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a b s t r a c t

Introduction: The Institute of Medicine has identified both Computerized Physician Order

Entry (CPOE) and Electronic Prescription (EP) as key in reducing medication errors and

improving safety. Many computerized clinical decision support systems (CDSSs) improve

practitioner performance. However, the development of CDSSs involves a long cycle time

that makes it difficult to apply in a wider scope.

Methods: In this study, we integrated the hyperlipidemia treatment guideline ATP III (Adult

Treatment Panel III) in a CPOE of a medical center. The first 200 consecutive patients followed

up more than 1 year were recorded for analysis.

Results: Our study revealed that 130 (65%) patients reached the LDL-C (low density

lipoprotein-cholesterol) goal in 1 year. For those who with CDSS finished, 74% reached the

LDL-C goal. For those who with CDSS exited, 57% reached the LDL-C goal. The odds ratio

is 2.1 (1.2, 3.8) (p = 0.022), which means for those who with CDSS finished can have 2 times

of chance to reach the LDL-C goal. The mean of days to attain the LDL-C goal level after

initiation of antihyperlipidemia therapy was 175 ± 98 days. 11,806 prescribing records from

8023 patients were collected for analyzing the reasons of prematurely exiting the CDSS. The
most frequent reason for exiting the system is “too busy to use”.

Conclusion: We conclude that a CPOE with CDSS integrated may let more hyperlipidemia

L-C al. However, data also showed the total prescribing time may
patients reach the LD
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1. Introduction

The Institute of Medicine (IOM) and the Agency for Health-
care Research and Quality (AHRQ) have recommended clinical
practice guidelines (CPG) to improve the quality of patient care
[1,2]. A clinical practice guideline is a systematically developed
statement for practitioners and patients to establish an appro-
priate healthcare plan for a specific clinical condition. A good
clinical guideline should be valid, reproducible, cost-effective,
representative, multidisciplinary, clinically applicable, flexi-
ble, clear, reviewable, and amenable to clinical audit [3]. CPG
provides a standard method and/or a collection of clinical
experiences as a reference to help physicians dealing with a
specific situation upon diagnosis.

IOM has set a goal for the medical delivery system in the
next decade. That is, by the year 2020, 90% of clinical decisions
will be supported by accurate, timely, and up-to-date clinical
information, and will reflect the best available evidence [4].
Quality indicators are used for assessing the deficits in adher-
ence to recommended processes. For example, care requiring a
medication had the adherence rates of 69% only [5]. Strategies
to reduce these deficits in health care are warranted.

It is challenging to raise the guideline compliance rate of
physicians. It is sometimes too complicated or impossible to
follow the steps in each guideline, especially when the local
standard has been established already [6,7]. Concerning this
matter, the guideline may not be fully used to provide the
greatest help on the medical treatment; even it contains abun-
dant experiences and the best treatment. For example, the
Agency for Health Care Policy and Research (AHCPR) heart
failure guideline does not clearly define the symptoms and
adverse events, which also cannot account for comorbid con-
ditions [6,8].

The IOM has identified both Computerized Physician Order
Entry (CPOE) and Electronic Prescription (EP) as key in reduc-
ing medication errors and improving safety [1]. Study revealed
that a CPOE system with clinical decision support system
(CDSS) integrated can much improve the outcome of practi-
tioners’ performance which is mainly measured by adherence
to recommended guidelines [9]. The CDSS is a computer appli-
cation that processes and analyzes the collected data and
presents it so that the user can easily determine the best strat-
egy and make a decision. However, there is still the possibility
that it will be of no help to the user, or confound the user who
is trying to make a decision.

Historically, much of the development of guidelines has
occurred in the period around the 1970s. More recently, efforts
are aimed at computer-based interpretation with the goal of
delivering patient-specific recommendations at the point of
care to reduce error rate and save time. Guidelines thus act as
the core knowledge for these decision support applications.

Decision making on anti-hyperlipidemia medication is a
relatively complicated process which requires data of the
patient profile, medical history, laboratory and the present
medication. Without the help of CDSSs, physician should find
Please cite this article in press as: C. Chen, et al., A guideline-based decisio
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blood lipid data manually, and considers several risk factors at
a time when prescribing. The Adult Treatment Panel III (ATP III)
of the National Cholesterol Education Program (NCEP) issued
an evidence-based guideline on cholesterol management
 PRESS
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which is deemed as the standard of anti-hyperlipidemia treat-
ment [10–13]. The NCEP is a program managed by the National
Heart, Lung and Blood Institute, a division of the National
Institutes of Health. Its goal is to reduce increased cardio-
vascular disease rates due to hypercholesterolemia (elevated
cholesterol levels) in the United States of America. However,
a study revealed that only 48.6% (44.1%, 53.2%) of the patients
with hyperlipidemia received the recommended care [5].

A systematic review on effects of CDSSs on practitioner
performance and patient outcomes revealed that the CDSSs
improved practitioner performance in 62 (64%) of the 97
studies [9]. On the other hand, the effects on patient out-
comes remain understudied and, when studied, inconsistent.
Therefore, our study try to show CDSS can possibly shorten
to duration to reach the LDL-C (low density lipoprotein-
cholesterol) goal for hyperlipidemia patients. In fact, only 50%
of commercial health plans met the LDL-C goal [14].

To help physicians make use of the guideline, an ATP III
guideline integrated CPOE named CAGES (computer assisted
guideline enhancement system) has been established to
enhance the clinical decision support process and improve the
quality of hyperlipidemia management.

2. Methods

CAGES, which was written in Java (Version 1.4, Sun Microsys-
tems, Inc., USA) and Delphi tool (Version 5.0, Borland Software
Corporation, Rockville, MD, USA) has been built in a medical
center (Wan Fang Medical Center, Taiwan) since 2003.”

The rule of the system is designed in a way that when a
physician opens a electronic record of a patient, the abnor-
mal data will pop out to remind the physician that the patient
could be one of the hyperlipidemia cases. When the previous
laboratory data reveal abnormal figures (LDL-C�130 mg/dL or
TC�200 mg/dL) (TC, total cholesterol), a red colored text will
be shown to the physician [10,11]. Hyperlipidemia medication
cannot be prescribed only according to abnormal laboratory
data. There are some risk factors to consider and trying to
change life style before taking the medicine. Therefore, when
the anti-hyperlipidemia drugs are being prescribed, the CAGES
will be triggered acting as a reminder as in Fig. 1.

Once CAGES is triggered, the previous laboratory test data
will be shown on the top of the main page of CAGES to
assist the physician in determining the patient’s condition.
The laboratory data include TC, TG (triglycerol), HDL-C (HDL-
C, high-density lipoprotein cholesterol), and LDL-C, which are
calculated by the computer automatically. LDL-C is the major
atherogenic lipoprotein and has long been identified as the
primary target in cholesterol-lowering therapy. It has been
strongly validated by recent clinical trials, which show the
efficacy of LDL-lowering therapy on reducing risk for CHD
(coronary heart disease) [10–13,15,16]. Physicians were asked
to evaluate the risk by tick the risk factors.

The decision making algorithm steps are structured as the
following steps (Fig. 2):
n support for pharmacological treatment can improve the quality of
, doi:10.1016/j.cmpb.2009.12.004

STEP 1: Trigger the system by order entering,
STEP 2: Identify the presence of clinical atherosclerotic dis-
ease that confers high risk on CHD.

dx.doi.org/10.1016/j.cmpb.2009.12.004
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Fig. 1 – (a) The screenshot of the CDSS integrated CPOE. The laboratory data history is on the top of CDSS window. The part
below is the initial therapy-prepared items. The third part is the laboratory data of these 2 times, following by the check
items of the risk factors of hyperlipidemia. The last part is the criteria for medication. (b) The English translation of the
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DSS window.

STEP 3: Determine the major risk factors present,
STEP 4: If more than two risk factors are present without CHD
or CHD risk equivalent, then assess the 10-year (short-term)
CHD risk,
STEP 5: Determine risk category,
STEP 6: Consider adding drug therapy if LDL-C exceeds levels,
STEP 7: Confirm or reject the physician’s order.

When the whole procedure of CAGES is done, a record is
rinted out automatically as a log for the physician. On the
ther hand, when the condition of the patient does not adhere
o the treatment guideline, the order is rejected by the CDSS.

henever the physician does not want to use this system,
e or she can simply press the “Cancel” button to exit CAGES
nytime, with a briefly specification for the reasons of quitting
AGES.

The first 200 consecutive patients followed up more than 1
ear were recorded for analysis since August 2003. For those
ncluded, the average age is 65.7 years old. Sex ratio is 43:57
F:M). Our study used LDL-C goal of ATP III [17]. The NECP has
dentified low-density lipoprotein cholesterol (LDL-C) as the
rimary target of cholesterol-lowering therapy [17]. According
o the ATP III algorithm, persons are categorized into 3 risk
ategories: (1) established CHD and CHD risk equivalents, (2)
ultiple (2+) risk factors, and (3) zero to one (0–1) risk factor.

HD risk equivalents include noncoronary forms of clinical
therosclerotic disease, diabetes, and multiple (2+) CHD risk
actors with 10-year risk for CHD >20%. All persons with CHD
Please cite this article in press as: C. Chen, et al., A guideline-based decisio
hyperlipidemia management, Comput. Methods Programs Biomed. (2010)

r CHD risk equivalents can be called high risk. In our study, all
atients have ICD code 272 (dyslipidemia). Patients with ICD
ode 250 and 410–414 are included as high risk. Among our 200
atients, 150 are high risk, 50 are moderate risk. The ATP III
treatment goal of low-density lipoprotein cholesterol (LDL-C)
>100 mg/dL is a disease specific quality indicator. In high-risk
persons, the recommended LDL-C goal is >100 mg/dL. This
therapeutic option extends also to patients at very high risk
who have a baseline LDL-C < 100 mg/dL. For moderately high-
risk patients (2+ risk factors and 10-year risk 10–20%), the
recommended LDL-C goal is <130 mg/dL. Overall, it is advised
that intensity of therapy be sufficient to achieve at least a
30–40% reduction in LDL-C levels.

3. Results

Among the first 200 consecutive patients followed up more
than 1 year, 65% reached the LDL-C goal in 1 year (Table 1).
These data is to analyze the effectiveness of the CDSS in
terms of disease management. For those who with CAGES
finished, 74% reached the LDL-C goal. For those who with
CAGES exited, 57% reached the LDL-C goal. The odds ratio is
2.1 (1.2, 3.8) (p = 0.022), which means for those who with CAGES
finished have 2 times of chance to reach the LDL-C goal in
1 year.

Our study showed the mean ± SD number of days to
attain the LDL-C goal level after initiation of statin ther-
apy was 175 ± 98 days. Other study revealed that the mean
of days to attain the LDL-C goal level after initiation of
statin therapy was 189 ± 90 days [18]. The CDSS process was
completed in 92 cases which spent 22 s more than those
n support for pharmacological treatment can improve the quality of
, doi:10.1016/j.cmpb.2009.12.004

108 patients who exited. The result support the conclusion
of a study [19] which found CDSS in CPOE can increase
total prescribing time due to the introduction of the CPOE
system.

dx.doi.org/10.1016/j.cmpb.2009.12.004
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akin
Fig. 2 – The decision m

Total 11,806 records from 8023 patients were collected from
the CAGES in a period of 1 year and 9 months. These data is to
demonstrate the overall usage of the system. 16.17% finished
CAGES. The reason for exiting CAGES could be categorized into
4 parts.

Category 0: the doctor is too busy to use the program.
Please cite this article in press as: C. Chen, et al., A guideline-based decisio
hyperlipidemia management, Comput. Methods Programs Biomed. (2010)

Category 1: the program is useless to the diagnosis.
Category 2: the guideline does not fit to the condition of the
patient.
Category 3: other reasons.

Table 1 – LDL goal analysis for the 200 patients (LDL goal +, the
−, the number of patients fail to reach the LDL goal in 1 year).

Finish CAGES (n = 92)

LDL goal + 68 (74%)
LDL goal − 24 (26%)
g algorithm of CAGES.

The result of CAGES is shown in Fig. 3. The most frequent
reason was “too busy to use”.

4. Discussion

We use the ATP III standards as quality indicator. The NCEP
advocates aggressive LDL-C-lowering therapy for secondary
n support for pharmacological treatment can improve the quality of
, doi:10.1016/j.cmpb.2009.12.004

prevention, with a goal of therapy to reduce LDL-C levels
to 100 mg/dL (2.59 mmol/L) or less [20]. The National Com-
mittee for Quality Assurance (NCQA) is implementing a new
performance measure as part of the Health Plan Employer

number of patients reach the LDL goal in 1 year) (LDL goal

Exit CAGES (n = 108) Total (n = 200)

62 (57%) 130 (65%)
46 (43%) 70 (35%)

dx.doi.org/10.1016/j.cmpb.2009.12.004
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S.W. Tu, A. Advani, R. Shankar, M. O’Connor, Implementing
Fig. 3 – The result of CAGES.

nd Data Information Set (HEDIS) that appears to endorse
hyperlipidemia treatment target [21]. The NCQA is an

ndependent non-profit organization in the United States
esigned to improve health care quality. The HEDIS is a
idely used set of performance measures in the managed

are industry, developed and maintained by the NCQA. The
ew HEDIS measure will require managed care organiza-
ions seeking NCQA accreditation to measure and report
he percentage of patients who have had major CHD events
ho achieve LDL-C levels less than 130 mg/dL (3.36 mmol/L)
etween 60 and 365 days after discharge. Our study showed
hat the guideline-based CDSS may shorten the days to
ttain the LDL-C goal level after initiation of statin ther-
py.

This study showed the largest part in the chart is “too
usy to use” as Fig. 3. Other study also showed similar result
s that clinicians’ main concern was that the CDSS would
ncrease consultation times [22]. Nevertheless, the automatic
alculation of the LDL data may save time and energy of the
hysicians in busy clinical work. The CAGES pushes labora-
ory data to CPOE at the time of ordering medication. They
ere appreciated with this function, and had shown great
ositive feedbacks from them. Lesson learned from other
tudy showed that interoperability with other information
ystems is crucial to keep a CDSS being widely implemented
23].

The CAGES can improve clinical quality. Study showed a
DSS that is capable of applying the evidence-based rules
xtracted from guidelines regarding drug treatment sug-
esting an improvement of treatment quality [24]. Now,
e have implemented one guideline, ATP III, into the

ystem. We will not only aim to improve its functions
ccordingly, but also make it cover a wider spectrum of dis-
ases by implementing more guidelines into CPOE in the
uture.

There are still some spaces for further improvements for
he CAGES. We will strive to build a better CAGES, which will
nalyze patient’s previous examining data and come out with
solution automatically. Then, combine the solution with

ther medical treatments that the patient is having at the
oment to generate a final result for physicians as a diag-
Please cite this article in press as: C. Chen, et al., A guideline-based decisio
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osing reference. Once it is accomplished, it would greatly
educe the time of diagnosis and errors of numerical analysis
y humans.
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5. Conclusion

In conclusion, the implementation of the “home growing”
CAGES in a medical center is a start on improving patient
safety and quality. Our experience with this process can
become the model for further improvement of the CPOE. This
study revealed that 65% of the patients reached the LDL-C
goal in 1 year. It is better than other study with the report of
50% reached the LDL-C goal [18,25]. For those who prescribed
through CAGES, 74% attained their low-density lipoprotein
cholesterol goal in 1 year. For those who with CAGES exited,
57% reached the LDL-C goal. The odds ratio is 2.1 (1.2, 3.8)
(p = 0.022). The mean of days to attain the LDL-C goal level
after initiation of statin therapy was 175 ± 98 days which is
compatible to 189 ± 90 days in other study [18].

We conclude that a CPOE with CDSS integrated may
increase the proportion of high risk hyperlipidemia patients
to reach the LDL-C goal. However, data also showed the total
prescribing time may increase.
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