ACE/ADA Inpatient Diabetes and Glycemic Control Consensus Conference

TOOLS, TECHNOLOGIES, AND INFORMATICS:
SUPPORTING GLYCEMIC CONTROL

Malinda Peeples, RN, MS, CDE," and Donna Rice, RN, MBA, CDE?

ABSTRACT

Objective: To overcome the challenges involved in
the adoption and implementation of standards of glycemic
control in the inpatient setting.

Methods: Three major barriers to effective glycemic
control are examined, and solutions are discussed.

Results: The diabetes care process occurs at several
levels of the hospital system, including the community lev-
el. Each level must be considered when solutions for gly-
cemic control are determined and implementation planned.
Workflow coordination is another challenge; it addresses
the end users who provide patient care and use informa-
tion support. Informatics, or the application of information
technology to healthcare, can facilitate system-level and
workflow integration efforts to improve glycemic control.

Conclusion: Glycemic control can be achieved
through coordinated and facilitated efforts at each level of
the hospital system—individual, unit, and hospital-wide.
Multidisciplinary team coordination, workflow integration,
effective information sharing, and communication are re-
quired. (Endocr Pract. 2006;12[Suppl 3]:100-107)

Abbreviations:

CDSS = clinical decision support systems; CGM =
continuous glucose monitoring; CPOE = computerized
physician order entry; EMR = electronic medical record;
POCT = point-of-care testing; QC = quality control

INTRODUCTION

Diabetes is a significant public health problem, affect-
ing more than 20 million individuals in the United States
(1). Increased hospitalizations and associated costs bur-

From the 'American Association of Diabetes Educators, Chicago, Illinois,
and 2Botsford General Hospital, Novi, Michigan.

Presented at the American College of Endocrinology and American Diabetes
Association Consensus Conference, Washington, DC, January 30-31, 2006.

© 2006 AACE.

den our healthcare system, especially our hospitals, with
more than 4.9 million discharges associated with diabetes
(2). Glycemic control is an important outcome in the care
of people with diabetes, from both a quality-of-life and an
economic perspective. Since 2003, national attention has
been directed at improving glycemic control in the inpa-
tient setting. Through efforts of the American Association
of Clinical Endocrinologists (3) and the American Diabetes
Association (4,5), guidelines and standards for improving
glycemic control have been promulgated. Implementation
of these standards is challenging.

CHALLENGES

This article will address 3 issues that challenge the
adoption and implementation of inpatient glycemic stan-
dards: the system levels of care, workflow coordination,
and the lack of integrated or fragmented information tech-
nology support. It will discuss how tools, technologies,
and information management strategies support clinicians
and systems to improve glycemic control in the hospital.
Very little has been published on the integration and evalu-
ation of a system-wide information management approach
to glycemic control in the inpatient setting. The literature
focuses primarily on protocol development for insulin de-
livery and quality control (QC) programs for point-of-care
testing (POCT). It is the premise of this report that a coor-
dinated systems approach and the increased use of technol-
ogy can support successful glycemic control and standards
implementation in the inpatient setting.

PROBLEMS

Glycemic Control Is a Systems Problem

The “system” referred to herein focuses primarily on
the care delivery in the hospital, with the recognition that
the patient returns to the community for ongoing care and
support. Multiple levels or views of the system exist, de-
pending on one’s perspective: individual, unit or depart-
ment, hospital, and community. Each level has unique
attributes and contributions to the outcome of the patient
or person with diabetes. However, at each level, glycemic
control is the key outcome of the diabetes care process.
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The diabetes care process occurs at several levels of the
system, and each level must be considered when solutions
for glycemic control are determined and implemented (Fig.
1). The levels are the individual, the unit or department, the
hospital, and the community. Typically, most departments
and divisions are designed to accomplish specific tasks re-
lated to their mission. However, even in the best systems,
fragmented communication exists. Contribution to glyce-
mic control crosses departmental boundaries and multiple
disciplines. This creates the demand for a multidisciplinary
approach to defining and implementing solutions. These
solutions are best determined at each level within the sys-
tem and integrated across the multiple areas that impact
glycemia.

At the individual level, the main focus is the patient
and clinician. Most activities in the healthcare transaction
occur at this level; for instance, between nurse and patient,
between physician and patient, and with ancillary person-
nel such as a laboratory technician or dietitian. For exam-
ple, the physician orders the laboratory test that indicates
the level of glycemic control for a patient, and determina-
tions are made regarding diagnosis and/or treatment strate-
gies. The nurse administers medication based on the physi-
cian order or predetermined protocol. The patient receives

medication and nutrition, and blood glucose measurements
continue to be obtained. Most tools and technologies have
been developed to support this system level of interaction.

The first level of system aggregation occurs at the unit
or departmental level. Patients often are grouped on units
by service line, by patient population, or by level of acuity.
Examples of these are obstetrics, oncology, and critical care.
Departments are organized throughout the hospital around
key functions such as laboratory and nursing. Currently, the
unit or departmental involvement focuses primarily on train-
ing and QC of POCT activities. Although it is important to
have competent operators and equipment, there is a need to
focus on glycemic control at the unit level. Individual patient
reports should be aggregated to describe patient population
and practice trends for glycemic control on the unit. Many
departments are involved in the goal of glycemic control,
with each having a function that contributes to the overall
goal. Physicians and other clinicians cross departments or
divisions during daily patient care. A major challenge is
integrating these departmental functions to achieve patient
outcomes and to support clinicians at the point-of-service
through continuous quality improvement. Hospital depart-
ments involved in glycemic control are grouped under “pa-
tient care delivery” and “support services”:

* Individual (one-to-one)
— Patient
— Clinician

* Unit (aggregate view)
— Service
* Patient Population

— Department
* Laboratory
*  Medical
* Nursing
* Nutrition Services
* Pharmacy

— Patient Safety
= Regulatory
— Quality of Care

* Community
= Primary Care
— Specialty Care

System Levels of Diabetes Care

* Discharge Planning and Others

* Hospital (inter-departmental view)

!

Lo
(WY B 2

“Regulator Quality
Safety

Fig. 1. lllustration of the system levels involved in diabetes care.
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Patient Care Delivery

Nursing

Medical

Nutrition services

Pharmacy

Discharge planning

Ancillary departments and others

Support Services

e Laboratory

e Information systems

e Quality

e  Others depending on the hospital

Aggregating from the unit or department leads to the
hospital-wide inpatient or outpatient point of view. At this
level, key outcomes include patient safety, meeting of regu-
latory requirements, and overall quality of care. Glycemic
control is an indicator in each of these areas. The report-
ing at this level often is cumbersome and requires manu-
al extraction or complex data mining. Utilization of data
typically is focused on departmental functions and goals.
However, these data have the potential for being used in
hospital-wide performance assessment and strategic plan-
ning. For instance, a hospital system with 600,000 blood
glucose data points annually needs to address not only the
individual glucose value but also the impact of diabetes in
the health system and community.

A beginning and ending level of the diabetes care pro-
cess occurs at the community level. Patients come to the
hospital from the community, and they return to the com-
munity. Health systems have both a direct accountability
and an indirect responsibility for diabetes care. Hospitals
are directly responsible for discharge planning, referrals,
and follow-up plans and are indirectly responsible for the
coordination back into the community with primary care,
specialty care, and/or home care.

Glycemic Control Is a Workflow Problem
Workflow coordination is another challenge that ad-
dresses the end users who provide patient care and use
information support. Workflow addresses how fasks are
structured, who performs them, what their relative order is,
how they are synchronized, how information flows to sup-
port the tasks, and how tasks are being tracked (6).
Developing guidelines and protocols does not result in
improvement of care unless they are successfully integrat-
ed into the workflow of the providers and staff. Successful
integration requires a systematic observation of the tasks
that take place, analysis of the processes that support these
tasks, and the modification of processes for efficiency
and effectiveness. Following is an example of a workflow
analysis; the quote appeared in the electronic community
of an organizational specialty practice.

“Our hospital also is having problems with just the
morning insulin dosing. The clinical nurse assistant (CNA)
checks the blood sugars between 5:30 and 6:30 am and the
trays come at 7:15 am. I have been trying to teach the nurses
to give the bolus insulin and the correction dose together,
but we are not sure which shift should be held accountable
for this. I suppose having the trays come at 8 Am would be a
solution, but I think the idea would be met with resistance,
as would be the ideas to change the time a shift starts... any
ideas?”

The initial effort to “fix the problem” was to resched-
ule the tray delivery, but other concerns arise as one tries to
analyze the work tasks and processes. This “simple” prob-
lem takes on a different perspective when viewed from the
workflow analysis process:

Our hospital also is having problems with just the
morning insulin dosing. The CNA checks the blood sugars
between 5:30 and 6:30 am and the trays come at 7:15 am.
(Problem is defined: Morning insulin dosing)

I have been trying to teach the nurses to give the bolus
insulin and the correction dose together, but we are not sure
which shift should be held accountable for this. (Unit work
processes are evaluated and solutions considered. For
any new process, staff education will be required.)

I suppose having the trays come at 8§ am would be a
solution, but I think the idea would be met with resistance,
as would be the ideas to change the time a shift starts...
any ideas? (At this point, the solution expands across
departments and communication, and decision-making
will require interdepartmental coordination.)

In summary, workflow issues increase the complexity
of identifying and implementing the most appropriate pro-
tocols and procedures. Workflow at the various system lev-
els challenges the coordination of care within the hospital
and impacts the overall goal of glycemic control. A system-
atic approach to the analysis and improvement of workflow
issues at the unit and hospital-system levels will support
effective and efficient integration of clinician activities for
improving glycemic control.

Glycemic Control Is an Information Problem

Information management and technology is a key en-
abler for integrating the system and activities within each
level. Various types of paper and electronic tools, proto-
cols, policies, and procedures exist to support the goal of
glycemic control.

Current tools and technologies exist to support deci-
sion making at the point of care, with little functionality for
the unit or hospital level. Tools that exist today to support
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clinicians in their delivery of care include POCT, algo-
rithms, care paths, guidelines, and policies and procedures.
However, having the right information at the right time,
with appropriate decision support, is critical for safe and
effective care. Current systems are not at the sophistication
level needed to provide information for timely and appro-
priate action to control glucose levels.

The following is a case scenario from a pharmacist
who was consulted regarding “Why did this patient experi-
ence hypoglycemia?”

Case Scenario

The pharmacist arrived on the unit. To gather the data
needed for his analysis around the hypoglycemic event, he
reported that he had to “thumb through” the paper chart to
identify key data points: medication administration, nutri-
tion, and blood glucose values. No integrated view of the
patient day or days was presented to this clinician. He syn-
thesized his conclusions based on his random, fragmented
review of the chart and other records.

Discussion

Information is critical for timely and appropriate ac-
tions to achieve glycemic control (7). In this scenario, the
data were not readily organized or available, resulting in the
use of valuable staff time and resources to obtain complete
(or assumed complete) information for decision making.

At the hospital level, information is critical for meeting
patient safety needs, regulatory requirements, risk reduc-
tion, and financial sustainability. Hospitals are challenged
to develop information infrastructures while supporting
day-to-day operations. Technology is a key enabler for in-
tegrating systems, workflow, and information for treating,
trending, and reporting quality.

SOLUTIONS: TOOLS, TECHNOLOGIES,
AND INFORMATICS

Problems with system levels, clinician workflow, and
availability of information are the challenges to glycemic
control. The primary enabler is informatics, or the ap-
plication of information management and technology to
healthcare. Informatics supports the capture of data for
interpretation into information that is synthesized and
contextualized for knowledge. For an example, see Figure
2; this illustration details a process that uses number 40 as
a data point to represent hypoglycemia. Health informatics
tools include not only computers but also clinical guide-
lines, formal medical terminologies, and information and
communication systems (8).

Various technology applications exist to support
improving glycemic control at the individual, unit, hos-
pital, and community levels. These include the electronic
medical record (EMR), computerized physician order

Data:

Interpreted

Informatics: Turning Data into
Knowledge

Discrete entities that are described
objectively without interpretation: In
40 this example 40 is simply a number
with no meaning attached.

Data that are interpreted,

Information:
Range 70-110

organized, or structured:
The range provides
boundaries for evaluating the
number.

the range.

Information that has been synthesized so that
interrelationships are identified and formalized:
Now the 40 has meaning because it falls outside

Synthesized &
contextualized

Knowledge:
40 is
hypoglycemia

Fig 2. Example of data transformation.
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entry (CPOE), POCT, and continuous glucose monitor-
ing (CGM). Tools such as algorithms, protocols, policies
and procedures, care maps, and documentation strategies
exist to support clinician decision making and action, unit
or departmental activity, and hospital-wide risk manage-
ment. Informatics strategies, when appropriately applied,
facilitate an integrated view of glycemic monitoring and
management.

Current technologies that support clinician activity in
the hospital are evolving rapidly. The EMR is a computer-
based patient record that provides the components of a pa-
per medical record such as progress notes, medication ad-
ministration information, and laboratory results. There are
additional benefits such as access of patient data by clinical
staff at any defined location, support for automated claims
processing with payers, and automated checks for drug and
allergy interactions. The CPOE is a newer technology that
provides electronic order entry. CPOE systems offer the
additional benefit of providing physicians with computer-
based aids for decision making, also termed clinical deci-
sion support systems (CDSS).

Additional technologies have been designed to specifi-
cally support glycemic management in the inpatient setting.
For instance, POCT has evolved into a sophisticated tool
for information gathering and reporting. Using the point-
of-care instrument and connectivity with the laboratory and
EMRs, blood glucose data are available to the clinician for
evaluation and decision making. Despite significant ad-
vancements in equipment technology, many hospitals do
not have the level of technology connectivity to support the
more sophisticated capabilities of the instruments. Nor are
the reports designed and utilized for performance-improve-
ment activities. Most systems facilitate documentation, bill-
ing, and aggregating of blood glucose data. A new system,
continuous glucose monitoring (CGM), is connected to the
patient and provides multiple data points for recognizing
blood glucose patterns. CGM supplies real-time data for
anticipatory treatment rather than using retrospective data
to guide treatment. As CGM becomes more commonly
used in the hospital setting, treatment strategies will need
to be modified.

Informatics features that will enhance the support of
glycemia include data standards, interoperability, and con-
nectivity, which will support data and information sharing
across different healthcare entities. With chronic disease,
information systems must support population-based as-
sessment strategies and allow for multiple data input capa-
bilities including web-based, touch screen, and telephony
with interactive voice response. Such features will facilitate
improvements in patient safety, quality, and cost-effective-
ness. Patient safety is improved through electronic patient
and clinician identification, POCT user authorization,
and critical values notification. Quality care is enhanced
through data trending and reporting on patient and provider
outcomes. Financial benefits accrued to the hospital include

improved charge capture through POCT, improved produc-
tivity, and organizational efficiency.

The levels, the functions, operator competency, QC,
tools and technologies, and desired features are presented
in Table 1. The table depicts an example of the interac-
tion of all stakeholders and their contributions to glycemic
control—obviously a complex endeavor requiring system-
wide communication and resolution. Interdisciplinary work
groups or steering committees that work closely with in-
formation technology departments are necessary to achieve
this goal.

Integrating technology between the individual, the
unit/department, and the hospital-wide environment
provides information at the point of service for decision
making for patient care. Unit-level and hospital-wide re-
ports facilitate practice improvement and lead to improved
quality of care. Some of these reports include:

Patient view: Historical glycemic data and trending
Provider view: Treatment algorithm deployment
Unit view: Protocol adherence

POCT training, protocol adherence, and quality
Hospital view: Regulatory, safety, and POCT quality

Technology offers solutions for glycemic control; how-
ever, barriers to adoption exist. In the United States, health
information technology adoption remains in its infancy.
Adoption remains limited because of various concerns, in-
cluding organizational issues such as cost of systems and
productivity lost during transition from paper-based sys-
tems to computer-based systems. The lack of data standards
to support connectivity between disparate systems and the
lack of interoperability between different data sources im-
pacts the usefulness of the system for the clinician (9). Such
limitations often negatively impact workflow and increase
resistance to adoption (10).

CONCLUSION

This article details the key challenges for effective in-
formation delivery to support glycemic control in the hos-
pital inpatient setting. A multidisciplinary, system-wide
approach to integrating tested tools and technologies will
promote improved outcomes for people with diabetes. The
increasing chronic disease epidemic and the changing dy-
namics in healthcare create a critical demand for technol-
ogy as an enabler for improving care (11).

Further research and evaluation must be completed to
develop greater systems-level technology support for gly-
cemic control and other aspects of chronic disease care.
Technology holds the promise of supporting redesign of
care delivery methods. In addition to glycemic control,
technology offers solutions to improving transition of the
patient to the community and care coordination in the com-
munity. Currently, support efforts for glycemic control in
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*This is not a comprehensive list, but it can be used as a framework for further discussion and development for the inpatient setting.
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the community also are being implemented in city, state,
and national arenas. Trends include city-wide public-health
department mandatory reporting of glucose, state-wide
initiatives to improve diabetes care, telemedicine, and the
personal health record for patients. Technology will sup-
port expanding the reach of the system and the clinician,
which also will result in improvement of care.
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