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INTRODUCTION

 American Heart Association estimated that the annual cost of

» cardiovascular disease (CVD) and stroke in 2011—2012 was $193.1 billion in medical

care

* $123 billion in lost productivity from premature death
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INTRODUCTION

* A substantial part of this burden is avoidable by preventing and controlling major

risk factors for CVD, including hypertension, hypercholesterolemia ,and diabetes.

* Clinical decision support systems (CDSSs) are computer-based tools used to assist

health providers in preventing and controlling these risk factors.

* The evidence showed that CDSSs improved screening for CVD risk factors and
improved practices for CVD-related preventive care services, clinical tests, and

treatments.
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METHOD & MATERIAL

* Briefly, Community Guide systematic economic reviews have the multiple
objectives of:

» providing evidence-based estimates of what it costs to implement an
iIntervention.

- calculating the expected benefits from averted health care costs and worksite
productivity losses due to reduced morbidity and mortality,

 making a judgment of economic value based on estimated cost-benefit or cost-
effectiveness.
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METHOD & MATERIAL

» CDSSs for CVD prevention were defined as computer-based information systems
designed to assist health care providers in primary, secondary, and tertiary care

settings implement guidelines and evidence-based practices by providing.

- tailored reminders to conduct or schedule preventive and screening services.

CDSS
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METHOD & MATERIAL

- The CDSS interface with the provider occurs at the point of care, based on
individual patient data,

- and assists providers with preventive care, and treatment of recommendations
for screening, of patients who have risk factors for CVD such as obesity, inactivity,
smoking, hypertension, hyperlipidemia, or diabetes.

* Improved clinician action should mitigate the risk factors and ultimately lead to

reduced morbidity and mortality from CVD, thereby also improving economic
outcomes
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SEARCH STRATEGY & INCLUSION CRITERIA

* The studies for this systematic economic review were drawn from the results of 3
searches:

* The primary source was the set of studies referenced in a broad systematic review
published in 2012.

* Period: January 1975 to January 2011

- Databases : PubMed, CINAHL, PsycINFO, PubMed NLM, and Web of Science
= Scope: CDSS in all health topics
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Pu blmed oI NAHL oL Ere

Slide NO 13 Topic: Cost and economic benefit of CDSS for CVD prevention

WEB OF SCIENCE

Haniyeh bameri ‘




SEARCH STRATEGY & INCLUSION CRITERIA

 The Bright et al. search was updated to cover more recent studies.
* Period: January 2011 to October 2015

- Databases : PubMed, CINAHL, PsycINFO, PubMed NLM, and Web of Science
- Scope: CDSS in CVD prevention

- A search was conducted within economics-related databases using the strategy
implemented in Bright et al.

* Period: January 1970 to October 2015

- Databases: JSTOR, EconLit, Centre for Reviews and Dissemination

- Scope: CDSS in CVD prevention
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SEARCH STRATEGY & INCLUSION CRITERIA

* Studies were included in this review if they:

1. met the intervention definition,

2. were in English,

3. were implemented in a high-income economy, and reported one or more of:

4. the cost of intervention, change in health care cost, change in productivity,
other economic benefit, cost-benefit, or cost-effectiveness
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INTERVENTION COST

* The cost to develop a CDSS is the cost of compiling evidence-based narrative
guidelines and programming the guidelines and decisions into code to produce

prompts for provider action.

* The day-to-day use and maintenance of the CDSS require staff time and other
resources, and are categorized under operating cost.

* In summary, the components of capital cost are development and
implementation and the components of operating cost are maintenance and
operation
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INTERVENTION COST

Annualized intervention cost was estimated by distributing the one-time cost of
development and implementation equally over the assumed 5-year life of the
system and adding this annual amortized cost, discounted at 3%, to the annual cost

of operation.

A CDSS can be embedded within an electronic health record (EHR) system
containing patient demographics and all health-related data, or it can be built on a
registry that contains information only for patients with a specific disease or

condition
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INTERVENTION COST

* The cost of collecting and populating the database with patient information,

whether for an EHR or a registry, is not considered part of the CDSS intervention

cost.

A CDSS can also change the economic efficiency of the care process by altering
either the resources needed to care for a patient or the number of patients cared
for with the same level of resource use.
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INTERVENTION ECONOMIC BENEFIT

- Effective CDSS interventions reduce CVD risk factors, such as systolic blood
pressure

* The reduction in risk factors, in turn, reduces morbidity and mortality and
increases the quantity and quality of years lived, measured as quality-adjusted life

years (QALYs) saved.

* The impact of CDSS on health care cost is the difference in the cost of health care
products and services used by the intervention and control groups or the pre to

post change where there is no control group.
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INTERVENTION ECONOMIC BENEFIT

* Implementation of a CDSS can increase or decrease health care utilization by the
patient, owing to either adherence to guidelines for care (increased cost) or
improved health (decreased cost).

 The sum of these 2 changes is observed in changes in the component cost of
outpatient, inpatient, and emergency room (ER) visits, medications, and labs

- A full accounting of health care cost would include all 5 of these components

 Reduced illness and increased years of life lived contribute to fewer iliness-related

absences from work, better performance when present, and a longer period of
productivity.
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SUMMARY ECONOMIC OUTCOME

* Cost-benefit analysis compares economic benefit to intervention cost, where
both benefit and cost are monetized and expressed in dollar terms; an
intervention is cost-beneficial when economic benefit exceeds intervention cost.

* Net cost (intervention cost plus health care cost) per QALY gained produces cost-
utility, which is a type of cost-effectiveness assessment.

* An intervention is cost-effective when net cost per QALY gained is <$50,000
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MEASUREMENTS, METRICS, AND REVIEWER DECISIONS

* Intervention cost can differ for practices of different sizes, because the scale of

CDSS implementation ranges from small clinics to large health centers.

* The review team decided that intervention cost should be characterized by the
size of practices where the CDSS is implemented.

* this review did not find any studies that fully characterized the association
between cost of CDSS implementation and size of practice, whether based on

number of physicians or patients in the practice.
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MEASUREMENTS, METRICS, AND REVIEWER DECISIONS

* based on number of physicians. American Medical Association

* Small, 1—4 physicians (40% of respondents);
* medium, 5— 24 physicians (35% of respondents);
* large, 25 physicians (25% of respondents)

* For studies that reported only the number of patients we estimated the number
of physicians based on an average patient panel and workload of US primary care
physicians.
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MEASUREMENTS, METRICS, AND REVIEWER DECISIONS

* All monetary values were converted to 2015 US dollars. The Consumer Price Index

from the Bureau of Labor Statistics was used to adjust for inflation.

* Results are summarized using medians and interquartile intervals.
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RESULT

* Twenty-one studies from the 7508 papers screened met the inclusion criteria.
- Seventeen studies reported on EHR-based CDSSs.
- 1 study piloted a CDSS residing on a stand-alone desktop.

* 1 was based on a diabetes registry.

- 2 studies covered both EHR-based and registry-based CDSSs.
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RESULT

 Most of the studies were based in the United States (67%) and implemented in
clinics (94%), based on trials with a control Group(63%) or models based on trials
(25%).

* The studies covered CDSSs implemented alone (36%), or in combination with
patient reminders/education (18%) or with team-based care (23%).

* Most studies focused on diabetes as a risk factor (47%), followed by other CVD
risks. More than 90% of the studies were published since 200o0.
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RESULT

Table 1. Characteristics of included studies and proportion of
studies with each characteristic

Non-United States

Setting
Clinic

Hospital

Study type
Trial

Model

Trial + Model

.

Characteristic No. of studies(% of
all reviewed studies)
Country
Ukiited States 1416:20,22-24,26-28,30-33,35-37

(67%)

17-19,21,25,29,38
7

(33%)

16-25,27-33,35,37
18 2 3,3

(86%)
316,36,38

(14%)

15 16,17,19,20,23,24,26-30,35-38

(71%)

13233

(5%)

8,21,22.2
41'3._1. s

(19%) )
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Trial + Model
Survey

CDSS rnisk factor focus
Diabetes

Hypertension
Hyperlipidemia

Hypertension and
hyperlipidemia
Including multiple CVD risk
factors

Control group
Pre and post with no control
group
With control group

Survey, model with no control

K group

(5%)

418.21,22.2:

(19%)

(5%)

18,22,2528,30-33,36-38
10

(47 %)
124

(5%)

517,19

(10%)
12!

(5%)

7!6 =20,23,26,27,29 35

(33%)

5!7,27.36—38

(24%)

16,18-26.28-30,35
14

(67 %)
231-33

(10%) j
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<

Intervention added to CDSS
Team-based care

Provider incentives
Provider audit and feedback
Patient phone reminders or
report to patient

Quality improvement

None

Publication period
1990s

2000s

2010s

518.24.23.36,38

(23%)

(5%)

20,23,31-33
4

(18%)

235,17

(9%)

8 16,17,19,25-27.29,30

(36%)

20,26
2

(9%)

916.]7,19.2!.24.28.30—33

(43%)

10 18,22,23,25,27,29,35-38

(48%)

./
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INTERVENTION COST

* Twelve studies reported estimates of intervention cost, which are presented for

registry- and EHR-based CDSS implementations.

* The estimates are characterized further by size of the health care practice and
whether studies included cost of development and implementation, ongoing cost
of operations, or both.

* Nine of the 12 studies reported the intervention cost of CDSS implementation
specifically.
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INTERVENTION COST

Table 2. Intervention cost with components and characteristics of CDSSs

Study Size® Development and Ongoing Cost Reasonably Annual Cost®
Implementation Included Complete (5-year life)
Cost Included Estimates
Per Patient Per Practice
Registry-based
Adler-Milstein 0731 Small ¥ Y N $69 $9511
Adler-Milstein 077! Medium Y Y Y $23 $20,649
Adler-Milstein 073! Large Y Y Y $14 $75,964
Blanchfield 06°° Medium Y Y N $106 $132,438
Bu 07a,b™*?3 Small Y Y Y $55 NR
EHR-based
Adler-Milstein 073! Medium® Y Y Y $s56 $49,808
Bardach 133° Small N N N $9 $18,650¢
Bu 07a,b?33 Small Y Y k'S $170 NR
Cleveringa 108 Small Y Y. Y $73 $4794
Fretheim 062! Small Y N N NR $346
Gilmer 1272 Medium Y Y : 4 $43 $20,595
Khan 10*? Small Subscripton fee Subscription fee Y $63 $7318
Munoz 1276 Large N N N $61 $386,750°
O’Reilly 12*° Small Y N N $27 $3739
Shih 11%7 Small Y N N $4 $7053
Zamora 13%° Small NR NR N $225°¢ NR

Ac

Slide NO 312

Topic: Cost and economic benefit of CDSS for CVD prevention

Haniyeh bameri



INTERVENTION COST

* Of the remaining 3 studies, 2 that provided the cost of intervention did not include
the cost of CDSS, with 1 reporting the cost of adding provider incentives to the
CDSS implementation and the other providing only the labor cost of the staff

involved in team-based care.

* All 3 studies that assessed the cost of CDSSs implemented in diabetes registries

included both the one-time capital cost and ongoing operations cost.
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INTERVENTION COST

* Based on a survey of users and vendors, 10f the studies estimated that the annual

cost per practice for a registry based CDSS was about $9,500 for small, $20,600 for

medium, and $76,000 for large.

* The corresponding estimates for cost per patient per year were $69, $23, and $14,
respectively.
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INTERVENTION COST

» Eight studies reported the intervention cost of EHR-embedded CDSS, of which 5
included both the cost of development and implementation and the ongoing cost
of operation, and 3 included only the one-time cost of development and
implementation.

* Among the 5 studies that provided reasonably complete assessments of
intervention cost, the mean annual costs were $102 per patient and $6056 per
practice for small practices, and $49 per patient and $35,per practice for medium-
sized practices.
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CHANGE IN HEALTH CARE COST

- Change in health care cost attributable to the intervention was reported in 15
studies: 13 EHR-based implementations, 1 registry-based, and 1 reporting both

types.

- Interventions in addition to the CDSS were present in several studies; therefore,
the effect on health care cost and other outcomes cannot be attributed to the

CDSS alone.

* Based on 8 studies that included at least 3 of ; components of health care cost,
the median change in health care cost per patient per year was $35
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CHANGE IN HEALTH CARE COST

Table 3. Health care cost: components and estimates

45 )

Type of CDSS Addisonal Time Hornzon Componcnts Reasonably Change
Study Intcrvention Complcte in Health Care Cost
Outpadent Inpagsent ER  Drugs labs  pgimate Per Patient Per Year®
Regstry-based
Blanchficld 06*° None 1 yoar 7 7 v Y +S6
Bu 07ab'*"* Padent 10 years 7 7 N -$127
reminders
EHR-based
Apkon 05'* Noanc 2 months v 7 ~ Y +S355
Bassa 05'7 None 1 year v 7 7 Y ~$133
Bu O07ab'"" Nonec 10 ycars e e N ~$94
Cleverninga 10 TBC 10 ycars 7 7 7 Y All patients: +$148;
patienss with
CVD: 4598
Cobos 05'* Noac 1 ycar 7 e v Y ~$107
Frame 94°° Pagent reminders 2 ycars v N SO
Frethcim 06b7"1 Provider audit and 1 ycar 7 N ~$10
feedback
Gilmer 1237 Provider incentives 40 ycars 7 7 7 Y —S$46
Herring 13'% TBC 9 months 7 N ~$539
Khan 10°° None 32 momhs e > g N —~S$236
Murray 047 TBC 1 year e 7 7 Y ~$2986
O Reilly 127° Nonc 40 ycars 1~ & > v Y —~$23
Oxendine 1477 Quality 1 ycar 7 7 N +S$6532 during
mprovement N rvention
~S$1960 1 ycar post
Smith 08°* TBC 1 ycar 7 v N Ourpatent was
\ €29 Towal waiieby /
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WORKSITE PRODUCTIVITY

* No studies assessed the economic benefit of worksite productivity improvements
for patients whose health improved through use of a CDSS.
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COST-BENEFIT AND COST-EFFECTIVENESS

* Economic benefit was compared to intervention cost in 2 studies of EHR-based
CDSSs and 1 study of both EHR- and registry-based CDSSs .

- All 3 studies included fewer than 3 components of health care cost and did not
estimate productivity effects; they were therefore incomplete assessments of
economic benefit.

* One study that reported a benefit-to-cost ratio of 2.03:1 considered only the
averted cost of medication and did not include ongoing operating cost in its
estimate for intervention cost.
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COST-BENEFIT AND COST-EFFECTIVENESS

- The second study provided a reasonably complete assessment of intervention
/\cost but only considered the cost of inpatient stays and ER visits, estimating
 benefit-tojcost at 3.8:1.

1 The third study.estimated the benefit of averted inpatient stays and outpatient
visits to a reasonébly complete assessment of intervention cost at 2.3:1 for a
registry-based CDSS but 0.55:1 for an EHR-based CDSS.

—

Slide NO 39 Topic: Cost and economic benefit of CDSS for CVD prevention Haniyeh bameri



COST-BENEFIT AND COST-EFFECTIVENESS

* In summary, the results from cost-benefit studies are incomplete assessments
and indicate mixed conclusions on whether economic benefits exceed the cost of

CDSS interventions to prevent CVD.

* Three studies provided estimates of cost per QALY saved , where the same time

horizons were used for net cost and adjusted life years lived outcomes:
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COST-BENEFIT AND COST-EFFECTIVENESS

* 2 reported that the interventions were
cost-effective at $49,000 and $16,500 and
1 reported that it was not cost-effective
at $143,000.

* Estimates for health care cost from all 3
studies were reasonably complete, but 1
study did not include annual operating
cost in the intervention cost

g

A

Study
Type of CDSS

Cost per QALY saved

Cleveringa 10™
EHR-based

Gilmer 12
EHR-based
O'Reilly 125
EHR-based

All patients —$49,500

Patients with CVD —-$§19,600
Patients without CVD -$162,000
§16,500

$143,000

CDSS, clinical decision support system; CVD, cardiovascular discase;

EHR, electronic health record; QALY, quality-adjusted life year.

J/
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DISCUSSION

* This systematic economic review of one type of health information technology,
namely CDSS, encountered similar difficulties among others in synthesizing the

economic evidence from various implementation instances.

* The cost and economic benefits of CDSS implementations from included studies

were poorly reported, and many studies did not adhere to sound evaluation or

accounting practices.
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DISCUSSION

* Only a few studies provided a complete accounting of cost to develop,

implement, maintain, and operate a CDSS.

* More complete economic evaluations are necessary to obtain reliable estimates

for intervention cost across types and sizes of health care settings.
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DISCUSSION

* Reported economic benefits of a CDSS are often determined or guided by the
implementation’s disease or risk-factor focus (eg, hypertension, CVD, diabetes,
depression), functionality (eg, provider prompts, management of orders, disease
management), or the implementer’s objective (eg, containing cost with cheaper

drugs or averting hospital readmissions).
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DISCUSSION

* The results presented in the current review are consistent with those found in the
broader review of evidence for CDSS implementations for all diseases and
conditions. That review found that CDSSs/ Knowledge Management Systems
reduced health care cost and produced cost-savings, but it reached mixed

conclusions about cost effectiveness.
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CONCLUSION

* An overall conclusion cannot be reached about the cost-effectiveness or cost-
benefit of CDSSs for CVD prevention and control.

* The evidence on cost and benefit is limited by many estimates that do not
account for major components, and mixed evidence when the estimates are

reasonably complete.

* The quality of economic evidence for CDSSs can improve with more evaluations.
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