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BACKGROUND: Information technology offers the
promise, as yet unfulfilled, of delivering efficient, evi-
dence-based health care.

OBJECTIVE: To evaluate whether a primary care
network-based informatics intervention can improve
breast cancer screening rates.

DESIGN: Cluster-randomized controlled trial of 12
primary care practices conducted from March 20,
2007 to March 19, 2008.

PATIENTS: Women 42-69 years old with no record of a
mammogram in the prior 2 years.

INTERVENTIONS: In intervention practices, a popula-
tion-based informatics system was implemented that:
connected overdue patients to appropriate care provi-
ders, presented providers with a Web-based list of their
overdue patients in a non-visit-based setting, and
enabled “one-click” mammography ordering or docu-
mented deferral reasons. Patients selected for mam-
mography received automatically generated letters and
follow-up phone calls. All practices had electronic
health record reminders about breast cancer screening
available during clinical encounters.

MAIN MEASURES: The primary outcome was the
proportion of overdue women undergoing mammogra-
phy at 1-year follow-up.

KEY RESULTS: Baseline mammography rates in inter-
vention and control practices did not differ (79.5% vs
79.3%, p=0.73). Among 3,054 women in intervention
practices and 3,676 women in control practices overdue
for mammograms, intervention patients were somewhat
younger, more likely to be non-Hispanic white, and
have health insurance. Most intervention providers
used the system (65 of 70 providers, 92.9%). Action
was taken for 2,652 (86.8%) intervention patients
[2,274 (74.5%) contacted and 378 (12.4%) deferred].
After 1 year, mammography rates were significantly
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higher in the intervention arm (31.4% vs 23.3% in
control arm, p<0.001 after adjustment for baseline
differences; 8.1% absolute difference, 95% CI 5.1-
11.2%). All demographic subgroups benefited from the
intervention. Intervention patients completed screening
sooner than control patients (p<0.001).
CONCLUSIONS: A novel population-based informatics
system functioning as part of a non-visit-based care
model increased mammography screening rates in
intervention practices.
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INTRODUCTION

Breast cancer is the most common cancer among women
worldwide and is the second most common cause of cancer
death.! Considerable scientific evidence supports screening for
breast cancer, and mammography is widely recommended as
the preferred screening modality for women at average risk.>™*
Despite broad consensus for routine screening, especially for
women 50 to 69 years of age, many eligible women do not
receive regular mammograms.®°

Reminder-based interventions increase rates of breast can-
cer screening with mammography,7‘10 but many are labor
intensive and few have taken advantage of recent advances in
health information technology that support more efficient
population-based screening.!'™'® Prior studies have used elec-
tronic health records to trigger visit-based reminders, but
these reminders compete with other demands during limited
clinical visits, are not applicable to patients without a recent
office visit, and have been shown to have only a modest
impact.'*'® Improving the quality and safety of care through
the use of information technology'® will require overcoming
barriers at every level: the clinical system, the individual
provider, and the patient.!!17-18

We developed and implemented a population-based clinical
informatics system for non-visit-based management of primary
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care patient panels that was efficiently integrated into provider
and practice workflow. This system was designed to correctly
identify all eligible and at-risk patients in our practice network
and to direct pertinent clinical information to the responsible
provider so they could easily take action outside of a clinical
encounter.'® Our approach was based on a conceptual model of
primary care delivery that takes a system-wide population
perspective, but assigns responsibility to either individual
providers or the practice where an individual receives the most
care.'? In a 12-practice cluster randomized effectiveness trial,
we tested the impact of this new system on breast cancer
screening rates.

METHODS

Study Design and Randomization

We conducted a controlled, cluster randomized trial in 12
primary care practices. Because the intervention was imple-
mented at the practice level, we allocated practices to inter-
vention or usual care control groups. To minimize imbalance
between groups, practices were stratified by practice type, the
number of eligible patients, baseline mammography rates, and
unaffiliated outside facility screening rates. Practices were first
categorized based on practice type (block): health centers (4
practices) and non-health centers (8 practices), and then
matched on the other three factors withinthe two blocks. The
four health centers were manually matched by the study
biostatistician into two sub-blocks.The eight non-health cen-
ters were also divided into two sub-blocks; one sub-block had
two practices with low baseline mammogram rates, and the
other sub-block had the remaining six practices that were
similar in terms of the other three factors. Half of the practices
within each sub-block were randomized to the intervention (n=
6) or control (n=6) groups. The lead author enrolled interven-
tion group practices. Providers could not be blinded to group
assignment. The Massachusetts General Hospital institutional
review board approved the study.

Setting and Participants

Practices in the Massachusetts General Hospital Primary Care
Practice-Based Research Network have a uniform manage-
ment structure with integrated administrative and clinical
information systems. Each practice uses a fully functioning
electronic health record that has information about preventive
screening measures, including mammography, available for
use during a clinical encounter, but no uniform system existed
for screening referrals outside of a clinical encounter.

From January 1, 2004 to December 31, 2006, 163,028
unique patients were seen in the network, which includes
predominantly general internal medicine trained primary care
physicians (PCPs). Since some patients may not be connected
to a specific PCP, but may rather receive their care in a single
practice from several providers, we applied a validated mea-
sure of “connectedness” to assign each eligible patient to either
a specific PCP or (for patients who could not be connected to a
specific physician) to the primary care practice where they

received most of their care. This ensured that PCPs were asked
to complete non-visit-based mammography ordering only on
their own patients. This measure of connectedness was
developed using a previously validated algorithm designed to
predict how likely a physician is to identify a patient as “my
patient.”2%-21

Eligible patients had at least one visit to a study practice,
were women 42 to 69 years of age, and had no record of
having a mammogram in the 2 years prior to March 20,
2007. Patients were excluded if they had a PCP outside of
the network, had previously undergone bilateral mastecto-
my, or had died.

Study Intervention

The informatics application was implemented in the six
intervention practices for a 1l-year period from March 20,
2007 until March 19, 2008. Intervention practice physicians
had access to a Web page listing all of their own eligible
patients. Each intervention practice designated one individual
as a population manager that had access to a Web page listing
all patients in their practice not connected to a specific
physician. Population managers, including practice nurses,
medical assistants, and non-clinical staff previously involved
in case management activities, performed the same functions
for practice-connected patients as physicians did for their own
patients. Each physician and population manager was linked
with a practice delegate with their own version of the popula-
tion management Web page used to facilitate tracking, sched-
uling, and documenting mammograms for those patients
needing contact.

Provider Training. Study staff scheduled time with intervention
practice personnel before the study start date to describe study
goals and to demonstrate the system. Step-by-step
instructions were available through a help function within
the system.

Physician and Practice Populafion Manager Role. In the
intervention practices, physicians (for physician-connected
patients) and population managers (for practice-connected
patients) received an initial e-mail describing the system with
a hyperlink directing them to a population screening Web page
that included a list of their patients overdue for screening
mammography. Providers also received reminder e-mails at
approximately 3 and 8 months after study initiation. Mailed
reminder letters and a step-by-step instruction sheet were sent
after 2 months to physicians who had not yet used the system.

Each provider could also access the application directly
from the hospital’s electronic health record (EHR) system. This
population management page included: (1) a list of eligible
patients overdue for mammography, (2) clinically relevant
decision support information to help providers decide
whether or not to initiate patient contact (including patient
age, date of last completed screening mammogram, date of
next scheduled visit, and EHR health maintenance notes that
contained free text information such as prior or pending
testing at unaffiliated facilities, or prior refusals), and (3) an
actionable component (electronic checkboxes) that was used to
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initiate or defer the mammography screening process (Online
Video 1). The list of overdue patients initially included those
who had not completed mammography screening in at least 2
years prior to our study start date. This list was updated on a
nightly basis through an automated process that added
patients to provider lists if they became overdue for screening
during the study period and removed patients if screening was
completed. When using the system, a provider could schedule
a patient for mammography through a centralized process that
started with a patient letter. Providers could also document a
reason to defer screening if mammography was not needed or
appropriate for a patient, which removed the patient from their
list.

Central Administration Role. A project coordinator acted as the
system’s administrator. Patients designated for mammography
screening received practice-specific, personalized letters
(written in English only) from the patient’s physician or from
the practice’s medical director (for practice-connected patients)
that informed patients of the value of mammography screening
and included instructions for patients to schedule
mammograms directly with the hospital’s radiology
department. The patient was then transferred to a practice
delegate list to facilitate follow-up. For patients who may have
had a mammogram outside the Partners Healthcare System,
the letter contained a central phone and fax number to leave
confidential information about test results. Study personnel
entered this information into the patient's EHR as “patient
reported data,” and the patient was removed from the overdue

registry.

Practice Delegate Role. Practice delegates (10 individuals,
either administrative staftf or medical assistants, 2 who spoke
Spanish) facilitated follow-up among patients selected as
needing screening by their physician or the practice’s
population manager. Delegates contacted patients for
scheduling if they had been on their list for at least 3 weeks
(to give patients time to schedule a test on their own or provide
outside test information) (Online Video 2). Patients who
scheduled their own mammogram were automatically
removed from the practice delegate’s list by the informatics
tool. Delegates could remove patients from their list by
scheduling them for a mammogram or documenting an
appropriate deferral reason. If a scheduled mammogram was
not completed, the tool added the patient back to the delegate’s
list.

Outcomes and Follow-up

Patient characteristics and mammography data were obtained
from an electronic central data repository at Partners Health-
care.”> Mammograms and the date of completion over a 1-year
follow-up period were obtained from electronic reports or
billing data. A 10% random chart review was performed to
determine the rate of mammograms performed outside of our
network during the 2 years prior to the study start date.
Physician characteristics (age, gender, practice location, and
years since medical school graduation) were obtained from the
hospital registrar. The informatics system collected informa-

tion on usage by providers and delegates (including date and
time of all actions).

The primary outcome was the proportion of patients
overdue at baseline who completed a mammogram during the
study period in intervention and control practices using
intention-to-treat analyses. A mammogram was considered to
have been completed if there was an electronic report for an
imaging test at a Partners institution or if a mammogram was
listed in billing data for the patient. This ascertainment of
mammograms was performed identically in intervention and
control groups. To estimate the percentage of eligible patients
who did not have an electronic report or bill but may have had
a mammogram performed at an unaffiliated facility during the
1-year follow-up study period, we randomly reviewed 5% of
medical records weighted by practice size searching for
information on outside tests. Secondary outcomes included
time to mammography completion in overdue patients in
intervention and control groups. Other outcomes included
provider and delegate use of the electronic system and
mammography deferral information.

Statistical Analyses

We compared patient and physician/practice characteristics
between intervention and control groups using two-sample t-
tests or chi-square tests, as appropriate. Chi-square tests were
used to compare physician and practice population manager
usage of the Web-based system in intervention practices. For
the primary outcome, we compared the proportion of patients
who completed a mammogram during the study period in
intervention and control practices. To account for the cluster-
ing of patients from the same physician or population manag-
er, we used logistic regression with generalized estimating
equations techniques®®> (PROC GENMOD, SAS version 9.1.3,
SAS Institute, Cary, NC) in the analyses. The physician was
considered as the unit of cluster for patients connected with a
specific study physician, and the population manager was
considered the unit of cluster for patients who could be
connected with a practice but not a specific physician. To
control for differences in patient and practice characteristics
among intervention and control practices, patient age, patient-
physician connectedness, race/ethnicity, insurance status,
English language proficiency, practice type (health center vs
non-health center), and number of months since last practice
visit were included in the models as covariates to adjust for
potential confounders. As an exploratory data analysis, we also
compared the proportion of patients who completed a mam-
mogram in intervention and control practices within relevant
demographic subgroups and calculated adjusted odds ratios
and confidence intervals. Subgroups included patient age,
race/ethnicity, English language proficiency, and insurance
status. The time to screening completion survival distributions
between intervention and control practices were depicted with
Kaplan-Meier curves and compared using a log-rank test. Cox
proportional hazard models with the robust sandwich covari-
ance matrix estimate were used to account for clustering while
adjusting for potential confounders.

The study was powered so that a sample size of approxi-
mately 3,300 patients in each group (equivalent to an effective
sample size of 917 patients per group after accounting for
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Assessed for eligibility: 15 practice clusters

Excluded: 3 practices
- 2 practices: Due to high
percentage of tests performed
|  at unaffiliated facilities
- 1 practice: Due to small number
of eligible patients

\ 4
| Randomized: 12 practice clusters, 6730 patients |

v v

Intervention Group: Control group:
6 practices, 3054 patients 6 practices, 3676 patients
- Eligible to receive intervention: - Received usual care: 6 practices,
6 practices, median cluster size: Median cluster size: 633, range:
480.5, range: 303-773) 321-992)

v v

Lost to follow up: Lost to follow up:
0 practices 0 practices

v v

Analyzed: Analyzed:

6 practices, median practices size: 6 practices, median practices size:
480.5, range: 303-773 633, range: 321-992

Excluded from analysis: Excluded from analysis:

0 practice clusters 0 practice clusters

Participants: Participants:

3054 patients analyzed 3676 patients analyzed

Figure 1. CONSORT diagram for cluster randomized trials depicting
the flow of study practice clusters and patients through eligibility
assessment, randomization, intervention, and outcome analysis.

clustering) had a >90% power to detect a 10% absolute
increase in mammography rates among intervention patients
assuming a 20% screening rate among control patients.

RESULTS

Practice/Physician and Patient Characteristics

Figure 1 depicts the flow of practice clusters and patients
through the trial. Among 32,688 eligible women, 6,730 (20.6%)
had not completed a mammogram in at least 2 years at the
start of the study and represented the study population (3,054
in intervention and 3,676 in control groups). Baseline mam-
mography rates in intervention and control groups were
similar (79.5% vs 79.3%, p=0.73).

Practice, physician, and patient characteristics are shown
in Table 1. Two practices in each arm were community health
centers. There were 64 physicians in the 6 intervention arm
practices and 74 physicians in the 6 control arm practices.
There were no significant differences between intervention and
control practice physicians in age, gender, years since medical
school graduation, and years in the network. A similar
percentage of patients in intervention and control practices
was connected to a specific physician. Intervention patients
were slightly younger, more likely to be non-Hispanic white,
speak English, and have commercial health insurance.

Random chart review to determine the rate of documented
mammograms performed outside of our network during the 2

Table 1. Practice and Patient Characteristics by Intervention Group Status at Baseline

Total Intervention group Control group P-Value
Practice/physician characteristics, N
Number of practice sites 12 6 6
Community health center 4 2 2
Number of physicians (median per practice) 138 (12.5) 64 (10.5) 74 (13.5)
Age, mean (SD) 47.2 (9.8) 47.4 (9.9 47.0 (9.8) 0.78
Gender, % female (SD) 69 (50%) 31 (48%) 38 (51%) 0.86
Years since medical school graduation, mean (SD) 19.5 (10.0) 19.9 (10.2) 19.2 (9.9) 0.67
Years in primary care network, mean (SD) 14.6 (10.0) 14.2 (10.4) 14.8 (9.8) 0.72
Patient characteristics, N (%) N=6,730 N=3,054 (45%) N=3,676 (55%)
Patient-physician connectedness status 0.49
Physician-Connected 3,691 1,689 (55%) 2,002 (54%)
Practice-Connected 3,039 1,365 (45%) 1,674 (46%)
Age, mean (SD) 54.0 (8.0) 53.7 (7.9) 54.2 (8.0) 0.02
Median 52.9 52.7 53.2
Ethnicity <0.001
Non-Hispanic white 5,068 2,395 (78%) 2,673 (73%)
Hispanic 554 143 (5%) 411 (11%)
African-American 500 211 (7%) 289 (8%)
Asian 317 170 (6%) 147 (4%)
Other /unknown 291 135 (4%) 156 (4%)
Primary language spoken, English 6,062 2,820 (92%) 3,242 (88%) <0.001
Insurance status <0.001
Commercial health insurance 4,163 2,057 (67%) 2,106 (57%)
Government insurance 1,832 748 (24%) 1,084 (29%)
Medicare 933 393 (13%) 540 (15%)
With secondary Medicaid 383 134 (4%) 249 (7%)
Medicaid 899 355 (12%) 544 (15%)
No insurance, self-pay 735 249 (8%) 486 (13%)
Months since last practice visit, mean (SD) 10.7 (9.7) 10.8 (9.8) 10.6 (9.6) 0.50
Practice visits in past 3 years, mean number (SD) 6.6 (7.0) 6.5 (6.7) 6.6 (7.3) 0.73
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years prior to the study start date showed that overdue
intervention patients were more likely to have had an outside
mammogram than overdue control patients (16.0% vs 8.3%,
p=0.004).

Mammography Screening Rates at Study
Completion

Among women overdue for a mammogram, adjusted mam-
mography rates after 1-year follow-up were significantly higher
in the intervention arm compared with the control arm [31.4%
vs 23.3%, difference: 8.1% (5.1-11.2), p<0.001] (Table 2).
Adjusted screening rates were higher for intervention practice
patients connected with a physician [36.3% vs 28.3% in
control arm, difference: 8.0% (4.0-12.3), p<0.001] or with a
practice [25.5% vs 17.4% in control arm, difference: 8.1% (4.9-
11.7), p=0.01]. The time to screening completion was shorter
among patients in the intervention group (Fig. 2). For example,
the time from the start of the study to the point when 20% of
patients had obtained mammograms was 4 months sooner in
the intervention population relative to the control population.
The hazard ratio for the intervention group was 1.4 [95%
confidence interval (CI) 1.26-1.57, p<0.001] after controlling
for potential confounding factors.

The overall adjusted relative odds of a patient completing a
mammogram was significantly higher for intervention vs.
control patients (odds ratio 1.51; 95% CI 1.31-1.73). The
intervention was similarly beneficial for patients regardless of
patient-physician connectedness, age, race/ethnicity, insur-
ance status, language spoken, and practice type (Fig. 3). There
were no significant interactions between intervention status
and patient or practice characteristic (all p-values >0.15),
though the intervention may have been slightly more effective
in health center practices (OR 1.80: 95% CI 1.63-1.98) than
non-health center practices (OR 1.41: 95% CI 1.17-1.70, p-
value for interaction=0.18). There was no difference in the
relative impact of the intervention among physicians based
upon years in practice. However, the relative impact of the
intervention was greater in younger physicians (<47 years old;
OR 1.90: 95% CI 1.54-2.36) than older physicians (>47 years
old; OR 1.17: 95% CI 0.91-1.50, p-value for interaction 0.01).

To assess whether intervention patients also had higher
rates of mammogram performed at a facility outside of our
network, a random chart review of patients who did not have a
mammogram report or bill during the 1-year follow-up period
was performed. Among 245 randomly selected patients, those
in the intervention group were more likely to have an outside
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Figure 2. Kaplan-Meier curve of time to mammography comple-
tion during the 1st year of follow-up among women overdue for
breast cancer screening in intervention and control groups. The
time from the start of the study to the point when 20% of patients
had completed screening is depicted by the horizontal line. The

difference between the intervention and control populations is
depicted by the vertical lines.

mammogram than patients in the control group (9.2% vs
2.3%, p=0.02).

Use of the Population-Based Informatics System

All intervention practice population managers (6 of 6, 100%)
and 59 of 64 intervention physicians (92.2%) used the Web-
based system during the study period. Action was taken by
physicians in 1,317 (80.0%) physician-connected intervention
patients [1,042 (61.7%) were contacted and 275 (16.3%) were
deferred] and by population managers in 1,335 (97.8%)
practice-connected intervention patients [1,232 (90.3%) were
contacted and 103 (7.6%) were deferred] (Table 3). The most
commonly chosen reason for deferring patient contact was
mammography completion at a non-Partners Healthcare Sys-
tem facility (43.3% of physician-connected and 68.0% of
practice-connected intervention patients).

DISCUSSION

We conducted a cluster-randomized clinical trial to test the
impact of a novel population-based informatics intervention to
increase mammography rates in a primary care network. We
demonstrated significantly higher mammography rates in inter-
vention practices for women who were overdue for screening
compared to control practices. The easy-to-use Web-based

Table 2. Mammography Rates Among Intervention and Control Patients at Least 2 Years Overdue for Breast Cancer Screening

Unadjusted rates

Adjusted rates*

Intervention Control Difference (95% CI) P-value Difference (95% CI) P-value
All patients 969/3,054 (31.7%) 857/3,676 (23.3%) 8.4% (6.3-10.6) <0.001 8.1% (5.1-11.2) <0.001
Physician-Connected 628/1,689 (37.2%) 566/2,002 (28.3%) 8.9% (5.9-11.9) <0.001 8.0% (4.0-12.3) <0.001
Practice-Connected 341/1,365 (25.0%) 291/1,674 (17.4%) 7.6% (4.7-10.5) <0.001 8.1% (4.9-11.7) 0.01

“Adjusted rates and p-values were obtained _from multiple logistic regression models comparing intervention and control groups controlling for patient age,
race/ ethnicity, insurance status, English language proficiency, practice type (health center vs non-health center), and number of months since last practice
visit using cluster analysis with generalized estimating equations methods. The “All Patients” model also adjusted for patient-provider connectedness.
Models were adjusted to the covariate levels that produced the same adjusted and unadjusted rates in the control group.
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Favor Favor
Intervention Control Usual Care Intervention
All Patients 969/3054 (31.7%) 857/3676 (23.3%) ——
Patient Status
Physician-Connected 628/1689 (37.2%) 566/2002 (28.3%) ——
Practice-Connected 341/1365 (25.0%) 291/1674 (17.4%) ——t
Age
42-51 490/1455 (33.7%) 424/1671 (25.4%) ——
52-69 479/1599 (30.0%) 433/2005 (21.6%) ——
Race
Asian 64/170 (37.6%) 36/147 (24.5%) M
Black 63/211 (29.9%) 69/289 (23.9%) ¢
Hispanic 46/143 (32.2%) 90/411 (21.9%) ¢
White 746/2395 (31.1%) 628/2673 (23.5%) ——
Insurance
Commercial 707/2057 (34.4%) 564/2106 (26.8%) ——
Medicare 100/393 (25.4%) 118/540 (21.9%) —+—
Medicaid 100/355 (28.2%) 100/544 (18.4%) —_—
Self Pay/No Insurance 62/249 (24.9%) 75/486 (15.4%) +
Practice Type
Non-Health Center 696/2072 (33.6%) 603/2410 (25.0%) ——
Health Center 273/982 (27.8%) 254/1266 (20.1%) ——
Language
English 888/2820 (31.5%) 771/3242 (23.8%) ——
Non-English 81/234 (34.6%) 86/434 (19.8%) ’ 4 1
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Figure 3. Adjusted odds ratios and unadjusted rates for breast cancer screening in intervention and control groups in patient and practice

subgroups. Odds ratios compare patients in intervention and control groups controlling for patient age, patient-physician connectedness,

race/ethnicity, English language proficiency, practice type (health center vs non-health center), and number of months since last practice
visit using cluster analysis with generalized estimating equation methods. For each subgroup analysis, the analogous covariable was

removed from the model.

electronic system was accessed by over 90% of intervention
providers, and intervention mammography rates were higher in
all examined patient demographic sub-groups.

Our results extend prior studies demonstrating the benefit of
reminder systems for improving preventive cancer screening rates
in general and for mammography in particular,”'©-12-14.17.24-27
To date, most computerized systems have focused on remin-
ders during office visits,” #2829 although some have used
population-based reminder systems targeted to all eligible

women.”'32¢ While traditional point-of-care reminder sys-
tems involve physicians directly in clinical decision making,
we are not aware of population-based electronic systems with
the screening intervention controlled by a clinician. Chaudhry
et al. studied a Web-based population-based system used by
secretaries in a single practice.” Our study extends this work
by focusing on patients who have not had breast cancer
screening for at least 2 years, efficiently involving clinicians,
and performing the study in a large, heterogeneous primary

Table 3. Mammography Informatics System Utilization for Intervention Practices

Process measures, N (%) Physician system usage N=1,689 (55.3) Population manager system usage N=1,365 (44.7) P- value
Any action taken 1,317/1,689 (78.0) 1,335/1,365 (97.8) <0.001
No action taken 372/1,689 (22.0) 30/1,365 (2.2) <0.001
Patient contacted via letter 1,042/1,689 (61.7) 1,232/1,365 (90.3) <0.001

Returned/un-mailed letters 28/1,042 (2.7) 147/1,232 (11.9) <0.001
Patient deferred 275/1,689 (16.3) 103/1,365 (7.6) <0.001

Mammogram complete 119/275 (43.3) 70/103 (68.0)

Mammogram scheduled 20/275 (7.3) 8/103 (7.8)

Patient deceased 8/275 (2.9) 0/103 (0.0)

Informed refusal 62/275 (22.6) 20/103 (19.4)

Not eligible 9/275 (3.3) 1/1083 (1.0)

Not my patient 2/275 (0.7) 1/103 (1.0)

Prior bilateral mastectomy 29/275 (10.6) 3/103 (3.1)

Other 26/275 (9.5) 0/103 (0.0)
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care network. To address limitations of existing approaches, we
developed a conceptual model of primary care preventive services
thatrelies on an inclusive, system-wide population perspective to
connect patients with their specific physician or the practice
where they received the most care. Because taking a position of
inclusive population management requires moving beyond the
confines of an outpatient visit, we implemented a visit-indepen-
dent clinical information system to collect, organize, and present
clinical data, and support and enhance provider workflow.'° This
population-based perspective required training practice person-
nel in patient outreach efforts. This approach parallels the vision
of the “medical home” where care is not episodic and office-based,
but instead is continuous and location independent.®° Our study
provides rigorous evidence that a non-visit-based population
surveillance approach represents a feasible and effective ap-
proach to deliver preventive care.

Prior research has shown that systematic screening initia-
tives are more successful when they take advantage of estab-
lished patient-provider relationships.®!>> We hypothesized that
correctly categorizing patients based on their connection to a
specific physician would let physicians use their unique
knowledge to better allocate resources and interventions to
improve care.?° Higher rates of appropriate deferrals by physi-
cians support the role of such personal knowledge. Our
approach of efficiently including physicians in the decision-
making process for patients closely linked to them while using a
practice population manager to screen patients without a close
physician connection represents a novel model of care that
seeks to maximize the benefit of non-visit-based care without
diminishing the role of the traditional patient-provider relation-
ship.?° Removing routine but time-consuming tasks that could
be amenable to non-visit-based care plans may have the
additional benefit of allowing more time during the office visit
to address other important topics.®>>** In this way, our care
model is designed to augment the face-to-face contact that both
fosters patient-physician connectedness and provides the phy-
sician with the unique knowledge needed to use such systems.

For overdue patients not connected to a specific physician,
we used practice population managers to help ensure screening
for these patients. Most of these population managers were
already performing similar activities to meet pay-for-perfor-
mance contract activities for our managed care population.
Efforts to increase the use of office personnel for such non-visit-
based care will require new payment mechanisms.>®

Our study is one of the largest controlled trials of an
informatics-based primary care intervention. The major study
limitation is generalizing results beyond a single primary care
network with a well-developed information technology infrastruc-
ture. However, our results may be viewed as a goal for integrated
care, such as proposed in the medical home model.*° Because of
the nature of our intervention, we could not randomize at the
patient level, but rather performed a practice level, cluster-
randomized trial. The heterogeneous nature of our practices also
support the generalizability of our findings, but led to small
differences in patient and practice characteristics between
intervention and control groups. We adjusted results to control
for these differences, and our subgroup analyses show similar
benefit for the intervention across each of these characteristics.

The 8% absolute increase in screening between intervention
and control groups is relatively modest, but we believe is
clinically relevant. Given the high baseline rate of screening in
our network (79.4%), networks with lower baseline screening

rates may expect to see larger increases in screening if they
instituted such a program. Our reported mammography rates
also likely underestimate the true number of individuals who
had a mammogram performed during the study period because
we only had access to reports within our health care system.
The slightly higher baseline rate of outside mammograms in the
intervention group found during a random chart review sug-
gests our results likely underestimate the system’s true benefit
since fewer patients in the intervention group were truly overdue
for screening. This is also supported by higher rates of outside
mammograms among women in the intervention who did not
have a mammogram completed within our health care system
during the follow-up period.

Health information technology is often cited as a key to
overcoming deficiencies in the quality and safety of care that
continue to exist.>® However, the hope that information tech-
nology will usher in a transformational change in health care
remains largely unfulfilled. '¢37°® We developed and tested a
novel informatics tool for population-based breast cancer
screening in a primary care network that was designed to
redefine rather than simply support traditional models of care
delivery. Our trial demonstrated a high level of provider
participation and a significant increase in mammography rates.
These results support the integral role of information technology
to help transform the delivery of health care from visit-based to
visit-independent primary care management.
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