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1. Overview of the STICH Trial 

The Surgical Treatment for Ischemic Heart Failure (STICH) multicenter international randomized trial 
addresses two specific primary hypotheses in patients with left ventricular (LV) dysfunction who have 
coronary artery disease (CAD) amenable to surgical revascularization: 1) Coronary artery bypass grafting 
(CABG) with intensive medical therapy (MED) improves long-term survival compared to MED alone;  2) In 
patients with anterior LV dysfunction, surgical ventricular reconstruction (SVR) to a more normal LV size 
improves survival free of subsequent hospitalization for cardiac cause in comparison to CABG alone. 
Important secondary endpoints include morbidity, economics, and quality of life.  Core laboratories for cardiac 
magnetic resonance (CMR), echocardiography (ECHO), neurohormonal/cytokine/genetic (NCG), and 
radionuclide (RN) studies will insure consistent testing practices and standardization of data necessary to 
identify eligible patients and to address specific questions related to the primary hypotheses. 

Over 4.5 years, 125 clinical sites will recruit approximately 2,000 consenting patients with LV ejection fraction 
(EF) ≤ .35 and CAD amenable to CABG. Patients with ongoing CCS III angina intensity or presence of left 
main coronary stenosis will be classified as ineligible for medical  therapy. Patients eligible for SVR but 
ineligible for randomization to medical therapy will be evenly randomized to CABG with or without SVR.  
Patients eligible for medical or surgical therapy, but not SVR eligible, will be evenly randomized between 
MED only and MED with CABG.  The remaining patients eligible for both MED and SVR will be 
randomized between three treatments of MED only, or MED + CABG, or MED + CABG + SVR. Registries 
of clinical information will be maintained on a subset of eligible patients who decline trial entry.  At four-to 
six-month intervals for a minimum of two years, all randomized patients will be followed by a clinic visit or by 
telephone.  Appropriate subgroups of randomized patients will have core laboratory studies repeated at 
specified follow-up intervals. 

In the patients randomized to MED only or to CABG with MED, CABG is hypothesized to demonstrate a ≥ 
25% reduction in the primary endpoint of all-cause death from the projected 25% three-year mortality for 
MED. In the SVR-eligible patients, CABG + SVR is hypothesized to show a 20% advantage in the endpoint 
of survival free of hospitalization for cardiac cause projected to be 50% at three years in patients receiving 
CABG without SVR. The trial is designed to test both hypotheses with 90% statistical power.  Definition of 
efficacy of potential therapies and their mechanisms of benefit by the STICH Trial is certain to inform future 
choice of therapy and thereby extend and improve the quality of life of millions of patients who now suffer 
from ischemic heart failure (HF). 

2. Study Objectives 

2.1 Primary Objectives 
1. To test the hypothesis that improvement in myocardial perfusion by CABG combined with intensive 

medical therapy (MED) improves long-term survival compared to MED alone in patients with LV 
dysfunction and CAD amenable to CABG. 

2. To test the hypothesis that in patients with anterior LV akinesia, LV shape and size optimization by SVR 
combined with CABG and MED improves long-term survival free of cardiac hospitalization compared to 
CABG and MED without SVR. 
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2.2  Secondary Objectives 
1. To assess the clinical utility of the measurements by CMR of LV shape, size and function for predicting 

the benefit of a specific treatment strategy. 
2. To assess the clinical utility of measurements by nuclear cardiology and/or echocardiography testing of 

myocardial ischemia, viability, and LV size and function for predicting preferential benefit associated with 
a specific treatment strategy. 

3. To determine if the use of baseline ECHO derived assessments of LV systolic and diastolic function, 
hemodynamics, and valvular regurgitation identify subgroups that derive either substantial benefit or harm 
from surgical intervention and how CABG compared to MED and CABG + SVR compared to CABG 
differentially effects these parameters over time. 

4. To test the hypothesis that levels of neurohormonal and pro-inflammatory cytokine activation will be 
useful in identifying that group of patients who will most likely benefit from either CABG and/or CABG + 
SVR. 

5. To compare health-related quality of life, total medical costs, and incremental cost effectiveness between 
CABG and MED and between CABG with or without SVR. 

2.3 Other Key Parameters 
Mortality: 30-day all-cause; cardiovascular; all-cause death or LVAD or heart transplantation. 
Morbidity: All-cause hospitalization; days of all-cause hospitalization; hospitalization for HF; days of 
hospitalization for HF; emergency department visits for HF. 
Cardiac Procedures: PCI; any cardiac surgery; LVAD; heart transplantation; ICD. 
Cost: total medical costs; cost-effectiveness. 
Functional Capacity: quality of life; six-minute walk distance (absolute and change); treadmill duration 
(absolute and change). 
Physiologic: LVEF (absolute and change); ESVI (absolute and change); neurohormonal levels (absolute 
and change); cytokine levels (absolute and change). 

3.  Background 

3.1  Public Health Burden of Heart Failure  
American Heart Association statistics suggest that HF affects 4.7 million patients in the United States and is 
responsible for approximately one million hospitalizations and 300,000 deaths annually.1  The total annual costs 
associated with this disorder have been estimated to exceed $22 billion.2  CAD is the cause of HF in the 
majority of patients, and HF is the only mode of CAD presentation associated with increasing incidence and 
mortality.3  Ischemic HF may develop after a known myocardial infarction or through a process of chronic 
ischemia that leads to cardiac dilatation, cellular hypertrophy, apoptosis, and extracellular matrix remodeling.4 

The increasing prevalence of HF largely derives from enhanced survival from improved therapies for other 
manifestations of CAD, especially acute myocardial infarction. However, survival is usually accompanied by 
some degree of myocardial injury that is the basis for development of HF. 
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3.2 Development of Surgical Ventricular Reconstruction Operation 
Reimer and Jennings showed that experimental coronary occlusion results in a wavefront of cell death moving 
from the subendocardial zone across the wall to involve progressively more of the transmural thickness of the 
ischemic zone.5  Early reperfusion salvages subepicardial but not subendocardial myocardium. The decline in 
prevalence of thin-walled LV aneurysm that followed introduction of aggressive initial management of acute 
coronary syndromes suggests that the ischemic process also can be interrupted in patients before it reaches 
the transmural stage. With later healing of infarcted myocardium, scarring is maximal in the subendocardial 
region and is interlaced with normal myocardium in diminishing amounts toward the epicardial surface. 
Ventricular wall or chamber imaging commonly shows an akinetic zone that gradually blends with 
myocardium with increasingly normal function in contrast to the dyskinetic region with a discrete neck typical 
of a left ventricular aneurysm. 

LV ventricular aneurysmectomy appears to reverse HF by lowering LV wall stress, but these linear 
amputations of dyskinetic scar commonly deform the LV cavity into a box-like shape.  Intra-cavitary 
reconstruction techniques have been developed for repairing defects left by aneurysm resection that reduced 
LV cavity size.6  This surgical ventricular reconstruction (SVR) strategy has more recently been applied not 
only to patients with dyskinetic scar but also to those with only akinetic myocardial segments.7  At the time of 
cardiac operation, the epicardium of these akinetic zones may appear normal and palpable  thinning is often 
minimal in the arrested, decompressed heart. This appearance derives from preservation of a rim of normal 
myocardium covering the myocardial fibrosis and contrasts with the leather-like appearance and thinness 
typical of a LV aneurysm. 

Unlike the LV aneurysmectomy that removed myocardial scar or the Batista operation that reduced LV size 
by indiscriminate removal of portions of the LV wall, the SVR operation mechanically decreases the 
circumference of the zone of endocardial scar through an incision in normal epicardium.  The surgical repair 
uses the intrinsic scar or an extrinsic patch to absorb excess linear wall tension from the adjacent 
myocardium. Decrease in wall stress appears to reduce the tendency for continued gradual expansion of the 
akinetic zone. The endocardial repair acutely decreases LV size, thereby acutely enhancing function in 
myocardial regions remote from the repair.8  A recent registry report of 439 patients in 11 centers found a 
5.1% operative mortality and 88% 18-month survival for patients who underwent CABG and SVR suggesting 
that this surgical strategy is safe and at least equivalent to CABG alone.9  This operation is now sufficiently 
mature to justify this proposed randomized trial to evaluate whether appropriately performed SVR truly adds 
value to CABG in HF patients with regional dysfunction.10 

3.3  Need for a Randomized Trial of Medical and Surgical Therapies  
Along the broad spectrum of severity of ischemic HF, specific clinical information, such as severe angina or 
left main coronary artery stenosis, may clearly indicate the need for surgical therapy for some patients. 
However, a large number of patients fall into a gray zone without clear evidence for benefit from either 
medical or surgical therapy. For these patients, evidence supporting choice between therapies was never 
strong and has only been confused by recent studies showing improved outcomes with both therapies. 
Patients for whom equipoise of anticipated benefit now exists between modern medical and surgical therapy 
represent the broad population who are appropriate candidates for a randomized trial to provide the context 
for assessing the value of three therapeutic strategies: 1) MED alone; 2) MED + CABG; and 3) MED + 
CABG + SVR. 
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No randomized trial has ever directly compared long-term benefits of surgical and medical treatment of 
patients with ischemic HF. In the 1969-1972 developmental era of CABG, high surgical mortality rates were 
observed in patients with HF. Therefore, initial randomized trials comparing CABG to medical treatment 
conducted from 1972 to 1978 excluded most of these patients from participation. In a subgroup of 160 
CASS Trial patients with LVEF <.50, ten-year survival was 61% in the 82 medically-treated patients and 
79% in the 78 patients who underwent CABG (p = .01).11  This survival advantage of CABG was not related 
to the presence or severity of HF or angina symptoms. A meta-analysis by Yusuf12 combined individual 
patient data from the CASS Trial with those enrolled in the six other early randomized trials.  Only 191 
(7.2%) of the 2,649 total patients had an EF <.40, and only 106 (4.0%) of these patients who were primarily 
symptomatic with angina also had HF symptoms. CABG improved survival among all patients with proximal 
LAD stenosis, three-vessel, or left main coronary artery disease regardless of LV function.  In these patients 
with a survival benefit from CABG, a low EF increased the absolute benefit but did not change the relative 
benefit of CABG. A literature search of 326 published reports on results of CABG in patients with HF or LV 
dysfunction identified three well-designed cohort studies.13  Mortality benefit of CABG over medical therapy 
was 10 and 20 lives per 100 patients at three years in two of the three studies and 29 lives per 100 patients at 
five years in the third study. 

Despite this apparent benefit, data from the Duke Databank for Cardiovascular Diseases (DDCD) show that 
more than 71% of patients with characteristics that would qualify for inclusion in the STICH Trial receive 
medical therapy, 22% receive CABG, and 7% receive PCI. Moreover, this distribution of treatments has 
remained constant over the past decade at an institution with an aggressive use of myocardial 
revascularization procedures.  Perhaps CABG is not more widely used in patients with coronary angiograms 
that suggest survival benefit because of concern for postoperative complications, such as stroke, that detract 
from its survival advantage. In addition, the general medical community often over estimates surgical risks 
and medically manages the high-risk patients without thoroughly characterizing the presence and extent of 
CAD. 

The therapy called medical treatment in all randomized trials and most observational comparisons with CABG 
really only reflected the natural history of CAD since it rarely included drugs now known to be life prolonging, 
such as ACE inhibitors, beta blockers, lipid lowering, and anti-platelet agents. Refinement of operative and 
postoperative surgical management also has steadily improved CABG results over the past two decades.  The 
paucity of modern data available to clinicians who must daily make high-risk management decisions in patients 
with HF emphasizes the need for a properly-designed randomized comparison of these therapies commonly 
used in clinical practice. 

3.4  Evaluation of Noninvasive Studies 
Increasingly over the past three decades, information describing cardiac structure, perfusion, hemodynamics, 
and metabolism obtained from noninvasive cardiac imaging studies has been used to guide management 
decisions for patients with HF. Although this anatomic and physiologic information often adds value to clinical 
care, an accepted strategy has not evolved that tailors the testing sequence to specific presenting features of 
individual patients to efficiently identify the treatment strategy most likely to improve outcomes. Consensus 
on proper use of cardiac imaging studies has been hindered by absence of clinical studies that objectively 
evaluate the independent treatment-related prognostic information of these tests obtained using standardized 
methods on patients for whom the test has minimal influence on choice of therapy. 
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In the absence of high-quality information, use of these tests by clinicians is commonly guided by mechanistic 
studies that use endpoints considered as surrogates for survival performed with a study design that does not 
control for test bias in treatment selection. For example, the widespread clinical use of myocardial viability 
studies to identify HF patients who would or would not benefit from myocardial revascularization is largely 
based on more than 100 reports using improvement in EF after treatment as the study endpoint. No 
randomized and only ten observational studies are published describing results in 762 patients that compare 
the power of myocardial viability measurements for predicting patient survival after CABG or medical 
therapy.14-23 In these studies CABG was associated with better survival than medical therapy in patients with 
viable but not in patients without viable myocardium. However, definition of the criteria used to define 
subgroups was derived on the same population used to assess outcome in these studies.  Moreover, 
subgrouping these patients by treatment received insured that important baseline differences that influenced 
choice of treatment also influenced the observed outcome. The lack of survival benefit demonstrated for 
CABG in patients categorized as without myocardial viability derived from a low mortality in medically-
treated patients also categorized as without myocardial viability, and survival after CABG was not positively 
or negatively influenced by the preoperative amount of myocardial viability measured. 

The common clinical practice of not offering CABG to patients with LV dysfunction in regions found to be 
non-viable on noninvasive studies is not justified by published data.  These criticisms of the quality of available 
information on the appropriate use of myocardial viability testing are equally true of all other noninvasive 
cardiac imaging data used to guide selection of therapy in patients with CAD. The optimal strategy for 
evaluation of these noninvasive tests would be to use multivariable modeling of all parameters of 
independently predictive test information to describe the total test value by a single continuous index.  In this 
form, a myocardial viability index could readily be contextualized with all other relevant clinical and other test 
information to quantitate any survival advantage the myocardial viability index added by properly guiding the 
choice of the most effective HF therapy. 

The STICH Trial uses core laboratories for cardiac magnetic resonance (CMR), echocardiography (ECHO), 
and radionuclide (RN) studies to insure standardization of testing practices and of data analysis for operational 
use of these studies in the STICH Trial. These three core laboratories also will address specific questions 
that use anatomic or physiologic information from these noninvasive cardiac studies to elucidate mechanisms 
responsible for differences observed in clinical endpoints among the randomized treatment groups. This 
structured acquisition of cardiac imaging studies in a population with treatment assigned by randomization 
represents a unique opportunity to assess the individual value of these tests for guiding treatment selection.  

3.5  Cost and Quality of Life Evaluation 
Any new therapeutic strategy that improves the health of HF patients also is likely to reduce a portion of the 
$22 billion costs of this condition by reducing hospitalizations and related expensive care. However, broader 
use of surgical therapies would increase initial cost, and the resulting economic change represents a complex 
issue measured both in terms of cost per added quality-adjusted life year and in total medical care cost to 
society. This study proposes careful measurement of resource use patterns and associated medical care 
costs to compare the randomized treatment strategies addressed in both primary study hypotheses.  Additional 
comparisons will examine major subgroup effects. If the primary hypotheses are established for the two 
surgical strategies compared in this trial, cost effectiveness analyses will define whether these therapies are 
economically attractive relative to standard benchmarks. 
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HF adversely impacts patient functional status and health-related quality of life (QOL). Modern medical 
therapy for HF modestly improves QOL, but a more aggressive approach with the surgical therapies being 
studied in this trial may produce even larger improvements. Careful serial measurements of QOL using well-
validated instruments are crucial in contextualizing the impact of any invasive therapy and represent important 
secondary endpoints for the STICH Trial. 

3.6  Neurohormonal, Cytokine, and Genetic Studies 
The progressive cardiac dilatation and diminished LV function that occur after myocardial damage are 
associated with over-expression of a variety of endogenous peptides that include:  1) neurohormonal 
mediators (eg. norepinephrine and endothelin), pro-inflammatory cytokines (eg. TNF and IL-6) and natriuretic 
peptides (eg. ANP and BNP).4  These endogenous peptides appear to hasten progressive worsening of HF 
by cardiotoxic actions that may induce apoptosis and maladaptive remodeling of both cardiac myocytes and 
the extracellular matrix. Therapeutic strategies that attenuate production (ACE inhibition) or inhibit biologic 
activity (beta blockade) of a neurohormonal peptide have proven beneficial in the management of patients 
with HF. However, the ability of surgical interventions to attenuate neurohormonal and cytokine activation 
more than is achieved with MED alone has not been evaluated. Since myocardial stretch and ischemia may 
enhance induction and activation of these neurohormonal and cytokine pathways, the STICH Trial will test 
the hypothesis that rapid reduction of wall tension through the combination of CABG and SVR will be the 
most effective treatment for reducing peptide expression and that CABG with MED is associated with better 
clinical outcomes than MED alone. Conversely, high baseline levels of neurohormonal/cytokine peptides may 
identify a group of patients with irreversible extracellular matrix remodeling or significant apoptosis for whom 
CABG or CABG with SVR proves less effective than MED alone. Thus, measures of endogenous peptides 
may help to identify patient groups who will respond in a specific manner to all three randomized treatment 
strategies evaluated in the STICH Trial. 

Four recent observations suggest that outcome in patients with HF may be related to variations in genetic 
background: 1) dilated cardiomyopathy is often familial; 2) first-degree relatives of patients with HF have a 
high rate of abnormal echocardiograms;24  3) specific loci are associated with adult-onset autosomal dominant 
dilated cardiomyopathy;25 and 4) mutations affecting cytoskeletal proteins are associated with the 
development of HF.26 Genetic determinants that might affect the progression of disease in individual patients 
appear to consist of either polymorphisms or allelic mutations that alter expression of proteins important in the 
pathophysiology of HF. Many of these genetic variations are directly related to alterations in the activity of 
the neurohormonal and/or pro-inflammatory pathways.  The STICH Trial will provide an opportunity to 
evaluate the role of genotype determination for predicting the efficacy of subsequent therapy. Most of the 
polymorphisms that will be evaluated affect the constitutive and activated expression of 
neurohormonal/cytokine peptides that may be favorably altered by mechanical intervention directed at 
normalizing LV mechanics and myocardial perfusion. 

3.7 Significance 
Should We Do CABG in Patients with Heart Failure? 
The design of the STICH Trial excludes only patients for whom MED is the only reasonable therapeutic 
alternative, those with coronary anatomy best suited for revascularization by PCI, those severely symptomatic 
patients not eligible for SVR, and those who are heart transplant candidates.  Therefore, results of the STICH 
Trial will be generalizable to almost all of the large number of patients with CAD and systolic LV dysfunction 
in this country. If surgical therapies prove not to significantly improve survival, MED without intensive 
evaluation for CAD may be the preferred strategy of care to be pursued in the more than 550,000 patients 
who first present with HF of unexplained etiology each year in the United States.4  A more 
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aggressive search for the 70% of patients with HF and LV dysfunction who have CAD as the predominant 
etiology could await demonstrated failure of the MED strategy indicated by development of overt ischemic 
symptoms. Conversely, if surgical therapy is shown to have a survival advantage over medical therapy in the 
STICH Trial, early aggressive evaluation of CAD as a potentially correctable etiology of new onset HF would 
be the preferred strategy. Clinical testing then would become more widely employed to identify patients likely 
to benefit from CABG and those eligible for SVR.  

When Do We Need Anatomic and Physiologic Studies to Guide the Choice of Therapy in HF 
Patients with CAD? 
This trial will relate continuous quantitative relationships between physiologic measurements of the magnitude 
of myocardial ischemia and viability and LV size to the outcome associated with the three treatment 
strategies. The resulting information is likely to decrease the cost and complexity of evaluation of patients 
with ischemic HF by eliminating use of tests that do not provide independent information.  This trial will 
establish whether measurements of neurohormonal and cytokine levels and genetic profiling are useful for 
directing patient management decisions and for monitoring the effectiveness of therapy.  Information obtained 
from physiologic studies in the STICH Trial will permit refinement of the optimal approach to efficiently 
evaluate and select the treatment strategy most likely to be effective for the many patients with CAD, HF, 
and LV dysfunction in the United States.  

Does SVR Need to be Added to CABG in Patients with Regional Dysfunction and What 
Magnitude of Dysfunction Must be Present to Justify This Additional Surgery? 
This trial is designed to answer the question of whether mechanically decreasing LV size by SVR arrests or 
reverses LV enlargement and thereby enhances survival without hospitalization more than relief of chronic 
ischemia by CABG without SVR. The SVR operation is gaining popularity because promising observational 
reports confirm its safety and suggest its efficacy. Randomized comparison of CABG with SVR versus 
CABG alone will definitively test the superiority of adding SVR to CABG. In the event the two operations 
result in equivalent survival free of cardiac hospitalization, CABG will remain the dominant operation.  
However, if the addition of SVR to CABG in patients with akinesia of the anterior wall offers superior clinical 
outcomes, an important new therapeutic option will be added to the HF armamentarium.  Moreover, 
information from CMR measurements of LV volume made before and after treatment in SVR-eligible 
patients is likely to guide optimal use of SVR and also provide a noninvasive method to assess the quality of 
operative result. 

4. Investigational Plan 

4.1. Overview 
The STICH Trial is a three-arm randomized clinical trial that will enroll approximately 2,000 patients with left 
ventricular ejection fraction < .35 and CAD amenable to coronary artery bypass grafting (CABG). The 
three treatments include intensive, evidence-based medical therapy for heart failure (MED), MED plus 
revascularization with CABG, and MED plus CABG combined with surgical ventricular reconstruction 
(SVR). 

After eligible patients give informed consent, site personnel will use a 24-hour toll free telephone number with 
an interactive voice response system (IVRS) to initiate the randomization process. In addition to the baseline 
case report form (CRF), a Quality of Life (QOL) questionnaire will be administered by the coordinator at 
each site. Baseline studies will be completed and the randomized therapy will be initiated within two weeks. 
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Randomized patients will be followed at clinic visits at four-month intervals for the first year and a minimum 
of six-month intervals for the duration of the trial. Follow-up echoes, treadmills, gated SPECTs, CMRs and 
neurohormonal/cytokine peptide collections will be performed at scheduled intervals throughout the remainder 
of the trial. Personnel from the Economics and Quality of Life  (EQOL) Core Laboratory at the DCRI will 
perform QOL interviews by telephone at four months, one, two, and three years for clinical sites in the United 
States.  In addition, EQOL Core Laboratory staff will collect hospital bills from all United States clinical sites 
for all hospitalizations and major outpatient tests and therapies for the length of the study. Follow-up of 
Hypothesis 2 patients will be a minimum of two years, an average of 3.5 years and a maximum of six years. 
Hypothesis 1 patients will be followed until 400 deaths occur. 

4.2 Study Population 
The patient population will consist of patients who have an LVEF of ≤.35, and coronary artery disease 
suitable for revascularization.  Patients included in this study will be segregated into three strata depending on 
their MED and SVR eligibility. 

4.2.1  Definition of Patient Strata 
The design will accommodate the fact that not all patients enrolled will be eligible for all three therapeutic 
approaches. 

TABLE 1. Eligibility Criteria 
Stratum A Stratum B Stratum C 

MED eligible MED eligible MED ineligible 
SVR ineligible SVR eligible SVR eligible 

Patients who meet trial eligibility criteria will first be stratified as eligible or ineligible for MED on the basis of 
CCS ≥ III angina or ≥50% left main coronary artery stenosis. Patients will then be further stratified based 
on eligibility for the SVR procedure. Patients eligible for either MED or CABG but not eligible for the SVR 
procedure (Stratum A) will be randomized in equal proportions to MED vs CABG.  Patients eligible for all 
three therapies (Stratum B) will be randomized in equal proportions to MED, CABG, and CABG plus SVR. 
Patients whose angina or coronary artery disease severity make them ineligible for medical therapy but who 
are appropriate candidates for both CABG and SVR (Stratum C) will be randomized in equal proportions to 
CABG vs. CABG + SVR. The allocation of patients to treatment within each stratum at the conclusion of 
Hypothesis 2 enrollment on January 24, 2006 is illustrated in Figure 1.  At this time, 635 total Hypothesis 1 
patients had been enrolled with a treatment assignment of MED in 310 patients (235 Group 1 and 75 Group 3) 
and of CABG in 325 patients (249 Group 2 and 76 Group 4). The 365 or more patients remaining to be 
recruited after January 24, 2006 will all be entered into Stratum A. 
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FIGURE 1.  Patient Stratum and Treatment Assignment at Time
of Completion of Hypothesis 2 Enrollment on January 24, 2006
FIGURE 1. Patient Stratum and Treatment Assignment at Time 
of Completion of Hypothesis 2 Enrollment on January 24, 2006 
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4.2.2 Study Hypotheses 

There are two primary study hypotheses. 

• Coronary revascularization hypothesis:  Improvement in myocardial perfusion by CABG combined 
with intensive medical therapy (MED) improves long-term survival compared to MED alone. 

• LV reconstruction hypothesis:  In patients with dominant anterior LV akinesia  or dyskinesia , LV shape 
and size optimization by SVR combined with CABG and MED improves long-term survival free of 
cardiac hospitalization compared to CABG and MED without SVR. 

4.2.3 Inclusion and Exclusion Criteria 

Inclusion Criteria - The following patients may qualify for inclusion in the study: 
• Men. 
• Women who are not of childbearing potential. 
• Age 18 years or above. 
• Who have a LVEF <.35 measured by CMR ventriculogram, gated SPECT ventriculogram,  

echocardiography, or contrast ventriculogram within three months of trial entry. 
• Who have coronary artery disease suitable for revascularization. 

Exclusion Criteria - At the time of randomization, none of the following may exist: 
• Failure to provide informed consent. 
• Aortic valvular heart disease clearly indicating the need for aortic valve repair or replacement. 
• Cardiogenic shock (within 72 hours of randomization) as defined by the need for intra-aortic balloon support 

or the requirement for intravenous inotropic support. 
• Plan for percutaneous intervention of coronary artery disease. 
• Recent acute myocardial infarction judged to be an important cause of left ventricular dysfunction. 
• History of more than one prior coronary bypass operation. 
• Non-cardiac illness with a life expectancy of less than 3 years. 
• Non-cardiac illness imposing substantial operative mortality. 
• Conditions/circumstances likely to lead to poor treatment adherence (e.g., history of poor compliance, 

alcohol or drug dependency, psychiatric illness, no fixed abode). 
• Previous heart, kidney, liver, or lung transplantation. 
• Current participation in another clinical trial in which a patient is taking an investigational drug or receiving 

an investigational medical device. 

MED Therapy Eligibility Criteria 

• Absence of left main coronary artery disease as defined by an intraluminal stenosis of 50% or greater. 

• Absence of Canadian Class III angina or greater (angina markedly limiting ordinary activity). 

SVR Eligibility Criterion 

• Dominant akinesia or dyskinesia of the anterior left ventricular wall amenable to SVR. 
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4.3  Study Subject Enrollment 

4.3.1 Screening 
Screening of patients referred must address clinical eligibility criteria and assess coronary anatomy and left 
ventricular function. The best available and most recently performed LV assessment by either contrast, 
gated SPECT, echocardiogram, or CMR ventriculogram read at the clinical sites will identify patients meeting 
LVEF entry criteria and be used to evaluate SVR eligibility. Baseline STICH Trial protocol tests that have 
been performed for clinical reasons in potential STICH patients in compliance with the STICH core 
laboratory protocols may be used for defining trial eligibility or meeting baseline testing requirements, thereby 
decreasing inconvenience to the patient and unnecessary cost to the STICH Trial from duplicate testing.  
After the screening process identifies a patient who meets STICH Trial entry criteria, an initial evaluation 
form is used to document information needed to confirm eligibility of the patient and to define the appropriate 
stratum for randomization. 

4.3.2 Randomization 
After eligible patients give informed consent, site personnel will initiate the randomization process by calling 
an always available toll-free telephone number to connect with the IVRS at the Coordinating Center that has 
a redundant voice back-up system.  Once eligibility is established, a site-specific unique identifier will be 
assigned to the patient. A permuted block randomization, stratified by clinical site and by the three Strata A, 
B, or C shown in Figure 1, will be used with a block size not known by the investigators.  Use of this 
randomization process insures proper trial enrollment and promptly provides the Coordinating Center with the 
basic patient enrollment information needed to monitor enrollment performance. Study design specifies 
enrollment of at least 2,000 randomized patients into the STICH Trial. 

4.3.3 Baseline Evaluation of Randomized Patients Prior to Assigned Treatment 
All patients eligible and consenting to be randomized will have had baseline clinical evaluation information 
entered on the initial evaluation form. Table 2 summarizes baseline evaluation studies for each stratum. 
Where logistically feasible, a blood sample for neurohormone, cytokine, and genetic studies is strongly 
encouraged. An echocardiogram will be sent to the ECHO Core Laboratory on all patients.  A myocardial 
viability assessment by either or both radionuclide or echocardiographic techniques is strongly encouraged. A 
baseline quality of life assessment and six-minute walk test will be performed.  A modified Bruce or bicycle 
stress test may be obtained on patients in Strata A and B who are able to exercise.  This may be performed 
in conjunction with a stress sestamibi perfusion study.  When possible, a baseline CMR or gated SPECT 
ventriculogram will be obtained in all patients. In situations when obtaining one of these two studies would 
preclude patient entry into the trial, the echocardiogram may serve as the baseline assessment of LV 
function. 
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Table 2.  Baseline Evaluation Studies 

Patient 
Characteristics 

Stratum A Stratum B Stratum C 

All Consenting 
Patients 

• ECHO to Core 
• QOL to Core 
• EuroQOL to Core 
• CMR, Gated SPECT, 

or ECHO for LV 
function 

• ECHO to Core 
• QOL to Core 
• EuroQOL to Core 
• CMR, Gated SPECT, 

or ECHO for LV 
function 

• ECHO to Core 
• QOL to Core 
• EuroQOL to Core 
• CMR, Gated SPECT, 

or ECHO for LV 
function 

When Feasible • NCG Blood to Core 
• Myocardial Viability to 

Core 

• NCG Blood to Core 
• Myocardial Viability to 

Core 

• NCG Blood to Core 

Patients Able • 6-minute Walk 
• Exercise Stress 

• 6-minute Walk 
• Exercise Stress 

• 6-minute Walk 
• Exercise Stress 

4.4 Initiation and Completion of Initial Treatment 
Intensive medical treatment (MED) will be initiated after completion of baseline evaluation in all randomized 
patients. Patients randomized to CABG, with or without SVR, will undergo operation as soon as possible 
after completion of protocol-mandated baseline studies, but within 14 days in all patients.  

The standard of best practice for each of the three possible treatments will be reviewed in the context of 
relevant published literature at regular intervals throughout the study by the Medical and Surgical Therapy 
Committees, and the original treatment protocol may be modified by the Data and Safety Monitoring Board 
(DSMB) if necessary. Definitions of the three therapie s to be used at the start of the trial appear justified by 
current evidence. In hospitalized patients, initial treatment will be considered to be completed at hospital 
discharge or at 30 days if hospitalization continues. In patients randomized to medical therapy and treated as 
outpatients, initial treatment will be considered to be completed when the medical regimen is considered stable 
or at 30 days. The Initial Treatment Form (Medical or Surgical) should reflect all events between initiation 
and completion of the initial therapy period. 

4.4.1  Treatment Groups 

The three treatment groups are: 
1. MED: MED for HF is now defined to include angiotensin-converting enzyme inhibitors (ACE-I), or 
angiotensin receptor blockers in patients who do not tolerate ACE inhibitors, beta blockers, spironolactone, 
and an antiplatelet agent such as aspirin or clopidogrel adjusted to optimal doses within 30 days of 
randomization unless contraindications are documented. HMG-CoA reductase inhibitors, diuretics, and 
digitalis use will be individualized to patient-specific indications.  Physicians will be encouraged to manage 
concomitant conditions appropriately (diabetes, hypertension, hyperlipidemia, angina, atrial arrhythmias) and 
will be asked to avoid the use of non-steroidal anti-inflammatory drugs as well as most anti-arrhythmic agents 
and most calcium-channel blocking drugs.  Electrophysiologic testing and the implantation of cardioverter-
defibrillators and biventricular pacing should be used in compliance with standard guidelines. MED therapy 
will be monitored closely and modified when indicated at a frequency no less than the required follow-up 
clinic visits. 
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2. CABG: CABG will be performed using at least one internal mammary graft in all patients unless this 
conduit is unavailable or has inadequate flow.  Patients with secondary mitral regurgitation identified by 
echocardiography who are judged to need mitral valve repair may undergo this procedure combined with 
CABG with or without SVR. Therefore, use of CABG or CABG + SVR throughout this protocol implies that 
mitral repair for regurgitation secondary to ischemic HF etiology may be included in the operative strategy at 
the discretion of the operating surgeon. 

3. CABG + SVR: The two criteria used by the Surgical Therapy Committee to define the acceptable range 
of specific operative maneuvers essential to be considered an acceptable technical SVR operation for the 
STICH Trial will be any ventricular reconstruction method that consistently results in: 1) a low operative 
mortality; and 2) an average EF increase of ≥10% and average LVESVI decrease of ≥30% as assessed on 
the four-month postoperative CMR measurement.  SVR may be performed with or without cardioplegic 
arrest. In general, the SVR is begun after completion of the CABG and in a beating heart.  The region of 
dysfunction identified by preoperative CMR will be incised regardless of the epicardial appearance. The 
border separating the dysfunctional from contracting myocardium identified by palpation will guide placement 
of sutures and a patch, if necessary, to pursestring the endocardial scar and thereby decrease LV size without 
distorting LV shape. For patients undergoing surgery, intensive medical treatment will resume as soon as 
permitted by post-procedure recovery. 

4.4.2 Interruption or Discontinuation of Treatment 
A patient is considered randomized when the patient identification number has been assigned by the IVRS. 
Every effort must be made to ensure that patients remain in the study and on medical therapy for the duration 
of the study. An interruption of medical therapy may occasionally be required. If a temporary interruption 
occurs, the Coordinating Center Clinical Hot Line is available through the IVRS for consultation or notification 
about any study-related issues. Every attempt to reinitiate optimal medical therapy should be made throughout 
the duration of the study. The reinitiation of medical therapy is not subject to a time limit. Patients with a 
temporary or permanent discontinuation of any or all medications integral to optimal medical therapy should 
continue the visit schedule and undergo all protocol specified studies. Each patient entering the study must be 
followed until study completion whether or not the patient receives the randomized treatment or medical 
therapy is temporarily interrupted or permanently discontinued. A patient will be considered lost to follow-up 
only after exhausting all means of contact. The status of the patient at the last visit or contact will be used for 
the final analysis. The vital status of patients who withdraw consent or are lost to follow-up will be followed 
by a national death registry when possible. 

4.5      Study Subject Follow-up 
At each clinic visit at four-month intervals for the first year after study entry and at six-month intervals 
thereafter, a brief history and physical examination will be performed and follow-up forms will be completed.   
Follow-up data to be collected at each of these contacts will include an assessment of HF and angina 
symptoms and interval medical events including hospitalization, major cardiac procedures, and tests. Where 
logistically feasible, a follow-up blood sample is strongly encouraged at the four-month follow-up visit. 
Patients completing a treadmill test at baseline will have this test repeated at two years. Detailed quality of 
life assessment will be performed at the four-month visit, one year, and annually thereafter during follow-up. 
Table 3 summarizes the schedule of follow-up studies in the STICH Trial.  Telephone contact will be 
maintained with the patient unwilling or unable to return to the clinical site and their local care providers to 
assure that intensive medical therapy is continued. 
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Table 3.  Follow-up Evaluation Studies 
Interval Patient 

Characteristics 
Stratum A Stratum B Stratum C 

4 Months All Patients ECHO to Core 
EuroQOL to Core 

ECHO to Core 
EuroQOL to Core 
V-gram to Core 
(CMR, SPECT, or 
Echo) 

ECHO to Core 
EuroQOL to Core 
V-gram to Core 
(CMR, SPECT, or 
Echo) 

When Feasible NCG Blood to Core NCG Blood to Core NCG Blood to Core 
Patients Able 6-minute Walk 6-minute Walk 6-minute Walk 

12 Months All Patients EuroQOL to Core EuroQOL to Core EuroQOL to Core 
Patients Able 6-minute Walk 6-minute Walk 6-minute Walk 

24 Months All Patients ECHO to Core 
EuroQOL to Core 

ECHO to Core 
EuroQOL to Core 
V-gram to Core 
(CMR, SPECT, or 
Echo) 

ECHO to Core 
EuroQOL to Core 
V-gram to Core 
(CMR, SPECT, or 
Echo) 

Patients Able 6-minute Walk 
Exercise Stress 

6-minute Walk 
Exercise Stress 

6-minute Walk 
Exercise Stress 

36 Months All Patients EuroQOL to Core EuroQOL to Core EuroQOL to Core 
Patients Able 6-minute Walk 6-minute Walk 6-minute Walk 

48 Months All Patients EuroQOL to Core EuroQOL to Core EuroQOL to Core 
Patients Able 6-minute Walk 6-minute Walk 6-minute Walk 

4.6 Efficacy Assessments 

4.6.1 Primary Efficacy Parameters 
Documentation for occurrences of death or hospitalization will be required for submission to the Endpoint 
Committee. The Endpoint Committee will adjudicate causes of death and hospitalization based upon pre-
specified definitions and procedures for this study. 
1. All-cause mortality (time to death). 
2. Survival free of hospitalization for cardiac cause. 

4.6.2 Secondary Efficacy Parameters 
1. All cause mortality at 30 days. 
2. Survival free of hospitalization for heart failure. 
3. Cardiovascular mortality (defined as sudden death, or death attributed to recurrent myocardial 

infarction, heart failure, a cardiovascular procedure, stroke, or other cardiovascular etiology). 
4. Cardiovascular mortality and morbidity. 
5. Survival free of revascularization. 
6. Survival free of cardiac transplantation or LVAD implantation. 
7. All-cause (unplanned and elective) hospitalization. 
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4.6.3. Other Key Efficacy Parameters 
1. Survival free of CABG 
2. Survival free of PCI 
3. Sudden death with or without resuscitation 
4. Fatal and non-fatal MI 
5. Fatal and non-fatal stroke 

4.6.4. Safety Assessments 
Safety assessments will consist of monitoring and recording the pre-defined safety endpoints, procedure 
complication rates and all serious adverse events. 

A serious adverse event is defined in general as an untoward (unfavorable) event which: 
1. is fatal or life-threatening, 
2. required or prolonged hospitalization, 
3. was significantly or permanently disabling or incapacitating, 
4. is medically significant (may jeopardize the patient and may require medical or surgical intervention to 

prevent one of the outcomes listed above). 

Hospitalizations planned before entry into the clinical study and not associated with any deterioration in 
condition, emergency, or outpatient visits that do not result in admission are not considered SAEs. 

Source documents of all safety assessments (e.g., physical examinations or laboratory data) performed as 
part of the standard evaluation and care of the patient should be maintained in the patient study chart.  Upon 
request of the DSMB, the Coordinating Center, working with the Medical and Surgical Therapy Committees, 
will define Steering Committee approved safety endpoints and procedure complication rates with expected 
ranges and upper threshold limits for concern. Medical therapy will be monitored by safety endpoints, such as 
symptomatic bradycardia, angioedema, renal dysfunction, and drug intolerance.  Procedure complications will 
include return to the operating room for bleeding, prolonged intubation, stroke, mediastinitis, and atrial 
fibrillation. 

SAEs will be reported to the Coordinating Center with the visit form.  In this high-risk population, the rate of 
SAEs will be used to assess safety.  All deaths and unexpected protocol-related major SAEs will be reported 
to the Coordinating Center within 24-72 hours of investigator knowledge of the event. 

4.6.5 Quality of Life Assessments 
Quality of life (QOL) questionnaire data will be collected at baseline by the site coordinators.  English-
speaking patients from the United States and Canada will have telephone assessment at four months, one 
year, two years, and three years by trained telephone interviewers from the EQOL Core Laboratory at the 
DCRI.  All other non-English speaking patients will be interviewed at the same intervals by the clinical site.  
In addition, cardiac symptoms as reflected by the NYHA HF class and the CCS angina class, patient utilities, 
and interval medical care consumption will be assessed at each clinic visit/contact by the sites. 

Content of Health-related Quality of Life Questionnaire 
The QOL questionnaire consists of a battery of validated instruments that build on a generic core 
supplemented by disease-specific measures where necessary to provide a comprehensive assessment of 
health-related quality of life. 
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The generic core instrument to be used is the Medical Outcomes Study Short Form (SF-12). This instrument 
is a reduced version of the SF-36 that covers the broad range of health-related quality of life domains with 
two or three items per domain. To enhance sensitivity, we will include the full SF-36 items for the following 
domains: role function-physical, role function-emotional, social function, psychological well-being/mental 
health, and vitality. The remaining scales in the SF-36 overlap with other items in our battery and will 
therefore be used in their reduced SF-12 form. A total of 22 items from the SF-12/SF-36 will be included on 
the battery. 

The primary disease-specific measure to be used is the Kansas City Cardiomyopathy Questionnaire (KCCQ), 
which contains 20 items covering the effects of heart failure on physical limitations, symptoms frequency and 
severity, social functioning and general quality of life. 

The presence of anginal symptoms will be assessed with the six-item symptom scales from the Seattle 
Angina Questionnaire. Cardiac symptoms will be independently assessed by the sites at each four-month 
visit using the New York Heart Association (NYHA) congestive heart failure class and the Canadian 
Cardiovascular Society (CCS) class for angina. 

General psychologicaland well being/mental health will be measured using a five-item subscale of the 
SF-36 (as described above).  We will also assess depressive symptoms in more detail using the 20-item 
Center for Epidemiologic Studies-Depression (CES-D) scale. Self-efficacy will be evaluated using the 13 item 
Cardiac Self-Efficacy scale.  Role functioning, social functioning and vitality will be assessed from the SF-36 
as described above. Employment details will be obtained using six questions adapted from the NHLBI 
Bypass Angioplasty Revascularization Investigation (BARI) Substudy in Economics and Quality of Life 
(SEQOL). In addition, the baseline questionnaire will ask four questions covering education/socioeconomic 
status and social support (marital status, number in household). 

Measurement of Utilities 
Patient specific utilities will be assessed using the EuroQoL. The current version of this instrument consists 
of a five-dimension assessment of current health-related quality of life and a self-rating (0-100) 
"thermometer" of "your own health state today.” This assessment will be completed by the patient at baseline, 
four months, and yearly for four years.  If the patient is unable to complete the form unassisted, the 
instrument will be administered as an interview. If the patient does not return for a clinic visit, the interview 
will be done over the telephone when the Coordinator does the follow-up contact. 

4.6.6 Economic Data/Hospital Billing Data (U.S. sites only) 
Hospital bills (detailed, summary ledger and UB 92) will be collected by the EQOL Core Laboratory at the 
DCRI for all hospitalizations throughout the length of the study. They will include hospitalizations at clinical 
sites and at institutions not participating in STICH. In addition, cost to charge ratios (RCCs) will be obtained 
from each hospital where a STICH baseline or follow-up hospitalization is reported. 

4.6.7 Echocardiography Assessment 
Echocardiographic assessment of left ventricular function is one of four modalities that can be used to 
evaluate patients for STICH Trial eligibility.  In all patients, echocardiograms will be used to evaluate the 
independent prognostic value of baseline echocardiographic variables and their interaction with treatment 
allocation and outcome on long-term follow-up.  Dobutamine echocardiography may be used in conjunction 
with or instead of radionuclide techniques to assess myocardial viability.  Detailed protocols for these studies 
are described in the Echocardiography Core Laboratory manual on the STICH Trial website 
(www.stichtrial.org). 
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A baseline echocardiogram will be required for all patients who are randomized into any of the three strata of 
the trial to address the echocardiographic specific secondary objective outlined in section 2.2 by quantitative 
measurements of cardiac structural, functional, and hemodynamic parameters.  The initial echocardiogram 
will provide baseline echocardiographic variables to be compared with those obtained from the 4 month and 2 
year follow-up echocardiograms. Four-month and two year follow-up will be performed to compare the long-
term effects of different treatment modalities in regional remodeling, MR, and diastolic function. The 
echocardiographic protocol for baseline and serial echocardiograms is provided in the echocardiography 
manual. 

4.6.8 Nuclear Cardiology Assessment 

Myocardial Viability and Perfusion 
Myocardial viability and perfusion studies are strongly encouraged, but not required, at baseline. A 
preferred protocol for these studies is defined in the Radionuclide Core Laboratory manual on the STICH 
Trial website (www.stichtrial.org). However, studies performed by all generally used techniques will be 
acceptable as long as data quality is acceptable to the Radionuclide Core Laboratory. 

Left Ventricular Function Assessment 
Gated SPECT perfusion studies may be used to assess left ventricular function at baseline and during 
follow-up.  Details of performing this study are outlined in the Radionuclide Core Laboratory manual on the 
STICH Trial website (www.stichtrial.org). 

4.6.9 CMR Assessment 

Patients will undergo baseline CMR testing to assess LV size, shape and function. Patients will complete 
questionnaires to determine CMR suitability in advance of the CMR examination. The detailed CMR protocol 
is described in the CMR manual on the STICH Trial website (www.stichtrial.org). 

4.6.10     Neurohormone, Cytokine and Genetic Assessments 
When feasible, blood samples for both neurohormonal/cytokine analysis and genotyping will be obtained from 
patients at the time of study enrollment, and a blood sample will be obtained at the four-month study visit for 
neurohormonal/cytokine analysis only. 

Patients will be prepared prior to phlebotomy in order to minimize the influence of stress and other factors on 
neurohormone levels. The phlebotomy procedure necessary to minimize the influence of stress, sample 
preparation, sample storage, shipping and planned NCG analyses are detailed in the NCG manual on the 
STICH Trial website (www.stichtrial.org). 

4.7 Study Organization 

4.7.1 Monitoring Committees 

The following Monitoring Committees will be employed in this study: 
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Executive Committee 
The Executive Committee leads the implementation of policies and practices approved by the Steering 
Committee. Executive Committee members will include the study chairman, principal investigator, the lead 
statistician, the director and associate director of trial operations, the CC project leader, the chairs and co-
chairs of the medical and surgical therapy committees, the chair of the core laboratory committee, the chair of 
the minority recruitment and retention committee, the chair and co-chair of the policy and publications 
committee, and the chair of the trial registry. The NHLBI project officer will be an ex officio member of the 
Executive Committee. All committees report through the Executive Committee to the Steering Committee. 
All committees may appoint working subgroups called councils to facilitate leadership activities. 

The main roles and responsibilities of the Executive Committee are: 
• To lead the Steering Committee, to resolve differences of opinion within the Steering Committee, to 

resolve issues not requiring full Steering Committee input. 
• To review operational aspects of the trial on an ongoing basis. 
• To oversee the conduct of the study and initiate the approval process for any protocol changes needed to 

improve the quality of the study. 
• To implement all protocol amendments approved by the DSMB. 
• To propose membership of the other committees to the Steering Committee. 
• To serve as a liaison between the NHLBI and the other committees. 
• To serve as a liaison between the DSMB and the Steering Committee. 
• To present the trial results to the steering committee in advance of national presentations. 
• To approve all manuscripts prior to submission. 

Steering Committee 
The Steering Committee consists of the Executive Committee and one representative investigator from each 
participating investigative site. The main roles and responsibilities of the Steering Committee are: 
• To make ethical, scientific, and policy decisions regarding the overall conduct of the study. 
• To approve committee membership. 
• To serve as a liaison between all investigators and the Executive Committee. 
• To review study progress. 
• To act on the recommendations of the DSMB. 
• To review and provide input to potential protocol amendments. 
• To review and approve presentations and publications of the study. 

Data and Safety Monitoring Board (DSMB) 
The DSMB members are independent of the NHLBI, the study management organizations, and the 
investigators. A nationally recognized member of the cardiovascular community with experience in oversight 
of cardiovascular clinical trials will chair the Data and Safety Monitoring Board (DSMB) comprised of 
experts in relevant biomedical fields including cardiology, cardiovascular surgery, biostatistics, and bioethics 
appointed by the NHLBI.  No member of the DSMB shall be located at an institution that participates in any 
direct way in the STICH Trial. The main roles and responsibilities of the DSMB are: 
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• To initially review the study protocol and commission a specific regular process for evaluation of STICH 
trial data. 

• To meet no less than twice yearly for the duration of the trial to monitor the trial progress using 
confidential data summarizing trial safety and outcomes and to prepare a summary report of their review 
to the Executive Committee. 

• To advise the Executive Committee on the implications of HF treatment advances on the conduct of the 
STICH trial. 

• To approve protocol modifications if warranted. 
• To advise the NHLBI directly regarding recommendations for trial modification or early trial cessation. 

The efficacy and safety analyses will be performed semi-blinded (i.e., treatments A, B and C) by the 
Statistical Data Coordinating Center. The DSMB statistician will possess a copy of the treatment codes for 
unblinding purposes if deemed necessary by the DSMB. The study may be amended, or stopped early, or a 
treatment arm may be discontinued should any of these be deemed necessary based upon DSMB 
recommendation. The chairman of the DSMB will discuss the recommendations of the DSMB with the 
NHLBI project officer who will inform the Executive Committee. The chairman of the Executive Committee 
will notify the Steering Committee of any significant proposed amendment to the study or recommended 
discontinuation of the study. The roles, responsibilities and procedures of the DSMB are summarized in the 
DSMB Manual. 

4.7.2 Operational Committees 
The Executive Committee, with approval of the Steering Committee, is empowered to appoint operational 
committees to assist with trial work. Active committees are described in the Manual of Operations. 

5. Data Management 

5.1 Data Collection 

5.1.1 Data Forms 
Data collection forms used in this study are tabulated in the manual of operations with summaries of their 
content and purpose. The front page of each form will identify the date and version of the form, and provide 
brief summary instructions for data collection.  The subject’s study number and initials will be included on 
every page of each form. The study subject number will reflect both a site specific code, the subject's 
sequence number for that site and a check digit. Each form will require the signature of the physician 
investigator and the study coordinator with the date of completion. 

5.1.2 Manual of Operations 
The manual of operations provides more detail regarding study objectives, scope, design and operational 
policies and procedures than the clinical protocol.  The manual can be accessed on the STICH Trial website 
(www.stichtrial.org). 

  5.1.3 STICH Trial Website 
The STICH Trial website provides printable updated versions of the protocol and manual of operations. The 
website provides access to a complete directory of participating physician investigators and study coordinators 
at all clinical sites. The website provides a rich source of current information to investigators with secure 
access. Free access is available to the public to a portion of the site containing general information. 
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5.2 Database Management and Quality Control 
Database management and quality control for this study are the responsibility of Duke Clinical Research 
Institute, Durham, NC, USA. Structured data elements from the CRFs are entered into the STICH database 
and reviewed using double data entry for verification. Coexistent diseases and adverse events are coded 
using a standard coding dictionary, MEDDRA 1.5. Concomitant medications are coded using a standard 
medication dictionary, WHO DRL. Information entered into the database is systematically checked by data 
management staff, using error messages generated from validation programs and database listings. Obvious 
errors are corrected by data management center personnel. Other errors, omissions or questions are entered 
on data query forms, which will be returned to the investigational site for resolution. After the investigator 
response is received at the data management center, the resolutions will be entered into the database. A copy 
of the signed data query form is kept with the CRFs. Quality control audits of all key safety and efficacy data 
in the database are made at designated times during the study.  All clinical site patient-related reimbursement 
is prompted by completion of data forms with appropriate responses to all data elements. 

6. Statistical Plan 

6.1 Sample Size Determination - Overview 
Several design factors and research objectives have been considered in developing appropriate sample size 
estimates for the study. First, patient enrollment has been determined so there would be a sufficient number 
of endpoints to provide a high degree of confidence (power > 90%) for testing both primary hypotheses.  
Second, important secondary endpoints, including cardiovascular mortality, short-term (30-day) mortality, and 
measures of quality-of-life have also been considered. Third, we considered it important for the overall 
sample to be large enough to permit a prudent examination of treatment effects in selected subgroups of 
patients where surgical intervention might be particularly advantageous, or where the question of a treatment 
benefit from surgical intervention is particularly relevant. Important pre-specified subgroups of interest in this 
study include those defined by age, gender, race, HF class, ejection fraction, and the strata outlined in Figure 
1. Finally, the sample size has been determined to provide a reasonable level of confidence of detecting 
clinically important therapeutic effects even in the event that current projections of event rates and treatment 
differences prove to be optimistic. 

6.1.1 Sample Size and Power Considerations 
A combination of survival data from recent HF trials that reflect patient outcomes when treated with intensive 
medical therapy (including beta blockers and ACE inhibitors) and historical data from the Duke 
Cardiovascular Database provide useful information on the range of patient outcomes that would be expected 
among the HF patients enrolled in STICH. Based on this information, we project that for testing the coronary 
revascularization hypothesis, the mortality rate in the medically treated arm of STICH will be approximately 
25% after 3 years of follow-up.  For the LV reconstruction hypothesis, we project that mortality or cardiac 
hospitalization will occur in the CABG (without SVR) arm with a 3-year rate of 50% or higher.  Recognizing, 
however, that the actual event rates in STICH may vary somewhat from these estimates, we calculated 
sample size requirements for several different combinations of event rates and power levels in order to 
examine the sensitivity of the required sample size to different event rates and outcome scenarios that might 
conceivably arise in this trial. 
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In the absence of detailed life-table follow-up data on patients similar to those who will be enrolled in the trial 
and treated with intensive medical therapy, the following approach was used for calculating sample size 
requirements for the coronary revascularization hypothesis. (A similar approach was used for the LV 
reconstruction hypothesis, although the event rates differed because the two primary hypotheses are based on 
different endpoints). For a specified benchmark outcome rate in the medically treated (control) group (e.g., 
an overall event rate at 3 years of 25%), event rates at other time points during follow-up were estimated by 
assuming an exponential survival distribution. We then postulated that in the CABG arm, there would be a 
specific reduction of this benchmark rate (e.g., a 25% reduction). Event rates for the CABG group at various 
time points during follow-up were also estimated assuming an exponential survival distribution.  Since the two 
groups will be compared with respect to length of survival using the log-rank test,29 or equivalently, the Cox 
proportional hazards model,29-31 the one-tailed formula of Schoenfeld32 was modified to allow calculating 
sample size requirements based on the use of two-tailed tests.  

Schoenfeld's method is based on first calculating the total number of events required in the combined 
treatment groups. By estimating the proportion of patients who will have an event by the end of the study, the 
total number of patients required for the trial can be determined. The necessary number of events depends 
on the level of power desired, the significance level (which we have chosen to be α=0.05), and the 
ratio of the hazard function for patients receiving surgery to the hazard function for patients in the medically 
treated arm. 

Once the number of events has been determined, the proportion of patients who will experience an event 
during the patient follow-up period can be estimated using the method in Section 2.1 of Schoenfeld.32 The 
total number of patients required is simply the number of events divided by the proportion of patients who will 
experience an event. A key issue in determining an adequate sample size for this trial is the magnitude of the 
event reduction we could expect to achieve in the CABG arm compared to the medical arm.  Based on what 
is known about the effects of CABG in other patient populations, it is reasonable to postulate that surgery will 
be sufficiently effective to reduce overall mortality by 25%.  A mortality reduction of this magnitude would be 
highly important from a clinical and public health standpoint, given the large population of patients in this 
country and throughout the world who suffer from moderate to severe HF secondary to CAD. 

Sample Size  for Hypothesis 1:  Coronary Revascularization (all-cause mortality) 

The three-year mortality rate was assumed to be 25% in the medically-treated arm in the design of the 
Hypothesis 1 component of STICH. The ischemic cohort of SCD-HeFT randomized to medical therapy (the 
control arm of that trial) had a three-year mortality of 28.5%.  Although some differences exist between the 
SCD-HeFT and STICH populations (e.g., SCD-HeFT enrolled all NYHA class II or class III heart failure 
patients, whereas 85% of STICH patients are class II or class III), the differences are not expected to result 
in markedly lower mortality among the STICH medical cohort.  A 25% reduction in mortality with CABG is 
hypothesized in the design of STICH. The level of statistical power chosen for assessing treatment 
differences in mortality is 90%. 

Although STICH was originally designed to enroll a fixed number of patients, the number of patients (the 
sample size) and the length of time they would be followed were driven by the number of events required to 
achieve a statistical power of 90%. Due to the slower than anticipated enrollment in Hypothesis 1, the 
optimal use of available resources for the trial mandated that we carefully choose the number of patients and 
the duration of their follow-up to accrue the number of events required to achieve the desired level of 
statistical power. Approximately 400 events are required to achieve 90% power for detecting the 
hypothesized mortality reduction. 
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Statistical Power Tradeoffs. We have examined the tradeoff between the number of patients enrolled and 
the length of follow-up required to achieve a given level of statistical power, as reflected in Table 4. 

TABLE 4. Hypothesis 1 – Statistical Power in Relation to Number 
of Patients and Length of Follow-up 

Total Average Length of Follow-up 
Patients 4.0 yrs 4.5 yrs 5.0 yrs 5.5 yrs 6.0 yrs 

900 69% 73% 77% 80% 83% 

1,000 73% 77% 81% 84% 87% 

1,100 77% 81% 84% 87% 90% 

1,200 81% 84% 87% 90% >90% 

For the primary mortality endpoint in Hypothesis 1, 80% and 90% power can be achieved under any of the 
scenarios outlined in Table 5. 

TABLE 5. Hypothesis 1 – Enrollment, Follow-up, and Statistical Power 

 Total 
Patients  

Average Follow-up Required to Achieve  
 80% Power  90% Power 

 900  5.5 yrs ( Dec. 2010)  7.0 yrs (June 2012) 

 1,000  5.0 yrs (June 2010)  6.5 yrs (Dec. 2011) 

 1,100  4.5 yrs (Dec. 2009)  6.0 yrs (June 2011) 

 1,200  4.0 yrs (June 2009)  5.5 yrs (Dec. 2010) 

If only 900 patients are enrolled, follow-up that is long enough to achieve 90% power will extend the study 
beyond what the budget will allow. An enrollment of 1,000 patients, our minimum acceptable  sample size, 
prolongs the study rather substantially in order to achieve 90% power. A more desirable option as far as 
achieving the desired 90% level of power while not unduly extending follow-up is to enroll 1,200 patients and 
extend follow-up by 2 additional years (through 2010).  

Sample Size for Hypothesis 2: LV Reconstruction (mortality or hospitalization for a cardiac 
reason): 

For the LV reconstruction hypothesis where the primary endpoint is death (all cause) or hospitalization for a 
cardiac reason, the three-year event rate in the control arm (patients treated with CABG without SVR) is 
expected to be in the range of 50% or higher. If the control rate at 3 years is 50%, 387 patients per arm will 
provide 90% power for detecting a 20% reduction in the incidence of the primary endpoint, and 460 patients 
per arm will provide 90% power for detecting a 20% reduction if the control rate should be as low as 45%. 

To achieve a robust sample size for testing the LV reconstruction hypothesis, 1,000 patients will be enrolled. 
Below is a summary of what this number of patients will provide the study. 
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1. Power >90% for detecting a 20% reduction in the primary endpoint with CABG + SVR if the event rate 
at 3 years in patients treated with CABG (without SVR) is 45% or higher. (Thus we have high power 
for detecting a conservative estimate of benefit if the control arm event rate is consistent with what 
is expected based on other studies (or even somewhat less than expected based on other studies). 

2. Power > 85% for detecting a 20% improvement if the 3-year control event rate should be as low as 
40%. (Thus we have high power for detecting a conservative estimate of the benefit if the control 
arm event rate is lower than expected.) 

3. Adequate power for detecting clinically important effects in subgroups of interest. 

Secondary Endpoints: 

Cardiac Mortality 
Since a very high proportion of the deaths in this patient popula tion will be cardiovascular, the power for 
detecting differences in this secondary endpoint will differ little from that outlined above for the primary 
endpoint of total mortality in assessing the coronary revascularization hypothesis. 

6.1.2 Treatment Crossovers 
The sample size calculations previously outlined do not include any adjustment to compensate for the fact that 
some patients enrolled in STICH may crossover from one treatment arm to another.  Although participating 
clinical centers will be instructed concerning the importance of treatment compliance, and strict guidelines will 
be established regarding any changes to a patient’s assigned therapy, we recognize that in certain instances a 
downstream change may be clinically indicated.  Although all therapy changes and reasons for them will be 
documented, they are considered part of the initial treatment strategy, and groups will be compared with 
respect to the initially assigned treatment. Nonetheless, we have attempted to estimate the extent to which 
crossovers or dropouts might occur, and how such changes in therapy could affect the sample size/power 
figures cited above. From personal communication with investigators from the 
Bypass Angioplasty Revascularization Investigation (BARI), and from reviewing data in the Duke 
Cardiovascular Database, there is ample experience to suggest that the percent of consenting patients who 
are randomized to CABG, but don’t actually receive CABG surgery, will be low (1-2%).  We expect 5% 
crossovers from CABG without SVR to CABG with SVR and 5% of the patients randomized to SVR to not 
actually undergo the SVR procedure. 

Crossover is most likely to occur among patients randomized to MED who, because of deteriorating 
symptoms or evidence of ischemia during follow-up, are felt to need revascularization with CABG.  We 
project that up to 10% of MED patients may crossover to CABG within the first year following 
randomization, and up to 15% may crossover to CABG within three years. Some of the MED patients will 
receive percutaneous intervention. Indeed there may be patients in all three arms of the trial who undergo 
percutaneous intervention during follow-up, although this is more likely to occur among patients randomized to 
MED. Percutaneous intervention is not regarded as a treatment crossover, but rather as part of the 
downstream care associated with any of the treatment strategies in the trial.  

Even if we assume that dropouts and treatment crossovers would reduce the effective sample size by as 
much as 15-20% (the impact is not expected to be that large), the randomization of 1,000 patients for testing 
the coronary revascularization hypothesis will still provide > 80% power for detecting a 25% reduction in 
mortality if the event rate in MED patients is consistent with our projection (25% at three years). For the LV 
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reconstruction hypothesis, the planned sample size of 1,000 patients will provide 90% power for detecting a 
20% reduction in the primary endpoint even with liberal estimates for the amount of crossover if the three-
year event rate for mortality or cardiac hospitalization is 50% or higher. 

6.2 Statistical Analysis 
Statistical analysis will be performed at the Statistical and Data Coordinating Center at Duke University.  
Although the methodologic approaches and operational details of the data analysis will be coordinated by the 
study biostatisticians, the major analyses of the study data will be highly collaborative, involving both 
statisticians and physicians to ensure appropriate interpretation of the data. All major treatment comparisons 
between the randomized groups in this trial will be performed according to the principle of "intention-to-treat;" 
that is, subjects will be analyzed (and endpoints attributed) according to the treatment arm to which patients 
were randomized, regardless of subsequent crossover. Statistical comparisons will be performed using two-
sided significance tests. Additional perspective regarding the interpretation of the data will be provided 
through extensive use of confidence intervals33 and graphical displays. 

6.2.1 Background and Demographic Characteristics 
Baseline demographic and clinical variables, including relevant descriptors from the history and physical 
examination; risk factors; comorbidity; HF functional class, angiographic assessment of the extent of CAD, 
left ventricular function, and descriptors obtained from the various noninvasive tests will be summarized for 
each randomized arm of the study.  Descriptive summaries of the distribution of continuous baseline variables 
will be presented in terms of percentiles (e.g., median, 25th and 75th percentiles), while discrete variables will 
be summarized in terms of frequencies and percentages. 

Statistical comparisons of treatment groups with respect to baseline characteristics will be limited to selected 
variables and disease factors known to influence prognosis. These variables will include age; sex; race; 
previous myocardial infarction; prior revascularization; descriptors of comorbidity; HF functional class; 
anatomic severity of disease; and left ventricular function (ejection fraction). For comparisons of treatment 
groups with respect to continuous baseline variables, emphasis will be given to nonparametric procedures 
such as the Wilcoxon rank sum test, or Kruskal-Wallis nonparametric analysis of variance.34  Group 
comparisons with respect to discrete baseline variables will use the conventional chi-square test.   

6.2.2  Concomitant Therapy 
Summary statistics will be provided as appropriate. No formal analyses are planned. 

6.2.3 Efficacy Evaluation 

Coronary Revascularization Hypothesis 
For the coronary revascularization hypothesis, the major statistical assessment will involve a comparison of 
the CABG arm (without SVR) versus the medically treated arm with respect to all-cause mortality.  The log-
rank test29 (sometimes called the Mantel-Haenszel test for survival data35), which is a special case of the 
more general Cox proportional hazards regression model,29-31 will be the primary analytic tool for assessing 
mortality differences between these two treatment arms. The log-rank test (and the Cox model) can 
accommodate varying lengths of patient follow-up, and not only uses information for each patient as to 
whether an event occurred, but also takes into account how long from study entry the patient survived before 
the endpoint occurred. The log-rank test also accommodates "censored" survival times, which arise because 
many patients will be alive when the analyses are performed, and the length of time they will survive 
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without an event is known only to be greater than the length of their current follow-up.  The log-rank test is a 
well-established approach for providing an overall comparison of the entire survival curves.  

Using this procedure, the analysis strategy will be to perform the treatment comparison stratifying by whether 
or not patients are SVR eligible (i.e., by whether patients are in Stratum A, or in Stratum B; see Figure 1).  
The analysis is thus reflective of the fact that the randomization will be stratified according to whether 
patients are in Stratum A versus Stratum B. This comparison will constitute the primary analysis to assess 
the effect of CABG on overall mortality.  Kaplan-Meier survival estimates36 based on the primary endpoint of 
all-cause mortality will be calculated for each treatment group to display the outcome results graphically. 

Even though the primary comparison outlined above will contrast treatment groups that are determined by 
randomization, supplementary analysis involving other covariate adjustment will be performed with the Cox 
model. Such adjustment will be limited to a relatively small, prospectively defined set of patient 
characteristics that are known a priori to have a strong prognostic relationship with mortality. This 
adjustment will serve as a prelude to supplementary analyses examining differential treatment effects. The 
adjustment variables will include (in addition SVR eligibility) age, sex, race, HF class, history of myocardial 
infarction, previous revascularization, number of significantly diseased major coronary arteries, and ejection 
fraction. Cox model analyses may also be performed using geographic region as a stratification factor. 

If the data provide evidence of an overall difference in outcome between treatment groups, we will further 
examine whether the therapeutic effect is similar for all patients, or whether it varies according to specific 
patient characteristics.  In particular, we will focus on whether the relative therapeutic benefit differs 
according to patient age, sex, race, HF class, ejection fraction, and whether patients are eligible for SVR. 
These issues will be addressed formally with the Cox model by testing for interactions between treatment and 
these specific baseline variables. 

Although the analysis will include an examination for treatment interactions as indicated above, treatment 
effects for the primary endpoint as characterized by the CABG:MED hazard ratio (with 95% confidence 
intervals) will be calculated and displayed for several prospectively-defined subgroups of patients defined by 
age, gender, race, SVR eligibility, HF class, and ejection fraction. These comparisons will be carefully 
interpreted in conjunction with the formal interaction tests. 

To supplement the conventional significance testing and confidence interval approaches that will constitute the 
major analyses for this trial, we will provide additional perspective on the assessment of treatment effects 
using some established Bayesian approaches to the analysis of clinical trial data.  The application of Bayesian 
methods to clinical trials has recently received considerable attention in the statistical and clinical trials 
literature. In part, its appeal stems from the fact that what consumers of clinical trial results often want to 
know is the likelihood (probability) that the treatment is actually beneficial, or the likelihood that the treatment 
has a clinically important benefit. Such probability assessments are directly obtainable from a Bayesian 
analysis. Spiegelhalter et al.37 demonstrated how one can derive clinically useful information such as an 
estimate of the probability that the hazard ratio (CABG: medical therapy) is less than some specified value 
(e.g., 0.90) and an estimate of, for example, the probability that CABG therapy is “clinically equivalent” to 
intensive medical therapy, i.e., that the hazard ratio is within some interval close to 1.0 (such as 0.90 to 1.10). 
We will supplement the conventional statistical presentations discussed above by computing Bayesian 
probabilities that CABG therapy is beneficial and that it has a clinically important benefit. For these 
computations, a flat (non-informative) prior distribution for the CABG:MED hazard ratio will be assumed.  
We will use readily available S-Plus functions to perform the Bayesian calculations, or the 
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Cambridge group’s BUGS program (Bayesian Inference Using Gibbs Sampling38) to derive a posterior 
distribution from a full Bayesian analysis. 

LV Reconstruction Hypothesis 
For the LV reconstruction hypothesis, the key statistical assessment will involve a comparison of CABG plus 
SVR versus CABG without SVR with respect to the composite endpoint of death (all cause) or hospitalization 
for a cardiac reason. The log-rank test will also be the primary analytic tool for this assessment.  In this case, 
the test will be performed stratifying by whether the patients were eligible for either medical or surgical 
therapy versus whether surgery was indicated (i.e., by whether the patients were in Stratum B or Stratum C 
as depicted in Figure 1. Again, Kaplan-Meier estimates will be calculated and plotted for each treatment 
group to display the outcome results graphically. In this case, the Kaplan-Meier curves will display event-free 
survival, i.e., survival free of any cardiac hospitalization. 

Again, the primary analysis will be supplemented by Cox model analyses involving other covariate adjustment. 
In addition to the stratification factor specified above for the primary LV reconstruction hypothesis, the small, 
prospectively-defined set of patient characteristics listed above as covariates for the coronary 
revascularization hypothesis will also be used in supportive analyses of the LV reconstruction hypothesis. 

If the data provide evidence of an overall difference in outcome between treatment groups, we will determine 
whether the therapeutic effect is similar for all patients, or whether it varies according to specific patient 
characteristics. In particular, we will assess whether the relative therapeutic benefit differs according to 
patient age, sex, race, HF class, ejection fraction, and whether or not the patients are eligible for either 
medical or surgical therapy.  This will be addressed formally with the Cox model by testing for interactions 
between treatment and these specific baseline variables. 

We will provide additional perspective on the assessment of treatment effects with respect to the LV 
reconstruction hypothesis through calculating the hazard ratio for CABG with SVR relative to CABG without 
SVR and 95% confidence intervals (overall and in prospectively defined subgroups), and also through 
performing supplementary Bayesian analysis as outlined above for the coronary revascularization hypothesis.   

Analysis of Secondary Endpoints 
Secondary endpoints that will be evaluated in this trial include (1) cardiovascular mortality; (2) all-cause 
mortality within 30 days; (3) quality of life; (4) cost of care and cost effectiveness; (5) morbidity; (6) 
functional measures, including six minute walk distance and exercise duration on a treadmill test; and (7) 
physiologic measures from noninvasive testing, neurohormonal levels, and cytokine levels.  Data analyses for 
each of these endpoints are discussed below. 

Cardiovascular Mortality 
This endpoint is most relevant for the assessment of the effects of coronary revascularization, and therefore 
will be used in comparisons of medical therapy vs. CABG (without SVR).  The analysis will be similar to that 
outlined for the primary endpoint, using time from enrollment until death from a cardiovascular cause or 
censoring as the response variable, and assessing treatment differences using the Cox proportional hazards 
model. Kaplan-Meier survival curves will be computed to graphically display the survival experience of the 
treatment groups as a function of time from randomization. 
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Mortality within 30 days 
The analysis for this endpoint will also be similar to that outlined for the primary mortality endpoint except that 
30-day outcome will be treated as a binary endpoint (due to its short-term nature), and the logistic regression 
model will be used for treatment comparisons rather than the Cox proportional hazards model.  These 
analyses will be performed for both MED versus CABG and for CABG + SVR versus CABG (without 
SVR) in order to fully characterize and compare procedural mortality. Thirty-day mortality rates will be 
reported for each treatment arm along with odds ratios and 95% confidence intervals for CABG:MED and 
for CABG + SVR:CABG (without SVR). 

Quality of Life and Cost of Care 
The important quality of life and cost of care endpoints analysis plans are addressed in detail in the EQOL 
Core Laboratory manual.  These important endpoints include health status measures from the Medical 
Outcomes Study 36 Item Short Form (SF-36); quality of life and cardiac symptoms as assessed by the 
disease-specific Kansas City Cardiomyopathy Questionnaire and Seattle Angina Questionnaire; a measure of 
depressive symptoms based on the Center for Epidemiologic Studies-Depression (CES-D) scale; and utilities 
assessed by patient interview using the EuroQol. 

Morbidity 
Morbidity in this trial will be assessed by examining the incidence of several different complications and 
clinical events that occur during the follow-up period.  These events will include complications associated with 
each treatment arm such as the frequency and duration of hospitalization for HF, and additional cardiac 
procedures (heart transplantation, LVAD, ICD, and stroke).  We outline below the approach that we will take 
for analyzing one of these important complications, for example hospitalization for HF, noting that specific 
components of this approach can also be applied to the other non-fatal complications.  The approach involves 
several related yet different analyses to comprehensively assess and fully characterize differences among the 
treatment arms with respect to this outcome. 

One characterization of this secondary endpoint will be in terms of the time from randomization until a patient 
experiences their first hospitalization for HF during their follow-up in the trial.  The methodology for analyzing 
censored failure-time data outlined previously for the primary endpoint will thus be applied to compare 
treatment groups with respect to this outcome. We point out that this analysis must be interpreted cautiously, 
however, because hospitalization as a non-fatal event may appear to occur with a lower incidence in one 
treatment group simply because that arm had a higher death rate. Obviously after patients die, they can no 
longer be hospitalized for their HF. To deal with this complexity, we will perform further analyses of this 
adverse complication by considering hospitalization for HF and death as a combined endpoint.  We will thus 
consider the time until the first occurrence of either death (any cause) or hospitalization for HF, and treatment 
differences will be assessed using the Cox proportional hazards model.  In support of this analysis, Kaplan-
Meier event-free survival curves for each treatment arm will be calculated to graphically display event rates 
over time for this composite endpoint. 

The third approach for analyzing this endpoint will take advantage of the fact that the two components of the 
composite endpoint (death or hospitalization) have a natural rank-ordering in terms of their severity.  The 
treatments can thus be compared with an approach that not only uses the time until the first occurrence of 
one of these component outcomes, but also factors in the severity of the outcome. The approach we will 
employ, developed by Berridge and Whitehead,39 combines the Cox proportional hazards model in conjunction 
with an ordinal severity of event model to potentially increase power for the treatment comparisons.  The 
severity of event portion is a continuation ratio-type ordinal logistic model.  An extended hazard function is 
defined by multiplying the regular Cox hazard function by the probability of the event being of severity j from 
the ordinal model, where j references the various severity categories. In this analysis, death will obviously be 
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considered as the most severe event, and hospitalization for HF as least severe. Within this framework, one 
can test whether one of the interventions under study in this trial prolongs the time to the first occurrence of 
either of these events, whether the therapy decreases the severity of the first event that occurs, or (with 2 
degrees of freedom), whether the therapy has either effect. 

Finally, since some patients may experience hospitalization multiple times, a comprehensive comparison of the 
treatment arms with respect to this outcome should take into account the longitudinal pattern in the repeated 
occurrences of such an event. In clinical situations where there may be multiple events per subject, it is 
desirable to be able to apply time-to-event methods such as the proportional hazards model which explicitly 
allow for varying lengths of patient follow-up and appropriately handle censored observations.  A major issue 
in extending proportional hazards regression models to this situation, however, is intra-subject correlation (i.e., 
where multiple events occur within the same patient, those events will be correlated).  Fortunately, there is 
active, ongoing methodological research on the application of survival models to this situation.40-43  In order to 
provide a more complete and comprehensive analysis of the hospitalization data, the approach we will use in 
STICH is based on extensions of the proportional hazards model that accommodate multiple events per 
patient. The specific approach makes use of cluster modifications of so-called sandwich estimates of the 
variance-covariance matrix of the regression coefficients, thus providing standard errors of the regression 
coefficients that take into account the correlations among multiple event times within a given patient.41-43 

Specialized software functions for performing such analyses are available in S-Plus.43 

Because of the problems already mentioned in analyzing hospitalization by itself, we will use the multiple -
event methodology outlined above, which not only allows multiple events per patient of the same type (e.g., 
multiple hospitalizations), but also accommodates events of different types.  Thus we will model both death 
and the multiple episodes of rehospitalization using multiple-events Cox model analysis.41-43  By synthesizing 
the results from these different but complementary approaches (that is, by considering hospitalization in terms 
of a single event per patient, in terms of multiple events per patient, and hospitalization combined with death), 
we will be able to provide a comprehensive assessment of treatment differences with respect to 
hospitalization, and as part of the analyses, identify and assess other clinical factors that are associated with 
this important secondary outcome. 

The approaches outlined above for analyzing hospitalization for HF can also be applied to other clinical 
outcomes and adverse events that will be of interest in this trial, such as stroke and other morbidity outcomes 
enumerated above. 

Functional Capacity Outcomes 
These outcomes will include distance covered in a six-minute walk test and exercise duration on a treadmill 
test. Of interest will be both the absolute magnitude of these measures as obtained during follow-up and also 
the change from baseline to the follow-up measurement.  Treatment group differences will be statistically 
assessed using the nonparametric Wilcoxon rank sum test. 

Physiologic Measures from Noninvasive Tests (Core Laboratory Data) 
There will be considerable noninvasive test data acquired in the trial, including cardiac magnetic resonance 
imaging, echocardiography, and nuclear cardiology (radionuclide) studies.  The schedule for obtaining these 
various tests is outlined in Tables 2 and 3 and generally involves the acquisition of data at baseline, at four 
months following study entry, and after two years of follow-up.  This information will be valuable in 
addressing the mechanisms responsible for differences or similarities in patient outcomes observed among the 
randomized arms in the trial. Furthermore, with treatment groups defined by randomization and tests 
systematically performed and uniformly interpreted, bias in the choice of therapy and in the choice of which 
tests are obtained is eliminated. The data from these various tests may be very important for identifying 
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subsets of patients where there are clear benefits of myocardial revascularization, and perhaps other subsets 
where intensive medical therapy is an attractive choice. Even where revascularization appears to be a 
superior strategy, there may be some patients who do and others who do not benefit from SVR. The 
noninvasive information acquired in the trial will therefore be very useful in defining a pretreatment strategy 
for performing a sequence of tests that will optimize the choice of therapy. 

The analysis of the data from these tests will consist of several parts: (1) a detailed assessment of the 
prognostic relationships of the baseline test data to clinical outcomes, and of the relative prognostic 
importance of each test; (2) an examination of differential treatment effects as a function of the baseline 
noninvasive test data; (3) a comparison between treatments of the changes in test results from baseline to 
four months as a characterization of early mechanistic effects of therapy; (4) an assessment of the four-
month measures and the change from baseline to four months as predictors of subsequent outcomes; (5) a 
comparison of treatments with respect to the two year test outcomes and the change from baseline to two 
years as viewed from the perspective of an endpoint, and also as it might relate to late clinical outcomes; (6) 
an analysis comparing treatment arms with respect to the trajectory of key noninvasive test measures, 
considering all three measurement times (baseline, four months, two years). 

For the analyses in part (1), we will use the Cox proportional hazards model to examine individual and joint 
relations between baseline test results and length of survival (or event-free survival in the case of the LV 
reconstruction endpoint).  For continuous baseline measures such as ejection fraction and ESVI, we will 
examine the shape and strength of the relationship by use of a flexible model-fitting approach involving cubic 
spline functions (cubic polynomials).44-46  The resulting functions will be graphically and statistically examined 
to assess the model assumptions and to judge the linearity of the relationships.  Where relations are nonlinear, 
their shape will be characterized using spline functions. Determining how variables should be modeled will be 
an important step in characterizing prognostic relations and identifying which variables are most strongly 
related to long-term outcome.  Once the important predictors from each individual test are identified, we will 
contrast the relative prognostic importance and the independent contribution of the various tests by jointly 
considering multiple tests. The modeling strategies to be used and the approach to evaluating the yield of each 
test are similar to those we have employed in previous studies.47,48  Because there will be over 400 deaths 
occurring in the study population during the period of follow-up, the sample size (number of events) will 
adequately support these extensive analyses. 

For step (2), we will use the key features identified in step (1) from each noninvasive test, and statistically test 
for a differential treatment effect using the Cox model. This will involve testing for interactions between 
treatment and specific baseline test measures (e.g., ESVI, measures of myocardial viability and myocardial 
perfusion). 

For step (3), the four-month test results and the change from baseline to four months in the prognostic factors 
identified in step (1) above will be descriptively summarized, and treatments will be compared using the 
Wilcoxon rank sum test in the case of continuous or ordinal measures, and the chi-square test for categorical 
variables. 

For step (4) where we are dealing with post-randomization information and attempting to judge its usefulness 
for predicting subsequent outcomes, the analysis becomes more complex. We will use two approaches. First, 
we will assess the relations of the four-month noninvasive test data to subsequent outcomes (outcomes after 
four months) in a fashion similar to that described above for the analysis of the baseline test data. Second, 
we will include events starting from randomization, but consider the four-month 
test results as intervening or time-dependent data, and factor this into the Cox model using time-dependent 
covariates. In both of these analyses, we will seek to address the issue of whether the four-month test results 
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or the change from baseline to four months provides independent predictive information beyond that contained 
in the baseline test data, and thereby assess the utility of doing the follow-up studies. 

For step (5), treatment arms will be compared with respect to two-year test outcomes (considering the test 
results as an endpoint) using a similar approach as described for the four-month data in step (3).  We will also 
attempt to judge the utility of the two-year test data in predicting subsequent outcomes as in step (4) above, 
recognizing, however, that the complexities of this analysis will require very cautious interpretation. 

For step (6), we will characterize the trajectory of key prognostic measures from the tests by considering all 
three measurement times. In considering the longitudinal nature of these data, there are three major statistical 
issues that must be considered in making treatment comparisons: (a) the data may not be normally 
distributed, (b) the longitudinal measures within subjects will be correlated, and (3) there will be ”missing” 
data, resulting from patients in whom it is not possible to obtain all three measurements (because they die or 
fail to return for other reasons to enable the follow-up measurements to be made).  To address the first two 
issues, we will use the generalized estimating equation (GEE) approach to model estimation and testing 
proposed by Liang and Zeger.49 The software for implementing this method is now available in a SAS macro-
routine accessible to the CC. For the third issue above (missing data), we will, of course, make every effort 
to minimize the amount of missing data. However, because there will inherently be missing data, we will 
incorporate several strategies and assess the sensitivity of our conclusions to the missing data approach 
employed. The alternatives that will be considered include (1) analyze only the patients with complete data; 
(2) assign “worst case” scores to missing observations; (3) carry forward previously observed data to 
observation periods that are missed later; and (4) use likelihood-based methods to impute missing data.  A 
description of these methods and their limitations is given in the review by Heyting.50 

By synthesizing the results from these different but complementary approaches, we will be able to provide a 
comprehensive assessment of treatment differences with respect to the key mechanistic noninvasive test 
data, judge whether there is a preference for one particular treatment depending on the results of the 
noninvasive tests, and develop a recommendation for performing the sequence of tests that will optimize the 
choice of therapy. 

With regard to physiologic measures such as neurohormonal levels and cytokine levels provided by the 
Neurohormone/Cytokine/Genetic Core Laboratory, there will be interest in both the absolute levels at follow-
up and also in the change from baseline to follow-up.  Treatment group differences will be statistically 
assessed using the Wilcoxon rank sum test applied to these various measures. 

Multiple Comparisons 
Although there are two primary aims, and there will be some overlap of the patients used for testing the two 
primary hypotheses [the overlapping patients will be those in Stratum B who are randomized to CABG 
(without SVR), projected to be approximately 75 patients], the statistical test for each primary hypothesis will 
be performed at the 0.05 level of significance. We justify this choice on the basis that the two hypotheses are 
addressing two very distinct questions.  Indeed, the endpoints for the two questions are different, and were it 
not for the overlapping patients, the study would basically resemble two separate trials. 

With two primary hypotheses and the various secondary endpoints that have been outlined, we recognize that 
there is a multiplicity of analyses to be performed, which leads to an increased probability that at least one of 
the comparisons could be "significant" by chance. There are adjustments (e.g., based on the 
Bonferroni inequality) that can be used to preserve the overall type I error level. To attempt to adjust for the 
effects of the repeated significance testing that will occur as part of the interim monitoring (discussed below), 
plus adjust for the multiplicity of analyses, would require that small significance levels be used for 
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every comparison. Instead of formally adjusting the significance level for the fact that there are two primary 
hypotheses and numerous secondary comparisons, we will be conservative in the interpretation of the 
analyses, taking into account the degree of significance, and looking for consistency across endpoints. The 
actual p-value for each comparison will be reported (not simply whether significance is achieved) to aid in the 
overall interpretation. Also, the Bayesian interpretations discussed above (along with so-called credible 
intervals) will assist in providing an appropriate interpretation of the study results. We have also pre-specified 
the primary and secondary outcome variables to help guard against the multiple testing problems. 

6.2.4 Safety Evaluation 
The assessment of safety is based mainly on the frequency of the pre-defined safety parameters and serious 
adverse events suspected by the investigator to be related to study treatment.  Other safety data (e.g., vital 
signs) will be considered and summarized as appropriate. 

Serious adverse events suspected by the investigator to be related to study treatment will be summarized for 
each treatment group by presenting the number and percentage of patients having any serious related adverse 
event, having a serious related event in each body system and having each individual serious related adverse 
event. 

6.2.5 Interim Analysis 
For ethical reasons, an interim examination of key safety and endpoint data will be performed at regular 
intervals during the course of the trial. The primary objective of these analyses will be to evaluate the 
accumulating data for an unacceptably high frequency of negative clinical outcomes in any of the treatment 
arms. In addition, however, the interim monitoring will also involve a review of the control arm event rates, 
patient recruitment, compliance with the study protocol, submission of data forms, and other factors which 
reflect the overall progress and integrity of the study.  The results of the interim analyses will be carefully and 
confidentially reviewed by a Data and Safety Monitoring Board (DSMB). 

It is anticipated that the DSMB will meet at approximately six-month intervals to review the accumulating 
data. Prior to each meeting, the Statistical Data Coordinating Center will conduct the desired statistical 
analyses and prepare a summary report that will be carefully reviewed by the DSMB. The extracted data 
files and analysis programs for each DSMB report will be archived and maintained at the Statistical Data 
Coordinating Center for the life of the study. Reports will be presented describing the progress of patient 
enrollment, the rates of compliance with therapy, and the frequency of protocol violations.  The Statistical 
Data Coordinating Center will also report on the number of forms received, the number of forms entered in 
the computer, the number of forms queried, the number of queries completed, the number of forms reviewed 
through on-site monitoring, and the number of forms receiving the final, completed entry in the double data-
entry system. 

These interim safety and efficacy reports introduce well-recognized statistical problems related to the 
multiplicity of statistical tests performed on an accumulating set of data.51,52  As a solution to the problem of 
repeated tests, we propose to adopt for use in STICH a group sequential method similar to that proposed by 
O'Brien and Fleming53 as a guide in interpreting interim analyses. This procedure requires large critical 
values early in the study, but relaxes (i.e., decreases) the critical value as the trial progresses. Because of the 
conservatism early in the trial, the critical value at the final analysis is near the "nominal" critical value.  
Hence the sample size requirements with this group sequential procedure remain essentially the same as the 
conventional fixed sample size estimate. The actual method for this interim monitoring that will be 
employed in STICH is the general approach to group sequential testing developed by Lan and DeMets54 for 
which neither the number of looks nor the increments between looks must be pre-specified.  Rather, the Lan-
DeMets approach only requires specification of the rate at which the Type I error (which in this trial will be 

DCRI/Confidential Protocol 4    06/16/2006 Page 36 



 

                                                                         

 
 

   
 

 
 

 
 

chosen to be α=0.05) will be "spent". This procedure allows "spending" a little of α at each interim analysis in 
such a way that at the end of the study, the total Type I error does not exceed 0.05. One such spending 
function generates boundaries that are nearly identical to the O'Brien-Fleming boundaries.  It is this approach 
that we propose to use in STICH, namely two-sided, symmetric O'Brien-Fleming53 type boundaries generated 
using the flexible Lan-DeMets54 approach to group sequential testing.  Since the number of looks and the 
increments between looks need not be pre-specified, it allows considerable flexibility in the monitoring process 
for accommodating additional comparative examinations of the data in response to concerns of the DSMB 
that may arise during the course of the trial. Assuming that the DSMB will conduct its first formal data 
review in the latter half of the first year of recruitment, and then continue those reviews approximately every 
6 months thereafter through the patient recruitment period (three years) and the follow-up phase (three 
years), there will be approximately eight to ten reviews of the data.  With nine interim analyses approximately 
equally spaced in time, the Lan and DeMets "spending function" that approximates the O'Brien-Fleming 
stopping boundaries involves a very stringent alpha level (0.00001) for declaring significance at the first 
interim analysis. At the subsequent interim analyses, the required significance levels will be somewhat less 
stringent. The requirements for significance at each interim analysis, depending on exactly when the analysis 
occurs, can be computed with the Lan-DeMets methodology, for which we have suitable computer software.  
The final analysis can be undertaken with a significance level of approximately 0.04, relatively close to the 
nominal 0.05 level. This approach to interim monitoring will be carried out in parallel for both of the primary 
study hypotheses. 

The analytic approach that will be used at the interim analyses for assessing treatment differences will be the 
time-to-event analysis methods described above, except that interpretation of statistical significance 
associated with treatment comparisons of key study endpoints will be guided using the group sequential 
stopping boundaries outlined above.53-55  The appropriateness of using the log-rank test (or equivalently the 
Cox model) in the group sequential framework has previously been well established.56-59  For each of these 
interim analyses, the critical value of the test statistic and the corresponding p-value required for significance 
in that particular analysis will be presented so that significance can be assessed precisely. If significantly 
large and important treatment differences are observed at any of the interim analyses, the DSMB may 
recommend that randomization of patients be stopped, or that the design and conduct of the trial be 
appropriately modified. Judgment concerning the continuation or termination of the study will involve not only 
the degree of statistical significance observed at the interim analysis, but also the likelihood of achieving 
significance should enrollment continue to the originally projected sample size. As an aid in this latter 
assessment, the Statistical Data Coordinating Center will supplement the group sequential analyses outlined 
above with calculations of conditional power based on the method of stochastic curtailment.60-62 

This procedure evaluates the conditional probability that a particular statistical comparison will or will not be 
significant at the end of the trial at the α level used in the design, given the hypothesized treatment difference 
and the data obtained to date. Conditional power for the primary comparisons associated with both primary 
hypotheses will be computed and provided to the DSMB as part of the interim study reports. 

The approach to interim monitoring outlined above will be carried out in parallel for both of the primary study 
hypotheses. In addition, for the LV reconstruction hypothesis where the primary endpoint is a composite of 
death or cardiac hospitalization, it will also be important to carefully monitor the mortality component of this 
endpoint. Thus mortality rates and associated confidence intervals for each arm (CABG and CABG + SVR) 
will also be monitored at the interim reviews to ensure that the safety of patients enrolled in the trial is not 
compromised. 
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7.  Ethics and Good Clinical Practice 

This study must be carried out in compliance with the protocol and in accordance with STICH standard 
operating procedures. These procedures are designed to ensure adherence to Good Clinical Practice, as 
described in the following documents: 

1. ICH Harmonized Tripartite Guidelines for Good Clinical Practice 1996. 
2. Directive 91/507/EEC, The Rules Governing Medicinal Products in the European Community. 
3. US 21 Code of Federal Regulations dealing with clinical studies (including parts 50 and 56 concerning 

informed consent and IRB regulations). 
4. Declaration of Helsinki, concerning medical research in humans (Recommendations Guiding 

Physicians in Biomedical Research Involving Human Subjects, Helsinki 1964, amended Tokyo 1975, 
Venice 1983, Hong Kong 1989, Somerset West 1996). 

The investigator agrees, when signing the contract with the Coordinating Center, to adhere to the instructions 
and procedures described in the protocol and thereby to adhere to the principles of Good Clinical Practice that 
it conforms to. 

7.1 Institutional Review Board/Independent Ethics Committee 
Before implementing this study, the protocol, the proposed informed consent form and other information to 
subjects, must be reviewed by a properly constituted Institutional Review Board/Independent Ethics 
Committee (IRB/IEC). A signed and dated statement that the protocol and informed consent have been 
approved by the IRB/IEC must be given to the Coordinating Center before study initiation. The name and 
occupation of the chairman and the members of the IRB/IEC must be supplied to the Coordinating Center. 
Any amendments to the protocol, other than administrative ones, must be approved by this committee. 

7.2. Informed Consent 
The investigator must explain to each subject (or legally authorized representative) the nature of the study, its 
purpose, the procedures involved, the expected duration, the potential risks and benefits involved and any 
discomfort it may entail. Each subject must be informed that participation in the study is voluntary and that 
he/she may withdraw from the study at any time and that withdrawal of consent will not affect his/her 
subsequent medical treatment or relationship with the treating physician. 

Eligible patients will be approached for consent to enter a specific stratum determined by MED and SVR 
eligibility. This informed consent should be given by means of a standard written statement, written in non-
technical language. The patient should read and consider the statement before signing and dating it, and 
should be given a copy of the signed document. If written consent is not possible, oral consent can be 
obtained if witnessed by a signed statement from one or more persons not involved in the study, mentioning 
why the patient was unable to sign the form. No patient can enter the study before his/her informed consent 
has been obtained. Once randomized, patients will be asked to provide a separate informed consent for 
genotyping. 

The informed consent forms are part of the protocol, and must be submitted by the investigator with it for 
IRB/IEC approval. The Coordinating Center will supply proposed informed consent forms, which comply 
with regulatory requirements and are considered appropriate for the study. Any changes to the proposed 
consent form suggested by the investigator must be agreed to by the Coordinating Center before 
submission to the IRB/IEC, and a copy of the approved version must be provided to the Coordinating 
Center after IRB/IEC approval. 
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