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INTRODUCTION

A heightened level of awareness and special interest by payers, employers, and
healthcare processionals has been driven by the exponential rise in healthcare
delivery costs during the last decade. Society has for some time recognized that
this unsustainable trend reflects an urgent need for a dramatic increase in quality
and competitiveness. More recently, this recognition has been coupled with an
amplified awareness of much more consumer-oriented patients, employers, and
payers who have now driven health care to the very top of America’s political

Key Concepts

• Rationale and analytic strategies, textbook structure, and organization

• Organization and intended learning structure with chapter highlights

• Multidisciplinary need for an integrated, patient-centric, digital
transformation of healthcare delivery

CHAPTER 1

Digitally Transforming
Health Care: 

An Introduction

This chapter introduces strategies for digital transformation of health care, justifies
the need for this book, and, most importantly, describes an approach that drives
effective change into a patient-centric seamlessly integrated network that delivers
high-quality, efficient, and effective health care.
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agenda. A number of states have legislated mandatory healthcare insurance cov-
erage for residents and more states are in the process of creating similar legisla-
ture. The days of uncontrolled and unlimited healthcare resource consumption
are history. Increasingly competitive pressure has forced leaders to recognize that
radical processes redesign to rapidly streamline operations is long overdue, and
without focused effective action providers will quickly become uncompetitive
and risk organizational irrelevance. All stakeholders in the healthcare industry
are experiencing these demands for reform, forcing fundamental organizational
change, a new technologic philosophy, and an urgency for significantly improved
performance.

This digital transformation began with federal regulations. Now all providers
must be deliberately focused to simultaneously ensure patient safety, significantly
increase quality, and substantially reduce costs as mandated rather than as just
desirable objectives. This transformation cannot be based solely on a definition of
quality from the Joint Commission on Accreditation of Healthcare Organizations
(JCAHO). This pervasive patient-centric transformation must be driven by cus-
tomer’s needs, wants, and expectations.

What is urgently needed is a visible affirmation of leadership’s commitment to
pursue quality as a vital mission of the organization. Quality is not just a socially
provocative idea. Quality and cost are two key criteria by which employer, payers,
and patients now evaluate healthcare purchase decisions. Quality has become a key
strategic element of healthcare management in response to these very well-informed
consumers. Any healthcare organization that is not focusing in a patient-centric man-
ner on internal and external customers is writing a prescription for failure. A dramatic
paradigm shift has occurred as patients have become more knowledgeable and now
behave as assertive customers with demanding expectations. These behaviors must
be effectively integrated into clinical processes and care delivery service designs.
This paradigm shift represents a fundamental “sea change” from traditional provider
behaviors that were guided by a notion that providers know best.

In response to these demanding challenges, providers now recognize that an
effective transformational response must be driven by aggressive business strategy.
Such an approach relies on digital transformation as leverage to consistently deliver
safer higher quality patient care with increasing operational effectiveness and
improved productivity. Such a savvy strategy requires a substantial IT investment
that results in comprehensively redesigned “mission critical” processes. Today,
progressive digitally transformed provider organizations have already gone beyond
advanced clinical systems with the early adoption of seamlessly integrated infor-
mation and medical technologies, requiring substantial process redesign in all care
delivery venues throughout every organization.

Traditional healthcare organizations have long been criticized for extended
retention of outdated legacy systems, resisting adoption of decidedly disruptive
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and contemporary transformational technologies that require rigorous process
redesign. By continuing this reactive posture and deferring inevitable acquisition
and adoption of more effective patient-centric transformational technologies to
improve care delivery safety, quality, and efficiency, these organizations are lag-
ging further and further behind more digitally adaptive organizations. Competi-
tion is already leveraging transformational technologies. These “disruptive
technologies” are pervasive and seamlessly integrate communications, imaging,
and information among and between diagnostic centers, laboratories, patient care
venues, pharmacies, surgical suites, nurse call and communications systems, light-
ing systems, pagers, cellular and mobile phones, personal digital assistants (PDAs),
and heating, ventilating, and air conditioning (HVAC) systems.

HISTORICAL PERSPECTIVES

Digitally transformed pioneers have simplified, streamlined, and redesigned
processes to increase and expedite throughput with compressed delivery cycle
times to adapt to increasingly demanding market forces. These pace-setting
provider organizations produce and consume real-time information to expedite
and improve care delivery with updated clinical data as demanded by both quality-
driven physicians and assertive patients empowered with information. Addition-
ally, these pioneers have an improved capability to generate quality data to meet
payer’s increasing demands and to prepare for inevitable reimbursement changes
as they occur.

Transformational information technologies digitize current technology and
instruments on seamlessly integrated data networks to enable real-time clinician
access into each patient’s longitudinal electronic medical record (EMR), anytime,
anywhere. Digitally advanced hospitals have demonstrated reduced lengths of stay,
increased care quality, and increased reimbursement that generates generous mar-
gins. Quantitative benefits are incremental and sometimes challenging to realize
and even more difficult to credibly demonstrate measurable material return on sig-
nificant upfront investments. Pioneering providers who made these investments
in transformational technologies (i.e., at least 5% or more of operating budgets)
have achieved and can enjoy these digitized capabilities.

Early initiatives in digital transformation with computing in health care can be
traced back more than 50 years when only mainframe computers were available
and only in major hospitals with sufficient resources (i.e., funding, time, and effort)
to afford to acquire, install, house, maintain, and use these machines. Examples of
these early pioneers are

• El Camino Hospital, Mountain View, California
• Monmouth Medical Center, Long Branch, New Jersey
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• Veteran’s Administration, Washington, DC
• Danderyd Hospital, Stockholm, Sweden
• London Hospital, London, England
• Hanover Hospital, Hanover, Germany

Hardware and software vendors and system integrators, all with reputations for
effective design, project management, and implementation of complex systems in
other service industries, joined with these hospitals to collaborate, develop, and
support very early versions of patient information systems. Examples of vendors
who demonstrated visionary insight for market opportunities are

• Burroughs Corporation
• Control Data Corporation
• General Electric
• Honeywell, Inc.
• International Business Machines (IBM)
• National Cash Register Company (NCR)
• Lockheed Information Systems Division
• McDonnell-Douglas
• Technicon Corporation

No single vendor, system, or application can be considered representative of
all others because of different needs, goals, and anticipated impacts in each
provider organization. For example, unique requirements for design and infra-
structure, functions and features, and variable technical and technology investment
capabilities had to be customized in each development site. That said, for histori-
cal perspective a case study is presented on the now legendary experiences at El
Camino Hospital in Mountain View, California.

CASE STUDY

This facility has been selected for this case study because of its operational
experience with a broad range of IT and evolutionary care delivery changes
that have occurred over time. This organization’s experiences are reflective
of early healthcare information system (HIS) development initiatives and sys-
tem capabilities that were representative HIS prototypes, characteristics, and
rich functions and features for more than 50 years.

System development at El Camino Hospital began as a successful pio-
neering prototype that was widely recognized as an effective model for health-
care digital transformation for ongoing development of patient information
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management systems throughout North America and Europe. Lessons
learned during this project focused on user information needs and require-
ments to change skeptical physician and nurse user attitudes. Similar expe-
riences could be described for other provider organizations and a variety of
commercially available healthcare IT applications with similar rich histories.

When this prototype system was installed, El Camino was a 450-bed com-
munity general hospital with a medical staff of 340 physicians, serving patients
under the care of personal physicians (i.e., a nonteaching hospital without any
internship or residency program). At that time the hospital provided emer-
gency room care and diagnostic procedures for patients referred by staff
physicians. Various versions and upgrades to hardware and software sup-
ported the operation at El Camino Hospital since 1972. Three years of system
development at the hospital preceded initial prototype implementation. Instal-
lation of this initial system version throughout the hospital took 9 months, after
which the National Center for Health Services Research awarded funds to El
Camino Hospital for evaluation of the project. System hardware, a large main-
frame computer, was located at a regional computer center several miles from
El Camino Hospital, with a second computer available for backup support.
Data were maintained at this central processing facility using magnetic disks
and reel-to-reel tapes for temporary and archival storage.

El Camino Hospital’s 58 video terminals and 31 printers were linked to
this computer center via dedicated high-speed telephone lines. Most soft-
ware was written in assembly language, using COBOL for financial reports.
This prototype system was a true hospital-wide system designed to store
patient and financial data and to aggregate and communicate appropriate
data and information, either automatically or upon request.

Hospital objectives for this first-generation patient care information sys-
tem included provision of

• More efficient healthcare delivery
• Improved patient care by facilitating and enhancing nursing and ancillary

department activities
• Reduction and/or containment of operational costs

Physicians, nurses, ancillary service personnel, and admitting staff entered
data through video terminals, which consisted of a light video sensitive screen,
keyboard, and light pen for rapid selection of information presented on the
screen. Direct physician use, which has historically distinguished this system
from most other hospital-wide systems then and now, requires nursing or other
support personnel to enter data for physicians. Terminals were located at each
nursing station and in ancillary service departments. Authorized personnel
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accessed the system by typing a unique user identification code on the key-
board. This security procedure ensured that hospital personnel could only
enter, change, view, and print information relevant to their job.

As a terminal screen displayed a list of items (e.g., laboratory tests that a
physician desired to order), a specific item was selected and entered into the
computer system by pointing a light pen at the desired phrase and pressing
a switch on the barrel of the pen. Using this light pen, a physician could enter
a full set of medical orders (e.g., laboratory work, medications, x-rays, diet,
activity, etc.) for a specific patient.

These displays reminded physicians to make complete orders; for exam-
ple, when a medication was ordered, the display noted the need to specify
scheduling and method of administration (i.e., oral, intravenous, or intra-
muscular) in addition to dosage. The keyboard was used to enter any infor-
mation that was not displayed on the video display. A physician or nurse at
the nursing station printed copies of orders for verification and then these
verified orders were automatically routed and printed in each appropriate
ancillary department for diagnostic or therapeutic service.

This successful demonstration project led to other large-scale data pro-
cessing applications in medicine and health record systems as computer
growth accelerated in other industries. Hospitals began to justify additional
system investment and then demonstrate continuing productivity gains and
early evidence of increased process efficiency.

These early successes were achieved at very high costs, emphasizing
the need for senior executive leadership to take responsibility for organiza-
tional transformation (e.g., anticipate and prepare for resistance from some
staff). Approximately 10% of user personnel were adaptive and embraced
these operational changes rather quickly. Another 10 to 15% demonstrated
passive resistance to changes and eventually left the organization because
of their inability to effectively adapt to transformation-related process changes
throughout the organization. Others eventually adapted as required by emu-
lating behavior changes of earlier adapters.

El Camino Hospital continues to use this industry-leading technical plat-
form to support an effective, efficient, and rich portfolio of state-of-the-art
functions and features that have facilitated and sustained digital transforma-
tion for more than 50 years. Over time, this initially mainframe-based system
has been upgraded and is now integrating unique intelligence gathering via
an Internet protocol (IP)-based network infrastructure with knowledge-driven
clinical, financial, and management information software and services
throughout the enterprise. As recently as 2005, El Camino Hospital has con-
tinued to be repeatedly named to the Honor Roll of the U.S. News & World
Report annual “America’s Best Hospitals List.”
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A number of these Honor Roll hospitals use this system vendor’s clinical
applications, including the perennially top-ranked facility, The Johns Hopkins
Hospital. Most of these “digitally transformed” providers use integrated clini-
cal decision support, informatics, and computerized physician order entry
(CPOE) applications to enable managers to effectively provide safe, efficient,
and accurate patient care as well as to analyze and manage operations.

Keystone Systems, the healthcare industry’s recognized information sys-
tem benchmarking report, indicates that this vendor’s CPOE solutions are in
use by more inpatient organizations and by more physicians than CPOE solu-
tions from all other vendors. Keystone Systems is an independent research
and consulting firm that specializes in monitoring and reporting performance
of healthcare IT vendors and healthcare professional services firms.

This vendor has been repeatedly recognized as a leading provider of solu-
tions based on physician usage in the Keystone Systems’ CPOE Digest 2005,
which reported that when ease-of-use and rich functional capabilities are key
decision-making criterion, healthcare organizations selected this system more
often than other vendor. Interoperability of this system’s applications repre-
sents an important digital transformation achievement by El Camino Hospi-
tal and other provider organization users as required to achieve the U.S.
federal government’s goal of a nationwide EMR for most Americans by 2014.

Having been recognized worldwide as an industry leader in remote
healthcare information processing and having met rigorous standards and
requirements of the ISO 9001:2000 certification program, this systems inte-
grator has been registered as an ISO 9001:2000-compliant company. Micro-
soft Corporation and this vendor recently announced a multiple year strategic
alliance.

With a single clinical platform spanning an entire healthcare enterprise
and linking these applications to the community, this system received
InfoWorld’s Top 100 Award for 2005 as one of the most innovative uses of
enterprise technology in health care. This award was given for an interoper-
ative wireless companion to all advanced clinical solutions, enabling wireless
access to real-time clinical data anytime from anywhere.

MODERN DEVELOPMENTS

Today, a digital hospital relies on technology as an integral and fundamental part
of business strategy. Technology is applied to every facet of clinical and business
operations, such as integrating patients, personnel, process, technology, and cul-
tural elements. IT is now defined more broadly as healthcare providers go beyond
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advanced clinical systems to include fundamental patient-centric integration and
digital transformation of strategic processes associated with information and med-
ical technologies. Industry standards and legislation, such as the Health Insurance
Portability and Accountability Act (HIPAA) and the Clinical Context Object
Workgroup (CCOW), are leveraging seamless connectivity to enhance more effec-
tive communication among stakeholders and business partners in the community.

There are an increasing number of real-world examples that innovative pro-
viders recognize and embrace requirements that are best achieved through IT-
driven digital transformation. Organizations described as digital hospitals tend to
be stand-alone, newly built, specialty facilities designed as advanced highly auto-
mated facilities. Digital value was embraced in initial designs of these facilities.
Fundamental principles driving digital transformation within any healthcare
provider organization have been emulated from successful automation experiences
in healthcare and other service industries.

As of this writing, specific goals associated with digital transformation have
yet to be clearly articulated because a comprehensive vision of future health and
healthcare delivery has not yet coalesced. Most community hospitals have at least
some automation of patient registration, scheduling, and billing as well as within
laboratories, imaging, and pharmacy departments.

Governmental leadership at the federal, state, and regional level is being coor-
dinated by an increasing number of collaborative initiatives that focus on specific
components of a truly standardized national infrastructure required to achieve a
functional EMR in all delivery venues a reality. Examples of these collaborations
are as follows:

• Workgroup for Electronic Data Interchange-Strategic National Implemen-
tation Process (WEDI-SNIP) is a nonprofit organization dedicated to im-
proving health care through support of national and regional electronic
commerce initiatives.

• Typical programs, conferences, policy, and advisory white papers have
included
• HIPAA Strategic National Implementation Process
• National Provider Identifier Outreach Initiative
• WEDI Regional Affiliates Academic Medical Centers Events Groups
• Clinical and Electronic Health Record Initiatives

• WEDI members and other healthcare stakeholders have been informed and
educated about benefits and strategies to improve information management
and exchange.

• As a leading advisory group to the Centers for Medicare and Medicare
(CMS) in the Department of Health and Human Services (DHHS), WEDI-
SNIP facilitated national and regional collaboration, providing policy guid-
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ance and leadership to the healthcare industry on how to use and leverage the
industry’s collective knowledge, expertise, and information resources to
improve the quality, affordability, and availability of health care. For exam-
ple, WEDI-SNIP was the leading policy advisory organization to CMS
administrators during regulatory development and implementation phases
of HIPAA Title II, a massive conversion of healthcare electric data exchange
privacy and security regulations.

• The College of Healthcare Information Management Executives (CHIME)
provides professional development programs and services exclusively for
CIOs in health care. CHIME advocates more effective use of information
management within health care. CHIME events and activities were designed
to reflect these objectives (e.g., CIO-oriented surveys, benchmarking data
on staffing ratios, sample documents, job descriptions, research, education
forums, focus groups, and peer networking activities).

Recent advances in information systems, networks, and telecommunication
technologies enable global real-time collaboration and consultation among and
between physicians and other members of the healthcare delivery team. As an
example, therapeutic remote monitoring and robotic surgical procedures are
increasingly common. These interactions are conducted via secure networks that
provide sufficient bandwidth to support simultaneous voice, data, images, and text.

Healthcare professionals are challenged to embrace each technological advance,
thereby requiring lifelong learning. Digital transformationalists must continually
gain and sustain state-of-the-art knowledge, acquire necessary skills, and develop
and demonstrate expertise and technical competency. Providers in all venues are
continually challenged to deliver higher quality lower cost patient care while using
fewer and less-expensive resources. Organizational viability of current providers
can only be sustained by achieving higher levels of productivity at all levels.
Within the last decade medical technology has advanced more than in the last 100
years. As clinical information accumulates with instantaneous access and at an
ever-increasing rate, healthcare professionals are challenged to process and use
information about new discoveries, medications, procedures, and technology even
before these products and services are commercially available.

As technology is changing lives, ethical considerations and choices associ-
ated with breakthrough applications of this technology are having varied and far-
reaching implications. Currently, IT professionals are discovering, designing,
implementing, and using these applications and will be introducing, experiencing,
and assessing benefits of these new and continually emerging technologies early
in their careers. Today’s aspiring healthcare professionals need to be aware of this
awesome responsibility and the multitude of difficult choices awaiting them.
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A broad definition of computer and systems literacy is necessary to begin to
understand how to rapidly acquire and aggregate these data and then instantly pre-
sent accurate and meaningful information to authorized personnel. Hence, some
working definitions are presented:

• A computer is an electronic device capable of rapidly and reliably enabling
data input and performing manipulation, storage, calculation, communica-
tion, informational transformation, reporting, and presentation.

• Information systems are a group of interoperable components, applications,
and associated technologies working together to complete a set of specified
tasks.

This book is an examination of applications supporting a variety of clinicians
and many other healthcare professionals with varying degrees of computer knowl-
edge and proficiency. Hospital and other provider organizations are beginning and
will have to then sustain a digital transformation that becomes increasingly auto-
mated with ever-more sophisticated systems and telecommunication networks. As
this technical evolution advances, providers are increasingly dependent on IT to
manage workflow and perform work by an increasing computer-literate workforce.

IT professionals, systems and operations analysts, and management engineers
must be more knowledgeable about computers and related terminology to be capa-
ble of explaining their use and competently designing, developing, acquiring,
implementing, maintaining, and refining systems, applications, and associated
processes and tasks. IT literate professionals must be aware of social and ethical
questions concerning computers and information systems and associated transfor-
mational applications, processes, and tasks. Although IT provides many benefits
to our society, misuse and abuse of computer technology can and does occur.
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