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BACKGROUND: Adherence to evidence-based recommen-
dations for acute myocardial infarction (AMI) remains
unsatisfactory.

OBJECTIVE: Quantifying association between using an
electronic AMI order set (AMI-OS) and hospital processes
and outcomes.

DESIGN: Retrospective cohort study.

SETTING: Twenty-one community hospitals.

PATIENTS: A total of 5879 AMI patients were hospitalized
between September 28, 2008 and December 31, 2010.

MEASUREMENTS: We ascertained whether patients were
treated using the AMI-OS or individual orders (a la carte).
Dependent process variables were use of evidence-based
care; outcome variables were mortality and
rehospitalization.

RESULTS: Use of individual and combined therapies
improved outcomes (eg, 50% lower odds of 30-day mortal-

ity for patients with �3 therapies). The 3531 patients treated
using the AMI-OS were more likely to receive evidence-
based therapies (eg, 50% received 5 different therapies vs
36% a la carte). These patients had lower 30-day mortality
(5.7% vs 8.5%) than the 2348 treated using a la carte
orders. Although AMI-OS patients’ predicted mortality risk
was lower (3.2%) than that of a la carte patients (4.8%), the
association of improved processes and outcomes with the
use of the AMI-OS persisted after risk adjustment. For
example, after inverse probability weighting, the relative risk
for inpatient mortality in the AMI-OS group was 0.67 (95%
confidence interval: 0.52-0.86). Inclusion of use of recom-
mended therapies in risk adjustment eliminated the benefit
of the AMI-OS, highlighting its mediating effect on adher-
ence to evidence-based treatment.

CONCLUSIONS: Use of an electronic order set is associ-
ated with increased adherence to evidence-based care and
better AMI outcomes. Journal of Hospital Medicine
2014;9:155–161. VC 2014 Society of Hospital Medicine

Although the prevalence of coronary heart disease and
death from acute myocardial infarction (AMI) have
declined steadily, about 935,000 heart attacks still
occur annually in the United States, with approxi-
mately one-third of these being fatal.1–3 Studies have
demonstrated decreased 30-day and longer-term mor-
tality in AMI patients who receive evidence-based
treatment, including aspirin, b-blockers, angiotensin-
converting enzyme (ACE) inhibitors or angiotensin
receptor blockers (ARBs), anticoagulation therapy,
and statins.4–7 Despite clinical practice guidelines
(CPGs) outlining evidence-based care and considerable
efforts to implement processes that improve patient

outcomes, delivery of effective therapy remains subop-
timal.8 For example, the Hospital Quality Alliance
Program9 found that in AMI patients, use of aspirin
on admission was only 81% to 92%, b-blocker on
admission 75% to 85%, and ACE inhibitors for left
ventricular dysfunction 71% to 74%.

Efforts to increase adherence to CPGs and improve
patient outcomes in AMI have resulted in variable
degrees of success. They include promotion of CPGs,4–7

physician education with feedback, report cards, care
paths, registries,10 Joint Commission standardized meas-
ures,11 and paper checklists or order sets (OS).12,13

In this report, we describe the association between
use of an evidence-based, electronic OS for AMI
(AMI-OS) and better adherence to CPGs. This AMI-
OS was implemented in the inpatient electronic medi-
cal records (EMRs) of a large integrated healthcare
delivery system, Kaiser Permanente Northern Califor-
nia (KPNC). The purpose of our investigation was to
determine (1) whether use of the AMI-OS was associ-
ated with improved AMI processes and patient out-
comes, and (2) whether these associations persisted
after risk adjustment using a comprehensive severity
of illness scoring system.
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MATERIALS AND METHODS
This project was approved by the KPNC institutional
review board.

Under a mutual exclusivity arrangement, salaried
physicians of The Permanente Medical Group, Inc.,
care for 3.4 million Kaiser Foundation Health Plan,
Inc. members at facilities owned by Kaiser Foundation
Hospitals, Inc. All KPNC facilities employ the same
information systems with a common medical record
number and can track care covered by the plan but
delivered elsewhere.14 Our setting consisted of 21
KPNC hospitals described in previous reports,15–18

using the same commercially available EMR system
that includes computerized physician order entry
(CPOE). Deployment of the customized inpatient Epic
EMR (www.epicsystems.com), known internally as
KP HealthConnect (KPHC), began in 2006 and was
completed in 2010.

In this EMR’s CPOE, physicians have options to
select individual orders (a la carte) or they can utilize
an OS, which is a collection of the most appropriate
orders associated with specific diagnoses, procedures,
or treatments. The evidence-based AMI-OS studied in
this project was developed by a multidisciplinary team
(for detailed components see Supporting Appendix 1–
Appendix 5 in the online version of this article).

Our study focused on the first set of hospital admis-
sion orders for patients with AMI. The study sample
consisted of patients meeting these criteria: (1) age �18
years at admission; (2) admitted to a KPNC hospital
for an overnight stay between September 28, 2008 and
December 31, 2010; (3) principal diagnosis was AMI
(International Classification of Diseases, 9th Revision
[ICD-9]19 codes 410.00, 01, 10, 11, 20, 21, 30, 31, 40,
41, 50, 51, 60, 61, 70, 71, 80, 90, and 91); and (4)
KPHC had been operational at the hospital for at least
3 months to be included (for assembly descriptions see
Supporting Appendices 1–5 in the online version of this
article). At the study hospitals, troponin I was meas-
ured using the Beckman Access AccuTnI assay (Beck-
man Coulter, Inc., Brea, CA), whose upper reference
limit (99th percentile) is 0.04 ng/mL. We excluded
patients initially hospitalized for AMI at a non-KPNC
site and transferred into a study hospital.

The data processing methods we employed have
been detailed elsewhere.14,15,17,20–22 The dependent
outcome variables were total hospital length of stay,
inpatient mortality, 30-day mortality, and all-cause
rehospitalization within 30 days of discharge. Linked
state mortality data were unavailable for the entire
study period, so we ascertained 30-day mortality
based on the combination of KPNC patient demo-
graphic data and publicly available Social Security
Administration decedent files. We ascertained rehospi-
talization by scanning KPNC hospitalization data-
bases, which also track out-of-plan use.

The dependent process variables were use of aspirin
within 24 hours of admission, b-blockers, anticoagu-

lation, ACE inhibitors or ARBs, and statins. The pri-
mary independent variable of interest was whether or
not the admitting physician employed the AMI-OS
when admission orders were entered. Consequently,
this variable is dichotomous (AMI-OS vs a la carte).

We controlled for acute illness severity and chronic
illness burden using a recent modification22 of an
externally validated risk-adjustment system applicable
to all hospitalized patients.15,16,23–25 Our methodol-
ogy included vital signs, neurological status checks,
and laboratory test results obtained in the 72 hours
preceding hospital admission; comorbidities were cap-
tured longitudinally using data from the year preced-
ing hospitalization (for comparison purposes, we also
assigned a Charlson Comorbidity Index score26).

End-of-life care directives are mandatory on admis-
sion at KPNC hospitals. Physicians have 4 options:
full code, partial code, do not resuscitate, and comfort
care only. Because of small numbers in some catego-
ries, we collapsed these 4 categories into “full code”
and “not full code.” Because patients’ care directives
may change, we elected to capture the care directive
in effect when a patient first entered a hospital unit
other than the emergency department (ED).

Two authors (M.B., P.C.L.), one of whom is a
board-certified cardiologist, reviewed all admission
electrocardiograms and made a consensus determina-
tion as to whether or not criteria for ST-segment eleva-
tion myocardial infarction (STEMI) were present (ie,
new ST-segment elevation or left bundle branch block);
we also reviewed the records of all patients with miss-
ing troponin I data to confirm the AMI diagnosis.

Statistical Methods

We performed unadjusted comparisons between AMI-
OS and non–AMI-OS patients using the t test or the
v2 test, as appropriate.

We hypothesized that the AMI-OS plays a media-
ting role on patient outcomes through its effect on
adherence to recommended treatment. We evaluated
this hypothesis for inpatient mortality by first fitting a
multivariable logistic regression model for inpatient
mortality as the outcome and either the 5 evidence-
based therapies or the total number of evidence-based
therapies used (ranging from 0–2, 3, 4, or 5) as the
dependent variable controlling for age, gender, pres-
ence of STEMI, troponin I, comorbidities, illness
severity, ED length of stay (LOS), care directive sta-
tus, and timing of cardiac catheterization referral as
covariates to confirm the protective effect of these
therapies on mortality. We then used the same model
to estimate the effect of AMI-OS on inpatient mortal-
ity, substituting the therapies with AMI-OS as the
dependent variable and using the same covariates.
Last, we included both the therapies and the AMI-OS
in the model to evaluate their combined effects.27

We used 2 different methods to estimate the effects
of AMI-OS and number of therapies provided on the
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outcomes while adjusting for observed baseline differ-
ences between the 2 groups of patients: propensity
risk score matching, which estimates the average treat-
ment effect for the treated,28,29 and inverse probability
of treatment weighting, which is used to estimate the
average treatment effect.30–32 The propensity score
was defined as the probability of receiving the inter-
vention for a patient with specific predictive fac-
tors.33,34 We computed a propensity score for each
patient by using logistic regression, with the depend-
ent variable being receipt of AMI-OS and the inde-
pendent variables being the covariates used for the
multivariate logistic regression as well as ICD-9 code
for final diagnosis. We calculated the Mahalanobis
distance between patients who received AMI-OS
(cases) and patients who did not received AMI-OS
(controls) using the same set of covariates. We
matched each case to a single control within the same
facility based on the nearest available Mahalanobis
metric matching within calipers defied as the maxi-
mum width of 0.2 standard deviations of the logit of
the estimated propensity score.29,35 We estimated the
odds ratios for the binary dependent variables based
on a conditional logistic regression model to account
for the matched pairs design.28 We used a generalized
linear model with the log-transformed LOS as the out-
come to estimate the ratio of the LOS geometric mean
of the cases to the controls. We calculated the relative
risk for patients receiving AMI-OS via the inverse
probability weighting method by first defining a
weight for each patient. [We assigned a weight of 1/
psi to patients who received the AMI-OS and a weight
of 1/(12psi) to patients who did not receive the AMI-
OS, where psi denotes the propensity score for patient
i]. We used a logistic regression model for the binary
dependent variables with the same set of covariates
described above to estimate the adjusted odds ratios
while weighting each observation by its corresponding
weight. Last, we used a weighted generalized linear
model to estimate the AMI-OS effect on the log-
transformed LOS.

RESULTS
Table 1 summarizes the characteristics of the 5879
patients. It shows that AMI-OS patients were more
likely to receive evidence-based therapies for AMI
(aspirin, b-blockers, ACE inhibitors or ARBs, anticoa-
gulation, and statins) and had a 46% lower mortality
rate in hospital (3.51 % vs 6.52%) and 33% lower
rate at 30 days (5.66% vs 8.48%). AMI-OS patients
were also found to be at lower risk for an adverse
outcome than non–AMI-OS patients. The AMI-OS
patients had lower peak troponin I values, severity of
illness (lower Laboratory-Based Acute Physiology
Score, version 2 [LAPS2] scores), comorbidity burdens
(lower Comorbidity Point Score, version 2 [COPS2]
and Charlson scores), and global predicted mortality
risk. AMI-OS patients were also less likely to have

required intensive care. AMI-OS patients were at
higher risk of death than non–AMI-OS patients with
respect to only 1 variable (being full code at the time
of admission), but although this difference was statis-
tically significant, it was of minor clinical impact
(86% vs 88%).

Table 2 shows the result of a logistic regression
model in which the dependent variable was inpatient
mortality and either the 5 evidence-based therapies or
the total number of evidence-based therapies are the
dependent variables. b-blocker, statin, and ACE inhib-
itor or ARB therapies all had a protective effect on
mortality, with odds ratios ranging from 0.48 (95%
confidence interval [CI]: 0.36-0.64), 0.63 (95% CI:
0.45-0.89), and 0.40 (95% CI: 0.30-0.53), respec-
tively. An increased number of therapies also had a
beneficial effect on inpatient mortality, with patients
having 3 or more of the evidence-based therapies
showing an adjusted odds ratio (AOR) of 0.49 (95%
CI: 0.33-0.73), 4 or more therapies an AOR of 0.29
(95% CI: 0.20-0.42), and 0.17 (95% CI: 0.11-0.25)
for 5 or more therapies.

Table 3 shows that the use of the AMI-OS is pro-
tective, with an AOR of 0.59 and a 95% CI of 0.45-
0.76. Table 3 also shows that the most potent predic-
tors were comorbidity burden (AOR: 1.07, 95% CI:
1.03-1.10 per 10 COPS2 points), severity of illness
(AOR: 1.09, 95% CI: 1.07-1.12 per 10 LAPS2
points), STEMI (AOR: 3.86, 95% CI: 2.68-5.58), and
timing of cardiac catheterization referral occurring
immediately prior to or during the admission (AOR:
0.37, 95% CI: 0.27-0.51). The statistical significance
of the AMI-OS effect disappears when both AMI-OS
and the individual therapies are included in the same
model (see Supporting Information, Appendices 1–5,
in the online version of this article).

Table 4 shows separately the average treatment
effect (ATE) and average treatment effect for the
treated (ATT) of AMI-OS and of increasing number
of therapies on other outcomes (30-day mortality,
LOS, and readmission). Both the ATE and ATT show
that the use of the AMI-OS was significantly protec-
tive with respect to mortality and total hospital LOS
but not significant with respect to readmission. The
effect of the number of therapies on mortality is sig-
nificantly higher with increasing number of therapies.
For example, patients who received 5 therapies had
an average treatment effect on 30-day inpatient mor-
tality of 0.23 (95% CI: 0.15-0.35) compared to 0.64
(95% CI: 0.43-0.96) for 3 therapies, almost a 3-fold
difference. The effects of increasing number of thera-
pies were not significant for LOS or readmission. A
sensitivity analysis in which the 535 STEMI patients
were removed showed essentially the same results, so
it is not reported here.

To further elucidate possible reasons why physi-
cians did not use the AMI-OS, the lead author
reviewed 105 randomly selected records where the
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AMI-OS was not used, 5 records from each of the 21
study hospitals. This review found that in 36% of
patients, the AMI-OS was not used because emergent
catheterization or transfer to a facility with percuta-
neous coronary intervention capability occurred.
Presence of other significant medical conditions,

including critical illness, was the reason in 17% of
these cases, patient or family refusal of treatments in
8%, issues around end-of-life care in 3%, and spe-
cific medical contraindications in 1%. In the remain-
ing 34%, no reason for not using the AMI-OS could
be identified.

TABLE 1. Description of Study Cohort

Patients Initially Managed Using

P Value*AMI Order Set, N 5 3,531† A La Carte Orders, N 5 2,348†

Age, y, median (mean6SD) 70 (69.4613.8) 70 (69.2613.8) 0.5603
Age (% >65 years) 2,134 (60.4%) 1,415 (60.3%) 0.8949
Sex (% male) 2,202 (62.4%) 1,451 (61.8%) 0.6620
STEMI (% with)‡ 166 (4.7%) 369 (15.7%) <0.0001
Troponin I (% missing) 111 (3.1%) 151 (6.4%) <0.0001
Troponin I median (mean6SD) 0.57 (3.068.2) 0.27 (2.568.9) 0.0651
Charlson score median (mean6SD)§ 2.0 (2.561.5) 2.0 (2.761.6) <0.0001
COPS2, median (mean6SD)¶ 14.0 (29.8631.7) 17.0 (34.3634.4) <0.0001
LAPS2, median (mean6SD)¶ 0.0 (35.6643.5) 27.0 (40.9648.1) <0.0001
Length of stay in ED, h, median (mean6SD) 5.7 (5.963.0) 5.7 (5.463.1) <0.0001
Patients receiving aspirin within 24 hours# 3,470 (98.3%) 2,202 (93.8%) <0.0001
Patients receiving anticoagulation therapy# 2,886 (81.7%) 1,846 (78.6%) 0.0032
Patients receiving b-blockers# 3,196 (90.5%) 1,926 (82.0%) <0.0001
Patients receiving ACE inhibitors or ARBs# 2,395 (67.8%) 1,244 (53.0%) <0.0001
Patients receiving statins# 3,337 (94.5%) 1,975 (84.1%) <0.0001
Patient received 1 or more therapies 3,531 (100.0%) 2,330 (99.2%) <0.0001
Patient received 2 or more therapies 3,521 (99.7%) 2,266 (96.5%) <0.0001
Patient received 3 or more therapies 3,440 (97.4%) 2,085 (88.8%) <0.0001
Patient received 4 or more therapies 3,015 (85.4%) 1,646 (70.1%) <0.0001
Patient received all 5 therapies 1,777 (50.3%) 866 (35.9%) <0.0001
Predicted mortality risk, %, median, (mean6SD)** 0.86 (3.267.4) 1.19 (4.8610.8) <0.0001
Full code at time of hospital entry (%)†† 3,041 (86.1%) 2,066 (88.0%) 0.0379
Admitted to ICU (%)‡‡

Direct admit 826 (23.4%) 567 (24.2%) 0.5047
Unplanned transfer 222 (6.3%) 133 (5.7%) 0.3262
Ever 1,283 (36.3%) 1,169 (49.8%) <0.0001
Length of stay, h, median (mean6SD) 68.3 (109.46140.9) 68.9 (113.86154.3) 0.2615
Inpatient mortality (%) 124 (3.5%) 153 (6.5%) <0.0001
30-day mortality (%) 200 (5.7%) 199 (8.5%) <0.0001
All-cause rehospitalization within 30 days (%) 576 (16.3%) 401 (17.1%) 0.4398

Cardiac catheterization procedure referral timing
1 day preadmission to discharge 2,018 (57.2%) 1,348 (57.4%) 0.1638
2 days preadmission or earlier 97 (2.8%) 87 (3.7%)
After discharge 149 (4.2%) 104 (4.4%)
No referral 1,267 (35.9%) 809 (34.5%)

NOTE: Abbreviations: ACE, angiotensin-converting enzyme; AMI, acute myocardial infarction; AMI-OS, acute myocardial infarction order set; ARBs, angiotensin receptor blockers; COPS2, Comorbidity Point Score, version 2;
CPOE, computerized physician order entry; ED, emergency department; ICU, intensive care unit; LAPS2, Laboratory-based Acute Physiology Score, version 2; SD, standard deviation; STEMI, ST-segment elevation myocardial
infarction.

*v2 or t test, as appropriate. See text for further methodological details.

†AMI-OS is an evidence-based electronic checklist that guides physicians to order the most effective therapy by CPOE during the hospital admission process. In contrast, a la carte means that the clinician did not use the AMI-
OS, but rather entered individual orders via CPOE. See text for further details.

‡STEMI as evident by electrocardiogram. See text for details on ascertainment.

§See text and reference 31 for details on how this score was assigned.

¶The COPS2 is a longitudinal, diagnosis-based score assigned monthly that integrates all diagnoses incurred by a patient in the preceding 12 months. It is a continuous variable that can range between a minimum of zero and a
theoretical maximum of 1,014, although <0.05% of Kaiser Permanente hospitalized patients have a COPS2 exceeding 241, and none have had a COPS2 >306. Increasing values of the COPS2 are associated with increasing mor-
tality. See text and references 20 and 27 for additional details on the COPS2.

¶The LAPS2 integrates results from vital signs, neurological status checks, and 15 laboratory tests in the 72 hours preceding hospitalization into a single continuous variable. Increasing degrees of physiologic derangement are
reflected in a higher LAPS2, which can range between a minimum of zero and a theoretical maximum of 414, although <0.05% of Kaiser Permanente hospitalized patients have a LAPS2 exceeding 227, and none have had a
LAPS2 >282. Increasing values of LAPS2 are associated with increasing mortality. See text and references 20 and 27 for additional details on the LAPS2.

#See text for details of specific therapies and how they were ascertained using the electronic medical record.

**Percent mortality risk based on age, sex, diagnosis, COPS2, LAPS2, and care directive using a predictive model described in text and in reference 22.

††See text for description of how end-of-life care directives are captured in the electronic medical record.

‡‡Direct admit means that the first hospital unit in which a patient stayed was the ICU; transfer refers to those patients transferred to the ICU from another unit in the hospital.
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DISCUSSION
We evaluated the use of an evidence-based electronic
AMI-OS embedded in a comprehensive EMR and
found that it was beneficial. Its use was associated
with increased adherence to evidence-based therapies,
which in turn were associated with improved out-

comes. Using data from a large cohort of hospitalized
AMI patients in 21 community hospitals, we were
able to use risk adjustment that included physiologic
illness severity to adjust for baseline mortality risk.
Patients in whom the AMI-OS was employed tended
to be at lower risk; nonetheless, after controlling for
confounding variables and adjusting for bias using
propensity scores, the AMI-OS was associated with
increased use of evidence-based therapies and
decreased mortality. Most importantly, it appears that
the benefits of the OS were not just due to increased
receipt of individual recommended therapies, but to
increased concurrent receipt of multiple recommended
therapies.

TABLE 2. Logistic Regression Model for Inpatient
Mortality to Estimate the Effect of Evidence-Based
Therapies

Multiple Therapies

Effect

Individual Therapies

Effect

Outcome Death Death
Number of outcomes 277 277

AOR* 95% CI† AOR* 95% CI†

Age in years
18–39 Ref Ref
40–64 1.02 (0.14–7.73) 1.01 (0.13–7.66)
65–84 4.05 (0.55–29.72) 3.89 (0.53–28.66)
851 4.99 (0.67–37.13) 4.80 (0.64–35.84)

Sex
Female Ref
Male 1.05 (0.81–1.37) 1.07 (0.82–1.39)

STEMI‡

Absent Ref Ref
Present 4.00 (2.75–5.81) 3.86 (2.64–5.63)

Troponin I
�0.1 ng/ml Ref Ref
>0.1 ng/ml 1.01 (0.72–1.42) 1.02 (0.73–1.43)

COPS2§ (AOR per 10 points) 1.05 (1.01–1.08) 1.04 (1.01–1.08)
LAPS2§ (AOR per 10 points) 1.09 (1.06–1.11) 1.09 (1.06–1.11)
ED LOS¶ (hours)
<6 Ref Ref
6–7 0.74 (0.53–1.03) 0.76 (0.54–1.06)
>512 0.82 (0.39–1.74) 0.83 (0.39–1.78)

Code Status#

Full Code Ref
Not Full Code 1.08 (0.78–1.49) 1.09 (0.79–1.51)

Cardiac procedure referral
None during stay Ref
1 day pre adm until discharge 0.40 (0.29–0.54) 0.39 (0.28–0.53)

Number of therapies received
2 or less Ref
3 0.49 (0.33–0.73)
4 0.29 (0.20–0.42)
5 0.17 (0.11–0.25)

Aspirin therapy 0.80 (0.49–1.32)
Anticoagulation therapy 0.86 (0.64–1.16)
Beta Blocker therapy 0.48 (0.36–0.64)
Statin therapy 0.63 (0.45–0.89)
ACE inhibitors or ARBs 0.40 (0.30–0.53)
C Statistic 0.814 0.822
Hosmer-Lemeshow p value 0.509 0.934

NOTE: Abbreviations: ACE 5 angiotensin converting enzyme; ARB 5 angiotensin receptor blockers.

*Adjusted odds ratio.

†95% confidence interval.

‡ST-segment elevation myocardial infarction present.

§See text and preceding table for details on COmorbidity Point Score, version 2 and Laboratory Acute
Physiology Score, version 2.

¶Emergency department length of stay.

#See text for details on how care directives were categorized.

TABLE 3. Logistic Regression Model for Inpatient
Mortality to Estimate the Effect of Acute Myocardial
Infarction Order Set

Outcome Death
Number of outcomes 277

AOR* 95% CI†

Age in years
18–39 Ref
40–64 1.16 (0.15–8.78)
65–84 4.67 (0.63–34.46)
851 5.45 (0.73–40.86)

Sex
Female Ref
Male 1.05 (0.81–1.36)

STEMI‡

Absent Ref
Present 3.86 (2.68–5.58)

Troponin I
�0.1 ng/ml Ref
>0.1 ng/ml 1.16 (0.83–1.62)

COPS2§ (AOR per 10 points) 1.07 (1.03–1.10)
LAPS2§ (AOR per 10 points) 1.09 (1.07–1.12)
ED LOS¶ (hours)
<6 Ref
6–7 0.72 (0.52–1.00)
>512 0.70 (0.33–1.48)

Code status#

Full code Ref
Not full code 1.22 (0.89–1.68)

Cardiac procedure referral
None during stay Ref
1 day pre adm until discharge 0.37 (0.27–0.51)

Order set employed**
No Ref
Yes 0.59 (0.45–0.76)

C Statistic 0.792
Hosmer-Lemeshow p value 0.273

*Adjusted odds ratio.

†95% confidence interval.

‡ST-segment elevation myocardial infarction present.

§See text and preceding table for details on COmorbidity Point Score, version 2 and Laboratory Acute
Physiology Score, version 2.

¶Emergency department length of stay.

#See text for details on how care directives were categorized.

**See text for details on the order set.
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Modern EMRs have great potential for significant
improvements in the quality, efficiency, and safety of
care provided,36 and our study highlights this poten-
tial. However, a number of important limitations to
our study must be considered. Although we had access
to a very rich dataset, we could not control for all
possible confounders, and our risk adjustment cannot
match the level of information available to clinicians.
In particular, the measurements available to us with
respect to cardiac risk are limited. Thus, we have to
recognize that the strength of our findings does not
approximate that of a randomized trial, and one
would expect that the magnitude of the beneficial
association would fall under more controlled condi-
tions. Resource limitations also did not permit us to
gather more time course data (eg, sequential measure-
ments of patient instability, cardiac damage, or use of
recommended therapies), which could provide a better
delineation of differences in both processes and
outcomes.

Limitations also exist to the generalizability of the
use of order sets in other settings that go beyond the
availability of a comprehensive EMR. Our study pop-
ulation was cared for in a setting with an unusually
high level of integration.1 For example, KPNC has an
elaborate administrative infrastructure for training in
the use of the EMR as well as ensuring that order sets
are not just evidence-based, but that they are per-
ceived by clinicians to be of significant value. This
infrastructure, established to ensure physician buy-in,
may not be easy to replicate in smaller or less-
integrated settings. Thus, it is conceivable that factors
other than the degree of support during the EMR
deployments can affect rates of order set use.

Although our use of counterfactual methods
included illness severity (LAPS2) and longitudinal
comorbidity burden (COPS2), which are not yet avail-

able outside highly integrated delivery services
employing comprehensive EMRs, it is possible they
are insufficient. We cannot exclude the possibility that
other biases or patient characteristics were present
that led clinicians to preferentially employ the elec-
tronic order set in some patients but not in others.
One could also argue that future studies should con-
sider using overall adherence to recommended AMI
treatment guidelines as a risk adjustment tool that
would permit one to analyze what other factors may
be playing a role in residual differences in patient out-
comes. Last, one could object to our inclusion of
STEMI patients; however, this was not a study on
optimum treatment strategies for STEMI patients.
Rather, it was a study on the impact on AMI out-
comes of a specific component of computerized order
entry outside the research setting.

Despite these limitations, we believe that our find-
ings provide strong support for the continued use of
electronic evidence-based order sets in the inpatient
medical setting. Once the initial implementation of a
comprehensive EMR has occurred, deployment of
these electronic order sets is a relatively inexpensive
but effective method to foster compliance with
evidence-based care.

Future research in healthcare information technol-
ogy can take a number of directions. One important
area, of course, revolves around ways to promote
enhanced physician adoption of EMRs. Our audit of
records where the AMI-OS was not used found that
specific reasons for not using the order set (eg, treat-
ment refusals, emergent intervention) were present in
two-thirds of the cases. This suggests that future anal-
yses of adherence involving EMRs and CPOE imple-
mentation should take a more nuanced look at how
order entry is actually enabled. It may be that under-
standing how order sets affect care enhances clinician

TABLE 4. Adjusted Odds Ratio (95% CI) or Mean Length-of-Stay Ratio (95% CI) in Study Patients

Outcome Order Set* 3 Therapies† 4 Therapies† 5 Therapies†

Average treatment effect‡

Inpatient mortality 0.67 (0.52–0.86) 0.64 (0.43–0.96) 0.37 (0.25–0.54) 0.23 (0.15–0.35)
30-day mortality 0.77 (0.62–0.96) 0.68 (0.48–0.98) 0.34 (0.24–0.48) 0.26 (0.18–0.37)
Readmission 1.03 (0.90–1.19) 1.20 (0.87–1.66) 1.19 (0.88–1.60) 1.30 (0.96–1.76)
LOS, ratio of the geometric means 0.91 (0.87–0.95) 1.16 (1.03–1.30) 1.17 (1.05–1.30) 1.12 (1.00–1.24)

Average treatment effect on the treated§

Inpatient mortality 0.69 (0.52–0.92) 0.35 (0.13–0.93) 0.17 (0.07–0.43) 0.08 (0.03–0.20)
30-day mortality 0.84 (0.66–1.06) 0.35 (0.15–0.79) 0.17 (0.07–0.37) 0.09 (0.04–0.20)
Readmission 1.02 (0.87–1.20) 1.39 (0.85–2.26) 1.36 (0.88–2.12) 1.23 (0.80–1.89)
LOS, ratio of the geometric means¶ 0.92 (0.87–0.97) 1.18 (1.02–1.37) 1.16 (1.01–1.33) 1.04 (0.91–1.19)

NOTE: Abbreviations: CI, confidence interval; LOS, length of stay.

*Refers to comparison in which the reference group consists of patients who were not treated using the acute myocardial infarction order set.

†Refers to comparison in which the reference group consists of patients who received 2 or less of the 5 recommended therapies.

‡See text for description of average treatment effect methodology.

§See text for description of average treatment effect on the treated and matched pair adjustment methodology.

¶See text for details on how we modeled LOS.
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acceptance and thus could serve as an incentive to
EMR adoption. However, once an EMR is adopted, a
need exists to continue evaluations such as this
because, ultimately, the gold standard should be
improved patient care processes and better outcomes
for patients.
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