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IMPACT OF AN ELECTRONIC MEDICAL RECORD ON ADHERENCE TO
CURRENT DIABETES GUIDELINES IN A FAMILY MEDICINE CENTER
THOMAS MACANDREW ENGLISH

ADMINSTRATIVE-HEALTH SERVICES PHD

ABSTRACT

OBJECTIVE : Extensive research shows that diabetic care often falls below
recommended guidelines. Many believe that Electronic Medical RecordR)(E&e the
ability to improve quality of care. The primary goal of this study is to evahinat

changes in diabetic care and outcomes pre and post EMR implementation.

RESEARCH DESIGN AND METHODS: The study took place at the UAB Huntsville
Family Medicine Center. A retrospective chart review was conducted én tord
determine the impact of an EMR on diabetes care. This is a natural expehaterses a
pre post model in order to determine impact. Generalized Estimating Equatiens we
used to determine the changes in diabetic care and outcomes pre and post EMR

implementation.

RESULTS: Order rates for all three tests investigated increased after irapiation of

the EMR however only the increase in microalbumin orders was statissaatificant.
Microalbumin tests were 147% more likely to be ordered post EMR implementation and
the difference was significant (p<.001). HbAlc tests were 26% more lixély brdered



post EMR implementation and LDL tests were 18% more likely to be ordered post EMR
but the differences were not statistically significant. The HbAlclWasess likely to be
performed and the LDL was 11% less likely to be performed post EMR but neither
difference was statistically significant. Microalbumin testserA@8% more likely to be

performed post EMR implementation and the difference was significant (p<0.001).

The EMR was associated with an improvement in microalbumin, HbAlc, and
LDL control. Patients seen after EMR implementation were 20% motg tikbave an
HbAlc <7 (p=0.033), 34% more likely to have a LDL<100 (p<0.001), and 55% more

likely to have a microalbumin<20 (p<0.001).

CONCLUSIONS: Patterns of care did change after EMR implementation. EMRs may
improve quality of care but it is unclear what tools in the EMR may contribute the

change.
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CHAPTER 1— INTRODUCTION

In 1996 the Institute of Medicine (IOM) began an effort to improve the quality of
health care in the United States. As part of this effort the IOM has rélzageple
publications addressing the mechanisms that could be used to enhance the quadty of ca
(2). In 1999 the IOM released “To Err is Human: Building a Safer Healtlei®ysThis
report discussed a strategy to improve the quality of health care in @arbgul
preventing errors (2). A second report “Crossing the Quality Chasm: A NewthH
System for the 21st Century” was released that offered more direction to deralt
entities about how to improve quality. In this report the Institute of Medicine sudgeste
that adoption of health information technology will be essential to improving thiyqual

of health care services over the next decade (3).

In addressing the needs for improved quality of health care the IOM has
established a set of key capabilities for electronic medical recordR) Eidt has the
potential to improve the efficiency and quality of healthcare in the UnitadsSt All
EMR systems are to include longitudinal patient data, offer immediatesaoge
authorized users, provide knowledge and decision support, and support efficient
processes of health care delivery. These requirements where develoyukst to or

improve patient safety, support the delivery of effective patient caratdeecthe



management of chronic conditions, improve efficiency, and to allow feasible

implementation (4).

The IOM guidelines are pushing the medical profession to adopt EMRs. The
medical profession lags behind other industries in the use of information technology
systems to enhance performance. However, EMRs are gradually beingdadopt
Approximately 24% of ambulatory care physicians used EMRs in 2005 (5), this is up
from an estimated 17% of office based physicians in 2003 (6). If the adoptioonfrates
EMRs follow the patterns seen with other technological innovations a substacriase
in adoption is likely to be on the horizon. It is posited that the majority of the market
develops only after a significant portion of peers in a community have adopted a product
and is considered a reference group on which product success or usefulness can be
evaluated (7). With an estimated 24% of ambulatory care physicianskMiRg, it is
likely that most physicians not using EMRs at least know one who is using an EMR. The
availability of peer references should drive further increase in adoptes ¥aith the
current and potential use of EMRs, one must consider what impact the EMRsvwill ha

on healthcare.

EMRs have the potential to increase the efficiency and effectivenisa/mch
health care is provided. However, the benefits of EMRs are still uncldear i@dustries
have seen up to 4% per year gains in productivity due to information technology. An
increase of this magnitude could reduce healthcare spending by billions pé3)yetne

potential cost reductions are impressive but the true impact of the EMR tieswi
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ability to improve the quality of care that is given to the patient. Many EygRIS are
equipped with decision support tools that give the provider reminders and cues about the
needs of a particular patient. These decision support tools combined with easily

accessible patient data have the potential to improve the quality of caredatpat

The primary goal of this study is to evaluate the changes in diabetic care and
outcomes pre and post EMR implementation. The best way to measure the changes in
patterns of care is to consider prior measures of high quality care. Qualéyeat a
nebulous concept but the most concrete measures come from the evidence based
treatment guidelines that have been developed. Well developed decision support tools
should prompt providers to follow evidence-based treatment guidelines. This should

improve the quality of care across the board and reduce practice variation.

Practice variation has been well documented. Early investigations intboregia
in health care focused on surgical procedures. In 1938 Glover investigated the incidence
of tonsillectomy (9) and since then several studies have shown that physaaoepr
variation does occur (10-13). Current efforts to understand variations in health care
outcomes have extended this research to look at variations in chronic disease by
measuring patient outcomes. In particular, a large body of researatchasd on the

variation in treatment of diabetes mellitus which is covered in the literegurew.

Diabetes Mellitus is one of the most commonly occurring chronic diseases in the

United States. Diabetes is characterized by an inability to produce instyjei 1



diabetics or an inability of the body to be able to properly use insulin in type 2ickabe
Insulin is a hormone that regulates the amount of sugar that is stored in the blood.
Diabetes is likely caused by a mixture of genetic and environmentatdadthough the

exact cause remains a mystery (14).

Diabetes is typically diagnosed based on the results of a glucose testoipers
considered to be diabetic if their fasting glucose is above 126 mg/dl orvdHeour
blood glucose level is at 200 mg/dl or higher. Increased glucose leveladan &

myriad of medical complications (14).

According to the National Institute of Diabetes and Digestive and Kidney
Diseases, over 18 million people in the United States are diabetic. Diab#tesixth
leading cause of death amongst diseases in the US. In 2002, the total costte$ diabe
the US was estimated to be $132 billion (15). The costs and deaths associated with
diabetes are expected to grow in the future. Death from diabetes is becooneng
prevalent (16). The rates of diabetes are expected to grow and males born in 2000 are
estimated to have a 32% lifetime chance to develop diabetes while femalés 000
are estimated to have 38.5% chance to develop diabetes (17). Diabetes cahdeaid t
disease, stroke, blindness, kidney failure, pregnancy complications, lowamytr

amputations, and deaths related to flu and pneumonia (15).

Diabetes offers an excellent setting in which to study the impact of thedéMR

patterns of care due to the high prevalence of diabetes and the body of work alread



completed about monitoring and care for the disease. Established diabetesntreatm
guidelines are in place and extensive research has been done concerning quality of
diabetic care. This study is designed based on the Donabedian structure, process,
outcomes paradigm (18). Donabedian believed that both structure and process had an
effect on health outcomes and that measuring outcomes was the proper way to avaluate

process.

Structure is “the relatively stable characteristics of the proviaferare, of the
tools and resources they have at their disposal, and of the physical and organizational
settings in which they work” (18). The structural level variables of irttérdhis study
are patient and physician demographics. Structure level variables set besitiutriimit

process possibilities.

The process involved is patient-physician interaction, as shown in Figure 1. This
study should lend evidence as to how one can best change the process in order to improve
outcomes. Variables associated with this interaction include treatngémereand

patient compliance.

Donabedian defines outcomes as “a change in a patient’s current and futdre healt
status that can be attributed to antecedent health care” (18). This studynediésipok
at the process of care as well as intermediate outcomes. The prirahof thos study is

to evaluate the changes in diabetic care and outcomes pre and post EMR implementat



\ 4

System »| Process »| Outcomes
Intermediate
Patient Patent Outcomes:
Demographics PhyS|C|§m HbALc
Interaction
Co morbidities
Treatment |——"1 LDL Cholesterol
Insurance Regimen Microalbumin
Compliance
EMR
Physician
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Long Term Outcomes:
Policies Blindness
Kidney Disease
Government Nervous System Disease
Regulations Heart Disease
Stroke
Dental Disease
Pregnancy Complications
Amputations
Indicates areas of Microvascular Disease
| investigation in this study Heart Failure

Figure 1. Donabedian Paradigm



CHAPTER 2—LITERATURE REVIEW

This chapter will cover the treatment guidelines, show the current statéetatia
care, and explore different methods that have been used to improve diabetes care. The
factors that impact diabetes management and the programs that aipndeartne
quality of diabetic care have been studied to great extent. The issue of diabetes
management is extremely complex. The treatment guidelines and numerens pat
physician, and environmental factors that impact diabetes confuse thendgyl®. of
this, many programs have been designed to improve diabetes care. Digeampr
include interventions that have used EMR'’s, and these typically are evalus¢edoa
adherence to diabetes guidelines. These diabetes guidelines are built tableshed
evidence base that shows the benefit of following them (15). This chapter iatsplit i
eight sections. The first four sections - Glycemic Control & Monitoringgdtifle,
Management of Co morbidities, and Screening — discuss diabetes guidelinesiiand t

importance.

The Quality of Care section discusses past research that has shown thantreat
of diabetes is often below guidelines. The Quality Drivers section disdigsesasons
why the level of care is falling below the standards set in the guidelinegddu to

Improve Care section covers numerous ways to improve quality of care. Theditiaihs



includes a review of prior studies that considered the impact of Electronicafedic

Records on diabetes patterns of care.

Glycemic Control & Monitoring

Glucose monitoring is essential to diabetes management and can be done using
various methods. Blood glucose tests can be used to monitor short term sugar levels

while the HbAlc gives an average glucose level over the past two to three Mi@npths (

Self-monitoring of blood glucose is recommended (SMBG) and is considered

useful in order to maintain a frequent watch on glucose levels (15, 20, 21).

Hemoglobin Alc (HbAlc) tests should be performed two or more times a year
depending on disease state. This test is useful because it gives a weiglage alvar
patient’s glucose level over the past 2-3 months (15, 22). HbAlc is often used in order to
determine proper treatment (15). Conducting both SMBG and HbAlc is important so that

the patient and provider can understand what is needed to maintain glycemic control.

Generally the target HbAlc for patients is 7% which correlates to a gliecs
of 170 mg/dl (15, 23). Several trials have shown that better glycemic controbisvedg
associated with retinopathy, nephropathy, and neuropathy (24-27). Lower HbAlx value

have also been linked to a decrease in microvascular events (28-29).



Lifestyle

Lifestyle modifications are the first line of therapy for many diabetidestyle
modifications include a variety of educational and behavioral interventiong¢hat a
discussed below. All diabetics should get medical nutritional therapy in ordexcto re
their treatment goals. This therapy includes controlling their wegghtedl as consuming

a proper mix of foods.

All diabetics should receive diabetic self monitoring education (DSME). DSME

can lead to improved health outcomes (30-35).

The guidelines also recommend physical activity in order to improvemigc

control, weight control, and reduce risk of cardiovascular disease (15).

Psychological and social assessment of diabetics is recommendecdebecans

allow physicians to know about a patient’s ability to partake in self care (481)36

Flu shots should be given annually to all diabetics. Flu shots have been shown to

greatly reduce the hospital admission rates of diabetics during flu epglgirbici2).

Management of Co Morbidities

The majority of diabetics are hypertensive which increases the riskailaa
complications (15). Blood pressure should be measured at all diabetic visitsicSystol

blood pressure should be below 130 mmHg and diastolic should be below 80 mmHg. The



benefits of controlling blood pressure in diabetics have been shown in several dtbidies (
43-46) Blood pressure control has been linked to fewer cardiovascular everds/and |

mortality (15, 43, 47-48).

Cholesterol levels should be measured annually. LDL cholesterol should be below
100 mg/dl, HDL should be above 40 mg/dl, and triglycerides should be below 150 mg/dI
(15). Prevalence of dyslipidemia is high among diabetics and several stadeeshown

that controlling lipid levels can lower cardiovascular risk (49-58).

Maintaining blood pressure and cholesterol control is essential to limitimggkhe
of cardiovascular disease (CVD). Hypertension and dyslipidemia are bothatisksffor
CVD (Guidelines 59-63). Diabetics are 2 to 3 times as likely as non-dialzesaffer

from CVD (64-65).

Screening

The combination of a microalbuminuria and a serum creatinine level can be used
to monitor for kidney disease. Nephropathy screening should occur annually by
completing these two tests. Diabetes is one of the leading causes of kidasg 5.
Diabetes accounts for 44 percent of new cases of end-stage renal @iSeaSarrent
guidelines recommend glucose and blood pressure control in order to limit the risk of

kidney disease.

10



Diabetes is the leading cause of adult blindness with diabetic retinopatsing
12,000 to 24,000 cases of blindness each year in the US (15). Patients that tightly control
their HbAlc will have fewer incidences of microvascular complicationadinmg
diabetic retinopathy (67-70). The Diabetes Control and Complications Study fotind tha
strict control of blood glucose reduced mean risk of retinopathy by 76 percent (68).
Glycemic and blood pressure control can lower the risk of diabetic retinopathgnCurr
guidelines recommend that diabetics have a dilated eye exam shorthjiajtevses of

diabetes. Annual eye exams are recommended after the initial exam. (15)

Mild or severe nervous system damage occurs in 60 percent to 70 percent of
people with diabetes. Nervous system damage can result in impaired sensationror pai
the feet or hands, slowed digestion of food in the stomach, carpal tunnel syndrome, and
other nerve problems. Over 60 percent of non-traumatic lower-limb amputatmns oc
among people with diabetéks5). The Diabetes Control and Complications Trial (DCCT)
found that glycemic control can delay the progression of diabetic neuropajhit (69
recommended that all diabetics be screened for distal symmetric pagagur (DPN)
annually. Foot inspection to screen for neuropathy should be performed every 3 to 6

months. (15)

11



Quality of Care

Despite the evidence of the benefits of the guidelines recommendeal sever
studies have found that diabetes treatment falls short of recommended gsiidedin&lL-
80). This is no doubt due in part to the large amount of testing and daily self management
that is required by diabetics. The guidelines themselves call upon the patient a
physician to complete many tasks but also require that certain services diaietis

education are available.

Many diabetics do not follow recommended preventive measures. In 1998
researchers found that many patients did not conduct self monitoring blood glucose
checks, get HbAlc tests, receive foot inspections, or have dilated eyeaxams

recommended (76).

More recent studies have found that the quality of diabetes care is improving but
further improvement is still needed (72, 74). Saadine et al. found that intermediate
diabetes outcomes including LDL cholesterol, blood pressure, and glucosewevel
not well controlled for a large portion of diabetics (74). Jencks et al. found thgea lar
proportion of diabetics are not getting the proper care they need. They found tiiat man
patients do not have HbALlc tests, eye exams, or lipid profiles done on a regular basis

(72).

12



Quality Drivers

A number of studies have attempted to the sources of variation in glycemic
control. The previous studies have looked at numerous patient, physician, and practice
level factors. At the patient level age has shown to have a positive impactyegmge
control. Results suggest that patients learn to manage diabetes bettergas thegr and
that only the lives of the well managed are extended (81-84). Treatmenénegvhich
considers if patients should use oral medication, insulin, diet and exercise, or a
combination thereof, also is an important factor. Diabetes is a progressiasaland
typically those on no drugs do the best followed by those on oral medications, and then
those using insulin. Typically only the type Il diabetic patients that havenpobved
their condition with diet and exercise will be given anti-diabetic medicat8$)86-91).
Studies disagree over the impact of gender (82, 85, 87). Caucasians tend to have better
diabetes management than other racial groups (82, 87, 88, 92, 93). Patients that have been
more recently diagnosed tend to have better diabetes control (81, 85). People of higher
socio economic status tend to have better diabetes control (82, 84, 93, 94-96). Patients
with more limited insurance had worse diabetes management (82, 96, 97). The more
comorbidities a patient has the poorer their diabetes management tends to be (84-87, 93,
98). Non-compliance with treatment has also has a negative impact on diabetes

management (92, 93, 98-101).

Mixed evidence has been given on the association of physician and clinic level

variables with HbAlc (81, 85, 95, 97, 99, 102-104).

13



At the practice level, better equipped practices (85), larger pra(dsess,
97),existence of a diabetic mini-clinic (85), access to a dietician, or &cpraatse
skilled in diabetic care (85), and longer appointments (95) have all been linked with

better diabetes control

Few studies have looked at patient, physician, and practice level varialbles at t
same time. Krein et al. conducted such a study to evaluate the variatiabetedi
practice patterns and the reliability of diabetes care profiles. Tilg sbnsidered
variables attributable to the primary care provider (PCP), the physicap,gnd the
facility. “The greatest amount of variance tended to be attributable tocihity fie@vel”
(104). Process level measures had up to 9% of their variance attributed to the PCP,
however, intermediate level outcomes did not have a large amount of variance
attributable to the PCP. In particular only 1% of the variation in most recent HbAlc
values was attributable to the PCP. None of the variance in HbAlc was attribotdiae t
provider group but 12% of the variance in HbAlc was attributable to the facility leve
(103). This study did use patient case-mix adjustments; however patient \sawabde

not the emphasis.

Based on the evidence, patient factors play an important role on diabete§ contr
as do practice level factors. The physician level factors tended not to becaigrniifi

most of the studies in which they were considered.

14



How to Improve Care

Programs of numerous shapes and sizes designed to improve diabetes care have

been implemented and studied with varying results.

Many quality improvement projects have been studied. While most show some
improvement in process level measures, few disease management pragrabie to
show changes in intermediate diabetic outcomes. These results are in congitretiee
research that showed that physician factors have little impact on gtycentrol. The
results of a study by Mangione et al. that evaluated multiple diabetes quality
improvement programs exemplify this. It found that three quality improvertratggies
increased retinal screening, nephropathy screening, foot exams, and HbAlc $tkmod te
The three strategies were performance feedback, physician respiade diabetes care
management. However, none of the strategies were associated with imprevement

HbAlc, blood pressure, or LDL cholesterol (105).

Research using in-depth interviews of 19 primary care physiciansd8eme
insight into how to improve diabetes care. Although physicians had goals that were in
line with guidelines they found that patient issues often made proper management of
diabetes difficult. The study concluded that diabetic care should be taiboneekt the
needs of individual patients and that physicians need to improve their motivational
counseling skills. They also suggest that office systems be designed to supentt pati

adherence (99).

15



Case management programs that actually involve an increased numbés of vis

tend to be more successful at improving intermediate diabetic outcomes suchlas HbA

In the past, disease management programs that aim to modify physician behavior
and case management programs that modify the amount of care that patewsazc
well as many other types of interventions have shown that they can improve the qualit
of diabetic care. This literature has also extended to show benefits franom@ie

medical record systems.

Prior EMR Studies

Studies that have focused on the impact of electronic systems on quality of care
have had shown that EMRs and other electronic systems have similar impalés to ot
quality improvement initiatives. EMRs and electronic prompting systemsliesre
linked with increase rates of foot exams (106), eye exams (106), health maintenance
(207), recommended care (108), improved clinical practice (109), quality of care (110),
HbAlc (111), LDL (111), frequency of HbAlc (112), and frequency of LDL (112).

However, some studies found that EMRs have no impact on quality of care (113).

Two studies were found that looked specifically at the impact of an EMR on the
guality of diabetic care provided. O’Conner et al. conducted a study to look atphet im
of an EMR implementation on diabetes quality of care. The EMR that was ughkd for
study was developed by Epic Systems. Initially the system provided @oonpt

physicians when diabetic patients were due for an Hbalc or microalbutsinrAtggar
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after implementation prompts were put in place to create reminders about blesut@re
checks, cholesterol labs, and aspirin therapy. The prompts were on screen bia they
not require a response. The study took place in two clinics. One implemented an EMR
and the other did not. A total of 122 patients were followed for 5 years. The clinic that
implemented the EMR followed 57 while the control clinic followed 65. Both clinics had
4-5 physicians and did not have residency training duties. The two clinics vder ait

baseline (114).

The measure of quality was the number of labs that were completed. The study
found that EMR increased the number of HbAlc and cholesterol tests but they did not see
an impact on actual HbAlc or cholesterol levels. The study looked only at labs
performed; it did not look at labs ordered. The EMR should prompt the physician to order
more tests even if the orders are not always followed. The study also lookedat only
small subset of the diabetes guidelines because the EMR was only expectedato have
impact on a few items. It also measured the impact of looking at the number of labs
performed which may or may not be the result of a physician following guidelm

ordering the tests more often.

Welch et al. used a natural experiment to study the impact of an EMR omdost a
guality of care. The study examined the implementation of EMRSs in 4 cliniasntfot
group of 52 clinics that did not have EMRs was also assessed. The study used ¢taims da
to assess the impact of the EMR on cost and quality of care for patients witedja

hyperlipidemia, heart conditions, hypertension, or any combination of thesselis&he
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clinics had differing EMRs with differing functionality. One clinic did matve a full
EMR but instead had an enhanced practice management system and acceks to res

from the hospital (113).

In order to measure quality, the study only measured guidelines that thagrhysic
could be held accountable for. The study found that the EMR had no impact on cost,
guality of diabetes care, and quality of care for heart conditions. EMR iraptation
was associated with higher quality of care for hyperlipidemia and leyyséoh. The
study used an algorithm to determine if total diabetic care had improved iry gualid
not report the significance of the changes in the individual diabetes qudiitgtors

(113).

The study has several weaknesses. First, the experimental group wasisingal
the same EMR. It is also not clear if all the physicians at those g®etEre using the
EMR or to what extent. The systems in two of the experimental clinics had &itRs
diagnostic data, lab work, imaging, e-prescribing, and some decision support.rahe thi
experimental clinic had similar functions except it did not have imaging. Thinfour
experimental clinic did not have an EMR and should not have been included. It was
included because it did have limited e-prescribing and access to the local hgsfgtal s
It is quite possible that control clinics also had the same capabilities as ttie four

experimental clinic.
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The systems were rolled out at the experimental clinics so it is undiearav if

the different functionalities came into effect.

The study used claims data that may give a skewed view of guidelineraghere
that also is impacted by patient compliance. Many patients are non-consplieven if a
physician has ordered the lab work that is needed it may not be completed byetiite pat
This will look like a failure of the physician. This is unreasonable because tlye stud

targeted only guidelines that the physician could reasonably control.

Intent of study

This study builds on the existing literature in order to analyze the changes in
diabetic care and outcomes pre and post implementation of Allscripts Touchworks
version 10.2 EMR. This study differs from prior studies because it looks at adaigge
of diabetic quality of care indicators as well as diabetic intermediaternatcd he data
comes directly from the medical record which allows us to look at the infammiati
three ways. We are able to measure changes in what the physician had asdeell as
changes in what labs the patients actually completed and finally vablareo measure
the intermediate diabetes outcomes themselves. This study offerd insaghow EMRs

are already improving care and what areas need to be improved.
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CHAPTER 3—METHODS

Setting

In August of 2006 the University of Alabama School of Medicine Huntsville
Regional Medical Campus (UASoMH) installed the Allscripts Touchworksiaerl0.2
EMR. The event offers an opportunity to study patterns of care before and after the
installation of the EMR. The study was approved by the University of Alatzm

Birmingham Institutional Review Board.

The UASoMH was established in 1973 and in the past 30 years has emerged as
the medical education leader in the northern part of the state as well as aneafibrocat
enhancing family-oriented healthcare delivery for Huntsville and the sutioginon-
urban communities. It is the premier center for the training of familgipiayns,
education of medical students, and for supplying high quality healthcare to North
Alabama families. Besides providing medical care to over 100,000 patients pehgear
UASOMH has trained about one-third of Alabama’s primary care physiciarte $976,
the Huntsville Regional Medical Campus has trained 352 medical students who chose
careers in primary care; 35 percent of these physicians now practicaliaraas. In
Alabama today, there are close to 100 practicing family medicine physidemns w

graduated from the campus’ residency program.
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The study itself will focus on the Family Medicine Clinic at the UASOMH. The
clinic has nine attending physicians and thirty-six residents. Approeiynhl0 patients a
day are seen by physicians. The clinic also has two pharmacists that progidadiru

disease management education.

The EMR was rolled out to the family medicine clinic in a single event on Augus
16, 2006. The system is used by everyone at the clinic. After the system tatsdneo
more data was collected on paper. All clinical documentation is done in the EMR in one
of a variety of modules. Below is a list of the modules in use at the clinic and the

capabilities.

Workflow

The EMR is broken into nine integrated modules. In order to describe how the
EMR works and changes the way physicians practice, an example workflow foca typi
patient will be given as well as a description of the functions of the various mo#lliles

patient information presented in screenshots is from hypothetical tesitpati

The bulk of the visit is documented in the note module which replaces the
traditional paper note. Notes can be built in two ways. One option is to create text
templates, which incorporate templates with the ability to add free testisSTtommonly
used when users are discussing the history of the present illness (HPI)stEne algo
uses Medcin templates which allow the user to simply click on problems that seatpre

or absent. The system at UASoMH is designed with multiple diabetesispeciplates.
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These templates are used in most sections of the note. Medications, orders, results

allergies, and other items that are in the other parts of the system can alliive diec

in the note with the click of a button. The clinic does not do any dictation.

The clinical portion of the visit begins with the nurse taking the patient’s vita

signs and entering any patient history that has been reported. The nuseédnaayactive

problem and place an order for in-house test if needed. The nurse will alshemtaet

complaint of the patient. An example of the vitals intake form in Figure 2. Datt#st

generated on the vitals screen will automatically be pushed to the notel cheatg the

patient visit.

Last Entry:

kg/mz Calc,

cm ¥

(0-10)

Figure 2. The vitals entry screen.

Vital Signs
DatefTime: ] Status:
Last Entry:
BP Systolic: |120 mm Hg Height:
BP Diastolic: |20 mm Hg Weight:
Location: v BMI:
Position: . Head Circum:
Temperature: (93.6 Fo» Pl s
Method: A LMP:
0, Saturation:
Heart Rate: bprn
) F.Oz:
Location: v !
. 02 Source:
Quality: v
Respirations: R/min
Quality: w
Post Text to Current Note
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Before seeing the patient, the physician will review prior visits, lookbatdsults,
and review documented medications and problems. This is typically done by lobking a
the ChartViewer and SnapShot sections. The physician will look at the pahants
beginning with a “SnapShot” of the patient. Here the physician is able to see what
medications a patient is taking and what problems they have. They can afdbesge
have any labs that need to be ordered as well as a history of past patieahdisitisst of
tasks that are associated with the patient. The SnapShot screen presEigecti3 is
the first page that physicians see when they go to a patient during a Wsgiical

workflow.

The next page that is often reviewed is the ChartViewer. Here a physacian ¢
look at all the notes, test results, and correspondence about the patient. This page also
will identify any tests that have not yet been reviewed by the provider. Ansbi@eof
the ChartViewer is in Figure 4. The ChartViewer allows users to quickly reallew
documentation available on a patient, however, no data can be added while in the

ChartViewer.
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ShapShot™

L MActiveproblens 3
abdomen pain startsfintensified by milk andfor milk products
abdominal pain above the pubic area (suprapubic)
abdaominal pain around the belly button (periumbilical)
abdominal pain changed location
abdominal pain chronic § constant
abdominal pain feels steady, severe
abdominal pain in multiple locations
abdominal pain in the left lower belly (LLOQ)

Bactroban 2 % Cream

IBU 800 M3 TARS

Ketarolac Tromethamine 30 MG/ML Solution
S5D AF 1 % Cream

Tramadol HCl 50 MG Tablet

abdaominal pain in the right lower belly (RLQ) ¥
| _[HMP Alert Freg  Due WSl tlAllemens  Sicstegony S
Mo HMP alerts A\ Grass
Penicillins
Sulfa Drugs
New... JlCetals.

EI‘ICDI.II'ItEI'S

 Jlasks

29 Oct 2007 Other #1 1 Follow Up e

25 Qck 2007 Result Charge 3 Appointment fAdvise Reguest

28 Aug 2007 Result Charge 3 Correcthote Admin

24 Aug 2007 Result Charge 3 CorrectMote Admin

23 Aug 2007 Result Charge 3 Correcthote User

21 Aug 2007 Other 3 CoSign Mote

21 Aug 2007 Other 3 CoSign Note

08 Aug 2007 Result Encounter 2 Med admin

31 Jul 2007 Result Charge ¥ 3 Med admin b
Figure 3. SnapShot offers a quick view of a patient’s problemsyedications, health maintenance plan alerts, allergies,

tasks, and encounters.
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= View: All by Section by Sub-Section v

ChartViewer Pl

Group: Section i

1 Item Viewer
IE=ClEet bl e Owner: English, Thomas

ncounter: 15 Oct 2007

Item

EH) Notes
EHE Industrial Medicine

Industrial Med M 25 Oct 2007

|Date T§7|Owner {7

- [El sIndustrial Medic12 Jul 2007 AHSAdmin, AHS
=17 Dffice Notes

vB| General Office Y15 ¢
- 4E] Proghote 21 Aug 2007
o Progress Mote = 21 Aug 2007
- WE] General Office ¥ 20 Aug 2007
- 4F well Child Wisit_ 17 Jul z007
- 4{E] sick Child Wisit_ 19 Jun 2007
- 4 General Office W 7 Jun 2007
- 4 General Office W4 Jun 2007
-4 Progress Note 4 Jun 2007
- 5] General Office ¥ 18 May 2007
- &S] office Wisit Psycl 20 Apr 2007
- 4E] Progress Mote 5 20 Apr 2007
- YE] General Office w5 Apr 2007
- &5 Initial EMR Visit 3 Apr 2007 FMDOC, UAB
EI@ Diagnostics
=i Laboratory
-2F SELMA In House 25 Oct 2007
7ﬂ In House Heroc 24 Aug 2007 FMDOC, UABR
Y Dehydroepiandr 8 Aug 2007
ﬂ HEMOGLOBIMN A2 18 Jun 2007
-7igh LIPID PAMEL - 3 18 Jun 2007
~ 2 In House Rapid : 18 May 2007
EMZ3 R Documents

4=l Medicaid PA Temp S May 2007 [ |

Y= fMedicaid PA Temp 4 May 2007 AHSAdmin, AHS

Figure 4. ChartViewer displays all notes, labs, correspondence, andaunters for the patient.
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The physician will begin the visit by reviewing the chief complaint and
documenting the HPI. Documenting in the chart is driven by templates however
physicians do have the option of entering free text. Although physician creaigdtes
are available for most common diseases many providers prefer t@awuitestructured

HPI. Figure 5 shows the diabetes HPI template.

Detail |

Free Text - HPI

IABETES MANMAGERENT: - is here for follow-up of his diahetes.
\LOCATION: [ 1
QUALITY f CHARACTER: Fafienf reporis spmpfoms are [ worsexing Tl improving T
SEVERITY: [ Mild [[ Moderate J[ Severe |
\Home glucose ranges befween [ Jand [ |
Wlorming slucoserange: [ Jfo[ |
Wi ed-cleay ghucose range: [ Jio [ T
\Brering gluccse range: [ Jio [ |
\DUTRATION # ONSET: [ ]
TIMING: [ f
CONTEET: [
RODIFYING FACTORS: Fafienf [ has [[ has not | been following s diabefic dief. He
15 J[isnof | geffing adequate exercise. He [1s J[ iz not | faking oral hypoglypcemic
medicafions correctly. He [is J[is nof [ faking insulin correctly. Fafient's weight has [
Hecreased [l increased [ hy [ [ 1bs sinee Lasf visif,
ASSOCIATED SYMPTOMS: [ Nowe. J[ Change in Fision, [ Folpuria, J[ Folpdipsia, JT
Weakness, J[ Fafigue, J[ Dizziness, J[ Foof paiwsores, JT Bauresis, [ Dap-fime emuresis,

F[ Trritabilisy |

| spell Check | [ clear all Text| Entered In Error Text After Findings

Figure 5. Text template for diabetes HPI
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Next, the physician will document any chronic active problem. This can be done
using the search function in the note or in the problems list. Items in the prolileamlis
be cited to the note at anytime, so if diabetes is diagnosed at an initial \asitié cited
from the problem list in follow-up visits. The physician can then review thergati
personal history, past medical history, family history, and past surgstahhiThe
historical items typically are entered by the nurse and the doctor cdhesitanto the

note at anytime.

The physician will now document the review of systems (ROS) and the physical
exam. These will both be documented in a manner similar to the HPI. Figure 6 shows an

example of the diabetes templates for the physical exam section.

Template (Dx Diabetes Follow up)

eneral Appearance

ERRL With Normal Accommodation
eck Suppleness

hyroid

espiration, Rhythm And Depth
ungs And Respiration Auscultation
eart Rate And Rhythm

eart Sounds 51

eart Sounds 52

+

bdomen Auscultation

bdomen Palpation

xamination Of The Skin Normal Except As MNoted
kin Texture Lower Extremities

kin Lesions [On exam]

Icer On The Feet

Icer On The Toes

esions Toes Interdigital Space

air Loss On Lower Legs

eet Plantar Callus

oes Corns

actile Decrease Leg f Foot Monofilament Wire Test

e i

++ 4+ +

+ + +

|Tactile Decrease Leg J Fook Monofilament Wire Test|

Figure 6. Diabetes physical exam template
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The physician will now cite any important results to the note and document the
assessmenResults can be cited in quickly from within the note or by going to the results
view. The physician can assess problems by going to the active problems pageeusing t

assess button.

Now the physician can place orders for testing and medication. Prestwsipte
made in the New Rx workspace in the Rx+ module. The Rx+ module is used to create
and send prescriptions electronically. All medication information is creatédtared in
the system. This allows the clinic to send prescriptions to pharmacies onllaestithi
having the option to fax or print prescriptions if necessary. Some drugs raquiitéen
script in Alabama and some local pharmacies do not have the systems in plae&/o rec
electronic prescriptions so the system was built to be flexible. This moduleotify
physicians if the drug is not a preferred drug based on patients’ insurance. The modul
also interacts with patients’ allergies in order to determine if a nmedisi
contraindicated. It will also look for contraindications between multiple drugs.alting
with the fact that illegible handwriting is no longer an issue may decrease ém¢iglot

for prescribing errors. An example of a prescription is shown in Figure 7.
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U4AB Health Center Hunisville - Family Medicine Center
301 Governgrs Drive, Hunisville, AL 33801
256-331-4300

) 50001544

Name MEIS

Address (HP), 301 GOVERNORS DR, HUNTSVILLE, AL 35801 DOB 01/01/2005

Aspirin Childrens 81 MG Tablef Chewable #30
Quuantity: {thirty tablet chewable)
This is only a test. Thanks!
dispense as wnittan product selection permatted
Wiitten- 041072008 Refills Anthorized 0 Times Rl 7822204

Figure 7. Prescription for Aspirin printed automatically by the EMR

Placing orders for testing is done in the order entry workspace in the order module
as shown in Figure 8. The order module offers a list of all available labs anasequi
them to be linked to a diagnosis before being ordered. The module checks to make sure
that the orders are needed based on the diagnosis provided. The module also prints lab
requisitions with clear orders on them in order to prevent confusion when the patient

arrives at testing facilities. The orders module is also used to havalegatmeduled.

29



MRN: 50001544 Age: Z Years Allergies: ‘es FYI: Frl
. . S5N: 456-78-9101 DOB: 01/01/2005  Directives: Unknown  Mote: [Select
select Patientw Sex: M H Phone: PCP: Other: 1234567

® Al Hew...
gthe day . .

|| cough anly with exertion
diabetes rmellitus secondary to cystic fibrosis 250,00

| | diabetes with ketoacidosis 250.10 Sesnive
|| diffuse abdorminal pain 789.07

Aiffiica imind naine favthralaiset chbarbad coddanlb v Assess
View: & 1 My Favorites E @I (2 |Select Group (3| Search Master g ) 4 Browse

COMP METABOLIC PAMEL CMP - 322000
HEMOGLOBIN A1C Hbalc 001453

LIPID PAMEL - 303756

MICROALBUMIN, URIME 149997

Figure 8. The Order Entry system being used to place orders for aabetic

One major benefit of the order entry screen is that each physiciarecas ar
default view that lists only the items ordered most often. For exampleysicians see a
lot of diabetic patients they would have the recommended labs for a diabetic in their
favorites list. This is a dynamic list that can be changed by the end usgrtia@nThe
system routes all referral requests to the proper clinic staff for cborpiea the
workflow module. The system is also used to order in house tests that will be erform
by the staff. The in house tests can be documented by the staff in the system.. Al

medications and orders made will be documented in the note automatically.

The physician will now document the plan and will conduct any counseling or

patient education that is needed. The remainder of the visit documentation includes an
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attending statement verifying the work of the residents and the creationesfcwenter

form for billing purposes.

The workflow module allows all tasks that are generated into the clinic to be
entered in to the system and tracked. The system is used to relay information from
patient, pharmacy, and outside physicians to the clinical entities in thewithin an
efficient manner. The primary benefit is that tasks can no longer be kbstyasould
when they were simply written on paper slips. This system is also used to notify
physicians of completed labs, imaging reports, completed notes, and wheedbeyp n
submit charges. The system also allows the physician to create ordere thatt to the

staff for completion. Figure 9 shows a screenshot of a task being sent.
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Allison MRN: ZZ74H302  Age: 35 Years Allergies: ‘Ves  FYL: Pri Ins:
! DOB: 04/20/1971 Directives: Mote: [Select Other: 1234567

2} Task Reassign -- Web Page Dialog

iS = Personalize
Task Reassign -
Cad . <Y
"9 patient: Allscripts,Allison Sex: F DOB: 20 Apr 1971 MRN: ZZZAHS02 o7 11:48 o (€
L A -
ﬁ Assign To: & User (O Team Task: m MRN —
ish, v Priority: Status: --
- |Eng||sh Tom |m ¥: | Routine | - D
gn | Comment: Comment History: b0 ZZZAHSO
Medication did not work, Symptoms Englizh,Tam - 01 Feb 2007 11:48 AM
90 nersist TASK REASSIGNED: Previously Assigned To = Z2ZAHSY
an English,Tam 15 ZZZAHSO
an Antiohiotic did not wark. S¥ =till persist. 17 FEZAHSO
System - 31 Jan 2007 11:15 AM =
an Follow Up Other requires Order Info-Ffup 33 @ zzzaHso
an B3 . ZZZ8HS50
an s} ZZZ8HS50
an sl . ZZZ8HS50
an b4 @& zzzeHso
o b2 2222450
an alul . ZZZRHSO
| &
EH
om - 01 Feb 2007 11:48 &M | [Follow Up Other
ASSIGMED: Previously Assigned To English, Tom E
tic did not work. 5¥ still persist, E
31 1an 2007 11:15 AM 2
lm il e e = T e T F s T e —
New... [Regssign...] [Remoie... ] [Copy To Note]
[Print I:ist...] [Erint Task...]
Site: UAE Health Center Huntsvi... Enc Date: 01 Feb 2007 11:37 AM Enc Type: AUDIT Done

[ 4 Precision Main: AHS | & My Documents [ omeGa_HOD (E:) | O Automatedproces... BB 4 &)@ LE 11434M
>

Figure 9. The workflow module is being used to follow up on a paht's medications.

The Charge module builds the charge slip based on the information that is
provided in the note. It also recommends a charge based on the components that were

used in the note.

The Result module, shown in Figure 10, allows physicians and staff to view the
results of tests on the system. UASoMH has an electronic interface withdliteefain
order to have results come over instantly. New results automaticallg erésgk for the
physician to review them. The system also has the capability of creagiragh of
historical labs to easily see the trends in a patients lab results. Labsetihat sent into
the system electronically are scanned in and a task is then sent to theaphgsieview.
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Scanned results do not interact with other parts of the system. The vastynoéjire

results come over on one of the electronic interfaces. The scan module willussédsc

later.
MRMN: 50001544 Age: 2 Years Allergies: ‘es FYI: [ E
. S5M: 455-73-9101 DOB: 01/01/2005  Directives: Unknown  Mote: [Se
select Patientw i SexH: M H Phone: PCP: Other: 12z
Results
View: 3 1| all | Al (0 2 |Search for analvite QOQUnuerified

% ¥erified: English, Thomas
HEMOGLOBIN A1C HbAlc 001453

24802007  IHhemo
08&0g2007  Dehydro-L
18Junz2007  AlC
18Jun2007 LIPPR
18May2007 ihrs

Result
[] HEMOGLORIN ALC 7

Figure 10. Result Module

The scan module allows the medical records staff to quickly get into the system
all information that comes in only paper format. The scan module has been created to
have several folders and document types so that the scanned documents are easily

identifiable.

The system also has a feature named Quicksets. If a physician udese@uall
the orders they have ever associated with a specific problem will be autdipatic
generated in a pick list of orderable items. For example, if a doctor ordetadlla ldnd
a Lipid Panel on a patient with diabetes; the next time they viewed Quicksats/
patient with diabetes, the HbAlc and Lipid Panel would automatically appeaow@dd c

be ordered if needed. The Quicksets module is shown in Figure 11
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2 Allscripts - Microsoft Internet Explorer provided by Huntsville Hospital

Fie Edt ‘iew Favorites Took Help q
A %) J " A 3 1 g
@Back A | |ﬂ @ ,ﬂ pe ) Search .7 Favorites {‘} - i [ - ’ii ‘3
address |€| hitp:/ {10,246, 14,7 AHSWeb] v| Boco ks >
Provider W ¥4 Hide YTB Toolsw P pep 2ok X Logoff |
SnapShot Flowsheets Problems HMP Meds Mew Rx Immun Orders Order Entry QuickSets
MRN: 50001544 Age: 2 Years Allergies: Yes FYI: Pri Ins:
) SSN:  456-78-0101 DOB: 01j01)2005 Directives: Unknown MNote: Other: 123456789
Select Patient w1 Sexw: M H Phone: PC Email:
: Fersonslize
QuicksSets

Problems © Active @ Al lew Problem
|| Dacter =) 0.9

|| bipolar I disorder, most recent episode, depressed 296.50 = Details ..

!la!etes wlt! !Etuac\!ns\s 250.10 —————— = Resaolve

["|earache in the right ear 388.70
wicit Fare 1112 waar wicr TR )

>

v

.. QuickSet Items Selected Items: 0
[] ANA 0DG254

[] BASIC METABOLIC PAMEL BMP 2322752

[]cBC 028142

[] CBC/DIFF 005009

[] €OMP METARBOLIC PANEL CMP - 322000

[ Follow-up wisit in 2 months

[]FSH and LH - 028480

[ HEMOGLOBIM &1C HhAlc 001453

Save as Default

|>

|€

Confirm
Post Text to Current Note

Cancel

ALLSCRIPTS

Wser: endisht. Site: AR Health Center Huntsvi... Enc Date: 07 1un 2007 09:55 AM Ene Tvpe: Other one
—
'4 Start 3 nlscripts - Micrascft 1., | D disScresns - Microsof...

Figure 11. Quicksets

The system also has a Health Maintenance Plan (HMP) section. This allows a
provider to create reminders on specific patients about when particular tesh@nd ot
orderables need to be completed for a patient. For example, a doctor mayrcidisite a
saying that a diabetic patient needs an HbAlc every 3 months. When a patientrcome
and is past due for the HbAlc a warning icon will appear on the patients chart itoorder
inform the physician that the HbAlc needs to be done. An example HMP is shown

inFigure 12.
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rosoft Internet Explorer provided by Huntsville Hospital

File Edit Wiew Favorites Tools Help
eBa:k - d \ﬂ @ h /‘__\’ Search \;n:(FavUritss @ [‘:ri{- :\7 lﬂ_l-l - _J ﬁ ﬁ

acdress [ ] bitp:10.246.14.7(AHSwebj

v| Go  Llinks *

Toolsw P Hep 2 lock XX Logoff |
(] Vitals

Provider - 4 Hide ¥TB
g 5 5 Immun CQrders Or e Note
MRN: 50001544 Age: 2 Years Allergies: ‘fes FYIL: PriIns:
SS5M:  456-78-9101 DOB: 01/01j2005  Directives: Unknown  Mote: Other: 123456799
Sex: M H Phone: PCP: Email:

Select Patientw i

Health Management Plan

Problems © active @ all Health Management Plan Items
Electrolytes ~

[ ]acute infectious pharyngitis 462
[ |bacterial meningitis 320.9 = |Eye Exam

[

[ |bipalar I disorder, most recent e..,

-

<

T Y o S

[Mew Itern .. ](add to Patient HMP)

[mew Prnh\am][ Details... ][ Resalve ]

© Active

[_Jrme item #JFrequencylLast Dane *[Due Date *status ¢lproblem <]

Post Text to Current Note

[ﬂMP Detalls...][ Daone ][ DfC ][ Completed ][New Task...
ALLSCRIPTS [ Save J[Cancel Entry
User: enalisht Site: UAE Health Center Huntsvi... Ene Date: 07 Jun 2007 09:55 AM Enc Tvpe: Cther EZ items remaininak

Figure 12. Health Maintenance Plans

The workflow described is what users were trained to do and what is used most
often. Users do have options to use the system in different manners but all the

information presented is available to all users.
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Sample

The present study was designed as a retrospective chart review of ¢pabietits
from the UASoMH Family Medicine Clinic. All data was generated fadrart audits.
The pre-EMR data was manually audited and the post-EMR data was audited using a
guery tool linked to the EMR. All adult patients diagnosed with diabetes in a defireed tim
period were included in the study. In the pre period patients identified asichakith
an office visit between 8/15/05 to 8/15/06 were included. For the post period the sample
included all diabetic patients with office visits between 8/16/07 and 6/19/08. Once the
final visit date for each patient in a time period was indexed chart audits wereddone
one year patient history was audited working from the index point into thelTpasyear
ended with the date identified as the last visit in the time period and went backaone ye
This was done so that patients in the pre group had a full year of care withoutfhe EM

and post patients would have a full year of care with the EMR.

Measures

The study is designed to evaluate the changes in diabetic care and diabetic
outcomes pre and post EMR implementation. This research focuses spe@ficiléy
orders and guidance offered by the physician and not necessarily the &aitiem by the
patient. Patterns of care will be assessed based on adherence to trgattiedines.
Treatment guidelines are included in this study if the action item is hyyscian’s

control, the action is required at least once per year, and the action is valid fatthe va
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majority of diabetics. The primary focus of the study is to understand if {fsécpns
ordered the tests or not. Next the study examines the number of patientsutilat bad

a test performed. This second portion will provide insight into patient compliance. The
tertiary goals of the study are to examine if the EMR actually had tropaotermediate

diabetic outcomes.

Null Hypotheses:

1) The odds of a patient having diabetic testing ordered is the same both pre and post
EMR implementation.

2) The odds of a patient having diabetic testing completed is the same both pre and
post EMR implementation.

3) The odds of a patient having control over their intermediate diabetic markers is

the same both pre and post EMR implementation.

To reject the null hypothesis the EMR has to be found to be associated with a
change in the probability of labs being ordered, being performed, and lab besods

controlled.

Dependent Variable

Patterns of care will be measured by looking at the changes of order raties of |

recommended for all diabetics.
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Primary: Dichotomous variable: Did the patient have an HbAlc order in the last 6

months?

Secondary: Dichotomous variableDid the patient have an HbAlc test performed in the

last 6 months?

Tertiary: Dichotomous variable: Was the HbAlc result greater than or equal to 7%?

Primary: Dichotomous variable: Did the patient have an LDL cholesterol screening test

ordered in the last year?

Secondary: Dichotomous variableDid the patient have an LDL cholesterol screening

test performed in the last year?

Tertiary: Dichotomous variable: Was the LDL cholesterol result greater than or equal

to 100 mg/dL?

Primary: Dichotomous variable: Did the patient have a microalbuminuria test ordered

in the last year?

Secondary: Dichotomous variableDid the patient have a microalbuminuria test

performed in the last year?

Tertiary: Dichotomous variable: Was the microalbuminuria result greater than or equal

to 20 pg/mg?
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The primary variables will all be based on what orders were made by the
physicians. This differs from previous studies because it eliminates thefgzateent
compliance and looks specifically at whether or not the physicians beifal

guidelines.

Independent Variable

The EMR Intervention will be the independent variable of interest. All casas pri
to the EMR installation are coded with a zero and all cases that occurrdeMist

installation are coded with a one.

Covariates

Patient age, gender, insurance, number of appointments, and co morbidities will

be controlled for. Operationalization of the variables is discussed below.

Design

The study is designed to evaluate the changes in diabetic care and out@mmes pr
and post EMR implementation. The study will test the hypothesis that the EMR is

associated with patterns of diabetic care using a Pre-Test/Pof2&segn.

Estimation Technique

Generalized Estimating Equations (GEE) were used to determine thensigd

of the EMR with diabetes care and intermediate diabetes outcomes. Thiglmets
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chosen because it can account for the multiple measures for many of the gatess.
developed by Zeger and Liang in order to handle correlated data (115). The dépende
variables will be lab orders. The independent variable will be whether the EMdihw
place. Covariates will be controlled for. All dependent variables will beidenesl

individually.

GEE models were used to identify statistically significant independehitfmes
of adherence to diabetes care guidelines. These guidelines include oktlehihg

Lipid, and Microalbumin tests

Covariates included in the GEE models are measured in the following ways.

Patient age (Measured continuously)

Gender ( Male=1 vs. Female=0)

Insurance (Private vs. Medicare vs. Medicaid vs. Uninsured) 3 Dummy variable

will be used with Medicare being the state the other three are measured agains

1) Medicaid: Patient with Medicaid=1 vs. all others=0
2) Private: Patient with private insurance=1 vs. all others=0

3) Uninsured: Patients without insurance=1 vs. all others=0
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Numbers of appointments in a given time frame will be measured continuously. The
HbAlc models will consider appointments in the last six months and the other models

will consider visits in the last year.

Many common co morbidities will be included in the model. Every co morbidity

will be operationalized in the model with a dummy variable.

1) Hypertension=1 vs. No Hypertension =0

2) Hyperlipidemia=1 vs. No Hyperlipidemia =0
3) Nephropathy=1 vs. No Nephropathy =0

4) Neuropathy=1 vs. No Neuropathy =0

5) Retinopathy=1 vs. No Retinopathy =0

6) CAD=1 vs. No CAD =0

7) COPD=1vs. No COPD =0

8) Depression=1 vs. No Depression =0

All GEE models include the same set of predictor variables with one extepti
The HbA1c models will use a variable for appointments in the last six months and the
other models will use a variable that accounts for all visits in a yeaiGERemodels
will all be set up using the same criteria. The models will be set up stilagistic

regression by using a binomial distribution and a logit link.

The working correlation matrix will be use the AR(1) criteria whicluasess that

repeated measures have an autoregressive relationship. This matrix wadsheeadse
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some patients have cases included in the sample in both the pre and post time periods.
Differences are considered statistically significant at the p <e\@. |All statistical

analysis was done is SPSS version 15 (116).
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CHAPTER 4—RESULTS

Data was collected on 1259 diabetic patients covering 1760 cases. The pre group
totaled 838 cases and the post group included 922 cases. A group of 501 patients had
cases in both the pre and post periods. Additionally, 337 patients were only in the pre
group and 421 patients were only in the post group. Subset analysis of just the patients
with multiple cases and just those with one case were conducted and both sets of results
were comparable to the findings for the entire study population. Only the fesoitthe

entire population are reported.

Demographic Comparison

Demographics are reported in Table 1 below for pre and post group patients. The
only significant difference between the pre and post groups was in the peradntage
uninsured patients. Before the EMR 6% of the patients were uninsured and post EMR
implementation 4% were uninsured. No differences were found in the other insurance

categories, gender, number of visits, or in the rates of co morbidities.
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Table 1. Demographic Comparison Pre and Post EMR

Pre EMR Post EMR
n=838 n=922 P-Value

AGE 59.73 58.76 0.120
Appt. in 6 months 3.33 3.40 0.457
Appt. in 1 year 5.47 5.61 0.404
Male 40% 39% 0.916
INSURANCE
Uninsured 6% 4% 0.029
Medicare 42% 45% 0.201
Medicaid 21% 18% 0.100
Private Insurance 31% 33% 0.283
COMORSBIDITIES
Hypertension 80% 80% 0.731
Hyperlipidemia 54% 52% 0.464
Nephropathy 5% 4% 0.312
Neuropathy 14% 15% 0.655
Retinopathy 4% 3% 0.707
CAD 13% 12% 0.544
COPD 9% 9% 0.658
Depression 16% 19% 0.165
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HbAlc ordering, testing, and control rates for the pre and post periods are
displayed in Figure 13 below. In the pre and post period ordering and perforneg rat
were approximately the same for all 1760 patients. The 1177 with HbAlc resudts wer

more likely in the post period to have control of their HbAlc (p=0.033).
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Figure 13. HbAlc Rates Pre and Post EMR
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The rates of LDL ordering, testing, and control for the pre and post periods is
shown in Figure 14. In the pre and post period ordering and performing rates were
approximately the same for all 1760 cases. The 1299 cases with LDL restdtshare

likely in the post period to have control of their LDL (p<0.001).
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Figure 14. LDL Rates Pre and Post EMR

46



Microalbumin ordering, testing, and control for the pre and post periods is shown
in Figure 15. In the post period patients were more likely to have a testdb(defe001)
and patients were more likely to have the tests completed (p<0.001) for tkeesantple
of 1760 cases. Patients that had a microalbumin result were more likely toomana of

their microalbumin in the post period (p<0.001).
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Figure 15. Microalbumin Rates Pre and Post EMR
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Measures

The primary measures of the study were to determine if implementation of the
EMR was associated with changes in the frequency with which providersattieze
lab tests recommended for all diabetics. Separate analysis was donéfiar, HOL
cholesterol, and microalbumin orders. The secondary models were used torgeierm
patients were more likely to have tests performed and the tertiary mastelsised to
determine if patients were more likely to control the intermediate outcornissséction
walks through the results of the 9 GEE models that were run. The HbAlc, LDL, and
microalbumin models will be shown in that order. For each lab test models are shown

relating to order rates, performance rates, and control in that order.

HbAlc

The GEE model exploring the relationship of the EMR with HbAlc orders is
summarized in Table 2. HbAlc tests were 26% more likely to be ordered post EMR
implementation but the difference was not significant (p=0.079). Severalategavere
significant in the model. Patients on Medicaid were twice as likely to &rawbAlc
ordered than those on Medicare. Patients on private insurance were 70% percent more
likely to have an HbAlc ordered than those on Medicare (p=0.004). Hypertensive
patients were 93% more likely to have a HbAlc ordered than non hypertensives

(p<0.001). Hyperlipidemic patients were 61% more likely to have an HbAlc ordered than
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non hyperlipidemics (p=0.002). For each additional appointment a patient has they are

22% more likely to have an HbAlc ordered (p<0.001).
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Table 2. GEE Model Considering HgbAlc Orders as the Dependent Vaible.

Beta Odds Ratio Sig.
EMR 0.235 1.265 0.079
Male 0.000 1.000 0.998
AGE 0.003 1.003 0.561
Uninsured -0.515 0.598 0.064
Medicaid 0.694 2.002 0.004
Private 0.528 1.696 0.004
Appt_6_months 0.201 1.223 <0.001
HTN 0.659 1.934 <0.001
HLIP 0.478 1.613 0.002
NEPH 0.722 2.058 0.091
NEURO -0.148 0.862 0.481
RETIN -0.243 0.784 0.507
CAD -0.335 0.716 0.101
COPD 0.010 1.010 0.968
Depression 0.037 1.037 0.858
(Intercept) -0.118 0.889 0.777
Variable: Alc order (yes=1) n=1760

A summary of the GEE used to explore the relationship between the EMR and

HbAlc performance rates is shown in Table 3 HbAlc tests were 1% lesddikedy
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performed post EMR implementation but the difference was not significant (p=0.950).
Several covariates were significant in the model. Uninsured patient&2%ré&ess likely

to have an HbA1c performed than those on Medicare (p<0.001). Patients on private
insurance were 35% percent more likely to have an HbAlc performed than those on
Medicare (p=0.030). Hypertensive patients were 64% more likely to have an HbAlc
performed than non hypertensives (p<0.001). Hyperlipidemic patients were 47% more
likely to have an HbAlc performed than non hyperlipidemics (p<0.001). For each
additional appointment, a patient has they are 37% more likely to have an HbAlc

performed (p<0.001).

The GEE model used to assess the relationship of the EMR and HbAlc control is
displayed in Table 4. Patients in the post EMR group were 20% more likely to have an
HbA1c<7% than those seen pre EMR (p=0.033). Older patients were more likely to have
their HbA1c<7%. For each year of age the likelihood of being controlled increased by

1% (p=0.022).
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Table 3. GEE Model Considering HgbAlc Performed as the Dependeniaviable.

Beta Odds Ratio Sig.
EMR -0.006 0.994 0.950
Male 0.107 1.113 0.357
AGE 0.008 1.008 0.087
Uninsured -0.967 0.380 0.000
Medicaid 0.250 1.284 0.150
Private 0.299 1.348 0.030
Appt_6_months 0.312 1.367 <0.001
HTN 0.497 1.644 <0.001
HLIP 0.384 1.468 0.001
NEPH 0.250 1.284 0.483
NEURO -0.035 0.965 0.834
RETIN 0.332 1.394 0.340
CAD -0.048 0.953 0.788
COPD -0.054 0.947 0.794
Depression -0.082 0.922 0.596
(Intercept) -1.434 0.238 <0.001
Variable: Alc performed (yes=1) n=1760
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Table 4. GEE Model Considering HgbhAl1c>=7 as the Dependent Variable.

Beta Odds Ratio Sig.

EMR -0.229 0.795 0.033
Male 0.149 1.161 0.272
AGE -0.013 0.988 0.022
Uninsured 0.795 2.215 0.064
Medicaid 0.211 1.235 0.264
Private 0.181 1.198 0.244
Appt_6_months -0.022 0.978 0.485
HTN 0.221 1.247 0.208
HLIP -0.077 0.925 0.554
NEPH 0.001 1.001 0.999
NEURO 0.269 1.308 0.148
RETIN 0.367 1.444 0.319
CAD 0.310 1.363 0.108
COPD -0.160 0.852 0.479
Depression 0.159 1.172 0.353
(Intercept) 0.753 2.124 0.067
Variable: Alc>=7 (yes=1) n=1177
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LDL

The changes in the patterns care and outcome concerning the HbAlc is mixed.
Patients were more likely to have orders done but this increase did not translate into a
increase in the amount of tests performed. Patients in the post EMR group were more
likely to have their HbAlc controlled than those in the pre EMR group. This suggésts tha

the EMR may have impacted HbA1lc levels but it was not due to changes in testing rates

LDL tests were 18% more likely to be ordered post EMR implementation but the
difference was not significant (p=0.213) as shown in the summary of the GEE huaidel t
looked at the relationship of the EMR to LDL orders in Table 5. Several casawate
significant in the model. Uninsured patients were 50% less likely to have lanridered
than Medicare patients (p=0.016). Hypertensive patients were 67% more likelyeta hav
LDL ordered than non-hypertensives (p=0.001). Hyperlipidemic patientshu6pé
more likely to have a LDL ordered than non hyperlipidemics. For each additional

appointment a patient has they are 16% more likely to have a LDL ordered (p<0.001).
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Table 5. GEE Model Considering LDL Orders as the Dependent Variak!.

Beta Odds Ratio Sig.
EMR 0.166 1.180 0.213
Male -0.042 0.958 0.778
AGE -0.007 0.993 0.250
Uninsured -0.708 0.492 0.016
Medicaid 0.395 1.485 0.083
Private 0.319 1.375 0.076
HTN 0.514 1.672 0.001
HLIP 0.939 2.556 <0.001
NEPH -0.071 0.932 0.868
NEURO 0.138 1.148 0.565
RETIN 0.020 1.020 0.960
CAD 0.047 1.048 0.830
COPD -0.222 0.801 0.363
Depression -0.084 0.919 0.684
Appt_year 0.146 1.157 <0.001
(Intercept) 0.406 1.501 0.369
Variable: LDL ordered (yes=1) n=1760
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LDL tests were 11% less likely to be performed post EMR implementation but
the difference was not significant (p=0.327) as shown in Table 6.Severabtesavere
significant in the model. Uninsured patients were 52% less likely to havelan LD
performed than Medicare patients (p=0.004). Hypertensive patients were Gi4% m
likely to have a LDL performed than non hypertensives (p<0.001). Hyperlipidemic
patients were 125% more likely to have a LDL performed than non hyperlipidemics
(p<0.001). For each additional appointment, a patient has they are 21% more likely to

have a LDL performed (p<0.001).

The GEE model looking at the relationship of the EMR to LDL control shown in
Table 7 found that patients in the post EMR group were 34% more likely to have a
LDL<100 than those in the pre group with a significant ( p<0.001). Older patients were
more likely to have their LDL<100. For each year of age the likelihood of being
controlled increased by 3% (p<0.001). Several covariates were signifidhet inodel.
Hyperlipidemic patients were 36% more likely to have a LDL <100 (p=0.015gdedr
additional appointment a patient has they are 3% more likely to have a LDL<100

(p=0.048).
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Table 6. GEE Model Considering LDL Performed as the Dependent Vaable.

Beta Odds Ratio Sig.
EMR -0.114 0.892 0.327
Male -0.109 0.897 0.375
AGE -0.001 0.999 0.792
Uninsured -0.783 0.457 0.004
Medicaid 0.146 1.158 0.420
Private 0.184 1.202 0.213
HTN 0.554 1.740 <0.001
HLIP 0.811 2.250 <0.001
NEPH -0.165 0.848 0.648
NEURO -0.158 0.854 0.374
RETIN 0.520 1.682 0.160
CAD 0.135 1.144 0.458
COPD -0.176 0.839 0.383
Depression 0.041 1.042 0.802
Appt_year 0.189 1.209 <0.001
(Intercept) -0.569 0.566 0.130
Variable: LDL performed (yes=1) n=1760
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Table 7. GEE Model Considering LDL>=100 as the Dependent Variable

Beta Odds Ratio Sig.
EMR -0.413 0.662 <0.001
Male -0.354 0.702 0.008
AGE -0.026 0.974 0.000
Uninsured -0.063 0.939 0.858
Medicaid -0.176 0.839 0.346
Private -0.173 0.841 0.264
HTN 0.197 1.217 0.245
HLIP 0.310 1.364 0.015
NEPH -0.164 0.849 0.586
NEURO -0.020 0.980 0.912
RETIN 0.309 1.363 0.406
CAD -0.160 0.852 0.394
COPD 0.205 1.228 0.351
Depression -0.112 0.894 0.505
Appt_year -0.035 0.965 0.048
(Intercept) 2.125 8.377 <0.001
Variable: LDL>=100 (yes=1) n=1299
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The results for the LDL test are somewhat similar to what is seen witfbtgc.
Order rates went up slightly but the change was not significant. Once lagainainges
in order rates did not translate into increase numbers of patients performiagtshdt

was found that patients in the post period were more likely to control their LDIslevel

Microalbumin

Microalbumin order rates and their relationship with the EMR were analyzed in
the GEE model summarized in Table 8. Microalbumin tests were 147% mdyedike
ordered post EMR implementation and the difference was significant (p<0.00&jalSe
covariates were significant in the model. Older patients were lebgtikbave a
microalbumin ordered. For each year of age they were 1% less likely to havkean or
(p=0.006). Patients with private insurance were 34% more likely to have@athiomin
ordered than Medicare patients (p=0.025). Hypertensive patients were 40% nigte like
have a microalbumin ordered than non hypertensives (p=0.016). Hyperlipidemicspatient
were 44% more likely to have a microalbumin ordered than non hyperlipidemics

(p=0.001).
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Table 8. GEE Model Considering Microalbumin Orders as the Depettent Variable.

Beta Odds Ratio Sig.
EMR 0.904 2471 <0.001
Male -0.084 0.920 0.461
AGE -0.012 0.988 0.006
Uninsured -0.063 0.939 0.813
Medicaid 0.236 1.266 0.139
Private 0.291 1.337 0.025
HTN 0.338 1.403 0.016
HLIP 0.365 1.441 0.001
NEPH 0.396 1.486 0.190
NEURO 0.181 1.198 0.236
RETIN -0.085 0.918 0.810
CAD 0.068 1.071 0.683
COPD -0.162 0.851 0.392
Depression 0.111 1.118 0.425
Appt_year 0.029 1.029 0.075
(Intercept) -0.740 0.477 0.022
Variable: Microalbumin performed (yes=1) n=1760
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The GEE model assessing the relationship of microalbumin performancenttes a
the EMR is summarized in Table 9. Microalbumin tests were 98% morg likbe
performed post EMR implementation and the difference was significant (p<®@®&ral
covariates were significant in the model. Older patients were less tdkbBve a
microalbumin ordered. For each year of age they were 1% less likely to leste a t
performed (p=0.011). Patients with private insurance were 37% more likely ta have
microalbumin performed than Medicare patients (p=0.017). Hypertensive patieats we
51% more likely to have a microalbumin performed than non hypertensives (p=0.005).
Hyperlipidemic patients were 53% more likely to have a microalbumiomeeid than

non-hyperlipidemics (p<0.001).

Microalbumin control was improved after EMR implementation based on results
of the GEE model shown in Table 10. Patients in the post period were 55% more likely to
have a microalbumin<20 than those in the pre period (p<0.001). Patients with CAD were

129% more likely to have a poorly controlled microalbumin over 20 (p=0.005).
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Table 9. GEE Model Considering Microalbumin Performed as the Bpendent Variable.

Beta Odds Ratio Sig.
EMR 0.683 1.981 <0.001
Male -0.161 0.851 0.165
AGE -0.011 0.989 0.011
Uninsured -0.375 0.687 0.214
Medicaid 0.187 1.206 0.251
Private 0.315 1.370 0.017
HTN 0.417 1.517 0.005
HLIP 0.426 1.531 <0.001
NEPH 0.434 1.544 0.127
NEURO 0.154 1.167 0.324
RETIN 0.000 1.000 0.999
CAD 0.173 1.189 0.292
COPD -0.192 0.825 0.341
Depression -0.079 0.924 0.580
Appt_year 0.049 1.050 0.003
(Intercept) -1.226 0.294 <0.001
Variable: Microalbumin performed (yes=1) n=1760
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Table 10. GEE Model Considering Microalbumin>=20 as the Dependévariable.

Beta Odds Ratio Sig.

EMR -0.808 0.446 <0.001
Male -0.171 0.843 0.400
AGE -0.009 0.991 0.245
Uninsured 0.176 1.193 0.734
Medicaid 0.268 1.307 0.315
Private -0.255 0.775 0.253
HTN 0.022 1.022 0.936
HLIP -0.020 0.981 0.918
NEPH 0.769 2.159 0.071
NEURO 0.392 1.480 0.102
RETIN 0.788 2.199 0.215
CAD 0.827 2.287 0.005
COPD -0.488 0.614 0.187
Depression -0.194 0.823 0.414
Appt_year -0.008 0.992 0.797
(Intercept) 0.779 2.179 0.206
Variable: Microalbumin>=20(yes=1) n=594
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Microalbumin order and performing rates both increased significantly in the pos

period. The rates of control also improved significantly.

Table 11 gives a summary of the impact of the EMR on the dependent variables

as found in the different GEE models.

Table 11. Summary of the EMR Impact from the GEE Models

Beta Odds Ratio Sig.
Control
Alc>=7 -0.229 0.795 0.033
LDL>=100 -0.413 0.662 <0.001
Microalbumin >=20 -0.808 0.446 <0.001
Tests Ordered
HbAlc Order 0.235 1.265 0.079
LDL Ordered 0.166 1.180 0.213
Microalbumin Ordered 0.904 2.471 <0.001
Tests Completed
Alc Completed -0.006 0.994 0.950
LDL Completed -0.114 0.892 0.327
Microalbumin Completed 0.683 1.981 <0.001
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The order rates for all 3 tests increased post EMR but the change wésatgtis
insignificant for the HbAlc and LDL orders. The performance ratesiéomicroalbumin
increased but the rates for the other tests did not. Interestingly, allrBedliate

outcomes were more likely to be controlled post EMR.
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CHAPTER 5—DISCUSSION

All of the null hypotheses are rejected. The odds of a patient having diabetic
testing ordered increased for at least one measure after EMR impleomerfthe odds
of a patient having diabetic testing performed increased for at leaste@seima after
EMR implementation. The odds of a patient having control over their intermediate
diabetic markers increased for all three measures after EMR impl¢imentde study
found that the implementation of the EMR coincided with an increase in the order rates
of microalbumin tests and with an improved control of HbAlc, LDL, and microalbumin.
The HbA1c and the LDL measures followed similar patterns. The order and
performance rates were approximately the same in both the pre and postitae pe

However the ordering and performance patterns of microalbumin testing dalvenpr

The microalbumin order rates were the most likely to increase significant
because the order rates pre EMR were very low. The order rates of the HbATaland
were high in the pre period which left little room for improvement. Despite the
improvement seen in the microalbumin order rates, substantial room for improvement
exists. It is, however, unclear if changing ordering rates is neededsesaatiation of

order rates and intermediate outcomes was observed.
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This disassociation between guidelines and outcomes is a known phenomenon
and has been observed during diabetes quality improvement studies (105, 106, 114). This
is reflected in the guidelines as the level of evidence for the ordémsdr@aused as

dependent variables is all based on expert opinion and not on scientific studies (15).

The results of this study and prior studies agree that a disassociatios. dutr
studies saw changes in testing rates while this study is seeing slangermediate
outcomes. The reason for the discrepancy is unknown and could very well be due to

differences in the characteristics of the EMRs used.

The differences in our findings from prior research could have occurred for a
variety of reasons. The baseline order and testing rates were much highesanthle
than the sample used in prior studies. This fact limits the opportunity to haveiaeposi
impact on order rates. Similar results have been seen when research was done on

reminder systems (117).

Although the EMR implementation was associated with improved intermediate
outcomes, the changes in HbAlc and LDL control rates were not achieved by changing
the order rates of lab tests. That leaves the question of what aspect of the EM&may
influenced the control rates. Based on the Donabedian model one would expect changes
in outcomes to be related to changes in order and testing rates which was netlaway

case.
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This may also be associated with the fact that the process for getiuity
reviewed by physicians has been changed. Results come in electromdagblyyesicians
are electronically tasked to verify the results in a timely manner. Rsearch has
suggested that providers could offer better care if systems were éntplget results to
them in efficient manners (118). It has also shown that these efficiencideadayp
quicker treatment of problems (119). Regardless of the relationship betwelkts aad
medication management it is necessary to also consider that the sysfdmave

impacted prescribing which led to changes in intermediate outcomes.

Limitations

It was not possible to conclusively show cause and effect due to the nature of the
research design. A control group was not available to determine if the efisetved
were particular to our research group or if they were part of unmeasured f@tising
the observed changes. The differences could have occurred due to outside factors. One
potential factor is the clinic participated in a diabetes quality reportwjggtrduring this
time period. However, that project worked with claims data only thus it is doubtful tha
had much effect. It is doubtful a physician would look at the tools for the project during a
visit. Further, the project did not cover microalbumin so it would not be associaked wit
changes with that test. The residents go through a three year program sitiamphy

group changes every year. This may play a role because individual physloiaary but
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the faculty staff is fairly consistent which likely tempers any imgaat physicians

changing could have.

Only one EMR was considered in this study, however, it was certified by The
Certification Commission for Healthcare Information Technol@@HIT) which means
it has met certain standardized recommendations for EMRs. The CCHIT is pushing t
increase adoption of EMRSs by developing a credible credentialing syster@CHid is

pushing for EMRs to interoperable, secure, and to offer useful clinical informafoin (

The time frame of the study was brief only looking at one year for eaeh t
period. The EMR may not have its full effect for several years or it is peshédl the
changes that were seen could degrade in the future once a certain comforithetred w

EMR is realized.

The study was done in a residency program so the changing of physicians may
have contributed to the differences. Unfortunately, due to the nature of the clinic,
continuity of care is poor so accounting for the physician was not possible. However,
prior studies have shown that in most cases the physicians themselves hanghitte

on the variations in diabetes care (81, 85, 95, 97, 99, 102-104).

Strengths

This study does use a CCHIT certified EMR which partially resolves tiggmm

of all EMRs being different. This study may not be generalizable to all EMR&rhayi
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be to other certified EMRs. Generalizability is still challenged becateseiean EMR

has functionality providers may not take advantage of it.

Microalbumin is typically not considered in projects similar to this. It is vewe
an important test that is an excellent indicator of long term complicationse Witsl
study considered only a small set of the guidelines the addition of the microalbasin w

valuable because it is an item that was often not ordered in the clinic in the study

The study takes full advantage of the data in the EMR and therefore can look at
the variables in multiple ways. This allowed for a more accurate view of hgsicidn
behavior changes, patient compliance, and outcomes. Without the EMR separating the

physician changes and patient compliance would have been extremely difficult

Conclusions

The EMR was associated with improvements across the board on intermediate
outcomes but those changes cannot be attributed to physicians changinglérgigor
patterns as tested in this study. The EMR used in this study did have a systemdo rem
physicians of routine orders however it was not integrated enough with tioé tfes
product for it to be useful. The reminders did not recognize when orders were placed and
reset. Also the reminders had to be set up for each individual process. In the end the

reminder system took far too much time for most of the providers to use.
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The EMR offers the promise of better care delivered more effigiérttis will
not occur until the practice of medicine is modified to take advantage of the tools the
EMR has to offer. The EMR is a warehouse of data that in many situations casilyoe ea
queried. The system studied here had a backend tool that was used to extractlata for
study. Those same extraction tools could be used to enhance healthcare. For ihg&ance, i
easy to identify all the diabetics that have not had an HbAlc done in the last 6 months.
Providers could simply have a person generate this list and have them revigtonote
discover why tests have not been ordered. In this study, close to 20% of diabgtics tha
came in did not have an order for an HbAlc. A member of the clinical staff could follow
up on these patients to determine why the guidelines were not followed. In some
instances, the diabetes may be followed and treated by another physicgnmtiher
cases, the order may not have been placed because the patient has controlled their
diabetes for a long time period and the test is not clinically necessarynéncsses the

clinician may have forgotten to order the test.

Recommendations for Future Work

Further work on the impact of EMRs is needed. One problem with EMR research
is that all EMRs are different. Working with programs that are CCHififiegris highly
recommended because it allows for the results to be generalized to othessyitethe
same certification. Work should also be done to look at how using the data in EMRs
could be studied and implemented to change how healthcare is provided. Data mining is a

simple task in many EMRs but few have used this feature as a tool to enhance care
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Work should also be done in pursuit of the exact mechanisms that caused the
change seen in outcomes. One possible cause is the electronic prescabimging this

link could be shown, it would add more evidence to the need for electronic prescribing.
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