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Background: Electronic health records (EHRs) may be used to as-
sess quality of care.

Objective: To evaluate the accuracy of automated review of EHR
data to measure quality of care for outpatients with heart failure.

Design: Observational study of quality of care for heart failure
comparing automated review of EHR data with automated review
followed by manual review of electronic notes for patients with
apparent quality deficits (hybrid review).

Setting: An academic general internal medicine clinic with several
years’ experience using a commercial EHR.

Patients: 517 adults with a qualifying International Classification of
Diseases, Ninth Revision, diagnosis of heart failure in their EHR data
and 2 or more clinic visits over the past 18 months.

Measurements: Left ventricular ejection fraction (LVEF), prescrip-
tion of a �-blocker and an angiotensin-converting enzyme (ACE)
inhibitor or angiotensin-receptor blocker (ARB) for patients with left
ventricular systolic dysfunction (LVEF �0.40) and prescription of
warfarin for patients with comorbid atrial fibrillation.

Results: Performance based on automated review of EHR data was
similar to that based on hybrid review for assessing LVEF measure-

ment (94.6% vs. 97.3%), prescription of �-blockers (90.9% vs.
92.8%), and prescription of ACE inhibitors or ARBs (93.9% vs.
98.7%). However, performance based on automated review was
lower than that based on hybrid review for prescription of warfarin
for atrial fibrillation (70.4% vs. 93.6%), primarily because auto-
mated review did not detect documentation of accepted reasons
for not prescribing warfarin.

Limitations: The findings may not be applicable to other practices
and other EHRs. The authors used EHR data to identify eligible
patients, so the study may have excluded some patients with heart
failure. Patient charts were manually reviewed only if a provider
appeared to fail a quality measure on automated review and did
not determine the sensitivity and specificity of automated review
according to standard definitions.

Conclusions: Automated review of EHR data to measure the qual-
ity of care of outpatients with heart failure missed many exclusion
criteria for medications documented only in providers’ notes. As a
result, it sometimes underestimated performance on medication-
based quality measures.
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The Institute of Medicine and the Medicare Payment
Advisory Commission have called for government pay-

ers to publicly report providers’ clinical quality data and
increase payments for health care providers who deliver
higher-quality care (that is, pay-for-performance) (1–4).
The Centers for Medicare & Medicaid Services (CMS) has
already taken steps toward these goals with the Nursing
Home Quality Initiative, the Home Health Quality Initia-
tive, and the Hospital Quality Initiative (5, 6). More re-
cently, the CMS announced the Physician Focused Quality
Initiative, which will assess the quality of outpatient med-
ical care for key illnesses and clinical conditions and “in-
vestigate the concept of payment for performance” (7).
Assessing the quality of outpatient care, especially primary
care, has unique challenges. Unlike quality-of-care assess-
ment for hospitalized patients, information relevant to out-
patient quality measures may be documented in past en-
counters and may not easily be identifiable, especially for
patients with multiple comorbid conditions and many past
visits (8, 9). In addition, patients often see several different
physicians, and it may not be feasible to collect informa-
tion for quality measurement from other providers.

Electronic health record (EHR) systems have the po-
tential to overcome some of these obstacles in measuring
quality of care in office practices (9). The National Health
Service in the United Kingdom has begun to use data au-
tomatically extracted from EHRs in family practices

throughout the country to measure providers’ performance
on 146 quality indicators relating to clinical care for 10
chronic diseases, organization of care, and patient experi-
ence; practices are then paid according to the proportion of
patients for whom they achieve each target (10). However,
few studies have examined the accuracy of automated re-
view of data from EHR systems to measure the quality of
outpatient care (11–13). Studies from the U.S. Depart-
ment of Veterans Affairs have found that the success rates
for checking a patient’s hemoglobin A1c level, low-density
lipoprotein cholesterol level, and blood pressure are higher
on review of clinical notes compared with automated data
from an EHR (12, 13). We have previously demonstrated
a high frequency of misclassification of quality measures for
coronary artery disease when automated review is com-
pared with automated review in addition to manual review
of providers’ free-text notes (14).
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The American Medical Association (AMA)–convened
Physician Consortium for Performance Improvement
(PCPI), in collaboration with the American College of
Cardiology (ACC) and the American Heart Association
(AHA), have developed physician performance measures,
including measures of medication use for assessing the
quality of care for patients with heart failure (15, 16). The
CMS, together with PCPI, developed specifications to ap-
ply these quality measures using EHR systems (17). The
CMS Doctor’s Office Quality-Information Technology
(DOQ-IT) project aims to demonstrate the utility of these
measure specifications (17). We undertook this study to
evaluate the accuracy of an automated system that used
data from an EHR system to measure quality according to
the available CMS/PCPI specifications for patients with
heart failure.

METHODS

Study Site and Patient Eligibility
The institutional review board at Northwestern Uni-

versity approved the study. We used data from the general
internal medicine clinic of the Northwestern Medical Fac-
ulty Foundation. This clinic has 41 faculty members who
practice full-time or part-time and 103 residents who have
their own panel of clinic patients. All physicians use an
EHR for all clinical encounters (EpicCare, version 7.0,
Epic Systems Corporation, Madison, Wisconsin); most
faculty members had 3 or more years’ experience using the
EHR. History and physical examination data are usually
entered as free text. The EHR has discrete fields for med-
ical history, surgical history, allergies, social history, current
and past medications (including date of order and discon-
tinuation), vital signs, encounter diagnoses, and a problem
list. Diagnosis names are linked to International Classifica-
tion of Diseases, Ninth Revision (ICD-9), codes. Symp-
tom codes (for example, “shortness of breath”) can be used
if a diagnosis has not been established. There is no limit to
the number of diagnoses that can be entered for a single
encounter.

We included patients if they 1) had 1 or more ICD-9
codes for heart failure (Appendix, available at www.annals
.org) listed in the problem list, medical history, or encoun-
ter diagnoses; 2) were seen 2 or more times in the general
internal medicine clinic from 1 July 2003 to 31 December
2004; and 3) were 18 years of age or older. We did not
attempt to identify patients who had heart failure but did
not have this diagnosis entered into the EHR.

Validation of Heart Failure Diagnosis
Two investigators reviewed the physician notes of all

patients who had a diagnosis of heart failure on their prob-
lem list or medical history but no encounter diagnoses
(n � 28) to determine whether the treating physician
thought the patient had previous heart failure and why it
was not listed as an encounter diagnosis. We also reviewed
charts for patients who had only a single-encounter diag-

nosis of heart failure (n � 66) to determine how often
heart failure was used as an encounter diagnosis to justify a
diagnostic test for a patient with symptoms that could be
due to heart failure.

Quality-of-Care Measures
We selected 4 of the 11 PCPI measures for this study:

measurement of left ventricular ejection fraction (LVEF)
for all patients with diagnosed heart failure, �-blockers for
patients whose measured LVEF was less than 0.40, angio-
tensin-converting enzyme (ACE) inhibitors or angiotensin
receptor-blockers (ARBs) for patients whose measured
LVEF was less than 0.40, and warfarin for patients with
heart failure and comorbid atrial fibrillation. The remain-
ing PCPI measures were not examined because of very high
rates of adherence (blood pressure and weight monitoring),
because of lack of discrete electronic fields to query (assess-
ment of clinical symptoms and signs of volume overload,
assessment of activity level, and assessment of patient edu-
cation), or because the measures only applied to incident
cases of heart failure (laboratory testing).

Measurement of Left Ventricular Ejection Fraction

Because LVEF is not stored as a separate data field that
can be queried automatically, we queried the EHR to iden-
tify all diagnostic tests that routinely measure LVEF (echo-
cardiography, nuclear scintigraphy, and cardiac catheteriza-
tion with ventriculography) and manually reviewed the test
results and recorded the values when present. If no test
results were available, the electronic physician notes were
reviewed by 1 of the investigators to determine whether a
treating physician had recorded an LVEF in the initial

Context

Searching electronic health records (EHRs) may offer a
convenient way to measure quality of care.

Contribution

The authors compared automated review of EHR fields
with automated review followed by manual review of the
EHR to assess the quality of care of outpatients with heart
failure. They found that automated review sometimes
underestimated how often warfarin was prescribed to
patients with atrial fibrillation because it missed documen-
tation of legitimate reasons for not prescribing warfarin.

Cautions

The researchers did not measure how many quality mea-
sures identified by automated queries were false positives.

Implications

Automated review of the EHR missed many exclusion cri-
teria for warfarin documented only in providers’ notes. As
a result, it underestimated provider performance.

—The Editors
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intake history, medical history, or notes appended to the
problem list; if an LVEF was recorded, the value was re-
corded and was used to determine eligibility for the
�-blocker and ACE inhibitor or ARB measure. This review
was facilitated by an electronic text search by using the
terms “lvef,” “ef_,” “echo,” “cardiac,” and “ventricular” to
identify any physician note that contained 1 of these terms.
Qualitative descriptions were assigned to the following
LVEF values: “normal,” 55%; “mildly reduced,” 45%;
“moderately reduced,” 35%; and “severely reduced,” 25%.
All patients who met the eligibility criteria for heart failure
were included in the denominator of this quality measure.

Medication Quality Measures: Automated Electronic
Health Record Review

The automated assessment for the medication quality
measures involved a series of stepwise queries. We first
identified which eligible patients had diagnoses of heart
failure in their encounter, problem list, or medical history
(Appendix, available at www.annals.org). Next, we queried
the patient encounter data table, the problem list data ta-
ble, and the medical history data table for all diagnoses
(ICD-9 codes) that were listed in the specifications as ex-
clusion criteria for the quality measures (Appendix, avail-
able at www.annals.org). Finally, the medication table was
queried for current and discontinued prescriptions for
�-blockers, ACE inhibitors, ARBs, and warfarin. A medi-

cation was considered current if the start date fell before or
within the study interval and the end date was either after
the interval or absent. A medication was considered discon-
tinued only if an end date was entered before the end of
the study interval (31 December 2004). The medication
list through 2004 included “historical” medications that
were recorded in the EHR but were prescribed by a doctor
in another practice. All data were then merged by using the
unique patient identifier in the EHR.

Medication Quality Measures: Manual Electronic
Health Record Review

For each of the 3 medication measures, we identified
the subset of patients who did not meet the quality mea-
sure. An investigator then conducted a structured manual
review of the data in the EHR, including physician notes,
for all such patients. This method is often called a “hybrid”
review (12). The review was facilitated by an available free-
text search function (for example, find “ACE”) that al-
lowed us to identify information in notes that would oth-
erwise be difficult to find. The review focused on patients
who did not have an indicated medication based on the
automated review to determine whether the medication or
an exclusion criterion was described in a clinician’s notes.
We also reviewed the charts of patients who were not pre-
scribed a �-blocker, an ACE inhibitor, or an ARB and who
met exclusion criteria on the basis of the specified diag-
noses for bradycardia or hypotension to determine whether
these patients had valid reasons for not starting or for dis-
continuing these medications.

Statistical Analysis
Performance on the medication quality measures was

calculated by using the formula recommended by the
PCPI: N1 prescribed/(N1 prescribed � N2 not prescribed
and no exclusion). We calculated the sensitivity of auto-
mated searches of the EHR for identifying patients who
were receiving a recommended medication and those who
had a valid exclusion criterion relative to automated
searches that were supplemented by manual review of elec-
tronic charts. If a medication was recorded in the chart, we
assumed that a prescription had actually been written and
that the patient was instructed to take the medication;
thus, we did not assess the number of false-positive docu-
mented medications. We could only assess the false-posi-
tive rates for a limited number of exclusion criteria, such as
bradycardia or hypotension. For other exclusion criteria
(for example, aortic stenosis for ACE inhibitors or asthma
for �-blockers), we had no way of disproving that the con-
dition existed.

Role of the Funding Source
This study was funded by the Agency for Healthcare

Research and Quality (AHRQ). The AHRQ had no role in
the design, conduct, or analysis and was not involved in
the decision to submit the manuscript for publication.

Table 1. Patient Characteristics*

Characteristic Value

Location of Heart Failure Diagnosis Codes, n (%)
Encounter diagnosis 489 (94.6)

Encounter diagnosis only 115 (22.2)
Problem list 367 (71.0)

Problem list only 4 (0.8)
Medical history 191 (36.9)

Medical history only 18 (3.5)
Mean visits (SD) to GIM clinic in past 18 months, n 6.4 (4.6)
Mean age (SD), y 65.1 (14.5)
Female, n (%) 268 (51.8)
Race/ethnicity, n (%)

White 208 (40.2)
Black 211 (40.8)
Hispanic or Latino 28 (5.4)
Other 52 (10.1)
Unknown 18 (3.5)

Seen by cardiologist during the past year, n (%) 309 (59.8)
Previous myocardial infarction, n (%) 71 (13.7)
Coronary artery disease, n (%) 265 (51.3)
Hypertension, n (%) 411 (79.5)
Diabetes, n (%) 199 (38.5)
Valvular heart disease, n (%) 91 (17.6)
Atrial fibrillation, n (%) 117 (22.6)
Asthma, n (%) 96 (18.6)
COPD, n (%) 55 (10.6)

* There were 517 patients included in the study. All patient characteristics were
determined from data stored in discrete fields within the electronic health record.
See the Appendix (available at www.annals.org) for the diagnostic codes used to
identify inclusion criteria and chronic diseases. COPD � chronic obstructive pul-
monary disease; GIM � general internal medicine.
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RESULTS

Five hundred seventeen patients met the eligibility cri-
teria (Table 1). Most patients had codes for heart failure
recorded in 2 or more locations (that is, encounter diagno-
sis, problem list, or medical history). The average number
of visits over the previous 18 months was 6.4 (SD, 14.4);
51.3% of patients had underlying coronary artery disease,
and 79.5% had a history of hypertension.

Validation of Heart Failure Diagnosis
Twenty-eight patients had a diagnosis of heart failure

on their problem list or medical history but did not have
heart failure listed as an encounter diagnosis, which indi-
cated that physicians had never used heart failure as the
reason for a visit or as a reason for ordering a test, medi-
cation, or referral at the time of a clinic visit. Of these
patients, 12 (42.9%) had documentation of clinical heart
failure in physicians’ notes, 7 (25%) had asymptomatic left
ventricular dysfunction with LVEF less than 0.45, 8
(28.6%) had a normal LVEF, and 1 (3.6%) did not have
an LVEF recorded. Of the 66 patients who had only a
single-encounter diagnosis of heart failure in the EHR, 34
(51.5%) had clinical heart failure described and addressed
in physician notes, 5 (7.6%) had a “history of heart failure”
when initially seen but did not have evidence of active
heart failure during the study period, and 3 (4.5%) pa-
tients had a brief episode of high-output failure due to
severe anemia. Eleven (16.7%) had definitive evidence that
they did not have clinical heart failure; in these cases, the
diagnosis code had clearly been used to rule out heart fail-
ure (for example, when referring a patient for echocardiog-
raphy). In 13 patients (19.7%), documentation was inad-
equate for a decision to be made. Thus, the automated
review identified 40 patients who seemed not to have heart
failure. Exclusion of these 40 patients from all subsequent
analyses did not change the results, and we only report the
rates for the overall population. Under the assumption that
all patients with multiple heart failure encounter diagnoses
truly had heart failure (these cases were not reviewed), the
automated review correctly identified 477 of 517 patients
with heart failure (92.3%).

Measurement of Left Ventricular Ejection Fraction
Five hundred three patients (97.3%) had documenta-

tion of LVEF measurement, 489 (94.6%) were identified
by electronic search, and 14 (2.7%) were identified by ad-
ditional manual review of physician notes in the EHR (Ta-
ble 2). Most patients with tests recorded in the EHR had
multiple LVEF measurements, which caused discordance
in classifying patients as having LVEF less than 0.40 or
0.40 or greater (Table 2); 150 (29.8%) patients had 1 or
more LVEF measurement less than 0.40 and 1 or more
LVEF measurement 0.40 or greater. The most common
discordant pattern was a first LVEF less than 0.40 and the
most recent LVEF was 0.40 or greater.

For the medication performance measures that were
only applicable to patients with LVEF less than 0.40 (pre-

scription of ACE inhibitor, ARB, or �-blocker), we de-
fined patients as eligible if they had any LVEF less than
0.40 (n � 254; 49.1% of all patients).

Prescription of a �-Blocker for Patients with Systolic
Dysfunction

Of the 254 patients with any LVEF less than 40%,
automated review of EHR detected 219 (86.2%) patients
with an active electronic prescription for a �-blocker. Of
the remaining 35 patients, 13 met 1 or more exclusion
criteria: asthma or chronic obstructive pulmonary disease
(n � 8), heart rate less than 50 beats per minute on 2
consecutive visits (n � 5), or a diagnosis of bradyarrhyth-
mia (n � 2). Thus, performance on the �-blocker quality
measure was 90.9% by using automated EHR review (Ta-
ble 3).

Manual review of clinicians’ notes in the EHR did not
reveal any additional patients who were being treated with
a �-blocker. However, we identified 6 additional patients
who met the exclusion criteria: �-blocker was listed under
“allergies” for 2 patients, 2 patients had symptomatic bra-
dycardia based on more lenient conditions than were spec-
ified (heart rate �50 beats/min on any 2 previous visits)
and had documentation in physician notes that the brady-
cardia resulted from � blockade, 1 patient declined to take
a �-blocker, and 1 patient could not afford the medication.
Thus, 6 of 22 patients (27.3%) without an active prescrip-
tion for a �-blocker and no exclusion criteria detected by
automated EHR review had a valid exclusion documented
and detected by manual review; they were reclassified as

Table 2. Left Ventricular Ejection Fraction Measurement*

Variable Patients, n (%)

Total with documentation of LVEF measurement 503 (97.3)
LVEF found by electronic search 489 (94.6)
LVEF found by review of physician notes 14 (2.7)
No recorded LVEF 14 (2.7)

LVEF measurements in EHR
0 28 (5.4)
1 70 (13.5)
2 106 (20.5)
3 101 (19.5)
�4 212 (41.0)

Individual variations in LVEF measurements†
All values � 0.40 104 (20.7)
All values � 0.40 249 (49.5)

One or more values � 0.40 and 1 or more values � 0.40 150 (29.8)
First � 0.40 and latest � 0.40 75 (14.9)
First � 0.40 and latest � 0.40 33 (6.6)

Other patterns of variation 42 (8.3)

* EHR � electronic health record; LVEF � left ventricular ejection fraction.
† A total of 288 LVEF measurements in 195 patients had only a qualitative
description of their LVEF; 13 patients had only a qualitative description of their
LVEF and no study with a quantitative estimate of the LVEF. If only a qualitative
description of the LVEF was available from a study, patients described as having
“moderately” or “severely” depressed LVEF were assigned to LVEF �0.40 and
those described as having “mildly” depressed LVEF were assigned to LVEF �0.40.
Percentages shown are based on a denominator of 503 patients with at least 1
LVEF measurement available. If the sample is restricted to the 419 patients with 2
or more LVEF measurements, then the percentage of patients with 1 or more
values �0.40 and 1 or more values �0.40 was 35.8%.
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“met exclusion criteria.” However, 1 patient who met the
exclusion criterion for hypotension on automated EHR
review actually had orthostatic hypotension that was not
secondary to �-blocker administration; this patient was re-
classified to “no exclusion, no prescribed medication.”
Thus, performance on the �-blocker quality measure was
92.8% by using automated and manual EHR review (Ta-
ble 3).

The sensitivity of the automated quality assessment
was 100% for identifying patients with heart failure who
were taking a �-blocker (Table 4). However, the auto-
mated quality assessment detected only 12 of 18 patients
with valid exclusion criteria (66.7%), and 1 of 13 patients
who met an exclusion criterion was judged not to have a
true exclusion criterion (false-positive rate, 7.7%).

Prescription of an Angiotensin-Converting Enzyme
Inhibitor or Angiotensin-Receptor Blocker for Patients
with Systolic Dysfunction

Of the 254 patients with any LVEF less than 0.40,
automated EHR review detected 217 (85.4%) with an ac-
tive electronic prescription for an ACE inhibitor or ARB
(Table 3). Of the remaining 37 patients, 23 (62.2%) met 1
or more of the exclusion criteria: end-stage renal disease
(n � 13), aortic stenosis (n � 5), “allergy” or intolerance
(n � 7), and hypotension (n � 2). Thus, performance on
the ACE inhibitor and ARB quality measure was 93.9% by
using automated EHR review (Table 3).

Among the 14 patients without an active prescription
for an ACE inhibitor or an ARB in the EHR, manual
review of clinicians’ notes in the EHR revealed that 5 pa-
tients had been prescribed an ACE inhibitor or ARB that

was not recorded in the medication list; these patients were
reclassified from “no exclusion, not prescribed medication”
to “prescribed medication.” Six patients were found on
chart review to have exclusion criteria (hypotension, dizzi-
ness, renal insufficiency, hyperkalemia, and persistent non-
adherence); these patients were reclassified from “no exclu-
sion, not prescribed medication” to “met exclusion
criteria.” In addition, 2 patients met the exclusion criterion
for hypotension on automated review, but chart review
found that the hypotension was not related to an ACE
inhibitor or ARB; these patients would have been reclassi-
fied as “no exclusion, not prescribed medication,” but they
met other exclusion criteria on chart review and therefore
remained classified as “met exclusion criteria.” Thus, only
3 patients who were not prescribed an ACE inhibitor or
ARB had no exclusion criteria, and performance on the
ACE inhibitor or ARB quality measure was 98.7% by us-
ing automated and manual EHR review (Table 3).

The automated quality assessment had a sensitivity of
97.7% for identifying patients with heart failure taking an
ACE inhibitor or ARB (Table 4). However, the automated
quality assessment captured only 21 of 29 patients with
valid exclusion criteria (sensitivity, 72.4%), and 2 of 23
patients who met exclusion criteria were judged not to
have a true exclusion (false-positive rate, 8.7%).

Anticoagulation for Patients with Heart Failure and
Atrial Fibrillation

Of the 117 patients with heart failure who also had a
diagnosis of atrial fibrillation, automated EHR review de-
tected 69 (59.0%) with an active electronic prescription for

Table 3. Performance of Automated Review Compared with Automated Followed by Manual Review*

Measure Patients,
n

Automated Review Changes with Manual Review of
Physician Notes

Automated Followed by Manual Review

Prescribed
Medication,
n

Met
Exclusion
Criteria,
n†

No
Exclusion
Criteria and
Not
Prescribed
Medication,
n

Eligible and
Prescribed
Medication,
n/n (%)‡

Detected
Prescribed
Medication,
n

Detected
Exclusion
Criteria,
n†

Identified
False-
Positive
Exclusion
Criteria, n

Prescribed
Medication,
n

Met
Exclusion
Criteria,
n†

No
Exclusion
Criteria and
Not
Prescribed
Medication,
n

Eligible and
Prescribed
Medication, n/n
(%)‡

�-Blocker for
LVEF values
� 0.40§

254 219 13 22 219/241 (90.9) 0 6 1 219 18 17 219/236 (92.8)

ACE inhibitor or
ARB for LVEF
values
� 0.40§

254 217� 23 14 217/231 (93.9) 5 8 2 222 29 3 222/225 (98.7)

Warfarin for
comorbid atrial
fibrillation

117 69 19 29 69/98 (70.4) 4¶ 20 0 73 39 5 73/78 (93.6)

* ACE � angiotensin-converting enzyme; ARB � angiotensin-receptor blocker; LVEF � left ventricular ejection fraction.
† The exclusion criteria for the automated measurements included only contraindications that could be determined by using diagnosis codes, allergies, or other information
stored in unique fields. For the chart review, exclusion criteria also included documentation in physicians’ notes of contraindications, adverse events from medications, and
patient reasons for not prescribing medications (e.g., patient declined to take medication, inability to afford a medication, or persistent nonadherence to a medication). See
the Appendix (available at www.annals.org) for the diagnostic codes for the exclusion criteria used in the automated measurement.
‡ The percentage eligible to be prescribed a medication was calculated as the number of patients prescribed medication/(number prescribed medication � number not
prescribed measure and no exclusion criteria).
§ Patients were considered eligible for the �-blocker measure and the ACE inhibitor/ARB measure if all LVEFs recorded were � 0.40 (n � 104) or if they had ever had an
LVEF � 0.40 (n � 150).
� 170 patients were prescribed an ACE inhibitor and 51 were prescribed an ARB; 4 patients were prescribed both.
¶ 2 patients were prescribed warfarin on the basis of chart review, and 2 were prescribed low-molecular-weight heparin, which was not included in the original measure
specifications.
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warfarin. Of the remaining 48 patients, 19 (39.6%) met 1
or more exclusion criteria. Most had a history of bleeding
complications, and a smaller number had characteristics
that placed them at high risk for bleeding complications
(for example, liver disease or mental disorder). Thus, per-
formance on the warfarin quality measure was 70.4% using
automated EHR review (Table 3).

Among the 29 patients who did not have an active
prescription for warfarin in the EHR and did not meet the
previously defined exclusion criteria, manual review of cli-
nicians’ notes in the EHR revealed that 2 patients had
warfarin use documented in the physician notes and 2 were
using low-molecular-weight heparin for anticoagulation.
Of the other 25 patients not receiving anticoagulation, 5
had paroxysmal atrial fibrillation with a clear, transient pre-
cipitant (for example, coronary artery bypass surgery), and
the physician had documented that it was thought unlikely
to recur and that long-term anticoagulation was not con-
sidered necessary; 3 patients had ablation therapy for par-
oxysmal atrial fibrillation that was thought to have been
curative (that is, no documented recurrence since the time
of the procedures). Another 4 patients had diagnosis codes
in their EHR indicating bleeding complications (2 had
severe epistaxis and 2 had diverticulosis with bleeding) that
were not included in the original list of exclusionary crite-
ria, 3 had bleeding complications documented in physician
notes, 4 had a history of falls with documentation that the
physician thought the risks of warfarin were greater than
the benefits, and 1 patient declined warfarin therapy. Thus,
performance on the warfarin quality measure was 93.6%
by using automated and manual EHR review (Table 3).

The sensitivity of the automated quality assessment for

identifying patients with heart failure and atrial fibrillation
who were taking warfarin was 94.5% (Table 4). However,
the automated quality assessment captured only 19 of 39
patients with valid exclusion criteria (sensitivity, 48.7%).
All patients with exclusion criteria on automated review
were judged to have valid exclusion criteria based on the
face validity of the diagnosis codes.

DISCUSSION

To our knowledge, this study is the first to analyze the
accuracy of the specifications designed by CMS and PCPI
(17) to measure the outpatient quality of care for heart
failure according to the ACC–AHA–PCPI measures (15–
17). Our results show the challenges that must be over-
come to develop automated systems to measure quality
with a high degree of accuracy by using only EHR data.
First, defining the eligible patient population was problem-
atic. For example, some patients who met the inclusion
criteria for a diagnosis of heart failure in their medical
history, problem list, or encounter diagnoses actually had
asymptomatic left ventricular systolic dysfunction or heart
failure that had resolved after definitive treatment of atrial
fibrillation (ablation therapy). In addition, most patients in
our study had multiple LVEF measurements, and approx-
imately one third had 1 value less than 0.40 and another
value 0.40 or greater. We used any LVEF less than 0.40 as
a criterion for eligibility for the �-blocker and ACE inhib-
itor and ARB measures, but national guideline groups need
to define a uniform method for defining eligibility for these
measures. The difficulty of clearly identifying patients who

Table 4. Sensitivity of Automated Methods for Detecting Qualifying Medications and Exclusion Criteria and Rate of False-Positive
Exclusions Using Automated Methods Compared with Review of Physician Notes*

Variable Sensitivity of Automated
Methods for Detecting
Qualifying Medications,
n/n (%) [95% CI]†

Sensitivity of Automated
Methods for Detecting
Exclusion Criteria,
n/n (%) [95% CI]‡

False-Positive
Exclusions Using
Automated Methods,
n/n (%) [95% CI]§

�-Blocker for LVEF � 0.40† 219/(219 � 0)
219/219 (100)
[98.3–100.0]

(13 � 1)/(12 � 6) � 12/18
12/18 (66.7)
[41–86.6]

1/13
1/13 (7.7)
[0.2–36.0]

ACE inhibitor or ARB for LVEF � 0.40� 217/(217 � 5)
217/222 (97.7)
[94.8–99.3]

(23 � 2)/(21 � 8) � 21/29
21/29 (72.4)
[52.8–87.3]

2/23
2/23 (8.7)
[1.1–28.0]

Warfarin for comorbid atrial fibrillation 69/(69 � 4)
69/73 (94.5)
[86.6–98.5]

(19 � 0)/(19 � 20) � 19/39
19/39 (48.7)
[32.4–65.2]

0/19
0/19 (0)
[0.0–17.6]

* ACE � angiotensin-converting enzyme; ARB � angiotensin-receptor blocker; LVEF � left ventricular ejection fraction.
† Sensitivity is defined as the number of patients with a medication identified by the automated review (true positives) divided by the number of true positives plus the
number of patients with a medication identified by manual review of providers’ electronic notes if the medication was not identified by the automated review (false negatives).
If a medication was shown as being electronically prescribed, we assumed that a prescription had actually been signed and the patient had been instructed to take the
medication. Therefore, rate of false positives for medications was not assessed.
‡ Sensitivity is defined as the number of patients with an exclusion criterion identified by the automated review that was subsequently validated on hybrid review (true
positives) divided by the number of true positives plus the number of patients with exclusion criteria based upon hybrid review that were not identified by the automated
review (false negatives).
§ The rate of false-positive exclusion criteria was defined as the number of patients with an exclusion criterion identified by the automated review that was found to be invalid
on review of physicians’ notes (false positives) divided by the total number of patients identified as having an exclusion criterion by the automated review (Table 3).
� Patients were considered eligible for the �-blocker measure and the ACE inhibitor/ARB measure if all LVEFs recorded were � 0.40 (n � 104) or if they had ever had an
LVEF � 0.40 (n � 150).
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are eligible for a quality measure will probably arise for
other conditions and preventive services.

Although automated review of EHR was highly sensi-
tive for identifying patients’ current medications (Table 3),
sensitivity for detecting exclusion criteria was more prob-
lematic, ranging from 48.7% to 72.4% (Table 4). As a
result, performance on the medication quality measures
was lower with automated review than with automated
plus manual EHR review. We attempted to improve the
ability to detect patients with valid exclusion criteria by
identifying patients who had been prescribed an indicated
medication in the past (that is, by searching the EHR for
past medications) but did not have an active prescription at
the end of the study period. However, only half of the
patients who had previously been prescribed a �-blocker,
an ACE inhibitor, or an ARB had a documented reason for
discontinuing the medication (data not shown). Some pa-
tients had their medications withdrawn for no apparent
reason around the time of hospital admission and dis-
charge, which suggests that the discontinuation was actu-
ally a medication reconciliation error (18, 19). Therefore,
if a patient previously was prescribed a medication but no
longer has an active prescription in the EHR, one cannot
assume the presence of a valid exclusion criterion. Rather,
this should be cause for investigating a possible inadvertent
omission (that is, medication reconciliation error).

If we are to improve the accuracy of automated mea-
sures of quality for the care of patients with heart failure,
clinicians will need to improve their documentation of ex-
clusion criteria in the medical history or problem list. Hav-
ing more accurate information will help physicians and
health care systems identify ideal candidates for a therapy
who currently are not receiving it, including patients who
have had medication reconciliation errors that caused in-
advertent discontinuation of treatment. Conversely, if a
patient’s usual physician documents the reason for not pre-
scribing a medication, then this should help prevent other
physicians from prescribing a medication that may be
harmful. Thus, improving documentation in EHR systems
should allow physicians to more proactively identify prob-
lems and improve quality and safety.

Our study has several limitations. We only conducted
the study in a single practice using a single EHR. We do
not know the generalizability of our findings to other sites
with other EHR systems or to sites with less experience
using an EHR. We did not assess the PCPI measures of
blood pressure and weight monitoring. Automated review
is likely to perform very well for these measures, so provid-
ers’ overall performances probably will be better than those
based only on assessment of medications. In addition, the
overall agreement between automated review and hybrid
review probably would have been higher if these measures
were included. We also could not perform automated re-
views to assess performance for the measures that addressed
clinical symptoms and signs of volume overload and assess-
ment of patients’ activity levels. It may be desirable to

capture this information in discrete fields for quality mea-
surement, but this may slow physician workflow and may
be unacceptable.

Because we used EHR data to identify eligible pa-
tients, it is possible that some patients were not included
because their heart failure was documented only in physi-
cian notes. Similarly, because we used EHR data to iden-
tify patients with heart failure who had a diagnostic test
that routinely measures LVEF, it is possible that some pa-
tients who had LVEF measured were not included because
documentation of the test result could be found only in
physician notes. We could not assess false-positive docu-
mentation of medications and of all exclusion criteria. Fi-
nally, we did not manually review physicians’ notes for
every patient, so we could not determine the true sensitiv-
ity and specificity of automated review according to the
standard definitions of these terms.

Nevertheless, our findings have implications for na-
tional organizations that develop quality measures, EHR
vendors, provider organizations interested in using EHRs
for quality improvement, and payers who would like to use
these data in pay-for-performance programs. First, diagno-
sis codes available in EHRs should be designed to facilitate
quality-of-care measurement. For example, a diagnosis of
“asymptomatic left ventricular systolic dysfunction” should
be created so physicians are not forced to use a diagnosis of
heart failure as a surrogate. Current EHR systems mostly
rely on ICD-9 codes, which are poorly suited for use in
clinical care or quality measurement. The more recently
developed Systemized Nomenclature of Medicine
(SNOMED) terminology provides a common language
that enables a more consistent way of capturing, sharing,
and aggregating health data across specialties and sites of
care (20). However, the terms are not specifically designed
to facilitate quality measurement.

Experts developing guidelines and quality measures
should recognize that most patients with heart failure will
have multiple measures of LVEF that may vary over time,
and guideline recommendations and quality measures
should reflect this reality. Because ejection fraction may
improve markedly with current therapies or decline over
time with new or persistent myocardial injury, it may be
helpful to create diagnostic codes that clearly classify the
patients’ status (for example, “heart failure with systolic
dysfunction”). Electronic health record vendors should al-
ways include fields that can be used to document LVEF
and identify patients for whom ACE inhibitors, ARBs, and
�-blockers are indicated.

Diagnostic codes that allow physicians to easily and
accurately capture exclusion criteria should be included
within EHRs. The new Current Procedural Terminology
category II codes that enable documentation of medical or
patient reasons for excluding a patient from a performance
measure may facilitate a standard approach to this (21).
Capturing patient-related reasons for nonadherence is par-
ticularly important so that providers who care for vulnera-

Improving Patient Care Electronic Quality Review for Outpatients with Heart Failure

276 20 February 2007 Annals of Internal Medicine Volume 146 • Number 4 www.annals.org



ble populations do not seem to be delivering worse quality
of care because they have more patients with financial bar-
riers (22, 23). Capturing exclusion criteria would be best
accomplished if EHR vendors create “quality dashboards”
in which physicians could simply select a reason from a list
to document why they are not ordering a recommended
treatment or diagnostic test. This functionality would im-
prove the accuracy of quality measurement and aid clinical
care by allowing physicians to track the reason a patient
did not receive a recommended treatment, allow this deci-
sion to be revisited if circumstances change (for example,
when a treatment becomes more affordable or a contrain-
dication is resolved), and more accurately identify patients
who truly need to have a therapy initiated for point-of-care
alerts or outreach programs.

For provider organizations, our results show that if
electronic alerts delivered to providers at the point of care
are only based on the specifications used in this study, they
will often be incorrect. More accurate electronic capture of
critical information for quality measurement can be used
to improve current reminder systems and disease manage-
ment programs and simultaneously allow providers to ob-
jectively demonstrate the quality of their care. Finally, until
improvements are made in the ability to accurately mea-
sure quality of care using only discrete data within EHRs
(as opposed to also reviewing physician notes), this type of
quality measure should be used cautiously in pay-for-per-
formance programs. Most patients who appeared to “fail”
the quality indicator at this high-performing site were in-
correctly classified. When actual quality of care is high and
capture of exclusion criteria is only fair, providers may be
judged by how well they are able to document exclusion
criteria rather than on the basis of the true quality of their
care (10).
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APPENDIX: INTERNATIONAL CLASSIFICATION OF

DISEASES, NINTH REVISION, CLINICAL MODIFICATION

(ICD-9-CM) CODES USED TO ASSESS ELIGIBILITY,
COMORBID CONDITIONS, AND EXCLUSION CRITERIA

WITH THE ELECTRONIC HEALTH RECORD

Heart Failure Codes for Study Inclusion
398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11,

404.13, 404.91, 404.93, and 428.xx.

Comorbid Conditions
Myocardial infarction: 411.xx and 412; coronary artery dis-

ease: 410-410.92, 411-411.89, 412, 413-413.9, 414-414.07,
414.8, 414.9, V45.81, and V45.82; hypertension: 401.0, 401.1,
401.9, 402.xx, 403.xx, and 404.xx; diabetes mellitus:
250-250.93, 357.2, 362.01, 362.02, and 366.41; valvular heart
disease: 394.xx, 395.xx, 396.xx, 397.xx, 424.0, and 424.1; atrial
fibrillation: 427.3, 427.31, and 427.32; asthma: 493.xx; chronic
obstructive pulmonary disease: 491.20, 491.21, 492.0, 492.8,
496, 496.0, 506.4, and 518.2.

Exclusion Criteria for �-Blocker Use
Heart block, second- or third-degree: 426.0, 426.12,

426.13, and 426.7; bradycardia: 427.81, 427.89, and 337.0; hy-
potension: 458.xx; asthma, chronic obstructive pulmonary dis-
ease (see above).

Exclusion Criteria for Angiotensin-Converting Enzyme
Inhibitor and/or Angiotensin-Receptor Blocker Use

Renal arterial stenosis: 440.1; end-stage renal disease: V56.0,
V56.8, 39.95, 54.98, 788.5, 585, 586, and 584.xx; hypertensive
renal disease: 403.01, 403.11, 403.91, 404.02, 404.03, 404.12,
404.13, 404.92, and 404.93; pregnancy: 640-648.94,
650-658.93, 659-659.93, 660-669, 670-677, V22–V22.9, and
V23–V23.4; and hypotension: 458.xx.

Exclusion Criteria for Warfarin Use
Intracranial bleed: 430, 431, 432.0, 432.1, 432.9, and

437.3; gastrointestinal bleeding/liver disease: 570, 530.7, 569.3,

571.2, 571.5, 578.0, 578.1, 578.9, 531.00, 531.01, 531.20,
531.21, 531.40, 531.41, 531.60, 531.61, 532.00, 532.01,
532.20, 532.21, 532.40, 532.41, 532.60, 532.61, 533.00,
533.01, 533.20, 533.21, 533.40, 533.41, 533.60, 533.61,
534.00, 534.01, 534.20, 534.21, 534.40, 534.41, 534.60, and
534.61; bleeding from other causes: 280.8, 280.9, 285.1, 459.0,
599.7, 786.3, and 784.7; hematological disorders: 286.0, 286.1,
286.2, 286.3, 286.4, 286.5, 286.6, 286.7, 286.9, 287.3, 287.4,
287.5, 203.00, 203.01, 203.10, 203.11, 203.80, 203.81, 204.00,
204.01, 204.10, 204.11, 204.20, 204.21, 204.80, 204.81,
204.90, 204.91, 205.00, 205.01, 205.10, 205.11, 205.20,
205.21, 205.30, 205.31, 205.80, 205.81, 205.90, 205.91,
206.00, 206.01, 206.10, 206.11, 206.20, 206.21, 206.80,
206.81, 206.90, 206.91, 207.00, 207.01, 207.10, 207.11,
207.20, 207.21, 207.80, 207.81, 208.00, 208.01, 208.10,
208.11, 208.20, 208.21, 208.80, 208.81, 208.90, and 208.91;
mental disorders and substance abuse: 291.0, 291.1, 291.2,
291.3, 291.4, 291.5, 291.9, 292.0, 292.2, 292.9, 296.7, 297.0,
297.1, 297.2, 297.3, 297.8, 297.9, 298.0, 298.1, 298.2, 298.3,
298.4, 298.8, 298.9, 291.81, 291.89, 292.11, 292.12, 292.81,
292.82, 292.83, 292.84, 292.89, 295.00, 295.01, 295.02,
295.03, 295.04, 295.05, 295.10, 295.11, 295.12, 295.13,
295.14, 295.15, 295.20, 295.21, 295.22, 295.23, 295.24,
295.25, 295.30, 295.31, 295.32, 295.33, 295.34, 295.35,
295.40, 295.41, 295.42, 295.43, 295.44, 295.45, 295.50,
295.51, 295.52, 295.53, 295.54, 295.55, 295.60, 295.61,
295.62, 295.63, 295.64, 295.65, 295.70, 295.71, 295.72,
295.73, 295.74, 295.75, 295.80, 295.81, 295.82, 295.83,
295.84, 295.85, 295.90, 295.91, 295.92, 295.93, 295.94,
295.95, 296.00, 296.01, 296.02, 296.03, 296.04, 296.05,
296.06, 296.10, 296.11, 296.12, 296.13, 296.14, 296.15,
296.16, 296.20, 296.21, 296.22, 296.23, 296.24, 296.25,
296.26, 296.60, 296.61, 296.62, 296.63, 296.64, 296.65,
296.66, 296.80, 296.81, 296.82, 296.89, 296.90, and 296.99.

An “xx” after the decimal points indicates that all codes with
the 3 digits shown before the decimal point were used regardless
of the latter 2 digits.

Exclusion criteria were only assessed for patients who did
not have a medication prescribed. Thus, if a patient was pre-
scribed a medication but had an exclusion criterion, the patient
was included in the numerator and the denominator of the per-
formance measure. If a patient was not prescribed a medication
and met 1 or more of the exclusion criteria, the patient was
removed from the numerator and the denominator.
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