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Introduction:

Coronary Heart Disease has become a leading cause of death in the United States over the past twenty years.  Surgical procedures that remove fatty deposits from major vessels are a commonplace form of treatment, clearing obstructions that may otherwise be lethal.  Femoropopliteal bypass grafting and carotid angioplasty both have similar post-surgical consequences, namely intimal hyperplasia. Although intimal hyperplasia has been well documented, it is a phenomenon not fully understood.  Intimal hyperplasia is characterized by the influx of cells from the middle portion of the artery (tunica media) into the innermost portion of a major artery. This causes obstruction of the artery, and decreases overall blood flow in the body.  Intimal hyperplasia seems to occur with greater frequency in post-menopausal women who have undergone angioplasty than pre-menopausal women who have undergone the same procedure.   This observation lends its weight to the theory that estrogen has vascular protective effects. Controversially, hormone replacement therapy appears to have the opposite effect on intimal hyperplasia after angioplasty.  Instead of minimizing intimal hyperplasia in post-angioplasty patients, hormone replacement therapy appears to aggravate its consequences.

Currently the Computational Sciences and Engineering Division of the Oak Ridge National Laboratory is partnering with the University of Tennessee Graduate School of Medicine to design a computational model to explain this, and other phenomenon related to intimal hyperplasia.  Although much of the mechanistic study focuses on carotid angioplasty, the risk factors for vascular disease are the same regardless of the method of surgical repair.  Thus the intended study will examine the intimal hyperplasia resulting from femoropopliteal bypass grafting to generate more knowledge pertaining to the study of carotid angioplasty intimal hyperplasia.
Although heart disease is growing country-wide, the Southeastern portion of the United States has a statistically higher incidence of heart-disease related death than any other major region of the country.  Nationwide, several factors generate higher risk for atherosclerosis.  These include: age, sex, cholesterol, blood pressure, diet, physical activity, and familial history.  The additional risk factors that would lead to increase in the Southeastern U.S. population have yet to be identified. As 93% of patients undergoing angioplasty have some degree of restenosis, intimal hyperplasia has been identified as a source of needed research.
Previous research at the University of Tennessee Medical Center has shown that hormone replacement therapy does have an increased detriment to the success of femoropopliteal bypass grafting.  An additional risk factor identified by this work is the concordance of hormone replacement therapy and diabetes.

The main objective of this present study is to identify the risk factors in women who receive hormone replacement therapy, and who undergo femoropopliteal bypass grafting.  Of specific interest to this study is the identification of the underlying variables that may determine success or detriment of such a procedure.  The overall desired outcome of this study is to assist in more accurately tailoring a prospective study, in the anticipation of eventual implementation in a diagnostic setting.
Methods:

Out of the 102 fem-pop bypass records from Timaran’s study, 68 were recovered from the University of Tennessee Medical Center for re-analysis. All patients included were female, post-menopausal, and had femoropopliteal bypass grafting. Medical history, current and past medications, and family history were derived from past charts. Patients with missing data were not included in the corresponding category of analysis. Variables analyzed included history of diabetes, cholesterol levels, blood pressure, type of HRT, history of smoking, BMI, physical activity, familial history, profession, hsCRP depression, thyroid disorders, history of cancer, arthritis, IBS, skin disorders, asthma, allergies, medications, infections, alcohol consumption, hysterectomy/oophorectomy, and history of vascular disease. 


Univariate analysis on the categorical data was conducted between risk factors, as well as graft patency rates after five years. The patency rates were combined into three categories to allow accurate chi-square analysis: primary, primary assisted, and secondary. The two patients who had died before the five year period were eliminated in categorical graft patency comparisons. P-values were recorded, and the more significant of the group were separately analyzed using the Kaplan-Meier method. The data was entered as primary patency survival over ten years, and divided by the use of HRT, depression, hysterectomy/oophorectomy, heart problems, infections, and arthritis. 
The log-rank test was used with Kaplan-Meier to compare the contrasting populations. The Cox proportional hazards model was used to factor depression into graft patency, and was divided by the use of HRT. Data mining methods were used with PIRAHNA.  Statistical analyses utilized JMP, an SAS based statistical package.

Results & Discussion:

The average age of the 68 patients was 65 ± 1 year (range 32-81). The grafts were either vein or Goretex, 30 vein (40% above-the-knee, 60% below-the-knee), 37 Goretex (75.7% above-the-knee, 24.3% below-the-knee). Of the vein grafts, 29 were saphenous vein, 1 composite arm vein.  The surgeries in this cohort were fairly evenly spread across the 1993-1998 (1993-8 surgeries, 1994-5 surgeries, 1995-10 surgeries, 1996- 21 surgeries, 1997- 14 surgeries, 1998-10 surgeries). 

Unlike the Timaran study, HRT failed to be a statistical significant correlative factor for primary patency in this study (P=0.6322 vs. 0.04). (Figure 1).  Unusual, since this patient data was a subset of the Timaran cohort, but not dissimilar to the dissenting reports in the literature.

The overall trend of the data was similar to that of the Timaran study after the three year point.  Prior to three years (36 months) patients on HRT appeared to have greater primary patency rates than patients not currently on HRT.  However, this trend cannot hold much statistical weight because of the overwhelming unimpressive correlation. 

Another area in which this smaller cohort failed to produce similar results to the Timaran study was in presence of diabetes.   According to the Timaran study there was a significant correlation between diabetes and cumulative survival (P=0.017).  Our sub-cohort produced a correlative value of only 0.2966.  (Figure 2).  This again can only be attributable to the cohort size and distribution of our test-population. 

Trend evidenced (P=0.0817) between Vein graft and patency rates (Figure 3).  As with the literature on the subject, Goretex grafts appear to function at a higher rate of patency for the first few years after implanting, however, saphenous veins prove generally hardier for the long-term duration of the graft.  This evidence supported the assumption that the sub-cohort of this study indeed behaved like a normal test cohort.

Analysis of patients with hyperlipidemia provided an unexpected correlation.  Expectations were that those with blood hyperlipidemia would have lower patency rates.  This proved to be a correct assumption, and a trend was also observed that those on medications for hyperlipidemia also had similar rates of patency than those that did not have high blood cholesterol (P=0.1034) (Figure 4).  The unexpected correlation was between those patients with high total blood cholesterol who were not medicated, and those who did not have hyperlipidemia (P=0.0153) (Figure 5).  Since this represented 12% of the present cohort (n=8), this is a correlation that cannot be completely disregarded as incredulous.  Instead, further research in the literature on the subject will have to be consulted for possible mechanisms of action to explain this conundrum.     

The most conclusions to be drawn from this study were from the category of patients medicated for mental or mood disorders. It was found that patients with mental or mood disorders, as defined as being presently on medication for mental or mood disorders at the time of the index procedure, had lower primary patency rates than those patients not on mental/mood medications (P=0.0343) (Figure 6).  Upon visualization of these trends via the Kaplan-Meier test for graft survival, it was observable that during the first twelve months post-surgery, that patients on medications for mental/mood disorders appeared to have a higher rate of primary patency than patients not medicated (P=0.1041).  Although it is usually well-understood that patients clinically depressed have more complications post-surgery, recent research has been looking into the possibilities of some medications for mental/mood disorders that may actually help the success of post-surgical patients.   

    This class of medications are Selective serotonin reuptake inhibitor’s (SSRI’s). SSRI’s block serotonin from re-entering the pre-synaptic vesicle, thus forcing serotonin into the cleft, and increasing the probability of uptake into the post-synaptic vesicle, ultimately functioning to alter mood.  Recent evidence from the SADHART studies have shown an alternative mechanism for SSRI’s that may be functioning to provide inhibitory effects of SSRI’s on the normal course of IH.  Since 85.7% of the current study cohort who were medicated for mental/mood disorders were prescribed an SSRI, it seemed an interesting link to pursue for the prespective study.

The SADHART study focused on the use of Sertraline to prevent myocardial infarction.  Sertraline is a medication in the same class as other SSRI’s.  Decreased platelet aggregation has been attributed to the affect of Sertraline, and also its functioning to decrease several platelet-activated factors.  Of particular interest to the current study are P-selectin, E-selectin, and VCAM-1 for their involvement in the inflammation processes surrounding intimal hyperplasia.  Although the SADHART study only observed these serum values through sixteen weeks, the effect Sertraline had on inflammatory markers may make an interesting hypothesis for the effect we observed in the first 12 months of our study.  If similar protective mechanisms can be observed with the medication of patients with SSRI’s, then perhaps more research into this mechanism would prove worthwhile for the success of future grafts.

As with the SADHART study, patients on medications for mental/mood disorders had a lower incidence of coronary events or interventions (P=0.047).  Unlike the SADHART study, no trend was evidenced regarding patients on Sertraline-like medications and  decreased usage of blood thinners.  

Interestingly, there was a strong correlation between SSRI’s and HRT usage (P=0.0490) (Figure 7).  This would be an interesting avenue of research for the prespective study.  Also interesting, was the relationship between SSRI’s and Diabetes (P=0.0472) (Figure 8).  This will also be added to the list of suggested variables for the prespective study to be designed from this current retrospective study.  Other variables to be included in this study are: hypertension, type of HRT, arthritis, BMI, smoking, graft material, hysterectomy, hyperlipidemia, cancer, diabetes, Oophorectomy, and mental/mood disorders. 

Appendix
Figure 1

Primary Patency vs. Hormone Replacement Therapy
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Figure 2

Diabetes vs. Hormone Replacement Therapy
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Contingency Table

HRT vs.  Diabetes

	Count

Total %

Col %

Row %
	No HRT
	HRT
	

	No Diabetes
	20

29.41

62.50

44.44
	25

36.76

69.44

55.56
	45

66.18

	Diabetes
	12

17.65

37.50

52.17
	11

16.18

30.56

47.83
	23

33.82

	
	32

47.06
	36

52.94
	68


	Test
	ChiSquare
	Prob>ChiSq

	Likelihood Ratio
	0.365
	0.5459


Figure 3

Goretex Graft vs. Vein Graft
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Figure 4

Medicated for Hyperlipidemia vs. Normal Total Cholesterol
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Figure 5

Hyperlipidemia, non-medicated vs. Normal Total Cholesterol
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Figure 6

Medicated for Mental/Mood Disorders vs. Not Medicated
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Figure 7

Taking Selective Serotonin Reuptake Inhibitor vs. 

Hormone Replacement Therapy
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Contingency Table

HRT? By SSRI

	Count

Total %

Col %

Row %
	no
	yes
	

	no
	35

51.47

77.78

77.78
	10

14.71

43.48

22.22
	45

66.18

	yes
	10

14.71

22.22

43.48
	13

19.12

56.52

56.52
	23

33.82

	
	45

66.18
	23

33.82
	68


	Test
	ChiSquare
	Prob>ChiSq

	Likelihood Ratio
	7.855
	0.0051


Figure 8

Diabetes vs. The Use of Selective Serotonin Reuptake Inhibitors
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Contingency Table

SSRI By Diabetes

	Count

Total %

Col %

Row %
	no
	yes
	

	no
	25

36.76

78.13

55.56
	20

29.41

55.56

44.44
	45

66.18

	yes
	7

10.29

21.88

30.43
	16

23.53

44.44

69.57
	23

33.82

	
	32

47.06
	36

52.94
	68


	Test
	ChiSquare
	Prob>ChiSq

	Likelihood Ratio
	3.939
	0.0472


