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    Chapter 5   
 The Evolution of EHR-S Functionality 
for Care and Coordination       

       George     R.     Kim      ,     Krysia     Warren     Hudson      , and     Colette     Ann     Miller     

    Abstract     The purpose of electronic health record systems (EHR-S) functionalities is 
to improve patient safety by reducing medical errors that lead to harm and to facilitate 
the measurement of care quality by providing access to process and outcomes data. 
Through collaborative standards development, the defi nition and translation of health-
care work into specifi c system functionalities for improving clinical data capture, 
communication and coordination has evolved from technical “wish lists” into com-
mercially available products that meet the needs of multiple stakeholders: patients, 
clinicians, managers, systems developers, payers and regulatory agencies. Important 
technical drivers in the development and adoption of EHR-S functionalities have 
been: (a) progressive regulatory requirements for reporting quality measures and (b) 
lessons learned from deployment of EHR systems and other health information tech-
nology. A growing area of attention and challenge for health IT functionality develop-
ment is in supporting longitudinal care coordination for patients with complex and 
chronic disease across time, providers and resources. Work in this domain has focused 
on (a) aligning and connecting Patient Centered Medical Homes and Medical 
Neighborhoods via data/communication standards to facilitate health information 
exchange (HIE) and (b) building the information infrastructures to facilitate the col-
lection and reporting of quality measures related to care processes and outcomes.  
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  Certifi ed electronic health record technology   •   Patient centered medical home   • 
  Medical neighborhoods   •   Health information exchange   •   Care coordination   • 
  Analytics   •   Quality measurement   •   Patient safety   •   Healthcare redesign  

5.1         Introduction 

 The functionalities of electronic health record systems (EHR-Ss) and other health 
information technologies are determined by clinical and regulatory needs: to stream-
line and standardize care delivery, to facilitate access to information across the con-
tinuum of patient care and to provide measures of care quality. Rooted in patient 
safety, EHR-S functionalities have been articulated and realized through standards 
development processes and guided by the requirements of diverse clinical practice. 
They have also been shaped by lessons learned from implementation and from the 
evolution of healthcare science, practice, business and regulation. An important area 
of ongoing in developing EHR-S and health IT functionality is in care coordination 
through the Patient Centered Medical Home. 

 The goals of widespread adoption of electronic health record systems (EHR-S) 
and other health information technology (health IT) are:

•    Assurance of reliable and consistent high-quality (i.e., safe, effective, patient- 
centered, timely, effi cient and equitable) patient care delivery and  

•   Access to accurate and timely clinically-based measures of the quality and out-
comes of care    

 Together, these support the overall Triple Aim [ 52 ] of redesigning and optimizing 
health care into a highly-reliable [ 18 ], continually learning [ 23 ] collaborative system. 

 As the availability of electronic clinical information has grown, health IT func-
tionalities have evolved to meet the needs of multiple stakeholders. Clinical data 
functionalities have grown from possibilities (what systems can do) to user needs 
(what they should do) to requirements (what they must do). As the scope of patient 
care continues to expand to include continuity of care over time and multiple stake-
holders (including patients as partners in their own care), EHR system functional-
ities must also continue to evolve to assure and measure care.  

5.2     History: EHR System Functionality, Patient Safety 
and Standardization 

 In 2003, the Institute of Medicine (IOM) Committee on Data Standards for Patient 
Safety recommended key capabilities for EHR systems to promote patient safety, 
care quality and effi ciency [ 22 ]. They recommended categories of functionalities 
(Health Information and Data, Result Management, Order Entry/Management, 
Decision Support, Electronic Communication and Connectivity, Patient Support, 
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Administrative Processes and Reporting, Reporting and Population Health 
Management) that provided a framework for software development, with the goal of 
increasing reproducibility, completeness and accountability of health services. 

 The IOM identifi ed overall aims of EHR-S functionalities as:

•    Improving patient safety  
•   Supporting the delivery of effective patient care  
•   Facilitating chronic disease management  
•   Improving effi ciency  
•   Feasibility (to be available within a reasonable period of time for purchase/

implementation) [ 22 ], pp. 5–6.    

 The IOM recommendations were incorporated into Health Level Seven’s EHR-S 
Functional Model (HL7 EHR-S FM, Fig.  5.1 ), with an eye to increasing primary use 
(Care Provision, Care Provision Support) and reuse (Population Health Support, 
Administrative Support) of health data, incrementally. The FM serves as a base on 
which to extend functionality recommendations.  

 Since the 2003 report, the evolution and progressive availability of functional-
ities for EHR-S and other health IT have been the subject of ongoing collaboration 
and negotiation among clinicians, systems developers and regulatory agencies to 
defi ne a framework for clinical IT functionalities and roles within the healthcare 
infrastructure. This has led to the development of:

•    Functional profi les (shepherded by Health Level Seven [ 43 ] and other clinical 
and technical organizations (Integrating the Healthcare Enterprise (IHE) and the 
Health Information Management Systems Society (HIMSS), among others)) for 
EHR systems, championed by physician groups, to translate unmet clinical needs 
into usable technical requirements for implementation and evaluation  

•   Certifi cation for EHR technologies and products to provide recognition and 
assurance in meeting clinical, administrative and regulatory functions  

•   Financial incentives (with subsequent penalties for non-participation) for eligi-
ble providers (and hospitals) through the enactment of the Health Information 
Technology for Economic and Clinical Health (HITECH) Act (of 2009) for 
adoption and Meaningful Use (MU) of Certifi ed Electronic Health Record 
Technologies (CEHRT)  

Overarching (OV)

Care provision (CP)
Care provision support (CPS)

Population health support (POP)
Administrative support (AS)

Record infrastructure (RI)

Trust infrastructure (TI)

  Fig. 5.1    The HL7 Electronic Health Record System Functional Model (EHR-S FM) (HL7 EHR- 
System Functional Model, Release 2, April 2014; copyright and used with permission from HL7 
International. All rights reserved)       
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•   Accountability programs in the form of incremental electronic measures for HIT 
adoption, performance and clinical outcomes, linked to regulatory reporting 
requirements, quality/safety reporting and remuneration  

•   Communications and interoperability standards and networks to connect and 
coordinate care and information providers  

•   Collective quality improvement initiatives to measure, support and control care 
processes and outcomes on patient, service and population levels  

•   Recognition of the importance of incorporating the adaptive, organizational and 
teamwork components of care and coordination in safety and quality assurance 
and improvement and into the development and successful deployment of health 
IT systems     

5.3     Drivers of EHR System Functionality in Patient Care 

 Health IT functionality is the result of ongoing negotiation among multiple stake-
holders: clinicians (physicians and nurses), system developers/vendors, administra-
tors, payers, standards development organizations, regulatory agencies, safety 
offi cers, researchers and patients. Success in negotiations requires active leadership 
and collaboration by the stakeholder groups to manage feasibility, viability and sus-
tainability of health IT development (See [87 plus its associated textbook] for an 
example). In general, the progression of realizing health IT functionality requires:

•    Articulation and specifi cation of what user needs into technical (system and 
workfl ow) requirements for design and implementation. This requires organiza-
tion of and active input by clinicians/users and informed analysis by developers 
who understand the needs of clinical information work  

•   Design and implementation of technical solutions into available products for 
purchase/incorporation. This requires mutual prioritization by customers (prac-
tice leaders/clinical users), vendors/developers and other stakeholders (payers, 
regulatory agencies) to evaluate and make products available for clinical use  

•   Adoption and incorporation of products/tools into clinical work. This requires 
acceptance and active use by users/customers, continuous support by developers 
and systems and reinforcement by organizations and regulators/payers    

 The negotiation and prioritization of specifi c functionalities are informed and 
infl uenced by:

•    Unmet clinician needs  
•   Experience and lessons learned from implementation    

5.3.1     Unmet Clinician Needs 

 Basic EHR-S functionalities empower clinicians to:
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•    Organize care

 –    Identify patients correctly and link the right patient to the right information  
 –   Create work lists for session-based clinical tasks     

•   Document care

 –    Capture and store records for reference, communication and coding  
 –   Provide a reliable legal record of care     

•   Order and manage therapies and tests

 –    Prescribe, dispense and deliver medications/tests correctly and safely  
 –   Track, review and respond to results (test results, consultations) in a timely 

and facilitated fashion     

•   Make informed decisions

 –    Use evidence and data to support timely choices, decisions and actions  
 –   Implement evidence-based guidelines and protocols       

 Expanding the HL7 EHR-S FM, a growing number of clinician groups and other 
stakeholders have articulated additional information functionality needs for spe-
cialty-based clinical workfl ows. Some of these needs have been translated into func-
tionalities that have been incorporated into the HL7 model, while others are varying 
stages of development. In some cases, vendors have implemented special function-
alities into standalone “niche” products. 

 Specifi c EHR-S functionalities that go beyond the HL7 EHR-S FM have been 
articulated for different specialties, with each effort being led by a coalition of phy-
sicians, IT developers, standards development organizations and regulators. These 
include:

   Behavioral Health: 
 The HL7 Behavioral Health Functional Profi le [ 46 ,  62 ] supports mental health-

specifi c templates that integrate with the medical electronic record to allow doc-
umentation and attestation by different provider types (psychiatrists, 
psychologists, social workers) for full psychiatric (Axis I-V) diagnosis (accord-
ing to the Diagnostic and Statistical Manual (DSM)) with robust support for 
coding and billing.  

  Child Health: 
 EHR-S functionalities for child health were fi rst articulated in 2001 and updated in 

2007 [ 82 ] with incorporation into the HL7 EHR-S FM as the Child Health 
Functional Profi le [ 42 ] with implementation as a Children’s Electronic Health 
Record Format (as part of the Child Health Insurance Program Reauthorization 
Act (CHIPRA)). Specifi c functionalities include:

•    Immunization management (point-of-care decision support and forecasting, 
tracking aids for lapsed vaccines, linkage to offi ce and regional immunization 
information systems),  
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•   Growth tracking (special charts (such as for premature infants), graphical rep-
resentation and calculations of body parameters such as BMI)  

•   Universal weight/surface-area based medication dosing (with pediatric dos-
ing options for age and school-day regimens) for inpatient and ambulatory 
prescribing  

•   Standards for handling patient identifi cation at the beginning of life (prenatal 
and newborn identifi ers and clinical data, linkage to mother, name changes, 
ambiguous gender)  

•   Connection of EHR-S data among medical homes, hospital nurseries, school 
health offi ces, health information exchanges (immunization registries, hear-
ing screening registries) and other child health care stakeholders     

  Adolescent Medicine: 
 Adolescent medicine health information functionalities focus on control and main-

tenance of privacy and confi dentiality of encounter data while retaining advan-
tages (tracking, billing, health information exchange) of EHR systems. Inherent 
confl icts in achieving this include:

•    Recognition and preservation of the legal status of adolescents’ health infor-
mation vs. parental rights to access knowledge of services rendered (billing 
functionality)  

•   Customization of confi dentiality (and access to patient information) accord-
ing to local jurisdictional law according to patient status (such as for emanci-
pated minors)  

•   Electronic sharing of adolescent health information and confi dentiality issues 
regarding sensitive health issues (sexuality and pregnancy, sexually transmit-
ted infections, HIV, mental health and substance abuse) and when data must 
be shared among different services [ 6 ,  13 ]    

 These confl icts present barriers in articulating needs as technical requirements and 
pose continuing challenges in successful implementation of adolescent-appro-
priate EHR-S functionalities [ 9 ].  

  Obstetrics and Gynecology: 
 Obstetrics and gynecology, characterized as both a medical and surgical specialty and 

as both hospital and offi ce-based, “requires data fi elds and image displays unlike 
any other…discipline…” An effort by the American Congress of Obstetricians and 
Gynecologists to articulate its special needs [ 96 ] has included functionalities for:

•    Pregnancy-specifi c immunization management  
•   Fetal development tracking with normative growth and laboratory data  
•   Medication management: Gynecologic oncology dosing  
•   Patient identifi cation: Assisted reproductive technology (tracking sperm, egg 

donors) and multiple gestations  
•   Privacy: reproductive history and choice, contraception, abortion  
•   Flow sheets:

 –    Pregnancy management with trimester-specifi c screening, medication 
requirements, laboratory testing and counseling and decision support  
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 –   Chemotherapy management  
 –   Clinical documentation  
 –   Guideline-based clinical decision support  
 –   Displays for fetal age, biophysical profi les and imaging (still, video) man-

agement, fetal heart rates, non-stress testing     

•   Interoperability with specifi c electronic clinical tools: (biopsies, hysteros-
copy, colposcopy, urodynamics, ultrasound, cystoscopy)  

•   Support for genetic, pre-pregnancy and assisted reproductive technologies, 
cord blood banking  

•   Medico-legal records management    

 As incentives increase the adoption of EHR-Ss in obstetrics-gynecology practice, 
there are still barriers to implementation of some of these functionalities.  

  Geriatrics: 
 The medical care of older adults poses vulnerabilities to errors that may lead to 

harm for this population of patients. Risks include:

•    Multiple chronic and acute conditions of varying complexity and duration 
with input from multiple providers and caregivers  

•   Complex care and care transitions [ 89 ] related to hospitalization  
•   Polypharmacy and its co-morbidities [ 29 ]  
•   Functional (cognitive, communication, depression, nutrition, social) status 

issues that impact on health [ 16 ,  32 ,  33 ] and that put patients at risk for inpa-
tient readmission and increased morbidity/mortality  

•   Hospitalization in settings where expertise in geriatric needs is scarce    

 Many of these functions are served by previously articulated EHR-S functionality, 
with the principal issue/barrier/problem being the implementation of existing 
guidelines. Screening tools, such as EHR-S checklists/templates and other deci-
sion support can help to identify patients at risk to guide appropriate care and 
link human expertise as needed [ 63 ]. Health IT supports for care coordination 
may help address geriatric care challenges.  

  Oncology: 
 Clinical Oncology Requirements for the EHR (CORE) is a 2009 document created 

collaboratively between the American Society of Clinical Oncology (ASCO) 
and the National Cancer Institute (NCI) (who lead in the effort to improve all 
aspects of oncology care and its safety). A consensus statement outlined oncol-
ogy needs of EHR-S technology, which includes support for:

•    “A treatment plan to be shared with patients and other care providers;  

•   A treatment summary to be shared with patients and their care teams;  
•   The use of calendars that patients and their care teams can use to organize the 

care process;  
•   Safe chemotherapy administration [ 94 ,  95 ]  
•   Use of decision support tools, such as ASCO and National Comprehensive Cancer 

Network (NCCN) guidelines” American Society for Clinical Oncology [ 5 ]    
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 Oncology-specifi c functionalities include:

•    Common core data elements to support oncology care and research  
•   Detailed analysis of functions to support chemotherapy and drug management.

 –    Facilitation of electronic chemotherapy orders  
 –   Interface with pharmacy systems  
 –   Redundancy of nursing and pharmacy electronic safety checks of chemo-

therapy orders     

•   Standardized order sets with dose calculators with clinical decision support 
based on patient height, weight and test results  

•   Special features to support patient safety and comfort  
•   Coordination of care

 –    Scheduling functions for physician visits, laboratory and radiology testing, 
patient education and training, infusions and injections  

 –   Calendar and reminder functions for patients  
 –   Patient portals  
 –   End-of-life care management tools     

•   Oncology practice and research support

 –    Inventory control and billing functions linked to operational bar-coding/RFID  
 –   Patient matching to prescribed medications and samples  
 –   Tools for summarization, communication and reporting [ 5 ], p. 5–6.        

  Anesthesiology: 
 Adoption of anesthesia information management systems (AIMS) has increased 

because of increased functionality and decreased costs of available systems, but 
also because of increased regualtory reporting requirements. AIMS are usually 
standalone systems that must interoperate with monitors, anesthesia machines 
and hospital information systems. Systems must also be ergonomic with respect 
to available working space of the operating suite. In addition, anesthesia EHR-S 
functionalities should include:

•    Structured collection and sharing of preoperative data for assessment and 
risk-stratifi cation  

•   Manual intraoperative charting and automatic transcription from monitors 
and ventilators  

•   Continual real-time access to and organized display of accumulating anesthe-
sia data  

•   Reminders for intraoperative tasks (drug dose times)  
•   Provision for tracking performance and practice data for quality and safety 

improvement [ 30 ]     

  Ophthalmology: 
 Clinical ophthalmology, as a medical and surgical discipline, is centered on the 

anatomy and physiology of the eyes (and brain). Clinical assessments are fre-
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quently graphical and photographic: anatomic drawings, diagrams and images. 
Vital signs are ophthalmology-specifi c: intraocular pressure, visual acuity and 
examinations are performed by teams, in sequences that employ specialized 
imaging and measurement tools with unique and sophisticated graphical outputs 
not used elsewhere. The high level of clinical graphical data requires the use of 
picture archiving and communications systems (PACS, requiring Digital Imaging 
and Communication in Medicine (DICOM) standards). 

 Because care is rendered in parallel by teams, a patient record must be simultane-
ously accessible by all team members when a patient receives care. The American 
Academy of Ophthalmology (AAO) promotes best practices (“Preferred Practice 
Patterns”) as templates for clinical data collection and management. The AAO 
has articulated desired ophthalmologic EHR-S functionalities to guide purchas-
ers and to promote the standardization process. Specifi c functionality for oph-
thalmology EHR-S technology includes:

•    Seamless linkage and integration of the EHR-S to ophthalmologic instru-
ments and devices using defi ned standards (i.e., DICOM)  

•   Standards for interoperability of ophthalmologic and other health data within 
EHR systems  

•   Representation of ophthalmologic concepts within a reference terminology  
•   Summarization of ophthalmologic data for pre-visit review in high-volume 

practices  
•   Tools (other than a mouse) that facilitate the creation and annotation of clini-

cal drawings for the record [ 20 ]     

  Dermatology: 
 Dermatology is also characterized as both a surgical and medical subspecialty with 

a heavy reliance on clinical images (photographs and diagrams). Its practitioners 
interact closely with other specialists, such as pathologists and surgeons. 
Dermatology- specifi c EHR-S functionalities form an adjunct to larger profi les 
and include: tools that:

•    Facilitate the management and annotation of visual documents (photographs 
and diagrams)  

•   Connect the EHR-S to tools that can import such data (dermatoscopes)  
•   Permit rapid structured communication of skin lesion descriptions and clas-

sifi cations (to surgeons, as in Mohs procedures)  
•   Allow simultaneous access to records by multiple personnel (such as scribes) and  
•   Streamline work via connectivity to mobile technology such as tablets [ 56 ]     

  Dentistry and Oral Health: 
 The information technology needs for dentistry and oral care have been described 

[ 11 ,  75 ] and several themes which distinguish this fi eld have emerged:

•    Dentistry provides primary care to patients of all ages. Payment for services 
is typically separate from other forms of health insurance which all patients 
may not have.  
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•   Dental records are separate from medical record, in paper and electronically. 
There may be other separated documents of care, such as orthodontic records. 
In addition, data for consultations for some oral surgical procedures may be 
contained in the medical (non-dental) record in some institutions.  

•   Dental radiographic technology and the documentation of oral anatomy and 
pathology have special technical needs and terminologies that are not found 
or used elsewhere.  

•   Special relationships exist between dental care and chronic disease (such as 
diabetes mellitus) that require incorporation into longitudinal care 
protocols.  

•   There is variable integration of dental and medical electronic records when 
both exist.     

  Emergency Medicine and Trauma Care: 
 The information technology needs of emergency medicine have been long articu-

lated within the HL7 functionality framework, with a focus on patient 
throughput:

•    Patient tracking and registration  
•   Task and order management  
•   Clinical documentation and all stages of patient management  
•   Management of roles of different workers [ 44 ].    

 The care of trauma patients requires special information workfl ows that bridge 
emergency departments to fi eld settings. Use of tools in low-resource settings has 
been explored to support:

•    Checklist generation  
•   Clinical scoring (for trauma severity)  
•   Wireless data transfer to electronic registries (i.e., trauma databases) [ 92 ].     

  Other Medical Subspecialties: 
 Cardiology [ 90 ] and gastroenterology (in particular GI endoscopy [ 58 ,  91 ]) are 

two domains in which clinicians have identifi ed specifi c workfl ows, data ele-
ments and vocabularies for use in EHR-S and other health IT to meet the needs 
of practitioners in care, quality assurance and research. With the increasing 
dependence of patient care on technology to standardize clinical information 
workfl ows and to collect information for quality/safety and remuneration of 
services, the articulation of information functionality needs will continue to 
expand and evolve.     

5.3.2     Experience from Implementation 

 Standards-based system functionalities are silent as to their implementation. As 
electronic functionalities are implemented and deployed, they change workfl ows 
and may create competing priorities which in turn may require redesign of those 
workfl ows or system re-implementation (at additional cost, effort and time). 
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5.3.2.1     Workfl ow Confl icts 

 The standardization of tasks may create non-alignments between user goals and/or 
organizational performance. Examples include:

•    Security practices versus user convenience (timed lockouts after periods of non- 
use requiring re-entry of credentials)  

•   Safety practices versus provider effi ciency (opening records on multiple patients 
for parallel work during care) [ 15 ]  

•   Technology versus workspace needs (pharmacy tracking (medication cabinets) 
may crowd anesthesiologists and nurses occupying the same operating room 
space around a patient)  

•   Attention needed for technology versus clinical needs (requirement of clinician 
to enter orders into a system [ 34 ] vs the use of scribes [ 2 ]  

•   Mobile technology used for portable charting that also introduces a vector for 
nosocomial infections     

5.3.2.2     Nursing Workfl ows 

 Nursing activities involve direct care and interaction with patients. Workfl ows are 
information-intensive, parallel and highly interruptive. In general, health IT func-
tionality, design and implementation do not match nursing tasks well, resulting in 
unexpected (and frequently unresolved) workarounds [ 79 ].

•    Patient handoffs ideally are individualized, nurse to nurse and patient by patient, 
with time for questions and refl ection. However, busy units, changing patient 
loads, time constraints, cross-coverage and management needs make centralized 
unit reports (away from the patient) the norm.  

•   Nursing work lists within most EHR-S products omit informal information and 
tools: nursing assessments, patient summaries, scheduling functions and/or cus-
tomization (i.e., level of detail of tasks, according to the nurse’s experience).  

•   Bar-coding medication administration (BCMA) decreases nursing errors [ 74 ], 
but increases the number of steps in the process [ 8 ]. Workarounds have been 
observed, such as duplication of patient bar-codes to a common location that 
reduce the number of steps [ 26 ].  

•   Mobile devices (cell phones and pagers) are used by nurses to reduce noise 
(overhead paging) on fl oors, but are not used to their full clinical potential 
because of institutional constraints and concerns for misuse.     

5.3.2.3     Patient Safety 

 Inpatient patient misidentifi cation rates are an indicator of hospital quality [ 50 ] and 
its reduction is a current (2015) National Patient Safety Goal [ 54 ]. The problem of 
assurance of patient identifi cation becomes more complex as data from multiple 
electronic sources are combined for direct care and care coordination. The Offi ce of 
the National Coordinator has a set of recommended safety practices [ 40 ] that include 
adaptive and behavioral practices by users.  
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5.3.2.4     Clinical Documentation 

 EHR-S enhanced documentation has resulted in “note bloat” (superfl uous negatives 
and copy-pasting/copy-forwarding) and in increased time spent by clinicians in 
documenting care. The American College of Physicians has published a position 
paper that outlines the problems and suggested system functionalities and practices 
(including physician leadership and user education specifi cally for electronic docu-
mentation) [ 59 ]. 

 The implementation of ICD-10 for coding will bring higher specifi city to diag-
noses, and may further increase the time needed for provider documentation, and 
pushback by providers and care organizations has delayed its implementation 
requirement in the US. Recently the Centers for Medicare and Medicaid Services 
(CMS) stated it would help make the ICD-10 transition less disruptive by not deny 
claims solely on the basis of insuffi cient specifi city for up to a year to help facilitate 
implementation of ICD-10 [ 98 ]. 

5.3.2.5  Integration and interoperability 

 Integrated (defi ned as combined “software components, hardware components, or 
both into an overall system” [ 51 ], p. 41) single-vendor systems may limit function-
ality implementation, resulting in failure to meet the needs of some users. Standalone 
systems may provide solutions, but depend on interoperability (defi ned as “the abil-
ity of two or more systems or components to exchange information and to use the 
information that has been exchanged” [ 51 ], p. 42) with enterprise and business sys-
tems. Some institutions may combine the enterprise and standalone systems with 
one tradeoff being that clinicians may need to master multiple EHR systems and 
their interfaces. Governance may be complex with differential impacts on organiza-
tional culture [ 87 ].

  A 2014 KLAS report revealed that 25 % of polled ambulatory practices are con-
sidering replacement of current systems due to fi nancial, regulatory or political 
(hospital affi liation) issues [ 57 ]. Although there are efforts to reduce the time and 
cost of interoperability among systems [ 45 ], challenges persist [ 3 ]. 

5.3.3         New Needs 

5.3.3.1     New Data Types 

 In addition to EHR-S functionalities for rendering image and signal data, systems 
will need to manage genetic/genomic and pedigree data, which pose technical, 
administrative, legal and ethical issues. EHR-S functionalities for handling personal 
genomic data include the ability to: (a) store and share it in a clinically computable 
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and usable format, (b) link to phenotypic information and (c) display and link fi nd-
ings and test results [ 64 ] to patient-directed information and decision tools. These 
functionalities are needed in several clinical domains: obstetrics/gynecology, pedi-
atrics and oncology, among others. 

 Another challenge (and opportunity) lies in how patients can report and share 
their personal health data. Stage 3 Meaningful Use will incorporate patient-generated 
health data (PGHD) [ 86 ] into standard healthcare information fl ows which will pose 
many implementation challenges: technical, operational, legal, cultural and educa-
tional [ 78 ,  80 ]. Such “patient-facing” technologies hold great promise in increasing 
patient engagement for improving care quality, research and policy [ 27 ,  47 ].  

5.3.3.2     Emergent/Adaptive Clinical Systems 

 A persistent problem of systems functionality development processes is that they 
are locked into a standards/contracts based “task-artifact” (clinician-to-developer- 
to-user) cycle which creates a continual lag in meeting user needs in the face of 
rapidly changing clinical (and regulatory) demands [ 88 ]. This results in persistent 
dissatisfaction and pushback from clinicians and physician groups on meeting ini-
tially specifi ed regulatory deadlines for implementation (ICD-10 for example, and 
Meaningful Use Stage 2). 

 A recent development has been the pilot of an emergent clinical information 
system, the design approach that gives clinicians complete control over Web-based 
systems by providing

•    Design tools that do not require programming  
•   Automatic real-time conversion of designs into executable clinical information 

systems  
•   Real-time iteration to facilitate problem identifi cation and solution [ 12 ].     

5.3.3.3    Usability and Patient Safety 

 Growing recognition of the importance of cognitive and usability of EHR-S and 
health IT in clinical workfl ow, system design and error reduction (especially in criti-
cal care [ 73 ]) has led to research and new approaches in design, implementation and 
deployment. Workfl ows that have been studied include: clinical summarization, 
problem list management and clinical comprehension [ 93 ]. 

 New hazards posed by poorly designed or deployed health IT within the already 
complex delivery of care has been a concern of the health and regulatory commu-
nity [ 53 ], with the consensus that even with regulation and standardization, safety 
of health IT is multi-factorial and dependent on human users (i.e., beyond function-
ality alone) [ 55 ]. Unsafe health IT and unsafe use of health IT persist, with barriers 
to detecting and reporting on such problems [ 67 ].  
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5.3.3.4    Information Assurance 

 The progressive dependence of healthcare practice on EHR systems and other 
health IT has made information assurance (confi dentiality, integrity and availabil-
ity) of data, interfaces, applications and networks essential to maintaining health-
care operations:

•    Tradeoffs between convenience and security persist as theft/loss of laptops and 
removable media with protected health information (PHI) remains the leading 
cause of data breaches [ 84 ] with a recent report that the root cause of health 
care breaches are shifting from accidental to intentional [ 97 ]. Concerns for 
cybercrime involving health data has led to progressive requirements for health 
data security training for all users and to proactive institutional risk assessment 
and management [ 39 ] as standard practice [ 31 ] which may be overwhelming to 
some organizations [ 61 ].  

•   Poor documentation practices (copy-pasting, over-documentation, etc.) threaten 
the integrity of clinical content and require training and monitoring.  

•   The interplay between sociotechnical health information infrastructures and 
high-reliability IT networks have created lowered tolerances to prolonged sys-
tem crashes that may paralyze institution-wide clinical work fl ow [ 10 ] (and cre-
ate additional burdens of data recovery).       

5.4     EHR System Functionality in Care Coordination 

 Care coordination has been identifi ed as a national strategy priority for improving 
healthcare quality [ 85 ]. A 2012 cross-sectional study of US offi ce-based physicians 
revealed that measures of care continuity (completion rates of consultation requests, 
hospital discharge summaries and consultant reports) were low, even when practices 
had an EHR-S. Over a third did not routinely receive needed patient information, 
with over half not receiving it electronically. EHR-S technology only slightly 
improved receipt of needed information [ 48 ]. 

 Care coordination is defined as “a function that helps ensure that the 
patient’s needs and preferences for health services and information sharing 
across people, functions, and sites are met over time…[maximizing] the value 
of services delivered to patients by facilitating beneficial, efficient, safe, and 
high-quality patient experiences and improved healthcare outcomes” [ 49 ]. 
From a management perspective, it is “the organization of…activities between 
two or more participants involved in a patient’s care to facilitate…appropriate 
delivery of health care services…marshalling of personnel and other resources 
needed to carry out all required patient care activities and…managed by the 
exchange of information among participants responsible for different aspects 
of care” [ 66 , p 6]. 
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5.4.1     Framework for Care Coordination 

5.4.1.1    The Medical Neighborhood 

 Care coordination (described in the AHRQ Care Coordination Measures Atlas 
(Fig.  5.2 )) bridges gaps between providers (services, goods, participants, informa-
tion) and requires pragmatic and proactive organization of resources and services 
with respect to the patient. Centered on the  health care home  (aka “medical 
home” or “patient-centered medical home” (PCMH) [ 69 ]), the  medical neighbor-
hood  includes “the constellation of…clinicians providing health care services to 
patients within it,…community and social service organizations and State and 
local public health agencies” [ 83 ] that connect and communicate with each other 
(Fig.  5.3 ).
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  Fig. 5.2    Conceptual structure of care coordination [ 66 ] (Reprinted with permission of the Agency 
for Healthcare Research and Quality)       
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    High functioning medical neighborhoods encourage collaboration through well- 
defi ned (via formal agreements) and shared infrastructures, resources and informa-
tion (Fig.  5.3 ) with “regular communication, collaboration, and shared 
decision-making across various actors in the system” through effective use of infor-
mation and communication technologies [ 68 ]. Care coordination is characterized by:

    1.     Individualized   management  by teams and centralized in the healthcare home, 
with   

   2.     Specifi c   plans  for tracking and follow-up,   

Patient-centered
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  Fig. 5.3    Information Flows in a Medical Neighborhood [ 83 ] (Reprinted with permission of the 
Agency for Healthcare Research and Quality)       
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   3.     Well  -  defi ned   transitions of care ,  communication ,  coordination and collabora-
tion  inclusive of clinicians, patients, families and others involved in ongoing care 
of the patient, and   

   4.     Strongly  -  linked   community services and resources  that align and facilitate care    

  Expected outcomes of high-functioning medical neighborhoods include 
improved patient safety and satisfaction with reduced costs and utilization and 
improved population health [ 83  pp. 7, 9.].  

5.4.1.2    The Medical Home 

 To support the IHI Triple Aim (Improve the patient experience, Improve popula-
tion health, Reduce the cost of healthcare [ 52 ]), and other HIT functionalities 
must support the medical home. Functions that Patient Centered Medical Homes 
(PCMHs) must provide include: 24/7 access and continuity to care and medical 
advice by patients, team-based care, population health management, care plan-
ning/management (including medication management/prescribing), test and 
referral tracking and performance measurement and improvement (Fig.  5.4 ). 
PCMHs must facilitate communication and collaboration with other members of 
the medical neighborhood (Fig.  5.3 ) and with health information exchanges 
(HIE).

   NCQA provides certifi cation to PCMH organizations that meet stringent criteria 
and to EHR-S and other health IT products aligned to their needs [ 70 ]. 

 Still, availability of an EHR-S and patient infrastructure are not enough. 
Health homes and their medical neighborhoods must themselves be high func-
tioning with dedicated case management in partnership with engaged primary 
care providers [ 76 ]. For patients with complex and chronic health problems, 
comprehensive periodic needs assessments with updated individualized plans/
summaries by a knowledgeable care team that uses HIT optimally are essential 
[ 76 ], pp. 11–12. A framework for coordination support has been described [ 77 , 
 81 ] for:

•    Coordination within care teams

 –    Documentation using structured (and searchable) clinical data for decisions  
 –   Summarization tools to view and share patient data and trends over time  
 –   Comprehensive care plan tools to provide accountability over different aspects 

of care     

•   Coordination across care teams

 –    Interoperability to handle data from multiple sources, reducing the need for 
multiple entry  

 –   Tools for medication reconciliation  
 –   Tracking and loop closure functions for test results, referrals and 

consultations     
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•   Coordination between care teams and community resources

 –    Tracking patient use of community resources  
 –   Facilitated communication with community resources     

•   Continuous familiarity with a patient across time

 –    Listing of all members of the care team  
 –   Ability to share information with the patient and the team simultaneously     

•   Continuous proactive and responsive action between visits

 –    Disease/condition specifi c decision support (reminders/alerts)     

•   Patient-centered care

 –    Patient portals and personal health records       

 Other factors important to care coordination success are:

•    Active engagement of patients in their own care with direct communication 
among patients, providers and specialists  

•   Dedicated teams with stratifi ed approaches dependent on the complexity of care 
required  

•   Business models with incentives that support and reward care coordination 
eHealth Initiative [ 49 , p. 6].     

  Fig. 5.4    Patient Centered Medical Home Criteria (Reproduced with permission of the National 
Committee for Quality Assurance (NCQA) [ 99 ]        
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5.4.1.3    The Care Coordinator 

 The designated individual or team responsible for identifying a patient’s care plan 
goals, coordinating services and providers and helping the patient to navigate the 
medical system is essential. Ideally, coordination is an integrated multi-disciplin-
ary team that includes one such designee who works in close partnership with the 
patient, the provider and services [ 24 ]. A major aim is to engage the patient in all 
aspects and decisions of care. The American Nurses Association promotes the 
training and essential role of registered nurses in providing excellence in care coor-
dination [ 4 ].   

5.4.2     Health IT to Support Care Coordination 

 EHR systems and other health IT form the information infrastructure and mecha-
nisms by which:

    1.    Care coordination activities are documented, communicated, managed and tracked   
   2.    Performance measures are defi ned, collected and managed     

 The roles of EHR and other health IT systems are to: (a) assure, simplify and 
reduce the burden of data collection and sharing, (b) provide access to  clinical  
details not available otherwise for care and quality and performance measures and 
(c) generate views of aggregated longitudinal patient data over time and providers 
[ 66 , p. 28]. At the PCMH (practice) level, this translates into EHR-S 
functionalities:

•    Decision support (condition-specifi c reminders, alerts) for clinicians and care 
coordinators to manage and track tests, results, referrals and consultant reports 
for individual patients  

•   Dashboards that facilitate care coordinators to follow up on the care of individu-
als and groups of patients (completion of prescriptions, testing, referrals, com-
munications, patient reports, seasonal care (i.e., immunizations))  

•   Report specifi cation and generation tools for multiple users and uses: clinical 
tracking, practice monitoring and improvement, patient outreach, regulatory 
measures and research.    

5.4.2.1    Health Information Exchange (HIE) and Early Notifi cation 

 HIE refers to (a) electronic sharing of healthcare information across and among 
organizations and (b) an organization that provides this functionality to stakehold-
ers. The goal of HIE is to provide timely access to data for high-quality patient- 
centered care that prevents unnecessary duplication and to prevent abuses. 

 For defi nition (a), there are currently three standards [ 41 ]:

•    The Direct Standard: for secure electronic transfers between providers for care 
coordination [ 38 ]  
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•   The NHIN CAQH CORE X12: for providers to query and request electronic 
clinical information about a patient between providers [ 35 ]  

•   Consumer-mediated exchange: an example of which is the Blue Button Initiative 
[ 21 ,  37 ] to empower patients to access their medical information securely from a 
Web portal.    

 For defi nition (b), one example is a collaborative Early Notifi cation System 
(ENS) Program which provides notifi cation of an admission/transfer/or discharge 
about patients in Maryland and Delaware [ 19 ,  28 ] to enrolled providers. This pro-
gram supports transitional care management (TCM) to reduce hospital readmis-
sions [ 7 ]. Another example is Maryland’s Prescription Drug Monitoring Program 
(PDMP) [ 25 ] using its CRISP HIE (  http://crisphealth.org/    ). The PDMP helps to 
identify patients seeking controlled substances by prescription from multiple pro-
viders, preventing morbidity and promoting appropriate services to patients in 
need.  

5.4.2.2    Care Plan Documentation Standards 

 Much work has been done by several standards development organizations (HL7, 
IHE, HITSP) to defi ne a structure for an interoperable electronic document for Care 
Coordination (the Care Plan, a shared, consensus-driven, comprehensive blueprint 
of concerns and interventions by multiple providers and the patients). The Care Plan 
formalizes data fi elds and values (Fig.  5.5 ) for use in electronic records and 
transactions.

5.4.2.3       Performance Measurement Tools 

 The National Quality Forum (NQF) has endorsed a Care Coordination 
Framework [ 71 ] that identifi es an evolving set of coordination measures that 
includes (but is not limited to): (a) the healthcare home, (b) a proactive plan of 
care and follow-up, (c) communication, (d) information systems and (e) transi-
tions/hand-offs. In addition, NQF has developed the Quality Data Model (QDM) 
[ 17 ], a formal, standardized framework for enabling structured authoring (via 
its Measure Authoring Tool,   https://www.emeasuretool.cms.gov/    ) of logically 
consistent electronic eMeasures (or eCQM). The QDM defi nes categories of 
information, their context of use and relationships to other information to allow 
automated capture of data from HIT such as EHR-Ss Health [ 36 ,  65 ];   http://
public.qualityforum.org/hitknowledgebase/Pages/Knowledge%20Base%20
Home.aspx    . 

 EHR-based measures, some with formal (QDM) specifi cation, have been identi-
fi ed in Meaningful Use (of Certifi ed Electronic Health Technology) core and menu 
objectives (Stages 1 and 2) and clinical quality measures [ 66 ], pp. 31–34. Current 
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Meaningful Use objectives for which eMeasures are currently specifi ed (although 
not implemented) include Clinical Quality Measures:

•    Closing the Referral Loop: Receipt of a Specialist’s Report  
•   Follow-Up Care for Children Prescribed ADHD Medication  
•   Diabetic Retinopathy: Communication with the Physician Managing Ongoing 

Diabetes Care  
•   Home Management Plan of Care: Document Given to Patient/Caregiver      

5.4.3     Challenges 

5.4.3.1    Inclusion of External Care 

 As more patients receive care in “nontraditional settings” (retail clinics, urgent care 
centers, school and work clinics), a question that has arisen is: “What is the capacity 
for these settings to connect with the medical home?” This forms a basis for a recent 
initiative by NCQA to assess these sources of health care as “visible” parts of the 
medical neighborhood [ 72 ].  

  Fig. 5.5    Conceptual Workfl ow of a Care Plan (Reproduced, courtesy of HealthIT.gov, Offi ce of 
the National Coordinator) [ 100 ]       
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5.4.3.2    Management of Inherent Complexity 

 The challenges of care coordination are long-standing. Even with new approaches, 
infrastructures and information tools [ 14 ], there are inherent complexities in coor-
dinating and optimizing care and health that make success elusive:

•    Accountable care organizations’ (ACOs’) call to engage patients in their care  
•   Changing patient behaviors  
•   Medication reconciliation [ 60 ] and problem list management [ 1 ].       

5.5     Conclusion 

 EHR systems and other health IT technologies are now a part of mainstream health-
care. The evolution of system functionalities has resulted from ongoing negotiations 
among clinicians and systems developers to meet the growth of clinical information 
workfl ow needs. Two important drivers that have increased adoption of EHR-S 
technology and stimulated development of functionalities are federal regulations 
(quality measures reporting and Meaningful Use incentives/penalties) and lessons 
learned from implementation. 

 Care coordination, as a means to improve transitions and longitudinal care of 
patients across time, providers and resources, is a national healthcare strategy goal. The 
management of care trajectories through a medical neighborhood by Patient Centered 
Medical Homes (PCMHs) requires dedicated nurse-led multi-stakeholder teams and 
appropriate business models to sustain them. The development of EHR-S and health IT 
functionalities for care coordination have focused on (a) tools to assure completion of 
tasks, (b) interoperability standards for health information exchange (HIE) among 
stakeholders and (c) infrastructures to measure care processes and outcomes. 

 The starting point and the fi nal arbiter in any functionality of health information 
tools is how it impacts on the quality of patient care: its safety, effectiveness, effi -
ciency, equity and patient-centeredness.   
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