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Patients with significant coronary artery disease 
(CAD) and left ventricular (LV) dysfunction 
are at high risk for death and hospitalization. 

Coronary-artery bypass graft (CABG) surgery has 
been the traditional treatment for those whose LV 
dysfunction was thought to be due to chronic isch-
emia or hibernating myocardium. However, CABG 
carries significant risk in patients with impaired LV 
function. Surgical and medical therapies have im-
proved in recent years and the optimal strategy for 
treating these patients is not clear. To address this, 
the National Institutes of Health sponsored the surgi-
cal treatment for ischemic heart failure (STICH) trial, 
which enrolled patients with significant CAD and LV 
dysfunction, then randomized them to either CABG 

surgery + medical therapy or medical therapy alone. 
The overall study also included an arm comparing 
CABG alone vs CABG + surgical ventricular recon-
struction, but this paper presents only the data from 
the medical therapy vs CABG randomized trial. 

Inclusion criteria for the study were: age over 
18 years, symptomatic heart failure class II-
IV within 3 months of enrollment, LV ejection 
fraction � 35% within 3 months of trial entry, 
and CAD suitable for revascularization. Exclusion 
criteria included: recent myocardial infarction or 
cardiogenic shock, valvular heart disease requiring 
repair or replacement, > 1 prior cardiac operation, 
refractory ventricular arrhythmias, any condition 
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that significantly limited life expectancy 
or increased surgical risk, poor medical 
compliance, left main coronary stenosis � 
50%, and class III or IV angina. Medical 
therapy included angiotensin converting 
enzyme inhibitors (or angiotensin 
receptor blockers), beta-blockers, 
spironolactone, and antiplatelet therapy. 
Other medications, including statins and 
diuretics, were given for specific patient 
indications, and investigators were 
encouraged to avoid nonsteroidal anti-
inflammatories and to manage concurrent 
conditions (hypertension, arrhythmias, 
angina, dyslipidemia) according to 
guidelines. Surgeons were guided to use 
at least one internal mammary artery 
if possible. The use of implantable 
defibrillators and biventricular pacemakers 
were at the treating physician’s discretion. 

The study randomized 1212 patients in 
22 countries, including the United States, 
to medical therapy (n = 602) vs CABG 
+ medical therapy (n = 610). There were 
no differences between groups in baseline 
demographics, LV function, heart failure 
class, angina class, or angiographic 
severity of lesions. The mean age was 
60 years, 12% were female, 40% were 
diabetic, and 77% had prior MI. Initially, 
the investigators planned to enroll 2000 
patients for 3 years, but due to slow 
enrollment they had to alter the number 
of patients. Instead they enrolled 1200 
patients but followed them for longer (5 
years) and determined this would give them 
similar statistical significance. The primary 
endpoint was all-cause mortality; secondary 
endpoints were cardiovascular mortality 
and the combined endpoint of death or 
hospitalization for cardiovascular causes. 

Of those patients randomized to medical 
therapy, 17% crossed over to receive 
CABG; this was due to progressive 
symptoms or acute deterioration in 
symptoms in two-thirds and for patient or 
physician preference in one-third. Of those 
randomized to receive CABG, 9% crossed 
over and never received CABG; we are not 
told why. Adherence to medical therapy 
was high and similar in both groups. 
After a median follow-up of 56 months, 
the primary endpoint occurred in 41% 
of patients in the medical therapy group, 
and 36% in the CABG group (hazard 
ratio [HR] 0.86, P = 0.12), which failed to 

meet statistical significance. The secondary 
endpoints favored CABG, including lower 
rates of cardiovascular death (28% vs 
33%, P = 0.05) and lower rates of death 
or hospitalization for cardiovascular cause 
(58% vs 68%, P < 0.001). Notably, the 
CABG group had a higher mortality rate 
in the first 30 days, which then reached 
equipoise with the medical therapy group 
around 2 years, and thereafter the CABG 
group tended to have lower mortality. The 
authors performed exploratory analyses 
of the per-treatment groups (those who 
actually received CABG, whether by 
randomization or crossover, vs those 
who never received CABG). This analysis 
showed CABG was associated with lower 
mortality (HR 0.70, P < 0.001). They 
also performed a per-protocol analysis 
that excluded the patients who crossed 
over. This also showed a lower mortality 
in the CABG group (HR 0.76, P < 0.01), 
but these analyses should be considered 
hypothesis-generating only. The authors 
conclude that there was no significant 
difference between medical therapy 
alone and medical therapy plus CABG 
with respect to the primary endpoint 
of all-cause mortality. Patients assigned 
to CABG had lower rates of death 
from cardiovascular causes and death 
from any cause or hospitalization from 
cardiovascular causes. 

■ COMMENTARY
The authors are to be congratulated for 
this well-designed trial that addresses an 
important question. They screened their 
surgeons to find ones who had experience 
with this high-risk cohort and had 
achieved a surgical mortality < 5%. They 
achieved a very high adherence rate with 
medical therapy. Their results underscore 
the high mortality and rehospitalization 
rates in this patient group, despite optimal 
medical and/or surgical therapy. Several 
factors about the trial require clarification. 
The lack of statistical significance in the 
primary endpoint may be due to real 
differences in the treatments or to trial 
design factors. The intention-to-treat 
analysis is inherently biased against CABG. 
Firstly, because of the crossover rate, all 
patients in both groups received the same 
medical therapy, yet some analyzed in the 
medical therapy only group had actually 
received CABG. Secondly, because some 
patients were only followed up for 1 year, 
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It is believed that returning blood flow to chronically 
ischemic but viable myocardium in patients with 
heart failure due to coronary artery disease will 

improve symptoms and reduce mortality. However, 
the data supporting this belief is flawed. Thus, the 
surgical treatment for ischemic heart failure (STICH) 
investigators conducted a sub-study of the 601 
patients who had viability studies performed. Initially 
this was required in the protocol, but later it was 
made optional to improve enrollment. The STICH 
objective was the comparative efficacy of optimal 
medical therapy vs medical therapy plus coronary 
bypass surgery. This sub-study tested the hypothesis 
that those with demonstrable myocardial viability 
randomized to bypass surgery would do better than 
those without viability. The primary endpoint was all-
cause mortality. Secondary endpoints included death 
from cardiovascular cause and a combined endpoint 
of death from any cause and hospitalization for 
cardiovascular causes. Intention-to-treat and actual 
treatment analyses were performed.  

Among the 601 out of 1212 patients enrolled in 

STICH who had viability testing, 487 had viable 
myocardium. Of the latter, 244 were assigned to 
surgery. Of the 114 without viable myocardium, 54 
were assigned to surgery. Overall those with viable 
myocardium had a lower death rate than those 
without (37% vs 51%, hazard ratio [HR] 0.64; 95% 
confidence interval [CI], 0.48-0.86, P = 0.003). After 
adjustment for baseline variables, this association 
with survival was no longer significant (P = 0.21). The 
combined endpoint after adjustment was significant 
(P = 0.003), but not other secondary endpoints. 
No interaction was observed based upon treatment 
groups in any endpoint analyzed by intention to treat 
or actual treatment. The authors concluded that the 
identification of viable myocardium did not predict 
a better survival from bypass surgery compared to 
optimal medical therapy alone.  

■ COMMENTARY
Patients with left ventricular (LV) dysfunction or 
heart failure due to ischemic heart disease often have 
2 or 3 vessel disease and are considered for surgical 
revascularization. Since they are higher risk for 

and some CABG patients waited up to 6 months 
from randomization to receive surgery, the early 
surgical mortality biases against CABG in those 
followed for shorter periods of time. Although the 
investigators did their best to account for this in the 
power calculation, an inherent bias remains. 

Importantly, the slow recruitment necessitated 
changing the enrollment criteria during the study 
and this required changing the assumptions in the 
power calculations. The mortality curves clearly 
diverge and it is likely that with longer follow-
up the CABG mortality would be statistically 
significantly lower. Thus, one must question 
whether the study was effectively underpowered for 
the event rates that were seen. Furthermore, the per-
treatment and per-protocol analyses support CABG 
as the superior treatment; however, these must be 
considered exploratory only. 

In addition, we are not given several important 

pieces of information, including the effects on LV 
function, the use of devices such as biventricular 
pacemakers or defibrillators in each group, whether 
or not there was inducible ischemia, and other 
clinical outcomes such as stroke, quality of life, and 
the cost-effectiveness of each approach. These will 
likely be the subjects of future manuscripts. 

Should we abandon CABG based on the STICH 
trial results? Certainly not! When presented with an 
individual patient with CAD and LV dysfunction, 
medical therapy should be initiated and optimized. 
CABG remains the treatment of choice for patients 
with left main stenosis > 50% (who were excluded 
from this trial and thus medical therapy has not 
been tested in these patients). Other patients who 
have significant CAD should be referred for CABG 
if there is acute or chronic deterioration, as in this 
study. However, in the stable CAD patient with LV 
dysfunction, an initial strategy of medical therapy 
seems reasonable. More data are still needed.   ■

ABSTRACT & COMMENTARY

Value of Myocardial Viability Testing  
in STICH
By Michael H. Crawford, MD, Editor

SOURCES: Bonow RO, et al. Myocardial viability and survival in ischemic left ventricular dysfunction. N Engl J Med 2011;364:1617-1625; 

Fang JC. Underestimating medical therapy for coronary disease…again. N Engl J Med 2011;364:1671-1673.
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Cerebrovascular events (CVE), including stroke 
and transient ischemic attack (TIA), are recog-
nized complications of percutaneous coronary 

intervention (PCI). Recent years have seen refinements 
in PCI techniques that have allowed older and sicker pa-
tients to undergo PCI. At the same time, improvements 
in antithrombotic and antiplatelet medications have 
reduced the ischemic coronary complications of PCI. 
Whether these changes have altered the risk of CVE 
in patients undergoing PCI is not known. Accordingly, 
Hoffman and colleagues examined the Mayo Clinic 
database of 24,126 PCI hospitalizations between 1994 
and 2009 to determine the temporal trends in the inci-
dence and predictors of CVE,  as well as the outcomes 
in patients who suffer CVE following PCI. 

The authors compared patients undergoing PCI 
based on whether they did or did not suffer a CVE 
during the hospitalization. There were numerous 

differences in the baseline demographics between 
those who suffered a CVE and those who did not. 
Those who suffered a CVE were older (74 ± 11 
years vs 66 ± 12 years, P < 0.001), more likely to 
be female (51% vs 29%, P < 0.001), have had a 
recent myocardial infarction (MI; 60% vs 32%, 
P < 0.001) or pre-procedural shock (11% vs 4%, 
P < 0.001), have a history of prior CVE (32% vs 
11%, P < 0.001), or renal failure (8% vs 4%, P 
< 0.05). Interestingly diabetes, dyslipidemia, and 
congestive heart failure (CHF) were not associated 
with an increased risk for CVE.  Angiographic and 
procedural variable also differed between groups. 
Those who suffered a CVE had more diseased vessels 
and more vessel segments treated, higher incidence of 
visible thrombus (55% vs 31%, P < 0.001), higher 
rates of intra-aortic balloon pump use (6% vs 2%, 
P = 0.03), and were more likely to be undergoing 
PCI for emergent indications (40% vs 19%, P < 

surgery, the surgeons are often reluctant to operate.  
They are especially reluctant if the LAD cannot be 
bypassed or if the patient has no angina. At this point, 
viability testing is often suggested. In my experience, 
viability testing is only useful if it shows viability, 
because then the surgeons are more likely to operate. 
This study is of interest because it shows that even 
in these patients medical therapy reduces mortality 
and rehospitalization as well as surgery. This begs the 
question of why do expensive viability testing? 

Unfortunately, we do not really know what care 
strategy was being tested here since viability 
testing was not randomized, but rather was at the 
discretion of the caring physician at each site. The 
demonstrated significant differences between the 
patient characteristics who did and did not have 
viability studies suggests considerable selection bias. 
Another problem is that SPECT and dobutamine 
stress echo were employed, which may have affected 
the results. Also, PET and contrast enhanced 
MRI were not used, which many believe are more 
accurate. In addition, only 19% of the patients 
tested had nonvariable myocardium which reduces 
the power of the study for detecting an impact of 
revascularization in these patients. Finally, the death 
rate was low in the medical group with viability 

(7%/year) making it difficult to show a benefit 
from surgery. Surgery has an upfront mortality 
cost that would have been avoided if percutaneous 
revascularization was used.  Many of these patients 
would now be treated by percutaneous techniques.

In the univariate model, viability did predict the 
endpoint of the study but not in the multivariate 
model. This suggests that other clinical factors, 
such as ejection fraction and heart failure class, 
reflected the viability status and provided other 
prognostic information. Most (61%) of the 
patients had angina pectoris; perhaps this is 
enough evidence of viability.  The study excluded 
those with left main disease and those with severe 
angina.  Perhaps any angina or objective evidence 
of ischemia (positive stress test with imaging) 
should favor revascularization. This strategy 
would leave those with low EF and heart failure 
symptoms as candidates for further evaluation for 
revascularization. The results of this study suggest 
that such patients may do as well with optimal 
medical therapy. One strategy would be to try 
medical therapy first and refer only those with 
persistent heart failure symptoms and low EF to 
revascularization. In this group viability testing my 
play a role, but this remains to be validated.   ■

ABSTRACT & COMMENTARY

Stroke in Patients Undergoing PCI
By Andrew J. Boyle, MBBS, PhD
Assistant Professor of Medicine, Interventional Cardiology, University of California, San Francisco

Source: Hoffman SJ, et al. Trends, predictors, and outcomes of cerebrovascular events related to percutaneous coronary intervention. A 16-year single-
center experience. J Am Coll Cardiol Intv 2011;4:415–422.



June 2011 45

ABSTRACT & COMMENTARY

Risk Factors for Atrial Fibrillation
By John P. DiMarco, MD, PhD
Professor of Medicine, Division of Cardiology, University of Virginia, Charlottesville

Dr. DiMarco does research for Medtronic, is a consultant for Medtronic, Novartis, and St. Jude, and is a speaker for Boston Scientific.

Source: Huxley RR, et al. Absolute and attributable risks of atrial fibrillation in relation to optimal and borderline risk factors: The Atherosclerosis Risk in 
Communities (ARIC) study. Circulation 2011;123:1501-1508.

0.001). The use of glycoprotein IIb/IIIa inhibitors, 
unfractionated vs low molecular weight heparin, and 
radial vs femoral approaches were not associated the 
occurrence of CVE. 

The incidence of CVE was 0.37%, of which 78% 
were stroke and 22% were TIA. Of the strokes, 
92% were ischemic, 7% were hemorrhagic, and 
1% unknown (no imaging). Over 16 years, the rate 
of CVE remained similar. The authors performed 
multivariate analysis and found four independent 
predictors for CVE (with odds ratio in parentheses): 
age, per decade (1.47); female gender (1.8); MI 
within 7 days (2.2); and previous CVE (2.7) (all P < 
0.01). Interestingly, the rate of peri-procedural CVE 
has not changed significantly over the past 16 years. 
After multivariable adjustment, the rate numerically 
decreased from approximately 0.6% to 0.3%, but 
this did not reach statistical significance. 

As expected, both short- and long-term outcomes 
were significantly worse in patients who 
suffered a CVE. Procedure-related MI, access-
site complications, hemodynamic instability, 
requirement for emergency balloon pump or 
coronary artery bypass surgery, and post-procedural 
renal failure were all more likely to occur in patients 
who suffered CVE. In-hospital mortality was 19% 
vs 2% (P < 0.001) and long-term mortality was also 
significantly higher (P < 0.01). The authors conclude 
that the incidence of PCI-related CVE has remained 
steady over a 16-year period, despite an increase 
in baseline risk profile. Age and prior history of 
CVE were the strongest independent demographic 
predictors. PCI-CVE had a markedly adverse impact 

on early and late outcomes. 

■ COMMENTARY
Stroke remains perhaps the most devastating 
complication of PCI. In assessing a patient’s risk 
for invasive therapies such as PCI, an accurate 
assessment of the likelihood of complications is 
paramount. This study gives us pertinent information 
to relay to our patients in deciding on whether or 
not to pursue PCI. The four independent predictors 
of CVE identified by Hoffman and colleagues 
(age, female gender, recent MI, and previous CVE) 
identify the highest risk patients. In fact, the risk of 
PCI-related CVE is 9-fold higher in an octogenarian 
than a patient younger than 50 years of age, and in 
an octogenarian with prior CVE it is 19-fold higher 
than a younger patient without prior CVE. With 
such dramatic differences in the rate of CVE, it is 
paramount that we accurately counsel our patients 
on their individual risk. 

This study is limited by its retrospective 
observational nature. Thus, no changes in 
management based on these observations can be 
recommended at this time. In addition, we are not 
provided with information on the level of anti-
coagulation during the procedure, the procedure 
length, or the rate of atrial fibrillation. All these 
factors, and others, may influence the rate of CVE. 
Thus the dataset in not complete. However, this 
study improves our ability to individualize risk 
assessment for an individual who is considering 
PCI, based on clinical factors before going to the 
cath lab, and may therefore improve our clinical 
decision-making.   ■

The ARIC Study is a prospective epidemiologic 
study of atherosclerosis in four communities in 
the United States (Fairfax County, NC; Jack-

son, MS; Washington County, MD; and Minneapo-
lis, MN). Patients were recruited for ARIC between 
1987 and 1989 and had been followed sequentially 
since. This paper examines the relationships between 
baseline risk factors and later development of atrial 

fibrillation (AF) in this cohort.  

Patients enrolled in ARIC were categorized as 
having an optimal AF risk factor profile if at 
baseline they had no history of cardiac disease, 
a systolic blood pressure of less than 120 and a 
diastolic blood pressure of less than 80 mg, no use of 
antihypertensive medications, a body mass index less 
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than 25 kg/m2, a fasting serum glucose less than 100 
mg/dL, and no history of antidiabetic medications or 
diagnosed diabetes mellitus and no smoking history. 
Borderline and high-risk profiles were also created 
using the same general categories. During follow-
up through the end of 2007, incident AF and atrial 
flutter were diagnosed by ECGs done at study visits, 
the presence of an AF code in a hospital discharge, or 
AF listed as any cause of death on a death certificate.  

The initial study group of almost 15,000 subjects 
included 55% women and 25% blacks and had 
a mean age of 54.2 years. Only 5% of the cohort 
had an optimal risk factor level. Just over one-
quarter had one or more borderline risk factor 
levels. Two-thirds of the cohort had more than 
one elevated risk factor at study baseline. More 
than 80% of blacks had one or more elevated risk 
factors compared to approximately 60% of whites.  
During long-term follow-up there were 1,520 cases 
of incident AF. The age-adjusted incidence rates 
were 7.45, 4.59, 5.27, and 3.67 per 1,000 patient 
years among white men, white women, black men, 
and black women, respectively. Incident AF was 
strongly related to the presence of risk factors with 
an age-adjusted incidence rate three times higher 
among those with one or more elevated risk factors 
compared to those without any risk factors. For any 
category risk factor level, white men had the highest 
incident rate for AF and black women the lowest 
rate. Population-attributable fraction estimates 
were made showing that having � 1 elevated risk 

factor could explain approximately 50% of AF 
events. Borderline risk factor presence explained an 
additional 6.5% of all AF events. This resulted in an 
estimate that modifiable risk factors were the cause 
of 44% of events in white men and 61% in black 
women. Of the population-attributable factors, 
elevated blood pressure was the most important 
contributor. Obesity and being overweight were the 
next two most important risk factors.  

The authors conclude that maintaining an optimal 
risk factor could theoretically avoid more than 
half of the incident cases of AF. The authors argue 
that primary prevention strategies that enable 
individuals to adopt and maintain healthy diet and 
behavioral patterns may prevent AF.

■ COMMENTARY
This paper makes several interesting observations. 
The lower incidence of AF among blacks as 
opposed to whites despite the increased prevalence 
of risk factors among the former has been noted 
by other authors and is unexplained. The data also 
highlight that prevention of AF must start early in 
life. Prevention of hypertension and obesity during 
a patient’s early and mid-adult years, rather than 
late treatment after these problems develop, will 
be necessary to prevent the atrial distention and 
fibrosis that so often results in AF. Unfortunately, 
the incidence of these risk factors is increasing, not 
decreasing in the U.S. population, and it’s likely 
we’ll see even more AF in future years.   ■

Hypertension is usually asymptomatic, so 
adherence to drug therapy is an issue, 
especially if the drugs used cause symptoms. 

Thus, these investigators performed a meta-
analysis of 17 studies that measured adherence to 
antihypertensive drugs based upon medication refill 
data in order to determine the adherence rate of 
different antihypertensive drug classes. 

The selected studies involved more than 900,000 
patients and showed a range of adherence values 
across drug classes from 28% to 65%. Angiotensin 
receptor blockers (ARBs) had the best adherence 
compared to all other classes (P < 0.05). Almost 

all studies showed a lower adherence to diuretics 
than all other classes (P < 0.05). The relative 
adherence of the drug classes from highest to 
lowest were ACE inhibitors, calcium blockers, 
and beta-blockers. Various analytic methods were 
used that did not change the overall results, but 
the statistical significance between ARBs and 
angiotensin-converting enzyme (ACE) inhibitors 
or between diuretics and beta-blockers was lost 
with some analyses. The authors concluded that 
there are important differences in adherence to 
antihypertensive therapy by drug classes with the 
highest rate of adherence in renin-angiotensin 
system blockers and the lowest in beta-blockers and 

ABSTRACT & COMMENTARY

Compliance with Antihypertensive Therapy
By Michael H. Crawford, MD, Editor

Source: Kronish IM, et al. Meta-analysis: Impact of drug class on adherence to antihypertensives. Circulation 2011;123:1611-1621.
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diuretics. However, even the best adherence rates 
observed were suboptimal in these trials.  

■ COMMENTARY
In hypertension, compliance with antihypertensive 
drugs is the key to effective treatment. This may 
explain why treatment based on renin-angiotensin 
system blockers and calcium antagonists have shown 
better outcomes than those based upon beta-blockers 
and diuretics. There may be several reasons for 
these observed differences in compliance with drug 
therapy, but the most obvious is adverse effects. The 
drugs with the least adherence have the most side 
effects and vice versa. The high adherence drugs are 
the newest drugs, so some have claimed there is a 
physician bias toward heavily marketed drugs. As 
this study shows, patients vote with their adherence 
rate and these new drugs just have lower side effects. 

In fact, in the outpatient setting, I always start with 
an ARB because I do not want 10% of my patients 
stopping therapy because of ACE inhibitor cough.  

There are limitations to this study. ARBs were the least 
prescribed drug; probably because until recently there 
was no generic one available in the United States. This 
may have biased the results in favor of ARBs. Not all 
drug classes were studied (e.g., alpha blockers). The 
study does not address the current recommendations 
and practice of initially prescribing drug combinations, 
especially in patients with very high blood pressures. 
Almost every combination of two antihypertensive 
drugs are available now in one tablet with a few tablets 
containing three drugs. Of course cost continues to be 
an important factor in patients’ preference for drugs, 
but interestingly the relative costs of the drugs in this 
study did not seem to affect adherence significantly.   ■

The province of Ontario in Canada maintains 
a comprehensive database of all implantable 
cardioverter-defibrillator (ICD) implants. 

In this paper, Krahn and colleagues examine the 
complications related to ICD generator changes 
over a 30-month period from February 2007 to 
August 2009. Data in the Ontario ICD Database 
are submitted by the local electrophysiologists and 
a trained research coordinator at each implant 
center. Complications were routinely evaluated 
using a standard checklist and categorized as either 
major or minor. Major complication required a 
repeat procedure, hospitalization, or parenteral 
therapy. The authors then analyzed the data to 
identify clinical and procedural factors associated 
with complications.

During the period of this study, there were 1,081 
ICD replacement procedures in Ontario. The mean 
age was 66 years and 82% of the patients were 
male. Approximately two-thirds of the patients had 
ischemic heart disease and more than 50% of the 
devices were placed for secondary prevention. The 
replacements included 350 single-chamber devices, 
383 AV devices, and 348 cardiac resynchronization 
therapy defibrillator (CRT-D) devices. A total of 
88 complications occurred in 47 patients (4.3%). 

Forty-seven major complications were observed in 
28 patients. The most common major complications 
were pocket infection sepsis (23 patients, 1.7%), lead 
replacement (16 patients, 1.4%), electrical storm 
(14 patients, 0.7%), and pulmonary edema (10 
patients, 0.9%). Lead extraction was required for 
11 leads in nine patients and lead repositioning was 
required in an additional seven patients. There were 
six strokes or noncerebral embolism during follow-
up and four of these six patients had undergone 
defibrillation threshold testing at the time of their 
generator change. Forty-one minor complications 
were noted in 25 patients. These consisted mostly of 
incisional infections or pocket hematomas. A number 
of clinical and procedural factors were associated with 
an increased risk for complications. Hazard ratios 
above 2 were noted for the following factors: elevated 
angina class, prior myocardial infarction, CRT device, 
more than one previous device procedure, insertion of 
a new lead, New York Heart association functional 
class III or IV, surgeon vs nonsurgeon implanter, 
and documented coronary artery disease. Implanter 
volume was inversely associated with the risk for 
complications. Major complications were associated 
with a substantially increased risk of mortality at 
45, 90, and 100 days with adjusted hazard ratios for 
mortality of 9.6, 12.7, and 6.4, respectively.

ABSTRACT & COMMENTARY

Complications of ICD Replacements
By John P. DiMarco, MD, PhD
Professor of Medicine, Division of Cardiology, University of Virginia, Charlottesville

Source: Krahn AD, et al, for the Ontario ICD Database Investigators. Predictors of short-term complications after implantable cardioverter-defibrillator 
replacement: Results from the Ontario ICD Database. Circ Arrhythm Electrophysiol 2011;4:136-142.
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advantages and 
disadvantages, as 
well as possible 
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CME Questions

The authors conclude that complications 
are common in patients undergoing ICD 
replacement and these complications are 
associated with a risk for mortality. 

■ COMMENTARY
It has been well recognized that there 
is a higher risk of complications with 
pacemaker and ICD generator changes 
than with the initial implant procedures 
themselves. At the time of most generator 
changes, the leads are stable and do not 
need to be remanipulated. However, the 
pockets may be extensively scarred and 
poorly vascularized and careful attention to 
surgical technique is necessary to prevent 
future problems. If a new lead has to be 
inserted as a replacement for a poorly 
functioning lead or as part of an upgrade, 
the implanter often has to deal with difficult 
venous access and must enlarge an already 
scarred pocket. The shape of the new device 
may not be the same as the prior unit and 
this can cause further problems. One of 
the most common reasons patients are 

referred to my center for device extraction 
is an infected or an eroded pocket after a 
generator upgrade or change. To avoid this, 
we try to open the pocket widely and break 
up or resect some of the generators pocket 
capsule if it’s thick.

There is no substitute for very careful 
surgical technique at the time of ICD 
generator change or upgrade. One must 
take care to make sure the pocket size is 
adequate and that there is no tension on 
the incision or pressure on the overlying 
skin. This is particularly a problem if 
a new lead or a different size or shape 
generator is to be implanted. The other 
major issue that arises is what to do 
with warfarin or antiplatelet agent at 
the time of generator change. We now 
usually maintain warfarin or hold it only 
briefly and avoid use of fractionated 
or unfractionated heparin. This has 
markedly cut down on post-operative 
hematomas, which often are the cause of 
later infections.   ■

27. Adherence to 
antihypertensive drugs is best for 
which class of agents?
a. Beta-blockers 
b. Renin-angiotensin system  
 blockers
c. Diuretics
d. Calcium blockers

30. Which of the following is 
correct concerning stroke with 
PCI? 
a. The low rate has not changed 
over 16 years 
b. Diabetes increases the risk
c. Glycoprotein IIb/IIIa use 
reduces the risk
d. Radial artery approach 
reduces the risk

28. Traditional cardiac disease 
risk factors account for what 
percentage of new atrial 
fibrillation cases?
a. About 25%
b. About 50% 
c. About 75%
d. Almost all

31. Myocardial viability testing 
in patients with ischemic 
cardiomyopathy predicts:
a. who will benefit from optimal 
medical therapy.
b. who will benefit from bypass 
surgery.
c. who will have fewer 
hospitalizations plus lower 
mortality. 

29. In patients with symptomatic 
ischemic cardiomyopathy, 
bypass surgery results in:
a. no difference in all cause 
mortality.
b. reduced cardiovascular death.
c. reduced stroke.
d. A&B 

32. The most common 
serious complication of ICD 
replacement is:
a. electrical storm.
b. pulmonary edema.
c. pocket infection sepsis. 
d. pulmonary embolus.

Answers: 27. b, 28. b, 29. d, 30. a, 
 31. c, 32. c
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Clinical Briefs in ™

Rethinking  
Postmenopausal HRT

Source: LaCroix AZ, et al. JAMA 2011; 
305:1305-1314.

THE FINAL RESULTS OF THE WOMEN’S 
Health Initiative trial (WHI) may not 

be the end of the story. Much-anticipated 
favorable cardiovascular outcomes from 
hormone replacement therapy (HRT) 
were conspicuously absent from the trial 
results at 7.1 years; when coupled with 
increases in stroke, thrombotic events, 
and breast cancer, most clinicians walked 
away from HRT. But the story doesn’t 
end there.

Remember that the mean age of the 
WHI participants was 63 years; hence, 
most of the study subjects were more 
than a decade postmenopausal, not rep-
resentative of the patients who typically 
seek relief of menopausal symptoms dur-
ing the perimenopause and early meno-
pausal years (usually ages 50-52 years). 

The WHI included a large subset of 
hysterectomized women (n = 10,739) 
who received only estrogen therapy (i.e., 
no progestin). LaCroix et al report on ex-
tended post-trial follow-up of this popu-
lation, adding another 5.8 years of obser-
vation to the original mean 5.9 years of 
the clinical trial.

At the 10.7 year mark, some of the 
initially described differences between 
estrogen and placebo were eradicated.
Risk of coronary heart disease (CHD), 
deep vein thrombosis, stroke, hip frac-
ture, and total mortality were not statis-
tically significantly different in the two 
populations, even though initial results 
indicated some detrimental estrogen ef-
fects. At 10.7 years, there was a statisti-

cally significant 23% lower risk of breast 
cancer in women receiving estrogen 
replacement than placebo. As has been 
noted in previous recent publications 
about the WHI, younger women (age 
50-59 years) had neutral or favorable 
outcomes for CHD, myocardial infarc-
tion, and total mortality, whereas older 
women incurred negative effects. Young 
(age 50-59 years) symptomatic women 
should have such considerations incor-
porated into decisions about HRT.   �

The Pistachio Diet for 
Erectile Dysfunction

Source: Aldemir M, et al. Int J Impot Res 
2011;23:32-38.

ERECTILE DYSFUNCTION (ED) IN MID-LIFE 
males is recognized to stem most 

often from endothelial dysfunction, a 
commonplace consequence of dyslipid-
emia, diabetes, hypertension, or cigarette 
smoking. Pistachios have been shown 
to improve lipid fractions, but have not 
been studied in reference to functional 
improvement in endothelial function. To 
that end, Aldemir et al studied 17 men 
with established ED.

Study subjects ingested about 3½ 
ounces (570 kcal) of pistachios daily at 
lunch for 3 weeks. No other health in-
terventions were used and subjects were 
asked to maintain similar exercise and 
other dietary patterns unchanged. At base-
line and 3 weeks, the International Index 
of Erectile Function (IIEF) score and pe-
nile Doppler ultrasound were measured. 

Compared to baseline, there was a 
statistically significant and clinically rel-
evant increase in the IIEF score (from 36 

at baseline to 54 at 3 weeks). Penile flow 
velocity improved by more than 20%. As 
had been confirmed in prior studies, fa-
vorable effects on total cholesterol, LDL, 
and HDL were seen.

The authors attributed the positive 
effects of pistachios potentially to anti-
oxidant effects, as well as healthful lipid 
effects, the latter of which has previ-
ously been shown to promptly improve 
endothelial function. Because the stud-
ied “dose” of pistachios has substantial 
caloric impact (almost 600 calories), di-
etary restriction of other components for 
some patients might be necessary if they 
desire to add this amount of pistachios to 
their menu.   �

Vitamin D and  
Hypertension

Source: Bhandari SK, et al. J Clin Hy-
pertens 2011;13:170-177.

LET’S MAKE THIS SIMPLE: VITAMIN D 
deficiency causes EVERYTHING. 

Well, at least that’s the way things seem 
these days. In addition to the widespread 
awareness that insufficient vitamin D 
— as demonstrated by measurement of 
serum 25-hydroxy-vitamin D — is ram-
pant, maladies from all spheres of medi-
cine are increasingly recognized to be as-
sociated, to one degree or another, with 
vitamin D. Today, it is hypertension.

Bhandari et al begin their discussion 
of the relationship between vitamin D 
and hypertension (HTN) by pointing 
out that as many as 40% of U.S. adults 
are vitamin D deficient. Epidemiologic 
analyses suggest that all-cause mortal-
ity is lower in vitamin D supplemented 
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persons. Because vitamin D is involved 
with the renin-angiotensin-aldosterone 
system, it does not require a great stretch 
of the imagination to visualize a vitamin 
D-HTN linkage.

The data studied by the authors include 
2,722 adult members of the Southern 
California Kaiser Permanente health care 
system. Rates of HTN were compared 
with quartiles of vitamin D. A linear and 
inverse relationship between vitamin D 
status and HTN was observed, such that 
individuals in the lowest vitamin D quar-
tile were almost three times as likely to 
have HTN as those in the highest quartile. 

Whether vitamin D supplementation 
could improve blood pressure or prevent 
development of HTN remains to be deter-
mined. In the meantime, add another item 
to the growing list of health issues in some 
way linked to vitamin D status.   �

Bromocriptine for 
Type 2 Diabetes

Source: DeFronzo RA. Diabetes Care  
2011;34:789-794.

BROMOCRIPTINE (BRO) IS A NEW AND  
novel treatment for type 2 diabe-

tes (DM2). In contrast to other classes 
of DM2 pharmacotherapy, which act at 
well-defined receptor sites to induce in-
sulin secretion or improve insulin sensi-
tivity, BRO works in a more global fash-
ion by resetting levels of dopaminergic 

and sympathetic tone within the central 
nervous system (CNS). For example, el-
evation of hypothalamic dopamine lev-
els reduces sympathetic nervous system 
activity resulting in improved glucose 
tolerance, reduced free fatty acids, and 
enhanced insulin sensitivity. The CNS ef-
fects can be harnessed by ingesting BRO 
in a rapid-release form (the form cur-
rently approved for DM2 treatment) in 
the morning, which is believed to reduce 
metabolic consequences of the morning 
dopamine decline often seen in diabetics.  

A large (n = 3,070) 1-year random-
ized, placebo-controlled trial added BRO 
to various diabetes regimens, including 
diet, oral agents, and/or insulin. The BRO 
treatment group enjoyed a 40% reduc-
tion in the pre-specified cardiovascular 
endpoint (a composite of myocardial in-
farction, stroke, death, coronary revascu-
larization, and hospitalization for angina 
or congestive heart failure). Although 
the mechanism by which BRO results in 
improved cardiovascular outcomes is un-
certain, reductions in blood pressure and 
heart rate might be contributors. BRO is 
generally well tolerated and provides an-
other category of treatment that may be 
used in combination with essentially any 
other diabetes medication.   �

Amitriptyline vs  
Duloxetine for  
Diabetic Peripheral 
Neuropathic Pain

Source: Kaur H, et al. Diabetes Care 
2011;34:818-822.

DIABETIC PERIPHERAL NEUROPATHIC PAIN 
(DPNP) is challenging because not 

only does it induce a substantial pain bur-
den, but also the pain is typically worse 
at night — resulting in sleep deprivation 
— and exacerbated by activity, compro-
mising the ability for patients to perform 
the exercise that is so critical in weight 
maintenance. Although only two drugs 
have received specific FDA approval for 
management of DPNP (pregabalin, dulox-
etine), clinicians often use drugs off-label, 
including amitriptyline. Few head-to-head 
trials are available with which to compare 
various commonly used agents.

Kaur et al performed a double-blind 
crossover trial of amitriptyline (up to 50 
mg/d) vs duloxetine (up to 60 mg/d) in 

58 study subjects. The primary outcome 
was patient-assessed global efficacy at 6 
weeks. 

The outcomes with duloxetine and ami-
triptyline were essentially equivalent, and 
tolerability was also quite similar, although 
dry mouth was statistically significantly 
more common with amitriptyline. Compa-
rable improvement in sleep was also seen 
with both medications. Since amitriptyline 
is available generically at a low price, it 
presents a viable therapeutic alternative for 
patients whose dry mouth is not a limiting 
adverse effect.   �

Testosterone  
Replacement in  
Diabetes and the  
Metabolic Syndrome

Source: Jones TH, et al. Diabetes Care 
2011;34:828-837.

BOTH METABOLIC SYNDROME (MBS) AND 
type 2 diabetes (DM2) have been 

consistently found to be associated with 
low testosterone (TST) levels. Several 
new formulations of topical TST have 
become available in the last few years, 
simplifying treatment of hypogonadism. 
Jones et al studied the effects of TST 2% 
gel daily applications in hypogonadal men 
with MBS or DM2 treated for 1 year.

TST replacement produced numerous 
favorable effects in these hypogonadal 
men, including improvements in insulin 
resistance, a reduction in A1c, and lower 
LDL and lipoprotein A. Decreased libido 
and reduced sexual function are the most 
common presenting symptoms of hypogo-
nadism, and numerous clinical trials have 
confirmed a prompt, sustained favorable 
response in these domains, which was 
similarly confirmed in this trial.  

Tolerability of TST 2% gel was similar 
to placebo. When adverse effects did oc-
cur, more than 96% were considered mild 
or moderate. Cardiovascular (CV) events 
were seen more often in the placebo 
group, a reassuring finding since another 
trial published recently found a disarm-
ingly marked increase in CV events in 
frail, senior men treated with TST. 

In addition to improving target symp-
toms for which hypogonadal men seek 
relief, TST replacement can provide sev-
eral other favorable metabolic effects in 
persons with DM2 or MBS.   �
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and FDA actions.

Calcium supplements and MI risk
Do calcium supplements increase the risk of 

myocardial infarction (MI)? Researchers from New 
Zealand recently reanalyzed data from the Women’s 
Health Initiative (WHI) in an attempt to answer this 
question. In 2008 the same group published a ran-
domized, placebo-controlled trial of calcium supple-
ments in nearly 1500 healthy postmenopausal women 
that showed upward trends in cardiovascular event 
rates with calcium use (BMJ 2008;336:262-266). 
The same group subsequently carried out a meta-
analysis of cardiovascular events in randomized, 
placebo-controlled trials of women taking calcium 
supplementation without vitamin D. In that study, 
calcium supplementation significantly increased the 
risk of MI by about 30% (BMJ 2010;341:c3691). 
Although these studies garnered some interest, they 
were also viewed with skepticism, and most physi-
cians, especially in this country, did not change their 
practice of recommending calcium supplementation 
for postmenopausal women. The New Zealand group 
then turned to the WHI data, a rather strange place 
to look considering that one of the main outcomes of 
WHI was the finding of no adverse effect of calcium 
and vitamin D on cardiovascular risk. However, the 
researchers found one major caveat: WHI did not 
consider whether women were taking calcium on their 
own prior to entry into the study. The New Zealand 
group got access to the original NIH data and were 
able to tease out women who were not using personal 
calcium supplements at randomization. They found 
nearly 17,000 women who fit that category. Women 

in this subgroup who were randomized to calcium 
and vitamin D had small but significant increased 
risk for cardiovascular events with hazard ratios that 
ranged from 1.13-1.22 (P = 0.05 for clinical MI or 
stroke, P = 0.04 for clinical MI or revascularization). 
When the WHI data were added to the previously 
done meta-analysis of three placebo-controlled trials, 
calcium and vitamin D were found to increase the 
risk of MI (relative risk [RR] 1.21 [95% confidence 
interval [CI] 1.01-1.44]; P = 0.04), stroke (1.20 [CI 
1.00-1.43], P = 0.05), and the composite of MI or 
stroke (1.16 [CI 1.02-1.32], P = 0.02). Trial level data 
was available for more than 28,000 women who were 
randomly assigned to calcium plus vitamin D or pla-
cebo. Calcium or calcium plus vitamin D increased the 
risk of MI (RR 1.24 [CI 1.07-1.45], P = 0.004) and 
a composite of MI or stroke (1.15 [CI 1.03-1.27], P 
= 0.009). The authors conclude that calcium supple-
ments with or without vitamin D modestly increase 
the risk of cardiovascular events, especially MI. They 
suggest that a reassessment of the role of calcium 
supplementation in osteoporosis management is war-
ranted (BMJ 2011;342:d2040 doi:1136/BMJ.d2040, 
published April 19, 2011). This study has been hotly 
debated and was even criticized in an editorial in the 
same issue of BMJ. Nonetheless there is a bit of irony 
in using WHI data, which are largely responsible for 
millions of women stopping hormone replacement 
therapy, to show a relationship between calcium and 
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cardiovascular disease disease. There is no sugges-
tion in any of these data that dietary calcium leads to 
adverse events. It is postulated that the rapid increases 
in calcium that occur with calcium supplementation 
may somehow play a role in increased cardiovascular 
risk.

Birth control pills and VTE risk
A progestin commonly used in birth control pills 

may increase the risk of venous thromboembolism 
(VTE). A recent report suggests that women taking 
oral contraceptives containing drospirenone may 
be at increased risk of VTE compared to women 
taking contraceptives containing other progestins. 
Two studies were recently published in BMJ. The 
first was a case-controlled study of U.S. women that 
showed that women taking drospirenone-containing 
contraceptives were twice as likely to develop nonfa-
tal VTE compared to women taking levonorgestrel 
(BMJ 2011;342:d2151). The other study, a case-con-
trolled study of British women, showed a three-fold 
higher rate of VTE with drospirenone-containing 
contraceptives compared to levonorgestrel (BMJ 
2011;342:d2139). Oral contraceptives containing 
drospirenone include Yaz, Yasmin, and Angeliq.

ACE inhibitors and breast cancer risk
Researchers at UCLA and Kaiser Permanente in 

northern California recently published data suggest-
ing that angiotensin converting enzyme inhibitors 
(ACEi) may increase the risk of breast cancer recur-
rence in breast cancer survivors. Using a database 
of nearly 1800 women with a history of breast can-
cer, there were 292 recurrences, 174 breast cancer 
deaths, and 323 total deaths. Twenty-three percent 
of the women in the study were exposed to either a 
beta-blocker or an ACEi. ACEi exposure was associ-
ated with breast cancer recurrence 1.5 times baseline 
(HR 1.56, 95% CI 1.02-2.39, P = 0.04) but not 
increased cause-specific or overall mortality. Beta-
blocker exposure was associated with lower hazard 
of recurrence and cause-specific mortality. There was 
no dose-response with either medication. When a 
beta-blocker was combined with an ACEi, there was 
a lower hazard ratio for recurrence than with ACEi 
alone. The authors suggest that ACEis may be asso-
ciated with an increased risk of breast cancer recur-
rence; although beta-blockers may be somewhat 
protective, more research is needed (Breast Cancer 
Res Treat, published online, DOI: 1007/s10549-
011-1503-3). Beta-blockers have been shown to be 
protective against breast cancer recurrence in other 
studies, but the ACEi findings were unexpected. 

Spending on U.S. pharmaceuticals
Spending on pharmaceuticals in the United States 

grew at its smallest level in years in 2010, accord-
ing to a report by the IMS Institute for Healthcare 
Informatics. Pharmaceutical spending increased 
2.3% in 2010 compared to 5.1% in 2009. Generics 
dominated the pharmaceutical market in 2010 mak-
ing up 78% of total market share compared to 63% 
in 2006. Of the top 25 drugs by volume, only three 
were brand-name products: atorvastatin (Lipitor), 
clopidogrel (Plavix), and montelukast (Singulair). 
By spending dollars, however, Lipitor was the top 
grossing product at $7.2 billion in 2010, down from 
$7.6 billion in 2009. Esomeprazole (Nexium) was 
second at $6.3 billion, while Plavix ranked third at 
$6.1 billion. The domination of generics is of major 
concern to the pharmaceutical industry since there 
are few new drugs in the development pipeline and 
several high-profile drugs are due to lose protection 
soon. Foremost among these is Pfizer’s Lipitor. Pfizer 
has been battling to maintain its patent protection, 
but generic manufacturer Watson Pharmaceuticals is 
expected to introduce the first generic atorvastatin in 
November of this year. Likewise, Merck’s Singulair 
will likely lose its patent protection next year. The 
economy also has played a role in the decrease in 
pharmaceutical spending as the total volume of 
medicines consumed decreased 0.5% in 2010 along 
with a decrease in the number of doctor office visits 
of 4.2%. This extends a decline that began in mid 
2009 — likely due to higher unemployment and ris-
ing health care costs.

FDA actions
The FDA has approved rituximab (Rituxan) for the 

expanded indication to treat Wegener’s granulomato-
sis and microscopic polyangiitis, two rare vasculitides. 
The effectiveness of rituximab was demonstrated in a 
single control trial in which 197 patients with either 
condition were randomized to rituximab plus gluco-
corticoids or oral cyclophosphamide plus glucocor-
ticoids. After 6 months, 64% of the patients treated 
with rituximab had a complete remission compared 
to 53% of patients treated with cyclophosphamide. 
Rituximab is manufactured by Genentech.

The FDA has approved gabapentin enacarbil 
for the treatment of moderate-to-severe restless leg 
syndrome. The approval was based on two 12-week 
clinical trials in adults showing the effectiveness of 
the drug vs placebo. Gabapentin enacarbil is for-
mulated as a once a day extended-release tablet. It 
is marketed by GlaxoSmithKline and Xenoport as 
Horizant.  �
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