
Governmental and private initiatives in the
United Kingdom and the United States1,2 have
called for expanded use of information technol-

ogy in healthcare and for the incorporation of clinical
decision support systems3 to detect and alert physicians
to potential medical errors and deviations from best
medical practices. Previous authors have demonstrated
the value of decision support systems in guiding the
choice of antibiotic therapy4 and in monitoring the use
of potentially nephrotoxic drugs.5 A review of 65 such
systems demonstrated improved physician compliance
with treatment guidelines in two thirds of studies.6

However, all previously reported decision support sys-
tems have been deployed within a hospital setting or

within an integrated delivery system in which electronic
health record systems provide the backbone of clinical
information.

We developed a clinical decision support system that
uses the clinical information contained in administra-
tive claims data from physicians, hospitals, pharmacies,
and clinical laboratories to identify common errors in
care and departures from widely accepted clinical
guidelines. Therefore, the system can operate in any
fee-for-service clinical environment or other environ-
ment in which encounter data are reported without
requiring any cooperation from the caregiver communi-
ty beyond responding to clinical recommendations as
they are issued. Because of its ongoing vigilance in mon-
itoring patient information and spontaneously contact-
ing treating physicians, we applied the term sentinel
system to distinguish its function from point-of-care
decision support.

The claims-based system we developed is deployed
in the care of approximately 4 million Americans who
are enrolled in health plans funded by large employers,
managed care organizations, federal employee pro-
grams, Medicare managed care programs, and Medicaid
programs. In this report, we describe the results of a 12-
month randomized prospective study to test the
hypothesis that a claims-driven decision support system
could increase compliance with evidence-based prac-
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Objective: To demonstrate the potential effect of deploying a
sentinel system that scans administrative claims information and
clinical data to detect and mitigate errors in care and deviations
from best medical practices.

Methods: Members (n = 39 462; age range, 12-64 years) of a
midwestern managed care plan were randomly assigned to an
intervention or a control group. The sentinel system was pro-
grammed with more than 1000 decision rules that were capable of
generating clinical recommendations. Clinical recommendations
triggered for subjects in the intervention group were relayed to
treating physicians, and those for the control group were deferred
to study end.

Results: Nine hundred eight clinical recommendations were
issued to the intervention group. Among those in both groups who
triggered recommendations, there were 19% fewer hospital
admissions in the intervention group compared with the control
group (P < .001). Charges among those whose recommendations
were communicated were $77.91 per member per month (pmpm)
lower and paid claims were $68.08 pmpm lower than among con-
trols compared with the baseline values (P = .003 for both). Paid
claims for the entire intervention group (with or without recom-
mendations) were $8.07 pmpm lower than those for the entire con-
trol group. In contrast, the intervention cost $1.00 pmpm,
suggesting an 8-fold return on investment.

Conclusion: Ongoing use of a sentinel system to prompt clini-
cally actionable, patient-specific alerts generated from administra-
tively derived clinical data was associated with a reduction in
hospitalization, medical costs, and morbidity.

(Am J Manag Care. 2005;11:93-102)

From Active Health Management, Inc, New York, NY (JCJ, GS, JJ, IJ, LR); Potomac
Institute for Policy Studies, Arlington, Va (JCJ); Qualchoice, Inc, and Case Western Reserve
University School of Medicine, Cleveland, Ohio (TL); and American Re-Insurance
Company, Princeton, NJ (JBC).

This study was funded by American Re-Insurance Company, which provides services
to Qualchoice, Inc. The role of American Re-Insurance Company was limited to review of
the study protocol before study inception. The company had no contact with those imple-
menting the clinical interventions or with the physicians who received the intervention
recommendations.

Dr Javitt is a shareholder of Active Health Management, Inc, and remains a consultant
to the company. Drs Steinberg, Juster, and Reisman are employees and shareholders of
Active Health Management, Inc. Although not at the time of the study, Dr Couch inde-
pendently contracts with Active Health Management, Inc. He is now with New World
Healthcare Solutions, Princeton, NJ.

Address correspondence to: Jonathan C. Javitt, MD, MPH, 1700 Pennsylvania Avenue,
Suite 400, Washington, DC 20006. E-mail: jjavitt@healthdirections.net.



tices and effect improvements in patient outcomes as
measured by decreased hospitalization and attendant
cost. As subgroup analyses, we examined the causes of
hospitalization for any recommendation issued with
sufficient frequency to yield adequate study power.

METHODS

Sentinel System Intervention
The sentinel system was designed as a rule-based

artificial intelligence engine combined with an automat-
ic message generator that conveys clinical recommenda-
tions and supporting literature to treating physicians.
Software coding was programmed in a combination of
C++ and Visual Basic (Microsoft Corporation, Redmond,
Wash) that draws data from an Oracle 8i–based data
warehouse (Oracle Corporation, Redwood City, Calif).
Daily data inputs include physician-generated insur-
ance claims, hospital discharge and outpatient claims,
laboratory claims and laboratory test results, and phar-
macy claims. Information is coded in International
Classification of Diseases, Ninth Revision , Clinical
Modification codes, Current Procedural Terminology
codes, Logical Observation Identifier Names and Codes,
and National Drug Code identifiers.

Candidate clinical issues for inclusion in the clinical
rules engine were identified from national multicenter
clinical trials, guidelines published by the federal gov-
ernment or medical specialty societies, and Food and
Drug Administration–approved pharmaceutical labeling
by an in-house committee of physicians, working in
consultation with health plan medical directors and a
panel of medical consultants. Typical issues targeted by
the rules engine include the following: (1) absence of
angiotensin-converting enzyme inhibitor therapy in
patients with congestive heart failure7-9 and in those who
meet the Heart Outcomes Prevention Evaluation
(HOPE) trial criteria,10 (2) absence of β-blocker use in
patients who have had myocardial infarction,11,12 (3)
absence of anticoagulation in patients with atrial fibril-
lation and structural heart disease,13,14 and (4) absence
of documented laboratory monitoring in patients taking
warfarin sodium, glitazones,15 and other medications
that require specific laboratory tests. Depending on the
clinical urgency of the issue, notification may be by
physician-to-physician telephone contact, fax, or letter.

The criteria that trigger the engine to issue a specif-
ic recommendation are multidimensional decision
matrices that take into account all available information
on each patient. For instance, the criteria surrounding
the use of β-blockers after myocardial infarction
attempt to identify known contraindications for β-

blocker therapy, such as severe bronchospasm and
advanced heart block in the absence of a pacemaker.
Should any of those contraindications be identified, the
recommendation is not issued.

The system contains more than 1000 decision matri-
ces that, when triggered, result in the transmission of a
communication to the treating physician, recommend-
ing that he or she consider a particular avenue of care.
Because a claims-based system such as this will never
have as much information about the patient as the
treating physician, all recommendations make clear
that the communication is merely for the physician’s
consideration and that there may be mitigating circum-
stances that might render the recommendation inap-
propriate. For this reason, such communications are
interchangeably referred to as care considerations.

Patients and Setting
The study was performed among the commercially

insured population of a university-affiliated managed
care plan, in which patients were free to choose their
primary care physician and to move their care from one
primary care physician to another. The protocol was
approved by the human subjects committee of the
health plan before inception and was in accord with the
Declaration of Helsinki with regard to protection of
human subjects. In the annual enrollment form, all plan
members provided written informed consent to the
analysis of their healthcare data and to the medical
management and quality improvement activities of the
health plan. Eligible subjects were notified by letter that
the health plan was undertaking a quality improvement
study and that they might be randomly allocated to a
program in which their physicians might receive infor-
mation relevant to their care and were given a tele-
phone number to call if they wished not to be included
in such a study. To maximize the study power, inter-
vention and control group members consisted of all
health plan enrollees who were between the ages of 12
and 64 years and had incurred at least 1 physician claim
or 1 pharmacy claim in the 12 months before enroll-
ment. Patients were assigned to an intervention or a
control group, using an individually assigned random
number. Assignment occurred on a single date at study
inception. Neither patients nor treating physicians were
informed of the allocation, although it is likely that
those physicians who received communications about
specific patients surmised that those patients were part
of the intervention group.

Study Power and Sample Size
The study was designed to measure potential differ-

ences in cost of care and to measure the extent to which
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physicians comply with clinical prompts issued in this
manner. The sample size required was calculated to have
a power of greater than 80% (β = .2) to detect a 5% differ-
ence in claims cost and compliance with recommenda-
tions between the 2 groups at a type I error rate of .01
(2-sided). We determined that subgroup analysis (with
the same study power) was feasible for any recommen-
dation issued to at least 100 intervention and control
group subjects in which the adverse event rate in controls
exceeded 40%.

Data Analysis
All analyses were performed on an intention-

to-treat basis. For each group, individual mem-
bers’ claims were measured monthly during the
study and expressed in terms of dollars per
member per month (pmpm). All claims were also
broken down into type of service, including inpa-
tient, outpatient, professional services, and phar-
macy. For each group, the totals and means were
calculated for total claims and claims by type of
service. We also compared the costs for the inter-
vention group participants who triggered care
considerations vs controls who triggered but
were not issued care considerations.

To compare differences in total admissions and
total days in the hospital, 2×2 tables were created
containing the numbers admitted and the num-
bers not admitted in the intervention and control
groups (as well as for days in the hospital and days
not in the hospital) and were tested by χ2 test.
Differences in the rates of hospital admissions per
1000 subjects were tested by z test. Differences in
mean charges and paid amounts in the interven-
tion and control groups were tested by t test,
weighted for the number of months under obser-
vation. P < .02 was required for rejection of the
null hypothesis. As a safety measure, a masked
analysis was conducted at 6
months to assess whether there
was any difference (P < .05) in
the number of deaths between
the 2 groups.

RESULTS

A total of 39 462 subjects
were initially enrolled in the
study (Figure 1). At baseline,
no significant differences were
observed in age or sex between
the intervention and control
group subjects (Table 1).

Eighty-four percent of control group members and 85%
of intervention group members remained in the study
for the entire 12 months (Figure 1). Approximately half
of the early withdrawals occurred in the first month,
comprising individuals enrolled and randomized in
December who chose another health plan for the study
year. Therefore, 90% of control and intervention group
members who began the study remained under observa-
tion for the entire study. During the study year, no dif-
ference in mortality was observed between the
intervention group and the control group. The data avail-
able to us identified hospital mortality, including death

Claims Data-Based Error Detection
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Figure 1. Flowchart of Study Progress

Randomization

Withdrawal
Before Study

Inception

Withdrawal
Between

Months 6-12

Completing
Study

Control Group Intervention Group

20 929 (100.0%) 20 941 (100.0%)

1206 (5.86%) 1202 (5.76%)

2088 (10.0%) 1927 (9.2%)

17 635 (84.3%) 17 812 (85.1%)

Table 1. Demographic Characteristics of the Intervention and Control Group
Subjects

Variable Intervention Group Control Group Relative Difference

All subjects, No. 19 739 19 723 —
Mean age ± SD, y 38.5 ± 14.9 38.3 ± 14.8 NS
% Female 58.6 58.2 NS

Subjects triggering 
recommendations, No. 968 1165 —

Mean age ± SD, y 52.6 ± 12.3 51.2 ± 12.8 P < .01
% Female 53.0 52.7 NS

NS indicates not significant.



on arrival to the hospital, and mortality documented by
the health plan.

Compliance With Recommendations
Nine hundred eight clinical recommendations were

issued to the intervention group: 395 of those involved

the recommendation to start a medication, 150
entailed the suggestion to stop a medication, and 790
suggested a test or procedure (Table 2). Compliance
with care considerations that entailed starting a new
drug was measured by ascertaining the date the drug
was dispensed at the pharmacy. Physicians complied
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Table 2. Most Frequently Issued Recommendations

No. of Recommendations Issued

Intervention Control
Purpose Recommendation Description Group Group

Prevention Monitor liver function in statin use16 193 197

Clinical Start ACE inhibitor in HOPE trial qualifier10 156 155

Clinical Stop proton pump inhibitors or perform reflux studies 100 101

Prevention Perform yearly eye examination in patients with diabetes mellitus17 74 101

Clinical Monitor renal function with metformin use18 78 64

Prevention Monitor liver function in patients taking glitazones15 58 62

Clinical Perform biannual hemoglobin A1c monitoring in patients with diabetes mellitus19 35 60

Clinical Screen for microalbuminuria in diabetes mellitus19 64 49

Clinical Monitor coagulation factors in Coumadin use19 26 40

Clinical Evaluate for renal artery stenosis20,21 54 38

Clinical Stop Ultram in patients at increased risk for seizure15 67 37

Clinical Add anti-inflammatory agent to improve asthma control22 45 37

Clinical Treat or test for osteoporosis in patients taking systemic corticosteroid23,24 51 34

Clinical Stop drugs that may contribute to depression25 34 33

Clinical Perform complete lipid panel in vascular disease26,27 49 27

Clinical Stop nonsteroidal anti-inflammatory medication in hypertension15 25 18

Prevention Hepatitis B screening in pregnancy28 56 17

Clinical Start clopidogrel bisulfate in patients with acute coronary syndromes29 11 12

Prevention Perform eye examination in patients taking hydroxychloroquine sulfate 17 11

Clinical Stop a β-blocker that may exacerbate asthma15 12 10

Clinical Monitor digoxin levels in patients at risk for toxicity15 8 9

Clinical Look for underlying cause of thrombotic disease30 8 8

Clinical Stop nonsteroidal anti-inflammatory medication or alendronate sodium15 17 7

Clinical Add β-blocker in heart failure31 11 7

Clinical Anticoagulate patients with atrial fibrillation at risk for stroke32,33 8 7

Clinical Stop metformin in patients with renal insufficiency19 10 6

Clinical Start β-blocker following myocardial infarction11,12 18 5

Prevention Perform complete lipid panel if indicated32 11 4

Clinical Add inhaled corticosteroid to reduce oral corticosteroid27 7 4

Clinical Add ACE inhibitor in congestive heart failure7 14 3

Total 1317 1163

Total prevention recommendations 409 388

Total clinical recommendations 908 775

ACE indicates angiotensin-converting enzyme; HOPE, Heart Outcomes Prevention Evaluation.



with 24% of these “add-a-drug” recommendations in
the intervention group. In the control group, physi-
cians spontaneously instituted the treatment that
would have been recommended in 17% of instances in
which the recommendation was triggered but not
issued. This 42% relative difference in compliance was
statistically significant (P = .007). The same clinical
triggers that generated add-a-drug recommendations
were measured at baseline, and identical rates of
spontaneous resolution of those clinical situations in
the absence of intervention were noted in those sub-
jects ultimately assigned to the intervention group
and to the control group (18% for both).

As seen in Table 2, more recommendations were
triggered for the intervention group than for the con-
trol group. Although this difference was statistically
significant (P < .01), it was associated with recom-
mendations to obtain laboratory tests. This recom-
mendation category is unrelated to differences in cost
or hospital utilization (Figure 2). We believe that the
most likely explanation for this is that the care con-
sideration engine was run weekly on the intervention
group patients, whereas it was run at the end of the
study on the control group patients. This was to avoid
the potential ethical problem of withholding action-
able clinical information from control group partici-
pants.

Compliance with recommendations could not
accurately be assessed in the case of recommenda-
tions to discontinue a medication, because discontin-
uance does not result in a medical order. Compliance
with recommendations for laboratory testing was not
ascertainable, in part because approximately one
third of laboratory testing, including all inpatient lab-
oratory testing, in this care system did not generate a
discrete claim.

Observed Differences in 
Hospital Utilization

Overall, there were 115 more hospital admissions
in the control group than in the intervention group
(Table 3). Most of this difference (96 admissions)
occurred in the 5% of subjects who triggered recom-
mendations. No meaningful differences were observed
in the 95% of the population that did not trigger rec-
ommendations. Among all those triggering recom-
mendations in the intervention and control groups,
19% fewer hospital admissions per 1000 subjects
were observed in the intervention group (P < .001).
Because intervention group members who were admit-
ted experienced a slightly longer stay, the overall dif-
ference in hospital bed days per 1000 subjects was
only 8% (P = .004). 

Observed Differences in Charges 
and Paid Claims

For total charges and paid claims, differences
between the intervention and control groups were not
significant at baseline but became highly significant
during the study (Figure 3). Although charges in the
study year compared to the baseline were higher in
both groups, charges in the intervention group were
$18.62 pmpm (95% confidence limits, $12.00-$25.00
pmpm) lower and paid claims were $8.07 pmpm (95%
confidence limits, $5.00-$11.00 pmpm) lower. The dif-
ference in charges was observed for all categories of
care except pharmacy claims, in which a small differ-
ence was observed in favor of the control group (phar-
macy claims increased slightly for both groups from
baseline to the study year because of changes in report-
ing across the health plan). This increase in observed
pharmacy related charges is attributable to implemen-
tation of the add-a-drug recommendations. Multivariate
analyses that included baseline utilization as an inde-
pendent variable did not attenuate this effect.

Subgroup Analyses of Evidence for 
Mechanism of Action

Examination of Those Who Triggered Care Con-
siderations. Examination of the subgroup that triggered
care considerations reveals a more striking difference
between the intervention group and controls. Figure 4

Claims Data-Based Error Detection
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Figure 2. The Difference Between the Intervention
and Control Groups for Those Issued Care Considera-
tions, Grouped by Type of Intervention Recommended
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demonstrates that a far greater financial difference
between the intervention group and controls is observ-
able in the subpopulation of those who triggered care
considerations. Comparing the study year results with
baseline values, the intervention group patients
incurred $77.91 pmpm (95% confidence limits, $26.00-
$130.00 pmpm) less in charges and $68.08 pmpm (95%
confidence limits, $39.00-$98.00 pmpm) less in paid
claims than controls (P = .003 for both). There was no
statistically significant difference between intervention
and control group subjects who did not trigger care
considerations.

Examination by Type of Care Consideration
Issued. When differences in utilization are analyzed by
type of care consideration issued (Figure 2), the most
pronounced difference is associated with those patients
who triggered recommendations to add a specific med-
ication. A smaller but meaningful difference was identi-
fiable in patients who triggered recommendations to
stop specific medications. No significant difference was
identified in cost or utilization among patients who trig-
gered recommendations for laboratory or diagnostic
procedures.

Analysis of Heart Outcomes Prevention Evaluation
Trial–Related Hospitalizations. The only clinical rec-
ommendation that was issued with sufficient frequency
to enable subgroup analysis of outcomes was the recom-
mendation to prescribe angiotensin-converting enzyme
inhibitors in patients meeting the HOPE trial criteria.10 In

these 311 patients (156 intervention and 155 control
group subjects), a $510.00 pmpm difference in total
charges was observed between the control and interven-
tion groups (date not shown), as well as a difference of 12
hospital admissions per 100 patients (Table 4). 

The frequency with which this HOPE recommenda-
tion was issued afforded the ability to examine the clin-
ical details associated with the hospital admissions to
determine whether the difference in hospitalization was
related to the intervention. We considered hospital
admissions for stroke, cardiac disease (except for dys-
rhythmia), and vascular complications of diabetes mel-
litus to be consistent with the clinical outcomes studied
in the HOPE trial. Hospital admissions for other disease
entities were not considered to be plausibly prevented
by the addition of angiotensin-converting enzyme
inhibitors.

There were 152 admissions during the study year
among the 155 controls who triggered the recommen-
dation to prescribe angiotensin-converting enzyme
inhibitors, compared with 133 admissions among the
intervention group members who triggered this recom-
mendation (Table 4). Of those, 69 control group admis-
sions, compared with 49 intervention group admissions,
were for cerebrovascular or cardiovascular disease. This
difference of 20 admissions (45% vs 37%, P = .02) was sta-
tistically significant by z test. In contrast, there was no
difference in the rate of hospital admission for diagnoses
unrelated to the HOPE trial end points. This reduction
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Table 3. Hospital Utilization During 12 Months in All Subjects and in Those Who Triggered Recommendations*

Variable Intervention Group Control Group Difference

All subjects, No. 19 739 19 723 —
Total admissions 1251 1366 115

Admissions per 1000 persons, mean ± SD 63.5 ± 3.4 69.3 ± 3.4 −9.1% (P = .03)

Inpatient days per 1000 persons, mean ± SD 247.7 ± 6.0 273.0 ± 6.2 −9.3% (P = .001)

Length of stay, mean, d 4.1 4.1 —

Total inpatient charges PMPM, $ 58.95 68.36 −9.41 (P = .001)

Total inpatient paid claims PMPM, $ 26.06 28.20 −2.14 (P = .008)

Subjects triggering recommendations, No. 961 982 —

Total admissions 206 302 96

Admissions per 1000 persons, mean ± SD 213.8 ± 5.7 264.6 ± 5.7 −19.2% (P < .001)

Inpatient days per 1000 persons, mean ± SD 1152.0 ± 45.0 1252.3 ± 47.0 −8.0% (P = .004)

Length of stay, mean, d 5.4 4.7 13.8%

Total inpatient charges PMPM, $ 242.30 296.30 −54.00 (P = .007)

Total inpatient paid claims PMPM, $ 93.50 127.50 −34.00 (P = .006)

PMPM indicates per member per month.
*Inpatient charges reflect mean charges or paid amounts per person hospitalized who were issued at least 1 care consideration.



in the risk of hospitalization was con-
sistent with the reduction in the risk
observed in the HOPE trial.10

Return on Investment
The study was not intended as a

formal cost-effectiveness or cost sav-
ings analysis in that we did not direct-
ly measure costs at the patient or
caregiver level, nor did we consider
noneconomic costs or benefits. Our
study can, however, speak to the
return on investment associated with
the intervention from the perspec-
tive of the payer. The intervention
cost ranged from $1.00 to $1.50
pmpm, depending on the demo-
graphics of the covered population,
with older populations generating
higher charges because of greater
severity of illness. In the case of the
intervention population, the inter-
vention cost was $1.00 pmpm and
the overall return was $8.07 pmpm,
indicating an 8-fold return on
investment in the first year of the
intervention. For many of the inter-
ventions triggered, one would expect
ongoing benefits to accrue, suggest-
ing that over time the return on
investment may be even greater.

DISCUSSION

Our findings suggest that deploy-
ment of a sentinel system that issues
clinical prompts based on administra-
tively derived clinical data has the
potential to positively influence physi-
cian practice and may be associated
with decreases in morbidity and
healthcare cost among patients with
targeted conditions. The use of physi-
cian prompts, delivered primarily by
written communication, was associat-
ed with a moderate degree (42%) of
increased compliance with widely
accepted standards of care, compared with that
observed in a randomly allocated control group. The
intervention cost $1.00 pmpm to deploy and was asso-
ciated with lower charges of $18.62 pmpm and lower
paid claims of $8.07 pmpm in the intervention group
compared with controls.

The difference in compliance with standards of care
associated with our intervention was clinically and sta-
tistically significant and was associated with a substan-
tial difference in hospitalization and cost of care.
However, the compliance, even in the intervention
group (24%), leaves significant room for improvement.

Claims Data-Based Error Detection
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Figure 4. The Difference in Charges and Paid Claims Between the
Intervention and Control Groups for Those Individuals Issued 
Care Considerations. 
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Figure 3. The Overall Difference in Charges and Paid Claims
Between the Intervention and Control Groups
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More potent interventions are needed that may involve
further engaging the physician via electronic means and
point-of-care systems, in addition to engaging the
patient directly.

Two factors argue in favor of a causal relationship
between the intervention and the observed outcome and,
hence, its clinical plausibility. First, the observed differ-
ence is almost completely attributable to those members
of the intervention and control groups who triggered rec-
ommendations. Second, the subgroup analysis of patients
who triggered the recommendation to prescribe
angiotensin-converting enzyme inhibitors for subjects
meeting the HOPE criteria demonstrated that the entire
difference in hospitalization was attributable to admis-
sion for cardiac and peripheral vascular disease.

It may seem counterintuitive that intervening 5% of
the population can have such a broad effect. However,
one must remember that most commercially insured
persons have no major illnesses. Most hospital utiliza-
tion is attributable to the few with chronic disease. By
drawing on the existing stream of administrative data,
we constructed an approach that does not depend on
underlying health information infrastructure (other
than ubiquitous claims submission systems) and that
draws data from a broad array of otherwise unconnect-
ed caregivers.

Although this study addressed the potential benefit
of deploying a sentinel system in a commercial popula-
tion, the disease entities most affected by the interven-
tion—neurological, respiratory, and cardiovascular
conditions—are the major drivers of health cost in older
populations. Therefore, we expect that sentinel systems

such as this would
have an even greater
effect when deployed
in populations with
greater morbidity,
such as populations
covered by Medicaid
and Medicare.

Limitations of the
Intervention

In an ideal world,
clinical decision sup-
port systems would
be embedded within
comprehensive elec-
tronic health informa-
tion environments
that include medical
records and order
entry. The best mo-

ment to intervene and prompt a caregiver to comply
with evidence-based guidelines is at the point of care,
using detailed clinical information about the patient.
Physicians are likely to be more responsive to prompts
generated at the point of care, provided that those
prompts are clinically on target and patient specific.
Unfortunately, few Americans (except for active-duty
military and veterans) are cared for in an electronic
healthcare environment that enables point-of-care
systems, and those systems may not yet have devel-
oped the instantaneous decision analytic capabilities
necessary to address the broad range of issues affect-
ing the ill.34

Today, most Americans are cared for in a community
provider–based environment. Although point-of-care
systems are available for installation in some tightly inte-
grated healthcare delivery systems, the exchange of
health information among nonrelated medical providers
requires currently unavailable solutions to technical and
legal barriers. Outside of an integrated delivery system,
only a claims-based system has the potential to integrate
clinical data from the patient’s entire network of
providers, pharmacies, and laboratories. We, like much
of the readership, dream of a future in which electronic
medical records flow seamlessly from one point of care
to another. In that future, we believe that sentinel sys-
tems will be integral to comprehensive point-of-care sys-
tems and will draw on much richer sources of data.

The intervention that we implemented lags days to
weeks behind the moment of care and is restricted to
summary information contained in diagnosis and pro-
cedure codes, along with pharmacy data and laborato-
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Table 4. Hospital Utilization During 12 Months in Subjects Who Triggered the
HOPE Trial Recommendation To Prescribe Angiotensin-Converting Enzyme
Inhibitors

Intervention Group Control Group
Variable (n = 156) (n = 155) P

Total admissions 133 152 —

HOPE related
Admissions, No. (%) 49 (36.8) 69 (45.4) .02
Inpatient days per person, mean 1.4 2.2 .003
Inpatient charges per person, mean, $ 5835 8746 .05

Non–HOPE related
Admissions, No. (%) 84 (53.8) 83 (53.5) .55

Inpatient days per person, mean 3.3 3.8 .34
Inpatient charges per person, mean, $ 6704 8416 .30

HOPE indicates Heart Outcomes Prevention Evaluation.



ry values. This lag may reduce compliance with care
considerations and limits the type of issues that may
be addressed to clinical issues involving the prescrip-
tion of medications for chronic illness, monitoring of
those medications, and management of the underlying
illness. Medication issues that are likely to have an
immediately harmful effect, for instance, cannot use-
fully be addressed in a system of this type. However, as
is evident from our data, there are many such issues
that can be addressed, even in a healthy working-age
population.

Our system relies on the diagnosis and procedure
codes contained in administrative claims data, the
accuracy of which is far from perfect. The logic algo-
rithms within the sentinel system attempt to maximize
the specificity of the inferences gained from claims data
by requiring multiple pieces of corroborating informa-
tion (eg, diagnosis codes indicative of diabetes mellitus,
evidence of pharmacotherapy for diabetes mellitus, and
laboratory tests indicative of hyperglycemia) before
classifying a patient as having a particular condition.
Nevertheless, as the specificity of the data stream
improves, particularly through the widespread imple-
mentation of electronic health records, sentinel sys-
tems will become more clinically useful.

Limitations of the Study
Our study is subject to at least 3 sources of bias,

including selection bias, treatment bias, and ascertain-
ment bias. We designed this study as a community-
based trial, in which the study cohort was as
representative as possible of the underlying communi-
ty. The only potential selection bias is the extent to
which the membership of the health plan studied is or
is not representative of the commercially insured pop-
ulation of the Cleveland metropolitan area. Given that
enrollment is employer based, there is little reason to
believe that this represents a significant bias.

A second potential source of bias is treatment bias.
Once a physician received a clinical recommendation,
the physician was then alerted to the fact that the
patient in question was under scrutiny. If this prompt-
ed physicians to rethink other aspects of the patient’s
care, there may have been an effect larger than the sim-
ple effect of implementing that specific recommenda-
tion. Because the objective of this study was to
demonstrate the potential value of sentinel systems in
improving overall care, not the effect of any specific
clinical recommendation, this bias (if it was a factor)
does not diminish the overall value of the findings of
the study. One alternative design would have been to
attempt a nonspecific notification of control group
physicians to try to attenuate this bias.

The study is also subject to ascertainment bias in
that it is based on surrogate outcome measures, name-
ly, hospitalization and other provision of medical care,
rather than ultimate outcomes, such as quality of life or
survival. That limitation is inherent in nearly every
study that attempts to measure health system effects
rather than the traditional end points associated with
clinical trials.

CONCLUSIONS

Our study demonstrates that decision support sys-
tems can be applied across a system of care to improve
compliance with evidence-based medicine. The results
suggest that such compliance improves outcomes of
care as suggested by the clinical trials that underlie the
individual clinical recommendations. The study was
performed using the summary data available in an
administrative claims stream. As richer electronic
health records become available across the medical
enterprise, sentinel systems such as this will have
increased clinical accuracy and deliver patient-specific
recommendations in an increasingly timely manner.
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