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Section I 

INTRODUCTION 

OVERVIEW 

 Globally, diabetes mellitus has become a major threat to human health. An 

increase in the prevalence of diabetes has been observed, which in part attributes to the 

aging population as well as an increase in the rate of obesity and sedentary life style in 

the United States (Harris et al., 1998). Diabetes mellitus is an emerging epidemic in the 

United States with an estimated 18 million confirmed cases and another 20 million 

patients with impaired glucose tolerance at risk to diabetes (Grundy et al., 1999).  

 Diabetes Mellitus, either Type-I or Type-II, is a very strong risk factor for the 

development of coronary artery disease (CAD) and stroke. Eighty percent of all deaths 

among diabetic patients are due to atherosclerosis, compared to about 30% among non-

diabetic patients (Breeman et al., 2002). A large NIH cohort study, The First National 

Health and Nutrition Examination Survey (NHANES I), revealed that heart disease 

mortality in the general USA population is declining at a much greater rate than in 

diabetic subjects. Despite recent reductions in cardiovascular events among adults with 

diabetes, the absolute risk of these events remains 2-fold greater than among non-diabetic 

individuals (Fox et al., 1999).  

 Diabetes Mellitus accelerates the natural course of atherosclerosis in all groups of 

patients. Rates of plaque build-up and thrombosis have been found to be significantly 

higher in diabetic patients (Davies et al., 1989).The management of diabetic patients with 

CAD entails both pharmaceutical and revascularization strategies (Detre KM et al., 
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1999). Over the past several years, there have been many advances in the medical 

management of the diabetic patient with CAD.  

 Coronary revascularization procedures have become a mainstay of therapy for 

CAD patients, providing both symptomatic relief and a mortality reduction. Evidence 

from a well-designed prospective randomized clinical trial suggests that surgical 

revascularization provides a survival advantage compared to medical therapy alone in 

patients with obstructive CAD and in patients with multivessel CAD (Breeman et al., 

2002). In addition, surgical revascularization provides symptomatic improvement 

compared to medical therapy in patients with Multivessel CAD (Breeman et al., 2002). 

Although the above study was not specifically conducted in diabetic patients, subgroup 

analyses indicated that diabetic patients are at greater risk for cardiac death and 

complications than non diabetics (Barsness GW et al., 1997). Despite a greater surgical 

risk, diabetics may indeed derive a greater long-term benefit from revascularization than 

non diabetics.  

 The question of preferred revascularization strategies – surgery versus 

percutaneous coronary intervention (PCI), mostly as balloon angioplasty – in patients 

with coronary artery disease (CAD) has led to many randomized trails. There is general 

consensus that both surgery and percutaneous intervention therapies result in similar 

mortality rates for the patients evaluated in these studies (Berger PB et al., 2004). The 

major departure from this observation was highlighted in the BARI trial sub study, in 

which there was a statistically significant survival benefit that was favoring coronary 

artery bypass surgery (CABG) in diabetic patients. Specifically, in the BARI trial, which 

had 1829 patients, diabetics on insulin who underwent CABG had a 5-year survival rate 
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of 80.6% compared with 65.5% with balloon angioplasty (D.K McGuire et al., 2000). In 

addition, patients who received CABG had fewer repeat revascularization procedures and 

less angina (D.K McGuire et al., 2000). These striking results lead to the recommending 

of CABG as the revascularization strategy of choice in diabetics with multivessel CAD 

(D.K McGuire et al., 2000). 

 On the other hand, the BARI Registry, which evaluated the outcome of a 

nonrandomized style of procedure, resulted in no difference in overall long-term survival 

between CABG and angioplasty patients (D.K McGuire et al., 2000). Even though the 

majority of patients had angioplasty (65%) rather then CABG, the 7-year mortality rate 

was the same in both groups (14% for all patients and 26% for all patients with diabetes). 

Thus, there still remains a controversy regarding the most appropriate revascularization 

method in diabetic patients with multivessel CAD.  

 

THEORETICAL EXPLANATION FOR THE ADVANTAGE OF CABG OVER 

BALLOON ANGIOPLASTY IN PATIENTS WITH TREATED DIABETES  

CABG surgery has its limitations. It is more invasive than angioplasty and is 

associated with prolonged healing (EJ Topol, et al., 1998). However, when compared 

with balloon angioplasty, CABG provides a greater chance of complete revascularization, 

and can treat many more diseases. Kip et al reported that more repeat procedures after 

initial angioplasty strategy with intended incomplete revascularization may be an 

important technical limitation of the percutaneous intervention approach (Kip KE et al 

1999.). Van Belle et al. reported that in diabetics, this higher re-occlusion and restenosis 

rate after balloon angioplasty is associated with high mortality (Van Belle., 2001). 
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In addition, angioplasty may be associated with a higher rate of atherosclerosis, 

which may be an important factor in long-term mortality (Kuntz RE et al., 1999).  

 

RESTENOSIS PREVENTION 

Treatments directed at reducing artery plaque buildup after PCI procedures should 

reduce the need for restenosis and the need for repeat revascularizations. In contrast to 

the original, bare metal stents, new drug-eluting stents have been developed. These stents 

are coated with drugs that are periodically released to help prevent restenosis.  If drug 

eluting stents truly hold the answer to in-stent restenosis, then we could be seeing more 

patients with multivessel disease receiving PCI in preference to CABG. Furthermore, 

with the continuing pressure of cost effectiveness in healthcare, there is no doubt that PCI 

leads to cost savings as compared to surgical revascularization. Recent trials have also 

shown a significant reduction in the rate of in-stent restenosis with drug eluting stents in 

patients treated with selected lesions in single vessel disease (Morice MC., et al 2002). 

Because drug eluting stents overpower the leading PCI bare stents in performance and 

revascularization ability, it might be considerably more affective than CABG in mortality 

reduction.  

 

“GLYCATED HEMOGLOBIN” (HEMOGLOBIN A1C) 

A prime detector of glucose health in a patient is the Hemoglobin A1C amount. 

When a patient’s diabetes becomes uncontrolled, sugar builds up in their blood and 

combines with the hemoglobin, which becomes “glycated.” Therefore, the average 

amount of sugar in the blood can be determined by measuring a hemoglobin A1C level. 
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For diabetics, the goal range for the hemoglobin A1C is < 7%. The higher the 

hemoglobin A1C, the higher the risk of developing complications related to diabetes.  

 

PURPOSE 

The purpose of this study is to examine the effectiveness of the two 

revascularization methods in diabetic patients with multivessel disease from the Future 

Revascularization Evaluation of Diabetes Mellitus: Optimal Management of Multivessel 

Disease (FREEDOM) trial, based on Hemoglobin A1C levels at baseline and at one year. 

 

HYPOTHESIS 

In diabetic patients with multivessel CAD, optimal PCI/DES has a possible 

superiority to modern CABG with respect to the Hemoglobin A1C concentrations one 

year after revascularization has been. 

Ha: xa > 0 (The mean of the residuals of the baseline and one year Hemoglobin A1C 

percentages for PCI/DES is greater than 0%). 

Hb: xa > xb (The mean of the residuals of the baseline and one year Hemoglobin A1C 

percentages for PCI/DES (xa) is greater than the mean of the residuals of the baseline and 

1 year Hemoglobin A1C percentages for CABG surgery (xb). 

H0: xa = xb (The mean of the residuals for the baseline and one year Hemoglobin A1C 

percentages for both PCI/DES (xa) and CABG surgery (xb) are equal (no treatment 

regimen is favored). The target for glycemic control in both groups is reduction
 
of 

hemoglobin A1C concentrations to 7.0%. 
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Section II 

METHODOLOGY 

DATA COLLECTION 

Information was collected by the FREEDOM trial advisors from the patients’ 

various physicians. Doctors gave the FREEDOM trial advisors the data needed to be 

recorded in the FREEDOM binders. For the current study, information was collected by 

this researcher in the following categories: type of revascularization procedure received 

by the patient, Hemoglobin A1C level at baseline, and Hemoglobin A1C level at 1 year. 

Data was collected from patients’ binders that were filled with critical information such 

as demographics, past medical history, primary indication for procedure, cardiac anatomy 

and function, procedural details and outcomes. Demographics included name, date of 

birth, gender and other unique patient identifiers. Past medical history included 

information on previous CABG, PCI and MI, the dates of these events, cardiac risk 

factors and other significant conditions. Cardiac catheterizations were performed at the 

participating or referring institutions using their own standard methods during the course 

of regular clinical care. Coronary anatomy was assessed using local standards.  

 

PATIENT POPULATION 

Male and Female patients were eligible for inclusion based on the following 

criteria: Patients must be above 18 years of age; a diagnosis of Diabetes Mellitus (Type I 

or Type II), defined according to the American Diabetes Association as history of either: 

the presence of classic symptoms of diabetes mellitus with unequivocal elevation of 
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plasma glucose (> 200 mg/dL), or a fasting glucose elevation on more than 1 occasion of 

at least 126 mg/dL; the use of pharmacological or non-pharmacological treatment; an 

angiographic confirmation of multivessel Coronary Artery Disease (critical (> 70%) 

lesions in at least two major vessels) and amenable to either PCI or CABG; an indication 

for revascularization based upon symptoms of angina and/or objective evidence of 

myocardial ischemia; completion of a one year follow-up, recording their Hemoglobin 

A1C count. The exclusion criteria included the following: raised risk of bleeding or 

anemia, indication for or treatment with thrombosis within the past 24 hrs, angioplasty 

performed within the past six months, on a waiting list for coronary revascularization 

procedure, other acute or severe cardiac disease, renal insufficiency (creatinine >150 

μmol/l), hepatic insufficiency, any severe illness, hypersensitivity to randomized drugs, 

anticipated problems of cooperation, or participation in this or another clinical trial.   

Patients who started this study with a hemoglobin A1C of < 7% were separated 

from the statistical study. The final study population consisted of 108 patients (n=108) 

with diabetes and multivessel disease and clinical indication for revascularization. The 

patients were equally randomized to one of the two revascularization methods. The 

percutaneous coronary intervention was performed on 54 of these patients and the other 

54 patients underwent CABG procedures. 

REVASCULARIZATION PROCEDURES  

 

PERCUTANEOUS CORONARY INTERVENTION (PCI) 

 

After random assignment to PCI with drug-eluting stents, the index PCI 

procedures were carried out in all cases within 14 days. Clinical information derived from 
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the medical history, physical examination, ECG, and noninvasive stress testing, coupled 

with the results of entry angiogram will determine the PCI revascularization strategy. The 

goal of the procedure was to achieve optimal angiographic efficacy of PCI with drug-

eluting stents in selected target lesion sites while minimizing the risk of procedure-related 

complications. Prior to PCI revascularization, the clinical importance and angiographic 

suitability of each lesion for PCI with drug-eluting stents were categorized, and a study-

certified interventional operator specified the PCI treatment plan. A study-certified 

interventional operator performed all PCI procedures in a cardiac catheterization 

laboratory. The types of stents used were the CYPHER (Cypher, Cordis) 33mm and 

TAXUS (Taxus, Boston Scientific) 32mm stents. 

CORONARY ARTERY BYPASS GRAFTING (CABG) 

Specifically, all target vessels were of adequate size for insertion of a bypass graft 

(>1.0mm in all arteries). Once the patient was randomized, the procedure was performed 

as soon as possible, but in no case later than 14 days after randomization. The number of 

vessels grafted ranged from two to four. The use of an internal mammary artery to the 

coronary arteries was completed in all patients. For all 54 patients, no adverse events 

during the surgery had occurred. A certified cardiothoracic surgeon performed all CABG 

procedures in a cardiac catheterization laboratory.  
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Section III 

RESULTS 

STATISTICAL ANALYSIS  

Data was statistically analyzed using the Minitab 13 (Minitab Inc, State 

University, Pa). All 108 patients were used in the statistical analysis. The hemoglobin 

A1C percentages were recorded in the software and were used to calculate the needed 

percent, actual percent, and residual percents. Figures 3 and 4 were graphed using a 

simple scatter-plot of the independent vs. dependent variables. The means of the residuals 

were calculated using a 2-sample T test which calculates mean and standard deviation of 

the residuals. The mean, sum, standard deviation, minimum, quartile 1, median, quartile 

3, and maximum values were calculated using a Texas Instrument (Texas Instruments 

Inc., Dallas, TX) (TI) 83 Plus graphing calculator.  

 

BASELINE CHARACTERISTICS 

Baseline Hemoglobin A1C percentages are listed below for CABG and PCI/DES 

in Table 1. Table 2 lists the mean, sum, standard deviation, minimum, quartile 1, median, 

quartile 2, and max values for the baseline percentages in both procedures, while Figure 1 

displays a standard box-plot of this data. The CABG group (n=54) had a sum percentage 

of =453.7 and a mean of x=8.4019 while the PCI patients had a sum percentage of 

=467.2 and a mean of y=8.65185. The average patient randomized to PCI began the 

study with a higher percent of Hemoglobin A1C than the average patient randomized to 

CABG surgery. The interquartile range (IQR) was roughly similar (1.6 vs. 1.5) while the 

max baseline percentages differed slightly (12.3 vs. 14.4).  



Paily, Jacienta 

 - 11 - 

Table 1

Baseline Hemoglobin A1C

CABG n = 54 PCI n = 54

9.2 14.4

7.4 8.4

11.3 7.8

7.1 8.3

9.2 11.8

9.6 8.1

7.4 7.5

10.3 7.2

7.1 8.3

7.9 9.1

7.1 8.7

8 7.6

7.5 7.7

7.5 7.7

8.7 7.8

8.3 10.1

12.3 9.1

9.1 7.2

8.4 8

11.2 10.3

7.2 8.1

7.5 7.7

9.6 13.4

7.5 7.6

8 13.9

7.3 7.2

7.7 7.2

8.2 8.3

9.8 7.5

7.7 9.5

8.7 8.8

8.3 8.5

7.5 10.9

8.1 9.2

7.3 7.6

8 7.2

8.9 8.3

8.7 8.7

7.7 9.2

7.3 9.7

8.5 8.1

7.1 8.1

7.5 8.7

7.9 9.5

9 8.2

11.9 8.4

7.6 9.8

9.3 7.1

8 7.5

9.3 7.5

9.2 8.2

7.4 7.1

7.9 7.4

7.5 8  

 

 

Table 2     

Baseline Hemoglobin A1C 1-variable statistics 
evaluation 

      

  CABG n = 54 PCI n = 54 

Mean (x,y) 8.402 8.65185 

Sum (Σ) 453.700 467.2 

SD (Sx, Sy) 1.238 1.628953 

Minimum (%) 7.100 7.1 

Quartile 1 (%) 7.500 7.6 

Median (%) 8.000 8.2 

Quartile 3 (%) 9.100 9.1 

Maximum (%) 12.300 14.4 

   

CABG = coronary artery bypass graft surgery; 

PCI = percutaneous coronary intervention;  

SD = standard deviation.  

 

Figure 1: Box-plot of baseline Hgb A1C percents 
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PROCEDURAL OUTCOMES 

Hemoglobin A1C percentages a year after the randomized procedure given are 

listed below for CABG and PCI/DES in Table 3. Table 4 lists the mean, sum, standard 

deviation, minimum, quartile 1, median, quartile 2, and max values for the one year 

percentages in both procedures, while Figure 2 shows a box-plot of this data.  The CABG 

group (n=54) had a sum percentage of =430 and a mean of x=7.778 while the PCI 

patients had a sum percentage of =439.4 and a mean of y=8.13703. According to Figure 

2, the IQR was differed between the two (1.5 vs. 6.8).  

The total sum of the one-year hemoglobin A1C for CABG was 33% less than the 

baseline value, while the sum for PCI was 27.8 %. The differences in the means were 

.624% for CABG patients and .51482% for PCI patients. Furthermore, 18 out of the 54 

patients (33.33%) had an increase in hemoglobin A1C value after one year compared to 

the 11 CABG patients (20.37%). According to these simple statistics, CABG proves to be 

the better revascularization method.  
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Table 3

One Year Hgb A1C Percentages

CABG n = 54 PCI n = 54

6.2 9

7.2 10.7

10.2 5

6.8 12.3

6.4 7.8

11.1 6.9

6.8 7.6

8.1 6.6

7.1 8.2

7.6 6.3

8.2 8.2

7.7 6.7

8.1 8.7

7.3 6.4

8.6 7.1

7.4 10.6

10.4 9.6

9.3 6.9

8.3 7.8

9.1 11.5

6.7 8.3

6.8 8.1

7 11.9

7.1 8.2

8.5 13.2

6.8 7

7.7 9.5

6.1 5.8

5.4 7.8

6.7 9

10.7 5.9

7.9 8.5

6.9 9

6.5 9.4

6.7 7.8

9.7 8.4

7.3 9.7

10.8 7.9

7.2 6.8

7.8 7.4

7.2 8.2

6.9 6

7.3 7.5

6.7 7.5

8.4 7.7

11.7 7.6

7.7 6.2

5.8 7

7.7 6.8

7.3 6.6

11 7.8

6.9 12.2

6.1 7.4

7.1 7.4  

 

Figure 2: Box-plot of one year Hgb A1C percents  
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Table 4     

One year Hemoglobin A1C 1-variable statistics 
evaluation 

      

  CABG n = 54 PCI n = 54 

Mean (x,y) 7.778 8.13703 

Sum (Σ) 420.000 439.4 

SD (Sx, Sy) 1.462 1.7445 

Minimum (%) 5.400 5 

Quartile 1 (%) 6.800 6.9 

Median (%) 7.300 7.8 

Quartile 3 (%) 8.300 9 

Maximum (%) 11.700 13.2 

   
CABG = coronary artery bypass 
graft surgery;  
PCI = percutaneous coronary 
intervention;   

SD = standard deviation.  
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ACTUAL HEMOGLOBIN A1C LOSS VS. AMOUNT NEEDED TO LOSE 

To further assess this conclusion, more data analysis was conducted. Regarding 

the desired goal for the one-year hemoglobin A1C percentage to be < 7%, each patient 

had a different percentage to lose to attain 7%. Comparing the needed percent to reach 

7% to the actual loss of hemoglobin A1C was used to further assess the previous 

conclusion. Tables 5 and 6 show the percent of hemoglobin A1C the patient need to lose 

to reach 7%, the actual loss, and the residual percents for CABG and PCI respectively. 

The ideal residual is > 0 %, meaning the patient would the exact amount or more of 

his/her needed percentage. A residual percent < 0% means that the patient did not 

completely fulfill his/her needed gap to reach 7%. Figures 3 and 4 graphically compare 

the needed percent (x) versus the actual percent lost (y) in CABG and PCI patients 

respectively. The line y=x is drawn to represent a residual of 0, acting as a guideline to 

see how many patients went above or below their needed percentage. If at the line, the 

patient successfully lost their needed amount to reach their 7% goal. If above the line, the 

patient lost more than their needed amount, thus having a final one-year Hemoglobin 

A1C percentage of <7%. If below the line, the patient did not successfully lose the 

amount needed, thus having a final one-year Hemoglobin A1C percentage of >7%. 

Because the mean residual for CABG patients (- 0.78 %) is higher than the mean residual 

for PCI patients (-1.14 %) by a difference of .36%, CABG is further proven as the 

superior revascularization procedure.  
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Fig. 3 Need vs. Actual Hgb A1C for PCI 

 

 

Fig. 4: Need vs. Actual Hgb A1C for CABG 
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Section IV 

DISCUSSION 

HYPOTHESES ACCURACY 

Both hypotheses were proven false in this study. The mean of the residuals for 

both were <0% and the CABG patient group had a higher percentage. Figure 3 and 4 also 

show that more data points were plotted above the line y=x in the CABG group than with 

PCI. Thus the ultimate finding in this study is that diabetic patients with multivessel 

disease that undergo Coronary Artery Bypass Grafting will have a higher success rate 

than undergoing Percutaneous Coronary Intervention.  

 

STUDY LIMITATIONS 

This study has several limitations. The rather small patient population size might 

not have given a good representative sample of all diabetic patients with multivessel 

disease. Another major study limitation was that other major factors contributing to the 

hemoglobin A1C percentage change such as medication, education, overall health status, 

demographics, were not mentioned but did contribute to their affects. Thus it is valid to 

say that although the results did show an association, it is not an example of causation. 

Rather, this study represents a common response correlation, or affected by lurking 

variables. However, it is safe to mention the association being as some of the factors were 

kept the same. The specific inclusion and exclusion criteria kept the populations rather 

similar.   
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FURTHER STUDIES 

While they cannot be examined in these data, there are other areas of investigation 

which may provide better understanding of the observed effect. For example, more 

detailed assessment of coronary anatomy and myocardial jeopardy could reveal even 

more analytical results. Conversely, patient compliance may result in more successful 

cardiac risk factor control after a certain procedure. Examination of these issues must 

await further studies. 

Major technical advances in the field of percutaneous coronary revascularization 

have occurred over the last several years that may be particularly useful in improving 

outcomes and restenosis rates in patients with diabetes, including better coronary stents, 

glycoprotein IIB/IIIA antiplatelet agents and gamma source radiation. Although 

encouraging, proof that these methods improve survival in patients with diabetes, is 

lacking. However, the results of this analysis do support the contention that, for the 

patient with diabetes and multivessel disease who is a candidate for either method of 

revascularization, percutaneous coronary intervention with drug-eluted stents should not 

be considered an acceptable alternative to CABG. 
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