOD; death per 100 person 
years) was 3.1 in the non-DM group and 5.5 in the DM 
group. The AIOD in patients with diabetes alone was 4.4. 
In the group with DM and peripheral vascular disease, 
the AIOD was 8.4. DM and renal failure had an AIOD 
of 16.3. Finally, the AIOD of diabetic patients with 
both renal failure and peripheral vascular disease was 
26.3. Log-rank test comparing each of these groups to 
the nondiabetic group was statistically significant (log-
rank test, P < 0.001). Figure 1 plots the Kaplan-Meier 
survival curves of three groups of patients. DM and the 
comorbidities of renal failure and/or peripheral vascular 
disease have a significant affect on long-term survival. It 
is interesting to note that patients with DM who do not 
have renal failure and/or peripheral vascular disease have 
10-year survival slightly less than those patients under-
going CABG surgery without DM. Figure 2 depicts the 
Kaplan-Meier survival curves for all five groups. One can 
see the significant effect that DM with renal failure and 
peripheral vascular disease has on long-term survival. The 
clinical implication of our study was to provide the surgi-
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cal clinician with documented and accurate information 
on mortality rates and long-term survival in patients with 
DM and/or the comorbidities of renal failure and periph-
eral vascular disease.

Conclusions
DM is a risk factor for the development of CAD. Patients 
with diabetes comprise nearly one third of patients under-
going CABG surgery for ischemic CAD. Patients with 
diabetes have better long-term survival rates with CABG 
surgery than those who undergo PTCA. Aggressive glu-
cose control with continuous insulin infusion reduces the 
mortality and infectious morbidity associated with CABG 
surgery. Long-term survival in diabetic patients is lower 

than those patients without diabetes. The additional 
comorbidities of renal failure and/or peripheral vascular 
disease in diabetic patients significantly contribute to 
poor long-term survival.

Acknowledgment
The author would like to acknowledge Mr. Charles H. 
Martin and Ms. Cathy S. Ross for their help with the 
preparation of this manuscript.

References and Recommended Reading
Papers of particular interest, published recently, 
have been highlighted as:
• Of importance
•• Of major importance

1. American Heart Association: Cardiovascu-
lar Procedures—Statistics, 2004. Available at 
http://www.americanheart.org/downloadable/heart/
1136820889417CardiovascularProc06.pdf. Accessed 
November 6, 2006.

2. American Diabetes Association: Total Prevalence of Diabetes 
& Pre-diabetes. Available at http://www.diabetes.org/diabe-
tes-statistics/prevalence.jsp. Accessed November 6, 2006.

3. Whang W, Bigger JT Jr: Diabetes and outcomes of coronary 
artery bypass graft surgery in patients with severe left 
ventricular dysfunction: results from The CABG Patch 
Trial database. The CABG Patch Trial Investigators and 
Coordinators. J Am Coll Cardiol 2000, 36:1166–1172.

4. Influence of diabetes on 5-year mortality and morbidity 
in a randomized trial comparing CABG and PTCA in 
patients with multivessel disease: the Bypass Angioplasty 
Revascularization Investigation (BARI) [no authors listed].
Circulation 1997, 96:1761–1769.

5. Sedlis SP, Morrison DA, Lorin JD, et al.: Percutaneous 
coronary intervention versus coronary bypass graft surgery 
for diabetic patients with unstable angina and risk factors 
for adverse outcomes with bypass: outcome of diabetic 
patients in the AWESOME randomized trial and registry. 
J Am Coll Cardiol 2002, 40:1555–1566.

6.•• Leavitt BJ, Sheppard L, Maloney C, et al.: Effect of diabetes 
and associated conditions on long-term survival after 
coronary artery bypass graft surgery. Circulation 2004, 
110(11 suppl 1):II41–II44.

Long-term survival of diabetic patients having CABG surgery. 
Diabetic patients with renal failure and peripheral vascular disease 
have poor long-term survival.
7. Lilienfeld DE, Vlahov D, Tenney JH, McLaughlin JS: Obesity 

and diabetes as risk factors for postoperative wound infec-
tions after cardiac surgery. Am J Infect Control 1988, 16:3–6.

8. Braxton JH, Marrin CA, McGrath PD, et al.: Mediastinitis 
and long-term survival after coronary artery bypass graft 
surgery. Ann Thorac Surg 2000, 70:2004–2007.

9. Loop FD, Lytle BW, Cosgrove DM, et al.: Sternal wound 
complications after isolated coronary artery bypass graft-
ing: early and late mortality, morbidity, and cost of care. 
Ann Thorac Surg 1990, 49:179–186.

10. Grossi EA, Esposito R, Harris LJ, et al.: Sternal wound infec-
tions and use of internal mammary artery grafts. J Thorac 
Cardiovasc Surg 1991, 102:342–346; discussion 346–347.

11. Matsa M, Paz Y, Gurevitch J, et al.: Bilateral skeletonized 
internal thoracic artery grafts in patients with diabetes 
mellitus. J Thorac Cardiovasc Surg 2001, 121:668–674.

12. Edwards FH, Grover FL, Shroyer ALW, et al.: The Society of 
Thoracic Surgeons National Cardiac Surgery Database: cur-
rent risk assessment. Ann Thorac Surg 1997, 63:903–908.

P
ro

p
o

rt
io

n
 s

u
rv

iv
in

g

1.00

Log rank P < 0.001

No DM

DM only

DM with RF or

PVD or both

0.75

0.50

0.25

0.00

0 1 2 3 4 6 7 8 95

Years

10

Figure 1. Kaplan-Meier survival curves of three groups of patients with 

CABG surgery. DM—diabetes mellitus; PVD—peripheral vascular 

disease; RF—renal failure. (From Leavitt et al. [6••]; with permission.)

P
ro

p
o

rt
io

n
 s

u
rv

iv
in

g

1.00

Log rank P < 0.001

No DM

DM only

DM and VAD

DM and RF

DM, PVD, and RF

0.75

0.50

0.25

0.00

0 1 2 3 4 6 7 8 95

Years

10

Figure 2. Kaplan-Meier survival curves of five groups of patients 

with CABG surgery. DM—diabetes mellitus; PVD—peripheral 

vascular disease; RF—renal failure; VAD—vascular disease. 

(From Leavitt et al. [6••]; with permission.)



24 Macrovascular Complications, Atherosclerosis, and Hyperlipidemia

13. Clough RA, Leavitt BJ, Morton JR, et al.: The effect of 
comorbid illness on mortality outcomes in cardiac surgery. 
Arch Surg 2002, 137:428–432; discussion 432–433.

14. Schwartz L, Kip KE, Frye RL, et al.: Coronary bypass graft 
patency in patients with diabetes in the Bypass Angioplasty 
Revascularization Investigation (BARI). Circulation 2002, 
106:2652–2658.

15. Detre KM, Lombardero MS, Brooks MM, et al.: The effect 
of previous coronary-artery bypass surgery on the prog-
nosis of patients with diabetes who have acute myocardial 
infarction. Bypass Angioplasty Revascularization Investiga-
tion Investigators. N Engl J Med 2000 342:989–997.

16. Niles NW, McGrath PD, Malenka D, et al.: Survival of 
patients with diabetes and multivessel coronary artery 
disease after surgical or percutaneous coronary revascu-
larization: results of a large regional prospective study. 
Northern New England Cardiovascular Disease Study 
Group. J Am Coll Cardiol 2001, 37:1008–1015.

17. Weintraub WS, Stein B, Kosinski A, et al.: Outcome of 
coronary bypass surgery versus coronary angioplasty in 
diabetic patients with multivessel coronary artery disease. 
J Am Coll Cardiol 1998, 31:10–19.

18. Abizaid A, Costa MA, Centemero M, et al.: Clinical and 
economic impact of diabetes mellitus on percutaneous and 
surgical treatment of multivessel coronary disease patients: 
insights from the Arterial Revascularization Therapy Study 
(ARTS) trial. Circulation 2001, 104:533–538.

19.• Flaherty JD, Davidson CJ: Diabetes and coronary revascu-
larization. JAMA 2005, 293:1501–1508.

Excellent review of studies involving diabetic patients undergoing 
CABG surgery or PCI.
20. Zerr KJ, Furnary AP, Grunkemeier GL, et al.: Glucose 

control lowers the risk of wound infection in diabetics after 
open heart operations. Ann Thorac Surg 1997, 63:356–361.

21. Furnary AP, Zerr KJ, Grunkemeier GL, Starr A: Continu-
ous intravenous insulin infusion reduces the incidence of 
deep sternal wound infection in diabetic patients after 
cardiac surgical procedures. Ann Thorac Surg 1999, 
67:352–360; discussion 360–362.

22. Furnary AP, Gao G, Grunkemeier GL, et al.: Continuous 
insulin infusion reduces mortality in patients with diabetes 
undergoing coronary artery bypass grafting. J Thorac 
Cardiovasc Surg 2003, 125:1007–1021.

23. O’Connor GT, Plume SK, Olmstead EM, et al.: A regional 
prospective study of in-hospital mortality associated with 
coronary artery bypass grafting. JAMA 1991, 266:803–809.

24. Lazar HL, Chipkin SR, Fitzgerald CA, et al.: Tight glycemic 
control in diabetic coronary artery bypass graft patients 
improves perioperative outcomes and decreases recurrent 
ischemic events. Circulation 2004, 109:1497–1502.

25. Leavitt BJ, O’Connor GT, Olmstead EM, et al.: Use of the 
internal mammary artery and in-hospital mortality and 
other adverse outcomes associated with coronary artery 
bypass surgery. Circulation 2001, 103:507–512.

26. Barsness GW, Peterson ED, Ohman EM, et al.: Relation-
ship between diabetes mellitus and long-term survival 
after coronary bypass and angioplasty. Circulation 1997, 
96:2551–2556.

27. Seven-year outcome in the Bypass Angioplasty Revascu-
larization Investigation (BARI) by treatment and diabetic 
status [no authors listed]. J Am Coll Cardiol 2000, 
35:1122–1129.

28. Thourani VH, Weintraub WS, Stein B, et al.: Influence of dia-
betes mellitus on early and late outcome after coronary artery 
bypass grafting. Ann Thorac Surg 1999, 67:1045–1052.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


