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This edition of Cardiac Intensive Care is dedicated to the students, residents,
and fellows who teach and inspire me much more than I do in return.
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FOREWORD

“If you always do what you always did, you will always get what
you always got.”
Albert Einstein

With the aim of improving survival from in-hospital cardiac
arrest after myocardial infarction, in 1961, Desmond Julian, the
legendary British cardiologist, proposed a “special intensive-care
unit...staffed by suitably experienced people throughout 24 hours,
since it is unreasonable to expect good results when the care
of patients is entrusted to [the] inexperienced.” With central
tenets of regionalized specialty care, collaborative teamwork with
specialized nursing, and continuous physiologic monitoring, the
initial coronary care units were reported to achieve impressive
reductions in mortality after myocardial infarction. Since then, the
characteristics of the patients we care for, the medical problems
that we encounter, and the technologies that we deploy in the
cardiac intensive care unit (CICU) have all changed radically. The
fast-paced progression of cardiac critical care toward increasing
complexity requires that those who oversee or practice in the
CICU embrace a forward-looking culture of continuous redesign
and quality improvement; to do so effectively also requires the
practitioner to maintain a broad fund of knowledge that keeps
to the cutting edge while building on the fundamentals of
cardiovascular medicine and critical care.

Now in its third edition, Cardiac Intensive Care, edited by
David L. Brown, MD, is uniquely positioned with a focus on
cardiac critical care, distilling more than a half century of advances
in state-of-the-art contemporary cardiac intensive care. This

textbook delivers a comprehensive and deep treatment of the
pathophysiologic principles, foundational basic and clinical
science, and pragmatic clinical practice essential to the diagnosis,
assessment, and treatment of patients with cardiac critical illness.
From the basics of recognition and management of mechanical
complications of myocardial infarction and cardiogenic shock
to the essential topics of medical ethics and end-of-life care in
the CICU, authoritative experts present the landmark studies,
latest advances, and practical pearls in the field. The liberal
incorporation of figures and videos enhances the accessibility
of the material to the reader.

While advances in practice have markedly improved survival
and quality of life in many domains of cardiovascular medicine,
the nature of the conditions and severity of illness encountered
in the CICU continue to confer unacceptably high rates of
morbidity and mortality. These facts challenge the field to respond
with new research and insightful attention to evolving organi-
zational models and individual processes of care. This textbook
is a welcomed companion for practitioners seeking to provide
state-of-the-art care in the high-stakes environment of cardiac
intensive care.

David A. Morrow, MD, MPH

Professor of Medicine

Harvard Medical School;

Director, Levine Cardiac Intensive Care Unit
Brigham and Women’s Hospital

Boston, Massachusetts

Downloaded from www.medicalbr.com 2018.



PREFACE

The first edition of Cardiac Intensive Care was published in 1998
and the second in 2010. New editions of textbooks attempt to
keep pace with the rapid changes in patient demographics, new
understanding of pathophysiology, and advances in treatment.
Formats of textbooks evolve as technology improves and our
understanding grows regarding how and where learners do the
actual learning. The third edition of Cardiac Intensive Care is
no exception. As all patient care begins with a grounding in
ethics and the ability to perform an accurate history and physical
exam, those topics are covered in the beginning of the book. I
continue to believe that a strong grounding in the pathophysiology
of cardiovascular disease is mandatory to make accurate diagnoses
and appropriate treatment decisions. Thus the first chapters of
the new edition focus on the scientific underpinnings of cardiac
intensive care. However, as the field has evolved, chapters on
specific topics such non-ST segment myocardial infarction,
unstable angina, coronary spasm, complications of interventional
procedures, emergency coronary bypass surgery—all common
admission diagnoses to the cardiac intensive care unit (CICU)
in the past—are no longer pertinent to the current CICU and
have been omitted. The new edition has chapters on takotsubo
cardiomyopathy, acute myocarditis, cardiorenal syndrome,
electrical storm, distributive shock, and temporary mechanical
circulatory support devices—all of which are commonly encoun-
tered in today’s CICU. In recognition of the complexity and
advanced illness of current CICU patient populations, along
with the recognition of the limitations of care and our obligation
to ensure quality of life as opposed to quantity of life, we have
added a chapter on palliative care. We have also added audio
clips of heart sounds and videos of procedures and diagnostic
imaging in the online version of this book, available at Expert-
Consult.com. My hope is to make this textbook more of a living
document than previous editions, with online and social media
discussions of topics relevant to cardiac intensive care.

At the twentieth anniversary of the publication of the first
edition, the loss of contributors to earlier editions is inevitable.
Giants of cardiology who contributed their time and expertise
to writing chapters in earlier editions who are no longer with
us include H.J.C. Swan, Kanu Chatterjee, Bill Little, Ralph
Shabetai, Burt Sobel, Bob O’Rourke, and Mark Josephson. Their
contributions to teaching, mentoring, research, and patient
care continue to live on and inspire the next generations of
physicians.

A project of this magnitude would not be possible without
the contributions of many. I would be remiss if I did not
acknowledge the critical contributions of Jennifer Shreiner and
Carrie Stetz from Elsevier, whose tireless efforts along with
constant but gentle encouragement have kept the third edition
(more or less) on schedule. The artists and copyeditors at Elsevier
are the best in the business. Responsibility for any mistakes or
typographical errors that find their way into the finished book
falls on my shoulders, not theirs. In addition, I am deeply indebted
to the contributing authors. Book chapters do not return much
in the way of academic currency, but I am eternally grateful to
the selfless chapter authors who contributed their time and
expertise without the expectation of anything in return other
than a free copy of the book. Without them, this book would
not have been possible. I would also like to express my heartfelt
gratitude to my boss, Doug Mann (who also edits a cardiology
textbook for Elsevier that you may have heard of), for hiring
me to work at Washington University, for always supporting my
various academic endeavors, and for being a superb role model
as a person and an academic cardiologist. Finally, I thank my
family for tolerating the time I spent working on this and other
projects.

David L. Brown
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Originating during a time of recognized unmet medical need
and advances in medicine, the coronary care unit (CCU) emerged
as one of the most important advances in the care of patients
with life-threatening cardiovascular conditions. It has evolved
further with technology, including mechanical circulatory support,
to become a portal of entry for critically ill patients requiring a
high level of support and vast resources. The emergence of
contemporary cardiac intensive care units (CICUs) has introduced
paradigm shifs in staffing, necessary skill sets, training, and cost
for hospitals and health systems. This chapter offers a historical
perspective of CCUs and their journey to the contemporary era
of CICUs that provide high-acuity tertiary and quaternary care
in the United States (Fig. 1.1). Also discussed are several pertinent
constructs for academic medical centers with busy CICUs,
including education, training of physician and nonphysician
providers, and the importance of research as a vehicle to drive
discovery and advanced care.

ORIGINS OF THE CORONARY CARE UNIT

Several seminal descriptions of acute myocardial infarction
(MI)—a frequently fatal event at the time—underscored a clear
medical unmet need."” Other than morphine and supportive
measures, there were very few options to effectively manage
patients with acute ML

Early Days of Resuscitation

The first impactful therapy to attenuate the most common and
life-threatening complications of M, ventricular tachycardia and

2

ventricular fibrillation, emerged with open-chest™ and, later,
closed-chest defibrillation.™ Soon after these original descrip-
tions,” the overall construct of a CCU designed with specific
goals to detect and treat fatal ventricular arrhythmias rapidly
evolved.
Desmond Julian was the first to articulate the general construct
of a CCU. In his original 1961 presentation to the Royal Thoracic
Society,” he described five cases of cardiac massage with the goal
to resuscitate patients with acute MI. He came to the profound
conclusion that “many cases of cardiac arrest associated with
acute myocardial ischaemia could be treated successfully if all
medical, nursing, and auxiliary staff were trained in closed-chest
massage, and if the cardiac rhythm of patients...was monitored
by an electrocardiographic link to an alarm system.” His vision
for the CCU was founded on the following four basic principles:
+ Continuous electrocardiogram monitoring with arrhythmia
alarms
+ Cardiopulmonary resuscitation with external defibrillator
capabilities

+  Admission of patients with acute MI to a single unit of the
hospital where trained personnel, cardiac medications, and
specialized equipment were readily available

+ The ability of trained nurses to initiate resuscitation attempts
in the absence of physicians

Approximately 3 years later, the first CCU was established at
the Royal Infirmary of Edinburgh. Soon thereafter, several clini-
cians in North America developed specialized units devoted
exclusively to the treatment of patients with suspected MI. Meltzer’
created a two-room research unit with an aperture in the wall
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CHAPTER 1 Evolution of the Coronary Care Unit: Past, Present, and Future

1961
First concept of CCU
articulated to British

1923 Thoracic Society
First case
series of 19 1947 1960 1968
patients with Open chest Efficacy IABP used to
acute Ml defibrillation of CPR treat AMI and
published performed established its complications
Y
1920s 1930s 1940s 1950s 1960s 1970s
1928 1956 1962 1967 D ev<1algoz?n ent
100 patient Successful First CCUs Killip and and imol tati
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case series of external established Kimball of Swan-Ganz
patients direct current in North report on catheter
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Fig. 1.1 Evolution of the coronary care unit over time. AMI/, Acute myocardial infarction; CCU,
coronary care unit; CPR, cardiopulmonary resuscitation; /ABP, intraaortic balloon pump; M,

myocardial infarction.

through which defibrillator paddles could be passed from one
patient to the other. Brown and associates'’ established a four-bed
unit with an adjacent nursing station and arrhythmia surveillance
provided using a converted electroencephalogram unit with
electrocardiogram amplifiers.

Day,'' a contemporary of Meltzer, Brown, and Julian, built
mobile “crash carts” in an attempt to resuscitate patients with
acute MI who were admitted to general medical wards. He
recognized that delays in arrhythmia detection significantly limited
the success of subsequent resuscitation attempts. As a result of
his observations, an 11-bed unit was established at Bethany
Hospital in New York staffed by “specially trained nurses who
could provide expert bedside attention, interpret signs of impend-
ing decompensation and quickly institute CPR.” Day is largely
credited with introducing the term code blue to describe resuscita-
tion efforts for cyanotic patients following cardiac arrest and
the term coronary care unit.

A Paradigm Shift—Prevention of Cardiac Arrest

Julian'* described the “second phase” of CCUs as an expansion
from a sole focus on resuscitation to prevention of lethal
arrhythmias and advanced care. Killip and Kimball"’ published
their experience of 250 patients with acute MI treated in a four-
bed CCU at New York Hospital-Cornell Medical Center and
reported that aggressive medical therapy reduced in-hospital
mortality from 26% to 7%. This led Killip and Kimball to conclude
that “the development of the coronary care unit represents one
of the most significant advances in the hospital practice of

medicine”"” Not only did it seem that patients with acute MI
had improved survival if treated in a CCU, but also all in-hospital
cardiac arrest patients seemed more likely to survive if geographic-
ally located in the CCU. “Although frequently sudden, and hence
often ‘unexpected, the cessation of adequate circulatory function
is usually preceded by warning signals.”"”” Thus began the era of
CCUs throughout the world, with a categorical focus on the
prevention of cardiac arrest.

Lown and colleagues' detailed the key components of the CCU
at the Peter Bent Brigham Hospital in Boston. The foundation
of their CCU centered on assembling a “vigilant group of nurses
properly indoctrinated in electrocardiographic pattern recogni-
tion and qualified to intervene skillfully with a prerehearsed and
well-disciplined repertoire of activities in the event of a cardiac
arrest.”"* With a CCU mortality of 11.5% and an in-hospital
mortality of 16.9%, these clinician-investigators hypothesized that
an aggressive protocol for arrhythmia suppression after MI could
virtually eradicate sudden, unexpected death. While cumulative
data did not support routine preventive antiarrhythmic therapy
in ML" the fundamental construct of advanced care for patients
at risk for post-MI complications established a foundation for
contemporary CCUs.

Additional developments in the care of patients with acute
MI—including the use of intraaortic balloon counterpulsation,'®
the implementation of flow-directed catheters for hemodynamic
monitoring,” and either pharmacologic or mechanical myocardial
reperfusion therapy'*—contributed to the advance and wide-scale
availability of CCUs.
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VALIDATING THE BENEFIT OF THE CORONARY
CARE UNIT

With the advent of CCUs and recognition that intensive care
rendered on a “24-7” basis required substantial resources with
resulting cost, the medical community posed fundamental
questions about outcomes. Early comparisons of CCUs and
general medical wards suffered from their observational nature
and lack of analytic rigor. For example, the previously described
study performed by Killip and Kimball" attributed a near 20%
decline in mortality to the successful implementation of the
CCU environment. Other observational studies conducted in
the United States'® and Scandinavia®?! drew similar conclusions,
with lower mortality rates and greater resuscitation success in
patients with acute MI treated in a CCU setting.

Several investigators™ attributed the decline in mortality rates
from ischemic heart disease in the United States to the presence
of CCUs. From 1968 to 1976, estimates suggested a decline in
mortality of approximately 21%. This, in turn, translated to
saving 85,000 lives over the observation period.””** The key to
improved outcomes was likely the specialized care received in the
CCU setting. This theme continued to play out during the era of
reperfusion for acute ML.” Few would challenge the importance
of specialized resources and care in the management of patients
with complex cardiovascular disease.”

Economic Impact of the Cardiac Intensive
Care Unit

Intensive care units (ICUs) are places of high resource use and
high expenditure. Accordingly, they contribute significantly to
the economic burden of health care.” While ICUs constitute
less than 10% of hospital beds in the United States, estimates
suggest that they consume more than 20% of total hospital costs
and nearly 1% of the US gross domestic product.”*” It has been
reported that ICU costs have increased by nearly 200% in the
years 1985 to 2000.” These observations underscore the impor-
tance of patient selection and resource utilization. Contemporary
data support similarities in resource use, morbidity and mortality,
and in-hospital length of stay for ICUs and CICUs.”"™*

PATIENT SELECTION IN THE CARDIAC
INTENSIVE CARE UNIT

The current cost of health care in the United States dictates
utilization of services that are carefully aligned with patient needs.
The $3 trillion of health care expenditures suggests that this
tenet is not being followed optimally. While CCUs were developed
initially to manage arrhythmias among patients with acute MI,
it is becoming increasingly clear that monitoring capabilities,
staffing, and expertise can be provided on dedicated cardiology
floors for many patients. Accordingly, each institution must
establish metrics of acuity and complex care that take full
advantage of CICUs and the resources therein.”

The appropriate organizational structure is of great importance
in contemporary CICUs. We believe that whether an open- or
closed-unit model is employed, the key to delivering optimal
care is aligning provider skill set with specific patient needs.

This is particularly important within an ICU where changes in
patient status occur suddenly and require immediate recognition
and action. While medical ICUs and CICUs may seem more
similar than dissimilar, it is the responsibility of all institutions
to recognize specific needs and staff their units accordingly™
(Fig. 1.2).

The CCU landscape has evolved substantially over the
past several decades to a unit better described as a CICU. As a
result of diagnostic platforms, advanced pharmacotherapeutics,
mechanical circulatory assist devices, and novel interventional
techniques, cardiologists have impacted the natural history of
MI significantly. Consequently, the mortality rates for acute
MI have steadily declined.””* At the same time, however, the
care of patients with other complex cardiovascular diseases and
noncardiac critical illness is steadily increasing in the CICU. An
aging US population, acute and chronic sequelae of nonfatal MI,
comorbid medical conditions, and complications of implantable
devices all result in increased susceptibility to critical illness in
high-risk patients. Many, if not all, of these patients are likely
to be admitted to the modern-day CICU. What were previously
purely resuscitative and preventive units for patients with MI have
now arguably transformed into critical care units for patients
with cardiovascular disease. In fact, many institutions now refer,
either formally or informally, to their CCU as the CICU.

In a descriptive analysis of US critical care units, Groeger and
colleagues™ highlighted mortality statistics, resource use data,
and patient characteristics of modern CICUs; their results were
remarkably comparable to composite data from contemporary
medical ICUs.”* The severity of illness, quantified by a classic
measure of critical illness (the APACHE [Acute Physiology, Age,
and Chronic Health Evaluation] II score), was the greatest
independent predictor of in-hospital mortality in a CICU cohort
of patients—suggesting that risk stratification in the CICU could
be conducted in a manner similar to other ICUs, where the
APACHE I score is well established.

If the contemporary CICU has become an ICU for patients
with complex cardiovascular disease, reassessment of patient
selection, resources, cost, and required training for faculty, nurses,
and support staff must be undertaken. A growing body of evidence
supports the ability of critical care specialists to improve the
care of ICU patients,"”™ and it is anticipated that patients in
the CICU would derive similar benefit.”

DEFINING THE CONTEMPORARY CARDIAC
INTENSIVE CARE UNIT

Several contemporary databases have been used to illustrate the
demographic, clinical, and operational characteristics of ICUs
in the United States.”*>** In turn, these datasets have been used
to establish practice guidelines, generate hypotheses for clinical
research undertakings, and accelerate quality improvement
initiatives in critical care medicine. Our longitudinal assessment
of Duke University Hospital provided an early glimpse of a sea
change in academic CCUs.

We created a single-center, administrative database containing
2 decades of diagnostic, procedural, demographic, and outcome-
related variables from the Duke CCU and clearly demonstrated
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