
In January 2005, indica-
tions for implantable 
cardioverter-defibril-
lators (ICDs) were sub-
stantially broadened
to include most 
patients with a left 
ventricular ejection 
fraction (EF) of 35% 
or less. This change 
translates into a 2- to 
3-fold increase in the 
number of Medicare 
bene� ciaries eligible 
for ICDs. Expanded 

indications for ICDs are largely the result of 2 recently 
published randomized trials, the Sudden Cardiac Death 
in Heart Failure Trial (SCD-HeFT) and the Comparison 
of Medical Therapy, Pacing, and De� brillation in Chron-
ic Heart Failure (COMPANION) trial. 

Primary vs Secondary Prevention ICDs
From the time of their initial clinical use in 1980, ICDs 
have been indicated for cardiac arrest survivors. In this 
secondary prevention role, ICDs shock or pace the heart 
out of recurrent ventricular arrhythmias and reduce all-
cause mortality by about one-third. �Cardiac arrest sur-
vivors, however, make up only a small minority of the 
hundreds of thousands of patients who experience ven-
tricular arrhythmias annually in the United States,� says 
David J. Bradley, MD, PhD, an electrophysiologist at 
Mayo Clinic in Rochester. �Most patients at high risk for 
lethal arrhythmias have no history of cardiac arrest but 
do have a left ventricular EF less than 35%.� Extending 
the use of ICDs from secondary to primary prevention of 
arrhythmic death has been the subject of several trials in 
recent years. 

The largest primary prevention ICD trial, SCD-HeFT, 
was reported in the New England Journal of Medicine in 
January 2005. In this trial, 2,521 patients with mild to 
moderate heart failure symptoms (New York Heart Asso-
ciation class II or III), a left ventricular EF of 35% or less, 
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and no history of cardiac arrest were randomly as-
signed to ICD placement versus antiarrhythmic drug 
treatment with amiodarone versus placebo. Impor-
tantly, SCD-HeFT included a sizable number of pa-
tients with nonischemic heart failure, a group that had 
not previously been shown to bene� t from primary 
prevention conventional ICD therapy. After a median 
follow-up of 45 months, patients who received ICDs 
had a statistically signi� cant 23% relative reduction 
in all-cause mortality versus placebo. Antiarrhythmic 
drug therapy showed no survival bene� t. SCD-HeFT 
is remarkable because it showed convincingly that 
primary prevention ICD placement in a broad popu-
lation of heart failure patients saves lives. By using 
straightforward inclusion criteria (EF�35% and mild 
to moderate heart failure symptoms), SCD-HeFT has 
also helped simplify patient selection for ICD place-
ment. �Largely gone is the need to risk-stratify pa-
tients with invasive electrophysiologic studies before 
proceeding to ICD placement,� says Dr Bradley.

Primary prevention ICD placement is also per-
formed in some patients with an EF higher than 35%. 
This may occur, for example, in patients with a com-
bination of coronary artery disease, nonsustained 
ventricular tachycardia, an EF between 36% and 
40%, and inducible ventricular arrhythmias. Other 
patients with an EF higher than 35% considered for 
ICD placement include selected patients with long 
QT syndrome, congenital heart disease, hypertrophic 
cardiomyopathy, syncope, or arrhythmogenic right 
ventricular dysplasia. 

New-Generation ICDs Improve 
Quality of Life
Although conventional ICDs, like those used in 
SCD-HeFT, reduce mortality, they generally do not 
improve quality of life. A new generation of ICDs, 
termed �cardiac resynchronization therapy-de� brilla-
tors� (CRT-Ds), has been developed to address the 
limitations of conventional ICDs. Unlike conven-
tional ICDs that pace only the right side of the heart, 
CRT-Ds have an additional pacing lead that allows 
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A marker of surgical excellence is the ability 
to successfully manage unexpected events 
during surgery. However, even experienced 
surgical teams can be stalled by minor prob-
lems that disrupt surgical � ow. For example, 
one of the few published studies of its kind 
observed pediatric cardiothoracic surgeons 
performing neonatal arterial switch opera-
tions. The study found that, on average, 7 
adverse events occurred per procedure, with 
most events arising from errors made by the 
surgical team. However, few of these events 
were life-threatening (major events). Most 
were relatively minor events that disrupted 
the surgical � ow but did not immediately 
jeopardize the safety of the patient. �None-

theless, as the number of minor events increased, 
the likelihood that the surgical team was able to 
cope with a major event decreased,� says Douglas 
A. Wiegmann, PhD, a National Institutes of Health 
Clinical Research Scholar in the Division of Cardio-
vascular Surgery at Mayo Clinic in Rochester. �Mi-
nor events seemed to cumulatively erode the limited 
compensatory resources of the surgical team in this 
study.� 

This valuable insight highlights the importance 
of event and error management skills. However, a 
general review of the literature revealed that no pub-
lished study has yet analyzed the types of events in 

A Systems Approach to Surgical Excellence
the operating room that actually affect surgical perfor-
mance. Therefore, little is known about the frequency 
and nature of surgical � ow disruptions, making the 
development of interventions that effectively improve 
patient safety even more challenging. Without effec-
tive interventions, errors with serious consequences 
continue to occur at a high rate in many surgical spe-
cialties, including cardiac surgery, vascular surgery, 
and neurosurgery.

Research in other complex settings (eg, aviation) 
suggests that human error is often caused by myriad 
active and latent factors, probably the least of which 
is an unsafe act by an individual. Therefore, inter-
ventions that target underlying systemic factors may 
be more effective than approaches that focus exclu-
sively on individual characteristics. As illustrated in 
the � owchart, a systems approach to understanding 
errors would consider the skill of the surgeon and the 
condition of the patient, as well as 

� environmental factors�equipment design and/    
        or environmental distractions; 

� social factors�teamwork and communication; 
� supervisory issues�training, staf� ng, and  

        scheduling; and 
� organizational variables�procedures, policies,  

        and resources. 
According to this perspective, errors are the natu-

ral consequences (not the causes) of a systemic break-
down among the factors that affect performance. As 
a result, patient safety programs are likely to be most 
effective when they intervene at speci� c failure points 
within the system or render the system more tolerant 
to the occurrence of such failures (ie, increase the 
ability of the surgical team to manage events when 
they occur).

The systems perspective is relatively new to med-
ical practice. Historically, the culture within most 
health care settings has been one of placing blame 
for errors solely on individuals. However, the sys-
tems approach to understanding surgical errors is be-
coming more widely accepted within many surgical 
specialties. �Re� nements in surgical skill may be a 
relatively small component in reducing surgical mor-
bidity and mortality,� says Dr Wiegmann. Optimizing 
details in equipment design, communication, team or-
ganization, and decision making may be as important 
as re� ning surgical skill to achieve optimal patient 
outcome.

Unfortunately, the growing acceptance of the sys-
tems perspective in surgical practice has not translat-
ed into similar development and growth of effective 
error prevention and patient safety programs. This 
situation may be due, at least in part, to the fact that 
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many safety programs are developed without a full 
understanding of the underlying systemic problems 
that actually cause surgical errors. Furthermore, many 
patient safety initiatives have been modeled after pro-
grams used in other high-risk industries, with the as-
sumption that the systemic error-causing factors in 
other industries parallel those in health care. For ex-
ample, teamwork training programs that have proven 
effective in aviation are being applied in the surgi-
cal domain to improve patient safety despite a lack of 
empirical data concerning the frequency and nature of 
these issues as causes of surgical � ow disruptions or 
their relationship to surgical errors. This failure to ap-
ply an evidence-based approach to teamwork training 
has prevented most surgical specialties from embrac-
ing these programs and has limited their impact on 
patient safety in the operating room.

Anecdotal and sentinel event reports suggest that 
teamwork and communication may be vital to patient 
safety. However, empirical research into real-time dy-
namics of teamwork and communication in surgery 
is still at a very early stage. Additionally, other fac-
tors such as environmental distractions, equipment 
design, or resource availability may be equal (if not 
more important) contributors to surgical errors. At 
least 1 study suggests that teamwork and communi-
cation may contribute less to causing surgical errors 
than they do in impacting a surgeon s ability to cope 
with extraneous disruptions or manage errors when 
they do occur. Consequently, if teamwork training or 

any other type of patient safety program is to be ef-
fective, it must be based on empirical data concerning 
the actual nature and frequency of surgical � ow dis-
ruptions that affect performance and error manage-
ment processes. 

�At Mayo Clinic in Rochester, we are launching 
a research program to help remedy this situation by 
prospectively studying surgical � ow disruptions and 
their relationship to surgical errors in the context of 
cardiovascular surgery,� says Dr Wiegmann. As part 
of this project, digital audiovisual recordings of car-
diovascular surgical cases will be collected and sys-
tematically reviewed by an interdisciplinary team of 
surgical and human factors experts to identify empiri-
cally the frequency and nature of surgical � ow dis-
ruptions and their effect on surgical performance and 
error management processes of surgical teams. The 
results of this project will provide a foundation for 
developing speci� c data-driven intervention strate-
gies and the necessary methods and measurement 
tools to validate the impact of future safety programs, 
such as teamworking training or preoperative brief-
ings. �We plan to disseminate our � ndings in future 
issues of Cardiovascular Update so that everyone 
can learn from the outcome of this endeavor,� says 
Dr Wiegmann. �After all, surgical excellence is best 
achieved by learning from both the successes and 
mistakes of others.�

Please see the Cardiovascular Update Web site 
for links to published studies on system analysis.
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   Estrogen Therapy and Cardiovascular Disease 

More information from the Women�s Health 
Initiative suggests that younger menopausal 
women, between the ages of 50 and 59 years, 
may receive cardiac protection from estrogen 
therapy, but older women do not derive these 
same bene� ts. The report emphasized that hor-
mone therapy (HT) should not be used expressly 
to prevent heart disease, but these � ndings may 
reassure younger women experiencing moderate 
to severe hot � ashes or other menopausal symp-
toms that HT may be an option for them.

�These new � ndings are consistent with ear-
lier and ongoing observational studies,� says Sha-
ron L. Mulvagh, MD, a cardiologist at Mayo Clinic 

in Rochester. Andrew E. Good, MD, a gynecologist 
at Mayo Clinic in Rochester agrees: �These data 
emphasize the need for additional research to 
test the hypothesis that estrogen may be good 
early and bad late in a younger group of recently 
menopausal women.� Both Mulvagh and Good 
are coinvestigators on the Kronos Early Estrogen 
Prevention Study (KEEPS).

�KEEPS is designed to provide useful new 
data to address ongoing questions women have 
about the utility of hormone treatments and to 
help guide future research and patient care,� 
says Virginia M. Miller, PhD, principal investigator 
for KEEPS at Mayo Clinic in Rochester. 
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Seven other study centers are also participat-
ing in KEEPS. This 4-year multicenter study is a 
randomized, controlled, double-blind trial of 720 
women, designed to provide prospective data on 
the risks and bene� ts of HT in recently menopaus-
al women, particularly as it relates to the progres-
sion of atherosclerosis through changes in carot-
id intimal thickening and coronary calci� cation. 
Each center is recruiting 90 women who have not 
had a hysterectomy and who have been meno-
pausal for less than 3 years. For more informa-
tion about KEEPS, visit www.keepstudy.org or call 
866-878-1221.

Questions for Cardiovascular Update                  Send us an e-mail, CVUpdate@mayo.edu?
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The association between 
stress and cardiovascular 
symptoms has been recog-
nized for a long time. Car-
diologists at Mayo Clinic 
in Rochester have become 
aware of a well-de� ned 
clinical syndrome, originally 
described in the Japanese 
population and termed �ta-
kotsubo cardiomyopathy,� 
after a Japanese word for an 
octopus trapping pot with 
a round bottom and narrow 
neck, which resembles the 
left ventriculogram during 
systole in these patients (Fig-
ure). Other terms used to de-

scribe the condition are �ampulla cardiomyopathy,� 
�broken heart syndrome,� and �apical ballooning 
syndrome� (ABS). 

�The precise incidence of ABS is unknown, but 
it is relatively uncommon and may account for 1% 
to 3% of patients presenting with an acute coro-
nary syndrome,� says Abhiram Prasad, MD, cardi-
ologist in the Cardiac Catheterization, Therapeutics, 
and Interventional Cardiology Laboratory at Mayo 
Clinic in Rochester. �It is characterized by transient 
regional systolic dysfunction involving the left ven-
tricular apex and mid ventricle with hyperkinesis of 
the basal left ventricular segments. ABS appears to 
occur almost exclusively in postmenopausal women, 
although a few cases have been reported in younger 
women and in men.� 

The majority of patients have a clinical presenta-
tion indistinguishable from an acute coronary syn-
drome. Most present with chest pain at rest, although 
some patients have dyspnea alone as the initial pre-
senting symptom. A few patients may present with 
syncope or, rarely, with out-of-hospital cardiac arrest. 
The patients are usually hemodynamically stable, 
although clinical � ndings of mild to moderate con-
gestive heart failure commonly coexist. In a minor-
ity of patients, hypotension may occur, and this can 
occasionally be caused by dynamic left ventricular 
out� ow tract obstruction and rarely by cardiogenic 
shock. A unique feature of ABS is the occurrence 
of a preceding emotional or physical stressful event 
in about two-thirds of patients. Importantly, such a 
trigger may not be observed in all individuals, and 

Apical Ballooning Syndrome: A Mimic of Acute 
Myocardial Infarction 

its absence does not exclude the diagnosis. We have 
proposed criteria for making a clinical diagnosis of 
ABS, and all 4 criteria must be met to establish the 
diagnosis (Table). 

The most common � nding on the admission ECG 
is ST-segment elevation, occurring in approximately 
80% of patients. Typically 1 to 2 mm of ST-segment 
elevation is seen in the precordial leads. Characteris-
tic evolutionary changes that occur over 2 to 3 days 
include resolution of the ST-segment elevation and 
subsequent development of diffuse and often deep T-
wave inversion that involves most leads. New patho-
logic Q-waves may be seen occasionally, and there 
is frequent prolongation of the corrected QT interval. 
Most patients have a small, early increase in car-
diac biomarkers, especially when cardiac troponins 
are measured. The diagnosis frequently is made in 
the cardiac catheterization laboratory because most 
patients are initially suspected of having an acute 
coronary syndrome and are referred for coronary an-
giography. Patients with ABS, typically, do not have 
obstructive coronary artery disease. The left ventricu-
logram shows characteristic regional wall motion 
abnormalities involving the apical and mid segments 
and a distribution beyond any single coronary artery 
with sparing of the basal systolic function. 

Optimal management of ABS is unknown. Be-
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Mayo Clinic Criteria for the Clinical 
Diagnosis of Apical Ballooning Syndrome

1.  Transient akinesis or dyskinesis of the left  
 ventricular apical and midventricular segments,  
 with regional wall motion abnormalities extending  
 beyond a single epicardial vascular distribution

2.  Absence of obstructive coronary disease or  
 angiographic evidence of acute plaque rupture

3.  New electrocardiographic abnormalities (ST- 
 segment elevation, T-wave inversion, or both)

4.  Absence of
 � recent severe head trauma
 � intracranial bleeding
 � pheochromocytoma 
 � myocarditis
 � hypertrophic cardiomyopathy

Abhiram Prasad, MD
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